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S02.001
Deficit Irrigation of Iceberg Lettuce Improves 
Shelf-Life of Fresh-Cut Product

Martínez-Sánchez, A.; Luna, C.; Tudela, J. A.; de Vogelaere, L.; 
Tiebergijn, L.; Allende, A.; Gil, M. I.
CEBAS-CSIC, Campus de Espinardo, 30100, Espinardo, Murcia, Spain

As a result of increased water scarcity, the main producer countries of fresh produce 
are requested to reduce water consumption. However, as far as we known, a good 
water management has not been established yet. This is a priory for countries such 
as Spain with limited water sources. What is more, there is still a lack of information 
regarding the impact of deficit irrigation strategies on the quality of fresh produce. 
In the present study we evaluated the impact of 5 irrigation strategies on the quality 
and shelf-life of iceberg lettuce. The irrigation treatments applied during the growing 
season of iceberg lettuce at commercial conditions were two deficit treatments, -50% 
(910.2 m3/ha) and -25% (1395.6 m3/ha), two excess treatments, +50% (2730.6 m3/
ha) and +25% (2305.8 m3/ha) and the regular amount of water applied by the farm-
ers of the southeast area of Spain, control (1820.4 m3/ha). The impact of the differ-
ent irrigation treatments was evaluated in fresh-cut lettuce processed following the 
commercial conditions applied by the fresh-cut industry and stored under active 
modified atmosphere packaging until the end of the shelf-life. The relative water 
content in the vegetable tissue significantly increased in lettuce irrigated with +50% 
of water when compared to -50%. However, no significant differences were observed 
for the crispiness coefficient (CC), determined using the texturometer TA-XTPlus 
(Stable Micro Systems Ltd, UK) equipped with a Kramer cell. When the shelf-life 
of fresh-cut lettuce was evaluated, it was observed that lettuce irrigated with a deficit 
irrigation showed higher shelf-life than lettuce irrigated with an excess amount of 
water. Thus, it was determined that the use of deficit irrigation strategies in leafy veg-
etables can be beneficial not only from an environmental point of view, but also from 
the consumer point of view due to its impact on the quality of fresh-cut produce.

S02.002
Effect of Six Apple Rootstocks on Storage Span 
of Apple cv. Golab Kohanz

Kargar, M.1; Ramin, A. A.2; Fallahi, E.3; Pyrmoradian, M.4
1Department of Horticulture, College of Agriculture, Isfahan University of Techology, ,Department 
of Horticulture, College of Agriculture, 8415683111, Isfahan, Islamic Republic of Iran
2Isfahan University of Technology, College of Agriculture, Department of Horticulture, Isfahan 
Iran, Islamic Republic of Iran
3University of Idaho, 29630 U of ILane, Parma, Idaho 83660, USA, United States
4Isfahan Research Center for Agricultural Science and Natural Resources, Isfahan Iran, Islamic 
Republic of Iran

The effect of six apple rootstocks on fruit quality attributes and storability of ‘Ko-
hanz’ apple after four months of regular storage at 2 °C with 85% relative humidity 
was studied. The 9-year old experimental trees on ‘Kohanz’ seedling (a commercial 
rootstock for Kohanz cultivar in Iran), B9, M9, M26, MM106, and MM111 were 
located at the Agricultural Research Station in Semirom (31° 25’ N and 51° 34’ E, 
Iran). Rootstock had significant impacts on storage life of fruit. Fruits from tree on 
B9 had the highest (5.46%) while those on MM106 the least (3.71%) water loss af-
ter storage. Reduction of quality attributes such as percentage of juice, soluble solids 
concentration, and firmness was lower in the fruits from trees on MM106 as com-
pared to those on all other evaluated rootstocks in this experiment. This study could 
have a major potential for storage and marketing strategy among ‘Kohanz’ apple 
growers. MM106 is a free-standing rootstock which is readily available in Iran. By 
prolonging storage life of ‘Kohanz’ apple on MM106, this cultivar can be marketed 
when there is lower supply and thus, higher demand in the market and more profit. 

S02.003
Prediction of Spinach Quality Based  
on Pre- and Postharvest Conditions

Gutiérrez-Rodríguez, E.; Lieth, H.; Jernstedt, J.; Cantwell, M.; 
Suslow, T.
One Shields Avenue, University of California, Department of Plant Sciences, Davis, California, 95616, 
United States

Despite advances in production and post-production processes for spinach, sig-
nificant quality problems persist related to agronomic practices and storage con-
ditions. Nitrogen amendments and water availability have a significant effect on 
the nutritional quality of spinach and yet their specific influence on overall post-
harvest quality is poorly understood. Current agronomic practices in California 
include the application of 100 to 350 kg/ha total N. Preharvest and postharvest 
trials with field- and hydroponically-grown spinach were conducted to describe 
how these agronomic practices influence quality. Additionally, quantitative evalu-
ations were performed to identify predictors of post-production quality at harvest 
and during storage. Preharvest nitrogen doses higher than 100ppm coupled with 
high temperature, and light quality reduced the overall quality of hydroponic 
spinach. Color (hue) of spinach grown under various N rates and stored at 7.5 ºC 
(in perforated plastic packaging) did not predict the key phytonutrient composi-
tion and shelf life adequately. Shelf life was defined as a combination of visual 
hedonic quality score ≥ 6.5 (on a 9 point scale), decay < 1 %, and ascorbic acid 
concentrations ≥ 35 mg/ 100gfwt. Ammonium accumulation, in part, more reli-
ably anticipated the reduction of quality during storage. More accurate quality 
retention projections were achieved by combining ammonium concentrations 
with measurements of glutamine synthetase activity at harvest. Changes in respi-
ration rates, chlorophyll and carotenoid concentrations during storage were poor 
indicators of postharvest shelf life. Total organic acids and sugar content >3.5mg/
gfwt were negatively correlated with quality retention. Cuticle thickness from 
all N treatments was identical and had no discernible correlation with shelf life. 
Although storage temperatures significantly affect quality retention in spinach, 
the initial quality at harvest is the main factor that influences postharvest out-
comes. Spinach pre- and postharvest quality is best predicted by analysis of total 
organic acids, sugar concentrations and the relationship between ammonium and 
glutamine synthetase.

S02.004
Tree Age Affects Kinnow Mandarin Peel  
and Fruit Quality

Khalid, S., Malik, A. U.; Khan, A. S.; Khalid, M. S.; Amin, M.; 
Saleem, B. A.
Institute of Horticultural Sciences, University of Agriculture, Jail Road, Faisalabad (38040), Punjab, 
Pakistan 

Peel quality is indispensable to the external appearance and marketability of citrus 
fruit. Among many factors affecting citrus peel quality, tree age is the most impor-
tant one, but remains unexplored so far. Present study was aimed at investigating 
the effect of tree age on peel and fruit quality of Kinnow mandarin (Citrus reticu-
late Blanco). Fruit harvested from trees of different age (3, 6, 18 and 35 years), 
growing at a commercial orchard in main citrus growing district (Sargodha, Paki-
stan), were analyzed for various physico-chemical quality characteristics as well as 
nutrient contents (macro and micro) in fruit peel. Tree age showed a pronounced 
effect on peel quality (smoothness, thickness and percentage), internal fruit con-
tents (rag %, juice %, seed number and percentage) and fruit bio-chemical charac-
teristics (acidity, pH, TSS, TSS: acidity, vitamin C, reducing sugars, non reducing 
sugars, and total sugars). Analysis of fruit nutrient contents also revealed differ-
ences in nutrient constituents of peel of fruit from different age group. Fruit from 
trees of different age groups were also compared for their respiration and ethylene 
production rates. A correlation matrix was developed for nutrient contents in peel 
and fruit quality characteristics. This paper describes the detailed account of tree 
age in relation to peel and fruit quality of Kinnow, the commercial mandarin 
cultivar from Pakistan.
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S02.005
Pre- and Post-Harvest Management Practices  
to Extend Shelf Life of Sweet Cherry  
(Prunus avium L. cv. Lapin)

Puniran, N.1; Bound, S.1; Close, D. C.1; Whiting, M. D.2
1Tasmanian Institute of Agricultural Research, Private Bag 98, 7001, Hobart, Tasmania, Australia
2Irrigated Agriculture Research and Extension Center, Department of Horticulture and L. A., 
Washington State University, Prosser, United States 

The island state of Tasmania, Australia enjoys a cool, maritime climate well suited for 
production of quality cherries that mature over the mid-December to late-February pe-
riod. The cherry industry in Tasmania has increased from boutique status, producing 
200 tonnes in the late 1990’s, to ca. 3000 tonnes in the 2008/9 season. Significant new 
plantings underpin forecasts of production increasing to 6000 tonnes in the 2012/13 
season. Tasmanian growers enjoy area freedom from fruit fly status and currently ex-
port via air-freight to selective markets such as: Taiwan, Hong Kong, Japan, USA, Eu-
rope, India, Singapore, Malaysia and the Middle East. With significant new plantings 
bearing fruit in the near future industry are looking to increasingly utilise sea freight. 
The broad objective of our work is to investigate pre- and post-harvest management 
practices that may prolong the shelf life of sweet cherries. Further, the long term goal 
of this work is to identify characteristics of fruit at harvest that relate to shelf life and 
therefore suitability for sea freight. In the present study we report on the role of fruit 
size and mesocarp cell density on fruit shelf life. In the 2009/2010 season we manipu-
lated crop load of entire trees by dormant bud thinning to leave one, two or three floral 
buds per spur along with an unthinned control to create a range in fruit size. Fruit 
will be harvested at commercial maturity and stored at 0 °C and 5 °C. Fruit quality 
attributes (e.g., weight, firmness, exocarp colour, total soluble solids, and acidity) will 
be assessed at weekly intervals over a 5-week period. In addition, at harvest, fruit meso-
carp cell number and size will be assessed and related to fruit weight. The relationships 
among fruit weight, mesocarp cell size and number, and shelf-life will be discussed.

S02.006
Assuring Organoleptical Quality of Apricots

Lurie, S.; Weksler, A.; Zutahi, Y.; Kaplunov, T. 
Agricultural Research Organization, P.O. Box 6, 50250, Bet Dagan, Israel 

Apricots are one of the earliest summer fruits harvested, and command high prices 
in the market. As a result often the fruit is picked before it is fully mature and has 
inferior flavour when ripe. To counteract this tendency, a study was made of maturity 
parameters to be used to determine the harvest of apricots in Israel. Three cultivars 
were taken from orchards in different parts of the country from multiple harvests and 
of different maturity as defined by their peel background color. They were examined 
for size, soluble solids content, titratable acidity, firmness and taste at harvest and 
after ripening, either with or without 2 or 3 weeks of storage. Storage at 0 ºC and 1 
ºC were compared. In addition, the effect of a degreening treatment with ethylene 
on early harvested fruit was examined. The results indicate that for acceptable taste 
the fruits should be harvested with a soluble solids content of at least 11.5%, and that 
the ratio of soluble solids to titratable acidity at the time of consumption must be 
above 5. Storing the fruit at 1 ºC rather than 0 ºC for 20 days shortened the shelf life 
to 1 day at 20 ºC rather than 3 to 4 days. Degreening of the fruit did not alter fruit 
internal quality, and so if the soluble solids were not high enough at harvest, the fruit 
had inferior taste. The recommendation for harvesting is to include soluble solids 
content to the already accepted measurements of fruit size and peel color. 

S02.007
Influence of Planting Date and Mulching on 
Some Qualitative Traits of Processed Tomato 
(Lycopersicon esculentum Mill.)

Sambo, P.; Santagata, S.; Elsayed, M.; Zanin, G.; Nicoletto, C.
University of Padova, Dept. of Agronomy, Via dell’Università 16, 35020, Legnaro, Pd, Italy

Tomato is one of the most important vegetable in the world and it was introduced 
in Europe in the XVI century. This crop can be used as fresh vegetable and in the 

last century it started to be processed by food industries. For this reason breed-
ers selected and improved many varieties in order to satisfy industries needs like 
yield aspects, harvest resistance, maturation time, shape uniformity and resistance 
to pests and diseases. In the last years, instead, breeders focused their attention 
to qualitative aspects because of the increasing awareness of consumers. Therefore 
they started to study how to increase the content of antioxidants, ascorbic acid, dry 
matter, pH and sugar content etc. This experience was aimed to study if mulch 
and planting date could affect the qualitative properties of different cultivar of 
processing tomato. Four varieties (AUG, NPT, SAF and TIZ), four planting date 
(T1, T2, T3 and T4) and two mulching treatments were compared. Samples were 
analyzed to determine peel resistance and flesh consistence, pH, titatrable acidity, 
ascorbic acid, phenols, total antioxidant activity, sugars and cations and anions. 
From a quality point, results showed that TIZ was the best cultivar with interesting 
properties for processing. Mulch technique seemed to decrease the content of total 
phenols and the consistence of tomato fruits. Plots without mulch showed lower 
content of ascorbic acid. Also planting date affected tomato quality. T4 fruits, in 
fact showed the higher content of phenols, antioxidant activity, dry matter and 
colour. Structural properties of T4 fruits were good but lightly lower than T1 fruits.

S02.008
Maturity Index and Cold Storage Effects on 
Postharvest Quality of ‘Packham’s Triumph’ and 
‘Rocha’ Pears

Antoniolli, L. R.1; Czermainski, A. B. C.1; Moro, L.2
1Embrapa Uva e Vinho, Livramento Street, 515, 95700-000, Bento Goncalves, Rio Grande do Sul, Brazil
2Instituto Federal de Educação, Ciência e Tecnologia do Rio Grande do Sul, Brazil

Pears have been grown in the South region of Brazil, where the climate conditions 
favour plants development and fruit set. The aim of this work was determine the 
harvest maturity index as well as maximum storage period of ‘Packham’s Triumph’ 
and ‘Rocha’ pears that provide quality attributes maintenance. The fruit were har-
vested in commercial orchard every seven days (January, 27, February, 03 and 10, 
2009) and flesh firmness was used as a maturity index (MI1: 76, MI2: 67 e MI3: 58 
N). The fruit were stored at 1 ± 1 ºC and 90-95% RH for 15, 30, 45 and 60 days 
and evaluated at the end of each storage period and after five days at room condition 
(24 ± 1 ºC), simulating shelf-life period. Flesh firmness, water loss, peduncle dehy-
dration, epidermis colour, soluble solids, titratable acidity and ratio were measured. 
‘Packham’s’ pears harvested at 1 and 2 maturity index have showed firmness loss from 
the first 30 days of cold storage, whereas fruit harvested at 3 maturity index kept the 
initial values, resulting in firmer fruit after the 60 days of cold storage (P<0.001). 
Fruit harvested in MI3 showed smaller percentual firmness loss after being 5 days 
at room condition, mainly after 45 and 60 days of cold storage. ‘Rocha’ pears har-
vested in MI1 and MI2 showed flesh firmness reduction during cold storage, which 
was intensified at room condition. Maximum values of water loss were around 6%. 
Fruit peduncles of both varieties dehydrated after 60 days of cold storage, but their 
colour remained green, independent of harvest maturity index. ‘Packham’s Triumph’ 
and ‘Rocha’ pears harvested at MI3 and MI2, respectively, showed better quality 
attributes maintenance after 60 days of cold storage even after 5 days of shelf-life.

S02.009
New Foliar Calcium Treatments  
to Improve Shelf-Life and Quality  
of ‘Calanda’ Late Season Peach Cultivars

Fernandez, V.; Diaz, A.; Del Rio, S.; Del Rio, V.; Blanco, A.; 
Val, J.
Estación Experimental de Aula Dei (CSIC), Avda Montañana 1005, 50059-Zaragoza, Spain

Vitrescent dark spot is the main calcium-related physiological disorder observed in 
late season peach cultivars in the Ebro River Basin, Spain. This alteration implies 
the development of localised translucent and dark brown areas in the fruit meso-
carp with no external symptoms to be seen until long after harvest. Late season 
peach cultivars are characterised by having a higher value and outstanding quality 
since they grow in bags, which are placed around them after fruit thinning. In this 
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study, Calanda peaches (cv. Calrico) were sprayed with calcium-containing solu-
tions four times, every 15 days, since the beginning of May to the end of June just 
before bagging in 2009. The formulations applied to the fruit surface consisted 
of 120 mM Ca supplied as CaCl2 or Ca-Propionate in combination with: (1, 2) 
0.02% of a commonly applied polysorbate surfactant, (3, 4) 0.05% of an organo-
silicon surfactant (OSS), (5, 6) 0.5% of a “food additive adjuvant” (FAA) and (7) 
control fruits. Following the application of treatments, samples were collected after 
7 days and Ca, Mg and K concentrations were determined in the mesocarp and 
exocarp of fruits after wet digestion and by Atomic absorption/Emission Spectros-
copy. After one month storage at 0 ºC, the external appearance was ranked as well 
as the development of vitrescence and internal browning. With regard to peel and 
pulp calcium concentrations, significant increases were only recorded for OSS and 
FAA, CaCl2 treated peaches on July 26th. One month after cold storage, the fruits 
from FAA CaCl2 foliar applications led to the lowest vitrescent dark spot incidence 
as derived from the low index recorded for this treatment. Besides, regarding chill-
ing injuries, in general, all treatments excepting Ca-propionate plus polysorbate, 
were effective in reducing the browning index value.

S02.010
Compositional, Optical and Physical Quality 
Change Postharvest in Grafted Watermelon 
[Citrullus lanatus (Thunb) Matsum & Nakai] Cultivars

Kyriacou, M. C.; Soteriou, G. A.
Agricultural Research Institute, P.O. Box 22016, 1516, Nicosia, Cyprus

Change in physical, optical and compositional fruit quality attributes during stor-
age at 25 °C was evaluated in four large-fruited, seeded watermelon cultivars (Cel-
ebration, Gallery, Pegasus, Torpilla) and a small-fruited, seedless cultivar (Extazy) 
grafted onto three hybrid rootstocks (TZ148, Bombo and N103) or grown self-
rooted. In the large fruited cultivars all quality attributes examined, except flesh 
firmness, were mostly influenced by storage period. After one week at 25 °C ly-
copene content increased, flesh colour turned darker (lower L*) and more vivid 
(higher C*) while hue angle (h*), flesh firmness and total soluble solids (TSS) con-
tent remained stable. After two weeks of storage flesh firmness, TSS and lycopene 
content declined. Rind thickness reduced throughout storage. At the expense of 
thicker fruit rind, grafting was responsible for improved flesh firmness, higher ly-
copene content and darker reddish flesh colour (lower L*, h* and higher a*) during 
storage. Grafting was not significant in terms of TSS content. Choice of rootstock 
was not significant to any of the quality attributes examined. Cultivars Pegasus and 
Torpilla demonstrated the highest flesh firmness, cultivars Gallery and Pegasus the 
highest TSS content and the thinnest rind and cultivars Celebration and Torpilla 
attained the highest lycopene content. Throughout storage flesh colour remained 
most intensely red (higher C* and a* values) in cv. Celebration. Poor correlation 
with CIELAB colour components suggests that flesh colour darkness, intensity and 
affinity to reddish hue are not reliable criteria for watermelon sweetness and firm-
ness. However, the intensity of red coloration (C* and a* values) may be more reli-
ably regarded as an indicator of watermelon lycopene content. The small-fruited, 
seedless cv. Extazy exhibited outlying quality attributes and disparate postharvest 
behaviour with respect to the large-fruited cultivars. Its pronounced potential for 
long shelf-life is curbed only by its low TSS content after two weeks of storage. 

S02.011
Post Harvest Quality of Fruits of Banana cv. Terra 
under Different Levels of Irrigation and Nitrogen

Andrade Neto, T. M. D.1; Coelho, E. F.1; Lima Filho, A. F.2; 
Coelho Filho, M. A.1; Nascimento Junior, A. L.3
1CNPMF-Embrapa, Rua Embrapa s/n, 44380000, Cruz das Almas, Bahia, Brazil
2CEFET-BA, Brazil
3UFRB, Brazil

This work had as objective to evaluate the effect of five levels of irrigation and 
nitrogen doses on characteristics of quality of banana cv. Terra fruits. Treatments 
consisted of five water depths (0,0; 0,08; 0,48; 1,12 e 1,52 of ETc) combined with 

five nitrogen doses (43.6; 261.6; 436.0; 697.0 e 828.0 kg×ha-1), applied by using a 
random block design with three replications. A Plan Puebla III matrix scheme with 
two factors and five levels per factor was used. There was no significant difference 
among soluble solids (SS), tritatable acidity (AT), ratio (SS/AT) and pH means. 
There was no effect of the different water depths and nitrogen doses on the quality 
parameters of banana fruits, on the other hands, differences in physical characteris-
tics were noticed in the fruits of the treatments. 

S02.012
Radiation, Yield, and Fruit Quality of ‘Gala’ 
Apples Grown under White Hail Protection Nets

Amarante, C. V. T.1; Steffens, C. A.1; Argenta, L. C.2
1Universidade do Estado de Santa Catarina (UDESC), Departamento de Agronomia, Av. Luiz de Camões, 
2090, CEP 88520-000, Lages, Santa Catarina, Brazil
2Empresa de Pesquisa Agropecuária e Extensão Rural de Santa Catarina (EPAGRI), Estação Experimental de 
Caçador. Rua Abílio Franco, 1500, Bairro Bom Sucesso, CEP 89500-000, Caçador, Santa Catarina, Brazil

Damages caused by hail storms on apple trees can be avoided by covering them 
with nets. However, the net might change the amount and quality of the light 
supplied to the trees and, therefore, it can affect yield and quality of the fruit. This 
research was carried out to assess these aspects on 12-15 years old apples trees of 
‘Gala’/MM111 rootstock. The work was conducted along three growing seasons 
(2003/04 to 2005/06) in a low density orchard (at a spacing of 5.5 x 3.0m), in 
São Joaquim, State of Santa Catarina, Southern Brazil. The experiment followed 
a completely randomized block design, with two treatments (uncovered/control 
plants, and plants covered with white nets) and five replications (with the plant 
corresponding to the experimental unit). The photosynthetic photons flux density 
accumulated over the trees canopy along a day was reduced by 20%, while the 
red:far red ratio of the light inside the trees canopy was not affected by the covering 
net. The shade provided by the white net increased the total chlorophyll content 
(mg/m2) and the specific area (cm2/g dry weight) of the leaves. Fruit yield was not 
affected by the net. For fruits harvested at the commercial period, the net: reduced 
fruit density, flesh firmness, and soluble solids content; increased the starch index; 
and had no effect on titratable acidity, skin colour (background colour and blush 
area), severity of russeting, and number of seeds per fruit. Fruit grown under the 
covering net developed less sun burn, fruit flies injury and bitter pit. The results 
indicate that the hail protection net does not affect negatively fruit quality and yield 
of ‘Gala’, but it can enhance fruit maturity on the tree.

S02.013
Identification of Appropriate Postharvest 
Technologies for Small Scale Horticultural 
Farmers and Marketers in Sub-Saharan Africa 
and South Asia: Part 1. Objectives and Data 
collection Methods

Kitinoja, L.
World Food Logistics Organization, Alexandria, United States

The objectives of the study were 1) to systematically assess and characterize the 
postharvest losses for key horticultural crops in four countries using field based 
measurements at the farm, wholesale and retail markets, in order to increase the 
knowledge base and identify priority postharvest problems that currently limit 
market access for small farmers and rural marketers, 2) to adapt and field test 
specific postharvest technologies that could solve priority postharvest problems, 
by conducting adaptive laboratory experiments and field trials in Sub-Saharan 
Africa and South Asia, and 3) to identify postharvest technology or extension 
interventions that would specifically address the identified priority problems and 
serve to reduce food and value losses, and that are of appropriate scale, cost effec-
tive, easy to use on a trial basis and capable of generating increased incomes by 
at least 30% for small farmers. A series of comprehensive postharvest assessments 
were undertaken in Ghana, Rwanda, Benin and India during 2009 in order to 
identify the % physical losses, quality changes and economic value of losses for 
16 crops, and based upon these assessments, supplemented by interviews of the 
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various players along the value chains, the primary causes and sources of posthar-
vest losses and quality problems were identified. Sampling, objective and subjec-
tive measurement of physical losses and quality parameters were conducted at 
the farm, wholesale and retail markets in each of the four countries by trained 
data collectors housed at 10 partner institutions. Ten (10) random samples were 
collected at each of the 3 levels of the value chain for each crop. Tomatoes were 
assessed in all 4 countries, mangoes in 3 countries, and the others in either one 
or two countries. Sample sizes and quality parameters varied by the type of crop. 
Sorting was done to determine the % damaged, % decayed and % with other de-
fects within each sample. Rating scales were developed for visually assessing color 
changes, stage of ripeness, and degree of package protection. Objective measure-
ments of firmness, SSC%, air temperature, pulp temperature and % RH were 
made using hand held tools in the field. 

S02.014
Appropriate Postharvest Technologies for Small 
Scale Horticultural Farmers and Marketers 
in Sub-Saharan Africa and South Asia: Part 2. 
Results of the postharvest Losses and Quality 
Assessments

AlHassan, H. Y.
Tamale Poly-Technical Institute, P.O. Box E/R. 412, Tamale, Ghana

Sampling and measurement of postharvest losses and quality parameters at the 
farm, wholesale and retail markets, and interviews of key players along the value 
chains revealed a wide range of handling practices that contribute to high levels 
of physical and quality losses, as well as market value decreases, that need to be 
addressed in order to reduce waste and improve farmer incomes. Losses were de-
termined to be related to one or more of 4 major factors: 1) Temperature: tem-
peratures measured during harvest, handling, transport and marketing were much 
higher than those that are recommended for the produce for quality maintenance. 
The general lack of the use of shade contributes to high pulp temperatures and high 
water losses. Weight loss in Rwanda for leafy greens (amaranth in sacks) was mea-
sured to be an average of 11% over a time period ranging from 30 to 240 minutes 
after harvest. 2) Poor quality containers: packages were too big, too rough, and too 
flimsy to provide protection. The % mechanical damage for cabbage handled in 
sacks in Ghana was measured at 54% (Farm), 32% (Wholesale), and 45% (Retail). 
When a basket or sack of leafy greens was sorted in the wholesale markets in Benin, 
the average level of mechanical damage was determined to be 89.5%. 3) Poor field 
sanitation: promotes the spread of fungal and bacterial diseases and insect pests. For 
example, pre-sorting losses on the farm due to pest damage were very high for okra 
in India (18.5%) and for leafy greens in Benin (17.3%). 4) Time: The time it takes 
to reach the retail market varies widely, and damage increases over time. In India, 
the average loss in market value at the retail level due to decline in quality was 18% 
for litchis, 20% for mangoes and 31% for okra. 

S02.015
Appropriate Postharvest Technologies  
for Small Scale Horticultural Farmers and 
Marketers in Sub-Saharan Africa and South Asia: 
Part 3. Field Trial Results and Identification  
of Research Needs for Selected Crops

Saran, S.
Amity University Uttar Pradesh, Sector-125, Expressway, Noida, 201303, Uttar Pradesh, India

Based upon findings on the causes of postharvest losses and quality problems for 
key horticultural crops in Sub-Saharan Africa and South Asia, more than 50 po-
tential technical and/or extension based solutions were identified and investigated 
further. Field trials were conducted on 19 of these interventions, and cost/benefit 
analyses were conducted on 21 cases of improved handling, packing, storage and 
processing practices in India, Nepal, Ghana, Rwanda, Cape Verde and Benin, and 
in 81% (17 cases), the postharvest technologies were determined to be cost effec-

tive and of appropriate scale for successful adoption and management by small 
scale horticultural producers and marketers in Africa and South Asia. Field work 
and these preliminary field trials led to the identification of research needs for se-
lected crops, and recommendations are provided for future studies in small scale 
postharvest technology.

S02.016
Development of Postharvest Handling 
Technology of Horticultural Produce in Malaysia 
and its Impact to the Industry

Hassan, A. B.
MARDI, Horticulture Research Centre, GPO Box 12301, 50774, Kuala Lumpur, Federal Territory, Malaysia

Postharvest handling system is a vital and dynamic component of the agricultural 
industry in Malaysia. The system involves preparation, movement and quality 
maintenance of fresh produce right from harvesting until it reaches the consum-
ers’ tables. Postharvest handling chain includes harvesting, packinghouse opera-
tions, grading, packaging, storage, transportation, ripening, disinfestations and 
disease control. While the earlier development of postharvest handling technol-
ogy was targeted mainly at reducing postharvest losses, the current activities are 
focused towards supplying safer and better quality produce for the market either 
domestically or for export. Many improvements and achievements have been 
made with regard to postharvest handling of horticultural produce in the country 
as proven by the expansion of the domestic and export markets. Recent advances 
in postharvest handling technology include further extension of storage life, non-
destructive technique for internal quality determination, and suitable physical 
and chemical treatments for quality maintenance, minimal processing and ship-
ment trials to new markets. Improvements on specific postharvest traits have 
also been made through agronomic practices and breeding programme including 
the use of genetic engineering. There are good cooperation among the research 
organizations with relevant government agencies and private sector both locally 
and internationally. 

S02.017
Onion Storage in India

Tripathi, P. C.1; Lawande, K. E.2
1DRWA, PO. Baramunda, Opposite Kalinga Studio, 751 003, Bhubaneswar, Orissa, India
2Directorate of Onion and Garlic Research, Rajgurunagar-410 505, Pune India

India is the second largest producer onion in the world accounting for 16 percent 
area and 10 percent of production. It is grown in 0.6 million hectare with produc-
tion of 7.0 million tonnes. About 2.5 million tonnes of onion were stored annu-
ally to fulfill domestic and export demand. Onion is prevalently stored in on-farm 
stores under naturally ventilation for 4 to 5 months. The storage losses in these 
store are high are due to the higher temperature and humidity. Apart from the stor-
age conditions, there are several other factors such as genetic make up of varieties, 
cultural practices and post harvest factors which are responsible for higher storage 
losses. The number of outer scales, their firmness and short dormancy of existing 
varieties have impact of the storage losses. Manures and fertilizers and water regime 
during cultivation and rain during maturity period also affect the storability. The 
time and method of harvesting and curing also influence storage losses. Onion is 
stored in heaps in various types of storage structures in different onion growing 
regions. Earlier most of these structures are traditional type with improper ventila-
tion. They were constructed with wooden logs/bantams with thatched roof and 
earthen floor. Some of them were permanent type with well sawed wood struc-
ture and Mangalore tile roofs. Now modified bottom ventilated storage structures 
are used in major onion growing regions. These structures are of variable capacity 
ranging from 5 tonnes to 50 tonnes and are made of galvanized iron frame and 
asbestos sheet / Mangalore tile roof, wooden floor and side walls. These are bottom 
ventilated and provided better ventilated and storage loses are comparatively lower 
in these structures. The cold storage of onion is very limited due to several factors 
such as higher cost, higher post storage sprouting etc. 
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S02.018
Açaí Berry Cold Chain along  
the Amazon Rivers, its Quality  
and Shelf Life Time

Pessoa, J. D. C., Stefanini, T. F.
Embrapa, P.O. Box 741, XV de Novembro 1452, 13.560-970, São Carlos, São Paulo, Brazil

Açaí (Euterpe oleracea Mart.) is a berry easily detached from the bunch that can 
provide up to four kilograms of fruits. Açaí berry has around 15mm diameter, 
and only 1mm of pulp. The pulp is extracted on a rubbing process with the aid 
of water. The amount of water and the processing time define the viscosity of the 
drink. That drink, in fact an emulsion, is an important food among the tradi-
tional populations on the Northeast of Para (Brazil). The nutraceutical properties 
of the drink contributed to create an international market that grows around 20% 
per year since 2001. Although the market demands, the transport technologies 
did not change along the amazonian rivers. The author participated of a fluvial 
trading expedition to buy açaí berries. The ship had a load capacity to 15 tons. 
The boat departed from Belém (01º27’S, 48°30’W) to Oeiras do Pará (2º00’14’’S 
49º51’12’’W), and docked briefly at São Sebastião da Boa Vista (1º43’17’’S 
49º32’00’’W) to buy sliced ice. The whole trip took five days and were transported 
11,7 tons of fruit and 3 tons of ice. Before come back most of the fruits were stored 
on the basement with the ice, and part was maintained on the deck, shadowed. 
The temperature was measured in different positions within the load along the 
trip; the relative humidity was measured at one point in the load and; in the labo-
ratory was measured the respiration of the fruit respect its water content and the 
storage temperature. This paper evaluate the transport technology respect the shelf 
life time and the quality of the fruit for industrial processing, and concludes the 
effectiveness of the cooling process. 

S02.019
Acceptable Cooling Delays  
for Fresh Vegetables and Melons

Cantwell, M.1; Thangaiah, A.2
1University of California, Dept. Plant Sciences, 106 Mann Laboratory, 95616, Davis, California, United 
States
2Horticultural Research Station, Kodaikanal, Tamil Nadu, India

Small–scale vegetable growers often do not have infrastructure for cooling and 
may transport products to larger operations for cooling. Delays from harvest 
to cool may impact quality mainly due to water loss, high respiration rates and 
metabolite loss, and increased decay. Here we summarize various tests on fresh 
vegetables (beans, eggplant, summer squash, peppers) and melons to evaluate the 
impact of delays to cool on marketable quality (visual appearance, gloss, weight 
loss, color change, decay, defects, firmness). Products were harvested early in the 
morning, placed in perforated plastic bags in coolers with ice for transport to 
the laboratory. Products were then exposed to temperature and humidity condi-
tions for different periods that are representative of California conditions for 
that product. Products were room cooled or hydro cooled, and evaluated after a 
postharvest regime of storage and retail display. Sutured (Tuscan) melons with 
1% weight or less did not have suture browning, while fruit with 5% total weight 
loss had high incidence and severity of suture browning. Delays of 8 h at 37 
ºC resulted in increased suture browning. For non-sutured cantaloupe melons, 
delays of 4 hours or longer reduced quality when melons were stored for 2 weeks 
at 2.5 ºC. Weight loss of mature-green bell peppers at 25 and 37 ºC was 0.4 and 
0.75% per hour, respectively. A weight loss of 2 to 4% reduced pepper firmness, 
gloss and visual quality. Color change was induced in peppers held for 12 hours 
at 37 ºC. For eggplants, marketable quality was decreased with a 3% weight 
loss, achieved with a 3 hour delay at 37 ºC or 6 h delay at 25 ºC. Assessments 
of impact of delays to cool need to be done under typical harvest conditions for 
specific products, but for many vegetables, delays of 3-4 hours are sufficient to 
reduce marketable quality.

S02.020
Postharvest Loss Reduction on Cooking 
Tomatoes cv. MST32/1 Produced by Small 
Farmers in Mauritius

Bishop, C. F. H.1; Ramma, I.2
1Writtle College, Postharvest Unit, Lordship Road, CM1 3RR, Chelmsford, Essex, United Kingdom
2Agricultural Research and Extension Unit, Mauritius

Trials were carried out on cooking tomatoes cv. MST 32/1 locally known as Pomme 
d’Amour to evaluate the level of postharvest losses that occurred with small farm-
ers using traditional systems of weekly harvesting the crop green. After three trials 
carried out at different times of year it was found that only around 25% of the fruit 
fully ripened within a week of harvest and also around a quarter of the total harvest 
crop was already lost to dehydration or disease. Improved handling methods by 
replacing deep wooden boxes with smooth sided plastic crates and keeping the crop 
on wooden pallet in shade whenever possible reduced losses and the use of “Ethrel” 
gave around 60% of the tomatoes fully ripened by the end of the week with total 
losses by weight reduced to about 20%. 

S02.021
Cold Chain Strategy for Serbia

Ilic, Z.1; Predrag, V.2
1Faculty of Agriculture, Kopaonicka bb, 38219 Lesak, Serbia
2Faculty of Agriculture, Nemanjina 6, Zemun, 11000 Belgrade, Serbia

A cold chain is a temperature-controlled supply chain. An unbroken cold chain is 
an uninterrupted series of storage and distribution activities which maintain a given 
temperature range. This cold chain assessment was segmented into three phases: 1) 
evaluate the existing cold chain for fruits and vegetables in Serbia; 2) identify key 
constraints to competitiveness within each key sector and element; and 3) create 
a strategic plan for improving the integrated cold chain in the near-term future. 
A representative sample of 45 cold storage facilities was generated in an attempt 
to tour a wide array of conventional chillers, conventional freezers and controlled 
atmosphere (CA), including Ultra-Low Oxygen (ULO) facilities. The total refriger-
ated and/or frozen capacity for storage at the 45 facilities was estimated at 100,000 
MT. It was estimated by the technical team that this capacity was representative of 
about 1/5 to 1/4 of the total capacity for refrigerated or frozen storage in Serbia 
(500-600.000MT). A wide array of facilities exist in Serbia, with most being of 
the small- or medium-scale size, capable of storing between 150 and 2,500 MT of 
products, although some very large-scale facilities with capacities of nearly 11,000 
MT are operating. 

S02.022
Effects of Mechanical Injuries on ‘Valencia’ Oranges

Scherrer-Montero, C. R.; Schwarz, L. L.; Santos, L. C. D.; 
Andreazza, C. S.; Bender, R. J.
Federal University of Rio Grande do Sul, Av Bento Goncalves, 7712, Postharvest Laboratory, 91540-
000, Porto Alegre, Rio Grande do Sul, Brazil

Mechanical injuries as impacts and compression forces are very common during 
after harvest handling procedures to prepare the citrus fruit for the fresh fruit mar-
ket. In the present work, two experiments were conducted to evaluate impacts and 
compression forces on the quality of ‘Valencia’ oranges. Impacts equivalent to drops 
onto rigid surfaces from heights varying from 40 cm to 100 cm and compression 
forces equivalent to 31 N, 62 N, 125 N or 250 N were applied to freshly harvested 
oranges and the fruits were analyzed after seven days at room temperature for fruit 
color, ratio of soluble solids over titratable acidity and ascorbic acid contents. Fresh 
weight losses and incidence of dacay and oleocelosis were determined as well. ‘Va-
lencia’ oranges are not highly influenced by impact forces. However, all the applied 
compression forces altered significantly the sugars/acids ratio. The higher the com-
pression the higher the internal quality changes. Ascorbic acid contents were not 
significantly altered as a consequence of mechanical damages. Compression forces 
beyond 62N result in the collapse of peel oil glands. A compression of 250N re-
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sulted in 94% collapsed oil glands, though, that amount of damaged oil glands did 
not result in the appearance of oleocelosis. Valencia oranges seem to be less suscep-
tible to peel injuries and albedo thickness might be accountable for that response. 

S02.023
Effects of Mechanical Harvesting  
and an Abscission Agent on Peel Integrity and  
Post-Harvest Decay of Late-Season ‘Valencia’

Pozo, L.; Kostenyuk, I.; Burns, J. K.; Spann, T. M.
University of Florida Citrus Res & Educ Cntr, 700 Experiment Station Road, 33850, Lake Alfred, Fl, 
United States

In Florida, the combined use of mechanical harvesters and the abscission agent 
CMNP (5-chloro-3-methyl-4-nitro-1H-pyrazole) for late-season harvesting (May-
June) of ‘Valencia’ oranges has shown to be effective at removing mature fruit with 
minimal adverse effects on next year’s crop. However, CMNP can cause fruit peel 
scaring, and there was no data available on how this scaring may reduce peel integ-
rity and increase losses due to fruit crushing and/or decay prior to processing. In 
this study, three late-season harvest dates were tested in commercial groves during 
2009. Harvesting treatments consisted of combinations of two ground speed (0.8 
and 1.6 km per hour), two shaker head frequencies (145 and 185 cycles per min-
ute) and CMNP foliar applications (3 days prior to harvesting) at 250 mg×L-1 in 
a spray volume of 2810 L×ha-1, plus mechanically harvested and hand picked con-
trols. After harvesting, fruit samples were randomly collected from each block for 
peel resistance and postharvest decay evaluations. Peel resistance was determined 
by measuring both peel puncture force and fruit crushing force (kg). Fruit used 
to study post-harvest decay were stored at 27 ºC and 50% relative humidity and 
evaluated at 0, 3 and 7 days. The results showed that peel resistance was not affected 
by mechanical harvesting combinations or CMNP application. Low correlations 
were found between fruit crush force and fruit weight, with a tendency to higher 
peel resistance in heavier fruit. No significant effects on post-harvest decay were 
found for any treatment as compared to hand-picked controls until day 3 of stor-
age. CMNP caused a significant increase (4-5%) of post-harvest decay at day 7. 
The results indicate that CMNP can be safely used in combination with late-season 
mechanical harvesting under the conditions described in this study, without losses 
due to fruit crushing or decay for at least 3 days. 

S02.024
Characterisation of Air and Pulp Temperatures 
in 12 M Integral Reefer Containers Carrying 
Japanese Plums (Prunus salicina Lindl.) under 
Dual Temperature Shipping Regimes

Cook, A.1; Jacobs, G.1; Nel, D.2; Theron, K.1; Huysamer, M.1
1Department of Horticultural Sciences, University of Stellenbosch, Private Bag X1, Matieland, 7602, 
Stellenbosch, South Africa
2Centre for Statistical Consultation, University of Stellenbosch, Private Bag X1, Matieland, 7602, 
South Africa

 ‘Sapphire’, ‘Fortune’ and ‘Laetitia’ (Prunus salicina Lindl.) plums were har-
vested at optimum maturity. Air- and pulp temperatures were logged at three 
heights in all 20 pallets in 12 m integral reefer containers. Containers were 
shipped from South Africa to Belgium under a dual temperature regime (2 
days at -0.5 °C, 5 days at 7.5 °C and the remainder of the voyage at -0.5 °C). 
Fruit firmness was measured at harvest and after shipping, and the occurrence 
of internal defects after a shelf life period of seven days. Three processes were 
identified as important characteristics of pulp temperature recorded during 
commercial dual temperature shipping, viz. cooling down, heating up and over 
heating in the container. The order of importance differed by cultivar and the 
specific container’s performance. Three distinct temperature zones were identi-
fied, wherein pulp temperature, time to heat up and time to cool down for each 
zone increased along the length of the container, across the width from left to 
right and in pallet height. Temperature variability was ascribed to variations in 
delivery air temperature, poor airflow and the effect of increased respiration 
rates. The cooling down process was identified as the most important process 

discriminating the temperature zones. Fruit size had a significant influence on 
fruit firmness and total soluble solids prior to shipment. Variable temperature 
conditions within the ‘Sapphire’ and ‘Laetitia’ containers had a significant influ-
ence on fruit firmness post-shipment, where deterioration levels increased from 
the front to the door end of the container due to an increase in pulp tempera-
ture. Temperature variances within the ‘Fortune’ container had no significant 
influence on the fruit firmness post-shipment, confirming that ‘Fortune’ could 
possibly be classified as a suppressed climacteric cultivar. It could not be proven 
that variable temperature conditions resulted in significantly higher levels of 
fruit internal defects. 

S02.025
Using Computational Fluid Dynamics to 
Optimize the Design of One Layer Storage 
System for Tulip Bulbs

Sapounas, A. A.1; Wildschut, J.2; Campen, J. B.1
1Wageningen UR, Greenhouse Horticulture, P.O. Box 644, 6700 AP Wageningen, The Netherlands
2Wageningen UR, Flowerbulbs, P.O. Box 85, 2160 AB Lisse, The Netherlands 

Tulip bulbs are stored in containers, which are ventilated to a level of 300-500 
m3 per m3 bulbs per hour to avoid high ethane concentration. The containers are 
positioned in an arrangement of 5-6 rows with 8-10 containers per row, each one 
on a pallet (one layer system), with an adjusted large box containing a ventilator. 
The air flows through the bottom canals of the containers, through the tulip bulbs 
and then escapes through a small slit at the upper side wall of each container. Ide-
ally the ventilation rate should be equal through each container, although this is 
not the case. To overcome the ununiformity the ventilation rate has to be adjusted 
to the container with minimal ventilation rate; therefore ventilation is set at a high 
rate to avoid risks. In this study a CFD model was used to investigate the potential 
energy saving by applying simple design improvements of the air inlet area. After 
the investigation of many configurations, the best results were given when a 40 cm 
plate was positioned just before the first row of the containers, at an angle of 47° 
from horizontal level and to a distance of 70 cm from the first pallet. In addition, 
by reducing the inlet area of each canal, the air flow per row becomes more equal. 
The improvements suggested by the CFD model were applied in a real commercial 
storage system. Experimental measurements have shown that the installation of 
the plate combined with 8% reduction of the air flow results an energy saving of 
20%. By adjusting the air inlet area of each canal, energy saving of 55% could be 
achieved. The suggested improvements have been adopted by the growers, showing 
that CFD modelling is a useful tool to improve the efficiency of storage systems 
for tulips bulbs.

S02.026
Effect of Different Precooling, Inner and Outer 
Packing and Cold Storing on Quality of Broccoli

Yan, L.1; Liu, S.2
1Fujian Agriculture and Forestry University, Jin Shan Fuzhou, 350002, Fuzhou, Fujian, China
2Beijing Vegetable Research Center Beijing Academy of Agriculture and Forestry Sciences, China 

The effects of three different precooling methods[pressure cooling(PC),cold room 
cooling(CR), ice cooling(IC), inner[0.02mm polyethylene(PE), 0.06mm polyvinyl 
chloride(PVC), shrink film] and outer[expanded polystyrene cases(EPS)and corru-
gated paper boxes(CPB)] packing on the quality of broccoli during 44 days storage 
at (0±0.5) ºC were studied. The results showed that the quality of broccoli that 
was precooled by pressure precooler and then packed with expanded polystyrene 
case was better than that by cold room cooler and ice and with corrugated paper 
box. The precooling rate of pressure precooling was faster than that of cold room 
cooling and ice cooling. During cold storage, the weight losses and yellowing index 
of broccoli increased gradually; the total soluble solid, chlorophyll and ascorbic 
acid contents decreased gradually; the broccoli packed with 0.02mm PE had the 
smallest weight losses and could maintain a high chlorophyll, soluble protein and 
ascorbic acid content; the broccoli packed with expanded polystyrene cases had 
lower respiration rate, peroxidase (POD) activity and yellowing index.
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S02.027
New Sensor Technology  
for Sensitive Ethylene Detection

Blanke, M. M.
INRES - Uni Bonn, Auf dem Huegel 6, D-53121, Bonn, NRW, Germany 

A new electro-catalytic sensor for measurement of gaseous ethylene (C2H4) concen-
tration in air is presented. The measuring principle is based on ethylene oxidation 
to CO2 and H2O on a gold-plated anode with weak sulphuric acid as catalyst, the 
small ethylene molecules are trapped in the pores of the gold-plated anode; the mea-
surement consumes ethylene. During the warming-up phase, the unit automatically 
calibrates its zero by employing dried, ethylene-free gas from the built-in drying and 
potassium permanganate columns. Thereafter, the unit requires humidified calibra-
tion from gas supplied externally e.g. from a cylinder at a concentration of between 
4-10 ppm C2H4; this end-point calibration is kept until switching off. The accuracy 
was 96-98% with a SD of 0.05-0.15 ppm C2H4 and a variation coefficient of 0.5-2%, 
when the calibration gas of 8 ppm C2H4 was measured after calibration. The measur-
ing range is 0 -50 ppm C2H4 with an accuracy of +5% and displayed resolution of 1 
ppb. For a 30 sec measurement, the instrument draws a ca. 150 ml gas sample and 
appears suitable for measurement of individual fruit in an open or closed gas system, 
single gas samples or traditional injection of a ca. 5 ml gas sample. Temperature and 
humidity (and as additional options CO2 concentration, another gas or ethylene ana-
logues like MCP) are displayed concomitantly. The reproducibility of the values was 
93% with 3 subsequent measurements of a variety of fruits. The unit can be operated 
on mains or built-in battery providing up to 8 hours operation and weighs 4.5 kg, 
which makes it portable for in-situ ethylene measurement after calibration with an 
external gas supply and is elegant alternative to ethylene determination in a 10 ml 
sample from head space of jar after hours of accumulation, by gas chromatography.

S02.028
Energy Savings as Reduced Costs and Lower CO2 
Emission Using Smartfreshsm (1-MCP) on Red 
Delicious and Fuji Apples in Commercial CA Storage

Fadanelli, L.
FEM-IASMA - Istituto Agrario San Michele all’Adige, Via E. March, 1, 38010, San Michele all’Adige, 
Trento, Italy 

Applications of SmartFreshSM (1-MCP) in commercial CA rooms of Red Delicious 
and Fuji apple cultivars in 2 cooperatives of Trento Province with cooling of the fruits 
at night delivered economic savings in comparison to conventional CA storage due to 
the lowest cost of energy at night. The cooling periods to bring fruit to final storage 
temperature for 1-MCP fruits were 16 days for Red Delicious and 28 days for Fuji Af-
ter the fruits reached storage temperature (the same in 1-MCP and control rooms for 
each cultivar) the energy savings and associated costs continued to be recorded for CO2 
scrubbing which showed that the lower metabolism of 1-MCP fruits delivered savings 
both in terms of economics and in terms of CO2 emissions, with a double benefit for 
the user and for the environment. The average emission of CO2 (in kg of CO2/ day/ton 
of apples) were 2.88 vs. 4.08 on Red Delicious and 1.29 vs. 2.84 on Fuji, respectively 
29% and 55% lower emissions from 1-MCP fruits. The total economic savings, sum 
of the savings of initial cooling and the following CO2 scrubbing up to the opening 
of the rooms, were respectively 269 euro (-28%) for Red Delicious 1-MCP room (ca. 
6 months storage) and 432 euro (-34%) for Fuji 1-MCP room (7 month storage). 

S02.029
1-MCP (SmartFreshSM) Contributes to Energy 
Saving in Apple Storage

Ben - Arie, R.1; Gamrasni, D.1; Nerya, O.1; Stern, Y.2; Wolf, T.3; 
Regiroli, G.4
1Fruit Storage Research Laboratory, Southern Industrial Zone, 10200, Kiryat Shmona, Israel
2Rimi Chemicals Co. Ltd., Israel
3Kerur Gallil, Kiryat Shmona, Israel
4Agrofresh Inc., Italy 

‘Golden Delicious’ apples are commercially stored in Israel, within 5-7 days after 
harvest, in a controlled atmosphere (1/5% O2, 2% CO2) at 0 ºC, following forced 
air pre-cooling and bin covering with perforated LDPE sacs. The last step is due 
to the high susceptibility of this cultivar to shriveling, due to water loss that arises 
from the difficulty in maintaining >95% RH at 0 ºC in most commercial storage 
rooms. The objective of this study was to examine the hypothesis that application 
of 1-MCP to ‘Golden Delicious’ prior to storage would enable raising the stor-
age temperature without incurring fruit softening, which in turn would facilitate 
maintaining a high RH and thus dispense with bin covering. In this manner energy 
would be saved in pre-cooling and refrigeration and the labour required to cover 
the bins would also be made redundant. Two trials, conducted in a commercial 
situation, demonstrated that 1-MCP -treated Golden Delicious apples could be 
stored for eight months at 1 ºC, without pre-cooling and bin covering and with 
no loss of quality. To this end, a specific protocol of 1-MCP application for this 
cultivar, which also prevents the development of diffuse skin browning (DSB), was 
developed and will be described, together with its advantages and disadvantages. 

S02.030
Evaluation of Four Pallet Compatible Boxes 
Developed for Mechanical Protection, Mixed 
Loads and for the Display of Fruits and 
Vegetables in Brazilian Markets

Luengo, R. F. A.1; Calbo, A. G.2; Freitas, V. D.1; Matsuura, F.3
1Embrapa Hortaliças, P.O. Box 218, Km 09 Br 060, 70359970, Brasília, DF, Brazil
2Embrapa Instrumentação Agropecuária, Brazil
3Embrapa Transferência de Tecnologia, Brazil

Luengo (2005) developed four complementary packages dimensioned to foster 
mechanical injury protection during the transport and the commercialization of 
weighed packed fruits and vegetables. Each one of these boxes has a list of suitable 
fruits and vegetables they attend and as a group these boxes are pallet compatible 
even in mixed loads, which are highly demanded in Brazil. Developed to assure the 
product is not compressed during handling and transportation these boxes, at the 
same time, attend relevant Brazilian laws developed to improve the system logistic 
and ergonometry. The evaluation of this compatibleness oriented group of boxes 
was done according to potential users responses to questionnaires, which were ap-
plied after demonstrative on site presentations. On a first questionnaire these boxes 
were evaluated according to the accumulated impressions they had about sizes, 
shapes and overall system compatibility using a crescent acceptance scale with of 1 
to 9. In a second questionnaire different members of the market were asked about 
the intention they may have to buy or to use these boxes, if they become commer-
cially available, in a crescent acceptance scale of 1 to 5. For vegetable producers, 
the scores obtained in these two questionnaires were on average 6.90, 7.13, 7.51 
and 3.56, while for the wholesalers the scores were 5.33, 6.72, 8.11 and 3.05, 
respectively for size, shape, overall system suitability and for the potential market-
ability that was inferred according to the buy/use intention score. The scores given 
by the evaluators of both groups were highly positive. The producers’ scores were 
higher but contrasting the whole sellers score for the overall system suitability was 
outstanding, and this single aspect may be considered to be a main strength of this 
compatibleness oriented group of boxes. 

S02.031
Relating Apple Volatile Biology with Aroma 
Perception during Fruit Maturation

Contreras, C.; Beaudry, R.
Michigan State University, Department of Horticulture, A28 Plant and Soil Science Building, East 
Lansing, MI 48824, United States

Aroma volatiles from fresh apple and other fruit can be considered to be a result 
of autonomous biological activity and biological activity resulting from cellular 
disruption, as during mastication. The lipoxygenase (LOX) pathway has been im-
plicated in both autonomous and cell disruption-dependent processes. We inves-
tigated odor-active volatiles from ‘Jonagold’ fruit resulting from cellular disrup-
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tion throughout maturation to better understand the relationship between volatile 
biology and perceived apple aroma. The study was conducted over 8 weeks and 
evaluations were twice-weekly. On each date, internal ethylene, CO2 production, 
and volatile profiles for crushed, 1-methylcyclopropene (1-MCP) treated (‘non-
ripening’) and control (‘normally ripening’) fruit were measured. Volatiles were 
assayed and sensory tests performed approximately two minutes after crushing. 
Unexpectedly, panelists were able to distinguish between non-ripening and nor-
mally ripening fruit more than two weeks before the onset of the ethylene and 
respiratory climacterics in control fruit. LOX-derived aldehydes cis-3-hexenal and 
hexanal were not detectable for whole fruit, consistent with its dependence on cel-
lular disruption. For crushed fruit, however, aldehyde synthesis was, at first, ex-
tremely high for non- and normally-ripening fruit such that the concentration of 
both aldehydes was several hundred times higher than respective odor thresholds. 
Cis-3 hexenal remained constant throughout the experiment for non-ripening 
fruit, but declined markedly for normally ripening fruit, coincident with auto-
catalytic ethylene formation. Conversely, hexanal increased in normally ripening 
fruit at this time, but not in non-ripening fruit. Changes in these aldehydes oc-
curred two weeks after perceived differences in aroma between 1-MCP treated and 
control fruit. The autonomously-produces ester butyl acetate increased coincident 
with panel detection of treatment differences, although the concentration of butyl 
acetate at this early stage of development was below the human olfactory threshold. 
The data for autonomous and disruption-dependent aroma volatiles do not explain 
sensory analysis results.

S02.032
Aroma Volatiles during Whole Melon Ripening 
in a Climacteric Near-Isogenic Line and its 
Inbred Non-Climacteric Parents

Fernández-Trujillo, J. P.1; Fernández-Talavera, M. L.2; 
Ruiz-León, M. T.2; Roca, M. J.2; Dos-Santos, N.2
1Technical University of Cartagena, Paseo Alfonso XIII, 48, Etsia &Institute of Plant Biotechnology, 
Department of Agricultural and Food Engineering, 30203, Cartagena, Murcia, Spain
2Technical University of Cartagena, Spain

A climacteric aromatic near-isogenic line (NIL) of melon (Cucumis melo L.) SC3-
3-5-1 was obtained from non-climacteric parents: the Korean cultivar Songwhan 
Charmi accession PI161375 -SC-, and the cultivar Piel de Sapo -PS-. The aroma 
volatiles of individual fruit of the lines were stored at 19.4 ºC and monitored dur-
ing ripening by using headspace sorptive bar extraction and gas-chromatography 
mass-spectrometry. The compounds were grouped and plotted using area counts 
and relative percentage compared with total area counts of the compounds posi-
tively identified or the total headspace. By areas, the predominant compounds were 
esters in SC3-5-1 and SC, while acids and to a lesser extent aldehydes, ketones, ter-
penes and aliphatic compounds were noticeable in PS. In the non-aromatic SC, the 
relative levels of acetate and non-acetate esters were around 30-40% and 40-50%, 
respectively, reaching after 3 d at 20 ºC a minimum in acetate and a maximum in 
non-acetate esters relative levels. In PS volatile acids increased during ripening with 
a peak after 5 d (40%), while the relative level of esters in PS slightly increased 
after 7 d The PS aldehydes showed maximum relative level at harvest (35%) to 
decrease during the first 2 d after harvest. The PS terpenes linearly increased during 
ripening up to around 30%, and aliphatic compounds and ketones and were below 
of 20%. In SC3-5-1, the acetate esters linearly increased during ripening with a 
relative peak after 3 d concomitant with the onset of climacteric behaviour, a high 
increase in non-acetate esters and a drop in alcohols. After 6 d of ripening, the non-
acetate and alcohol levels in SC3-5-1 returned to harvest levels. The area of acetate 
esters were two to three folds higher in SC3-5-1 than in SC. The SC introgression 
alone or interacting with the PS genetic background determined the aroma in the 
climacteric NIL SC3-5-1.

S02.033
Effect of Refrigeration on Tomato Aroma:  
A Biochemical and Sensory Analysis

Ponce-Valadez, M.; Sánchez-Lecuona, M.; Hernández-Mercado, E.; 
Díaz de León-Sánchez, F.; Escalona-Buendía, H.; Rivera-Cabrera, F.; 
Pérez-Flores, L. J. 
Department of Health Sciences, Universidad Autónoma Metropolitana, Av. San Rafael Atlixco 186, Col. 
Vicentina, 09340, Mexico D.F., Mexico

Fruits and vegetables quality standards have been established based mainly on phys-
ical quality parameters. However, in recent years, maintenance of the postharvest 
sensorial quality has gain importance for consumer acceptance. Refrigeration is the 
main postharvest technology to increase shelf life in horticultural products. Even 
though, optimal storage temperatures have been established for different commodi-
ties, there are few studies on the effect of low temperature on flavor. Fresh tomato 
characteristic flavor is the result of complex interactions between organic acids, 
soluble sugars and over 400 volatile compounds, derived from different biochemi-
cal pathways such as the catabolism of lipids, aminoacids, lignins and carotenoids. 
Alcohol dehydrogenase (ADH) is considered an important enzyme which contrib-
utes to flavor development by interconverting aldehyde and alcohol forms of vola-
tiles originated from lipids and aminoacids. In this study, we analyzed the effect of 
the recommended storage temperature of tomato (12.5 ºC) both in the physical 
quality and on the aroma profile determined by GC-FID and its correlation with 
ADH activity, gene expression and sensory evaluation. Refrigeration delayed loss 
of weight, firmness and color changes. Regarding the effect of refrigeration on the 
aroma volatile profile, changes were not detected until 6 days of storage compared 
to fruit stored at 20 ºC. Refrigerated storage prevented the accumulation of some 
alcohols derived from lipids. A concurrent decrease on ADH activity and gene 
expression in refrigerated fruit might explain some of these changes. Discrimina-
tive sensory tests showed that the observed volatile changes were not detectable at 6 
days of storage; however, a more prolonged analysis will be necessary to determine 
the effect of refrigeration on consumer flavor perception.

S02.034
Demonstration of New Biosynthetic Pathway 
for Precursors to Esters in Ripening Apple 
Fruit: Implications of 13C- Labelled Acetate 
Incorporation and Identification of New Genes

Sugimoto, N.; Beaudry, R.
Michigan State University, Department of Horticulture, Plant and Soil Science Building, 48824, East 
Lansing, Mi, United States

In ripening apple fruit, we propose a new pathway that uses the starting prod-
ucts pyruvate and acetyl-CoA for the synthesis of precursors to branched- and 
straight-chain esters. This pathway not only provides for the synthesis of isoleu-
cine but also for 3-, 4-, and 5- carbon fatty acids via the process of single-carbon 
fatty acid elongation. The incorporation of 13C- labelled acetate (1-13C, 2-13C, 
13C2) into esters and ester precursors synthesized by peel discs of ‘Jonagold’ and 
‘Red Delicious’ apple [(Malus sylvestris (L.) Mill. var. domestica (Borkh.) Mansf.] 
fruit supports this hypothesis. Labelled acetate was incorporated into isoleucine 
and esters containing 2-methylbutanoate, a degradation product of isoleucine. 
Further, propanoate, butanoate, pentanoate esters, and the acids citramalic and 
citraconic acid were labelled. In addition, we identified two novel genes for cit-
ramalate synthase (MdCIM1 and MdCIM2), which forms citramalic acid from 
acetate and pyruvate. The gene is a member of the 2-isopropylmalate synthase 
(IPMS) gene family. Purified His-tag CIM protein formed citramalate and 2-eth-
ylmalate from the α-keto acids pyruvate and α-ketobutyrate, respectively, when 
acetyl-CoA was added. Its substrate specificity for α-keto acids in decreasing order 
was α-ketobutyrate, pyruvate, α-ketovalerate, and α-ketoisovalerate, which dif-
fered from IPMS. The hypothesized new pathway constitutes a conceptual shift in 
the regulation of ester biosynthesis suggesting that synthetic rather than degrada-
tion pathway for continuous precursor supply to aroma production may play an 
important role in ripening apple fruit.
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S02.035
Lysophosphatidylethanolamine Effects Upon 
Volatiles and Quality of Fresh-Cut Galia Melon

Amaro, A. L.1; Fundo, J. F.1; Beaulieu, J. C.2; Stein, R. E.2; 
Fernández-trujillo, J. P.3; Almeida, D. P. F.1,4

1CBQF/Escola Superior de Biotecnologia, Universidade Católica Portuguesa, Rua Dr. António 
Bernardino de Almeida, P-4200-072, Porto, Portugal
2United States Department of Agriculture, Agricultural Research Service, Southern Regional Research 
Center, 1100 Robert E. Lee Boulevard, New Orleans, La 70124, USA
3Universidad Politécnica de Cartagena, Departamento de Ingeniería de Alimentos Y del Equipamiento 
Agrícola, Campus Paseo Alfonso XIII 48, 30203 Cartagena (Murcia), Spain
4Faculdade de Ciências, Universidade do Porto, Rua do Campo Alegre, 823, 4150-180 Porto, Portugal

Wounding plant tissues increases the hydrolysis of phospholipids mediated by phos-
pholipase D. Such action generally gives rise to C6 and C9 aldehydes and alcohols, 
which can be flavour-related in several crops. Lysophosphatidylethanolamine (LPE), 
a naturally occurring phospholipid, has been reported to inhibit phospholipase D, 
so it can provide a means to reduce quality degradation in fresh-cut fruit. LPE ap-
plication to fresh-cut fruit may reduce membrane lipid degradation, but may also 
alter the aromatic profile, via suppression of lipid-derived volatile compounds. In 
this study, the potential effect of LPE upon quality and aromatic profile of fresh-cut 
melons was investigated. Galia-type melons (cv. Fiesta) were processed and vacuum-
infiltrated with 200 ppm of LPE, packaged in polypropylene trays and stored for 
7 days at 4 ºC. Four replicate packages of LPE-treated melon cubes and untreated 
controls were sampled by 0, 1, 4 and 7 days in storage. Colour, firmness, soluble 
solids content (SSC), ethylene production, respiration rate and volatile production 
were measured. Volatile compounds were extracted via Stir Bar Sorptive Extraction 
and quantified via GC-MS. Color and SSC remained constant throughout storage. 
There was no significant effect of LPE upon colour, firmness, SSC, ethylene pro-
duction and respiration rate. Esters, aldehydes and sulphur-containing compounds 
were the major volatiles in fresh-cut melon. LPE reduced most acetate (propyl ac-
etate, isobutyl acetate, 3-methylbutyl acetate, 2-methylbutyl acetate, hexyl acetate 
and pentyl acetate) and non-acetate (ethyl 2-methyl propanoate, methyl 2-methyl 
butanoate, ethyl butanoate, ethyl 2-methyl butanoate and ethyl propanoate) esters, 
alcohols (eucalyptol, hexanol and benzene propanol) and aldehydes ((Z)-6-nonenal 
and hexanal) but had no effect on benzyl acetate, octyl acetate, 2-phenethyl acetate, 
ethyl hexanoate, methyl butanoate, (Z)-6-nonenol, (E)-2-nonenal, ethyl (methyl-
thio) acetate and ethyl 3-(methylthio) propanoate. Therefore, LPE application, used 
as a membrane protective treatment, can have a specific inhibitory effect upon vola-
tile compounds production by inhibition of lipid-breakdown products.

S02.036
Effect of Fruit Maturity and Cutting on the 
Respiration and Volatile Production of Apple Fruit

Song, J.; Forney, C.; Moreau, D.; Jordan, M.; Fillmore, S.; 
Munro, K.
Agriculture and Agri-Food Canada, 32 Main Street, B4N 1J5, Kentville, Nova Scotia, Canada

Consumption of fresh fruit is increasing as consumers become more aware of 
their nutritional value and role in disease prevention. Apple fruit (Malus domestica 
Barkh.) is one of the most popular fruits consumed in the world and the production 
of fresh-cut apples has increased significantly in the past few years. However, fresh-
cut products are highly perishable and challenges remain to preserve their eating 
quality during marketing, which includes appearance, colour, texture, flavour and 
nutrition. Processing, packaging and storage technologies have extended the visual 
quality of fresh-cut apple products, but have neglected flavour. Therefore, improve-
ment in flavour quality is needed to meet consumer demand for more flavourful 
fruit. In order to understand the postharvest physiology and flavour biosynthesis 
in apple slices, ‘Gala’ and ‘Ambrosia’ apple fruit were harvested at three maturities. 
Following storage at 20 ºC for two days, half the fruit was cut into apple slices (12 
slices/apple) and their cores removed, while the other half was kept uncut to serve 
as the control. Both respiration and volatile content were measured 3, 6, 12, 24 and 
48 h after cutting and were found to be significantly affected by both fruit maturity 
and cutting. Respiration was 3-fold greater in sliced compared to whole apples. In 

total, 33 volatile compounds were identified and quantified. Total volatile produc-
tion increased as a result of increasing apple maturity and cutting. Concentrations 
of straight chain esters, acetates and alcohols, including ethyl acetate and ethanol, 
were increased by cutting. Hexanoates and estragole increased with fruit maturity. 
However, neither fruit maturity nor cutting influenced branched chain esters or 
butanoates. These results provide new insights into the effects of fresh-cut process-
ing on the flavour quality of apple products.

S02.037
Volatile Production, Precursors and Some 
Related Enzymes Affected by Ethephon and 
1-Methylcyclopropene in Apple Fruit

Sun, J.; Nie, L.; Zhang, X.
College of Horticulture Agricultural University of Hebei China, No.289, Lingyusi Street, 071000, 
Baoding, Hebei, China

Effects of ethephon, and 1-methylcyclopropene (1-MCP) on volatile production, 
concentration of fatty acids and amino acids, activities of lipoxygenase (LOX) and 
Alcohol acyl-CoA transferase (AAT) in ‘Starcrisom’ apple fruit were investigated dur-
ing 20 days storage after harvest. The volatile profiles of ‘Starcrisom’ apple fruit were 
dominated by esters and alcohols. Ethephon stimulated the production of internal 
ethylene, esters and alcohols in apple fruit. 1-MCP inhibited ethylene production 
and the total volatile concentration in fruit treated by 1-MCP was considerably lower 
with hexenal and haxnal as the dominant components. Concentrations of such free 
fatty acids (FA) as palmitic, linolenic, oleic, linoleic, stearic and erucic acid showed 
a decrease at first and then increased with onset of ethylene climacteric in untreated 
fruit. Ethephon treated fruit showed similar trend of these FA. But the increase oc-
curred earlier. In 1-MCP treated fruit, these free FA showed a sudden increase and 
then decreased sharply to a low stable level. Isoleucine increased more than 5-fold 
while other amino acids decreased or remained constant during 20 days storage and 
the increase was enhanced by ethphon. Isoleucine concentration in ethephon treated 
fruit kept more than 3 times of the untreated fruit. Accumulation of iso-leucine was 
accompanied by increase of ethyl 2-methyl-butanoate production. But in 1-MCP 
treated fruit, isoleucine concentration was relatively stable and no ethyl 2-methyl-
butanoate was detected. The facts suggested that regulating the supply of biosynthetic 
precursors of aroma volatiles by affecting the metabolism of fatty acids and amino 
acids may be the way of ethylene regulating production of aroma volatiles in apples.

S02.038
Influence of Volatile Compounds Emission 
and Standard Quality on Peach and Nectarine 
Consumer’s Acceptance

Echeverria, G.; Cano, J.; Alins, G.; Lopez, L.
IRTA, Rovira Roure, 191, 25198, Lleida, Spain

In order to increase fruit consumer’s satisfaction, it is important to define eating 
quality of fresh peaches and nectarines on the basis of consumer requirements 
and acceptance. As related to eating quality, stone fruit flavour depends on a deli-
cate balance of sugars, acids and aroma volatile compounds, with a number of 
additional factors, such as pulp texture, also influencing perceived quality. This 
research is focused on the evaluation of standard quality parameters and aroma 
volatile compounds of eleven peach and nectarine cultivars and their influence on 
consumer’s acceptance. Fruit of ‘Early Rich’, ‘Sweet Dream’, ‘Elegant Lady’, ‘August 
Red’, ‘Royal Glory’, ‘Honey Royal’, ‘Venus’, ‘Big Top’, ‘Nectagala’, ‘Honey Blaze’ 
and ‘Nectalady’ cultivars were picked at commercial harvest, and analysed after 
remaining 2 days at 20 ºC. A partial least square regression model (PLS1) was run, 
in an attempt to correlate volatile compound emission and standard quality param-
eters as X-variables to consumer’s acceptance studied as Y-variable, and thus to find 
the variables having most weight on the discrimination between cultivars. Higher 
acceptance scores, expressed as higher degree of liking, were associated mainly to 
greater content of soluble solids and to higher emission of delta-decalactone, gam-
ma-dodecalactone, 1-pentanol, butyl octanoate, pentyl acetate, 2.methylpropyl 
hexanoate and ethyl octanoate.



86

S02.039
1-MCP Prolongs the Shelf-Life of Guava (Psidium 
guajava L.) and Changes the Aroma Profile of Fruits

Harb, J.; Hasan, N.
Birzeit University, P. O. Box 14, 1000, Birzeit, Palestinian Occupied Territory

Guava fruits are highly perishable and deteriorate within few days. Moreover, these 
fruits are highly aromatic to the point that some consumers don’t purchase these 
guavas due to their ‘disturbing’ aroma. In the last years, guava cultivated in the West 
Bank, Palestinian Territories were subjected to various treatments to extend their 
shelf-life, as well as to reduce the negative impact of the strong aroma on the consum-
er’s perception. Accordingly, various plastic films and 1-MCP were tested, in which 
plastic films were used to create modified atmosphere conditions. Various quality 
parameters were assessed and the aroma profile was investigated using SPME-GCMS 
approach. Results show clearly that 1-MCP significantly retard the ripening process, 
as indicated by greener, and firmer fruits compared to untreated fruits. The main con-
sequence of this retardation is the prolonged shelf-life of these highly perishable fruits. 
Moreover, 1-MCP treatment resulted in a highly reduced biosynthesis of aroma vola-
tiles. Further, it was evident the 1-MCP significantly altered the odour-volatiles com-
position. Among the investigated volatiles which will be discussed are the following: 
Ethyl Acetate, Ethanol, alpha.-Pinene, Butanoic acid, ethyl ester, Acetic acid, butyl 
ester, Hexanal, 1-Butanol, 3-methyl-, acetate, .beta.-Myrcene, D-Limonene, Euca-
lyptol, gamma.-Terpinen, beta.-trans-Ocimene, m-Cymene, and alpha.-Cubebene.

S02.040
Kinetics of Volatile Synthesis Following Cellular 
Disruption Associated with Masticated and Cut 
Fresh Apple Fruit

Beaudry, R. M.1; Al Smairat, N.2; Contreras, C.1
1Michigan State University, A22 Plant and Soil Science, Department of Horticulture, 48824, East 
Lansing, Mi, United States
2University of Jordan, Jordan

During mastication and food preparation, cellular disruption of apple and other 
fresh fruit causes the mixing of cellular contents and induction of numerous chemi-
cal and enzymatic reactions not normally present in the intact tissue. Reactions 
associated with the lipoxygenase pathway result in the synthesis of significant quan-
tities of volatile aldehydes, with the potential to contribute to alcohol, acid, and 
ester synthesis. These volatiles are known to impact aroma, herbivore, pathogen 
development, and insect predation. We wanted to determine if the kinetics of these 
reactions in apple changed with fruit ripening stage and if the changes in these pa-
rameters could impact the sensory quality of fresh fruit during consumption. Using 
a model system consisting of volatile collection chambers adhered to the surface of 
‘Jonagold’ apple fruit, we found transient ‘waves’ of volatiles were produced. The 
initial wave was almost exclusively aldehyde products of the lipoxygenase pathway, 
which were then converted to alcohols, which, in turn, were incorporated into 
esters. The rate constants of these sequential reactions were estimated using math-
ematically-derived equations, providing a tool for comparing enzymatic capacities 
during ripening. The data indicate that lipoxygenase-derived aldehydes contribute 
to aroma of apple fruit during mastication, but alcohols and esters from these alde-
hydes do not. It is suggested that the impact of the lipoxygenase pathway on aroma 
is largely negative for apple during the eating experience. 

S02.041
Effects of Pre-Storage Treatment at 20 °C  
on the Standard, Sensory  
and Aromatic Quality of ‘Big Top’ Nectarines

Lopez, L.; Cano, J.; Echeverria, G.; Alins, G.
IRTA, Rovira Roure 191, 25198, Lleida, Spain

A commercial controlled delayed cooling or pre-storage treatment at 20 ºC was as-
sessed to extend market life of the most important European nectarine cultivar. The 
treatment efficacy is depending on the cultivar and the period of exposure. ‘Big Top’ 

nectarine fruits were subjected to pre-storage treatment at 20 ºC for 0, 5, 10, 24 or 
36 hours after harvest and stored at - 0.5 ºC for 10, 20 and 40 days. After cold stor-
age, fruit were kept at 20 ºC for three days to simulate retail shelf life. Volatile com-
pounds with odour active, sensory attributes and standard quality parameters were 
determined thereafter. Nectarine volatiles were analyzed using a dynamic headspace 
system with Tenax trap, automated short path thermal desorption, and CG-FID 
and GC–MS. The composition of volatile compounds emanating from the fruit 
varied quantitatively and qualitatively with storage conditions. Data were subjected 
to Principal Component Analysis (PCA). The PCA model revealed which variables 
accounted most for the differences observed in the samples among treatments. Fruit 
from 10 and 24 h of the pre-storage treatment after 10 or 20 days of cold-storage 
showed higher flavour, juiciness and sweetness perception and soluble solids content, 
as well as greater concentrations of butyl propanoate, butyl hexanoate, 2-methylbu-
tyl 2-methylpropanoate, 2-methylbutyl 2-methylbutanoate and pentyl hexanoate. 

S02.042
Effects of an Additional Period under Cold Air 
After ULO Storage on the Standard, Sensory and 
Aromatic Quality of ‘Golden Reinders�’ Apples

Altisent, R.; Graell, J.; López, L.; Lara, I.; Echeverria, G.
UdL-IRTA, Rovira Roure, 191, 25198, Lleida, Spain 

Volatile compounds released by apples make a major contribution to fruit aroma. 
Controlled atmosphere storage with low level of oxygen cause a decrease on the 
emission of most volatile compounds, and can have an impact on sensory quality. 
The aim of this work was to evaluate the influence of a short period under cold 
air after ultra low oxygen (ULO) storage on the emission of volatile compounds, 
standard quality parameters and sensory attributes in ‘Golden Reinders®’ apples. 
Apples were harvested at commercial maturity stage and stored for 19 or 30 weeks 
at 1 ºC and 92 % relative humidity under ULO (1% O2:1% CO2) or ULO plus 
different periods (2 or 4 weeks) in cold air; after 7 days at 20 ºC the fruits were ana-
lyzed. The results showed that 26 volatile compounds were increased by ULO+2w 
or ULO+4w atmospheres. For short-term storage (19 weeks), the ULO+4w atmo-
sphere was the most efficient for increasing the volatile compound emission, where-
as after 30 weeks, ULO+2w atmosphere was enough to achieve the enhancement. 
It should be remarked that some of these compounds are considered characteristic 
for this variety (presenting positive log odour units), and therefore, flavour was 
probably improved by these atmospheric conditions. As related to sensory quality, 
consumers scored equally fruits stored under the different atmosphere conditions. 
On the other hand, some sensory attributes (acidity, firmness and crispness) were 
scored with less intensity by a trained panel for fruits kept under ULO+4w condi-
tions (after 30 weeks of storage). Standard quality parameters were maintained after 
storage (upper the minimum recommended values) for all the atmosphere condi-
tions. Thus, ULO+2w atmosphere would be the optimum conditions to preserve 
the sensory and standard quality as well as to increase the volatile compound emis-
sion after 30 weeks-storage for ‘Golden Reinders®’ apples. 

S02.043
Reduced Risk Control Options for Apple 
Postharvest Diseases in Long-Term Storages

Errampalli, D.1; Wainman, L. I.1; DeEll, J. D.2
1Agriculture and Agr-Food Canada, 4902 Victoria Ave. N. ,L0R 2E0, Vineland Station, Ontario, Canada
2Ontario Ministry of Agriculture, Food, and Rural Affairs, 1283 Blueline RD &HWY 3, Box 587, Simcoe, 
Ontario, N3Y 4N5 Canada

Blue mould caused by Penicillium expansum Link and gray mould caused by Botrytis 
cinerea are the two important postharvest diseases of apples in Canada in long term 
storages. In recent years, 1-methylcyclopropene (1-MCP) has shown tremendous 
potential in maintaining fruit quality in apples during storage. The objective of this 
study was to determine if 1-MCP effects the control of postharvest blue mould and 
gray mould with reduced risk postharvest fungicides, fludioxonil (a phenylpyrrole), 
and pyrimethanil (an anilinopiramidine) on ‘Empire’ and ‘McIntosh’ apple fruits. 
The fruit that had been wounded immediately after optimum harvest for long-
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term storage (as determined by internal ethylene content and starch staining) were 
treated with/without 1 µL×L-1 1-MCP for 24 h at 0 ºC. Control did not receive 
1-MCP. In post-inoculation treatments, wounded apples were inoculated with 1 x 
104 conidia/ml of either TBZ-resistant P. expansum or B. cinerea and incubated for 
18-20 h at 13 °C, and then drop treated with appropriate concentrations of fungi-
cides. Treated fruit were incubated in cold storage at 2 °C for up to 6 months, or in 
controlled atmosphere (CA) storages for up to 5 months (‘McIntosh; 3 °C, 1.5% 
O2 and 2.5 % CO2) and 6 months (Empire apples; 1.7 ºC., 2.5% O2 and 2.5 % 
CO2) and in a subsequent shelf-life study at 20°C for 7 days . Both fungicides were 
found effective against blue mould caused by TBZ (a benzimidazole)- resistant P. 
expansum and gray mould caused by TBZ (a benzimidazole)- resistant B. cinerea in 
apples in cold and CA storages.1-MCP has neither positive nor negative effect on 
the control of blue mould or gray mould with postharvest fungicides.

S02.044
A Role for Reactive Oxygen Species  
in Postharvest Biocontrol

Macarisin, D.1; Wisniewski, M.1; Droby, S.2; Bauchan, G.3
1USDA-ARS, 2217 Wiltshire Road, 25430, Kearneysville, West Virginia, United States
2ARO, The Volcani Center, Bet Dagan, Israel
3USDA-ARS, Beltsville, Md 20705, United States 

Reactive oxygen species (ROS) play an important role in plant defense responses 
against pathogens. There is evidence that microbial biocontrol agents also induce a 
transient production of ROS in a host plant which triggers local and systemic de-
fense responses. In this study, we explored the ability of yeast antagonists to induce 
defense-related oxidative responses in fruits. We observed that two antagonist yeasts, 
Metschnikowia fructicola and Candida oleophila, generate greater levels of super oxide 
anion (O2

-) on intact fruit surfaces (poor in nutrients) then when they are grown on 
a nutrient-poor agar medium. When the antagonists are applied to wounded fruit 
(rich in nutrients) accumulation of O2

-, detected by nitro blue tetrazolium staining, 
occurs more rapidly than when the yeast are grown on a nutrient-rich medium. Us-
ing laser scanning confocal microscopy, we also observed that the application of M. 
fructicola and C. oleophila into citrus and apple fruit wounds was correlated with an 
increase in H2O2 accumulation in host tissue. As early as 18 hours after inoculation, 
the level of H2O2 in inoculated, wounded tissue was 4-fold greater than in controls 
wounds inoculated only with water. Yeast continued to stimulate H2O2 production 
in citrus fruit up to 66 h after inoculation and H2O2 levels were still threefold above 
the control. Living yeast cells were detected in fruit wounds at this time point in-
dicating the ability of M. fructicola to tolerate host ROS, which has been suggested 
to be an intrinsic characteristic of effective yeast antagonists. Collectively, our data 
along with our earlier report on the importance of H2O2 production in the defense 
response of citrus flavedo to postharvest pathogens indicate that the ability of yeasts 
to induce an oxidative response in fruit tissue may be an essential aspect of yeast spe-
cies and strains that serve as effective postharvest biocontrol agents.

S02.045
Cross-Tolerance and Antioxidant Metabolism as 
Determinants of Resistance of Apple Fruit  
to Postharvest Botrytis Decay

Bui, T. T. A.1; Vanwalleghem, T.2; Vorstermans, B.2; 
Creemers, P.2; Hertog, M.3; Nicolai, B.3; Keulemans, J.4; 
Davey, M. W.4
1Katholieke Universiteit Leuven, Lab Fruit Breeding and Biotechnology, Department of Biosystems, de 
Croylaan 42, B-3001, Heverlee, Leuven, Belgium
2Proefcentrum Fruitteelt Vzw, Sint-Truiden, Belgium
3Division of Mechtronics, Biotatistics and Sensors, Dep. of Biosystems, Faculty of Biosciences Engineering, 
Belgium
4Lab Fruit Bbreeding and Biotechnology, Dept Biosystems, Katholieke Universiteit Leuven, Belgium 

Consumers expect a year-round supply of disease-free, good quality fruit. In apple, 
the post-harvest storage properties and susceptibility to post-harvest phytopatho-
gens of cultivars differ substantially. Unfortunately though, little is currently un-
derstood about the molecular/cellular basis for these differences. Recently we have 

shown that higher fruit vitamin C (L-ascorbic acid, AsA), and antioxidant contents 
are positively correlated with several aspects of postharvest quality. For example, 
fruit from apple cultivars with a higher mean AsA content generally are less sus-
ceptible to post-harvest decay by the necrotrophic fungus Botrytis cinerea, and in 
pears, internal AsA contents correlate with the patterns of susceptibility to internal 
browning (Davey, et al., 2007, Franck, et al., 2003). This relationship between el-
evated antioxidant contents and the improved (a)biotic stress-resistance postharvest 
is probably related to the capacity of tissues to deal with the consequences of H2O2 
production resulting from infection and storage stresses. Here we have carried out a 
detailed characterisation of fruit antioxidant metabolism in 2 apple cultivars differ-
ing in their susceptibility to infection with Botrytis cinerea. This includes an analy-
sis of the major antioxidant metabolites, and their metabolising enzyme activities 
(catalase, superoxide dismutase, ascorbate peroxidise etc.). We show that pre-harvest 
exposure to high-light stress, can induce cross-tolerance to post-harvest Botrytis in-
fection and have examined the relationship between metabolites, enzyme activities 
and disease susceptibility in different tissues to help identify the major determinants 
associated with induced resistance to Botrytis decay. In the long term it is hope that 
this information can be used to develop markers for improved post-harvest storage.

S02.046
Development of a Practical Method to Evaluate 
the Efficacy of Potassium Sorbate as a Germination 
Inhibitor of Penicillium digitatum Conidia for 
Potential Use in the Citrus Supply Chain

Potton, S.; Cullum, J.
Writtle College, Postharvest Unit, Lordship Road, Chelmsford, CM1 3RR, Essex, United Kingdom

Penicillium digitatum, the cause of green mould, is the most serious pathogen found 
in the citrus supply chain. Currently the disease is controlled using conventional 
fungicides including imazalil and thiabendazole but there is the risk of increased 
pathogen resistance or that the chemicals could be withdrawn. Residue levels of 
chemicals on fruit and the disposal of fungicide solutions are also problematic. 
Thus, there has been increasing research into the use of ‘generally regarded as safe’ 
(GRAS) chemical alternatives for controlling P. digitatum, including the food ad-
ditive potassium sorbate (KS). Initially a practical, laboratory method was devel-
oped to induce conidial germination. Combinations of various fruit sugars with 
citric acid did not induce conidia germination. Three orange juices were trialled at 
0.625% concentration with Minute Maid® and fresh Navel orange juice inducing 
conidia germination after 8hrs. With the germination medium established this was 
then amended with KS concentrations of 0.003%, 0.005% and 0.050% wt/vol., 
buffered at pH 4.5 and 5.5, and 1.18×106 conidia/ml. After 9hrs at 25 ºC all three 
KS concentrations gave EC95 concentrations at pH 4.5. At pH 5.5, 0.005% and 
0.050% KS gave EC95 concentrations. The effect of pH on KS dissociation was 
evident. Germ tube measuring was evaluated as difficult compared to recording 
the percentage germination. The combination of 0.050% KS, buffered to pH 4.5 
with 0.0625% Minute Maid® gave significant inhibition of conidia germination. 
The method developed combines the chosen components in solution, in reusable 
containers, to then give a visual indication of pathogen presence and germination 
inhibition results in approximately 9hrs. This technique may be of potential use in 
the citrus supply chain. 

S02.047
Characterization of Aureobasidium pullulans, 
a Promising Biocontrol Agent  
for Postharvest Diseases

Sánchez, C.1; Ferreira-Pinto, M. M.2; Santos, J. M.3; 
Ramos, A. P.1; Barreiro, M. G.1
1L-INIA/INRB. Av. da República, Quinta do Marquês, 2784-505 Oeiras, Portugal
2ECOBIO–IICT. Edificio das Agro Indústrias, Tapada da Ajuda, Apartado 3014, 1301-901 Lisboa, Portugal
3CREM, Dep. Ciências da Vida, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa. 2829-
516 Caparica, Portugal

In the last decades, biological control of postharvest diseases has become an im-
portant field of research. Postharvest decay of fruits and vegetables, occurred dur-
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ing storage, transportation and commercialization, has a considerable economic 
impact. Many substitutes for chemicals have been proposed to control postharvest 
diseases; however, biological control using antagonists has proved to be one of the 
most promising alternatives. In previous studies, about 32 isolates of epiphytic 
microorganisms occurring on Rocha pear leaves and fruits were collected. The 
yeast-like fungus Aureobasidium pullulans revealed an important biocontrol activity 
both in vitro and in vivo of Penicillium expansum and Botrytis cinerea. The results 
obtained showed that, under optimum growth conditions, the antagonist was able 
to reduce the proliferation of P. expansum by 85-95%. To better characterize this 
antagonist, a molecular analysis was performed. For this, a fragment of rDNA in-
cluding ITS regions was amplified and sequenced. The analysis of the sequences 
obtained confirmed the ‘Rocha’ isolate as A. pullulans var. pullulans. Currently the 
Rocha pear is harvested and stored in controlled atmosphere conditions. Thus, the 
effect of different concentrations of O2 (2, 4, 21%) on the growth of A. pullulans 
was analyzed in vivo. After 7 days of incubation, in comparison with the control 
grown at 21% O2, the reduction in the CFU was approximately 22% for 2% O2 
and only 7% for 4% O2. Under cold storage conditions A. pullulans controlled blue 
mold by 56% and grey mold by 85%. The yeast population remained stable during 
storage. The results presented here point out A. pullulans as a good candidate for 
control of postharvest diseases on pears under storage conditions. Therefore, it is 
very important to continue the research to improve the efficiency of this antagonist 
and to extend its use to other fruits and vegetables and to other pathogens. 

S02.048
Efficacy of a Combination Quarantine Treatment 
at 3 °C as a Potential Disinfestation Treatment for 
Queensland Fruit Fly (Bactrocera tryoni (Froggatt))

Golding, J. B.1; Jessup, A.1; Spohr, L.1; Daniels, D.1; Satyan, S.1; 
Pristijono, P.1; McGlasson, B.2; Josep, J.3
1Gosford Primary Industries Insitute, Industry and Investment Locked Bag 26, 2250, Gosford, NSW, 
Australia
2University of Western Sydney, Australia
3Universitat Jaume I-Institut Valencià d’Investigacions Agràries, Spain

Queensland Fruit Fly Bactrocera tryoni (Froggatt) (QFF) is a major quarantine pest 
for some Australian cherry producers, particularly as treatment to combat infestation 
can often affect fruit quality, restrict marketing flexibility and affect grower returns. 
Our previous work has shown that a combination treatment of 95% carbon dioxide 
(CO2) at 0 ºC for varying lengths of time before storage in air was effective at killing 
first instar QFF larvae whilst maintaining fruit quality. However the practicalities of 
maintaining constant 0 ºC disinfestation temperature is difficult, particularly during 
transit, and industry would prefer to use a 3 ºC disinfestation temperature. There-
fore, a range of disinfestation and fruit quality experiments examined the effects of 
the combination of a short term high CO2 treatment at 3 ºC. A range of cherry va-
rieties were infested with QFF and the fruit were treated with 95% CO2 at 3 ºC for 
varying lengths of time before storage in air. To examine if high CO2 had any effects 
on fruit quality, storage trials were conducted. The results showed that a 95% CO2 
treatment at the beginning of the cold disinfestation period significantly reduced the 
time to kill first instar QFF. Storage trials showed that there were no adverse effects 
of the high CO2 treatment on fruit quality across a range of treatment times, varieties 
with different removals. The results demonstrated that a short-term high CO2 treat-
ment at 3 ºC temperature was effective in reducing the time in cold disinfestation 
without detriment to fruit quality during storage. 

S02.049
Use of an ‘Artificial’ Fruit to Assess  
the Mortality of Queensland Fruit Fly Larvae 
Using Combination Disinfestation Treatments

Vernay, V.1; Golding, JB.2
1INP-ENSAT, Avenue de l’Agrobiopole, 31326, Castanet-Tolosan, France
2Gosford Primary Industries Institute Locked Bag 26 Gosford Nsw 2250, Australia 

Market access is a major issue for the marketing of horticultural produce. Current 
quarantine treatments to control Queensland Fruit Fly (QFF), Batrocera (Dacus) 

tryoni (Froggatt) are costly and can take too long which can affect fruit quality, 
restrict marketing flexibility and affect grower returns. The current cold disinfesta-
tion treatment (in air) is 14 days whereas the storage and shelf life of many perish-
able fruits such as peaches, is less than 28 days. It is therefore imperative that new 
disinfestation methods which will use fewer chemicals be shorter in length and 
not affect fruit quality. We have previously shown that a combination treatment 
of high carbon dioxide treatment in combination with cold storage can increase 
the mortality of QFF in fruit without affecting fruits quality. However we need to 
develop a standardised test fruit to reliably reproduce and test different treatments, 
irrespective of seasonal fruit availability. In this study a standardised artificial fruit 
was developed using carrot media and tested using different CO2 and temperature 
combinations. The results showed that the use of the artificial fruit was practical 
and gave good reproducible results. The results showed that a combined treatment 
CO2 and cold disinfestation temperature successfully increased the mortality of 
first instar QFF.

S02.050
Cold Treatment of Argentinean Mandarins 
against Mediterranean Fruit Fly

Cocco, M.; Meier, G. E.; Vázquez, D. E.
EEA INTA Concordia, C.C. Nº 34, 3200, Concordia, Entre Ríos, Argentina

Mediterranean fruit fly (Ceratitis capitata Wied.) is an endemic pest in the citrus 
production areas of Argentina. Postharvest disinfestation with Methyl Bromide 
treatments are required to commercialize citrus into local market in Cuyo and 
Patagonia, regions were the insect is not present. However, Methyl Bromide was 
recognised as an ozone-depleting substance under the Montreal Protocol. Moreover 
its use can damage fruit quality. Cold treatments are considered an alternative to 
Methyl Bromide for postharvest and quarantine treatment of fresh fruits. However, 
citrus can be sensitive to chilling injury. Research was carried out to determine the 
effect of cold treatment on the external and internal quality of mandarins (Citrus 
reticulata Blanco) cultivars Murcott and Ellendale produced in the Argentinean 
northeast region. Fruits were harvested at commercial maturity and stored at two 
temperature levels, 1 ºC±0.5 ºC and 5 ºC±0.5 ºC during 15 days. Following the 
treatments, marketing conditions were simulated (a 1-week holding period at 20 
ºC). No chilling injury was observed on fruits for both levels of temperatures. Juice 
percentage and maturity index were not affected by treatments. In Murcott manda-
rins levels of ethanol were increased by cold treatment. 

S02.051
Control of Postharvest Diseases  
by a New Yeast Biocontrol Agent

Manso, T; Nunes, C 
ICAAM, Polo Algarve, Universidade do Algarve, FCT, Ed 8. Campus de Gambelas, 8005-139-Faro, Portugal 

The growing demand for reduction in the use of pesticides, and the development 
resistance by the major postharvest pathogens to chemical compounds has resulted 
in interest in biological control methods. The aim of the present work was to find 
new postharvest biocontrol agents for pome and citrus fruit. Epiphytic microor-
ganisms isolated from fruit and leaves of different cultivars of pome and citrus 
fruit were screened for antagonistic activity against Penicillium expansum on pome 
fruit and Penicillium digitatum on citrus fruit. From all isolated microorganisms 
tested in antagonist properties against these pathogens, a new yeast species from 
Metschnikowia genera was selected. This yeast was very effective against B. cinerea, 
P. expansum and R. stolonifer on different varieties of apple and pears. Complete 
disease control or more than 80% was obtained on different cultivars of wounded 
apple fruits at 107 cfu/ml. Over the three years experiments in semi-commercial 
trials this new biocontrol agent provide excellent control against P. expansum under 
cold storage. More than 80% of control at 107 cfu/ml as also obtained on ‘Lanelate’ 
oranges. This biocontrol agent had a good growth capacity inside wounds but also 
on pome fruit surface at both room and cold temperatures. In conclusion this new 
biocontrol agent from Metschnikowia genera could be used as effectively on apple, 
pears and citrus fruit at the same concentration and in a high range of temperature, 
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this will facilitate the application of this biological control agent by the growers 
on packinghouses. Research is now in progress to examine different production 
medium, in order to optimise cell production.

S02.052
Control of Monilinia spp. on Peaches 
and Nectarines by Curing Treatments

Casals, C.; Teixidó, N.; Viñas, I.; Cambray, J.; Usall, J.
IRTA, Centre UdL-IRTA, XaRTA-Postharvest, 191, Rovira Roure Av., 25198-Lleida, Catalonia

Monilinia spp. is the most important cause of brown rot on peaches and nectarines. 
In many countries, no postharvest chemical treatments of stone fruit are allowed 
and alternative postharvest treatments are urgently required. The effect of curing 
treatments at different temperatures, exposure times and relative humidity (RH) to 
control brown rot was studied. Three curing temperatures were tested (40, 45 and 
50 ºC) at different exposure times (ranging from 30 min to 6 h). Curing at 50 ºC 
for 2 h successfully increased brown rot control (95%) after fruit were incubated 
at 20 ºC and 85% RH for 5 d after treatment. Longer exposure time was required 
to achieve the same level of brown rot control at lower curing temperatures. Four 
relative humidity (RH) levels (60%, 80%, 90% and 99%) were also tested during 
curing at 50 ºC for 1, 2, 3 and 4 h. The level of brown rot control at 99% or 90% 
RH for 3 or 4 h was the same, achieving control at higher than 95%. At lower RH 
levels (60% and 80%), more exposure time was required to achieve the same control 
as at the highest RH (90% and 99%). Complete control of disease development was 
achieved when four varieties of peach and nectarine fruit artificially inoculated with 
either Monilinia laxa or M. fructicola were cured at 50 ºC for 2 h and 95-99% RH. 
This curing treatment had a positive effect on fruit quality, with significantly lower 
firmness loss in comparison with uncured fruit. No adverse effects were observed on 
fruit acidity and colour index. Postharvest curing of peach and nectarine fruit may 
be a suitable alternative to synthetic fungicides for postharvest brown rot control. 

S02.053
Evaluation of the Use of Sulfur Dioxide (SO2) 
to Reduce Postharvest Losses  
on Black and Green Fresh Figs

Cantin, C. M.1; Bremer, V.1; Ferreira, A. L.1; Michailidis, T.1; 
Maxwell, N.1; Palou, L.2; Crisosto, C.1
1University of California, Davis, One Shields Avenue, 95616, Davis, California, United States
2Instituto Valenciano de Investigaciones Agrarias (IVIA), 46113 Moncada, Valencia, Spain 

Postharvest diseases limit the storage period and market life of fresh figs. The 
efficacy of sulfur dioxide (SO2) applied by fumigation and/or by sulfur dioxide 
generating pads was tested for the control of postharvest diseases on several com-
mercial black and green fig cultivars (Ficus carica L.). A protocol for the computer-
controlled application of gaseous SO2 has been developed which allows use of a 
very low specific concentration-time (CT) of SO2 and simultaneous monitoring 
of the application progress. Currently, SO2 is included in the Federal IR-4 pro-
gram and residual studies are ongoing as a protocol for future registration on fresh 
figs. Rates of survival of most of the evaluated pathogens were low when exposed 
to SO2 fumigation at 100 ppm at 20 ºC, whereas higher rates were found at 0 
ºC. Therefore, further fumigations were carried out at 20 ºC. After evaluating 
different warm SO2 CTs, the best compromise between controlling decay and not 
causing skin damage was reached with 25 CT. The performance of warm fumiga-
tions, the use of SO2 generating pads, the combination of pads and sulfur dioxide 
fumigations, and the use of repeated fumigations during the cold storage were also 
evaluated. All of the SO2 treatments reduced the percentage of decay, thus extend-
ing the shelf life of fresh figs. However, in some cases, the use of SO2 generating 
pads increased the incidence of bleaching on the figs’ skin. Warm fumigation with 
25 CT of SO2 reduced the total number of colonies of all pathogens growing on 
the surface of the figs. In addition, the treatment decreased the percentage of fruit 
infected with Alternaria sp. and Rhizopus sp. Future work is being developed by 
our group on the use of SO2 and on alternatives to SO2 as tools to extend the shelf 
life of fresh figs.

S02.054
Antagonist Activity between Aureobasidium 
pullulans and Penicillium expansum in Pyrus 
communis L. cv. Rocha – Implications on the 
Resistance to Oxidative Stress

Lidon, F. J. C.1; Ramalho, J. C.2; Pais, I. P. R.3; Carvalho, C. S.3; 
Santos, M.3; Arrabaca, J. D.4; Barreiro, M. G.3
1GDEH, Faculdade de Ciências  e Tecnologia, Universidade Nova de Lisboa, Quinta da Torre, 2829-516 
Caparica, Portugal
2Centro de Ecofisiologia, Bioquímica e Biotecnologia Vegetal /Instituto Investigação Científica 
Tropical, Av. República, Quinta do Marquês, 2784-505 Oeiras, Portugal
3Instituto Nacional de Investigação Agrária /INRB, Av. República, Quinta do Marquês 2784-505 Oeiras, 
Portugal, 
4BIOFIG-centro de Biodiversidade, Genómica Integrativa e Funcional, Faculdade de Ciências, 
Universidade de Lisboa, Portugal

Storage diseases, especially those caused by fungal pathogens, are responsible for 
substantial post harvest losses. However, as an alternative to fungicides, the use of 
antagonist yeasts appears to be a promising technology. In this context, the yeast-
like fungus Aureobasidium pullulans has been proved to control post harvest patho-
gens on several fruits, namely Penicillium expansum Link (blue mold - the major 
producer of the mycotoxin patulin) on pears .This infection usually initiates in 
wounds during harvest and packing, being associated with free radicals synthesis 
(e.g., semiquinones and lipoperoxyl radicals) and reactive oxygen species (ROS). As 
reactive oxygen species and free radicals induce oxidative stress that can have many 
detrimental effects, any microorganism that attempts to colonize fresh wounds has 
to cope with oxidative stress caused as a consequence of wounding. In this work, 
the action of A. pullulans to control the post harvest pathogen P. expansum was 
investigated, considering the hypothesis that an effective antagonist should pos-
sess resistance to oxidative stress to ensure rapid colonization of wounds. For this 
purpose ‘Rocha’ pears (Pyrus communis L. cv. Rocha), harvested at the commercial 
maturity and stored for 5 months in cold chambers was used as a test system. After 
a characterization of the commercial maturity through a definition of the colour 
attributes (L*, a*, b* colour space), it was found that wounds inoculated with A. 
pullulans and infected with P. expansum showed reduced levels of hydroxyl radicals 
and a decreased membrane permeability, whereas H2O2 contents and lipids peroxi-
dation did not show a clear trend and ethylene production increase. The metabo-
lism of ROS is discussed considering the biocontrol implications on the retardation 
of tissues senescence and reduction of post harvest diseases. 

S02.055
Transcriptome Analysis of the Differential Effect 
of 1-MCP on the Development of Chilling Injury 
in Peaches Harvested at Early and Late Maturities

Jajo, A.1; Ziliotto, F.2; Rasori, A.2; Bonghi, C.2; Holford, P.1; 
Jones, M.1; Golding, J.3; Tonutti, P.4; McGlasson, B.1
1University of Western Sydney, Locked Bag 1797, 2750, South Penrith, NSW, Australia
2Department of Environmental Agronomy and Crop Science, University of Padova, Viale dell’Università, 
16, 35020, Legnaro, Padova, Italy
3Industry & Investment NSW, Gosford Primary Industries Institute, Locked Bag 26, Gosford, NSW 2250, 
Australia
4Scuola Superiore Sant’ Anna, Piazza Martiri della Libertà, 33, 56127, Pisa, Italy

Stone fruit exports require cold storage in either air- or sea freight. Air freight is 
rapid but expensive and can drive fruit prices high. In contrast, sea freight is eco-
nomically sound, but is undesirable as fruit may suffer chilling injury (CI) due 
to the prolonged time in cold storage. An understanding of the genetic factors 
that control or prevent CI in stone fruit is needed. This may lead to technologies 
that prevent CI thereby facilitating sea freight and more economic and sustainable 
transport of fruit. Treatment of peaches with 1-methylcyclopropene (1-MCP) in-
creases the incidence of CI following long-term cool storage. However, no previous 
studies have investigated the effect of 1-MCP on the onset of CI in different ma-
turity stages of peaches. We demonstrate through physiological data that the onset 
of CI following 1-MCP treatment and cool storage is dependent on the maturity 
stages of the peach. In immature peaches, CI is increased following 1-MCP treat-
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ment and cold storage; however at a mature stage of harvest, 1-MCP treatment de-
layed the onset of CI following cold storage. Attempts to understand the differences 
in response to 1-MCP have been carried out using large-scale transcriptome analy-
sis via µ-PEACH1.0, a peach-specific microarray. Genes differentially expressed in 
1-MCP-treated fruit before and after cold storage, were clustered on the basis of 
their time (maturity stage) and pattern of expression. Four clusters were identified: 
two contain genes showing a similar pattern of expression (induction or repression 
following storage, 78 genes) in mature and immature fruit. The other two contain 
genes showing an opposing pattern of expression (154 genes) between the two 
maturities. Genes from the second group will be further evaluated to confirm their 
pattern of expression and to determine their possible role in the development of CI.

S02.056
Avocado (Persea americana Mill.) 
Postharvest Physiology Revisited

Blakey, R. J.; Tesfay, S. Z.; Bower, J. P.; Bertling, I.
University of KwaZulu-Natal, Scottsville 3209, Private Bag X01, Pietermaritzburg, KwaZulu-Natal, 
South Africa 

While avocado fruit are exported over long distances from a number of countries, 
quality remains an issue, with variable ripening and internal physiological disorders 
remaining problematical. A better understanding of avocado physiology will assist 
in optimizing postharvest handling of avocado fruit. Therefore, an integrated study 
was conducted to clarify some aspects of postharvest physiology and the effect of 
reduced temperature storage and modified atmosphere. As avocado fruit quality is 
affected by water stress the effect of water as well as of ABA infusion on ripening 
was evaluated. Water reduced the variation in ripening rate while ABA increased it. 
Fruit water content, measured using near-infrared spectroscopy, increased during 
ripening. Storing fruit in micro-perforated polyethylene bags (polybags) improved 
fruit quality by reducing ethylene production, respiration, mass loss, heptose de-
cline, and the activity of cellulase and pectin-methyl esterase (PME) during storage. 
Storing fruit in polybags increased cellulase activity after cold storage. Polybags fur-
thermore had a mixed effect on PME activity, depending on storage temperature. 
Polygalacturonase (PG) activity seemed to be insensitive to storage conditions but 
activity increased earlier in more mature fruit. Polybags also reduced external chill-
ing injury by reducing water loss. Fruit stored at 1 °C ripened slightly slower than 
those stored at 5.5 °C because of reduced enzyme activity during storage. Storing 
fruit at 1 °C in polybags has comparable effects to 1-MCP during storage, without 
the negative effect of delayed ripening post-storage. Furthermore, cold chain breaks 
severely reduced avocado fruit quality, although fruit physiological parameters re-
turn to levels prior to the break. A 24 h break (21 ºC) in the cold storage resulted in 
a 45% loss of mannoheptulose. However, this negative effect of a cold chain break 
can be reduced by lowering the storage temperature to 1 ºC and using polybags. 

S02.057
Exploring the Involvement of Ethylene in the 
Regulation of Colour Changes in Citrus Fruit

Carmona, L.; Rodrigo, M. J.; Zacarias, L.
IATA (CSIC), Apartado Postal 73, 46100, Burjasot, Valencia, Spain

Citrus fruits produce minute amounts of ethylene during maturation and therefore 
have long been recognized as non-climacteric. Evidences indicate that ethylene is 
playing a role in the control of fruit maturation and for instance, application of 
the gas is a common postharvest practice to accelerate fruit coloration especially 
in early-harvested varieties. How endogenous ethylene is perceived and transduced 
during maturation of Citrus fruit, and whether the hormone is an inducer or its 
perception is required throughout maturation, are processes not yet elucidated. To 
investigate these questions, the ethylene action inhibitor 1-MCP (1-methylcylo-
propene) was applied to mandarin fruit both on the tree and also after harvested, 
and changes in fruit colour, carotenoid content and composition, and expression 
of key genes of carotenoid biosynthesis were analyzed. Fruits were treated at three 
ripening stages: before initiation, at the onset and after peel degreening, and two 
varieties of mandarin displaying different rate of natural fruit coloration were used 

(Clemenules mandarin and the hybrid Fortune). Application of 1-MCP to fruit on 
the tree was well effective inhibiting ethylene action, as evidenced by the reduced 
postharvest response to ethylene after treatment. Nevertheless, inhibition of eth-
ylene action in fruit on and off the tree was not always accompanied by a delay 
in the rate of fruit coloration and by substantial changes in carotenoid content 
and composition. By contrast, expression of key carotenoid biosynthetic genes was 
much more sensitive to inhibition of ethylene action. Collectively, results indicate 
that ethylene mediates, at least in partially, the expression of genes associated with 
citrus fruit coloration, and the potential involvement of the hormone in the differ-
ent physiological and molecular mechanisms operating during the process will be 
presented and discussed. 

S02.058
Isoform Shift of ACC-Oxidase in Relation  
to Reduced Ethylene Production during Post-
Harvest Storage of Tomato

Van de Poel, B.1; Bulens, I.1; Markoula, A.1; Dreesen, R.2;
Hertog, M. L.1; Vandoninck, S.3; Remy, S.4; Keulemans, J.2;
Waelkens, E.3; de Proft, M. P.5; Nicolaï, B. M.1; Geeraerd, A. H.1
1MeBioS (Mechatronica, Biostatistics and Sensors), Department of Biosystems, Katholieke Universiteit 
Leuven, Willem de Croylaan 42, 3001, Leuven, Belgium
2Laboratory for Fruitbreeding and -biotechnology, Department of Biosystems, Katholieke Universiteit 
Leuven, Willem de Croylaan 42, 3001 Leuven, Belgium
3Laboratory of Protein Phosphorylation and Proteomics, Department of Molecular Cell Biology, 
Katholieke Universiteit Leuven, Herestraat 49, 3000 Leuven, Belgium
4Laboratory of Tropical Crop Improvement, Department of Biosystems, Katholieke Universiteit Leuven, 
Kasteelpark Arenberg 13, 3001 Leuven, Belgium
5Plant Physiology Laboratory, Department of Biosystems, Katholieke Universiteit Leuven, Willem de 
Croylaan 42, 3001 Leuven, Belgium

During ripening of tomato, fruit ethylene production increases autocatalytically 
(System II), and reaches a maximum around the orange/red stage. After harvest 
and during storage, fruit ethylene production decreases again to the basal level of 
System I. We investigated the underlying mechanism responsible for this decrease 
in ethylene production by means of a systems biology approach: which combines 
measurements at different levels, involving metabolites, enzymes levels and activity 
and gene expression. First we measured the in vitro activity of ACC-oxidase (ACO). 
In a second part we analyzed ACO gene expression by real time reverse transcrip-
tion qPCR. Finally ACO protein levels were revealed by western blotting. Our 
results showed that ACO in vitro enzyme activity decreased during post-harvest 
storage, perfectly in accordance with total fruit ethylene production. Nevertheless, 
we observed that the ACO gene expression level did not decrease during storage 
but remained stable at a very high level. This trend was confirmed by western blots, 
showing the high abundance of ACO protein levels during storage. These blots also 
revealed two clear bands indicating the involvement of multiple ACO isoforms. 
During climacteric ripening a first isoform peaked and decreased again after the red 
stage. A second isoform increased much later (at the orange stage) and remained at 
high levels during post-harvest storage. These combined results indicate that dif-
ferent isoforms have different enzyme activities and are regulating different stages 
of fruit development. The differences between these isoenzyme activities occurring 
during ripening and storage are further investigated at the moment. 

S02.059
Abscisic Acid Modulates Mango Fruit Ripening

Zaharah, S. S.; Singh, Z.
Horticulture Research Laboratory, Faculty of Science and Engineering, Curtin University of 
Technology, Building 611:108/102C, Turner Avenue, Technology Park, 6102, Bentley, Western Australia, 
Australia

To investigate the role of abscisic acid (ABA) in mango fruit ripening, hard mature 
green fruits were dipped for five minutes in an aqueous solution containing 1.0 
mM ABA and its inhibitor 0.2 mM [Nordihydroguaiaretic acid (NDGA)] and 
‘Tween 20’ (0.05%) as a surfactant and allowed to ripen at ambient temperature 
(21 ± 1 ºC). Untreated fruits were used as a control. The exogenous application of 
1.0 mM ABA accelerated ethylene production, respiration rate, skin colour devel-
opment and loss of fruit firmness springiness, cohesiveness, chewiness, adhesiveness 
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and stiffness as compared to the control and its inhibitor. NDGA-treated fruit 
exhibited reduced ethylene production and respiration rate (48.15% and 7.79%), 
respectively, as well as delayed loss of subjective fruit firmness and other textural 
properties of the pulp. Total sugars increased up to sixth day of ripening after treat-
ed with ABA treatments as compared to its inhibitor and control, whilst a reverse 
trend was recorded for total acids. In conclusion, the exogenous application of 
ABA increased ethylene production and respiration rate, loss of fruit firmness, skin 
colour development, advanced sugars accumulation and decreased levels of total 
acids and the reverse trends in these fruit ripening parameters with its inhibitor 
than control suggest that ABA play a key role in modulating mango fruit ripening. 

S02.060
Main Characteristics of Polyphenol Oxidase  
of Asparagus lettuce

Yue, X.; Chen, G. L.
College of Life Science, Inner Mongolia University, No.235 Daxue West Street, 010021, Hohhot, Inner 
Mongolia, China

Asparagus lettuce, a variant of lettuce widely cultivated in China, has an edible suc-
culent stem which easily browns during storage and processing. Polyphenol oxidase 
(PPO) is one of the many agents bringing about the browning of vegetables and 
their products. In this study, the characteristics of partially purified PPO of fresh 
asparagus lettuce (purchased at a local market) were determined using the dynam-
ics module of UV-visible spectrophotometer at 420nm and catechol as substrate. It 
was shown that the highest PPO activity with the phosphate buffer pH of 7.0, 6.5 
or 6.0 appeared at 10 ºC, 20 ºC and 30 ºC respectively. Thermal stability of PPO 
was investigated at pH 6.5 at various constant of temperatures from 40 ºC to 90 ºC 
using incubation time from 10 to 60 min. The result showed that the PPO activity 
has high activity below 70 ºC. However, activity was reduced rapidly above 80 ºC. 
In addition, effects of three kinds of antioxidants, vitamin(Vc), cysteine (L-cys)
and citric acid on browning inhibition ,total phenol content and total antioxidant 
activity (ABTS Methods) were measured. The results showed that all three kinds 
of antioxidants have suppression effects on the browning of asparagus lettuce. The 
optimum inhibitory concentrations were 0.025%, 0.02% and 0.8% respectively. 
Furthermore, the Correlation analysis between asparagus lettuce antioxidant activ-
ity and total phenol content presented that the dependability of the two factors was 
significant in presence of Vc or L-cys, which supposed that Vc and L-cys played a 
part in the inhibition of asparagus lettuce browning. In conclusion, the optimum 
temperature for PPO activity varied with pH conditions. Furthermore, antioxi-
dants played a role in inhibiting browning by deoxidizing the PPO to protect total 
phenol. This study may be applied to improve asparagus lettuce processing.

S02.061
The Physiological, Molecular and Genetic  
Factors Associated with Postharvest Water Loss 
in Pepper Fruit

Popovsky-Sarid, S.1; Paran, I.1; Alkalai-Tuvia, S.1; Perzelan, Y.1; 
Fallik, E.1; Jenks, M. A.2; Parsons, E. P.2
1ARO-the Volcani Center,Bet Dagan, Israel
2Purdue University, Indiana, United States 

Pepper (Capsicum annuum L.) is an important vegetable crop world-wide with 
much potential for increasing its market share. However, marketing is limited by 
the relatively short storability and shelf life of the fruit due to high water loss and 
decay development soon after harvest. Variation in postharvest fruit water loss 
(FrWL) is known in pepper but its biological basis is unknown. Therefore, our 
research is aimed to gain an understanding of the physiological, biochemical, and 
molecular factors controlling FrWL in pepper. Based on previous research we chose 
two parental lines that differ for FrWL to create segregating populations for this 
trait. We characterized fruits of both parents for cutin and wax content. Surpris-
ingly we found that the high FrWL parent has higher total levels of cutin and wax 
than the low FrWL parent. Looking deeper into the cutin and wax composition, 
we found two important components that are at higher levels at the low FrWL par-

ent: 18-carbon length ω-OH acid and alkanes, in cutin and wax respectively. The 
presence of more alkans in the low FrWL parent may contribute to reduced water 
loss because of more closely packed and less permeable crystalline regions in the 
cuticle. In addition to the biochemical differences in cuticle composition, histologi-
cal analysis of fruit cuticles of the two parents revealed different cuticle structures. 
BC2 and BC2F2 populations were constructed and measured for FrWL as well as 
used for genotyping molecular markers to identify quantitative trait loci (QTLs) 
associated with FrWL; QTL analysis is currently underway. The prediction that the 
cuticle differences of both parents account for the variation in FrWL will be tested 
in the segregating populations. 

S02.062
Nitric Oxide Signals Modulate Ethylene  
Level in Ripening Banana Fruit

Manjunath, G; Veeresh, L.; Neelwarne, B.
Central Food Technological Research Institute, KRS Road, Plant Cell Biotechnology Department, 570 
020, Mysore, Karnataka, India

Nitric oxide (NO) is a signal molecule which can either be supplied using NO do-
nors or elicited endogenously. For shelf life extension in banana fruit, ethylene reg-
ulation by NO was followed. Shelf life extension was evaluated based on kinetics of 
colour and texture changes during ripening in NO-treated and control fruits. Dif-
ferent NO donors such as Nitroso-R-salt, Nitroso-1-napthol, sodium nitroprus-
side (SNP) and potassium ferrocyanide (a structural analogue lacking NO moiety) 
were screened. Soaking in water containing 1mM SNP for 3 hours improved tex-
tural properties, optimum colour formation and longer colour retention leading 
to 45% shelf life increase over the control, without significantly altering protein 
and carbohydrates profiles. The activities of major cellular enzymes, Polyphenol 
oxidase, Phenylalanine ammonia-lyase and Peroxidase, were down-regulated and 
ethylene emission was suppressed under SNP treatment. Since efficient NO is a 
complicated process, the endogenous generation of NO was accomplished using 
elicitation techniques where various NO-inducers/elicitors in different combina-
tions were used. Among the NO inducers, putrescence and chitosan extended the 
shelf life of banana by 30 and 24% respectively over the control. Such retardation 
of ripening has been found to regulate ripening-pathway genes, NO metabolism, 
turn-over of Polyamines and Ethylene formation. These data have established that 
NO efficiently antagonizes the effects of ethylene and ethylene forming pathways 
in banana fruits. 

S02.063
Expression of the RIN Gene Involved  
in Developmental Programme  
of Tomato Fruit Ripening

Sengupta, D. N.1; Sinha, S. K.2
1Bose Institute, 93/1, A.P.C Road, Kolkata, 700 009, Kolkata, West Bengal, India
2Department of Botany, Bose Institute, 93/1 A.P.C. Road, Kolkata-700009, India 

Soon after the cloning and characterization of RIN gene (identified from the mu-
tant rin which does not ripe) encoding a MADS-box group of transcription factor 
from tomato, the importance of the developmental programme was found to be 
essential for fruit ripening both in climacteric and non-climacteric fruits. To study 
the regulation of RIN gene expression we have analyzed the upstream of the RIN 
gene in Tomato cv. Pusa Ruby. The RT-PCR analysis revealed that RIN gene is 
expressed in both exocarp and pericarp regions of ripe fruits. The E.coli expressed 
and purified RIN protein was found to bind at upstream region of Expansin1 gene 
in vitro and by in silico analysis several putative MADS-box binding sites were 
found in the upstream regions of several other fruit ripening specific genes. Expres-
sion of ethylene responsive element (ERE) binding protein (EREBP or E4/E8BP) 
transcript was down regulated in rin mutant fruits. But expression of NOR, CNR, 
TAGL11 and MADS5 (different from RIN) were normal in rin mutant fruits in 
comparison to normal ripe fruits. The upstream region of RIN gene was found to 
contain several light responsive cis-acting elements (LRE) along with anaerobic 
related box and circadian rhythm box. Therefore, the expression of the RIN gene 
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was studied and RIN expression was found to up-regulated during diffuse light 
condition and specific complexes were formed in nuclear extracts of the diffuse 
light treated nuclear Tomato fruits, as revealed from Gel mobility shift assay. The 
RIN gene expression was completely down regulated under anaerobic condition 
where as it was up regulated after cold treatment.

S02.065
Gene Expression in Relationship to Ethylene 
Perception in Apple Fruit during Ripening  
and Senescence

Song, J.1; Yang, X.2; Campbell-Palmer, L.1; Zhang, Z.2; 
Walker, B.1
1Agriculture and Agri-Food Canada, 32 Main Street, B4N 1J5, Kentville, Nova Scotia, Canada 
2South China Agriculture University, GuangZhou, China 

Apple fruit (Malus domestica Barkh, ‘Golden Delicious’) is a well known climacteric 
fruit and a good model to study fruit ripening and senescence. Ethylene plays an 
important role in regulating fruit ripening and senescence and directly influences 
the development of the eating quality of fresh apples, including appearance, co-
lour, texture, and flavour. In this study, apple fruit harvested at the pre-climacteric 
stage were allowed to naturally ripen or ripening was stimulated by treatment with 
36 µL/L ethylene for 24 h. Postharvest physiological indices including respiration, 
ethylene production and chlorophyll fluorescence were monitored for 21 days. 
Real-time PCR was employed to investigate gene expression in relation to ethylene 
perception and biosynthesis at day 0, 7, 14 and 21. The study was repeated over 
two seasons. After efficiency tests for all designed primers, 17 genes were selected to 
monitor gene expression. Through statistical analysis, including ANOVA and prin-
ciple component analysis (PCA), 12 genes were found to change significantly. The 
ETR1, ETR2, ERS1, ERS2, CTR1, ERF1 and ERF2 genes were significantly up-
regulated in fruit during ripening and after ethylene treatment. While the EIN2, 
EIN3 and ETR5 genes were unchanged during this study. The ACS-1 and ACO-1 
genes were induced by fruit ripening and ethylene treatment. In contrast, the ACS-
2, ACS-3, ACO-2 and ACO-3 genes were not affected. Analysis and identification 
of significant gene expression revealed that ethylene biosynthesis and perception 
during apple fruit ripening and senescence is associated with fruit ripening and 
responsive to ethylene treatment. This study demonstrated the complexity and dy-
namic changes of transcriptional profiles of ethylene perception and biosynthesis. 
The understanding of significant changes of these genes and their function may 
help to explore mechanisms controlling apple fruit ripening and their response to 
exogenous ethylene during ripening and senescence.

S02.066
A Molecular and Metabolomic Approach  
to Studying Minimally Processed Peach  
(Prunus persica) Fruit

Tosetti, R.1; Rasori, A.2; Bonghi, C.2; Dandekar, A.3; 
Palazoglu, M.4; Fiehn, O.4; Martinelli, F.1; Tonutti, P.1
1Scuola Superiore Sant’ Anna, Piazza Martiri Della Libertà, 33, 56127, Pisa, Italy
2Dipartimento Di Agronomia Ambientale EProduzioni Vegetali, University of Padova, Italy
3Plant Sciences Department, University of California, Davis, United States
4Genome Center, University of California, Davis, United States

Minimally Processed Fruits (MPF) are attracting the interest of food industry and 
the increasing favour of consumers. However, many problems are associated with 
the manufacturing, distribution, marketing and shelf-life of MPF. Limited infor-
mation is available concerning physiological, metabolic and molecular responses 
to cutting or slicing of different fruit species and, within the same species, of va-
rieties having different quality traits. We performed a comparative study among 
three varieties of peach characterized by different fruit ripening physiology and 
flesh texture properties. Stony hard (Ghiaccio3), Non-melting (Wilhelmina) and 
Melting (Fayette) varieties were minimally processed. Slices were analyzed at 0, 
24, 48 and 72h after cutting. Ethylene evolution, colour and texture maintenance 
showed marked differences in the three varieties, indicating a different attitude in 

terms of minimal processing. In order to better understand this different behaviour 
and identify molecular mechanisms and metabolic processes differentially activated 
in the three peach varieties following cutting, samples collected at 0 and 48h were 
used for large scale transcript analyses. Microarray (µPEACH1.0, Trainotti et al., 
2006, Plant Science) hybridizations revealed that a number of genes putatively in-
volved in different biological processes were differentially expressed in the three 
varieties. In parallel, high-throughput metabolomics studies were performed on 
the same samples using GC-MS TOF. Data and analyses of this innovative and 
integrated approach on MPF are presented and discussed.

S02.067
Ultraviolet Light-C: A Sanitising Method Used  
as a Tool to Increase Bioactive Compounds  
in Fresh-Cut Broccoli

Martínez-Hernández, G. B.1; Artés-Hernández, F.1; Souza, 
F.2; Mery, L.3; Pradas, I.4; Gómez, P.1; Artés, F.1
1Escuela Técnica-Superior de Ingeniería Agronómica, Universidad Politécnica de Cartagena, Paseo 
Alfonso XIII 48, 30203, Cartagena, Murcia, Spain
2Universidade Estadual de Campinas, Brazil
3Centro de Estudio Postcosecha, Facultad de Ciencias Agronómicas, Universidad de Chile, Chile
4Centro “Alameda del Obispo”, Instituto de Investigación y Formación Agraria y Pesquera, Córdoba, Spain

Fresh-cut broccoli is currently a very popular vegetable for consumption due to 
its convenience and nutritive properties, but it provides an ideal medium for mi-
crobial development. For that reason fresh-cut industry commonly uses NaOCl as 
disinfectant. However, certain problems with NaOCl usage is requiring research of 
ecofriendly alternative sanitation treatments as UV-C radiation. In this way, the ef-
fect of five pre-packaging UV-C radiation doses [1.48, 4.48, 9.01 and 15.02 kJ×m-2 
and 0 (as control non-radiated)] and 100ppm NaOCl on the quality and bioactive 
compounds changes of fresh-cut broccoli Tenderstem cv. (Brassica oleracea Italica 
Group × Alboglabra Group) over a shelf life of 19 days at 5ºC was studied. Total 
phenolics content of radiated samples started to increase after 7 days at 5ºC, show-
ing at day 19 a positive correlation between radiation dose and phenolics content 
with the highest value for 15.02 kJ×m-2 with approximately 1,100 mg chlorogenic 
acid equivalent 100 g-1 fw compared to 0 kJ×m-2 with 814 mg chlorogenic acid 
equivalent 100 g-1 fw. Total antioxidant capacity showed a similar behaviour, in-
creasing for 15.02 kJ×m-2 in a 60% compared to non-radiated samples at day 19. 
General appearance of UV-C treated samples was better than untreated at day 19, 
with better colour, good turgency and no severe off-odors. On the other hand, 
UV-C radiation decreased mesophilic counts just after its application compared 
to non-radiated samples although NaOCl showed the highest reduction followed 
by 9.01 kJ UV-C×m-2. Enterobacteria counts were lower for UV-C treated than 
non-treated samples at day 19. UV-C radiation also kept almost stable psycrophilic 
counts until day 16 while non-radiated samples increased. In conclusion moderate 
UV-C radiation can be an effective alternative to NaOCl for sanitising fresh-cut 
broccoli Tenderstem, preserving its quality and increasing its total phenolic content 
and total antioxidant activity.

S02.068
Effect of Edible Coating and Modified 
Atmosphere Packaging on Enzymatic  
Browning of Fresh-Cut Apple

Ghidelli, C.1; Milagros, M.2; Sanchís, E.1; Rojas-Argudo, C.1; 
Del Río, M. A.1; Pérez-Gago, M. B.1
1Centro de Tecnología Poscosecha, Instituto Valenciano de Investigaciones Agrarias, Carretera 
Moncada-Naquera, Km 4,5, 46113, Moncada, Valencia, Spain 
2Pasacta, Universidad Ceu-Cardenal Herrera, 46113 Moncada, Valencia, Spain 

Control of enzymatic browning represents a problem for the commercialization of 
fresh-cut apples. The main approach to inhibit browning is the use of antioxidants 
alone or in combination with modified atmosphere packaging (MA). The use of ed-
ible coatings with antioxidants can further increase the shelf-life of fresh-cut apples. 
Therefore, the effects of an edible coating with antioxidant activity and MA have 
been investigated in this work. Apple pieces were dipped in a coating composed by 



93

soy protein isolate (SPI) and 0.5% cysteine, or in water as control. Samples were 
then packed in trays with air or two gas mixtures (MA-A: 15% CO2 + 5% O2; MA-
B: 80% O2), sealed with polypropylene films and stored at 5 ºC for 10 days. In 
samples packed with air, a control treatment was also performed by macro perforat-
ing the polypropylene film to ensure no gas modification in the package. Changes 
in atmosphere composition, color (CIE L*a*b*), visual quality, and texture were 
evaluated. Coated samples controlled enzymatic browning showing higher L* and 
b* values, and lower a* values than uncoated samples. These samples were evalu-
ated above the limit of commercialization during all the storage time by the judges. 
Coated apple pieces packed in the MA rich in O2 (MA-B) showed the lowest a* 
value and were judged as the less browned after 10 days of storage. Coated apples 
presented higher firmness than uncoated samples. During storage, gas composition 
of the samples stored under ambient atmosphere with non-perforated film and 
samples stored under MA-A and MA-B showed an increase on CO2 and a decrease 
in O2. However, the decrease in O2 was lower in coated samples than uncoated 
samples. The results indicate that samples coated with soy protein-based coatings 
packed in a MA rich in O2 can extend shelf-life of fresh-cut apples. 

S02.069
Efficacy of Electrolyzed Water to Inactivate 
Foodborne Pathogens on Fresh-Cut Apples

Graça, A.1; Quintas, C.1; Abadias, M.2; Usall, J.2; Salazar, M.3; 
Nunes, C.1 

1ICAAM- Polo Algarve, Universidade do Algarve, FCT. Ed 8, Campus de Gambelas, 8005-139-Faro, Portugal
2CICA. Universidade do Algarve
3IRTA. Centre UDL-IRTA, Xarta-Poscollita, Spain

Consumption of fresh-cut fruit has increased in the last years. This type of product 
is more susceptible to microbial contamination than entire fruit, for this reason 
disinfection is a very important step in fresh-cut processing. Chlorine is the most 
common disinfectant in fresh-cut industry but due to environmental and health 
risks caused by the use of this disinfectant there is a demand to develop new sani-
tizers. Electrolyzed water (EW) appears to be a promising alternative showing to 
be a broad spectrum microbial decontamination agent. Neutral electrolyzed water 
(NEW) and acidic electrolyzed water (AEW) can be used as microbial decontami-
nation agents on fresh-cut fruits. Several studies have shown that EW can be ef-
fective in reducing pathogenic bacteria on the surface of fruits and vegetables. In 
this study, disinfection efficacy of AEW and NEW in fresh-cut apples were com-
pared to that of sodium hypochlorite solution (SH) and distilled water. Fresh-cut 
apples were inoculated with a suspension of Escherichia coli, Listeria innocua or 
Salmonella at 107 CFU/ml and treated with the different solutions. An assay with 
the combination of the three microorganisms was also made and the inoculum 
concentration of each pathogen was 107 CFU/ml. Untreated fresh-cut apples were 
used as control in all assays. AEW was the treatment solution with more effective 
bactericidal activity. In general AEW100 had a stronger antimicrobial effect against 
the three foodborne pathogens either at time zero or 5 days after cold storage, 
showing that electrolyzed water treatment may be a solution to reduce the use of 
chlorine in fresh-cut fruit industry.

S02.070
Influence of Packaging on Loss of Aroma  
and Quality of Diced Red Onions

Forney, C. F.1; Grant, R.2; Jordan, M. A.1; Fan, L.1; 
Doucette, C.1
1Agriculture and Agri-Food Canada, 32 Main Street, B4N 1J5, Kentville, Nova Scotia, Canada
2Nova Agri Inc., Centreville, Nova Scotia, Canada

The loss of desirable aroma and flavor of fresh-cut fruits and vegetables can limit 
their market life and consumer acceptance. Packaging can impact product flavor 
by affecting respiratory gas concentrations in the package as well as having direct 
interactions with the aroma volatiles released from the product. The objective of 
this study was to evaluate the effects of two packaging materials on the volatile com-
position and quality retention of diced red onions. Whole red onions were peeled, 

sanitized, and diced in a commercial processing facility. Diced onions (200 g) were 
placed into ridged polylactic acid (PLA) containers or Golden Eagle VH-62 poly-
ethylene (PE) bags. The PLA containers were sealed with intact or vented (single 
pin hole) PLA lids and PE bags were sealed with a heat sealer. Onion packages were 
stored at 4.5 ºC and assessed after 7, 12, 14, 18, and 21 days for volatile content. 
In addition, package atmosphere composition, respiration rate, electrolyte leakage, 
pH, microbial quality, and sensory quality were assessed. After 7 days, the total 
headspace volatile content of onions stored in sealed PLA containers decreased by 
only 15% compared to 98% and 85% in the vented PLA containers and the sealed 
PE bags, respectively. The retention of volatiles was associated with a fresh onion 
odour. However, after prolonged storage off odours developed in association with 
anaerobic atmospheres and/or microbial growth. During the 21 days of storage, on-
ion respiration rates increased 5- to 6-fold, electrolyte leakage doubled, and aerobic 
and anaerobic plate counts became unacceptable, exceeding 106 cfu/g after 12 days. 
However, these parameters were not significantly affected by packaging treatments.

S02.071
A Simple and Rapid Colorimetric Detection  
of Escherichia coli in Fresh-Cut Mango Based 
on Gold Nanoparticle

Chaumpluk, P.1; Kosakul, T.2; Chaiprasart, P.3
1Chulalongkorn University, Laboratory of Plant Transgenic Technology and Biosensor, Department 
of Botany, Fac. of Science, Phyathai, 10330, Bangkok, Thailand
2Department of Botany, Faculty of Science, Chulalongkorn University Bangkok 10330 ,Thailand
3Department of Agricultural Science, Faculty of Agriculture, Natural Resource and Environment, 
Naresuan University, Phitsanulok 65000 ,Thailand 

Pathogenic microorganisms associated with fresh-cut produce can cause disease 
outbreaks, thereby demonstrating the need for safety monitoring efforts to con-
trol risks associated with these products. We had developed a rapid colorimet-
ric Escherichia coli detection method with high degree of accuracy for fresh-cut 
mango based on gold nanoparticle’s plasmon property. Detection processes were 
based on an enrichment procedure made directly from fresh cut mango to enable 
DNA amplification without any sample pre-treatment such as DNA extraction 
following by the specific DNA amplification of malB gene at 65 ºC isothermal 
temperature. DNA signals were measured visually through a color change of gold 
particle (20nm) after probe hybridized to the malB gene products. The method 
had a limit of detection at 10 copies of E. coli DNA per 50 g of sample. No 
cross-reactivity was observed from samples contaminated with other bacteria. 
Detection could be completed within 4 hours of operation including the enrich-
ment process without the need of thermo cycler. This method constitutes a basis 
for a rapid yet simple and accurate detection of pathogenic bacteria suitable for 
field application.

S02.072
Fresh-Cut Fruit Industry in Malaysia: Status  
and Challenges

Latifah, M. N.; Abdullah, H.; Ab Aziz, I.; Fauziah, O.; Talib, Y.
Malaysian Agricultural Research and Development Institute (MARDI), P.O. Box 12301, 50774, Kuala 
Lumpur, Selangor, Malaysia

Fresh-cut fruits are a growing sector of the food industry in many parts of the 
world. Its success depends greatly on several factors, especially the quality and con-
sumers’ confidence. Products are prepared in ready to-eat form whilst retaining the 
organoleptic characteristics of fresh fruits in terms of aroma, flavor, taste, colour 
and texture. Appropriate method of preparation is obligatory in order to maintain 
their freshness. The preparation involves cleaning, washing, trimming, coring, slic-
ing and other related steps of which many of these processes hasten the products to 
perish. Intensive research in the fresh-cut fruit processing has been conducted by 
using the government funding and also collaboration works with the private sec-
tors. Presently, the technology for commercial handling of fresh-cut fruits, namely, 
durian, jackfruit and pineapples has been successfully developed. Export trial for 
fresh cut jackfruit and pineapple by air shipment to the Netherlands had been 
successfully conducted in 2006. This was followed by sea shipment trial of fresh-
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cut durian to Hong Kong in 2008. A cold truck trial for exportation of fresh-cut 
durian, pineapple and jackfruit to Singapore was also successfully conducted in 
2009. Depending on fruits, the fresh-cut products can be stored for 2-3 weeks at 2 
ºC. An effective quality assurance program has been incorporated in the technology 
development to ensure the products are safe for consumers. Currently, fresh-cut 
jackfruit has been exported regularly by four companies to Europe, Dubai and 
Singapore markets. Consumer demand for fresh-cut products is on the increasing 
trend, leading to further development and growth of the industry. This paper dis-
cusses the current status and challenges of the fresh-cut fruits industry in Malaysia. 
Issues involved in maintaining both quality and safety of the fresh-cut produce will 
also be emphasized. 

S02.073
A Delay between Hot Water Treatment  
and Processing of Potato Tubers Reduces 
Browning Development on Fresh Cut Slices

Tsouvaltzis, P.; Deltsidis, A. I.; Brecht, J. K.
University of Florida, Horticultural Sciences Department, 32611-0690, Gainesville, Florida, United 
States

Oxidative browning is a serious quality limitation for fresh-cut potato (Solanum 
tuberosum) that has been successfully controlled by heat treatment in other com-
modities. The use of brief heat stress treatments using 55 ºC water (HW) applied 
to ‘Russet Burbank’ tubers for 10, 20, 30 or 40 min prior to cutting was evaluated 
for potential to control tissue browning. Following heat treatment, tubers were 
cooled in 8 ºC water for 10 min, drained, then held at 20 ºC for 0 or 1 day before 
peeling and slicing. Control tubers were not previously immersed in hot water 
(N-HW). Sliced, rinsed, and blotted slices were placed in perforated plastic bags 
and stored at 5 ºC for 6 days. Exposure to HW for 30 or 40 min caused severe 
heat injury. Browning developed in all treatments as indicated by color measure-
ments and discoloration score (index of extent of discolored area on the slice 
surface) after storage. Hot water treatment for 10 min best reduced browning, 
but only when treated tubers were left intact for 1 day at 20 ºC before cutting, 
as indicated by discoloration scores and changes in lightness, a*, and hue angle 
values, which were significantly different than either the control or the other 
HW treatments. Generally, the severe browning that developed in N-HW slices 
was associated with significantly higher phenolic content after storage compared 
with day 0 (1.58 versus 1.27 mg×g-1 f.w.), as well as post-storage polyphenoloxi-
dase (PPO) activity (10.47 Units/g f.w.) that was similar to initial activity (12.36 
Units/g f.w.). On the other hand, HW treatment prevented phenolic synthesis 
during storage, resulting in significantly lower content (1.37-1.43 mg×g-1 f.w.) 
after storage compared with the N-HW slices (1.58 mg×g-1 f.w.) and reduced 
PPO activity (8.51-9.42 Units/g f.w.) compared with the initial activity before 
storage (12.36 Units/g f.w.).

S02.074
Assessment of Preservation by High Pressure 
Processing and Controlled Atmospheres  
of Fresh Cut Nectarines Halves  
with Different Pretreatments

Cañada-cañada, F.; Ramirez, R.; Fernandez-leon, A. M.; 
Nogales, S.; Pintado, C.; Hernadez, T.; Lozano, M.
INTAEX, CRTA. San Vicente s/n, 06071, Badajoz, Spain

Fresh cut nectarines halves with two different pretreatments (treatment 1: 2% 
ascorbic acid; treatment 2: 2% ascorbic acid + 1% calcium lactate and control 
treatment: water) were packed to assess the self-life and quality effects after apply-
ing two independent preservation methods: (1) high pressure treatment and (2) 
controlled atmospheres. High pressure processing (HPP) can increase shelf life 
of nectarines for several months as a pasteurization effect is produced on fruit. 
Five high pressure treatments (200MPa, 300MPa, 400MPa, 500MPa, 600MPa, 
for 3min) were applied in order to optimize the best that combines less quality 
damage and more microbial inactivation. Controlled atmosphere (CA) and low 

temperatures provide the maintenance of quality and shelf–life prolongation of 
fruit and vegetables. Three different atmospheric compositions were evaluated 
(A1: air; A2: 10% O2 + 10% CO2 + 80% N2; A3: 10% O2+ 90% N2). Controlled 
Atmosphere containers were maintained at 4 ºC and 90% humidity. Chemicals, 
color and textural changes were evaluated after the application of independent 
treatments; after one month of refrigerated storage of samples HP-treated. The 
same parameters were analyzed in the nectarines with the above pretreatments 
and after eleven days maintained under CA. Appearance changes are more intense 
after HPP than with CA. However, with HPP longer storage times are reached 
than with CA and this technology can substitute of thermal treatment as preserva-
tion technique.

S02.075
Impact of Postharvest Nitric Oxide  
and Putrescine Treatments on Strawberry Fruit 
Storage Life and Quality Attributes

Asghari, M. R.1; Abdollahi, R.2; Esmaiili, M.3
1Islamic Azad University, Khoy Branch, Khoy, Islamic Republic of Iran
2Department of Horticulture, Faculty of Agriculture, Urmia University,Urmia, Islamic Republic of Iran
3Department of Engineering, Faculty of Agriculture, Urmia University,Urmia, Islamic Republic of Iran

Effect of postharvest treatment with nitric oxide at different concentrations (0, 
3, 5 and 8 µmol×L-1) and putrescine (at 0 and 2 mmol×L-1) on postharvest life 
and quality of strawberry (Fragaria ananassa Dutch. cv. Selva) fruit during 16 
days storage at 2.5 ºC was studied. Both nitric oxide and putrescine effectively 
maintained fruit firmness, total acidity, total soluble solids and overall quality. 
The highest total acidity and the lowest total soluble solids content were recorded 
in fruit treated with 2mmol×L-1 putrescine and 5µmol×L-1 nitric oxide, respec-
tively. Nitric oxide was more effective than putrescine in retaining fruit quality 
and decreasing postharvest losses. Combination of putrescine with nitric oxide 
effectively enhanced the effects of nitric oxide in maintaining fruit quality during 
low temperature storage.

S02.076
Pre-Harvest H2O2 Applications 
Affect Postharvest Quality  
of Greenhouse-Grown Sweet Peppers

Lin, W. C.; Block, G. S.; Ehret, D. L.
Agriculture and Agri-Food Canada, Pacific Agri-Food Research Centre, P.O. Box 1000, V0M 1A0, Agassiz, 
BC, Canada

Greenhouse-grown sweet peppers are considered chilling sensitive. This study 
investigated whether a pre-harvest application of H2O2 would benefit posthar-
vest shelf life and quality when these fruits were stored at 2.5 ºC, 5 ºC, 7.5 ºC 
or 10 ºC for 28 days, followed by 21 ºC for 3 days. Each fruit was observed 
for the severity of decay with a score of 0 (no decay) to 5 (severe decay with 
rot) twice a week (every 3 ~ 4 days). The first appearance of decay (score at 1) 
was considered to be the termination of shelf life. There were 2 experiments. 
Experiment 1 was conducted with a continuous H2O2 application for 37 days. 
Beneficial effects were observed with yellow peppers stored at 5 ºC, but not 
with other cultivar-temperature combinations. H2O2 increased shelf life of yel-
low pepper from 21 to 30 days (p=0.0205) when stored at 5 ºC. Decay index on 
the 31st day was reduced from 4.0 to 0.8 (p=0.0023), decay sum from 9.8 to 1.3 
(p=0.0003), and decay increment from 1.8 to 0.5 (p>0.05). Experiment 2 was 
conducted with a 3-day pulse of H2O2 in each of 3 production seasons, and each 
application was followed by 3 consecutive weekly harvests. The data of each of 3 
seasons and 3 harvests was averaged for the analysis of variance. In red peppers, 
shelf life was increased from 21 to 25 days (p=0.0201) and from 17 to 20 days 
(p=0.0358) when stored at 2.5 ºC or 5 ºC, respectively. In yellow peppers, the 
shelf life increased from 21 to 25 days (p=0.0077) when stored at 2.5 ºC. The 
results suggested that H2O2 application during the production phase increased 
shelf life and reduced decay when peppers were stored at chilling temperatures 
of 2.5 ºC or 5 ºC.
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S02.077
Effect of Cold Storage Duration on Shelf Quality 
Attributes of ‘Bing’ and Five Sweet Cherry  
Cultivars Developed in the Summerland 
Breeding Program

Toivonen, P. M. A.; Kappel, F.
Agriculture and Agri-Food Canada, Box 5000, 4200 Highway 97, V0h 1z0, Summerland, British Columbia, 
Canada 

Shelf quality attributes are a very important factor in determining consumer satis-
faction with sweet cherries. Cherries are often put on the retail market after short 
term storage or cold container transport and so it is important to document the 
quality attributes after periods of storage that might occur during normal market-
ing. ‘Bing’, ‘Cristalina’, ‘Lapins’, ‘Samba’, ‘Skeena’ and ‘Sonata’ fruit were harvested 
at optimal maturity based on color charts. Fruit of each cultivar were divided into 
three lots; 1) no cold storage, 2) 2 weeks storage at 1 ºC, and 3) 4 weeks storage at 1 
ºC in modified atmosphere box liners. Fruit from the three treatments were placed 
in 10 ºC for five days in ventilated clamshell containers and quality changes were 
monitored. ‘Lapins’ showed the least decline in titratable acidity in cold storage, 
while ‘Skeena’ showed the greatest decline. Titratable acidity did not change over 
five days under shelf conditions for all six cultivars. Firmness increased significantly 
with time in cold storage for ‘Bing’, ‘Lapins’, and ‘Samba’, whereas the other three 
cultivars showed little change in firmness in storage. Firmness declined slightly for 
‘Bing’, ‘Cristalina’, ‘Skeena’, and ‘Sonata’ when held under shelf conditions. Surface 
pebbling, a physical disorder increased with time in cold storage except in ‘Skeena’ 
and ‘Sonata’. Pebbling severity only increased under shelf conditions for ‘Bing’, 
‘Cristilina’, and ‘Samba’ only for fruit that had been placed into shelf conditions 
without cold storage. While the results reflect one year of data, they show that dif-
ferent sweet cherry cultivars have unique storage and shelf quality characteristics.

S02.078
Postharvest Heat Treatment Effectively Enhanced 
Antioxidant Capacity and Alleviated Chilling 
Injury in Kiwifruit (Actinidia deliciosa cv. Hayward)

Asghari, M. R.; Roohi, Z.; Majdi, V.
Department of Horticulture, Faculty of Agriculture, Urmia University, Urmia, Islamic Republic of Iran

The effect of postharvest hot water treatment on antioxidant capacity and chill-
ing injury of kiwifruit (Actinidia deliciosa cv. Hayward) during cold storage was 
studied. Fruit were harvested at commercial maturity and treated with hot water 
of 50 ºC for 2 min and stored at 0 ºC for 4 months. Fruit firmness, total soluble 
solids, total acidity, extend of chilling injury and total antioxidant capacity was 
determined during cold storage and at the end of shelf life. Results showed that hot 
water treatment significantly reduced the incidence of chilling injury and enhanced 
fruit total antioxidant capacity during cold storage and at the end of storage period 
the fruit treated with hot water had the highest total antioxidant capacity and the 
lowest chilling injury symptoms. Hot water treatment effectively maintained fruit 
quality during 4 months of cold storage. Fruit treated with hot water had the high-
est total acidity and were significantly firmer than controls.

S02.079
Proteomic Analysis of Orange Fruits Affected 
by Heat Treatment and Different Postharvest 
Storage Periods

Perotti, V. E.1; Del Vecchio, H. A.1; Meier, G. E.2; Bello, F.2; 
Cocco, M.2; Vázquez, D. E.2; Podestá, F. E.1
1CEFOBI (CONICET-UNR), Suipacha 531, 2000, Rosario, Santa Fe, Argentina
2EEA INTA Concordia, C.c. Nº 34, 3200, Concordia, Entre Ríos, Argentina

Heat treatment or curing is a common procedure prior to long time storage of 
citrus fruits. The aim of this study was to characterize changes at the molecular level 
induced by heat treatment on the proteome of orange fruit (Citrus sinensis L. Os-

beck). Following two-dimensional PAGE, more than 50 differential protein spots 
were detected in juice vesicle tissue among all comparisons made. Heat treatment 
significantly affected the abundances of 16 proteins, while 25 differential proteins 
were found along the storage period. Identification of these citrus proteins by mass 
spectrometry and annotation according to the NCBI and Viridiplantae ESTs data 
bases revealed that 27% were stress-related proteins involved in cell rescue, defence 
and virulence, 24% were involved in metabolism, 20% were found to be storage 
proteins, and 15% belonged to the biogenesis of cellular components; being the 
rest related to minor categories. The analysis of metabolites in flavedo showed an 
increase in sugar levels while, in turn, organic acids decreased markedly. Putrescine 
was only detected in treated flavedo, demonstrating the activation of defence mech-
anisms in this tissue. In order to analyse the changes produced in the antioxidant 
metabolism different enzyme activities were performed on both tissues. Results 
obtained in this respect would correlate to the absence of visual injuries in the fruit 
surface and would explain a defence response, involving H2O2 as a secondary mes-
senger within the fruit. In conclusion, the present study provides the first analysis 
at the molecular level of citrus fruit responses to heat treatment. 

S02.080
The Potential of Hot Water and Molybdenum 
Dips to Induce a Synergistic Sugar-Ascorbic Acid 
Interaction in Lemon Rind during Cold Storage

Bower, J. P.; Mathaba, N.; Bertling, I.
University of KwaZulu-Natal, Scottsville 3209, Private Bag X01, Pietermaritzburg, KwaZulu-Natal, 
South Africa

Lemon fruit are sensitive to low temperatures during storage, resulting in potential 
chilling injury. This is particularly so where cold sterilization for phytosanitary pur-
pose is required. It had been reported that ethanol soluble sugars in the rind play 
a role in stabilizing proteins and membranes under chilling conditions. Whereas 
ascorbic acid has been found to be major antioxidants during cold storage and can 
be converted into ethanol soluble sugars. Previous research has shown that a combi-
nation of hot water dips (HWD) and molybdenum (Mo) has potential to mitigate 
chilling injury. The purpose of this investigation was therefore to examine if the 
alcohol-soluble sugar and ascorbic acid concentration can be altered by such treat-
ments, and if there is a synergistic interaction between sugars and ascorbic acid (AA) 
enhancing chilling resistance during cold storage. Fruit from two regions over the 
2007 and 2008 growing season were obtained. Treatments included HWD at 47 ºC 
or 53 ºC for 2 min and 1µmol, 5µmol and 10µmol Na2MoO4.2H2O for 30 min. 
Fruit were then stored at -0.5 ºC for either 7, 14, 21 or 28 days, transferred to room 
temperature and thereafter evaluated weekly for chilling injury. Ethanol soluble sug-
ars and AA were analyzed in the flavedo. The dominant soluble sugar was glucose, 
which was high in fruits without chilling symptoms. The lower glucose and higher 
AA concentration for Ukulinga fruit during 2008 harvest season clearly indicated 
a glucose-AA synergistic relationship and, therefore, high chilling resistance. Hot 
water dips at 53 ºC and 1µM Mo dips seems to further enhance the glucose-AA 
relationship. However, the sugar-AA synergism was greatly affected by fruit location. 

S02.081
Effects of UV-C Illumination on Antioxidant 
Capacity and Enzyme Activity in Blueberry Fruits

Erkan, M.1; Wang, S. Y.2; Wang, C. Y.3
1Akdeniz University, Department of Horticulture, Faculty of Horticulture, 07059, Antalya, Turkey
2Fruit Laboratory, USDA-ARS, Beltsville, Md 20705, United States
3Produce Quality and Safety Laboratory, USDA-ARS, Beltsville, Md 20705, United States

Changes in antioxidant capacity and enzyme activity in blueberry fruit illuminated 
with different UV-C dosages were studied. Three UV-C illumination durations, 1 
min, 5 min and 10 min, (0,43, 2,15 and 4,30 kJ×m-2) tested reduced the severity 
of decay during storage at 10 ºC compared to the control. UV-C illumination for 
5 and 10 min showed the best result for decay inhibition among all UV-C dosages. 
All UV-C dosages increased the phenolic content of blueberries as well. Blueberries 
illuminated with UV-C for 5 min showed higher total phenolic capacity. However, 
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control fruit had the highest anthocyanin content after 15 days storage at 10 ºC. 
UV-C treatment for 5 min had the highest antioxidant capacity expressed as oxygen 
radical absorbance capacity (ORAC).

S02.082
Aloe vera Gel as an Edible Coating Improved 
Post Harvest Quality and Shelf-Life of Lemon

Kargar, M.; Ramin, A. A.
Isfahan University of Technology, Department of Horticulture, College of Agriculture, 8415683111, 
Isfahan, Islamic Republic of Iran

Fruits and vegetables remain as living tissue up to the time they are consumed fresh. 
Surface coatings can reduce weight loss and retard ripening and could therefore be 
valuable in developing more storability and distant export markets. Edible coating 
can be considered as a special form of Modified Atmosphere Packaging (MAP). 
Their application on the surface of horticultural products may limit gas exchange 
and moisture transpiration between the fruits and the surrounding environments 
and can be the toll to include antimicrobials and antioxidants in the edible film. 
Lemon fruits (Citrus limetta) were coated with Aloe vera gel alone or in combina-
tions with imazalille and polyethylene plastic bags and then stored for 20, 40 and 
60 days at 8 ºC, and the subsequent shelf life was monitored at 20 ºC. Fruit quality 
was evaluated by weight loss, firmness retention, visible decay, surface color devel-
opment, titratable acidity and total soluble solid. Results indicated that uncoated 
fruits showed a rapid loss of functional compounds, the coating fruits with Aloe 
vera gel significantly decreased decay incidence and weight loss, and delayed the 
change in color, pH and titratable acidity. The beneficial effects of Aloe vera gel was 
more effective when combinated by plastic bags. Consequently, Aloe vera gel coat-
ing, a simple and non-contaminating treatment, maintained the functional proper-
ties during postharvest storage of lemon.

S02.083
Effect of Alginate as Edible Coating on the Plum 
Quality during Postharvest Storage

Díaz-Mula, H.; Valero, D.; Castillo, S.; Zapata, P. J.; 
Guillén, F.; Martínez-Romero, D.; Serrano, M.
University Miguel Hernández, Ctra. Beniel Km. 3.2, 03312, Orihuela, Alicante, Spain

Alginate edible coatings were prepared at two concentrations (1 and 3%), in which 
recently harvested plums (Prunus salicina Lindl. cv. Blackamber) were dipped dur-
ing 2 minutes and then cold-stored for 7, 14, 21, 28 and 35 days plus a period of 4 
days at 20 ºC (shelf life). Both alginate treatments significantly inhibited the ethyl-
ene production, the efficacy being higher with alginate at 3% compared with 1%. 
The parameters related to the postharvest ripening such as colour (in both peel and 
pulp), softening, acidity loss and increase in ripening index were significantly de-
layed compared with control plums, the effect being also concentration dependent. 
In addition, the evolution of the phytochemical compounds with antioxidant ac-
tivity was also delayed by these treatments. Thus, this natural compound could be 
used as an environmentally friendly postharvest tool to maintain plum fruit quality.

S02.084
Influence of Organic Beeswax-Based Coating 
Emulsion on the Post-Storage Quality of Sweet 
Pepper, Mango, and Avocado Fruit

Bustan, A.1; Lahav, J.2
1Ben-Gurion University of The Negev, Campus Bergmann, P.O. Box 653, 1 Hashalom Str., 84105, Beer Sheva, 
Israel
2Natratec International Ltd, Industrial Area 3, P.O. Box 3646, Katzrin 12900, Israel

Large quantities of fresh produce perish following long transportation tracks. Sweet 
pepper (Capsicum annuum L.) is extremely sensitive to water loss; firmness is lost after 
4-6% of weight reduction. ‘Ready-to-eat’ mango (Mangifera indica) and avocado (Per-
sea americana) fruit tend to soften and suffer from pathogens. Appropriate postharvest 
conditions ensure high produce quality during transportation period. Nevertheless, 
produce quality declines within few days later, often before arrival to final consumers. 

Waxes have been developed and used for postharvest treatment in many fruit and veg-
etable species. However, the markets tend to reject synthetic coatings. Furthermore, 
excluding the shiny appearance provided by most waxes, their high viscosity might 
block gas exchange levels required for normal ripening processes, and fruits’ interior 
quality declines. Here we report of the application of a novel formulation of natural 
beeswax emulsion to sweet pepper, mango, and avocado fruit at a commercial level. 
The application is integrated into working postharvest procedures with minimum 
modification of the apparatus involved. In sweet pepper, the shelf-life after 21d of 
cold-storage was extended from 3 to 6 days, maintaining 70% of the fruit at market-
able firmness levels, comparing to 30% of control fruit. In mango, softening during 
shelf-life (after 11d in cold storage) was delayed by 1 day (cv. Maya) and 5 days (cv. 
Shelly), TSS didn’t differ significantly, the levels of organic acids remained higher, and 
the frequency of interior collapse was much smaller in comparison to commercially-
treated or control fruit. In avocado (cv. Ettinger) fruit after 14d of cold storage, the 
beeswax emulsion improved the peel resistance to penetration and the fruit sensory 
firmness, and significantly reduced the degree of pathogens’ injuries. Beyond partial 
sealing of the fruit surface, the involvement of the beeswax emulsion in structural 
and biochemical processes in the peel of ripening fruit is under concurrent research.

S02.085
Expression of Genes Encoding CTRS during 
Flower Opening in Two Cut Rose Cultivars  
with Different Longevity

Hajizadeh, H. S.1; Cacco, G.2; Stevanato, P.2; Mostofi, Y.3; 
Razavi, K.4
1University of Tehran, Department of Horticultural Sciences, College of Agriculture, 31587-77871, 
198, Karaj, Islamic Republic of Iran
2Department of Agricultural Biotechnology, University of Padova, Viale Dell’università 16, 35020 
Legnaro (pd), Italy
3Department of Horticulture, Tehran University, Post Code 31587-77871, Karaj, Islamic Republic of Iran
4National Institute of Genetic Engineering and Biotechnology, 17th Km of Tehran-karaj Highway, 
Islamic Republic of Iran

Ethylene plays an important role in wide-ranging aspects of plant growth and de-
velopment, including fruit ripening, leaf and flower senescence. We investigated 
the expression pattern of two genes involved in the ethylene signal transduction 
pathway (RhCTR1 and RhCTR2) during flower opening stages in two Rosa hyb-
rida cultivars “Black magic” and “Maroussia” respectively characterized by short 
and long vase life. The results demonstrated that the expression level of RhCTR1 
in cv. Maroussia was significantly higher than cv. Black magic. RhCTR1 expression 
increased significantly during flower opening in both cultivars. A higher increase of 
RhCTR1 expression was detected in cv. Black magic with respect to that found in 
cv. Maroussia. No variation in gene expression was detected for RhCTR2 in both 
cultivars. It is shown therefore that the vase life of the two cultivars is correlated to 
the different expression of RhCTR1, but not to that of RhCTR2 whose behaviour 
is typical of a constitutive gene.

S02.086
NAA and STS Effects on Bract Abscission, 
Respiration Rates and Carbohydrate Balance  
of Potted Bougainvillea spectabilis Willd.

Gago, C. M.; Monteiro, J. A.
F. C. T., Universidade do Algarve, Campus de Gambelas, 8005-139 Faro, Portugal

The aims of this work were to deepen the knowledge on the physiology of bract 
abscission in Bougainvillea spectabilis ‘Killie Campbell’ plants, in what relates to 
respiration and carbon balance. More specifically, using the variability induced 
on bract abscission under interior conditions by Silver Thiosulphate (STS) and/or 
Naphtalene Acetic Acid (NAA) treatments, the relationship between bract abscis-
sion and respiration rate of different plant parts was investigated. Bract respiration 
rate was significantly affected by treatment and postproduction day (PP). Plants 
sprayed with WATER presented the highest bract respiration rates, followed by in-
termediate values on plants treated with STS and STS+NAA and, the lowest respi-
ration rates occurred on bracts sprayed with NAA. Bract respiration rate decreased 



97

from day 10 to day 17 PP by approximately 50% (on average of all treatments) and 
was positively correlated with percentage of bract abscission. Treatments that had 
higher bract respiration rates were those with more non structural carbohydrates in 
the bracts. In the carbon balance for bracts alone, the treatments WATER and STS, 
showed the largest decrease in the content of total carbohydrates and had the highest 
consumption of carbohydrates through respiration per gram of bract dry weight. So, 
these were the bracts that needed to import a higher amount of carbohydrates per 
gram of dry weight, to stay alive. In the carbon balance for the whole mass of bracts 
and adjacent stems in an average plant, the treatments WATER and STS continued 
to allow for the largest decreases in total carbohydrate. However, and contradicting 
the results for bracts alone, the highest total consumption of carbohydrates by res-
piration was obtained for the NAA and STS+NAA treatments. It makes sense that 
bracts that last longer have lower individual carbon consumption while, at the plant 
level, the increased number of remaining bracts causes a higher overall expenditure. 

S02.087
Physiological and Molecular Evaluation  
of Ethylene-Dependent Abscission of Leaf  
and Floral Bud in Miniature Roses Rosa hybrida L.

Ahmadi, N.1; Mibus, H.2; Serek, M.2
1Department of Horticultural Sciences, Faculty of Agriculture, Tarbiat Modares University, Jalal Ale 
Ahmad Highway, ,P.O Box: 16415-381 ,Tehran, Islamic Republic of Iran
2Institute of Ornamental and Woody Plant Science, Faculty of Natural Sciences, Germany

The ethylene-induced organ abscission in miniature roses F1 progenies and their 
parent plants was evaluated and characterized. The expression of two ethylene re-
ceptor genes (RhETR1, RhETR3), and the signal transduction pathway (RhCTR1 
and RhCTR2) were investigated in ethylene-sensitive and ethylene-tolerant rose 
genotypes in response to ethylene treatment. From population of two hundred 
and thirty-three F1 genotypes, two sensitive and three resistance genotypes were 
selected, based on the ethylene-induced leaf and flower bud abscission. Chlorophyll 
degradation and leaf chroma values significantly increased in sensitive genotypes 
compared to resistant genotypes when treated with ethylene for one week. After 
fortnight exposure to ethylene, chroma values did not changed but chlorophyll 
content declined in two ethylene-tolerant genotypes. The expression of RhETR1 
was increased by ethylene treatment in pedicels and petioles of one out of two 
ethylene tolerant genotypes. In petiole of this genotype, the expression of RhCTR1 
was induced by ethylene too. Influence of ethylene on the expression pattern of 
RhETR3 and RhCTR2 genes did show neither in sensitive nor in tolerant geno-
types. The expression of recently isolated gene Laccase (RhLAC) was also evalu-
ated in this study. The ethylene-induced Laccase transcript showed a higher ac-
cumulation pattern in pedicel and petiole in ethylene sensitive genotypes than in 
tolerant. Based on this evidence the expression of RhETR1, RhETR3, RhCTR1 
and RhCTR2 showed to be dependent on genotype. In contrast, highly increasing 
expression of Laccase transcript under ethylene treatment in sensitive genotypes is 
hypothesized to be related to the abscission process. 

S02.088
Application of Portable NIR-AOTF to Foresee 
Distribution Life of Zantedeschia aethiopica
Bellincontro, A.1; Forniti, R.1;Castellani M.2;Mencarelli, F.1
1Dept Food Science and Technology, Vie de Lellis ,01100, Viterbo, Italy
2Floratoscana Soc. Coop., via Caravaggio, 21, Pescia (PT), Italy

Flowers of Zantedeschia was collected from Distribution Cooperative and placed 
immediately in water at 4 ºC and 20 ºC. NIR-AOTF was used daily for the spectra 
acquisition of water, stem (4 points at different heights), and curled petal. Spec-
trophotometer was also used to monitor the change of colour of stem and petal 
as well as the redox potential of water was measured. Bacteria content inside the 
stem and in the water was measured to correlate with NIR peaks. NIR was able to 
detect the change of water along the stem and in the petal and calibration curve 
was performed in order to foresee the shelf life of the flower. Water content of stem 
at different height was also correlated with presence of bacteria and with bacteria 
into the water.

S02.089
Possible Role of Sugars as Biomarkers  
of Vase Life in Imported Kenyan Cut Roses

Suntipabvivattana, N.; Terry, L. A.
Plant Science Laboratory, Cranfield University, Bedfordshire, MK43 0AL, UK

Rose cultivars have inherently different vase lives. The temporal change in non struc-
tural carbohydrates content is thought to be linked to vase life, but there remains a 
lack of research on defining any genotypic differences in this area. Hence, the aim 
of this study was to profile changes in fructose, glucose, sucrose and myo-inositol 
concentrations in four cut rose cultivars (‘Akito’, ‘Sweet Akito’, ‘Red Calypso’ and 
‘Valentino’) and relate possible differences to physiological changes that occurred 
during vase life. Cut roses were grown in Kenya and flown to the UK as per standard 
commercial practice. Changes in sugars content in petal and foliage were measured 
at regular intervals during 7 days of vase life. Vase life of ‘Akito’, ‘Sweet Akito’, 
‘Valentino’ and ‘Red Calypso’ roses were 6.7, 8.7, 11.3 and 13.0 days, respectively. 
During day 0 to day 4, ‘Akito’ and ‘Sweet Akito’ rose had higher fructose, glucose 
and myo-inositol content in petals compared to ‘Red Calypso’ and ‘Valentino’ roses 
whilst sucrose content was lower. In foliage, myo-inositol content of all cultivars 
declined during vase life whilst fructose and glucose could not be detected at day 7. 
After two days, sucrose content increased in all cultivars. The longest-lived cultivar, 
‘Red Calypso’ rose had the highest sucrose content in both petal and foliage fol-
lowed by ‘Valentino’ rose. It is suggested that genotypic differences in vase life may 
be related to higher endogenous sucrose. For bud opening, ‘Red Calypso’ rose was 
the only cultivar that completely opened. In addition, bud opening development of 
‘Valentino’ rose was slower than for other cultivars. Content of fructose, glucose and 
myo-inositol in petal of ‘Valentino’ rose were lower than for other cultivars.

S02.090
The Role of Sugars during Opening and 
Senescence of Rose Petals in Plant and in Vase

Flórez-Faura, R. A.1; Hernández-Gómez, M. S.2; Flórez-
Roncancio, V. J.2
1Sena, Centro de Biotecnología Agropecuaria, Km 7 Vía Mosquera, 11001000, Mosquera, Cundinamarca, 
Colombia
2National University of Colombia, A.A. 14490, Bogotá, Colombia

The relation between the sugar content variation and the opening and senescence 
of ‘Charlotte’ rose (Rosa sp.) variety was studied in buds attached to the plant, and 
in vase. The floral stems were obtained from a rose crop at Bogotá Savanna (Co-
lombia). In the greenhouse floral stems in different stages of development (S3, S4 
and S5) were periodically harvested. In laboratory, in vase, floral stems in stages of 
development (S4, S5 and S6) were periodically taken. S3 represents the cut point for 
exportation to US market, S4 floral opening, S5 visible symptoms of shriveling, and 
S6 senescence. For the same time period, buds in vase reach full senescence stage 6, 
while buds joint to the plant got to stage S4. Non reducer sugars (sucrose) and reduc-
ing sugars (glucose and fructose), were measured for both, floral stems joint to the 
plant and floral stems in vase. Similar increase and decrease of total sugars patrons 
took place in the buds’ petals; nevertheless, peaks were obtained at different stages. 
At S5 stage, cultivation and vase petals present high contents of reducing sugars as 
respiration substrates. The results support the hypothesis that holds that the neces-
sary sugars for floral opening of buds’ petals joint to the plant are imported from 
one source and in buds in vase come from degradation of accumulated storages. The 
results do not allow explaining the role of sugar application on roses in post harvest.

S02.091
Postharvest Water Relations of the Magnolia 
Lotus Flower (Nelumbo nucifera)

Imsabai, W.1; Ketsa, S.2; Van Doorn, W.3
1Kasetsart University, Department of Horticulture, Kasetsart University, Kamphaeng Saen Campus, 
73140, Nakhon Pathom, Thailand
2Department of Horticulture, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand
3Mann Laboratory, Department of Plant Sciences, University of California, Davis Ca 95616, USDA, 
United States
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Lotus flowers (Nelumbo nucifera Gaertn.) are commercially sold as closed buds. The 
buds do not open if placed in water after harvest, and the outer petals show rapid 
blackening, resulting in a short vase life. We investigated whether these problems 
are due to adverse water relations. Cut stems exude copious latex, which might be a 
cause of xylem occlusion. Indeed, the rate of water uptake of the cut stems rapidly 
decreased from day 1 of vase life, whereas the rate of transpiration did not initially 
decrease. This strongly suggests an occlusion in the xylem. Exudation of latex from 
the cut stems can be prevented by cutting in water, let the latex flow out, and cut 
again within 1 cm from the previous cut surface. This treatment will open many 
xylem vessels not filled with latex. The treatment did not prevent the decrease in 
water uptake of the cut stems. A pulse treatment with citric acid reduced latex flow 
from the stems, but did not prevent the decrease in water uptake. These data suggest 
that latex is not the main cause of the xylem blockage. The inclusion of antibacterial 
compounds (8-hydroxyquinoline sulphate [HQS], dichloroisocyanuric acid [DICA] 
or silver nitrate) in the vase water did not prevent the decrease in water uptake. This 
suggests that bacteria blockage found in other cut flowers are not a main cause of the 
occlusion. Placing a plastic bag over the flowers decreased transpiration and water 
uptake and resulted in a delay of petal blackening. It is concluded that xylem occlu-
sion is not the main reason for early petal blacking in lotus flower cut at bud stage.

S02.092
Effect of GA3 and BA on Postharvest Quality  
and Vase Life of Gerbera Cut (Gerbera jamesonii. 
cv. Good Timing) Flowers

Danaee, E.1; Mostofi, Y.2; Moradi, P.3; Abdossi, V.1
1Islamic Azad University- Science and Research Branch, End of Ashrafie Esfahani High Way-Pounak 
Sq-Hesarak, 1477893855, Tehran, Islamic Republic of Iran
2Tehran University, Islamic Republic of Iran
3Islamic Azad University- Saveh Branch, Islamic Republic of Iran

The effect of gibberellic acid (GA3) and benzyladenine (BA) on the postharvest 
quality and vase life of gerbera cut-flowers was investigated. Freshly cut flower 
stems of gerbera cultivar ‘Good Timing’ , with four outer disc florets open, were 
put in vases containing 0, 50, 100, 150, 200 or 300 mg×L-1 GA3 and 0, 10, 25, 50, 
100 or 150 mg×L-1 of BA for 48 hr and then held in vases containing 2.5% ethanol 
and 3% sucrose. Vases were placed in chambers at 25 ºC, relative humidity about 
70% and were arranged in a Completely Randomized Design with three replicates. 
Data were recorded for vase life, fresh weight, solution uptake, membrane stability, 
total soluble solid over time and analyzed statistically. GA3 50 mg×L-1 and BA 50 
mg×L-1 were the most effective treatments on vase life, fresh weight, solution up-
take, membrane stability and total soluble solids of gerbera cut flowers.

S02.093
Response of Gibberellic Acid and Kinetin  
on Physiological and Bio-Chemical Changes 
during Vase-Life and Longevity of Gladiolus 
grandiflorus L. cv. Jessica

Kumar, S.1; Gupta, A. K.2
1College of Horticulture & Forestry, Central Agricultural University, Pasighat, 791102, Arunachal 
Pradesh, India
2Department of Horticulture, CCS Haryana Agricultural University, Hisar-125004, Haryana, India

An investigation about the role of GA3 and kinetin on physiological and bio-
chemical changes in the fresh, fully grown petals and at petal senescence, to know 
the exact cause for senescence was carried out. Gladiolus corms were dipped for 24 
hours separately after removing the tunica, in GA3 100ppm, 200ppm and kinetin 
50ppm, 100ppm, respectively, a day before planting. The foliar spray in the respec-
tive treatment combinations was applied at 45 days after planting of corms. The 
spike of gladiolus cv. Jessica were cut at tight bud stage showing colour of one or 
two florets and kept in standard solution containing 4 per cent sucrose + 200ppm 
8-HQC, maintaining the pH of standard solution around 3.5, physiological and 
bio-chemical changes during vase-life and longevity of the cut-spikes were under-
taken for investigation. The physiological parameters viz. daily elongation, days to 
elongation of cut-spike, length & diameter of floret, water uptake and loss, qual-

ity parameters of spike were studied. All these characters were showed increased 
response and associated with pre-soaking + foliar spray GA3 100ppm followed by 
pre-soaking + foliar spray GA3 200ppm. The bio-chemical parameters that signify 
the longevity and advances of petal senescence such as water soluble protein, to-
tal protein, reducing sugar, total carbohydrate, starch, phenol, total anthocyanin 
and carotenoid were investigated and increased water soluble protein, reducing 
sugar, total carbohydrate and total anthocyanin and carotenoid contents whereas, 
decreased starch and phenol content under treatment combination pre-soaking + 
foliar spray GA3 100ppm were observed. However, during petal senescence, in-
creased water soluble protein and phenol content whereas, decreased total protein, 
reducing sugar, total carbohydrate, starch, total anthocyanin and carotenoid con-
tents and increased pH of standard vase solution as compared to fresh, fully grown 
petals were observed. These marked changes occurred during petal senescence sig-
nifies the probable cause for senescence of florets. 

S02.094
Respiration and Physiological Changes during 
Freesia Flower Development and Senescence

Tang, D. Q.; Shu, Z.; Shi, Y. M.; Qian, H. M.; Tao, Y. W.
Shanghai Jiao Tong University, 800 Dongchuan Rd, School of Agriculture and Biology, 200240, 
Shanghai, China

The respiration rate and several physiological and biochemical factors were studied 
during flower development and senescence in two cultivars of Freesia hybrida. A re-
spiratory climacteric existed in the both cultivars during flower development and se-
nescence, although some differences were observed. The pattern of respiration in te-
pals, stamens and pistils showed some differences between the two cultivars and two 
respiration peaks were observed in pistils for Freesia hybrida ‘Shangnong Jinghuang-
hou’. In both cultivars, electrolytic leakage and MDA content increased in tepals as 
development and senescence progressed. However, MDA content in Freesia hybrida 
‘Shangnong Hongtaige’ was much higher than that in Freesia hybrida ‘Shangnong 
Jinghuanghou’ at each stage. In both cultivars, SOD activity showed an early increase 
and later decreasing trend during senescence. Meanwhile, SOD activity in ‘Shang-
nong Jinghuanghou’ was significant higher than that in ‘Shangnong Hongtaige’. The 
activity of POD showed a gradual increase before tepal wilting and decrease in wilted 
tepals for both cultivars. A higher POD activity also appeared in cultivar ‘Shangnong 
Jinghuanghou’. The time of initial decreasing point of POD activity appeared later 
than that of SOD. During flower development and senescence, soluble protein and 
sugar content peaked at the early development stage then decreased dramatically 
and reached the bottom in the wilted tepals. Meanwhile, a significant difference of 
protein content was observed between the two cultivars. These results suggest that 
respiration and enzyme changes, membrane injury and loss of soluble compounds 
are associated with flower development and senescence in freesias. 

S02.095
Micro-Structural Observation  
of Rose Peduncles Using Synchrotron-Radiation 
X-Ray Tomography (SRXT)

Matsushima, U.1; Graf, W.2, 5; Zabler, S.3; Manke, I.4; 
Dawson, M.4; Herppich, W. B.5
1Iwate University, Ueda, 3-18-8, Morioka, 020-8550 Japan
2Leibniz Institute for Agricultural Engineering Potsdam-Bornim, Glienicker Str. 100, D-14109 Berlin, 
Humboldt-University Berlin, Germany
3Technical University of Berlin, Strasse Des 17. Juni 135, D- 10623, Berlin, Germany
4Helmholtz Center Berlin for Materials and Energy, Glienicker Str. 100, D-14109 Berlin, Germany
5Leibniz Institute for Agricultural Engineering Potsdam-Bornim, Max-Eyth-Allee 100, D-14469 Potsdam, 
Germany

“Bent neck” is an important postharvest problem for cut roses in which the upper 
peduncles bend prematurely just below the flower. Structural weakness of vascular 
bundles of the peduncle tissue could be a factor of the syndrome. The high resolu-
tion of the synchrotron-radiation X-ray tomography (SRXT) – not yet optimized 
for plant samples – should allow the in-situ investigation of the micro-structures of 
rose peduncles. Three rose cultivars of different bent-neck resistance were investi-
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gated in-situ to examine the variety-specific micro-structures, and to evaluate the 
image quality produced and the degree of damage caused by different SRX beam 
energies (30, 40, 50, 60 keV). SRXT was conducted at BAM-line, BESSY at HZB, 
Germany. Due to the fact that the structural information was outlines by the phase-
contrast effect and phase retrieval was applied in all cases to produce 3D density 
maps the resulting image quality was similar among all SRXT scans despite the 
different energies. SRXT clearly visualized the structural difference between each 
cultivar. The results may help to clarify whether there are structural differences in 
vascular bundles and parenchyma cells related to the occurrence of bent neck. The 
degree of radiation damage was investigated using chlorophyll fluorescence imaging. 
The fluorescence parameter Fv/Fm is known to indicate plant stress. Fv/Fm of the 
irradiated regions of the samples were below 0.3 pointing out after the SRXT scans 
that photosynthesis was no longer active in those stem parts. Colour changes of cells 
from green to brown also occurred, particularly from epidermis to vascular bundles. 

S02.096
Effects and Mode of Action of Cytokinins 
Combined with Sucrose in Delaying Senescence 
of Grevillea ‘Spiderman’ Cut Flowers

Chernov, Z.1; Philoshoph-Hadas, S.1; Riov, J.2; Meir, S.1
1ARO, The Volcani Center, P.O. Box 6, 50250, Bet Dagan, Israel
2Faculty of Agricultural, Food and Environmental Quality Sciences, The Hebrew University of Jerusalem, 
Rehovot, Israel

Cytokinins, known as senescence retardants, are often used as a means to extend 
the vase life of various cut flowers. The cytokinin effect is improved by addition of 
sugars, and extracellular invertase has been found to be an essential component of 
the cytokinin-mediated delay of leaf senescence. The aim of the present study was to 
examine whether a similar mode of action operates in improving quality of cut Gre-
villea ‘Spiderman’ cut flowers, which responded positively to cytokinins and sugars. 
We hypothesized that cytokinins act by increasing invertase activity, thereby increas-
ing the sink strength of the flower, and/or by improving sugar uptake from the vase 
solution. Our results show that G. ‘Spiderman’ cut flowers reacted positively to dip-
ping the inflorescences in cytokinin solutions, with thidiazuron (TDZ) being more 
effective than bezyladenine (BA), and their positive effect increased by provision of 
sucrose in the vase solution. This combined treatment delayed flower senescence 
and pigment (chlorophyll and carotenoids) breakdown in the perianth, improved 
the water balance of the cut flowering branches, and prevented floret abscission. 
Consequently, the vase life of the cut flowers was significantly extended. Addition-
ally, a combined treatment of TDZ and sucrose enhanced sucrose transport from the 
vase solution to the inflorescences and increased sucrose hydrolysis in the florets and 
activity of the cell wall invertase. It seems, therefore, that the sink strength in Grevil-
lea flowers is controlled by cell wall invertase. Our results suggest that the promis-
ing effect of the combined treatment of cytokinin and sucrose in delaying flower 
senescence of G. ‘Spiderman’ operates via the regulation of sink-source relationships.

S02.097
Postharvest Photooxidative Disorders  
in Canna Leaves

M. Doi1,2; M. Wakita1; Y. Takizawa2; N. Hirose2; 
M. Hosokawa1

1Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, Japan
2Faculty of Agriculture, Shinshu University, Minamiminowa Nagano 399-4598, Japan

Canna × generalis L.H. Bailey is widely used as a bedding plant in summer. Since 
canna plants are tolerant to high growing temperatures and resistant to many 
diseases, we focused on this plant as a new cut flower crop and investigated the 
postharvest characteristics of canna leaves. When aged single-leaf segments were 
harvested at noon on a fine day, inrolling and thereafter severe necrotic browning 
was observed within a few hours. However, young leaves harvested at the end of the 
night did not show symptoms of these physiological disorders and lasted more than 
two weeks in a vase of water. These observations indicate that photo inhibition by 
excessive light exposure before harvest is responsible for the occurrence of physi-

ological disorders, and aged leaves are more strongly affected by photo inhibition. 
To elucidate the mechanism of these photo oxidative disorders, we measured the 
chlorophyll fluorescence and antioxidant enzyme activities relating to photo oxida-
tive stress. The quantum yield (Fv/Fm) of PS II was c. 0.75 at the end of the night 
in both aged and young leaves. As leaf exposure to light increased, Fv/Fm dropped 
and reached 0.2–0.3 at noon in aged leaves and 0.4–0.5 in young leaves. When 
the leaves were harvested at noon and kept at room conditions, Fv/Fm recovered, 
but it dropped again as the leaf began to brown. In intact aged leaves, superoxide 
dismutase (SOD) activity was higher and ascorbate peroxidase (APX) activity was 
lower than those in young leaves. As the browning proceeded after harvest, SOD 
activity was constant but APX activity sharply dropped. These results suggest that 
the increase in reactive oxygen species and the decrease in antioxidant enzyme ac-
tivities are involved in the leaf browning disorder after harvest. 

S02.098
Determination of Table Grape Rachis Quality by 
Image Analysis, Subjective Evaluation and Mass 
Loss Following Exposure to Different Water 
Vapor Pressure Deficit Regimens

Lichter, A.1; Kaplunov, T.1; Zutahy, Y.1; Alchanatis, V.2; 
Ostrovsky, V.2; Lurie, S.1
1Department of Postharvest Science
2Department of Sensing, Information and Mechanization Engineering, ARO, The Volcani Center, POB 
6, 50250, Bet Dagan, Israel

Table grapes lose water rapidly after harvest or storage, causing rachis desiccation and 
browning. The study was conducted to examine the effect of temperature and rela-
tive humidity on the rate of rachis browning using traditional methods and image 
analysis. The experiments were performed with ‘Superior’ and ‘Thompson Seedless’, 
two major white table grape cultivars. The grapes were stored at 10 ºC or 20 ºC and 
in low or high relative humidity (RH) creating 4 levels of water vapor pressure deficit 
(WVPD). In addition, at each WVPD the grapes were packed in punnets which 
were either open, closed with a low density polyethylene film or a micro perforated 
polyethylene film. After 2, 4, 7 and 11 days the grapes were measured for weight 
loss, berry firmness, rachis dry weight, rachis index, and the rachis photographed 
for image analysis. Image analysis gave similar patterns to subjective evaluations but 
changes in browning were recorded earlier. Rachis dry weight correlated well with 
browning by image analysis for ‘Thompson Seedless’ but not for ‘Superior’. Likewise 
WVPD correlated with browning of ‘Thompson Seedless’ while temperature was 
the major factor affecting the browning of ‘Superior’ rachis. ‘Superior’ was more 
sensitive to rachis browning than ‘Thompson’ and it was characterized by a thresh-
old type of deterioration in appearance above a specific WVPD range. As expected, 
shelf-life at 10 ºC and high RH maintained the quality of the rachis at a very high 
quality compared to storage at 20 ºC. Packaging mitigated the negative effects of the 
low RH for ‘Thompson’ at both 10 ºC and 20 ºC and for ‘Superior’ at 10 ºC. These 
results should be valuable for practical purposes as well as for unbiased characteriza-
tion of the processes underlying rachis deterioration during storage. 

S02.099
Image Analysis to Calibrate French Bean 
(Phaseolus vulgaris L.) Pods

Torres, C.1,2; Clément, A.1; Frison, E.2; Auperpin, E.3; 
Parmentier, P.2; Feutry, A.2
1Université d’Angers, Laboratoire d’Ingénierie des Systèmes Automatisés (EA 4014), Institut 
Universitaire de Technologie, 4Bd Lavoisier, Bp 42018, 49016 ,Angers Cedex, France
2Vilmorin, Route du Manoir-49250 La Ménitré, France
3UFR des Sciences de la Vie et de l’Environnement, Université de Rennes 1, Campus de Beaulieu, Av. du 
Général-leclerc, Cs 74205, 35042 Rennes Cedex, France

In order to control the characteristics of a variety, bean breeders have to calibrate 
pods. This calibration is achieved manually; workers must pass pods through a sieve 
with holes of different diameters, each hole corresponding to a caliber. Pods are 
weighed, and a repartition in the different calibers in weight is given. This calibration 
is very tedious, moreover, there is an inter and intra-variability among the workers, 
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and the number of characteristics measured is limited. A new automatic method 
based on image analysis has been performed; in a limited time, it permits extracting 
and calculating different pod characteristics such as the length, the diameter and the 
curvature, it offers the possibility to conserve images which is helpful for the traceabil-
ity of products, and it requires less labour than the current manual system. Moreover, 
a relation between the surface of pods and their weights has been found out, allowing 
the program to give directly the repartition in the different calibers in weight. An 
acquisition chain has been installed, it is composed of a mono CCD sensor camera, 
manually configured, with a backlight fluorescent system of 5000°K, a tripod and 
a computer. Images are taken in RAW format, which contrarily to the JPEG is not 
compressed and avoids edges effects. Images are pre-processed in order to eliminate 
the noise and are converted into binary images. Then algorithms principally based on 
morphological mathematics, are applied in order to calculate the different character-
istics. The validation of the program has been performed on more than 150 batches 
of different varieties of French and butter bean pods all along 2008 and 2009. In this 
presentation, the image analysis system is described, the results obtained with the im-
age analysis system are explained and compared to the manual system. 

S02.100
Foodstuff Quality Evaluation by Magnetic 
Resonance Imaging Spectroscopy

Ritota, M.; Marconi, S.; Cozzolino, S.; Taglienti, A.; 
Cafiero, C.; Sequi, P.; Valentini, M.
1Agricultural Research Council-Research Centre for Plant-Soil System, Instrumental Centre of Tor 
Mancina, Strada Della Neve-S.P. Pascolarese Km 1, 00016 Montorotondo, 00016, Rome, Italy

Foodstuff quality evaluation can be done by means of several analytical tech-
niques. In the last years Magnetic Resonance Imaging (MRI) has become a popu-
lar analytical tool in food analysis. The unique property of non-destructiveness 
in producing high resolution spatial images of any internal section or volume of 
samples makes it an attractive approach in food science. Images can be obtained 
with different weighting factors (e.g. spin density, relaxation times, diffusion coef-
ficient, etc.) chosen depending on the structural features to be highlighted. MRI 
has been successfully applied in postharvest monitoring, elucidation of internal 
morphology, histology, etc., of several foods, most likely fruits and vegetables. 
Changes occurring during ripening and postharvest as a function of temperature 
and atmosphere composition have been highlighted for hazelnuts and kiwifruit. 
For the latter the effect of Plant Growth Regulators on shelf-life was also assessed. 
Modifications induced by external agents, e.g. fungal invasion and use of bioavail-
able silicon-based fertilizer, were also successfully addressed by means of MRI. 
The quality of raw materials, e.g. frozen and fresh rennet for the production of 
buffalo mozzarella cheese, was investigated. MRI appears a very promising tech-
nique in food analysis, the difficulties in accessing instruments is a limiting factor; 
nevertheless the development of new generation spectrometers based on super-
conductors cryogenic liquid free designed for industrial environment might solve 
this aspect very soon. 

S02.101
Assessment of Apple Texture Using Contact 
Acoustic Emission Detector (CAED)

Zdunek, A.1; Cybulska, J.1; Konopacka, D.2; Rutkowski, K.2
1Institute of Agrophysics PAS, Doswiadczalna 4, 20-290, Lublin, Poland
2Research Institute of Pomology and Floriculture, Pomologiczna 18, 96-100 Skierniewice, Poland

Texture attributes like crispness, crunchiness, hardness, juiciness and mealiness are 
important for fruits and vegetables because consumers associate them with fresh-
ness and wholesomeness. Most of these attributes are related to tissue fracturing 
being also the source of sound. Therefore a great deal of effort has been expended 
in the use and development of acoustic instrumental techniques for the meaningful 
estimation of texture attributes since many years. Among the acoustic methods, the 
contact acoustic emission, which is destructive, allows simulation of a vibration 
mode of sound propagation during food mastication. Lately, Contact Acoustic 
Emission Detector - CAED (Institute of Agrophysics PAS, Lublin, Poland) was 

developed for a simple texture control method of apple testing intended to be 
applied in industrial or postharvest practice. In this work, CAED concept and 
an application of CAED for apple texture assessment are described. CAED al-
lows measuring acoustic emission counts and firmness. The goal was to determine 
relations between the instrumental parameters and sensory texture attributes, and 
thereby to estimate the usability of CAED for apples testing. The experiment was 
performed using 20 cultivars of apples, stored after harvest up to one month in a 
simple cold storage followed by 5-6 days of shelf life. The experiment showed that 
CAED is particularly useful for evaluation of sensory crispness, crunchiness and 
hardness of apples. There is also significant correlation of acoustic emission counts 
obtained by CAED with juiciness, mealiness and overall texture. The results allow 
concluding that CAED is useful tool for instrumental evaluation of sensory texture 
attributes of apples.

S02.102
Possibilities and Limits  
for Non-Destructive Food Quality  
Differentiation on Organic  
and Conventional Apple and Wine Samples 
with the Gas-Discharge-Visualisation Method 
(Formerly Kirlian Photography)

Weibel, F. P.1; Henne, K.2; Lehmann, L.3; Bigler, C.1
1Research Institute of Organic Agriculture (FIBL), Ackerstrasse, Ch-5070, Frick, Switzerland
2University of Hohenheim, Germany
3Hochschule Fulda

In our study we examined over 4 years and a large number of trials and commercial 
samples the possibilities and limits of the Gas-Discharge-Visualisation (formerly 
Kirlian Photography) method to differentiate in a non-destructive way inner qual-
ity parameters of apple and wine samples. The samples derived from different tri-
als comparing organic vs. conventional production and from commercial retailers 
(same cultivar and harvest date). The interpretation of the GDV-Results were com-
pared and correlated to standard analytical methods, other non-destructive meth-
ods as near infrared technique and fluorescence emission spectrography but also to 
sensorial assessments. With the GDV apparatus a digital picture is taken when the 
sample (put in complete darkness and exposed to a high-voltage electrical field) 
emits a gas “corona”. The measurement is easily and rapidly made; no chemicals 
and very little electrical energy are necessary. By specific software the picture taken 
is quantitatively described by 9 different image parameters. These parameters are 
used for the statistical data analysis by principal component analysis and case-wise 
analysis of variance to decide whether the samples differentiate significantly or not. 
Apart from differentiation, correlation with standard quality parameters is of high 
interest. Our results with apple and wine samples over several years and trials show 
that GDV data mostly but not always can differentiate samples e.g. from organic 
or conventional production better than standard methods. The correlations with 
single standard analytical parameters e.g. sugar content, fruit flesh firmness, acid-
ity, antioxidative potential and others was mostly low. However, if the standard 
parameters were combined to an index (correlating well with sensorial rating) cor-
relations with an index formed by GDV-data was case-wise higher than R2 0.80. 
We consider the GDV method as worthwhile for further examination in view of its 
application in research and food industry.

S02.103
Chlorophyll a Fluorescence: a Fast and Low-Cost 
Tool to Detect Superficial Scald in ‘Rocha’ Pear 
(Pyrus communis L. ‘Rocha’)?

Gardé, I. V.1; Antunes, M. D.1; Marques da Silva, J. M.2; 
Cavaco, A. M.3
1Faculdade de Ciências e Tecnologia, UALG, Ed. 8, Campus de Gambelas, 8005-139 Faro, Algarve, Portugal
2FCUL, BioFIG, Campo Grande, 1749-016 Lisboa, Portugal
3CEOT, UALG, Ed. 2 da FCT ,Campus de Gambelas, 8005-139 Faro, Portugal

This study aimed to test whether the simplest chlorophyll a fluorescence param-
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eters determined by a low-cost non-modulated fluorometer could provide fast, reli-
able and non-invasive tools for an early detection of superficial scald in ´Rocha’ 
pear (Pyrus communis L. ‘Rocha’). Fruit harvested before the optimal maturation 
stage and cold stored under ambient atmosphere for 7 months, (AN: 0 ºC, HR 90–
95,%) plus 2 (last ones) in controlled atmosphere conditions (AC: 0 ºC, RH 90–95 
%, 1.5 kPaO2 + 0.5 kPa CO2) (T), were compared to others harvested at the opti-
mal maturation stage and cold stored under the controlled atmosphere conditions 
for 9 months (C), after being transferred to shelf-life (22±2 ºC, 70 % HR). Condi-
tions chosen before shelf-life provided two fruit groups with a different superficial 
scald developing pattern and seriousness: T fruit exhibited from the beginning of 
shelf-life the highest scald index (IE), while this disorder developed progressively in 
the C fruit. The progression of ripening events along shelf-life changed between the 
pear groups, although T and C fruit presented similar features by the 8th shelf-life 
day. Despite the similar chlorophyll content in both fruit groups, T showed a yel-
low colour from the beginning of shelf-life, as well as a lower b* value in respect to 
C, which was greener in the beginning and followed the normal yellowing process 
along shelf-life. The maximal photochemical yield of PSII (Fv/Fm), correlated with 
the developing pattern of superficial scald in ‘Rocha’ pear of both fruit groups, and 
not only the ripening process. Indeed, both the Fm and F0 changes, as well as the 
significant decrease (P<0.05) of Fv/Fm was shown to be a good indicator of this 
disorder presence and progress, suggesting it can be used in the early detection of 
superficial scald in ‘Rocha’ pear.

S02.104
Quantitative Analysis of Cut Surfaces  
of Brassicas by Means 
of Fractal Texture Fourier Image Analysis

Mir-Bel, J.; Barriobero, J.; López, R.
CITA-la Rioja, Polígono Tejerías Norte, c/Los Huertos, 2, 26500, Calahorra, La Rioja, Spain

Appearance and texture changes related to tissue deterioration are commonly con-
sidered as measures of freshness and quality decline in fresh-cut research and in-
dustry. The cutting operation is one of the most limiting steps in the production 
of fresh–cut vegetable products. A smooth cut surface is desirable to avoid major 
damage to vegetable cells and reduce enzymatic browning, dehydration, discolor-
ations or microbiological spoilage. A new approach to evaluate the cut’s quality is 
presented in this work. It is based on the quantification of irregular colour pat-
terns that emerge from the surfaces after slicing. Stems of Broccoli (Brassica oleracea 
L.var. italica) and cauliflower (Brassica oleracea L. var. botrytis) were cut using differ-
ent methods (mechanical and manual) and different sharpness of the blade’s cutting 
edge. Cut surfaces were captured by a computer vision system using a calibrated 
flatbed scanner and transformed into the CIELab colour space using a quadratic 
transformation function. To classify the different cuts two methods are proposed: 
one using mean L values (traditional method) and other using fractal dimension 
value (FD). This measure uses the Fourier fractal texture image analysis, in order to 
represent the complexity of lightness intensity distribution over the surface. Results 
show that fractal dimension value and their evolution with time provides the right 
index to difference between cutting conditions. 

S02.105
Rapid Characterization of Apricot Fruit Quality 
Using Near and Mid-Infrared Spectroscopy: 
Study of the Model Robustness

Bureau, S.1; Ruiz, D.2; Reich, M.1; Audergon, J. M.3; 
Renard, C.1
1INRA, Université des Pays du Vaucluse, UMR 408, Domaine Saint Paul, Site Agroparc, 84914, Avignon, France
2CEBAS-CSIC, Department of Plant Breeding, PO. Box 164, Murcia, Spain, Spain
3INRA, Unité Gafl, Domaine Saint Paul, Site Agroparc, Avignon, France

Our recent investigations showed the possibility of predicting internal quality 
parameters on intact apricot fruits using near-infrared (NIR, 800-2500 nm) and 
on apricot slurries in mid-infrared (MIR, 4000-650 cm-1) spectroscopy (Bureau 
et al., 2009a; 2009b). Our objective was now to study the robustness of the 

models established in 2005 using a large phenotypic variability (eight contrasted 
cultivars, four maturity stages). By robustness we mean the possibility of using 
these models for fruits outside the original experimental set. Models were applied 
on about 180 hybrids coming from the crossing between ‘Goldrich’ and ‘Mo-
niqui’ apricot cultivars studied over two successive years (2006 and 2007). For 
example, in 2006, the error of prediction obtained by NIR spectroscopy on intact 
fruits was 9.2% for SSC and 16.5% for TA. Using MIR spectroscopy on slurries 
this error was 6.1% for SSC and 8.6% for TA. The robustness of the models is 
discussed according to the phenotypic variability and the studied years. The in-
frared spectroscopy allows a considerable reduction of time of analysis compared 
to the current techniques. We have found that models established using a large 
phenotypic variability can be robust i.e. they can be applied to estimate with rea-
sonable confidence the composition of fruits of different years or cultivars. This 
is highly relevant for applications in e.g. fruit sorting as the need for calibration, 
which has been a major drawback for transfer of these techniques to fruit analysis 
or fruit sorting, can be at least partly alleviated by a correct choice of the initial 
calibration set. 

S02.106
Application of Multispectral Laser Light 
Backscattering Imaging to the Study of Quality  
in Non-Melting-Flesh Peaches

Ruiz de Castro, A. M.1; Urzola, C.1; Negueruela, A. I.2; Oria, R.1
1Vegetable Research Laboratory. Department of Food Technology. University of Zaragoza. Miguel 
Servet 177, 50013. Zaragoza Spain
2Applied Physics Department. University of Zaragoza Spain

The aim of the present study was to investigate the feasibility of using the histo-
grams from peach fruits multispectral images to predict important quality attri-
butes such as firmness, soluble solids content (SSC) and titrable acidity (TA). Two 
different clones of a very late, non-melting-flesh peach cultivars [Prunus persica 
(L.) Batch cv. Calanda] have been studied. Images were obtained by means a CCD 
Basler A312f camera for five selected laser wavelengths, using MATROX 8.0 soft-
ware for the digital image processing. Exponential curves were fit to each image 
pixel-intensity histogram and different linear combinations of the corresponding 
curve coefficients were used in the PLS calibration of quality attributes.

S02.107
Strawberries Shelf-Life Evaluation  
by Magnetic Resonance Imaging Spectroscopy

Ritota, M.; Marconi, S.; Cozzolino, S.; Taglienti, A.; 
Cafiero, C.; Sequi, P.; Valentini, M.
Agricultural Research Council-research Centre For Plant-Soil System, Instrumental Centre of Tor 
Mancina, Strada della Neve-S.P. Pascolarese Km 1, 00016 Montorotondo, Rome (italy). , 00016, Rome, Italy

Magnetic Resonance Imaging (MRI), known for its medical and diagnostic appli-
cations, has received general acceptance in food science thanks to its non-invasive-
ness and non-destructiveness. The opportunity of studying foodstuff in its whole-
ness, without any chemical and/or physical preparation of the sample, makes MRI 
a powerful tool in food science, in particular for understanding the importance and 
function of each tissue and measuring quality-related parameters. Effects of a new 
bioavailable silicon fertilizer, in the form of stable monomeric orthosilicic acid, 
on strawberries cultivation were investigated by means of MRI. Different images 
were obtained: spin-density weighted images, in which signal intensity is directly 
proportional only to the water content and T2–weighted images, in which signal 
intensity is proportional to the transverse relaxation time, i.e. T2, that reflect water 
interactions with cellular substrate. Comparison of T2– and spin density-weighted 
MRI images has highlighted the variations of the internal morphology, in terms 
of cellular tissues arrangement and their wateriness. Samples treated with ortho-
silicic acid led to the formation of tissues with higher consistency, characterized 
by a longer shelf-life. Also transverse relaxation time values, extrapolated from the 
T2–weighted images, confirmed that the treatment with bioavailable silicon slows 
down the tissues deterioration process. 
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S02.108
An Adaptative Threshold Level for Segmentation  
of Grayscale Images of Mangoes Aiming to Weight 
Estimation and Grading by Image Processing

Borges, F. F.1; Cavalcanti Mata, M. E. R. M.2; Duarte, M. E.2; 
Barbacena, I. L.1
1IFPB, Av. 1 de Maio, 720, Jaguaribe, 58015-430, Joao Pessoa, Paraiba, Brazil
2UFCG, Brazil

Inside a packing house, tropical fruits need to be graded mainly according to their 
weight, normally using complex and expensive dynamic weighing systems. The 
development of a low-cost system to be used by small producers, from develop-
ing countries, is still a challenge, since the grading involves weighing while the 
fruit is moving. This work proposes a new threshold for segmentation of white 
background grayscale images of mangoes, improving the Otsu´s Method used in 
MATLAB™. This will be further used in a low-cost system for mass estimation of 
mangoes (Mangifera indica L., cv. Tommy Atkins) passing on a simple conveyor 
belt. Ninety-six mangoes were acquired at the local market of Campina Grande, 
Brazil. A commercial digital camera (Sony™ P7) was fixed at the center top of a 
closed polystyrene box (50x50x50cm), all internal walls covered with white paper. 
Two 20W PL lamps illuminate the mango, manually placed at the center bottom 
of the box. Top view picture of the fruit, at rest, was taken. An off-line Matlab™-
based software calculated the top area of the fruits using a new threshold formula: 
y=x+x*(m/k), where x:Otsu´s threshold; m:mean intensity of the image previ-
ously segmented using the Otsu´s algorithm; and k:experimental constant. Result 
showed low correlation (segmented area x actual mass) when using the default 
algorithm (R2=0.68, SD=48.5g), mainly due to the poor segmentation of some 
low-contrast images (fruit colour dependent). The alternative proposed algorithm 
(with k=1500) greatly improved that correlation to R2=0.94, SD=20.5g. In this 
controlled setup, better segmentation of the images with white background and 
better mass estimation of mangoes, individually and at rest, are possible when using 
a threshold based on an adaptative increased percentage of the automatic threshold 
used in MatLab™. They also indicate the possibility of their use for low-cost grading 
of mangoes dynamically, on a small conveyor belt.

S02.109
NIR Case Device Use in a Packinghouse and the 
Prediction of Post-Harvest Quality of ‘Rocha’ Pear 
and ‘Gala’ Apple

Carvalho, M. L. 1; Santos, P.2; Almeida, D.1; Cardoso, J.1; 
Fialho, D.2; Oliveira, C. M.3
1Escola Superior Agrária de Castelo Branco, Quinta da Srª de Mércoles, Apartado 119, 6001-909, 
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2Frutus -Estação Fruteira de Montejunto, Crl. Cadaval, 2550-458 Peral Cdv, Portugal
3Universidade Técnica de Lisboa, Instituto Superior de Agronomia. Tapada da Ajuda. 1349-017 Lisboa, 
Portugal

In a packinghouse situation, the information on the evaluation of the performance 
of commercial near infrared (NIR) spectroscopy is limited. Between other criteria, 
fruit growers are pay according to fruit size and soluble solids content (SSC), and 
non destructive technology have been implemented to assess fruit internal quality, 
however, for some fruit quality attributes the validity of this technology may be 
questionable. Firmness, soluble solids content (SSC) and dry matter (DM) were 
assessed in pear ‘Rocha’ and ‘Gala’ apple through the performance of calibration 
equations by the comparison between the values of quality attributes obtained with 
destructive methods and the values predicted by the spectrophotometer NIR CASE 
(NIRS). In 2008 and 2009, 450 and 320 fruits of ‘Gala’ and 450 and 320 of ‘Ro-
cha’ pear were tested, using destructive methods to validate NIR CASE predicted 
values and to calibrate the model. These fruits were from different growers, or-
chards, picking date, stages of maturation and storage conditions. Poor correlations 
were obtained between NIR CASE measurements and analytical data for pear and 
apple firmness in both years (r2= 0.01 to 0.53, bias=-4.82 to 8.98 and ME=-2.55 
to 0.11 for ‘Rocha’ pear and r2=0.1 to 0.69, bias=-4.40 to 6.55 and ME=-3.25 to 

0.60 for ‘Gala’ apple). Better correlations of prediction were obtained between SSC 
predicted and analytical values for pear (r2 =0.69 to 0.90 and ME>0.70) and apple 
(r2=0.63 to 0.81 and ME>0.45) in both years and excellent predictions of DM (% 
fresh weight) were obtained (r2 > 0.7 and ME>0.86) in ‘Rocha’ pear in both years 
and in ‘Gala’ apple in 2009 (r2 > 0.7 and ME>0.64). ‘Rocha’ pear and ‘Gala’ apple 
data from 2008 and 2009 seasons confirm accurate prediction of NIR CASE mod-
els for SSC and DM. However, predicted values for firmness demonstrate models 
based on NIRS spectrometry weren’t suitable. 

S02.110
Non-Enzymatic Antioxidant Activity of Skin  
and Flesh of Near-Isogenic Lines of Melon 
Linked to Postharvest Behaviour

Piñeros, Y.1; Fernández-Trujillo, J. P.2
1Universidad Jorge Tadeo Lozano, Faculty of Natural Sciences. University of Bogota Jorge Tadeo 
Lozano. Carrera 422 61, 11001000, Bogota, Colombia
2Technical University of Cartagena. Department of Agricultural and Food Engineering. Paseo Alfonso 
XIII 48. Etsia. 30203. Cartagena, Murcia, Spain

Skin and flesh properties at harvest play an important role in melon quality and 
both have been proposed as good sources of antioxidants. Most melon cultivars 
are not bred specifically for obtaining antioxidants or for postharvest purposes, 
and the genetic bases to design cultivars with better antioxidants or postharvest 
performance are not well known. We examined the link between skin or flesh anti-
oxidant activity, polyphenol content, and climacteric behaviour. The plant material 
consisted of five climacteric and one non-climacteric near-isogenic line (NILs) of 
melon (Cucumis melo L.) and the non-climacteric parental ´Piel de sapo´ as con-
trol. The skins were characterized by a high ability to scavenge free radicals and 
their higher polyphenol concentrations than the flesh, irrespective of the DPPH or 
ABTS method used to estimate antioxidant activity. A higher skin DPPH antioxi-
dant activity was detected in climacteric NILs than in the PS or the non-climacteric 
one. Three climacteric NILs showed higher ABTS skin antioxidant activity than 
PS. Flesh polyphenol content or total antioxidant activity were similar in the NILs 
and PS, except two climacteric NILs with higher ABTS antioxidant activity and 
polyphenol content than PS. The possible link between these properties and other 
properties implicated in storability or fruit quality are discussed.

S02.111
Evaluation of Factors Affecting Shelf-Life and 
Quality Biomarkers of Imported Avocado Fruit

Donetti, M.; Terry, L. A.
Plant Science Laboratory, Cranfield University, Bedfordshire, MK43 0AL, United Kingdom

Avocado is subtropical fruit with ever increasing demand in the UK market. All 
year round consumption is supported by a wide range of suppliers across the world. 
Inevitably disparities in preharvest conditions and differences in transit time result 
in undesired fruit quality variability through the year. In order to understand these 
differences a scoping study was undertaken on fruit imported in UK when not only 
demand but also costumer complaints are higher request. Fruit were harvested in 
Peru and South Africa (SA) in April-March (early season), June (middle) and August 
(late). Avocado fruits were transported at 5 ºC for 33-39 days when imported from 
Peru and for 25-36 days from SA. Each origin and season was individually investigat-
ed. During shelf life (18 ºC) decrease in mesocarp firmness was assessed as an indica-
tor of fruit ripeness. Fatty acid profile and sugars content was measured to evaluate if 
any differences in their concentration could discriminate between fruits from differ-
ent origin or harvest. Generally, higher firmness characterised fruit coming from SA 
and a faster softening process was noticed in late season fruit. The main biochemical 
markers also changed according to origin and harvest time. For instance, results 
showed a higher ratio between monounsaturated vs. saturated fatty acids in fruit 
coming from SA (between 2.7 and 3.0) rather than from Peru (2.0-2.2). Moreover, 
the mannoheptulose content was higher in fruit from Peru when harvested early in 
the season (106 µg×mg-1). However, regardless of origin and harvest season man-
noheptulose content declined with fruit ripening, adding evidence to the previously 
hypothesised role of C7 carbons in the regulation of avocado fruit ripening. 
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S02.112
The First Steps for Directed Breeding for 
Improved Postharvest Traits in Apple: Case 
Studies for Texture and Disorders

Schaffer, R. J.1; Johnston, J.1; Chagne, D.2; Gardiner, S.2; 
Crowhurst, R.1; Atkinson, R.1; Ferguson, I.1; Tustin, S.3
1Plant and Food Research, Private Bag 92169, 1142, Auckland, New Zealand
2Plant and Food Research, Palmerston North, Private Bag 11600, Manawatu Mail Centre, 4442, Palmerston 
North, New Zealand
3Plant and Food Research, Havelock North, Private Bag 1401, Havelock North, 4130, New Zealand

The breeding of new cultivars with improved postharvest traits has largely been 
achieved to date using laborious empirical approaches. Commercial demands for 
new and improved cultivars, coupled with a more rapid turnover of cultivar plan-
tations, means there is increasing pressure to produce better cultivars faster. Pow-
erful new “global” approaches for transcriptomics, high-throughput sequencing, 
proteomics and metabolomics, overlaid with large germplasm resources and high 
density mapping techniques, provides an opportunity to further the understand-
ing of postharvest processes and enable marker development for breeding. Prog-
ress in these approaches will be highlighted for texture and disorders in apples. 
For texture, there is increasing emphasis on consumer responsive traits such as 
crispness and juiciness, and not just relying on traditional estimates of texture as 
determined by the penetrometer. Germplasm resources (e.g ‘Royal Gala x ‘Brae-
burn’ 600 seedling mapping population; ACC oxidase and polygalacturonase 
suppressed transgenics) with a large range of texture phenotypes, coupled with 
transcriptomics and increasing genomic sequence information, have advanced 
the understanding of the regulation of texture in apples. For disorders, there is a 
need to predict which fruit will be develop disorders before storage. Most breed-
ing screening approaches use a limited set of storage conditions (often air) to 
assess postharvest quality, which means disorders aggravated by controlled atmo-
spheres and ethylene inhibitors (e.g. 1-methylcyclopropene) are often not known 
until the cultivar is fully commercialised. The strong influence of developmen-
tal and environmental factors on disorder susceptibility makes finding breeding 
markers for disorders a more challenging prospect than for traits such as texture. 
These two case studies highlight that the same biotechnological approaches may 
not work for all postharvest traits, and that tailored approaches may be required 
according to the relative dominance of genotypic, developmental and environ-
mental factors.

S02.113
Development and Mapping of Molecular 
Markers for Candidate Genes Involved  
in Apple Fruit Texture

Dreesen, R.1; Peeters, K.2; Davey, M. W.3; Keulemans, J.3
1Katholieke Universiteit Leuven, Lab Fruit Breeding and Biotechnology, Department of Biosystems, 
,de Croylaan 42, B-3001, Heverlee, Leuven, Belgium
2Centre for Fruit Culture, Department of Biosystems, Katholieke Universiteit Leuven, Belgium, 
3Lab Fruit Breeding and Biotechnology, Department of Biosystems, Katholieke Universiteit Leuven, 
Belgium 

Marker assisted selection (MAS) and breeding (MAB) have great promise for the 
development of new apple cultivars within classical breeding programs. Indeed, 
the application of molecular markers could significantly shorten the selection 
cycle and lead to substantial savings in money, manpower, space and time. How-
ever, in apple such markers are not yet a reality, mainly because most important 
fruit quality attributes are polygenic and encoded by multiple genes or genomic 
regions (QTLs). One of the most important fruit quality characteristics is the 
maintenance of fruit firmness during post-harvest storage. Upon ripening tex-
tural changes are induced in the fruit cortex tissue, which ultimately lead to 
fruit softening and the loss of crispness, juiciness and the occurrence of meali-
ness. In the present study, potential candidate genes (CGs) involved in deter-
mining fruit firmness were selected from both the literature as well as our own 
research program aimed at identifying genes that were differentially expressed 
during the onset and progress of fruit ripening. These CGs belong to functional 

classes involved cell wall degradation, ethylene biosynthesis, signal transduction 
and perception as well as potentially regulatory genes up-regulated around the 
climacterium. We have developed a set of genetic markers for these CGs using 
different PCR-based strategies and have screened available germplasm for allelic 
diversity. In addition, where possible this CGs were mapped on to the available 
genetic linkage maps of the cultivars Telamon and Braeburn. Their linkage to 
QTL-regions for fruit firmness is discussed. 

S02.114
Selection for Improved Fruit Texture  
and Storability in Apple 

Nybom, H.; Sehic, J.
Balsgard, Dept Plant Breeding and Biotechnology, Fjälkestadsvägen 459, Swedish University of 
Agricultural Sciences, Se-29194, Kristianstad, Sweden

Fruit texture is one of the major determinants within the concept of fruit quality in 
apple, and - together with tolerance to fungal storage diseases - also very important 
for the storability. For the scoring of fruit texture, mechanical measurements of 
firmness and stiffness have been used, as well as consumer scorings of variables 
defined as, e.g., hardness, crispness, granularity, sponginess, speed of breakdown 
and juiciness. In addition, DNA polymorphisms have been employed to identify 
QTLs (quantitative trait loci) responsible for fruit firmness at harvest and after 
storage, and to identify different alleles of major genes potentially involved in fruit 
ripening and/or fruit texture. We have screened several of these major genes in a 
set of approx. 200 apple cultivars, many of which represent old Swedish locally 
grown landraces. Comparison of DNA data for these cultivars with data for mod-
ern germplasm, investigated at our laboratory as well as reported in other studies, 
suggest a recent, intense selection for desirable alleles especially of the Md-ACS1 
(1-aminocyclopropane-1-carboxylate synthase) locus. Frequencies of the three Md-
ACS1 genotypes (1/1, 1/2, 2/2) as well as the relative allele frequencies (1 vs. 2), 
thus vary significantly depending on time of introduction of the investigated culti-
vars. The most frequent founding clones in apple breeding are ‘Cox’s Orange Pip-
pin’, ‘Golden Delicious’, ‘Jonathan’, ‘McIntosh’ and ‘Red Delicious’. Only one of 
these, namely ‘McIntosh’ is homozygous for the non-desirable allele 1. Possibly, the 
impact of the other founding clones would not have reached its present magnitude 
if they had not carried the allele 2 for low ethylene production. This particular allele 
may thus be one of the most influential factors of modern apple breeding. A new 
project has also been initiated concerning the impact of fungal storage diseases, and 
levels of tolerance in different apple cultivars.

S02.115
Postharvest Behaviour of Native  
Pineapple Fruit and Golden MD-2  
during Low Temperature Storage

Sanchez, L. N.1; Diaz, C. A.1; Herrera, A. O.1; Gómez 
López, M. D.2; Hernandez, M. S.3; Fernandez-trujillo, J. P.2
1Universidad Nacional de Colombia, Ciudad Universitaria Ed 500, 02, Bogota, Cundinamarca, Colombia
2Technical University of Cartagena, Spain
3ICTA Universidad Nacional de Colombia, Colombia

Pineapple is originated from tropical forest. Some native varieties are well ap-
preciated by its flavor and sweetness and its market is growing around the world 
and in Colombian markets. The nutritional properties of the native varieties from 
the originated Amazonian forestry are less known and remain unexploited. The 
physiological behaviour of wild (native) pineapple variety from Vaupes (Colom-
bia) and the Golden-MD2 were studied under low temperature storage. Fruit 
were harvested in half mature stage and stored at 4 ºC, 8 ºC and 20 ºC for 20 
days. Both pineapple varieties showed a non climacteric ripening pattern with low 
levels of respiration rate throughout storage irrespective of the temperature tested. 
Fruit stored at 4 ºC both varieties suffered from flesh softening, shrivelling and 
mesocarp darkening (a symptom of chilling injury), particularly the native vari-
ety. Decay in the post-storage shelf life periods was particularly noticeable after 
storage at 4 ºC in the native variety. The storage of native pineapple fruit at 8 ºC 
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is recommended because this temperature kept better fruit quality by preventing 
chilling injury and flesh decay. When compared with storage at 20 ºC, the fruit 
at 8 ºC showed reduced sucrose and ascorbic acid losses without compromising 
normal fruit ripening during a post-storage shelf-life at 20 ºC, particularly in the 
native variety.

S02.116
The Impact of 1-MCP Treatment on Mal d 1 
Synthesis during Storage of Apple Fruit

Kiewning, D.; Matthes, A.; Schmitz-Eiberger, M.
University Bonn, Inres- Horticultural Science, Auf dem Hügel 6, 53121, Bonn, Germany

The most important apple allergen in Central Europe and North America is Mal 
d 1, a protein which belongs to the so called pathogenesis-related proteins (PR-
proteins), subgroup 10. PR-10 is synthesized in response to environmental stress, 
pathogens and wounding. Several studies investigated a higher allergenicity of 
apple fruit after storage, which is due to higher Mal d 1 concentrations. For climac-
teric fruit, such as apple fruit, ethylene is a key regulatory molecule for ripening 
and senescence. The higher allergenicity might be related to ethylene action during 
storage. Synthetic cyclopropenes, like 1-methylcyclopropene (1-MCP), are inhibi-
tors of ethylene action. The commercial use of 1-MCP has the potential to extend 
storage periods and quality of plant products, if applied in an optimal stage of 
ripeness. The aim of this study was to evaluate if 1-MCP application can decelerate 
Mal d1 synthesis during storage. Therefore fruits of different cultivars were stored 
for 8 and 14 weeks in a cold chamber (2 ºC) and under controlled atmosphere 
conditions (CA-conditions). For evaluating the influence of this ethylene inhibitor 
on Mal d 1 synthesis half the fruits were treated with 1-MCP. The state of ripeness 
of the fruits was measured by determination the content of sugar and starch as well 
as firmness after 8 and 14 weeks of storage. Beside this, the ethylene release was 
defined after removal of storage. Treatment with 1-MCP resulted in higher pen-
etrometer values in comparison to untreated fruits, lower starch and higher sugar 
content which indicate on a decelerated maturation. After eight weeks of storage, 
Mal d 1 contents in treated fruits were lower than in untreated fruits. After a stor-
age time of 14 weeks treated fruits had significant lower Mal d 1 concentrations. 

S02.117
Relationship between Contents  
of Pigments and Sugars in Fruit Peels  
of ‘Red Fuji’ Apples  
at Various Debagging Times

Han, Z. H.; Wang, Y.; Zhao, H. J.; Zhang, X. Z.; Xu, X. F.
China Agricultural University, Yuanmingyuan West Road 2#, 100193, Beijing, China

‘Red Fuji’ apples (Malus micromalus Makino) were used as the experimental materi-
als, and the fruits were debagged 145 days after full bloom (DAFB), 152 DAFB, 
or 159 DAFB in the experimental treatments. The results showed that the con-
tents of chlorophyll and carotenoids in the bagged fruits had undergone almost the 
same dynamic changes as those observed in the non-bagged fruits (control), except 
that the contents in the bagged fruits were considerably lower. In fruits that were 
debagged 145 DAFB and 152 DAFB, the anthocyanin content increased rapidly 
and exceeded that in the control fruits within 7 days. There were no significant 
differences in the contents of sucrose, glucose, or fructose between the fruits that 
were debagged and the control fruits. A significant correlation was found between 
the anthocyanin and sucrose contents of fruits that were debagged 145 DAFB (r = 
0.8732**), 152 DAFB (r = 0.8433*), and 159 DAFB (r = 0.9557**), as well as those 
of the control fruits (r = 0.9162**). However, significant correlations between the 
contents of anthocyanin and glucose (r = 0.7734*) or fructose(r = 0.7198*) were 
observed only in control fruits. Based on the results of this experiment, we think 
that the appropriate debagging time is 5–8 days before harvest, and that any practi-
cal technique for increasing sucrose content in fruits could promote fruit colouring. 

S02.118
Consequences of Postharvest Handling for 
Flavour and Quality of Fresh Basil

Graham, L. E.1; Cruickshank, B.1; Cristescu, S.2; Prestwich, M.3; 
Wagstaff, C.1
1University of Reading, Department of Food and Nutritional Sciences, Whiteknights, P.O. Box 226, Rg6 
6ap, Reading, Berkshire, United Kingdom
2Department of Molecular and Laser Physics, Institute For Molecules and Materials, Radboud University 
Nijmegen, Heyendaalseweg 135, 6525 Aj Nijmegen, The Netherlands, Netherlands
3R&g Herbs, Lucas Green Nurseries, Lucas Green Road, West End, Woking, Surrey, Gu24 9ly, United Kingdom

Basil (Ocimum basilicum L.) is an important culinary fresh cut herb used to flavour 
Mediterranean dishes. Postharvest handling is particularly critical for this species 
as its large, delicate leaves make it easy to damage, and it is susceptible to cold 
temperatures which can induce leaf blackening. However, basil is a popular choice 
by many consumers in countries where it cannot be grown locally, so the crop 
frequently undergoes a lengthy supply chain and shelf life. The impact of post-
harvest handling on key characteristics such as senescence, respiration, ethylene 
evolution and flavour are not well studied. Results from profiling these parameters 
throughout the supply chain using pigment analysis, conductivity, gas analysis by 
GC and from using the European Life Science Trace Gas Facility, and GC-MS will 
be presented in this paper that illustrates how different physiological and biochemi-
cal changes result in a loss of quality for the consumer. We have also examined the 
consequences of perturbing the supply chain using a chilling period or different 
light levels, such as can typically occur if handling is sub-optimal. Flavour, which is 
the key reason behind consumer purchase of basil, is highly sensitive to postharvest 
handling, and ways in which crop quality can be preserved will be discussed. 

S02.119
Effect of 1-Methylcyclopropene (1-MCP) 
on Quality and Storage Disorder of Sweet 
Persimmon After Exposure to Exogenous Ethylene

Park, H. J.; Yang, Y. J.
Sangmyung University, San 98-20, Anseo-dong, 330-720, Cheonan, Chungnam, Republic of Korea

Sweet persimmon ‘Fuyu’ were harvested from commercial orchards in S/Korea. 
Fruit(1~2Kg) were treated for 24 hours within 15 L chambers held in air, 5ppm, 
and 10ppm ethylene to keep good external appearance and market quality, respec-
tively. After the treatment the fruit were held at 20 ºC for 12h with 1-MCP (5 
µl×L−1) and then stored at 0 ºC (90~95% RH) for 60 days. Increase of respiration 
and ripening were not affected by exogenous ethylene application (5 and 10ppm) 
during the short exposure for 24 hours. However after exposure to exogenous eth-
ylene, respiration and internal ethylene evolution were greatly affected by 1-MCP 
treatments. Peel blackening and flesh softening were most inhibited by 5ppm eth-
ylene and subsequent 1-MCP (5 µl×L−1) treatments during the storage for 60 days. 

S02.120
Effect of 1-MCP on ABA and Ethylene Metabolism 
during Ripening of Avocado cv. Hass Fruit

Meyer, M. D.; Chope, G. A.; Terry, L. A.
Plant Science Laboratory, Cranfield University, Bedfordshire, MK43 0AL, United Kingdom

Avocado (Persea americana Mill) is a typical climacteric fruit exhibiting a sharp rise 
in autocatalytic ethylene production during ripening. The importance of ethyl-
ene in avocado ripening has been extensively studied using the ethylene inhibitor 
1-MCP. In contrast, little is known about the function of abscisic acid (ABA) in 
avocado ripening. As a consequence, the present study investigated the effect of 
1-MCP (0.3 µL×L-1 for 16 h) on imported avocado cv. Hass fruit stored for 7 
days at 12 ºC. The temporal change in ethylene production, respiration and ABA 
concentration in mesocarp tissue in relation to differences in firmness and colour 
change was assessed. Ethylene production by control fruit increased steadily during 
storage and was significantly higher than for 1-MCP-treated fruit. Only at day 7 
was ethylene production of fruit treated with the inhibitor higher than in controls. 
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Respiration rate reached a maximum on day 5 but was generally lower in 1-MCP-
treated fruit than in controls. Predictably, ethylene-induced ripening was delayed 
by 1-MCP treatment, thus fruit remained firmer and greener than controls. Me-
socarp ABA concentration, as determined by a newly developed LC-ESI-MS/MS 
method, increased as fruit ripened but concentrations were significantly affected 
by treatment since the highest ABA concentrations were recorded in control fruit. 
Results suggest that the physiological differences between 1-MCP-treated and un-
treated fruit may be, in part, mediated by changes in ABA metabolism. However, 
further investigation is required to clarify whether or not ABA directly influences 
ethylene synthesis and therefore ripening. 

S02.121
Gamma Irradiation Dose: Effects on Spinach Baby-
Leaf Ascorbic Acid, Caroteniods, Folate, Alpha-
Tocopherol and Phylloquinone Concentrations

Lester, G. E.
USDA-ARS, 103000 Baltimore Ave., Bldg 002, 20705, Beltsville, Maryland, United States

Ionizing radiation of fruits and vegetables, in the form of gamma rays or electron 
beams, is effective in overcoming quarantine barriers in trade, decontamination, dis-
infestation and prolonging shelf life, but a void of information persists on ionizing 
radiation effects of vitamin profiles in individual foods. Baby-leaf sized spinach from 
commercial cultivars flat-leafed ‘Lazio’ and crinkled-leaf ‘Samish’ were grown, har-
vested, and surface sanitized according to industry practices. Baby-leaf spinach of 
each cultivar was packaged under air or N2 atmosphere, representing industry prac-
tices, and then exposed to cesium-137 gamma radiation at 0.0, 0.5, 1.0, 1.5, or 2.0 
kGy. Following irradiation, leaf tissues were assayed for vitamin (C, E, K, B9), and 
carotenoid (lutein/zeaxanthin, neoxanthin, violoxanthin, and beta-carotene) concen-
trations. Atmospheres and interaction of atmospheres by irradiation had little effect. 
Four phytonutrients (vitamins B9, E, K and neoxanthin) exhibited little or no change 
in concentration with increasing doses of irradiation. However, total ascorbic acid 
(vitamin C), free ascorbic acid, lutein/zeaxanthin, violaxanthin and beta-carotene all 
were significantly reduced at 2.0 kGy, and also, depending on cultivar, at 0.5 and at 
1.5 kGy. Dihydro ascorbic acid, an indicator of stress – likely irradiation generated 
oxidative radicals – in general increased with increasing irradiation doses > 0.5 kGy.

S02.122
Ethylene Exposure After Dormancy Break is as 
Effective in Controlling Sprout Growth as Continuous 
Ethylene for Some UK-Grown Potato Cultivars

Foukaraki, S. G.; Chope, G. A.; Terry, L. A.
Plant Science Laboratory, Cranfield University,Bedfordshire, MK43 0AL, United Kingdom

Ethylene application can effectively extend potato storage life by suppressing 
sprouting incidence. An ethylene concentration of 50 µL×L-1 (57.5 mg×m-3) 
has been approved by the Chemicals Regulation Directorate (CRD) in the UK 
for use in potato storage, but a continuous treatment of 10 µL×L-1 is more 
commonly used by industry. Although ethylene can extend storage life, it has 
previously been shown to negatively affect the textural and taste characteristics 
of some potato cultivars. On the other hand, sprout growth also reduces the mar-
ketability of potatoes. In this study, the effect of ethylene on biochemical compo-
sition, texture and sprouting in two UK-grown potato cultivars viz. Marfona and 
Sylvana was investigated. Potato tubers were harvested and then slowly cooled 
from 15 ºC to 6 ºC over a two week period. Tubers were then placed in trays and 
stored in the presence or absence of continuous ethylene (10 µL×L-1) at 6 ºC 
at Sutton Bridge Experimental Unit (Lincs., UK). At dormancy break (10% eye 
movement of tubers assessed in air at 6 ºC) a sub-sample from each treatment 
was transferred to either ethylene or no ethylene, resulting in four treatments: 
continuous ethylene, continuous air, transfer from ethylene to air and vice versa. 
All tubers were stored for six months. Ethylene-treated tubers contained higher 
sucrose, glucose and fructose concentrations than untreated ones. Firmness de-
creased with time with all treatments in tubers cv. Marfona, but not cv. Sylvana. 
Sprouting incidence was affected by treatment in tubers cv. Sylvana, but not in 

cv. tubers Marfona. Moreover, ethylene application after dormancy break was as 
effective as continuous ethylene treatment for cv. Sylvana tubers only. The results 
suggest that ethylene applied after dormancy break can prolong storage for some 
UK-grown varieties. 

S02.123
Storage Ability of Pistachio  
as Influenced by Temperature,  
Type of Packaging and Application  
of Anti Oxidant

Soltaninejad, M.1; Sharifani, M. M.1; Javanshah, A.2; 
Houkmabadi, H.2; Maghsoudlou, Y.1
1Gorgan University of Agricultural Sciences, Shahid Behshti St, 49138-15739, Gorgan, Golestan, 
Islamic Republic of Iran
2Iranian Research Institute of Pistachio, Islamic Republic of Iran

Fresh Pistachio has no a long shelf life period after harvest. It should be con-
sumed in a short time period, if the storage condition is not prepared suitably. 
Both abiotic (temperature, humidity, light) and biotic factors (microorganisms) 
influencing shelf life of fresh pistachio. An experiment was conducted in 2008 
at Iran’s Pistachio Research Institute (IPRI). This was achieved to study the 
effects of temperature, kind of packaging and Vitamin C as an antioxidant 
the on shelf life of fresh pistachio. The experimental design was factorial in 
base of completely randomized block design (RCBD) in three replications. Fac-
tor A was different packaging. This was included of cellophane, polyethylene 
and polypropylene. Factor B was storage temperature which was included in 
three levels of 25, 17 and 4 ºC. Factor C was ascorbic acid application in three 
concentrations (0, 5 and 10 ppm). The attributes consisting of fruit weight 
changes, contamination by insects and organoleptic tests (texture, colour, taste) 
which were measured every 3 days. The final result indicated; the best packag-
ing was polypropylene and preservation in 4 ºC and treatment with vitamin C 
at 20ppm concentration.

S02.124
Effects of Electron-Beam Irradiation on 
the Microbial Populations and Quality 
Characteristics of Tuber aestivum (Summer 
Truffles) Packaged under Modified Atmospheres

Rivera, C. S.; Blanco, D.; Marco, P.; Venturini, M. E.
Vegetal Research Laboratory, University of Zaragoza. Miguel Servet 177, 50013 Zaragoza, Spain

Fresh summer truffles (Tuber aestivum) have a short postharvest shelf life due to 
several factors such as the bacterial growth, the development of a superficial myce-
lium, the dehydration, and the process of senescence. A combination of modified 
atmosphere packaging and irradiation would extend the shelf life increasing the 
possibility for a foreign market. The effects of two electron-beam irradiation doses 
(1.5 kGy and 2.5 kGy) on microbial populations (total mesophilic aerobes, Pseu-
domonas genus, Enterobacteriaceae family, molds and yeasts), quality characteris-
tics (texture, colour, water content, water activity, weight loss and pH) and sensory 
attributes of summer truffles packaged under modified atmospheres with micro 
perforated film were monitored immediately after treatment, and weekly during 
42 days of storage at 4 ºC. Treatment with 1.5 and 2.5 kGy reduced the pseudo-
monads populations by 4.3 and 5.5 log CFU/g, respectively. Enterobacteriaceae 
counts decreased by 5.4 log CFU/g with 1.5 kGy and counts below the detection 
limit (<1.0 log CFU/g) were obtained with 2.5 kGy. Lactic acid bacteria and yeasts 
were less affected by the ionizing treatments and they became the dominant micro-
bial populations throughout storage. The carbon dioxide levels inside the packages 
containing irradiated truffles were lower than those of the non-irradiated ones, 
suggesting a decrease in the respiration rate of the treated ascocarps. The irradia-
tion treatments did not negatively affect the quality and sensorial characteristics of 
truffles and the 2.5 kGy-dose appeared to better preserve the characteristics of the 
fresh product. Thus, the shelf life of 2.5kGy-samples was prolonged from 42 days, 
doubling the storage period of non-treated samples. 
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S02.125
The Efficiency of 1-MCP to Delay  
Fruit Ripening of ‘Rubidoux’ Peaches  
is Reduced by Increasing the Partial  
Pressures of CO2 during its Application

Silveira, J. P. G.1; Steffens, C. A.1; Amarante, C. V. T.1; 
Espindola, B. P.1; Hendges, M. V.1; Brackmann, A.2
1Universidade do Estado de Santa Catarina (UDESC), Av. Luiz de Camões, 2090., 88520-000, Lages, Santa 
Catarina, Brazil
2Universidade Federal de Santa Maria (UFSM), Cep 97105-900, Santa Maria, Rs, Brazil

According to some authors, the delay in ripening of peaches treated with 1-MCP 
is due to accumulation of CO2 during its application. However, the effect of 
the 1-MCP can be inhibited by the presence of CO2. This research was carried 
out to evaluate the effects of CO2, during the treatment with 1-MCP (1 µL×L-
1), on fruit ripening of ‘Rubidoux’ peaches. In addition, the effect of 1-MCP 
(1 µL×L-1) reapplication on fruit ripening was also investigated. The following 
treatments were used: no1-MCP + 0.1kPa of CO2; 1-MCP + 0.1kPa of CO2; 
1-MCP + 2.5 kPa of CO2; 1-MCP + 7.5kPa of CO2; and daily applications of 
1-MCP + 0.1 kPa of CO2 for four days. The increase of CO2 partial pressure 
during the treatment with 1-MCP reduced its efficiency in reducing respiration 
and ethylene production rates and delaying softening and skin colour change. 
Soluble solids content and titratable acidity were not affected by treatments. The 
effect of 1-MCP on softening and colour changes delay was reduced with the 
advance in time after treatment, possibly reflecting the biosynthesis of new recep-
tors for ethylene.

S02.126
Pre-Storage Conditioning  
of NMF Peaches Using Directed  
Heat Stress Alone or Combined  
with 1-MCP to Maintain Appealing Sensory  
Characteristics during Postharvest Handling

Kao, M. S.; Brecht, J. K.; Huber, D. J.
Horticultural Sciences Department, University of Florida, 1117 Fifield Hall, POB 110690, 32611-0690, 
Gainesville, Florida, United States 

Non-melting flesh (NMF) peaches are better suited for shipping and long-term 
storage than traditional melting flesh (MF) peaches due to slower texture change 
and lack of excessive softening at the final stage of ripeness. Pre-storage hot water 
and 1-methylcylopropene (1-MCP) applications have been reported separately to 
inhibit ripening of MF peaches; we hypothesized that hot water combined with 
1-MCP may be more effective than either treatment alone in delaying soften-
ing and maintaining other sensory qualities. In this study, ‘UF Sun’ and ‘Delta’ 
peaches were immersed in water at 46 ºC (HT), 100 µg/L of aqueous1-MCP 
solution at 20 ºC, or 100 µg/L of aqueous 1-MCP at 46 ºC (HT+1-MCP) for 
30 min then placed either directly at 20 ºC for 5 days or placed at 20 ºC after 
14 days at 0 ºC. The results indicate that HT peaches best retain their initial 
flesh firmness. HT and HT+1-MCP peaches had significantly lower ethylene 
production during early stages of ripening and gradually recovered to that of 
the control as ripening progressed. Suppression of softening at the beginning of 
ripening could be related to the reduced ethylene level. Although peaches treated 
with 100 µg/L of aqueous 1-MCP produced significantly lower ethylene than 
the control in both storage conditions, softening was not inhibited, suggesting a 
higher concentration is required to attain full saturation. Transient retention of 
flesh firmness followed by rapid softening was observed for HT+1-MCP peaches. 
HT was the major factor influencing firmness retention but that effect was lost 
in HT+1-MCP. Finally, HT and HT+1-MCP were potent in reducing % decay, 
especially in ‘Delta’ peaches. Future research will continue these investigations 
of the suppression of ripening of NMF peaches using higher concentrations of 
1-MCP alone or combined with HT.

S02.127
Some Quality Attributes of Persimmon Fruit cv. 
Karaj as Affected by Deastringency Treatments

Zamani, Z.; Khademi, O.; Mostofi, Y.; Fatahi, R.
University of Tehran, Department of Horticulture Science, Faculty of Agriculture, Daneshkadeh Ave. 
P.O. Box 4111, 31587-77871, Karaj, Tehran, Islamic Republic of Iran

Astringent persimmon fruits are usually treated with CO2 enriched atmosphere or 
ethanol vapor to make them non-astringent and acceptable for consumers before 
delivery to the market. In this survey, effects of these treatments on some important 
fruit traits of persimmon (cv. Karaj), including soluble tannins, total carotenoids, 
ascorbic acid, and total sugars was investigated. Results showed that, CO2 saturated 
atmosphere for 24 or 36 hours, as well as 7.5 or 10 ml/kg of 35% ethanol could 
reduce soluble tannin below the critical concentration for astringency taste (1000 
ppm). Treatment with CO2 for 36 hour, significantly (at 5% level) increased total 
carotenoid content of fruit compared to control. The treatments, especially ethanol 
treatments, considerably reduced ascorbic acid content, but did not change total 
soluble sugars. Persimmon fruits ripened naturally to provide non-astringent for 
consumers (commercially available in the market, nearly at senescence stage) were 
also compared with the treated fruits. These commercial fruits had higher soluble 
tannin than the critical astringent threshold, were lower in sugar content and in a 
very soft condition, significantly at inferior quality than the treated fruits.

S02.128
The Effect of Postharvest Silicon Application  
on ‘Hass’ Avocado Fruit Physiology

Kaluwa, K.1; Bertling, I.2; Bower, J. P.2
1University of KwaZulu-Natal, School of Agricultural Sciences and Agribusiness, Scottsville, 3209, 
Pietermaritzburg, KwaZulu-Natal, South Africa
2University of KwaZulu-Natal, Pietermaritzburg, South Africa 

Silicon (Si) has been used to minimize the adverse effects of biotic and abiotic stresses 
on fruit quality of various fruit crops. This study investigated the effect of silicon on 
fruit firmness, CO2 production and ethylene evolution of ‘Hass’ avocado fruit. Four 
different sources of silicon (potassium silicate (KSil), Nontox-Silica (NTS), calcium 
silicate and sodium metasilicate) were used as postharvest dips. Fruit were treated 
with Si sources at concentrations ranging from 80ppm to 2940 ppm and subsequent-
ly stored at either -0.5, 1, 5 ºC or room temperature (25 ºC). Fruit dipped into KSil 
80 (80ppm Si) showed the highest firmness. With respect to net CO2 production, 
there were significant differences in temperature and treatment means. Fruit stored 
at -0.5 ºC respired at a low rate whereas those stored at room temperature (25 ºC) 
reached their respiration peak earliest. Overall fruits treated with silicon in the form 
of KSil 2940ppm produced the least amount of CO2 thus had the lowest respiration 
rate while non-treated fruits (Air) had the highest respiration rate. Control fruits 
showed the highest ethylene evolution and those treated with KSil 2940 ppm the 
lowest. Using ultra-structural analysis (EDAX) it was found that Si passed through 
the exocarp into the mesocarp tissue in fruit treated with high Si concentrations (KSil 
2940) while fruit dipped into very dilute Si solutions (80ppm and 160ppm) showed 
very little to no Si infiltration into the mesocarp. Treatments with NTS generally 
showed little Si infiltration. Postharvest application of 2940 ppm Si in the form of 
KSil seems to be most beneficial to maintain avocado fruit quality, probably due to 
suppression of respiration and a reduction in ethylene evolution. 

S02.129
Mechanism of Corky Tissue Formation,  
an Internal Breakdown Disorder in Sapodilla 
[Manilkara achras (Mill) Fosberg] Fruits

Shivashankar, S.1; Joshi, J.2
1Indian Institute of Horticultural Reserach, Hesaraghatta Lake P.O.Box, 560089, Bangalore, Karnataka, 
India
2University of Agricultural Sciences, G.K.V.K, Bangalore 560065, India

Studies conducted on the physiological disorder of sapodilla or sapota [Manilkara 
achras (Mill) Fosberg] known as corky tissue showed a direct relationship between 
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the incidence of disorder and the number of fruits/panicle. The moisture content of 
seeds from corky tissue fruits was lower than that of seeds from healthy fruits. The 
seeds in corky tissue affected fruits were less viable and took higher number of days 
for germination as compared to seeds of healthy fruits. Since sink capacity is related to 
seed viability, it was evident that the sink strength was reduced in corky tissue fruits as 
compared to healthy fruits. Preharvest application of PGRs like GA3 or paclobutrazol 
(PBZ) on fruit panicles having more than one fruit showed that corky tissue could be 
induced in fruits by reducing their sink strength. It was also evident that the loss of 
moisture from seeds during fruit development phase resulted in loss of seed viability as 
confirmed by measurement of dehydrogenase activity, DNA content and the levels of 
endogenous hormones like GA3, abscisic acid (ABA) and jasmonic acid (JA). Corky 
tissue incidence was also found to increase markedly under conditions of increasing 
evaporative demand, decreasing relative humidity and reducing soil moisture content 
showing that development of soil and atmospheric stress during fruit growth favored 
corky tissue incidence. The biochemical composition of fruits showed that the levels of 
total and reducing sugars were lower in corky tissue affected mesocarp as compared to 
healthy fruit and the starch content was higher in corky tissue affected fruits than the 
healthy fruits. The data clearly point to the predominant influence of inter-fruit com-
petition in the formation of corky tissue in sapota cv. Cricket Ball. The biochemical 
and physiological mechanisms associated with corky tissue formation will be discussed. 

S02.130
Are Reactive Oxygen Species (ROS) the Cause  
of Superficial Scald in Apples?

Sabban-Amin, R.1; Belausov, E.2; Feygenberg, O.1 Ben Arie, R.1; 
Pesis, E.1 

1Dept. of Postharvest Science,The Volcani Center, P.O. Box 6, 50250, Bet Dagan, Israel
2Dept. of Plant Science, The Volcani Center, Israel

Granny Smith (GS) apples are very susceptible to superficial scald, a chilling injury 
symptom, when stored in regular air at 0 ºC for several months. For many crops, it 
has been shown that low temperature storage resulted in oxidative stress and chilling 
injury. Oxidative stress is caused by an increase in the production of superoxide an-
ions, which leads to the generation of other dangerous reactive oxygen species (ROS) 
such as hydrogen peroxide and hydroxyl radicals. Application of low oxygen (LO2) 
pretreatments at 20 ºC, applied immediately after harvest or applied 1 week later af-
ter the fruit was stored at 0 ºC, was effective in reducing superficial scald appearance 
in GS after 4 and 6 months of cold storage. Also application of ethanol vapours, the 
product of anaerobic stress, was effective in the reduction of superficial scald. The 
effectiveness of the LO2 pretreatment in reducing superficial scald was similar to that 
of the commercial treatment using chemicals such as diphenylamine (DPA) or the 
ethylene inhibitor 1-methylcyclopropene (1-MCP). In order to study the involve-
ment of ROS in scald appearance in GS apples, the levels of ROS were checked in 
two different ways: fluorometry and confocal microscopy using specific dye. It was 
found that only in control fruit the levels of ROS increased during shelf life follow-
ing 4 months of cold storage, while, in LO2 and ethanol treated fruits the levels of 
ROS remained lower. The low levels of ROS were correlative to the increase of cata-
lase mRNA expression in the LO2 and ethanol treated fruit after 4m at 0 ºC plus one 
week of shelf life. It seems that ethanol vapours were as effective as LO2 treatment 
in reducing ROS production. The increase in ROS production during shelf life in 
control fruit was in association with the increased intensity of the scald symptoms. 

S02.131
Understanding the Role of Enzymatic  
and Non-Enzymatic Antioxidants  
in Chilling Injury of Japanese Plums

Singh, S. P.1; Singh, Z.1; Swinny, E. E.2
1Curtin University of Technology, Building 611:108, Technology Park, GPO. Box U1987, 6845, Perth, 
WA, Australia
2ChemCentre, Resources and Chemistry Precinct, Curtin University of Technology, GPO Box 1250, 
Bentley, WA 6983, Australia

Japanese plums (Prunus salicina Lindl.) are susceptible to chilling injury (CI) during 
postharvest cold storage. The degree of susceptibility to CI in plums depends upon 

many factors including cultivar, harvest maturity, storage conditions (temperature and 
atmosphere composition), and duration of storage. The role of enzymatic and non-
enzymatic antioxidants in providing protection against chilling stress in many fruits is 
well known, but this vital information about Japanese plums is not conclusive. There-
fore, we investigated the effects of various factors, such as cultivar, harvest maturity, 
storage temperature and duration, on the development of CI in Japanese plums in 
relation to the levels of enzymatic and non-enzymatic antioxidants in fruit flesh. CI in 
Japanese plums appeared to be an oxidative phenomenon which involved the increased 
lipid peroxidation and the reduced capability of the primary antioxidant enzymes, su-
peroxide dismutase, catalase, and peroxidase, to quench the increasing levels of reactive 
oxygen species (ROS) produced in response to prolonged chilling stress. The acclima-
tization response of Japanese plums to chilling stress as indicated by the increased levels 
of enzymatic and non-enzymatic antioxidants was too weak and slow to compensate 
for the presumed increased ROS production. The levels of antioxidants, ascorbate, 
glutathione and phenols, were strongly influenced by various factors under study. The 
activities of enzymes involved in the oxidation and recycling of ascorbate and glutathi-
one could partially explain the changes in their concentrations and redox status. The 
oxidized forms of ascorbate and glutathione accumulated with the prolonged exposure 
to stress conditions. The development of oxidative stress during cold storage was re-
flected by the lipid peroxidation and the dynamics of enzymatic and non-enzymatic 
antioxidants. Our experimental results suggest a possible role of the antioxidants in 
providing protection against oxidative injury during cold storage of Japanese plums. 

S02.132
Watercore Dissipation in ‘Fuji’ Apples by  
Pre-Storage Treatments

Neuwald, D. A.1; Wippich Andrade, C. A.2; Kittemann, D.1; 
Streif, J.1; Jacomino, A. P.2
1Kompetenzzentrum Obstbau Bodensee, Schuhmacherhof 6, D-88213, Ravensburg, Baden-Württemberg, 
Germany
2Sao Paulo University /ESALQ, Brazil

Apples with severe watercore are rejected during market quality control inspections 
because affected fruit can develop alcoholic off-flavours and internal browning 
symptoms. The objective of this investigation was to use pre-storage temperature 
regimes and ripening inhibitor or promoter treatments to accelerate watercore dis-
sipation without excessive loss in fruit firmness. Late harvest ‘Fuji’ apples with se-
vere watercore were kept in air at 1 ºC (2008), 3 ºC (2007), 6 ºC and 10 ºC (2007 
& 2008). Some fruit at 10 ºC were also treated with 1-MCP and Ethephon. In 
2009, fruit were held in CA at 1 ºC, 3 ºC, 6 ºC and in air at 10 ºC. Additional 
treatments were 1-MCP 24h after harvest or non-treatment followed by a 3 wk 
delay before CA application with the apples held during the delay at their respec-
tive storage temperatures. Flesh firmness and watercore assessments were made at-
harvest, after the 3 wk delay and at 2, 4 and 6 months. Changes in flesh firmness 
and watercore were followed during 51 d storage. Fruit at 1 ºC, 3 ºC in air and 
fruit at 10 ºC treated with 1-MCP showed nearly no change in flesh firmness while 
fruit at 6 ºC in air softened between 7 and 9 N/cm2 and untreated fruit at 10 ºC 
lost around 10 N/cm2. Watercore in ‘Fuji’ apples with and without 1-MCP or with 
ethephon treatments at 10 ºC dissipated to acceptable levels after around 16 to 22 
d, while apples at 1 ºC, 3 ºC and 6 ºC showed acceptable watercore at 51 d, 29 
d and 26 d respectively. When ‘Fuji’ apples have severve watercore at-harvest, one 
option is to treat them with 1-MCP and store at 10 ºC in air for 20 d before CA 
storage. By these means the watercore will be reduced rapidly but fruit flesh firm-
ness will generally be maintained at acceptable levels.

S02.133
Water Relations in Peel of Citrus Fruit 
as Affected by Postharvest Treatments  
Inducing Peel Pitting

Alferez, F.1; Alquezar, B.1; Burns, J. K.2; Zacarias, L.1
1IATA-CSIC, Apartado Postal 73, 46100, Burjasot, Valencia, Spain
2University of Florida-CREC, 700 Experiment St. Rd, Lake Alfred, Fl33850, United States

Citrus fruit are prone to develop postharvest physiological disorders in the peel 
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at non-chilling temperature, referred to as rind breakdown, rind staining or peel 
pitting, without compromising internal quality but decreasing fresh commercial 
value. Many of these alterations have been related to altered water relations with-
in peel tissue. In some instances, waxing, processing through packing line and 
other postharvest practices aggravate incidence and development of the disorder. 
However, the impact of deleterious postharvest procedures in water potential and 
its components in the peel of citrus fruit is poorly understood. Mature ‘Marsh’ 
grapefruit have been used to examine changes in water, osmotic and turgor po-
tential in three peel layers; flavedo, external and internal albedo of fruit subjected 
to different postharvest treatments known to induce postharvest peel pitting. Fla-
vedo suffered the most remarkable changes in water potential during the differ-
ent postharvest treatments. Osmotic potential underwent only minor variations 
during 2 weeks of storage period. Flavedo and albedo of packingline-processed 
grapefruit experienced higher decreases in water and turgor potential as com-
pared to manually- processed fruit. Wax-coating altered and delayed the ability 
of flavedo and albedo to recover turgor potential after storage at high RH, and 
these effects were more pronounced in packing line-processed than in manually-
processed grapefruits. As turgor potential decreased, the peel tissues became less 
capable to further water adjustment and turgor recovery. Interestingly, peel pit-
ting was more severe in those fruit experiencing sharper variations in turgor po-
tential. Collectively results associate variations in water status with postharvest 
peel pitting in grapefruits. 

S02.134
Effect of Cold Acclimation and Exogenous 
Ethylene on Woolliness Related Enzymes  
in Peach Fruits during Cold Storage

Li, Y.; Wang, G.; Liang, L.
Research Institute of Forestry, Chinese Academy of Forestry, Dongxiaofu No2, Xiangshan Rd, Haidian 
District, 100091, Beijing, China

Woolliness is one of most common symptom of cooling-injury of peach fruit dur-
ing cold storage. In this experiment, peach fruits (Amygdalus persica cv. Okubo) 
were stored at three methods immediately after harvest, 0 ºC constant temperature, 
8 ºC for 5 days and then at 0 ºC, and 50-80µL/L exogenous ethylene treatment 
after 15 days at 0 ºC, to determine the effects of cold acclimation and exogenous 
ethylene on the activities of woolliness related enzymes such as polygalacturonase 
(PG), pectin esterase (PE) and lipoxygenase(LOX), as well as flesh firmness and 
fruit juice extraction during storage periods with or without 3 days of shelf-life at 
23 ºC-24 ºC. The results are as follows: 1) LOX enzyme activity and PG enzyme 
activity were significantly positive correlated with woolliness, while the change of 
PE enzyme activity was not correlated with woolliness directly. 2) The symptoms of 
woolliness of peach fruits stored at 0 ºC appeared after 4 weeks and they were not 
obvious under the cold acclimation storage and exogenous ethylene treated stor-
age methods. 3) The methods of cold acclimation storage and exogenous ethylene 
treatment were decreased the PG enzyme activity and increased the LOX enzyme 
activity respectively, so these methods maybe retarded the woolliness to a certain 
extent, promoted the peach fruits to complete the after-ripening, and then prefer-
ably retain the peach fruits quality.

S02.135
Cell Wall Characterisation of Cracking-Affected 
‘Snow Queen’ Nectarines

Ortiz, A.1; Seymour, G.2; Tucker, G.2; Lara, I.1
1UDL-IRTA, Alcalde Rovira Roure 191, 25198, Lleida, Spain
2University of Nottingham, Sutton Bonington Campus, Loughborough, Leics LE12 5RD, United Kingdom

Cracking in white-fleshed ‘Snow Queen’ nectarines (Prunus persica var. nectarina) 
represents a main factor limiting production of this cultivar in many growing re-
gions. It has long been thought to be caused by osmotically-driven water penetra-
tion through the fruit surface, mainly by rainfall shortly before harvest. As a result, 
turgor of fruit increases to a degree hardly tolerated by the epidermal tissues. As cell 
walls are largely responsible of supporting the turgor pressure from inside the cells, 

incidence of cracking may be partially dependent on their ultra structural composi-
tion. In this work, samples of both intact and cracked ‘Snow Queen’ nectarines 
were picked periodically around the commercial harvest date in order to elucidate 
if there were differences in cell wall composition and some cell wall-related enzyme 
activities between samples. Results showed that the amount of cell wall material 
was similar among samples. However, extracted yields of both covalently-bound 
pectin and matrix glycans fractions were significantly (P ≤ 0.05) lower in cracked 
nectarines. Additionally, a lower content of uronic acids in covalently-bound pectin 
was also observed, while there were no differences in non covalently-bound pectin. 
Changes in cell wall composition were not directly related to observed modifica-
tions in the activities of cell wall-related enzyme activities, thus suggesting that 
predisposition towards cracking may be brought about from differences in cell wall 
synthesis events or earlier cell wall metabolism rather than latter modifications dur-
ing fruit ripening.

S02.136
Effect of Pre and Postharvest Factors  
on Splitting in Radish (Raphanus sativus)
Monaghan, J. M.; Chiramba, T.; Mogren, L. M.
Harper Adams University College, Edgmond, Tf10 8nb, Newport, Shropshire, United Kingdom

Splitting in radish (Raphanus sativus) has a significant commercial impact to 
growers in terms of product wastage, additional handling/selection costs and re-
jections by retailers. Although the direct impact on the consumer is not known, 
it is possible that the split bulbs and drying of the split surface may reduce sales. 
Splitting generally occurs within 2 days of harvest after the radish has been placed 
in a low temperature environment. In a six month project, the effects of irrigation 
regime and post harvest conditions were studied using glass house grown Rad-
ish plants. Irrigation was adjusted with pots either receiving no additional water 
from 3 weeks before harvest, irrigated to field capacity 3 weeks before harvest, 
or irrigated to field capacity 3 and 2 weeks before harvest. Stomatal conductance 
(Gs) demonstrated significant treatment differences 1 week before harvest. At 
harvest the radish had top growth removed before being washed. Yield responded 
significantly to irrigation treatment with the lowest yield observed in response 
to water stress. Similar levels of splitting were observed for all three irrigation 
treatments. Overall, cold storage at 6 ºC hastened the development of splits by 
one day compared to 0 ºC and the proportion of split radish declined at higher 
humidity (RH%). The interaction between storage temperature and RH% was 
greatest at 0 ºC with little effect of RH% observed at 6 ºC storage. Delay in at-
taining storage temperature significantly increased observed splits. The findings 
suggest that radish should not be water stressed before harvest and rapidly moved 
to a high humidity cold store with a target temperature of 0 ºC to minimise 
splits.

S02.137
Methyl Jasmonate Treatments Reduces  
Chilling Injury Symptoms of Banana

Nabigol, A.; Nasrollahi, H.
Islamic Azad University-Abhar Branch, Khoramdareh Street, 0242, Abhar, Islamic Republic of Iran

Chilling injury (CI) is a major postharvest storage problem for tropical commodi-
ties. An experiment was conducted with banana (Musa spp., cv. Valery) treated with 
methyl jasmonate (MJ) before storing at low temperatures. Fruit in clusters were 
subjected to MJ (2 and 4 min) or without MJ (control) and stored at low tempera-
tures (4 and 8 ºC) for 24 days. The chemical treatments were successful at reducing 
CI symptoms of bananas. Fruit decay was reduced during subsequent ripening. 
MJ-treated fruits had lower mass loss and higher total soluble solids (TSS) than 
the control treatment. TSS was highest in 4 min treatment and control group had 
lowest TSS. The overall quality of MJ treated fruits was good with lower surface 
pitting and scalding compared with the control treatment. In the cold storage, the 
highest TSS and fruit colour was observed in 8 ºC while highest firmness and total 
sugars was observed in 4 ºC. The best results were obtained at storage temperatures 
of 8 ºC and 4 min treated with MJ.



109

S02.138
Assessment of Bitter Pit Risk  
in ‘Gala’ Apples  
by Fruit Infiltration with Magnesium

Amarante, C. V. T.1; Steffens, C. A.1; Ernani, P. R.2; Argenta, L. C.3
1Universidade do Estado de Santa Catarina (UDESC), Departamento de Agronomia, Av. Luiz de Camões, 
2090, CEP 88520-000, Lages, Santa Catarina, Brazil
2Universidade do Estado de Santa Catarina (UDESC), Departamento de Solos e Recursos Naturais. Av. 
Luiz de Camões, 2090, CEP 88520-000, Lages, Santa Catarina, Brazil
3Empresa de Pesquisa Agropecuária e Extensão Rural de Santa Catarina (EPAGRI), Estação Experimental de 
Caçador. Rua Abílio Franco, 1500, Bairro Bom Sucesso, CEP 89500-000, Caçador, Santa Catarina, Brazil

Bitter pit is a postharvest physiological disorder of apples, related to Ca defi-
ciency, and aggravated by high levels of Mg, N, and K in the fruit. This work 
was carried out to assess the viability of fruit infiltration with Mg, for preharvest 
segregation of ‘Gala’ apples regarding the risk of bitter pit development during 
cold storage. Fruits were sampled in 50 orchards located in Southern Brazil, 
in 2003. Samples of 25 fruits per orchard were picked about 20 days before 
commercial harvest maturity, vacuum infiltrated (100 mm Hg/2 min) in 0.1 M 
MgCl2 (with 0.3 M sorbitol and 0.05 % Silwet L-77) and then assessed for in-
cidence (%) and severity (pits/fruit) of bitter pit like symptoms. Samples of 120 
fruits were harvested in the same orchards, at the commercial maturity. In each of 
these samples, 100 fruits were stored in regular air cold storage for four months 
(0±0.5 ºC /90-95% RH) and 20 fruits were analyzed for mineral content (Ca, 
Mg, K, and N). Cold stored fruit were assessed for incidence (%) and severity 
(pits/fruit) of bitter pit five days after removal from storage. There was a highly 
significant linear correlation (r2 = 0.69; p<0.001) between the incidence of bitter 
pit symptoms in Mg-infiltrated fruits and in cold stored fruits not infiltrated 
with Mg. There was a decrease in Ca and an increase in N contents with increases 
of incidence and severity of bitter pit in both, Mg-infiltrated and cold stored 
fruits. The results show that infiltration of ‘Gala’ apples with Mg before harvest 
maturity is a feasible method to segregate orchards regarding the risk of bitter pit 
development during cold storage. 

S02.139
Predicting Bitter Pit  
in ‘Golden Smoothee’ Apples

Torres, E.; Alegre, S.
Institut de Recerca i Tecnologia Agroalimentaries (IRTA). Estació Experimental de Lleida. Alcalde 
Rovira Roure, 191. 25198 Lleida, Spain

Bitter pit is the most important physiological disorder in apples and therefore 
effective prediction methods would be beneficial for both the industry and 
individual growers. In 2008 and 2009 seasons, we evaluated several different 
methods to predict bitter pit at 40, 20 and 10 days before commercial harvest 
(dbh) in different orchards of ‘Golden Smoothee’ apples. For each test date and 
orchard, a 40 fruit sample was vacuum infiltrated in a 0.05 M MgCl2 solution 
for 2 minutes (‘Mg’), immersed in a 2000 ppm ethephon solution for 5 minutes 
(‘ethephon’), or left un-treated (the ‘control’). Fruits from all these treatments 
were maintained at room temperature (20-25 ºC). Bitter pit-like symptoms were 
evaluated at 5-7 day intervals on individual fruit. Finally, another 80 fruit sample 
was taken from each orchard at harvest to establish the real incidence of bitter 
pit after cold storage at 2 ºC for 3 months. To estimate the predictive accuracy 
of each method, the bitter pit-like symptoms at 40, 20 and 10 dbh were related 
to the real incidence of bitter pit at postharvest. The incidence of real bitter pit 
at postharvest in 2008 (3%) was lower than in 2009 (23%). In both years, all 3 
methods (‘Mg’, ‘ethephon’ and ‘control’) showed bitter pit-like symptoms 6-7 
days after sampling and the highest percentages were observed at 20 dbh. In 
2008, the 3 methods showed a high predictive accuracy from 40 dbh (Mg: r2 = 
0.93; ethephon: r2 = 0.97; control r2 = 0.71) while, in 2009, they showed high 
predictive power from 20 dbh (Mg: r2 = 0.81; ethephon: r2 = 0.89; control r2 = 
0.68). These results show that the 3 methods could be used to predict bitter pit 
from 40 to 20 dbh, although their accuracy could depend on the time of sam-
pling and on year conditions. 

S02.140
Commercial Apple CA Storage Temperature 
Regimes with 1-MCP (Smartfreshsm):  
Benefits and Risks

McCormick, R. J.; Neuwald, D.; Streif, J.
Kompetenzzentrum für Obstbau-Bodensee(KOB), Ravensburg, Germany

Storage studies undertaken in 2008/09 with ‘Gala’ and in 2009/10 with ‘Elstar’, 
‘Gala’ and ‘Jonagold’ show 1-Methycyclopropene (1-MCP; SmartFreshSM) treated 
apples can still ripen slower even when stored under higher than normal controlled 
atmosphere (CA) storage temperatures to provide energy and cost savings and en-
vironmental (reduced carbon footprint) benefits. Our studies involved three com-
mercial storage operations in Southern Germany where two comparable CA rooms 
were first filled with precooled fruit of similar origin and quality. One room was 
then treated with SmartFreshSM and held at a temperature set-point some 3 ºC 
above the untreated room; CA atmosphere conditions were different for each cul-
tivar but identical for both untreated and treated rooms. Energy balances were 
calculated separately for all rooms from the cooling and CA equipment run time 
records. Ripening behaviour and quality changes were monitored regularly during 
storage, and at storage removal fruit samples were either held in ambient air for 7 d 
or held in a simulated marketing chain followed by a short shelf-life period at ambi-
ent temperatures before quality parameters from both rooms were compared and 
sensory tests carried out. This paper presents our results with the above mentioned 
studies and will discuss both the benefits including a reduced carbon footprint but 
also the risks when storage regimes are changed, in particular, the cultivar specific 
risks for physiological storage disorders and rots.

S02.141
The Effects of 1-Methylcyclopropene (1-MCP)  
on Ripening of Malus xdomestica cv. Ellswood 
and M. xdomestica cv. Wellant during Controlled 
Atmosphere and Regular Atmosphere Storage

Hunter, A.; Moore, T.; Deasy, W.
University College Dublin, School of Agriculture, Food Science and Veterinary Medicine, Agriculture 
and Food Science Centre, Belfield, Dublin 4, Dublin, Ireland

The potential for commercial application of 1-methylcyclopropene (1-MCP) to 
inhibit ethylene action and maintain quality of two important commercial Irish 
apple cultivars, ‘Ellswood’ and ‘Wellant’ under different storage conditions was 
investigated. Preclimacteric apples were harvested and were immediately cooled 
at 4 ºC and treated with SmartFresh™ (1-MCP) at 625 ppb for 24 hours. Fol-
lowing 1-MCP application, both treated and untreated apples were stored under 
regular atmosphere (RA) (3-4 ºC and 95% RH) and controlled atmosphere (CA) 
A (8% CO2, 13% O2, 95% relative humidity [RH] and 1 ºC) conditions for three 
months. The apples were evaluated for surface colour, firmness, soluble solids, ma-
lic acid and tannins. 1-MCP application in conjunction with either CA or RA 
storage maintained fruit flesh firmness and had higher levels of tannins relative to 
untreated apples. The concentrations of malic acid for the cultivar ‘Wellant’ were 
higher for 1-MCP treated fruits in CA conditions. Colour retention was improved 
only in ‘Wellant’ apples. 1-MCP and CA storage did not maintain soluble solid 
concentration in both cultivars compared to 1-MCP treated apples in RA condi-
tions. The results indicate that application of 1-MCP delays ripening and maintain 
the overall quality of both apple cultivars. 

S02.142
Modeling of the Ethylene Metabolism during 
Ripening and CA Storage of Jonagold Apple

Bulens, I.; Van de Poel, B.; Hertog, M. L. A. T. M.; 
Geeraerd, A. H.; Nicolaï, B. M.
Katholieke Universiteit Leuven, Department of Biosystems, Mebios (Mechatronica, Biostatistics and 
Sensors), Willem de Croylaan 42, 3001, Leuven, Belgium

This work aims to develop a kinetic model to predict and simulate the ethylene me-
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tabolism during ripening and storage of Jonagold apple. Two experiments were per-
formed on Jonagold apple harvested in September 2008 and 2009. In a first experi-
ment ethylene production as well as 1-aminocyclopropane-1-carboxylic acid (ACC), 
N-malonyl-ACC (MACC) and S-(5’-adenosyl)-L-methione (SAM) were quantified 
during the on-tree ripening of Jonagold apples. Additionally the in vitro activities of 
both regulating enzymes (ACC oxidase and ACC synthase) were monitored. Samples 
were collected for a period up to six weeks, starting from two weeks before the op-
timal harvest date. In a second experiment similar measurements were performed 
to study the effect of harvest date, storage time and the application of the ethylene 
blocker 1-MCP on the ethylene metabolism during storage under optimal CA con-
ditions. Apples were stored up to 9 months. Firmness was assessed as a measure for 
fruit quality in both experiments. During on-tree ripening the SAM concentration 
increased only slightly while significant changes in ACC concentration and enzyme 
activities were observed. The application of 1-MCP resulted in clear differences in 
ethylene production rate, metabolite concentrations and enzyme activities during 
storage as compared to the untreated fruits. Based on the experimental data gathered 
during ripening and storage, a kinetic ethylene model was developed taking into 
account the underlying biosynthetic pathways. This contribution will discuss the ex-
perimental data and describe the performance of the developed model in more detail.

S02.143
Storage of Plums (Prunus domestica L.) 
in Controlled Atmosphere (CA) or Ultralow 
Oxygen (Ulo) Conditions

Vangdal, E.; Flatland, S.; Knutsen, I. L.
Bioforsk Ullensvang, 5781 Lofthus, Norway

Plum production is increasing in Norway. The aim of the production is to satisfy 
consumer demand for large high quality plums for fresh consumption in Norway 
as well as for export to countries in North-Western Europe. The packing houses and 
marketing organizations are looking for methods to keep the plums without losses 
and in acceptable condition for up to six weeks. As part of this work we have stored 
plums under CA and ULO-conditions. In the CA-storage O2 was kept at 2% and 
CO2 at 6%. In the ULO-storage both O2 and CO2 were at 1%. The temperature 
was kept at 2 ºC during the six week storage period. Included in the experiments 
were plums of 9 cultivars: ‘Edda’ (early ripening Norwegian cultivar) and the more 
widely grown cultivars ‘Opal’, ‘Mallard’, ‘Avalon’, Excalibur’, ‘Reeves’, ‘Victoria’, 
‘Jubileum’ and ‘Valor’. In previous work we found that softening and susceptibil-
ity to fungal diseases limited the shelf life of plums. It is also known the internal 
browning (jellying) is a limiting factor for long term storage of plums. All cultivars 
reacted positively to low O2 storage condition by slower ripening (keeping firm and 
green). Cultivar differences were observed in the amount of internal damages in 
the fruit flesh and fungal diseases. However, as the cultivars ripen over a six week 
period, climatic conditions before harvest may influence the susceptibility to fungal 
decay. The storage experiments will be repeated the coming seasons. 

S02.144
Effects of Map Combined with Chlorine Dioxide 
Gas Treatment on Fruit Quality and Storability of 
Table Grapes (Vitis labruscana cv. Campbell Early)

Cho, M. A.1; Hong, Y. P.1; Kim, S. H.1; Chung, D. S.1; 
Kim, K. H.1; Lee, S. K.2
1Fruit Research Division, National Institute of Horticultural & Herbal Science, Rda, 475, Imokdong, 
Jangangu, 440-706, Suwon, Republic of Korea
2Department of Plant Science, Seoul National University, Seoul 151-921, Republic of Korea

This study was conducted to investigate the effect of modified atmosphere packag-
ing (MAP) combined with decay inhibitors on physiological changes and stor-
ability in table grapes (Vitis labruscana cv. Campbell Early) during cold storage and 
transportation. Table grapes were packaged in 30µm LDPE film with 2% pinhole 
following the treatment of 2mg×L-1 chlorine dioxide (ClO2) gas for 15min and/or 
sulfur dioxide-generating sheets. After treatment, grapes were stored at 0±1 ºC and 
RH >90% cold storage. Physiological changes and quality factors were monitored 

during 90 days of storage. MAP combined with chlorine dioxide and/or sulfur di-
oxide pad treatment was effective in preventing grape decay and weight loss. Berry 
drop that is a serious problem during storage and transportation was remarkably 
reduced by MAP combined with chlorine dioxide. The respiration rates were sig-
nificantly reduced immediately after this combined treatment, and the effect was 
maintained for 7 days. The treatment seems to prevent weight loss and berry drop 
of grapes during storage and transportation. However, ethylene production was 
higher in MAP with chlorine dioxide treatment than MAP treatment alone right 
after treatment. Chemical stress from the chlorine dioxide and/or sulfur dioxide 
treatment seems to be a causal factor of ethylene evolution but this response has 
no effect on quality of grapes during storage. Thereafter the respiration rates and 
ethylene production were similar in all treated grapes. There was no significant 
effect on titratable acidity and firmness in all treatment. Our data suggest that 
MAP combined with chlorine dioxide gas treatment is a useful tool for extending 
storability of table grapes by preventing decay, wilting and berry drop during stor-
age and transportation.

S02.145
Effects of Short-Term N2 Treatment and Modified 
Atmosphere Packaging on Quality of Peeled 
Water Bamboo Shoot (Zizania caduciflora) 
during Cold Temperature

Song, L.; Gao, H.; Mao, J.; Zhou, Y.; Chen, H.; Yuan, Y.
Food Research Institute, Zhejiang Academy of Agricultural Science, No.198 Shiqiao Road, 310021, 
Hangzhou, Zhejiang, China

Peeled water bamboo shoot (WBS), where outer leaf sheaths are peeled, has rapid 
quality deterioration resulting in yellowing and hollowness and becomes one of 
the most important problems after harvested. To better understand the role of 
short-term N2 treatment and modified atmosphere packaging in quality of post-
harvested WBS, texture, visual quality and colour change were investigated during 
cold storage. Peeled WBS were exposed to humidified air or pure N2 gas for 6 h, 
and then kept in enclosed into 0.045 mm thick polyethylene bags for 80 days in 
the dark at 2 ºC with 90%-95% relative humidity. Shoots kept in humidified air 
was used a control. After 35 days of cold storage, the control quickly loosed the 
visual quality, appearance with heavy water immersion, green-yellowing and lot of 
browning spot. The MA packaging had also loosed the visual quality after 60 days 
at 2 ºC. Shoots with treated pure N2 for 6 h and MA packaging maintained better 
visual quality than the other treatments after 80 days during cold storage. With 
the reduce of visual quality, texture decreased during cold storage. Short-term N2 
treatment and MA packaging reduced the decrease in texture. Additionally, peeled 
WBS became green-yellow during cold storage, resulting in the decreasing of L 
value and a* value and increasing of hue angle. Pure N2 for 6 h and MA packaging 
not only reduced the decrease in L value and a* value but also the increase in hue 
angle, slowing down the green-yellowing. These data indicated that short-term 
N2 treatment and modified atmosphere packaging could be an effective method 
to delay the senescence and maintain the quality of water bamboo shoot after 
postharvest.

S02.146
Effect of Gas Composition on Quality and 
Storage Ability of ‘Bravo de Esmolfe’ Apple

Cavalheiro, J.1; Santos, A.1; Ribeiro, C.1; Lopes, A.2; Nunes, F.3; 
Barros, A.3; Pacheco, A.1; Silvestre, M.1; Barreiro, G.4
1Escola de Ciência Agrárias e Veterinária, Universidade de Trás-os-Montes e Alto Douro, Apartado 1013, 
5001-801 ,Vila Real, Portugal
2Estação Agrária de Viseu
3Escola de Ciências da Vida e do Ambiente
4Estação Agronómica Nacional

The aim of our research was to ascertain the conservation limits of cv. Bravo de 
Esmolfe apples in normal (NA) and controlled atmosphere (CA), concerning the 
commercial point of view. The fruits were produced in the northern region of 
Portugal at Estação Agrária de Viseu during the 2008/09 campaign. The fruits 
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were harvested at the commercial maturity on the 19th September 2008, and im-
mediately transported to the Microcameras Controlled Atmosphere Experimental 
Unit (MCAEU, UTAD). One lot was analyzed taking into account quality param-
eters, respiration and ethylene production and the remaining lots were stored in 
chambers with normal and controlled atmosphere, named as CAstandard, LOW 
and ULO with gas concentrations (%O2:%CO2) respectively of (3±0.5:3±0.5), 
(2±0.5:3±0.5) and (1±0.5:3±0.5). After 220 days of storage and 7 to 14 days of 
shelf life, the fruits stored in NA had highest mass loss, less firmness, less acidity 
(malic acid), different colour (L* C* °H) and less sensory quality. The fruits stored 
in CA, had fewer changes in weight, acidity, firmness and colour. The sensory 
qualities were scored as good to very good, the respiration values were placed near 
the climacteric peak and ethylene production was also near the maximum produc-
tion value, meaning that the fruits had good edible quality. It can be concluded 
that those fruits could be retained for 4 to 5 months under normal cold storage 
at 1±0.5 ºC and 85±5% relative humidity. However, the fruits under CA might 
be stored for ca. 220 days with good commercial quality, keeping those optimal 
results even after a 7 to 14 days shelf life.

S02.147
Applicability of the MA-System Tiempocap� 
for Storage of Different Fruit Cultivars

Kittemann, D.; Neuwald, D.; Streif, J.
Kompetenzzentrum Obstbau Bodensee, Schuhmacherhof 6, 88213, Ravensburg, Baden-Württemberg, 
Germany

Controlled atmosphere storage can inhibit fruit ripening processes and enhance 
storability. Commercial CA-storage facilities actively control O2 and CO2 levels, 
but there are other systems such as MAP bags, where a “Modified Atmosphere” 
(MA) is maintained passively by fruit respiration. The ‘TiempoCap’ system is a 
new system which works in a similar way to MAP bags. A plastic bin (within a 
coolstore) is sealed with a cap, equipped with membranes with a specific perme-
ability for O2 and CO2, so that inside the bin a modified atmosphere can be 
established and maintained. We tested the ‘TiempoCap’ system for the storage of: 
‘Regina’ sweet cherries; ‘Elena’ plums; ‘Comice’ pears; and ‘Braeburn’, ‘Cameo’, 
and ‘Diwa’ apples. Besides flesh firmness, acidity and soluble solids we assessed 
taste as well as physiological disorders and fungal rots. The quality and freshness 
of the cherry stalks was also evaluated using quality analyses in the laboratory 
together with optical evaluations. In all experiments, the O2 and CO2 levels inside 
the bin were monitored during the whole storage period. The ‘TiempoCap’ Sys-
tem had a positive influence for sweet cherries especially on the quality and fresh-
ness of the stalks but it also increased rots, both effects being a result of the high 
humidity inside the box. The ‘TiempoCap’-System was not suitable for plums, as 
there was a disproportional high percentage of rots. The CO2 level required for 
effective CA-storage of sweet cherries and plums is 12-15%; this level was not 
reached inside the box.

S02.148
Using Consumer Modified Atmosphere 
Packaging (MAP) to Maintain Quality of Green 
Beans during Sea Shipping Simulation Trial

Riad, G. S.1; Helmy, Y. I.1; Ahmed, D.2
1National Research Center, Vegetable Research Department, El Buhouth St., Dokki, Giza, 12311, Cairo, 
Cairo, Egypt
2National Research Center, Fruit Research Department, Egypt

Sea shipping could be a valuable tool in increasing green beans exportation from 
Egypt specially with the dramatic increase in air shipping cost. On the other hand, 
using MAP as a secondary preservation method could be a valuable tool in reducing 
deterioration of exported green beans. This work was carried out to evaluate three 
consumer packages (the regular 500g perforated plastic bags, 250g and 500 MAP 
bags) in a sea shipping simulation experiment where all packages were stored for 
15 days at 6° C for 15 days (average shipping period) plus 3 days at 10 °C (aver-
age market shelf display period). Respiration rate (for perforated bags) and gas 
composition (for MAP) were measured through out the experiment period and 

at the end of the trial. Weight loss, colour and visual quality were also measured. 
The initial respiration rate for perforated bags was about 15 ml CO2/kg×h and 
increased to about 20 ml CO2/kg×h toward the end of the shipping period and 
reached about 25 ml CO2/kg×h during the display period. As for gas composition, 
the two consumer MAP created an acceptable composition at the beginning of the 
experiment (about 3-5% CO2 plus 17-19% O2) but the 500g bags started to create 
unfavourable gas composition after about 15 days (10.7% CO2 + 13.2% O2) and 
after the display period CO2 levels reached 18.9 % plus 5.4% O2. On the other 
hand the 250g bag maintained the gas composition through out the storage period 
and finished up with 4.2% CO2 plus 18.6% O2 and after display period CO2 level 
increased to 6.4% plus 16.7% O2 but such increase didn’t cause any noticeable 
deterioration. This work concluded that 250g MAP consumer bags could be suc-
cessfully used in maintaining the quality of green beans when stored at 6 ºC for 15 
days plus 3 days at 10 °C. 

S02.200
Conservation the of Quality  
of Italian Tomato Fruits Produced  
in Organic and Conventional Systems

Botrel, N.1; Nassur, R. C. M. R.2; Vials Boas, E. V. D. B.2; 
Resende, F. V.1; Leite, B. S. F.1
1Embrapa Hortaliças, Av. Parque Aguas Claras,2615, 506, 71906500, Brasilia, Distrito Federal, Brazil
2Universidade Federal de Lavras, Brazil

This work aim to determinate the quality of Italian tomato fruits produced in or-
ganic and conventional systems, they were produced under conditions of Distrito 
Federal, Brazil, packed and kept at room temperature (24 ºC ± 2.0 and RH = 32% 
± 2 ) and cold (12 ± 1 ºC and RH = 73% ± 1) for 20 days of storage in the post-
harvest laboratory of Embrapa Vegetables. Colour, firmness, titratable acidity, total 
soluble solids, vitamin C, lycopene, ß carotene, total phenolic and total antioxidant 
activity were evaluated. Levels of lycopene, ß carotene, vitamin C, acidity, phenolics 
and antioxidant activity were influenced by the crop system, time and temperature 
of storage. Fruits produced in the organic crop showed higher levels of Vitamin C 
throughout the storage as well as higher levels of soluble solids at 0, 10 and 20 days 
and antioxidant activity at 0, 5 and 10 days, regardless of the temperature. Fruits 
araise of conventional crop had higher levels of acidity at 5 and 15 days of room and 
cool storage. At 10, 15 and 20 days, there was no differences in levels of lycopene 
in the treatments evaluated.

S02.201
Quality of Tomatoes Production  
with Different Doses of Organic Compost

Nassur, R. C. M. R.1; Botrel, N.2; Resende, F. V.3; 
Vilas Boas, E. V. D. B.2; Leite, B. S. F.2
1Universidade Federal de Lavras, Campus Ufla, 37200000, Lavras, Minas Gerais, Brazil
2Embrapa Hortaliças
3CNPH.Embrapa, Brazil

Commercial and experimental tomatoes hybrids (San Vito, Giuliana, Jupter, 
HEM031) were grown in organic system of production with four different doses 
of organic compost (6, 12, 24 and 40 t×ha-1) in experimental field of Embrapa 
Vegetables, District Federal - Brazil, and were harvested in 2008 July to evaluate 
the final quality. Analysis of colour, firmness, acidity, pH, soluble solids, sugars, 
vitamin C, lycopene, ß carotene, levels of nitrate and microbiological evaluation 
were realized. In all fruits treated with doses of organic compost, there was absence 
of salmonellas and coliforms and nitrate content stay in the tolerated limits in all 
doses of organic compost. The higher values of pH were observed in HEM031 and 
lower in Giuliana, while in acidity, the lower value was observed for the hybrid 
HEM 031 and higher for Jupter. The San Vito hybrid showed higher levels of ni-
trate, vitamin C, lycopene, a* (colour), firmness and total soluble solids and Jupter 
the higher levels of sugars and ß carotene. The hybrid San Vito showed maximum 
levels of total soluble solids, vitamin C, lycopene and a * for applications of 27.5, 
24.16, 28.56 and 18.83 t×ha-1 of organic compost.
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S02.202
The Effects of Blanching on Biological Value of 
Endive (Cichorium endivia L.)

Adamczewska-Sowinska, K.; Uklanska, C. M.
Wrocław University of Environmental and Life Sciences, Department of Horticulture, Pl. Grunwaldzki 
24a, 50-363 Wroclaw, Poland

Endive (Cichorium endivia L.), a leafy vegetables species widely grown in Western 
Europe countries, characterized by considerable nutritional value and a distinc-
tive, slightly bitter taste, is still a minor crop in Poland. Introducing this species 
into cultivation will allow to extent the assortment of leafy vegetables in Polish 
market. The aim of the field experiments carried out in 2008-2009 was to assess 
the effect of blanching on biological value of two endive cultivars: de Meaux and 
Kalinka. For plants blanching there were used the following materials: Rollo foil, 
whitening caps and black agrotextile put over the plants for 7, 10 or 14 days 
prior to planting in order to exclude the light. In samples of leaves collected at 
the harvest time the content of vitamin C, chlorophyll and P, K, Ca and Mg was 
evaluated. Cultivars de Meaux and Kalinka considerably differed in content of 
investigated compounds. Irrespective of the investigation factors, in both years of 
the study de Meaux cv. characterized higher content of vitamin C, carotenoids, 
chlorophyll and all evaluated macronutriens. Regardless of the method and pe-
riod of blanching, a substantial decrease of biological value of both evaluated 
cultivars was observed under influence of this factor. This effect however was 
lower in the case of the use of Rollo foil and the whitening caps in comparison to 
the black agrotextile cover. Excluding the light for 14 days caused a higher reduc-
tion of nutrients content than after 7 or 10 days of the cover. Blanching of plants 
was associated with the increment of nitrates content in both cultivars, especially 
when the agrotextile was used. 

S02.203
Effect of Eight Rootstocks on Fruit Size  
and Internal Quality of ‘Salustiana’  
Sweet Orange Grown in Hot and Dry Climate  
of Southern Saudi Arabia

Al-Hammam, Y.1; Al-Jaleel, A.1; El-Otmani, M.2
1National Center for Horticultural Research and Development, Najran, Saudi Arabia
2IAV Hassan II, Ch Agadir, Bp: 728, Agadir 80 000, Morocco

In recent years, the Kingdom of Saudi Arabia had made significant efforts to 
utilize the available agricultural resources to reach self sufficiency in several ag-
ricultural products thus contributing to national food security. As an example, 
interest in citrus production begun in early 1970’s but major breakthroughs 
were accomplished with the establishment of The National Centre for Horti-
cultural Research and Development in 1981 to accompany the growing inter-
est in citrus cultivation in the Najran region located in the Southern part of 
the country. Since then, the Centre has introduced and tested several citrus 
rootstocks and varieties to select scion/rootstock combinations that are most 
suitable for the region. The present work is a report of a study carried out to 
evaluate fruit quality of ‘Salustiana’ sweet orange (a mid-season variety) as af-
fected by 8 rootstocks [‘Carrizo’ citrange, US-812, Citrus macrophylla (CM), 
‘Volkamer’ lemon (VL), Smooth Flat Seville (SFS), Gou Tou, Sun Chu Sha 
(SCS) and ‘Cleopatra’ mandarin] and grown in the desert conditions of this 
region. The trees were planted in 2004 and cultural practices that are optimal 
for the region were used. Fruit size, peel thickness, fruit juice content, and 
juice sugar and acid levels were measured over the maturation period. Fruit size 
was largest for VL, SCS and CM and was smallest for ‘Cleopatra’ mandarin. 
Juice content was lowest for VL and highest for ‘Carrizo’. Juice sugar content 
was lowest for CM and VL and highest for ‘Carrizo’ and US-812. Acidity was 
lowest for ‘Cleopatra’ mandarin and greatest for ‘Carrizo and US-812. Overall, 
by mid-October, fruit from all of the combinations had an acid content of 0.7-
0.9% with a maturity index (sugar/acid contents) of more than 12. ‘Data will 
be discussed in relation to the agroclimatic conditions of the region and to the 
consumer preferences.

S02.204
Post Harvest Performance of Peach  
and Nectarine Grafted on Six New Rootstocks

Castro, J. L.; Sotomayor, C. S.; Jackson, T.
Pontificia Universidad Catolica de Chile, Avda Vicuña Mackenna 4860, 306-22, Santiago, Chile

Peaches and nectarines grafted onto six new rootstocks were evaluated during the 
2008-2009 growing season with the objective of discerning possible effects on fruit 
quality and post harvest performance. The scion varieties used in this trial were 
‘Rich Lady’ and ‘Ryan Sun’ peaches, and ‘Venus’ and ‘Ruby Diamond’ nectarines. 
The rootstocks included Cadaman-Avimag, Viking, Atlas, GxN-15, GF-667, MRS 
2/5 and Nemaguard (as a control). The trial was done using 8 yr-old trees from the 
Univiveros orchard, in Paine (Metropolitan Region, Chile). Fruit quality param-
eters including flesh firmness and soluble solids content were measured at harvest. 
Flesh firmness, palatability, mealiness and internal browning were measured after 
15 and 30 days of cold storage at 0 ºC, plus 4 days at room temperature (20 ºC). 
For fruit quality at harvest, using data averaged from the four scion varieties, Viking 
had the highest accumulation of soluble solids (11%) with respect to the control, 
while GxN 15 had the lowest (9.8%). The GF 667 rootstock produced the firmest 
fruit and MRS 2/5 the softest. After 15 days of post harvest cold storage, GxN 15 
had the firmest fruit, and MRS 2/5 had the softest, with both trends continuing 
after 30 days of storage. Viking had the highest incidence of mealiness at both 15 
and 30 days post harvest. However, GF 667 was the rootstock with the highest inci-
dence of internal browning at 15 days and MRS 2/5 at 30 days. Atlas had the lowest 
incidence of mealiness and internal browning at both 15 and 30 days post harvest. 

S02.205
Evaluation of a Box Transporter System 
Developed to be a Harvest Aid in Some Specific 
Fruit and Vegetable Production Areas of Brazil

Luengo, R. F. A.1; Calbo, A. G.2; Freitas, V. D.1; Matsuura, F.3
1Embrapa Hortaliças, P.O. Box 218, Km 09 Br 060, 70359970, Brasília, DF, Brazil
2Embrapa Instrumentação Agropecuária, Brazil
3Embrapa Transferência de Tecnologia, Brazil

In Brazil fruits and vegetables are frequently harvested using package boxes, filled 
while they are manually pulled across the plant line. The procedure is weary for the 
boxes, tiring for the workers and bad for the product that is contaminated with dirty 
particles from the crop and from the soil. Next, after over filling the workers handle 
these boxes some packaging or support point at the production site, sometimes with 
aid of precarious wheelbarrows. In this protected area some additional repacking usu-
ally occurs, a factor which adds new mechanical damages. In order to keep the product 
and the boxes clean while, at the same time, increasing the harvest efficiency, a box 
transporter to be used as a harvesting aid was developed to attend some particular 
Brazilian vegetable production systems. The value of this transporter for harvest and 
handling was assessed in terms of a walking distance index, in terms of an actual har-
vesting productivity and by means of qualitative questionnaires prepared to investigate 
the benefits of this harvest aid system among for the users. It was observed that the 
harvest using this box transporter increase the harvesting velocity, in average, 16.7%, 
reduced the total distance walked by the workers in 48.6% and increased the total har-
vested mass in 8.97%. Additionally, in an evaluation made using a crescent qualitative 
acceptance scale ranging from 1 to 9 the transporter ranked 6.7 considering the users 
impression about the box transporter size fitness, ranked 6.6 for the impression about 
the transporter shape and ranked 8.3 from the maximum of nine for the impression 
about the system overall performance. For marketability potential the buy/use inten-
tion was evaluated in a crescent acceptance scale ranging from 1 to 5 and in this scale 
the average score of 4.1 was also considered to be very interesting perspective. 

S02.206
The Use of Crates Diminishes Postharvest 
Quality Losses of Butterhead Lettuce

Agüero, M. V.; Ansorena, R.; Roura, S. I.
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Grupo de Investigación en Ingeniería En Alimentos, Facultad de Ingeniería, Universidad Nacional de 
Mar del Plata, Juan B. Justo 4302, 7600 ,Mar del Plata, Buenos Aires, Argentina

Fresh vegetables are highly perishable products. Their shelf life is mainly influenced by 
temperature, and relative humidity (RH) and air surrounding composition. Among 
fresh vegetables, butterhead lettuce is one of the most widely consumed one. In Argen-
tina, lettuce is harvested and packed in crates that are usually exposed to inappropriate 
conditions (high temperature and low RH) before and during moving from farm to 
distribution centres. In such conditions, the product undergoes changes that lead to 
quality losses and shelf life reduction, resulting in economic losses for producers. The 
objective was to describe the effects of exposure of both individual lettuce heads and 
lettuce crates, to two ambient conditions (optimal: 0-2 ºC, 97-99%RH, and subopti-
mal: 20-22 ºC, 60-62%RH) during 24 hours. Evaluated parameters were: weight loss 
(WL), water content (WC), chlorophyll content (C), ascorbic acid content (AA) and 
overall visual quality (OVQ). The factors considered in the analysis (packaging: none 
vs. crate; and environmental condition: optimal vs. suboptimal) significantly affect 
all quality indices. Lettuces exposed individually at optimal conditions registered the 
best quality parameters. However, the use of crates is necessary for transportation. The 
packing of lettuces in crates mainly brings deterioration in the texture of the product 
even under optimal conditions. In general, quality attributes resulted lower in lettuces 
at suboptimal conditions but the use of crate was favourable in this situation: weight 
loss was about 5.2% and reductions in AA (22.9%), C (19.2%), WC (1.5%) and 
OVQ (2 points) were registered in individual lettuces at suboptimal conditions, while 
the values for those indices in lettuces in crates were: 5.5% (weight loss), 17.5% (AA), 
7% (C), 1.2% (WC) and 0.5 points (OVQ), respectively. The packing of lettuce in 
crates allows the development of a high humidity atmosphere (by respiration and 
transpiration) that compensates suboptimal relative humidity conditions.

S02.207
Evaluation of Postharvet Quality of Tomato 
Fruits (Lycopersicum esculentum Mill cv. Raf) 
under Different Ca2+/K+ Ratio in Soilless Culture 
Production System

Chaparro Torres, L. A.; Ebrahimzadeh, A.; Sánchez, A.; 
Guzmán, J. M.; Valenzuela, J. L.
University of Almería, La Cañada de San Urbano ,04120, Almería, Andalucia, Spain

Postharvest quality of Tomato fruit could be evaluated by analysis of different in-
ternal and external parameters. According to this concept, fruit quality parameters 
as well Blossom-End Rot (BER) incidence were evaluated in tomato cultivar ´Raf´. 
Plants of tomato (Lycopersicum esculentum Mill cv. Raf ) were grown on prelite 
substrate with three different Ca/K ratios in the nutrient solution. The water used 
for the nutrition had a pH=7,6 and chemical composition (mM×L-1): 3.60 HCO3-
, 7.00 SO4=, 16.81 Cl-, 0.40 K+, 4.24 Ca2+, 6.89Mg2+, 13.38 Na+ and 3.62CE 
dS×m-1. Based on this water, nutrient solution was prepared with pH 6.0. From this 
solution three treatments were established by the following rations of Ca/K: 0.50 
(T1), 1.10 (T2), and 3.50 (T3) during production period. Obtained results showed 
that not only high concentration of Ca in nutrient solution decreased the severity 
of BER but also a high Ca/K ratio due to a low concentration of K also increased 
Calcium absorption as well its transportation in plants. These results inferred a 
reduction in the BER occurrence as we observed in the treatment three with a low 
average of 1, 44% unlike to treatment 1 that showed a higher percent (4, 07%) 
of BER. Same results were obtained in the concentration of Ca and K from foliar 
analysis of tomato plants that confirmed our former observations. Evaluation of 
fruits among six weeks of study showed significant differences in quality parameters 
as Total Soluble Solids (TSS) content, firmness, pH and titratable acidity.

S02.208
Effect of Boron Foliar Sprays on Quality 
Parameters of Apricot (Prunus armeniaca L.)

Mehta, B.1; McNeil, D.2; Menary, R.1
1University of Tasmania, Private Bag 54, School of Agricultural Science, 7001, Hobart, Tasmania, Australia
2University of Tasmania, TIAR, Private Bag 98, Hobart Tasmania 7001, Australia

Techniques to improve fruit firmness and quality in apricot would enhance market-

ability. Studies were conducted in three different varieties of apricot (Prunus arme-
niaca) to determine if pre-harvest foliar application of different concentrations of 
Boron and Retain® influences extent of physiological disorders, fruit yield and fruit 
quality characteristics. Treatments consisted of (i) four sprays of different concentra-
tions of Boron in the form of Mycobar (20% boron). The first spray was performed at 
the petal fall stage and later sprays were applied at 7 day intervals. Plants sprayed with 
water served as controls. Boron application varied from 1.2 Kg×ha-1, 1.8 kg×ha-1, 2.4 
kg×ha-1 and 3 kg×ha-1 on three different varieties of apricots namely Rival, Goldrich 
and Orange Red. All of the Boron sprays improved the flower clusters. Thus the 
sprayed trees were more healthy and productive. The different quality parameters 
such as fresh weight, dry weight, size, Brix ratio, Firmness, Titrable acidity were mea-
sured. The Boron levels at different stages of spraying were measured with ICP-MS. 
A significant reduction in the maturity period of fruits, an increase in yield and size of 
fruits, an increase in fruit sugar contents, and a decrease in fruit acidity were obtained. 

S02.209
Quantification of Postharvest Damages in 
Strawberries in Brazilian Wholesale Market

Parisi, M. C. M.1; Sinigaglia, C.1; Fernandes, C. M.1; 
Silva, B. M. P.1; Amaral, C. S.2; Lourenco, S. A.3; Amorim, L.3
1Instituto Biológico, P.O. Box 70, 13001-970, Campinas, São Paulo, Brazil
2Vigna Brasil, Brazil
3ESALQ/USP, Brazil

Strawberry (Fragaria ×ananassa) is a very perishable fruit, usually with a very short 
shelf-life of one a two days when at ambient temperature. Postharvest damages 
in strawberry fruits represent an important influence in the depreciation of the 
product in market. This research is focused in quantify and characterize the post-
harvest damages in strawberry fruits from two outlets (CEASA and CEAGESP) 
of the state of São Paulo, Brazil. Thirty four surveys were carried out from June 
to November of 2007 to 2009, and 1% of the whole amount of boxes sold in six 
franchises of CEASA and CEAGESP was evaluated. The sampling was stratified on 
the basis of strawberry varieties; commercialize packages and the fruit origin. The 
physical and physiological damages and pre and postharvest diseases were quanti-
fied. Fruits containing unidentified lesions and rotten areas, without the occur-
rence of signs of pathogens, were kept in a wet chamber for 24 hours and analyzed 
for a week. In total, 32,718 fruits were evaluated. In CEASA, 59 and 14.2% of 
fruits and in CEAGESP, 41.6 and 49.4% were from the cultivars Oso Grande and 
Camino Real, respectively. The most frequent postharvest damages were diseases, 
with average incidence of 85%, followed by physical, 40% and physiological, 2%. 
Among the most frequent pathogens, there were fungi from the genders Botrytis, 
Colletotrichum, Rhizopus and Cladosporium, besides yeast that were not identified. 
In both wholesale markets, were verified that strawberries commercialized in pack-
ages without films presented less incidence of diseases than fruits in packages with 
films. Fruits commercialized in one layer also presented fewer diseases, excluding 
the fruits with long pedicel, which causes physical damages on nearby fruits. This 
occurrence allows the penetration of pathogens.

S02.210
Effect of Post-Harvest Environment  
on Quality Deterioration of Mango Fruits

Yasunaga, E.1; Yuge, K.2; Fukuda, S.3; Sardsud, V.4; Spreer, W.5
1Biotron Institute, Kyushu University, 6-10-1, Hakozaki, Higashi-ku, 812-8581, Fukuoka, Japan
2Faculty of Agriculture, Kyushu University, Japan
3Institute of Tropical Agriculture, Kyushu University, Japan
4Postharvest Technology Institute, Chiang Mai University, Thailand
5Dpt. of Agricultural Engineering, Hohenheim University, Germany

The purpose of the present study is to clarify the distribution environment of 
imported the mango fruits (Mangifera indica L.) from Thailand to Japan and to 
determine the physiological changes in stored mangoes as influenced by posthar-
vest environment condition. Mango fruits, cv. Namdok Mai, Maha Chanok, and 
Chok Anan, were obtained from orchard at Phrao, Lamg Pang, and Mae Jo, Thai-
land, respectively. The distribution environment (temperature, relative humidity 
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and transportation vibration condition) of the mango fruits imported from Phrao, 
Thailand to Fukuoka, Japan was measured with an accelerometer. Both fruits im-
mediately after the harvest and fruits immediately after the distribution were stored 
respectively by 15, 25, and 35 degree C. The content of L-Ascorbic acid, sucrose, 
glucose and fructose, brix, hardness score and respiration rate were measured as 
indices of the quality deterioration of the mango fruits. CO2 evolution rate and 
O2 consumption rate of mango fruits after the distribution stored in storage cham-
bers at 15, 25 and 35 degree C that was ventilated air at flow rate 100 ml×min-1. 
Both CO2 evolution rate and O2 consumption rate of mango fruits increased with 
temperature increased. In the L-AsA content at the harvest, mango fruits harvested 
at Phrao and at Mae Jo were about 42 mg 100g F.W.-1, on the other hand, fruits 
harvested at Lampang were about 30 mg 100g F.W.-1. In comparison with the con-
tents of L-AsA at harvest, the content of L-AsA after distributed deduced by about 
the half.

S02.211
The Effect of Pre-Harvest Cytokinin  
Application Total Phenolic Content  
and Polyphenoloxidase on Post Harvest 
Physiology of Cauliflower  
(Brassica oleracea L. Botrytis)
Cavusoglu, S.1; Halloran, N.2
1Yuzuncu Yil University, Faculty of Agriculture, Department of Horticulture, Van-Turkey, 65080
2Ankara University, Faculty of Agriculture, Department of Horticulture, 06110 Ankara- Turkey

In this study, the effect of 50 ppm cytokinin treatments prior to harvest and 5 ppm 
cytokinin (CPPU) treatments after harvest on curd quality of “Serrano F1” cauli-
flower cultivar stored at 2 ºC, 90-95% relative humidity, under 3% O2 + 3% CO2, 
5% O2 + 5% CO2 and 21 % O2 + 0.03% CO2 (Normal atmosphere) conditions 
for 60 days were determined at 20 days interval for two consecutive years in 2006-
2007. In addition, shelf life was determined in curds kept at 20 ºC for 48 hours. 
As a result, controlled atmosphere storage and cytokinin treatments were more 
effective on keeping of total phenolics loss (mg/100) and inhibition of polyphenol 
oxidase (PPO) enzyme activity (ml/unit) compared to under normal atmosphere 
conditions and controls. Curds could be stored successfully for 60 days under 3% 
O2 + 3% CO2 condition and it was observed that curd quality was maintained 
even after storage at 5 %O2 + 5% CO2 for 40 days and 48 hours shelf life. Under 
normal atmosphere conditions, curds could only be stored for 20 days. In general 
PPO enzyme activity and total losses in phenolics were lower in cytokinin treated 
cauliflower curds. 

S02.212
Chemical Properties Alterations of Tomato Fruits 
Submitted by an Induced Compression

Oliveira, G. H. H.; Corrêa, P. C.; Finger, F. L.; Freitas, R. L.; 
Vasconcellos, D. S. L.
Federal University of Viçosa, Av. Ph Rolfs, s/n, P.O. Box 270, Campus UFV, Centreinar, 36570-000, Vicosa, 
Mg, Brazil

Means of transportation, packaging, harvesting procedures, maturation at harvest, 
climatic conditions, and many others variable interferes directly the quality and 
post-harvest life of agricultural products. In Brazil, the packaging of tomatoes still 
uses the wooden box type “k”, firstly used to transport fuel in World War II. In this 
type of package, the fruits are disposed randomly into the boxes being pilled up 
later. The piling up of these boxes occurs during production and harvesting, as well 
during transport and final displacement to the consumer. This trend leads to quan-
titative and qualitative losses. Being that stated, researches with the goal to simulate 
the transport conditions of tomatoes are required to decrease the fruits mechani-
cal damage, maintaining its quality and price. Being that stated, the present work 
aimed to evaluate the principal organoleptic characteristics of tomato fruits (cv. 
Pizzadoro) submitted to an induced compression, simulating the wooden boxes pil-
ing up during transportation. A specific weight per unit area of the original wooden 
box “k” was measured (12.5 g×cm-2), and later used to obtain the weight needed to 

compress fifteen fruits inside small wooden boxes of (23x20x20) cm. This weight 
was 5 kg, being left over the fruits during 48 hours. After this treatment, these 
fruits and control fruits (without treatment) were stored under two temperatures: 
(15 and 25) ºC. The following variables were measured throughout eighteen days 
of storage: colour, lycopene, total soluble solids and pH. Through the results, it was 
concluded that the treatment significantly altered all variables studied, except for 
pH and total soluble solids for fruits stored at 15 ºC.

S02.213
Effect of Different Storage Conditions on 
Nutritional and Quality Parameters of Sweet 
Cherry ‘Sweetheart’

Palma, V.1; Agulheiro-Santos, A. C.1; Machado, G.1; Rato, 
A. E.1; Cabrita, M. J.1; Lozano, M.2; González, D.2
1Universidade de Évora, Instituto de Ciências Agrárias e Ambientais Mediterrânicas (ICAAM), Portugal
2Instituto Tecnológico Agroalimentario (INTAEX), Spain

The sweet cherry ‘Sweetheart’ presented a short shelf life but is highly appreciated 
by consumers due to its organoleptic characteristics. Different storage methods 
were tested in order to study the maintenance of quality during a period of 27 
days. Different storage conditions were used 1) cold conditions (1 ºC and high 
humidity 95%), 2) cold conditions and polypropylene film bags (1 ºC and high 
humidity 95%) (MA) and 3) controlled atmosphere (CA) (1 ºC, 95% H.R., 10% 
CO2 and 8% O2). Quality parameters tested included external colour (L*, a*, b*), 
soluble solids content (TSS), and titratable acidity (TA). To evaluate nutritional 
quality, total anthocyanins, total antioxidant activity, and total phenolics were 
measured. 

S02.214
Quality Indices Changes in Petioles of Celery 
Plant (Apium graveolens L.) Harvested in 
Different Physiological Stages

Yommi, A.1; Di Gerónimo, N.2; Carrozzi, L.2; Quillehauquy, 
V.1; Goñi, G.3; Roura, S.3
1Instituto Nacional de Tecnologia Agropecuaria, EEA INTA Balcarce, Cc 276, 7620, Balcarce, Argentina
2Facultad de Ciencias Agrarias, UNMDP, Argentina
3Facultad de Ingeniería, UNMDP, Argentina

Celery is a vegetable appreciated for their high fiber content and nutritional value; 
petioles leaves are preferred for consumption. The aim of this study was to de-
termine quality changes in petioles leaves in plants of celery (Apium graveolens L. 
cv. Golden Boy) harvested in different maturity stage. Total weight (TW), total 
length (TL), total leaves number (LN) and petiole length (PL) were evaluated at 
eight physiological stages (80, 87, 94, 101, 108, 115, 122 and 129 days post-
transplanting). Petioles quality of each zone that leaves belongs (external, middle 
or internal) were analyzed in terms of colour (hue, CIELab* colour space), texture 
(force to cut), total soluble solids content (TSS, by refractometer) and titratable 
acidity (TA, by titratation). In the period of 80 to 129 days post-transplanting, 
TW and TL increased for 0.3 to 2 kg and 47.6 to 81.2 cm. TW reached a peak of 
1.2 kg at 94 days post-transplanting; weight continued increasing after 115 days, 
coinciding with the onset of flowering. Similar results were found for TL. Leaves 
development was detected until the fourth harvest; number of internals increased 
in a greater extent and resulted higher than the other zones of the plant (5.0, 4.7 
and 7.3 leaves in external, middle and internal zone, respectively). Hue and force 
to cut was similar in external and middle petioles and resulted higher than inter-
nals until the fifth and sixth harvest, respectively. Inflorescence differentiation was 
detected at 115 days after transplantation, causing an increase in texture, TSS and 
TA; major changes were determined in inner leaves, essentially in the last harvest. 
Considering the conditions of this study, optimum quality was achieved at 122 
days post-transplanting because the quality and higher yield in terms of leaf num-
ber and PL; delayed harvest could be associated with lower quality plants as their 
greater fibrosity.
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S02.215
Effect of Pre-Harvest Polyethylene Bunch Covers 
on Postharvest Quality and Behaviour of  
Tissue-Cultured Bananas (Musa spp.) cv. Williams

Muchui, M. N.1; Mathooko, F. M.2; Njoroge, C. K.3; 
Kahangi, E. M.3; Onyango, C. A.3; Kimani, E. M.1
1Kenya Agricultural Research Institute (KARI), P.O. Box 220 ,P.O. Box 2600, 01000, Thika, Central 
Province, Kenya
2South Eastern University College, (a Constituent College of The University of Nairobi), P.O. Box 
170-90200, Kitui, Kenya
3Jomo Kenyatta University of Agriculture and Technology (JKUAT), P. O. Box 62000 Nairobi 00200, Kenya

Tissue culture technology has greatly enhanced banana production in the Kenya in 
the recent past by providing disease-free plantlets that are high yielders. Banana farm-
ing has moved from backyard to commercial farming hence the need to grow high 
quality fruits. Polyethylene bunch covers have been shown to improve yield, visual ap-
pearance and postharvest quality in bananas. However, there are contradictory reports 
on the effect of bunch covering on fruit quality. In Kenya, the effect of bunch covers 
has not been studied. The current study used perforated dull blue and shiny blue 
polyethylene covers on tissue-cultured bananas cv. ‘Williams’ to determine the effect 
of bunch covers on postharvest quality of the fruits. The covers were applied when 
the hands had started to turn upwards. The trial was carried out in a popular banana 
growing area of Maragwa and was replicated three times in a complete randomized 
design. Fruits were harvested at full three-quarter maturity, taken to the laboratory 
and ripened. Parameters measured at harvest and during ripening were individual 
and total sugars, chlorophyll, respiration and ethylene production, moisture content, 
weight loss, colour and firmness. Visual appearance of the fruits was evaluated at har-
vest while green life and shelf life were also evaluated. Results showed that bunch cov-
ers did not significantly (p>0.05) influence peel and pulp colour, firmness, moisture 
content, weight loss, total chlorophyll content, lightness and hue angle, individual 
and total sugars at harvest and during ripening. Bunch covers did not influence green 
life, shelf life and respiration rate while ethylene production was significantly (p≤0.05) 
influenced. Fruits grown covered were more visually appealing, cleaner and had mini-
mal bruises compared to the unbagged fruits while fingers from top hands of bunches 
grown covered suffered sunburn irrespective of the bunch cover colour.

S02.216
Effects of Bagged Twice on Fruit Quality  
and Room Temperature Storage of ‘Cuiguan’ Pear

Lin, J.; Chang, Y.; Wang, Z., Li, X.
Institute of Horticulture, Jiangsu Academy of Agricultural Sciences, Zhongling Street, 210014, 
Nanjing, Jiangsu Province, China

Cuiguan pears were covered with paper bags once (fruits covered with big paper 
bags at 35days after full bloom) and twice (fruits covered with small paper bags at 
20days after full bloom firstly, then covered with big paper bags at 45days after full 
bloom) respectively to study the effects of bagging mode on fruit quality and room 
temperature storage, the results showed as follow: Fruits bagged twice were brighter 
and more beautiful with less russet and invisible dots than fruits bagged once. 
Fruits bagged twice had higher soluble solids and lower titratable acid than fruits 
bagged once. Water losing rate and rot rate were lower in fruits bagged twice than 
in fruits bagged once during 13-day storage at room temperature, but fruit firmness 
was not difference in them. The results indicated that Cuiguan pears bagged twice 
was more helpful to produce top grade fruits than bagged once.

S02.217
A Harvest Index, Postharvest Handling, Packing 
and Storage Line Designed to Jiotilla  
(Escontria chiotilla Weber) Fruit

Yanez-Lopez, M. D. L.1; Armella, M. A.2; Ponce de 
León, L.2; Pelayo -Zaldivar, C.1; Sanchez-Diaz, D. M.1; 
Soriano-Robles, R.4

1Universidad Autonoma Metropolitana ,Av. San Rafael Atlixco #186 ,Dept. de Biotecnologia, 09340, 
Iztapalapa, D.F., Mexico
2Universidad Autonoma Metropolitana Av. San Rafael Atlixco #186 Departamento de Biología 09340 
Iztapalpa, D.F. Mexico, Mexico
3Universidad Autonoma Metropolitana Av. San Rafael Atlixco #186 Departamento de Biologia de La 
Reproduccion 09340 Iztapalpa, D.F. Mexico, Mexico

Jiotilla fruit is native to La Mixteca Baja Oaxaqueña, Mexico, it is considered an 
exotic fruit due to the lack of knowledge about it in places far from its production 
site. In order to reasonably exploit the native vegetation in this arid region with-
out perturbing the ecosystem and to help peasants obtain added value produce an 
exhaustive study was made of this barely known fruit. Jiotilla is a very perishable, 
valuable fruit which needs to be known and to extend its shelf life to be marketed 
far from its place of origin. Since it is a non-climacteric fruit a harvest index was 
designed to warrant its palatable quality. Colour is a misleading maturity parameter 
since jiotilla’s pigments are betalains and betaxantins, which synthesis is promoted 
by sun rays, thus ripe fruits may have developed good quality parameters but not 
their characteristic colour or vice verse due to their position in the plant. Microscopy 
studies showed that the best parameters to consider as a harvest index is fruit size as 
it coincides with the development of good quality parameters such as TSS, pH and 
titratable acidity balance. Also a postharvest handling, packing and storage line was 
designed for jiotilla fruit. Fruits are delicate due to the presence of thin, scales in 
their skin, thus, a dry cleaning treatment was provided by means of fine brushes, fol-
lowed by air cooling up to a pulp temperature of 20°C. Results show that fruits are 
sensitive to chilling injury, expressed by black spots in the peel, thus, they showed 
the best storage temperature at 10±1°C in plastic perforated containers where they 
can last up to 8 days longer than the non treated ones, as evidenced by their physi-
ological weight loss, appearance, chemical and sensory quality parameters.

S02.218
High-Quality Carrots for Industry

Laamanen, T.-L.1; Suojala-Ahlfors, T.1; Parikka, P.2; 
Kymäläinen, H.-R.3; Lehto, M.4
1MTT Agrifood Finland, Horticulture, Toivonlinnantie 518, 21500 Piikkiö, Finland
2MTT Agrifood Finland, Plant Protection, R-Talo, 31600 Jokioinen, Finland
3University of Helsinki, Department of Agricultural Sciences, Agrotechnology, Koetilantie 3, 00014 
Helsingin Yliopisto, Finland
4MTT Agrifood Finland, Monogastric Research, Vakolantie 55, 03400 Vihti, Finland

Carrot is the most important root vegetable in Finland. Today, consumers increas-
ingly like to buy fresh ready-to-use products, such as washed and sliced carrots. 
However, processed and packed vegetables may offer a favourable atmosphere for 
microbes to grow, wherefore it is essential that the raw material to be processed is of 
a very high quality. In an ongoing project, we are developing methods that will en-
able growers to produce high-quality carrots. First, a test method is being developed 
for detecting the most harmful carrot spoiling microbe, Mycocentrospora acerina, 
originating from the soil and using carrot as well as many common weeds as a host. 
Because of the short growing season in Finland, carrots are harvested in September-
October and storaged for several months over winter. A long storage period gives a 
chance for the spoiling microbes to damage the yield. Furthermore, there are not 
any fungicides against M. acerina. In an earlier study, a simple system was devel-
oped for examining the amount of M. acerina in soil samples by using carrot slices 
as trapping plants. In the present study, we are further developing the test system 
to be used by growers. Second, we aim to establish the most favourable nutritional 
conditions in carrot cultivation by testing calcium and potassium fertilization in 
field experiments. In earlier studies, it has been shown that the amount of damaged 
carrots in storage varies greatly between storage batches and between years. It has 
also been observed that nutrients available for the plants during the growing season 
have an effect on the storage quality of carrots. The results of the present study will 
be useful for the growers and the vegetable processing industry alike. 

S02.219
Okra Seed Production and Quality in Relation  
to Pod Maturity at Harvest

Khah, E. M.1; Petropoulos, S. A.1; Passam, H. C.2
1University of Thessaly, Fitokou Street, 38446, Volos, Magnisia, Greece
2Agricutural University of Athens, Greece
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A problem inherent to seed production of okra (Hibiscus esculentus L.) is that the 
presence of growing pods on the mother plant inhibits subsequent flower set and 
therefore restricts seed yield. When pods of cv. Veloudo were harvested at the stage of 
edible ripeness (5 days after flowering, DAF) flowers set was 74%, but when pods were 
harvested for seed (35-40 DAF) flower set was only 52%. Pods increased in length 
and weight until 20-25 DAF at which time seeds also acquired their maximum size 
(fresh weight). However, at this stage seeds had a high moisture content (>85%) and 
germination was low (<5% at 20 DAF and <20% at 30DAF). The moisture content 
of seeds within the pod decreased to 50% by 40-50 DAF, at which time the percent 
germination was 50-60%. Seed harvested 55-60 DAF had a moisture content of about 
10% and germination was >80%. When pods were cut into three sections of approxi-
mately equal length immediately after harvest, it was found that the moisture content 
of seeds within the distal section decreased earlier than that in the central or proximal 
regions of the pod. In addition, the seeds from the distal section germinated to a higher 
percent than those of the proximal section irrespective of the time of harvest. Soaking 
seeds in concentrated H2SO4 for 30 min. increased the germination of seed lots har-
vested between 40 and 60DAF, the effect of acid treatment being greater as the time 
between flowering and harvest increased. It is concluded that for okra seed production 
pods must ripen fully on the mother plant, even if this results in reduced yield. 

S02.220
Processing Efficiency of Different  
Broccoli Head Architectures

Boersma, M.; Gracie, A. J.; Brown, P. H.
Tasmanian Institute of Agricultural Research, Private Bag 3523, 7320, Burnie, Tasmania, Australia

The preparation of broccoli for frozen mixed vegetables is accomplished by sepa-
rating the higher order branches and floral tissue from the main stem. Ideally, 
the majority of these segments will fall into a specific size category considered 
commercially desirable. Oversized segments require further dicing while grossly 
undersized segment are discarded as waste. Thirty heads from each of two culti-
vars ‘Marathon’ and ‘Shamrock’ sampled from two sections of the same crop were 
photographed from plan and elevation viewpoints before being segmented using 
an AEM Decora floretting machine (AEM Machinery Ltd., Lincolnshire, UK). 
Using image analysis, head diameter (mm), skirt height (mm), stem projection 
(mm) and curvature (e) were recorded for each inflorescence. After segmentation, 
individual pieces were assessed for stem and floret fresh weight (g), stem length 
(mm), orthogonal floret diameter (mm) and floret length (mm), with the total 
number of floret segments also being recorded. The inflorescence of ‘Shamrock’ 
was heavier, more compact and produced less stem material than that of ‘Mara-
thon’. There was no difference in curvature between these two shapes. When 
compared to ‘Marathon’, the segmentation of ‘Shamrock’ produced less floret 
pieces with a higher proportion of these having a diameter greater than the com-
mercial specifications. While ‘Marathon’ produced more target sized segments, 
the efficiency of this segmentation was compromised by proportionally larger 
quantities of the less valuable stem material. The differences in processing ef-
ficiency between the two head shapes are postulated to be driven by the inflores-
cence’s internal branch architecture, specifically by branch angle, branch iteration 
interval and internodal elongation.

S02.221
Effect of Age of Harvest on Fruit Quality  
of Okra (Abelmoschus esculentus L )

Kabir, J.1; Piloo, N.2
1Faculty of Horticulture, Bhidhan Chandra Krishi Viswavidyalaya, P.O. Krishi Viswavidyalaya, Nadia, 
India, 741252, Mohanpur, West Bengal, India
2College of Horticulture &Forestry, Central Agricultural University, Pasighat, East Siang Dist., 
Arunachal Pradesh, India

The effect of harvest at ages varying from 3 to 8 days after fruit set on quality of 
okra cultivars viz; Selection 5, Shagun, Sinnova, Arka Anamika was investigated. 
The maximum fruit length, diameter, fresh weight, dietary fibre accumulated 
from 5 to 7 days of harvest after fruit set in all the cultivars. Sinnova produced 
maximum mean fresh weight (15.30g) of fruits compared to minimum mean 

fresh weight in Arka Anamika (11.26 g).However mean dietary fibre (%) con-
tent of Sinnova was least (3.64%) and Arka Anamika maximum (4.88%). Ascor-
bic acid content of cultivar selection-5 and Shagun on 4th day of harvest was 
maximum and significantly higher than later period of harvest while Sinnova 
and Arka Anamika recorded highest ascorbic acid on 6th day of harvest. Grada-
tion of fruits according to cooking quality indicated that fruits of 4 to 6 days 
were excellent. 

S02.222
Impact of Global Warming  
on the Storage of ´Gala´ Apples

Christen, D.; Siegrist, J.
Research Station Agroscope Changins-Wädenswil ACW, Centre de Recherche Conthey, Route des 
Vergers 18, 1964 Conthey, Switzerland 

It is generally assumed that climate changes have a large impact on plants and 
agricultural products. In perennial species, like fruit trees, the climate influences 
the vegetative growth and the flower and fruit developments. The aim of this 
study was to investigate the influence of global warming on the storage ability 
and the quality of the fruits of the cultivar ´Gala´. In the last three decades, 
the increase of the mean temperature during growing period (March to Octo-
ber) achieved 2.9 ºC in the Valais (Switzerland). This warming was even higher 
in spring. Consequently, the harvest time of ´Gala´ is currently 3 weeks earlier 
compared to the 70’s. This climate change did not influenced the physicochemi-
cal traits of the fruits, like firmness, titratable acidity, solid soluble content and 
starch at harvest time, as well as after 6-months storage. However, the years with 
warmer springs (2000 or 2007) conducted to lower storage ability with higher 
level of vascular breakdown and flesh browning. Furthermore, since several years, 
summers are also warmer (especially in the night), conducted to a shortened op-
timal harvest period or to difficulties to get well-coloured fruits. The harvests 
were subsequently delayed with the appearance of too ripped apples and higher 
storage disorders, like enhanced disruption of the epidermis and development of 
fungal diseases (e.g. in 2003). Our results suggest that global warming could lead 
to abandon ´Gala´ production in Valais and to a replacement with later ripening 
cultivars in the future.

S02.223
Red Apple Juice. Technical Solutions for the 
Development of a New, Innovative Product 

Scheyer, R. H. P.1; Schwarz, H. P.1; Braun, P.2
1Geisenheim Research Center, Section Viticultural Engineering
2Geisenheim Research Center, Section Vegetable Crops Von-Lade-Strasse 1, 65366 Geisenheim, Germany

Because of low prices and saturated demand on the apple-juice market, there is 
need for the german fruit drink industry to insure its commercial effectiveness by 
creating a new, innovative product. That product has to combine new attractiveness 
for the consumer with higher effectiveness in production. A new option would be 
to introduce a natural breed of an apple “McIntosh” from Canada which gives its 
consumer attractiveness by its red juice with high nutritional value. Its potential 
to increase the effectiveness in production is given by its shape, called “Wijcik” 
and shows the so called columnar growth, meaning the trunk has only a few side 
branches, so that the resulting fruits will grow close to the trunk. The plant has 
only 50 cm in diameter at a final height of 3 – 4 meters. The advantage of this 
kind of tree is that tree-cut is mostly unnecessary, agent reducing tunnel-spraying 
equipment can be used and harvesting maybe fully mechanised. To prove the suit-
ability of that new cultivar system, different types of harvester and tunnel-spraying 
equipment, adapted for these special apple trees, has been and will be tested. Fur-
thermore, the mechanization of all work procedures in the fruit juice production 
combined with GPS- and RFID transponder supporting systems opens the pos-
sibility to establish a chain oriented quality management system which fulfills the 
standards of legal regulations and trade partners. This and the possibility to get 
the Carbon-footprint of the product is an additional part of that future oriented 
production system. 
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S02.224
Household Characteristics and Weekly 
Expenditures on Fresh Fruit and Vegetables

Florkowski, W. J.1; Suh, D.2; Nambiar, P. M.1
1University of Georgia, 1109 Experiment Street, Ga 30223-1797, Griffin, Georgia, United States
2Rural Development Authority, Republic of Korea

The per capita consumption of fruits and vegetables is high in the Republic of 
Korea. However, a large portion of vegetables in particular is consumed after be-
ing processed. For example, the traditional vegetable side dish, kimchi, includes 
fermented cabbage. But the increasing evidence from nutritional studies indicates 
substantial health benefits from eating fresh fruits and vegetables. Although rural 
Korean households continue to process a large volume of vegetables at home, urban 
households increasingly depend on purchased processed products. Therefore, the 
examination of expenditures on fresh fruits and vegetables provides a measure of 
fresh produce consumption. Using the data from a survey of 1,100 women residing 
in seven major urban centers of Korea, this poster reports the relationship between 
the level of weekly expenditures on fresh fruits and vegetables and selected house-
hold socio-economic and demographic characteristics as well as characteristics of 
respondents, who were the main food shoppers and prepares in their respective 
households. Results provide insights about the relative importance of selected char-
acteristics useful in the formulation of marketing strategies and basic information 
for public policy adjustments aiming at increasing the consumption of fresh fruits 
and vegetables.

S02.225
Evaluation of Fruit Wastage at Portuguese Homes

Rocha, A. M.; Martins, M. L.; Sampaio, J. R.
Faculty of Food Science and Nutrition, Rua Dr. Roberto Frias, s/n, 4200 465, Porto, Portugal

Fruit intake is an important part of a healthy diet and it is associated with nu-
merous positive health outcomes. These include reduced risk of chronic diseases 
and benefits to weight management. A diet including regular amounts of fruit will 
provide antioxidants to help preventing free radicals from damaging the human 
body. It is well known that consumption of fruit in Portugal do not meet the inter-
national recommendations. Although several studies have already been developed 
concerning fruit consumption, there are few investigations focusing on the waste of 
fruit at homes. This study aims to assess the waste of fruit at consumers’ homes in 
the north of Portugal. This investigation was followed by an online survey of 160 
consumers randomly selected, which provided information on availability of fruit 
at homes, duration and place of storage at home, and frequency of fruit discard. 
Apples, pears, bananas and citrus were the varieties more frequently available at 
Portuguese homes at the moment of questioning, and also referred as the ones that 
more frequently deteriorate. Fruit shelf life at home is strictly determined by the 
maturity stage at the moment of acquisition. The frequency of fruit purchases is 
weekly. Results obtained on this study showed that consumers throw away fruit 
frequently. This high level of fruit’s waste indicates that many consumers may fail 
to eat the fruit they anticipate they should eat during the week. Strategies should be 
developed in order to reduce fruit wastage at home, namely by informing consum-
ers about specifications of storage for different fruit varieties as well as about the 
different patterns of duration at home. 

S02.226
Effect of Non-Thermal Plasma  
on Ethylene Degradation

Ma, T. J.
Beijing University of Agricultural, Huilongguan Town, Changping District, Department of Food Science, 
102206, Beijing, China

The ethylene elimination is vital for the storage of fruit and vegetable. In this paper, 
a rod type dielectric barrier discharge (DBD) reactor was utilized. The parameters 
used in the evaluation included power consumption, flow rate, gap width, initial 
concentration and ozone content. Experimental results indicated that the highest 

ethylene removal efficiency can be achieved at 15 W with the gas flow rate of 1.5 
L/min and the gap width of 1 mm ; the ozone generated in discharge can acceler-
ate the ethylene degradation, but when the power is higher than 20 W, the ozone 
content can have a sharply increase. 

S02.227
Influence of Postharvest  
Heat Treatment  
of Tomatoes on Fruit Ripening  
and Decay Caused by Fusarium verticillioides

Aborisade, A. T.; Onitekun, A. M.; Akomolafe, O. M.
The Federal University of Technology, Akure, Pmb 704, 340001, Akure, Ondo State, Nigeria

Roma tomatoes at mature-green, breaker, turning, pink and light-red stages of 
ripening were subjected to single heating regime using hot air at 70 ºC (HA70) 
or steam at 50 ºC (ST50) for varying periods. The fruits had been previously 
scraped for 1cm length before inoculating with spores of F. verticillioides. Ripen-
ing and disease severity were monitored during storage at 30 ºC and 95 – 98% 
relative humidity. HA70 significantly enhanced ripening in breaker fruits up to 
day 10 of storage. Treatment for 6 and 8 minutes promoted ripening most with 
the fruits reaching the intense red stage while control was still pink. HA70 for 
4-12 minutes also promoted ripening of turning fruits with maximum colour de-
velopment occurring in fruits treated for 10 minutes but there was no significant 
effect on pink fruits. Statistical analysis further showed that there was interaction 
between initial stage of ripening at exposure and HA70 treatment. Prestorage 
ST50 treatment of mature-green fruits however retarded colour development 
within 9 days. Greatest inhibition occurred in fruits exposed for 4, 6, 14, and 
22 minutes where fruits ripened only to turning stage while control was already 
at red stage. However, ST50 enhanced ripening of breaker fruits within 10 days 
storage. Maximum promotion of colour development occurred in fruits treated 
for 12 minutes. Significant disease reduction occurred with ST50 on light-red 
fruits with maximum protection at 6-8 minutes where fruits remained disease-
free for 18 days. Both HA70 and ST50 showed advantage in reducing disease 
on turning fruits. Results suggest that ripening is not inhibited in fruits that had 
passed the mature-green stage before treatment while appreciable disease control 
occurred in fruits at the later stages of ripening. Further investigation will be 
conducted on quality of heated fruits.

S02.228
Chilling Sensitivity of Papaya Stored  
under Modified Atmosphere

Corrêa, P. C.1; Neto, S. A. D. R.1; Finger, F. L.2; Faccio, D. M.1; 
de Oliveira, G. H. H.1
1Universidade Federal de Viçosa, Departamento de Engenharia Agrícola, 36570-000, Vicosa, MG, Brazil
2Universidade Federal de Viçosa, Departamento de Fitotecnia, Brazil

The objective of this work was to study the development of chilling injury on 
papaya cv. Golden stored under modified atmosphere. The treatment was set up in 
groups of six fruits wrapped in low density polyethylene plastic bags of 0.25 mm in 
thickness. Within these polythene packages, two methods of modified atmosphere 
were arranged: the first method consisted in using sachets of ethylene absorber 
Always Fresh® and the second was carried out in packages without the ethylene 
absorber. The fruits were stored at 7 ºC and 13 ºC for a period of 5, 10, 15 and 
20 days, and then evaluated at the end of each storage period. All the treatments 
were effective in maintain the fruit at pre-climacteric stage during the storage of 
5, 10, 15 and 20 days. No pick of CO2 production was observed during storage. 
Treatments containing the ethylene absorber were more efficient on the fruit pres-
ervation. At 7 ºC, efficiency in controlling the chilling injury symptoms was higher 
with ethylene absorber. The electrolyte leakage test detected positively the presence 
of chilling stress, even under refrigerated condition. Controlling the chilling injury 
through the use of ethylene absorber enables to extent the advocated preservation 
period mentioned in the current literature.
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S02.229
Alternative Methods for Controlling Damage 
Caused by Postharvest Diseases and Cold  
on ‘Murcott’ Fruits

Nascimento, L. M. D.1; Santos, P. C. D.2; Pompeo Ferraz, L.3; 
Buzo da Fonseca, M.3
1Instituto Agronômico de Campinas, Rodovia Anhanguera Km 158 ,13490-970, Cordeirópolis, Sp, Brazil
2UNESP, Brazil
3UNIARARAS, Brazil

The aim of this study was to evaluate the efficiency of heat treatment during post-
harvest of Murcott as a method that is harmless to the environment, promotes dis-
infection of pathogens and prevents chilling injury. Also, a comparative evaluation 
was made between the same treatments and other products using the conventional 
fungicides. The heat treatments were studied by using hot water with temperatures 
ranging between 48 and 56 ºC, with a variation of plus or minus 1 ºC. As control 
treatment, we used water at room temperature. The fruits were immersed in water 
for 2 minutes. After treatment, the fruits were arranged into two batches and kept 
under room temperature and cold chamber at 10 ºC and RH of 90%. For com-
parison, three extra treatments were applied simultaneously: a) imazalil (20mL/10L 
water), b) baking soda (3%) and c) Sodium Carbonate (3).Two treatments were 
applied: immersion of fruits considering pathogens from field and inoculation with 
spores of the pathogens previously isolated. For the evaluation of internal and ex-
ternal quality, fruits were sampled for determination of skin colour, texture, weight 
loss, juice yield, titrable total solids, total acidity and vitamin C. The determination 
of the sensitivity of the fruits subjected to cold was made by the exposure to tem-
peratures inducing cold damage for a varying period of nearly one week. The best 
control of Penicillium digitatum was obtained using the fungicide Imazalil, followed 
by treatment of Calcium Carbonate and 52 ºC in temperature. The temperature of 
56 ºC led to a higher incidence of cold injury. The average temperature of nearly 52 
ºC, which promotes a reduction in the appearance of diseases, does not change the 
intrinsic and extrinsic properties of fruits; in addition, it permits a greater resistance 
to storing fruits at low temperatures.

S02.230
Alternatives and Strategies for Control  
of Physiological and Pathological Post-Harvest 
Diseases of Baia and Pêra Sweet Oranges

Nascimento, L. M. D.1; Santos, P. C. D.2; Santos Neto, 
A. R. D.3; Pegoraro, M. C.3; Tebaldi, R. J.4
1Instituto Agronômico de Campinas, Rodovia Anhanguera Km 158, Caixa Postal 04, 13490-970, 
Cordeirópolis, SP, Brazil
2UNESP, Brazil
3UNIARARAS, Brazil
4UFSCAR, Brazil

This study aimed to verify the efficiency of heat treatment and disinfection of 
pathogens towards the prevention of chilling injury, the post-harvest of sweet or-
anges Pêra and Baia, and to compare such treatment with other products that use 
conventional fungicides. The heat treatments were carried out by using hot water, 
at temperatures ranging between 48 and 56 °C. As control, we used a treatment 
with water at room temperature. The fruits were immersed in water heated at cor-
responding temperatures for 2 minutes. After treatment, the fruits were divided into 
two batches and kept in a cold room at 10 °C and RH of 90%. Three additional 
treatments were applied: imazalil (20mL/10L of water), sodium bicarbonate (3%) 
and sodium carbonate (3%). We evaluated two groups of fruits: immersion consid-
ering pathogens coming from the field and inoculation with spores of the pathogens 
previously isolated. For the evaluation of internal and external quality, fruits were 
sampled for determination of skin colour, texture, weight loss, juice yield, total sol-
ids, total acidity and vitamin C. The determination of the sensitivity of the fruit to 
cold after treatment was made by exposure to temperatures inducing cold damage 
for a time variable. The treatment of temperature at 52 °C proved to be the most 
promising for control of pathogenic fungi as well as to increase shelf life of fruits for 

the control of chilling injury, when compared with other heat treatments. Although 
the application of imazalil showed better results to control Penicillium digitatum, it 
was close to those data obtained with 52 °C in temperature. To control Phomopsis 
citri and Geotrichum candidum, the treatment at 52 °C in temperature was more 
effective. The tests performed with sodium carbonate and sodium bicarbonate were 
less efficient. Does not change the intrinsic and extrinsic properties of fruits.

S02.231
Control of Fungal Diseases and Chilling  
Injuries in the Tahiti Lime Post-Harvest

Nascimento, L. M. D.1; Santos, P. C. D.2; Santos Neto, 
A. R. D.1; Pegoraro, M. C.1; Matiuzzi, F. C. P.1
1Instituto Agronômico de Campinas, Rodovia Anhanguera Km 158, Caixa Postal 04, 13490-970, Cordeirópolis, 
Sp, Brazil
2UNESP -Ilha Solteira, SP, Brazil

The Tahiti lime is very susceptible to post-harvest diseases and it is also highly 
sensitive to storage at low temperatures. The purpose of this paper was to verify 
the efficiency of the thermal treatment in pathogens disinfection and in prevent-
ing chilling injuries during the post-harvest of this cultivar, and to compare this 
treatment with others that use conventional fungicides. Thermal treatments were 
made with heat water, with temperatures ranging from 48 to 56 ºC, for 2 minutes 
with variation of plus or minus 1 ºC. The control treatment was made with water 
at room temperature. After the treatment, they were split into two batches. One 
of them was kept at room temperature, and the other in a cold chamber at 10 
ºC and 90% RH, the latter for nearly 45 days. For comparison purposes, three 
other treatments were made simultaneously, one of them using commercial dose 
imazalil; the second, using sodium bicarbonate (3%); and the third, using sodium 
carbonate (3%). Two fruit groups were analyzed: one treated by immersion, con-
sidering the pathogens from the field; and the other by inoculation with spores of 
the previously isolated pathogens. For the evaluation of the physical-chemical pa-
rameters of the fruits, the following were analyzed: peel colour, texture, weight loss, 
juice yield, total solids, total acidity and vitamin C. The fruit’s sensitivity to cold 
temperatures after the treatment was determined by exposure to temperatures that 
induce chilling injuries. The analysis of the resulted was made by the Stagraphics 
statistics package. Thermal treatments, especially at 52 ºC, resulted more promis-
ing in pathogenic fungi and chilling injury control, demonstrating higher efficacy 
than the conventional fungicide treatments. There was no change in intrinsic and 
extrinsic parameters as a result of the application of the different treatments.

S02.232
Control of Postharvest Brown Rot (Monilinia 
fructicola) of Peaches with Lime Sulphur

Errampalli, D.; Wainman, L. I.
Agriculture and Agr-Food Canada, 4902 Victoria Ave. N. ,L0R 2E0, Vineland Station, Ontario, Canada

Brown rot caused by Monilinia fructicola (G. Wint) Honey) is an important disease 
of stone fruits, including peaches. Lime sulphur, a fungicide which has demonstrated 
curative ability against apple scab, has been registered for organic fruit production. 
The objective of this study was to determine the effect of lime sulphur as a posthar-
vest fungicide in controlling brown rot caused by M. fructicola in Ontario peaches. 
Detached fruit from three cultivars of commercially immature and mature peaches 
(Prunis persica (L.) Batsch) from Ontario, Canada were tested: ‘Loring’ (late season 
cultivar) in 2008 and ‘Harrow Diamond’ (early season cultivar) peach and ‘Red-
haven’ (mid season cultivar) in 2009. Each peach was wounded and then inoculated 
with 15 ul of M. fructicola (1X104 conidia/mL) and incubated at room temperature. 
The peach fruit were then sprayed with a lime sulphur solution at a concentration of 
(3.45 a.i. of sulphur/mL) at 5, 10, or 24 hours after inoculation. After 5 days of in-
cubation at 20 ºC, brown rot disease incidence, diseased area, and diseased area with 
conidia were recorded. In all three cultivars, disease incidence was significantly lower 
in the fruit treated with lime sulphur (P = 0.05). There was no significant difference 
in the disease incidence among the three lime sulphur application times, 5, 10, or 24 
hours after inoculation in all three peach cultivars. Mature fruit were significantly (P 
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= 0.05) more susceptible to infection than the immature fruit, suggesting the role of 
physiological age of the fruit tissue in disease development. Lime sulphur may have 
a potential to be included in the integrated pest management of postharvest brown 
rot in peaches in traditional and as well as in organic production.

S02.233
Minimally Purple Cabbage Processed and Stored 
in Different Packaging

Ayub, R. A.1; Gioppo, M.2; Goncalves, J.2; de Souza, A. M.2; 
Rezende, B. L. A.2
1Universidade Estadual de Ponta Grossa, Av. Carlos Cavalcante, 4748, ,84030-900, Ponta Grossa, Paraná, 
Brazil

The minimally processed foods are growing in the market, thinking of the time 
savings and ease of food preparation. The aim of this study was to investigate the 
behaviour of the cabbage ‘Red Dynasty’ minimally processed and packed in four 
packaging. After minimally processed cabbage strips were placed in polyethylene 
terephthalate (PET) with cap; trays of expanded polystyrene (EPS), flexible film 
coated with polyvinyl chloride (PVC), 12 µm; film of low density polyethylene 
(70 µm) (LDPE) and polypropylene perforated (PP). Each package containing 200 
grams of cabbage. Storage temperature was 5 ± 2 ºC in a cold chamber. Evalua-
tions were made every four days, totaling twelve days of storage. The parameters 
were evaluated to determine the mass loss; the general appearance; odor given off; 
change colour; presence of fungus; soluble solids; pH; acidity; vitamin C and an-
thocyanin. The PET and EPS+PVC package was more effective in maintaining the 
quality of cabbage minimally processed, due to lower weight loss and odor exhaled, 
for up to six days. The perforated PP package is not recommended because there 
was great product weight loss. 

S02.234
Physical and Sensory Characterization of Edible 
Coatings Applied to Persimmon ‘Mikado’ 
(Diospyros kaki) Minimally Processed

Neves Junior, A. C. V.1; Soares, A. G.2; Freitas, D. G. C.2; 
Barreira, F. R.3; Miranda, A. F. M.4; Coneglian, R. C. C.1; 
Fonseca, M. J. O.2
1Federal Rural University of Rio de Janeiro, Rodovia Br 465, Km 47, 23.890-000, Seropédica, Rio de 
Janeiro, Brazil
2Embrapa Food Technology, Brazil
3Federal University of Rio de Janeiro, Brazil
4Estacio de Sa University, Brazil

Edible coatings can be an important tool to ensure quality and increase the shelf 
life of persimmon minimally processed (MP). The experiment was conducted at 
Embrapa Food Technology, and the Federal University of Rio de Janeiro. It was 
analyzed four different types coatings: cassava starch (CS) (3.5% of cassava starch, 
0.0135% of potassium permanganate, 0.0135% of calcium lactate, 1% of glycerol 
and 5% of polyethylene glycol 400, in relation to the weight of the main polymer); 
sodium alginate (SA) (1% of sodium alginate, 1500mg×g-1 of potassium sorbate, 
30mL×L-1 of calcium chloride solution 0.4%, 0.5% of glycerol and 5% of polyeth-
ylene glycol 400, in relation to the weight of the main polymer); Carboxymethyl 
Cellulose (CMC) (1% of carboxymethyl cellulose, 0.25% of citric acid and 5% of 
polyethylene glycol 400, in relation the weight of the main polymer), and bovine 
gelatin (5% of bovine gelatin, 1500mg×g-1 of potassium sorbate and 15%, of glyc-
erol in relation to the weight of the main polymer). It was evaluated the thickness, 
permeability to water vapour, oxygen and carbon dioxide, the elasticity modulus 
and accomplished preliminary sensory analyses of minimally processed fruit treated 
with edible coatings. It was found that the CS coating showed a higher resistance 
and the SA the higher elasticity. The CMC coating showed the highest CO2/O2 
ratio and the lowest permeability to water vapour. The CS coating showed the low-
est CO2/O2 ratio and the highest water permeability. The sensory analysis indicated 
that the coatings CS and CMC were more adequate for being used on persimmon 
minimally processed.

S02.235
Determination of Time Exposure to Ethanol for 
Reducing Astringency of Persimmon ‘Mikado’ 
(Diospyros Kaki) for Minimally Processing

Neves Junior, A. C. V.1; Soares, A. G.2; Freitas, D. G. C.2; 
Alencar, C. A.3; Fonseca, M. J. O.2; Coneglian, R. C. C.1
1Federal Rural University of Rio de Janeiro, Rodovia Br 465, Km 47, 23.890-000, Seropédica, Rio de 
Janeiro, Brazil
2Embrapa Food Technology, Brazil
3Embrapa Agrobiology, Brazil

The ‘Mikado’ Persimmon is very astringent fruit. This fruit requires an adequate 
process to reduce its astringency for have quality for being minimally processed 
(MP). The objective was evaluate the exposure time to alcohol vapour (AV) 70% 
(7.00 mL álcohol×Kg-1 fruit) to reduce the astringency of the fruit before the fresh 
cut process. The experiment was conducted with fruits from Sumidouro-RJ city. 
The fruits were transported to Embrapa Food Technology along the night to avoid 
high temperatures. The fruits were collected during seven days. At each harvest, 
fruits were selected, cleaned and submitted to different exposure times to the AV. 
The treatments were: T1 - 10 hours; T2 - 36 hours; T3 - 55 hours; T4 - 83 hours; 
T5 - 107 hours; T6 - 130 hours; and T7 - 155 hours. The fruit quality was evalu-
ated through the following analyses: firmness, pH, total titratable acidity (TTA), 
total soluble solids (TSS), and total tannin contents. It was also accomplished the 
sensory analysis (SA) to determine the detection threshold of astringency correlated 
with the concentration of soluble tannin, in the pulp. The sensory analysis was ac-
complished using trained panelists. There were a decrease on firmness and soluble 
tannin concentration of the pulp with the increase of the exposure to alcohol va-
pour. There were variations in the TTA and the TSS contents over time of exposure 
to alcohol. It was observed, through sensory analysis, that astringency was felt, by 
the panelists, up to 0.8161 µg×100g-1 of soluble tannin in the pulp. Regarding the 
firmness of the fruit, the more appropriate exposure time, to AV, was 55 hours. 
According to sensory analysis, the best time of exposure was 83 hours. However, it 
was found that with 83 hours of exposure to AV, the fruits did not show enough 
firmness for been minimally processed.

S02.236
Development and Acceptability Study of Jiotilla 
(Escontria chiotilla Weber) Marmalade

Sanchez-Diaz, D. M.1; Yanez-Lopez, M. D. L.1; Armella, M. A.2; 
Soriano-Robles, R.3
1Universidad Autonoma Metropolitana, Departamento de Biotecnología, Av. San Rafael Atlixco #186 
Mexico City 09340 D. F. Mexico, Mexico
2Universidad Autonoma Metropolitana, Departamento de Biología, Av. San Rafael Atlixco #186 Mexico 
City 09340 D. F. Mexico, Mexico
3Universidad Autonoma Metropolitana, Departamento de Biología de la Reproduccion, Av. San Rafael 
Atlixco #186 Mexico City 09340 D. F. Mexico, Mexico

Jiotilla (Escontria chiotilla Weber) is a native fruit from Oaxaca, Mexico. It is con-
sidered as a wild, exotic fruit which comes from a branched cactus. It is small 
with a 20 to 25 g weight, purple, fibrous pulp, with tiny black seeds. Its harvest 
season is from June through October. Three marmalade formulations were made 
in search of an alternative to provide this fruit with an added value which could 
allow local people to preserve it and market it. Developed marmalades should have 
good quality characteristics such as: firm texture, characteristic natural fruit colour 
and flavour, 68 to 70% TSS, a pH of 3 to 3.5 and without syneresis. Developed 
marmalades were made up of the following ingredients: jiotilla fruit pulp, sucrose, 
fructose syrup, pectin, citric acid and sodium benzoate. Two developed marma-
lades were eliminated due to their lack of natural features; that formulation which 
had firm texture and characteristic fruit colour, flavor, and with no syneresis was 
stored for 18 months at 22 ºC. Physical-chemical and microbiological control was 
made in periods of 3, 6, 12 and 18 months, which resulted good quality products. 
Marmalade was made and stored during 3 months at 22 ºC. Sensory evaluation 
compared to a commercial trade mark through an acceptance test by 50 consumer 
panelists who evaluated the following quality attributes: texture, colour, flavor and 
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aroma. Results were statistically analyzed through Fridman Test. Results show that 
consumers favourably accepted the marmalade in all its quality parameters, being 
thus the new developed marmalade preferred over the trade mark one. A marketing 
study was also made with 50 consumers from which 42% said they would buy this 
new marmalade in view that it is 100% natural and it came from a natural, exotic 
fruit, different from other traditional marmalades and with an attractive colour 
and flavor.

S02.237
Effect of Maturity Stage and Antioxidant Type on 
the Control of Enzymatic Browning of Fresh-Cut 
Persimmom ‘Rojo Brillante’

Sanchís, E.1; Mateos, M.2; Ghidelli, C.1; Rojas-Argudo, C.1; 
Del Rio, M. A.1; Perez-Gago, M. B.1 

1Instituto Valenciano de Investigaciones Agrarias, Ctra. Moncada-Naquera, Km 5, 46113, Moncada, 
Valencia, Spain
2PASACTA. Universidad CEU-Cardenal Herrera, Spain

Persimmon fruit cv. Rojo brillante can be marketed as a fresh-cut commodity after 
removal of the astringency by application of high levels of CO2. The application of 
antioxidants at an appropriated maturity stage can reduce the enzymatic browning 
and extend the shelf life of fresh-cut fruit. Persimmons were harvest at two maturity 
stages (MS) defined by external skin colour (MS1 with a colour index (CI) of 1.5 
and MS2 with a colour index of 17.6, where CI=1,000*a/L*b). Persimmon pieces 
were dipped in different antioxidant solutions (1% ascorbic acid (AA), 1% citric 
acid (CA), 0.5% cysteine (Cys), and 0.5% calcium chloride (CaCl2)) or in water 
as a control. Fruits samples were then packed in trays covered with polypropylene 
films in a normal atmosphere and stored at 5 ºC during 8 days. Colour, firmness, 
visual and sensory quality were determined during storage. Fruits with MS1 had 
higher L*and lower a* values than fruits with MS2. Colour differences between 
persimmons dipped in the antioxidants and control samples were higher in MS1 
than in MS2. At MS1, AA and CA were the most effective antioxidants controlling 
browning of cut persimmons; whereas, at MS2 CA lost effectiveness. Samples at 
MS1 were firmer than samples at MS2. At MS2, application CaCl2 reduced firm-
ness loss compared to the rest of the treatments during the first 4 days of storage. 
AA and CA were evaluated by the judges as the best treatments, extending the limit 
of commercialization up to 7 days; whereas the rest of the treatments were below 
that limit after 1 day of storage. The results show that persimmons ‘Rojo brillante’ 
at MS1 treated with AA or CA can be marked as a fresh-cut commodity.

S02.238
UV-C Radiation Affects Gray Mould Decay  
in Citrus
Kuniga, T.1; Nakajima, N.2; Takishita, F.1; Nesumi, H.1
1National Agricultural Research Center for Western Region (WeNARC), 2575 Ikano, 765-0053, 
Zentsuuji, Kagawa, Japan
2National Institute of Fruits Tree Science (NIFTS), 2-1 Fujimoto, 305-8605, Tsukuba, Ibaraki, Japan

Ultraviolet (UV) radiation induces the accumulation of a phytoalexin, scoparone 
(6, 7-dimethoxycoumarin), in the leaves and flavedo of Citrus. We examined the ef-
fects of UV-C radiation on gray mould (Botrytis cinerea Persoon) decay and scopar-
one accumulation in the flavedo of satsuma mandarin (‘Silverhill Owari’), ‘Kiyomi’ 
tangor, Hyuga-natsu, and ‘Eureka’ lemon harvested in December. Specimens were 
inoculated with gray mould 4 days after UV radiation. Decayed fruits rapidly in-
creased for 3-4 days after treatment in all control specimens except lemon. Most of 
the control specimens fermented 7 days after treatment. On the other hand, lemon 
hardly decayed in the same period. Compared with the control specimens, UV-radi-
ated specimens tended to show no decay. UV radiation inhibited any further decay 
of the fruits. Satsuma mandarin showed inhibition of 3 days after inoculation. The 
inhibition in satsuma mandarin was evident within three days of inoculation. Decay 
in the UV-radiated satsuma mandarin was 40 – 60% less than in the control. In 
addition, decay was more suppressed in the UV-radiated ‘Kiyomi” tangor than it 
was in the control specimens. We measured scoparone accumulation in the Citrus 
flavedo by high-performance liquid chromatography (HPLC). The accumulation 

of scoparone in the flavedo changed after UV radiation and inoculation of gray 
mold. As a corollary, we conclude that UV radiation intensely affects gray mould 
decay and the accumulation of an antifungal substance, scoparone, in Citrus. 

S02.239
Impact of Edible Coatings and Heat Mild Shocks 
on Quality and Shelf Life of Minimally Processed 
Broccoli (Brassica oleracea L.) during Refrigerated 
Storage

Ansorena, M. R.1; Marcovich, N. E.2; Roura, S. I.1
1Grupo de Investigación en Ingeniería de Alimentos -Facultad de Ingeniería, UNMDP, Juan B. Justo 4302 
,7600, Mar del Plata, Buenos Aires, Argentina
2INTEMA, Department of Chemical Engineering, Universidad Nacional de Mar del Plata, Juan. B. Justo 
4302, Argentina

The effects of edible coatings and heat mild shocks on quality aspects of refriger-
ated broccoli were studied. Minimally processed broccoli was coated with either 
chitosan or Carboxymethyl-cellulose combined or not with the application of a 
heat mild shock previous to coating for 90 s at 50 ºC. Product was packaged in 
polymeric film bags and stored at 5 ºC for 18 days. Quality parameters such as 
weight loss, texture, colour, ascorbic acid content, total chlorophyll content, oxy-
gen consumption, browning potential and sensory quality, were evaluated during 
storage. Edible coatings exhibited a beneficial impact on the quality of broccoli 
by retarding weight loss, stem hardening and slowing down the yellowing and the 
decline in sensory quality. The application of a heat mild shock had a remarkable 
influence in reducing the enzymatic browning and delaying yellowing. Moreover, 
the combination of a heat mild shock and edible coating offer several advantages on 
broccoli, mainly in the retention of total chlorophyll reducing the florets yellowing 
but its impact to the rest of the quality parameters was similar to that of the edible 
coatings with no thermal treatment application. The results showed that the ap-
plication of chitosan coating effectively maintained quality attributes and extended 
shelf life of minimally processed broccoli. Moreover, chitosan coating combined 
with a heat mild shock showed the best performance for long-term refrigerated 
storage of minimally processed broccoli.

S02.240
Effect of Edible Coatings Combined with 
Heat Mild Shocks in Preventing Microbial 
Deterioration of Fresh Cut Broccoli (Brassica 
oleracea L.)

Ansorena, M. R.; Ponce, A. G.; Moreira, M. R.; Roura, S. I.
Grupo de Investigación en Ingeniería de Alimentos -Fac. de Ingeniería, UNMDP., Juan B. Justo 4302, 
7600, Mar del Plata, Buenos Aires, Argentina

Demand of broccoli has increased greatly, as minimally processed vegetable, how-
ever the high perishability of the produce makes necessary the development of new 
preservation technologies. In this work, edible coatings and heat mild shocks have 
been proposed as postharvest treatments to prevent microbial deterioration of re-
frigerated broccoli. Minimally processed broccoli was coated with either chitosan or 
Carboxymethyl-cellulose (CMC) combined or not with a previous application of a 
heat mild shock during 90 s at 50 ºC. Product was packaged in polymeric film bags 
and stored at 5 ºC for 20 days. The evolution of microbial populations (mesophilic, 
psycrotrophic, enterobacteriaceae, total coliforms, molds and yeast and lactic acid 
bacteria) were studied during storage and fitted to Gompertz and logistic models. 
Results revealed that, at the end of the storage, chitosan coating significantly reduced 
all microbiological population counts, except acid lactic bacteria, in 1.5 order log 
respect to uncoated samples, while chitosan coating combined with a heat shock 
treatment showed a reduction of 2.5 order log. Moreover, a significant delay at the 
beginning of the exponential phase was observed for all the bacterial populations ana-
lyzed. On the other hand, CMC coating, with and without a previous thermal treat-
ment, did not exert any antibacterial effect. Excellent agreement was found between 
experimental microbial counts and predicted values obtained from Gompertz and 
Logistic models. Kinetic modelling was found to be valuable for prediction of mi-
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crobiological shelf life of broccoli during storage. Results showed that the application 
of chitosan coating effectively maintained microbiological quality and extended shelf 
life of minimally processed broccoli. According to the results, the use of the edible 
chitosan coating alone or in combination with a heat mild shock appear to be a viable 
alternative for controlling microbiological growth in minimally processed broccoli.

S02.241
In vitro Antifungal Effects of Crude Aqueous 
Extracts from Camellia semiserrata Chi Oil 
Residua against Colletotrichum musae

Meng, X.1; Tang Y.2; Zhang, A.1
1Institute of Fruit Tree Research, Guangdong Academy of Agricultural Science, 510640 Guangzhou, 
P.R. China
2College of Life Sciences, South China Normal University, 510631 Guangzhou, P.R. China

Banana anthracnose (caused by Colletotrichum musae) is the most common posthar-
vest diseases in south china. The most commonly used and effective strategy is post-
harvest treatment of fruits with chemical fungicides. Because of growing concerns on 
potential harmful effects on the environment and human health the fungicides may 
have, there is a worldwide trend to explore non-chemically alternatives for posthar-
vest pathogens. Camellia semiserrata Chi oil residua is the by-products of camellia oil 
pressed from the seeds of the plant. People for centuries have been found its antimi-
crobial activity against many kinds of microorganism. In order to provide evidence 
for its further exploring in fruit postharvest disease control, the in vitro antifungal 
effects of water extracts from the residua against Colletotrichum musae was studied in 
this research. Crude aqueous extracts of camellia oil residua was obtained by decoc-
tion, in accordance with the traditional mode of preparation. The effects of crude 
aqueous extracts on banana anthracnose mycelial growth were assayed by mixing 
with molten PDA agar to give a final crude aqueous extracts concentrations of 0, 0.5, 
5, 20, 50 and 100 mg×ml-1 respectively. Results revealed that crude aqueous extracts 
of camellia oil residua could markedly inhibit the radial mycelial growth of the fungi 
at a concentration of 5 mg×ml-1 and above. The higher concentrations of crude aque-
ous extracts, the stronger antifungal activity of camellia oil residua is. Concentrations 
of 5 mg×ml-1 could inhibit the mycelial growth by 85.8%, compared to the control. 
When the concentration of the crude aqueous extracts was up to 20 mg×ml-1 and 
above, the red-brown spores became dark, and the mycelial of Colletotrichum musae 
died. This research indicates that there have antimicrobial ingredient in camellia oil 
residua, further research is needed to isolate and identify the antifungal ingredient, 
and to test its effects on in vivo banana anthracnose disease controlling. 

S02.242
Microwave Application for Blanching  
and Drying of Cooking Tomato

Orikasa, T.1; Ando, Y.2; Shiina, T.3; Sotome, I.3; Isobe, S.3; 
Yano, T.1; Tagawa, A.2
1Miyagi University, 2-2-1, Hatatate, Taihaku, 982-0215, Sendai, Miyagi, Japan
2Chiba University, 648 Matsudo, Chiba 271-8510, Japan
3National Food Research Institute, 2-1-12 Kannondai, Tsukuba, Ibaraki 305-8642, Japan

The applicability of microwaves to the drying and blanching processes of cooking 
tomatoes was examined. Drying treatment was performed using hot air (50 ºC) 
and microwaves at 3 radiation powers (20, 50, and 100 W/g-dry sample), and the 
changes in drying rate and surface colour of the sample were measured and com-
pared. The drying rate in all the microwave dryings was greater than that in the hot 
air drying, and the constant-rate and the falling-rate drying period were observed 
in the case of each microwave radiation power. Microwave drying caused a greater 
increase in lightness than hot air drying. Blanching treatment was performed us-
ing microwaves and the boiling water method, and changes in temperature, nutri-
ents, and surface colour of the sample were measured and compared between the 2 
methods. Microwave blanching required less time, resulted in higher retention of 
nutrients (ascorbic acid and lycopene), and caused less change in colour than boil-
ing water blanching. These findings suggest the applicability of microwaves to the 
drying and of blanching processes involved in cooking tomatoes.

S02.243
Regional Studies  
of Pathogens Development  
on Stored Tomato Cultivars  
in the Middle East  
(Egypt, Jordan, Palestinian Authority and Israel)

Qaryouti, M. M.1; Allam, H.2; Basheer-Salimia, R.3; Fallik, E.4
1National Center for Agricultural Research and Extension, Amman- Jerach Street P.O. Box 639, 19381, 
Baqa’, Jordan
2Horticulture Research Institute ,Egypt
3Hebron University ,Palestinian Occupied Territory
4Volcani Center, Israel

Knowing the type of decay-causing agents of tomato helps in identifying and 
adapting appropriate pre- and post-harvest treatment, leading to maintaining good 
quality, minimizing post-harvest losses and improving the competitiveness of prod-
ucts. Within the framework of the Middle East-Regional Agricultural Cooperation 
Program involving Denmark, Egypt, Jordan, Palestinian Authority and Israel; four 
research teams have investigated the susceptibility of different tomato cultivars to 
natural and artificial infections under two storage conditions ranging between 12 
ºC (cold storage) and ~20 ºC (room temperature). The samples were picked at dif-
ferent ripening stages: green, breaker, pink, and fully ripe, and inspected at different 
time intervals. Results showed: i) susceptibility of tomato to pathogen infection and 
rate of disease severity have been directly related to fruit ripening stage; ii) Infection 
and disease severity rate caused by Botrytis cinerea were more than those caused 
by Alternaria alternata; iii) Artificially inoculated tomato with Rhizopus stolonifer 
showed total loss at all tested maturity stages; iv) Although Cladosporium spp. and 
Penicillium spp. were identified on harvested fruit’s skin using Petri dishes assay, 
those fungi did not cause any rot development during storage, as they are known to 
be saprophytic-non pathogenic fungi. However, Botrytis and Alternaria, which were 
hardly detected on Petri dishes, were found to be the main decay causing agents in 
harvested tomatoes. v) Rhizopus stolinifer and Aaspergillus niger fungi were found to 
cause decay of ripe red tomato, especially when tomato stored at room temperature. 
vi) In all countries, regardless the cultivars and the growing conditions, the main 
decay causing agents were Botrytis cinerea and Alternaria alternata, which infected 
the fruits by quiescent infections. An optimal field and storage pest management 
program would prevent decay development or minimize its severity.

S02.244
Improved Keeping Quality  
of Fresh-Cut Garlic Sprouts  
by Modified Atmosphere Packaging

Xihong, L.1; Li, L.2; Zhaojun, B.3; Xiuli, W.2; Li, Z.2
1Tianjin University of Science and Technology, 29 The Thirteenth Road, Tianjing Economy and Technology 
Development Area, 300457, Tianjin, China
2Tianjin University of Science and Technology
3Jinan Fruit Research Institute

Influence of different packaging conditions on fresh-cut garlic sprouts shelf-life 
were studied during 15 days of storage at 4 ºC. Fresh-cut garlic sprouts of 15-cm 
length were placed in hermetically sealed plastic bags: polyvinyl chloride (PVC), 
low-density polyethylene (LDPE) and polyethylene-perforated bags as control 
(air). The O2 and CO2 concentrations, soluble solid content (SSC), titratable acid 
(TA), ascorbic acid (AA), sensory quality and microbial quality were monitored. 
Compared to the control, both MAP treatments improved the sensory quality, 
avoid the loss of chemical quality contents, retard the growth of microorganisms. 
After 15 days at 4 ºC within the PVC bags a steady-state atmosphere of 5.8 kPa O2 
+ 7.0 kPa CO2 was reached and fresh-cut garlic sprouts under these bags showed 
the best quality.
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S02.245
The Population Dynamics of Contamination 
Microbes in Some Main Commercial Orange 
Juice in China

Liu, C. Y.1; Yang, X. H.1; Hu, Q.1; Guo, D. Q.1; Zhou, Z. Q.1; 
Jiao, B. N.2
1College of Horticulture and Landscape Architecture, Southwest University,China, No.2 Tiansheng 
Road, Beibei District, 400715,P.R.China, 400715, Chongqing, China
2Citrus Research Institute, Chinese Academy of Agriultural Sciences, China

One of the important quality factors is the microbial contamination which directly 
results in the juice spoilage. We investigate the dynamic changes of contamination 
microorganism populations in orange juices from four brands (A,B,C,D) being 
distributed in Chinese markets when they are stored at 3, 6, 9 and 12 months. 
According to the microbe test standard of State Food and Drug Administration, P. 
R.China issued in 2008, orange juices from three levels dilution (100, 10-1, 10-2) 
are separately spread on plates with media of PDA or PCA and are incubated at 28 
ºC for 5 days. The results indicate a low amount yeasts are detected only in 3 juice 
samples from two brands which produce gas and mainly induce papery container 
swelling. The concentrations of mould and bacteria vary few and keep the level of 
0-3cfu/ml within 6 months, and rise gradually at 3-7cfu/ml and 6-9cfu/ml when 
stored at 9 month. After 12 months, mould concentrations arrive at 14-17cfu/
ml, and bacteria concentrations reach to 12-18cfu/ml. Brand A is NFC juice in 
which no any yeasts are detected but other few microbes. In Band D juice, microbe 
populations increase quickly and yeasts are observed. All brand juices are permitted 
to sale on shelves for consumers safely drinking within 12 storage months because 
their microbe populations haven’t exceed the national standards. 

S02.246
Effects of Superatmospheric Oxygen  
Pre-Treatment on Fresh-Cut ‘Rocha’ Pear Quality

Abreu, M.1; Alegria, C.1; Goncalves, E. M.1; Pinheiro, J.1; 
Moldao, M.2; Empis, J.3
1INRB, Estrada do Paço do Lumiar, 22, 1649-038 ,Lisboa ,Portugal
2ISA, Portugal
3IST, Portugal

The effects of treatment of whole ‘Rocha’ pear under high O2 on subsequent qual-
ity and shelf-life of minimally processed fruit were assessed. Whole fruits were ex-
posed to a superatmospheric oxygen level (ca 100%, initial concentration) at 5 ºC 
for 30 days until minimal processing. Physical–chemical (soluble solids content, 
pH, titratable acidity, ascorbic acid content, whiteness index) and physiological 
parameters (respiratory activity), as well as sensory attributes (colour, firmness and 
general acceptance) were evaluated in pre-treated and non pre-treated (control) 
fresh-cut pear samples during storage at 5 ºC (15 days). The exposure to high 
O2 concentration was effective in delaying pericarp browning in fresh-cut fruit. 
The treatment induced browning delay, also sensorially observed by the judges and 
provided a 7 day long shelf-life extension when compared to control samples. The 
respiratory activity was significantly lower in the treated fruits than in untreated 
ones, suggesting that the use of this pre-treatment provides a metabolic activity 
lowering effect which could be important for the quality maintenance of the fresh-
cut fruit. However, this pre-treatment also induced a significant loss of the initial 
ascorbic acid content (ca 40%) immediately after minimal processing. The other 
quality parameters analysed: pH, titratable acidity, total soluble solids and pulp 
firmness, were not affected by the super atmospheric O2.

S02.247
Ozonated Water as an Alternative 
Decontamination Treatment to Chlorine  
in Fresh-Cut ‘Rocha’ Pear Processing

Abreu, M.1; Alegria, C.1; Goncalves, E.1; Pinheiro, J.1; 
Moldao, M.2; Empis, J.3

1INRB, Estrada do Paço do Lumiar, 22, 1649-038, Lisboa, Portugal
2ISA, Portugal
3IST, Portugal

The effect of ozonated water (0,5 ppm / 5 min, 5 ºC) as a decontamination treatment 
alternative to chlorinated-water (150 ppm active chlorine/1 min, 5 ºC) was evaluated 
in minimally processed pear (quarters). Fresh-cut fruit quality was studied just after 
minimal processing and during storage at 5 ºC (13 days) by evaluating microbial load 
(total mesophilic aerobic, yeast and moulds and lactic acid bacteria counts), chemical 
parameters (soluble solids content and pH) and sensory attributes (colour, firmness 
and general acceptance). The relationships between sensory perception of undesired 
changes, microbial contamination threshold and chemical indices were investigated 
and compared between both sample types. No significant reduction of the initial mi-
crobial flora was observed in ozonated or in chlorinated fresh-cut pear. Both samples 
showed a very similar microbial development pattern (P>0.05) during storage for 
all tested groups. No significant changes (P<0.05) were observed regarding soluble 
solid contents and pH of fresh-cut samples decontaminated with chlorine or ozonated 
water during storage. Nonetheless, sensory quality of fresh-cut pear decontaminated 
with ozonated water was higher than that of the ones treated with chlorinated water.

S02.248
Yeast Strain Y1-3 for Biological Control of Blue 
and Green Mold on Citrus in Chongqing, China 
and its Identification

Wu, Z.; Liu, Z.; Zhang, Y.; Zhou, X.
Fruit Research Institute of Chongqing Academy of Agricultural Sciences, Dingshan Road 176, 402260, 
Chongqing, China

Two hundred and ninety-six strains of micro-organisms, isolated from fruits and soil 
in Chongqing, China, were screened for antagonistic activity against Penicillium ita-
licum and P. digitatum on citrus. One yeast strain Y1-3, isolated from loquat (Da wu 
xing) fruit skins, was found to be the most effective for controlling blue and green 
mould diseases. Biocontrol efficacy of Y1-3 was further evaluated against the two 
pathogens on Ponkan mandarin (Tai tian), early-maturing mandarin (Zao hong jin) 
and Jin orange (Bei bei 447). The results indicated that the absolute suppression of 
decay achieved with 1×108cfu/mL suspension inoculated in wound was maintained 
throughout a 5-day period at 25 ºC on Ponkan and early-maturing mandarin. Fur-
thermore the suppression of decay was maintained 7-day period after pathogens and 
Y1-3 were inoculated on Jin orange at the same condition. Based upon a combination 
of morphology, biochemical assimilations, sequence analysis and homology compari-
son (Database: All GenBank +EMBL+DDBJ+PDB sequences), yeast strain Y1-3 was 
identified as Candida quercitrusa with 99.6% homology of 18S rDNA gene sequence. 

S02.249
Effect of Antibrowning Agents  
on the Related Enzymes and Antioxidative 
Activity in Fresh-Cut Potato

Kim, K. J.1; Yang, Y. J.2
1Soonchunhyang University, Sinchang-myeon, 336-745, Asan City, Chungnam, Republic of Korea
2Sangmyung University, Republic of Korea

For the screening of anti-browning agents in fresh-cut potato, various compounds 
such as anti-oxidative agents, microbial metabolites and plant extracts were tested. 
Among them, KIF was shown at the concentration of 1% the highest anti-brown-
ing effect on fresh-cut potato at 5 ºC. Anti-oxidative activity of KIF was higher 
than that of (the) other anti-browning agents. The activities of peroxidase and 
tyrosinase of cell free extracts of fresh-cut potato treated with KIF were 33-37% 
in comparison with that of control. Peroxidase of fresh-cut potato was identified 
by active staining by chromogenic substrate(o-dianisidine) and H2O2 after SDS-
PAGE. Polyphenol oxidase(PPO) activity of fresh-cut potato treated with KIF was 
almost the same as the control treated with water. Phenylalanine ammonia lyase 
(PAL) activity was not found in cell free extract of fresh-cut potato. It assumed that 
peroxidase and tyrosinse were inhibited by KIF. Total phenol content has gradually 
increased during storage. The mechanism of anti-browning effect of KIF on fresh-
cut potato must be investigated in detail.
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S02.250
Effect of an Ethylene Inhibitor, 
Aminoethoxyvinilglycine, (AVG) on Glomerela 
Leaf Spot and Maturity of “Gala” Apples Cultivar

Bogo, A.; Casa, R. T.; Rufato, L.; Amarante, C. T.; 
Dallamaria, G.; Goncalves, M. J.
Santa Catarina State University, Av. Madre Benvenuta, 2007, 88.035-001, Florianopolis, Santa 
Catarina, Brazil

The apple (Malus domestica Borkh.) is one of the most important fruit commercial-
ized in Brazil and Santa Catarina State is the leading producer, covering approxi-
mately 45 thousand hectares. One of the most important factors that compromise 
this production is the summer diseases. Glomerella leaf spot (GLS) caused by Col-
letotrichum spp. is considered one of the most important diseases and it can cause 
crop losses as great as 50% in Southern Brazil. Apple trees cultivar Gala was sprayed 
four weeks before commercial harvest with aminoethoxyvinylglycine (AVG), at 
doses of 0; 62.5; 125, and 250 mg a.i./L-1 and assessed for GLS incidence, severity 
and fruits maturation on tree. The GLS incidence and severity were affected by 
application of 125 e 250 mg a.i./L-1 of AVG. Both incidence and severity were 
significantly increased between 28 and 35 days after AVG application and there 
was no significant difference between the treatments of 125 and 250 mg a.i./L-1 
doses of AVG. The most affected fruits attributes were the skin background colour, 
followed, in decreasing order, by soluble solids content, the starch index, skin red 
colour, the flesh firmness, titratable acidity and flesh firmness retention. The AVG 
at 250 mg a.i./L-1 inhibited the late fruits growth.

S02.251
Using Anti-Browning Agents for Quality 
Maintenance of Fresh-Cut Mangoes

Techavuthiporn, C.; Kanlayanarat, S.
Division of Postharvest Technology, King Mongkut’s University of Technology Thonburi, 126 Pracha-
Utid Road, Bangmod, Thungkru, 10140, Bangkok, Thailand

Generally, the marketability of fresh-cut mangoes is limited by post-cutting deg-
radation especially enzyme-catalyzed browning reactions. Many postharvest tech-
niques have been attempted to prevent this phenomenon. In this research, the ef-
fect of anti-browning agents applied to fresh-cut mangoes on flesh colour quality 
was studied. Half-cut mangoes were subjected to ascorbic and citric acids dipping 
(AAD and CAD) at 0% (control), 0.5%, 1.5% and 2.5% for 2 min, respectively. 
Additionally, respiration rate, colour (such as lightness; L-value, hue angle, and 
total different colour; ∆E), brown pigment and acceptable scores of colour were 
monitored at 1 day intervals during storage at 10 ºC for 4 days. Dipping treatments 
both AAD and CAD showed the suppression of the CO2 production rate during 
the 4 days of storage. Colour attributes, brown pigment and acceptance score of 
flesh colour of dipped fresh-cut mangoes presented the smaller changes than that 
of control. Besides, this research indicated that CAD treatments showed more ef-
fectively control the colour changes in fresh-cut mangoes than AAD treatments.

S02.252
Short CO2 Exposure for Inhibition of Postharvest 
Grey Mould of Pomegranate Fruit

Montesinos-Herrero, C.; Taberner, V.; Guardado, A.;  
del Río, M. A.; Palou, L.
Laboratori de Patologia, Centre de Tecnologia Postcollita, Institut Valencià d’Investigacions 
Agràries (IVIA), Apartat Oficial, 46113, Montcada, València, Spain

Pomegranate (Punica granatum L.) is an expanding crop due to the high antioxi-
dant activity and benefits for human health provided by this fruit. As new markets 
based on the manufacture of derived functional food products are arising, longer 
storage life of fresh pomegranates is required. An important factor limiting stor-
ability is postharvest decay due to grey mould, caused by Botrytis cinerea. In Spain 
and other important producing areas no postharvest chemical treatments of pome-
granate are allowed and alternative antifungal treatments are required. Exposure to 

CO2-enriched atmospheres is known to provide fungistatic effects against major 
postharvest pathogens. In this work, pomegranates cv. Mollar de Elche were artifi-
cially inoculated with B. cinerea and exposed 24 h later to 0 (ambient atmosphere, 
control), 15, 50 or 95 kPa CO2 at 20 ºC and 90% RH for 48 h. Exposure of fruit 
to 0 and 95 kPa CO2 was also tested at 20 ºC for 24 h or 35 ºC for 48 h. Incidence 
and severity of grey mould were evaluated after 2, 5, 10 and 12 days of incubation 
at 20 ºC and 90% RH. After 5 days of incubation, the incidence of grey mould on 
fruit treated with 95 and 50 kPa CO2 at 20 ºC for 48 h was 92 and 82% lower than 
on control fruit, respectively. These reductions were 60 and 47% after 10 days. At 
the end of the incubation period, the severity of grey mould on fruit exposed to 95 
and 50 kPa CO2 was reduced by 43 and 30% with respect to control fruit, respec-
tively. Grey mould inhibition by treatment with 95 kPa CO2 for 48 h was lower at 
35 than at 20 ºC. Exposure of pomegranates to 15 kPa CO2 for 48 h or 95 kPa CO2 
for 24 h at 20 ºC did not affect the development of grey mould.

S02.253
Luna Experience, a New Preharvest Fungicide in 
Pome Fruit Against Fruit Rot Decay After Storage

Vorstermans, B.1; Creemers, P.1; de Mayer, L.2
1Proefcentrum Fruitteelt VZW, Fruittuinweg 1, 3800, St-Truiden, Belgium
2Bayer Cropscience, Belgium

Plant protection products are essential to cultivate a high quality pome fruit prod-
uct. In this context Bayer CropScience developed a new fungicide called Luna 
Experience, with high potential against different pathogens in apple, pear and 
strawberry. The product is formulated as a suspension concentrate containing 200 
g/L fluopyram and 200g/L tebuconazole. Fluopyram is a new active ingredient 
belonging to the chemical group of pyridinyl-ethyl-benzamides with a mode of 
action based on the inhibition of the Succinate Dehydrogenase in fungal respira-
tion (SDHI’s). Tebuconazole belongs to the chemical family of the Demethylation 
Inhibitors (DMIs). Both components are combined in a premix formulation with 
different biochemical modes of action resulting an a broad-spectrum activity and 
a resistance reduced risk for different target pathogens. Key fruit rot pathogens on 
apple and pear as Botrytis cinerea (gray mold), Penicillium expansum (blue mold) 
and Neofabraea spp. (lenticelrot) are included in the scope of Luna Experience. In 
concrete a preharvest spraying scheme in the orchard proved to be highly efficient 
against fruit rot decay in pome fruit in all small and large scale experiments with 
artificial or natural infection. As a consequence a proper protection during the stor-
age period is guaranteed, offering a qualitative pome fruit product to the consumer 
throughout the whole year. 

S02.254
Effects of Ferula communis 
and Dittrichia viscosa Plant Extracts 
on Post-Harvest Fungi: in vitro Screening

Mamoci, E.1; Cavoski, I.2; Simeone, V.2; Mondelli, D.3; 
Al Bitar, L.2
1Dipartimento di Science per L’Ambiente, Università degli Studi di Napoli “Parthenope” Centro 
Direzionale, Isola C4, 80143, Napoli, Italy
2Istituto Agronomico Mediterraneo di Bari (C.I.H.E.A.M./I.A.M.B),via Ceglie 9,70010 Valenzano, Italy
3Dipartimento di Biologia e Chimica Agro-Forestale ed Ambientale, Università degli Studi di Bari, Via 
Amendola 165/a, 70126 Bari, Italy

Compounds from natural origin are generally assumed to be more acceptable and 
less harmful than synthetic ones. The aim of this research is to find new biologi-
cally active plant-derived compounds for the management of post-harvest diseases. 
Ferula communis and Dittrichia viscosa are perennial weeds in Mediterranean basin 
that have been used for different therapeutic purposes in traditional pharmacopeia. 
Plant extracts were obtained from air dried D. viscosa young shoots (DvA), flower 
(DvF) and F. communis aerial (FcA) roots (FcR) with n-hexane by using Soxhlet 
apparatus. Chemical compositions of plant extracts were analyzed by HPLC-
DAD-ESI-MS/MS techniques. Major compounds in DvA extract are identified 
as flavonoids (inuvisculide, tomentosin, 4h-tomentosin and ilicil acid) and costic 
acid derivates (γ-costic acid and a-costic acid) while in FvA and FcR five daucanes 
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(acetoxy-ferutinin, lapiferin, oxo-jaeskeanadioil anisate, fertidin and ferutidin) and 
one coumarins (ferulenol) derivates were found. Biological activities of plant ex-
tracts were studied in in vitro experiments; phytotoxic and antifungal activities were 
also evaluated. The phytotoxic effect of the extracts was tested on Lolium perenne 
and Lepidium sativum seeds. DvA extract showed the strongest phytotoxic effect 
on both tested seed species compared to the other extracts. Fungitoxic effect of the 
extracts was tested on the colonies and conidia of Botryotinia fuckeliana, Penicil-
lium digitatum, P. expansum, Monilinia laxa, M. fructigena and Aspergillus spp. The 
extract from FcA showed the minor effect while DvA extract had the strongest 
fungitoxic effects against all tested fungi. FcR had a fungitoxic effect on the colony 
growth but was not able to inhibit the conidia germination. These distinctions can 
be due to the differences in chemical composition of plant extracts. FcR, DvA, and 
DvF extracts can be a potential source for the control of fungal rotting of fruits but 
further in vivo studies should be done to confirm these results. 

S02.255
Regional Studies on Pre- and Post-Harvest 
Handling of Table Grapes

Basheer-Salimia, R. A.1; Qaryouti, M. 2; Allam, H. 3; Fallik, E. 4
1 Hebron University, P.O.box, 40, Hebron,Palestine
2National Center for Agricultural Research and Extension, Jordan
3Horticulture Research Institute, Egypt
4Volcani Center, Israel

Within the framework of the Middle East Regional Agricultural Cooperation Pro-
gram funded by the Danish government, studies on pre- and post-harvest table 
grapes parameters; including harvesting date, pathogen infection, and storage con-
ditions have been conducted. Regardless of the cultivars and the growing condi-
tions in all participating countries (Egypt, Jordan, Palestinian Authority and Israel), 
results showed the susceptibility of fruit to infection and decay severity increased 
progressively as harvesting date delayed. Also, it turned out that the latent infection 
by Botrytis cinerea was the most harmful compared with that by Rhizopus stolonifer 
and Aspergillus niger. To control fungal growth, pre-harvest spray with variant con-
centrations of potassium and calcium salts (carbonate, chloride, nitrate and sulfate) 
showed a significant effect on B. cinerea growth, moderate effect on A. niger, and 
no effect on R. stolonifer. Concerning the post-harvest treatments, the maximum 
marketing shelf-life of table grapes stored at room temperature was only 8 days, 
while it reached 24 days when grapes stored (at 1 ºC and 90-95% RH). However, 
storage of grapes (at 5 ºC and 90-95% RH) using controlled atmosphere and SO2 
fumigation prolonged the shelf-life up to 90 days with overall acceptable cluster 
appearance, although, S-treatment did not eliminate all types of fungi. The major 
impact of S-pads was on growth of Botrytis cinerea, in which it eliminates almost 
completely the growth of this fungus.

S02.256
Postharvest Storage of ‘Ponkan’, ‘Satsuma Okitsu’ 
and ‘Fremont’ Tangerines and its Minimally 
Processed Products Using Refrigeration and 
Controlled Atmosphere

Santos, L. O.1; Durigan, J. F.1; Stuchi, E. S.2; Martins, R. N.1; 
Durigan, M. F. B.1
1UNESP, Faculdade Ciências Agrárias Veterinárias, Departamento Tecnologia, Via Acesso Prof. Paulo D. 
Castellani, s/n, 14884-900, Jaboticabal, São Paulo, Brazil
2Embrapa, Estação Experimental Citricultura Bebedouro, Bebedouro, Sp, Rodovia Faria Lima, Brazil

This study aimed to evaluate the potential of postharvest conservation of tangerines 
‘Fremont’, ‘Satsuma Okitsu’ and ‘Ponkan’. The fruits were harvested when a ratio 
of 7 to 19 where reached and selected to standardize them by colour, size, and 
absence of injuries. At the experiments of conservation, it was used different tem-
peratures (3 ºC, 85%RH and 7 ºC, 95%RH) and after each storage period, fruits 
were brought to ambient conditions (22 ºC, 65%RH) for 3 days. The fresh-cut 
products were packed in polystyrene trays (22,4cm x 14,8cm x 3,7cm) coated with 
polyvinyl chloride (PVC) stretchable, with 0.014 mm of thickness, and in packages 
of transparent polyethylene terephthalate with lid, and capacity of 500 mL. The 

fruits were analyzed by appearance, weight loss, respiratory rate, atmosphere inside 
the packages, rind and pulp colour, soluble solids, titratable acidity and ascorbic 
acid content. The experiments were conducted in a completely randomized design, 
arranged in a factorial design. The shelf life of tangerine ‘Fremont’, was limited 
to 42 days by loss of freshness. Its minimally processed products had 9 days of 
shelf-life for products packaged in PVC. The mandarins ‘S.Okitsu’ had 35 days 
of shelf-life at 7 ºC, which was reduced to 28 days at 3 ºC , limited by the loss of 
freshness. Its fresh-cut product had a shelf-life of 15 days, stored in PVC or PET. 
‘Ponkan’ stored at 3 ºC had a shelf life of 35 days, which was reduced to 28 days at 
7ºC, limited by loss of freshness. When minimally processed, its shelf-life lasted for 
15 days, packaged in PVC or PET. The ‘Ponkan’ had a shelf-life of 35 days at 3 ºC 
and 28 days at 7 ºC. It was also limited by the loss of freshness. When minimally 
processed and stored in PVC or PET , its shelf life reached 15 days.

S02.257
Evaluation of Antioxidant Activity of Minimally 
Processed Garlic Cloves

Veríssimo, T.1; Almeida, I.1; Cidade, H.2; Pinto, M.2; 
Azevedo, S.1; Oliveira, B.1; Cunha, L. M.1
1REQUIMTE, Faculty of Sciences, University of Porto, Campus Agrário de Vairão, Rua Padre Armando 
Quintas, 7, 4485-661, Vairão, Vila do Conde, Portugal
2CEQUIMED-UP, Faculty of Pharmacy, University of Porto, Portugal

The use of garlic (Allium sativum L.) in therapeutic applications, particularly for 
prevention of cardiovascular diseases and as anti-carcinogenic, as well as in cooking, 
is widely disseminated throughout the World. This product is rich in sulphur com-
pounds considered responsible for its therapeutic properties, with allicin being the 
most abundant, with a medicinal importance provided at levels above 4.5 mg per 
gram of dried garlic. However, sulphur compounds are very unstable, decomposing 
easily during the processing of garlic (Lawson et al., 1990). The effect of different 
disinfection treatments, as alternatives to chlorine, has been investigated on the 
quality retention of minimally processed garlic stored at different temperatures. 
Previous studies have proven that freshly diced garlic cloves, sanitized by dipping in 
a 5% solution of H2O2, for 2 minutes, and stored at 4 ºC, under ambient air, could 
adequately retain their quality up to 10 days (Veríssimo et al., 2010). The present 
study aimed to evaluate the effect of disinfection with hydrogen peroxide against 
the classical use of hypochlorite, regarding antioxidant activity (DPPH method), 
total phenols (Folin-Ciocalteu method) and allicin content (HPLC method). 
Garlic cloves were peeled, washed in tap water at 0 ºC and cut into small cubes: 
app. 0,5x0,5x0,5 cm, submitted to one of the following treatments: hypochlorite 
(OCl-) or hydrogen peroxide (H2O2), and centrifuged to remove excess water, when 
needed. The samples were stored at 4, 8 and 12 ºC up to 96 h. Results indicate a de-
crease in the levels of allicin over time of storage, and an increase of the antioxidant 
activity and total phenols. The use of hydrogen peroxide, when compared with 
hypochlorite has no significant effect on total phenols, while it has a detrimental 
effect on both allicin content, and antioxidant activity. Storage temperature had a 
significant impact on antioxidant activity, decreasing while temperature increases.

S02.258
Low Temperature Delays the Induction of 
Chitinase Isoenzymes Associated with Antifungal 
Activity in Cherimoyas

Goñi, O.; Sanchez-Ballesta, M. T.; Merodio, C.; Escribano, M. I.
Instituto del Frío (CSIC), José Antonio Novais 10, Ciudad Universitaria, E-28040, Madrid, Spain

In order to obtain a better understanding of the effect of low temperature on the ac-
tive defense strategy of cherimoya (Annona cherimola Mill.) fruit, antifungal activity 
as well as induction levels of pathogenesis-related proteins PR-3 (chitinase family) 
were estimated in fruit stored at 6 ºC. During cherimoya ripening, the study of 
the expression pattern of acidic and basic chitinase and 1,3-B-glucanase enzymes 
revealed that only those transiently induced isoenzymes were positively correlated 
with an efficient antifungal defense mechanism. This developmentally regulated 
resistance operated in two successive phases: (1) an induction of acidic isoenzymes 
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in ripe fruit, and (2) basic isoenzymes released by over-ripe fruit. In this work we 
have studied the effect exerted by low temperature storage in the induction pattern 
of two of these isoenzymes, one acidic of 25.8 kDa (AChi26) and one basic of 
33.0 kDa (BChi33) chitinases. In this sense, the induction of AChi26, which was 
associated with the enhanced antifungal activity of the acidic protein extract in ripe 
fruit, was observed from 3rd to 5th day of storage at 6 ºC. Likewise, the appearance 
of BChi33, correlated with the antifungal activity of the basic protein extract in 
over-ripe fruit, was delayed by low temperature, being induced after 9 days of stor-
age. In spite of this delay, the induction pattern of these transient chitinases was 
associated with a significant antifungal activity in acidic and basic protein extracts. 
These results suggest that low temperature maintained the two successive defense 
phases and the effectiveness of this preventive defense strategy. Moreover, with a 
view to improve the knowledge of cherimoya physiology in these two phases, we 
have analysed the coordinated induction of antifungal chitinase isoenzymes with 
several metabolic compounds as hexoses or amino acids. 

S02.259
Polyphenoloxidase Activity and Tissue Browning 
in Fresh-Cut ‘Rocha’ Pear as Affected by pH and 
Phenolic Substrate

Gomes, M. H.1; Vieira, T.2; Fundo, J. F.1; Almeida, D. P. F.1,2

1CBQF/Escola Superior Biotecnologia, Universidade Católica Portuguesa, Rua Dr António Bernardino 
de Almeida, 4200-072 Porto, Portugal
2Faculdade de Ciências, Universidade do Porto, Rua do Campo Alegre, s/n, 4169-007 Porto, Portugal

Cell rupture in fresh-cut processing allows phenolic substrates and polyphenoloxi-
dase (PPO), previously sequestered in different organelles, to come in contact lead-
ing to undesirable colour development. However, it is not always clear how PPO 
activity and phenolic content relate to tissue browning. Our objective was to study 
the effect of pH and phenolic substrates on PPO activity and on tissue browning in 
fresh-cut ‘Rocha’ pear. This information may help to further develop food additives 
that maximize the quality of fresh-cut pear. Substrates 4-methyl catechol, caffeic 
acid, (+)-catechin hydrate, catechol, chlorogenic acid, dopamine hydrochloride, 
and pyrogallol, were prepared in citric acid-phosphate buffer at pH ranging from 
3.0 to 8.0. PPO activity was assayed by measuring the rate of increase in absorbance 
at 420 nm wavelength at 25 ºC. Pear slices were covered with the buffered phenolic 
solutions for 30 s and colour (CIE L*a*b*) change following 30 min at room tem-
perature was assessed. pH optima for PPO activity depended on the phenolic sub-
strate. Activity was optimal at pH 5.0 for catechol and 4-methylcatechol; pH 6.0 
for chlorogenic acid; pH 7.0 for dopamine, caffeic acid, and catechine; and pH 8.0 
for pyrogallol. High PPO activity at every pH tested was observed when catechol 
was used as substrate. Discrepancies were observed between the pH dependency of 
PPO activity and browning. Significant correlations were obtained between activ-
ity and L* or metric-hue difference (∆H*) over the pH range 3.0 to 8.0 except 
for chlorogenic acid. With this hydroxiphenol, the main PPO substrate in ‘Rocha’ 
pear, tissue browning was higher at pH 3.0 (higher ∆H*), but PPO activity was 
very low at the same pH. Similarly with the other phenolic substrates, browning at 
pH 3.0 was higher than the corresponding PPO activity. The pH of additives for 
cut pear should be corrected to reduce browning potential.

S02.260
Anti-Browning Treatment of Minimally Processed 
Conference Pear of Different Maturity Stages by 
Means of Cysteine and 4-Hexylresorcinol

Barriobero, J.; Ozcoz, B.; Roth, E.; Mir-Bel, J.; Lanao, M.; 
Lopez, R.
CITA-La Rioja, Polígono Tejerías Norte, C/Los Huertos, 2, 26500, Calahorra, La Rioja, Spain

Several types of chemicals are used for the control of enzymatic browning. Some of 
them directly inhibit the polyphenol oxidase (PPO) enzyme, by making the condi-
tions unsuitable for the enzymatic browning reactions. Others can interact with the 
resulting products of the PPO action, hereby preventing the formation of coloured 
pigments (Garcia and Barrett 2002). In order to study the effect of antioxidant 

treatments and / or texturizers on maintaining the quality of minimally processed 
pear, we studied different compositions of antioxidant baths applied at different 
stages of maturity of the pear (determined by physical and chemical parameters). 
When planning the antioxidant treatments the following five compounds were 
used in various combinations: ascorbic acid, citric acid, calcium chloride, 4-hexyl-
resorcinol and cysteine. All treatments were performed by dipping the freshly cut 
slices into the different solutions for 10 minutes (working in pilot plant environ-
ment on 10 ºC). The results were compared to a control batch immersed into a wa-
ter bath before packaging. Moreover, as a second control, pear slices were immersed 
into a bath made with a commercial agent (NatureSeal of AgriCoat). 200 g of 
fresh-cut pear was packed into polypropylene trays closed by a film of medium per-
meability. Physicochemical quality (pH, soluble solids, texture, colour, acidity and 
respiration rate), sensory value and microbiological counts (total aerobic counts, 
moulds and yeasts) of the fresh-cut product were studied throughout storage. As 
the estimated shelf life of such products is usually between 7 and 15 days, tests were 
performed every 3-4 days, up to 15 days. The fresh-cut product was stored on 4 ºC, 
in a humidified cool room. The experiment proved the importance of the maturity 
stage for making fresh-cut pear. Cysteine and 4-hexylresorcinol provided a good 
antioxidant treatment to prevent browning. 

S02.261
Borage (Borago officinalis) Stems 
as a Minimally Processed Product. Evaluation  
of Shelf-Life in Different Packages

Alcusón, G.; Oria, R.; Salvador, M. L.
University of Zaragoza, Miguel Servet 177, Vegetable Research Laboratory, 50013, Zaragoza, Spain

Borage (Borago officinalis) is a very popular vegetable in the Ebro valley (Spain) ow-
ing to its gastronomic and nutritional qualities, but its market is not as widespread 
as should be expected. This vegetable is commercially available lightly processed, 
cut and packaged in expanded polystyrene trays covered with stretch PVC films. 
Modified atmosphere packaging (MAP) can be advantageous to extend the storage-
life and to improve the quality of the current product, but little is known about the 
evolution of the properties of borage in MAP. 
The present work studied the quality changes of borage stems as a function of 
packaging and development of the internal atmosphere composition. Three pack-
aging conditions were tested at 4 ºC: active MAP (with an initial gas composition 
of 5 % O2-5 % CO2-90 % N2), passive MAP, and vacuum bags. Control samples 
consisted of unprocessed borage, as well as minimally-processed borage as can be 
found in the market. 
Physicochemical, microbiological and sensorial analyses were carried out at the 
start and subsequently every third day. In the packaged samples firmness, pH, ti-
tratable acidity and weight loss varied slightly during storage. The sensorial evalu-
ation awarded to the borage packaged in vacuum bags, after 6 days of storage, 
a score for overall quality which was lower than the value corresponding to the 
acceptability limit due to enzymatic browning and exuded liquid. The samples in 
active and passive MAP maintained their quality parameters with regards to colour 
and texture, but total mesophilic aerobic microorganism counts were higher than 
five logarithmic units after 9 days for passive MAP as well as after 12 days for active 
MAP, although the CO2 concentration remained around 10%. 

S02.262
Respiration Rate Changes in Fresh-Cut Non-
Melting Flesh Peaches as Affected by Storage Time

González-Buesa, J.; Ferrer-Mairal, A.; Oria, R.; Salvador, M. L.
University of Zaragoza, Miguel Servet 177, Vegetable Research Laboratory, 50013, Zaragoza, Spain

To design a modified atmosphere packaging suitable for minimally processed fruits 
it is necessary to know the respiration rate of the product. The respiration kinetics 
of fruit and vegetables is a complex task because large number of variables should 
be considered. Some of them as cultivar, degree of ripeness, storage temperature, 
O2 and CO2 concentrations inside the package have been extensively studied. How-
ever, the effect of length of time between harvest and processing still remains poorly 
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known. The aim of this study was to determine the influence of the storage time of 
the whole peaches on the respiratory kinetics of fresh-cut peach slices. 
Peaches (cv. Calante) were harvested at commercial maturity stage and stored at 1 
ºC and 95 % RH during 21 days. Afterwards, whole fruits were washed in chilled 
water with sodium hypochlorite, drained, peeled, stoned and cut into slices. Peach 
slices were dipped in an aqueous solution at 2 ºC containing 2 % ascorbic acid, 1 % 
citric acid and 1 % calcium chloride. Slices were then stored at 4 ºC in a humidified 
air flow of 250 mL/min. Samples were withdrawn at 0, 6 and 12 days and subse-
quently the respiration rate was determined in a closed system. The respiratory rate 
of fruit slices obtained from peaches processed immediately after harvest was also 
determined to be used as a reference. The O2 consumption and the CO2 produc-
tion were measured by GC. 
The slices obtained from peaches processed immediately after harvest showed 
higher respiratory rate than those stored for 21 days. The respiratory rate for the 
samples kept in air-flow diminished during the first 6 days. However, after 12 days, 
the respiratory rate shows a sharp increase, probably associated to injury and senes-
cence phenomena. 

S02.263
Sanitation of Mushroom (Agaricus bisporus) 
by UV-C Light for Making Fresh-Cut

Ozcoz, B.; Barriobero, J.; Róth, E.; López, R.
CITA -La Rioja, C/ Los Huertos Nº2 Polígono Industrial Tejerías, 26500, Calahorra, La Rioja, Spain

Mushroom is traditionally considered as a product with high metabolic activity 
and as a result high sensitivity to mechanical damage and microbiological spoil-
age. The main postharvest problems with mushrooms are water loss, undesirable 
texture changes and microbial safety. The use of chemical agents with antimicrobial 
properties is one of the most common techniques used to control the growth of 
microorganisms in food (Lopez-Malo et al., 2000). UV-C irradiation and novel 
antimicrobial treatments (such as peracetic acid, ozone, etc.) have a great potential 
because they may provide an alternative to sodium hypochlorite, a traditionally 
used, but much questioned industrial sanitation agent. This paper studies the effect 
of UV-C exposure time (from 0 to 6 minutes) on the reduction of microbial counts 
(aerobic mesophilic count) and colour change (cap and stem) during the shelf-life 
of whole mushrooms. Additionally, the antimicrobial potential of UV-C treatment 
is compared to sodium hypochlorite (100 ppm pH 6.5) that is traditionally used 
in food industry to reduce microbial load. Moreover, the importance of application 
method for hypochlorite treatment (spraying and dipping for different 30 to 120 
seconds) was also tested. The significance of pre-washing by spraying or dipping in 
water (different immersion times) prior the antimicrobial treatment has also been 
investigated. Microbial reduction as a function of exposure time of UV-C light 
followed a saturation curve. Results suggest that pre-washing prior to the antimi-
crobial treatment is crucial for the proper antimicrobial functioning of the applied 
treatment. Moreover, pre-washing is necessary to remove the organic material from 
the mushroom surface in order to obtain a product with better appearance.

S02.264
Use of Peracetic Acid as Disinfectant  
for Fresh-Cut Apple

Abadias, M.1; Alegre, I.1; Anguera, M.1; Oliveira, M.1; 
Viñas, I.2
1IRTA, UdL-IRTA Centre. 191 Rovira Roure. 25198-Lleida, Catalonia, Spain
2University of Lleida

Minimally-processed produce do not suffer any treatment that guarantees the total 
elimination of microorganisms. Currently, sodium hypochlorite is used to reduce 
microbial contamination. However, there is a growing concern about its use and 
new alternatives should be investigated. Peracetic acid (or peroxyacetic acid, PAA) 
has been shown as an alternative for fresh-cut leafy vegetables and its use is current-
ly approved in USA by the FDA and EPA. The objective of this work was to study 
the effect of PAA at different concentration against the main foodborne pathogens 
on fresh-cut apple. Apple plugs were artificially inoculated with different strains of 

Salmonella, Listeria, and E. coli O157:H7 and subsequently treated by dipping in a 
PAA solution. Pathogens’ concentration was determined before and after the treat-
ment and after 3, 6 and 9 days of storage at 10 ºC. PAA treatment was compared 
with water, sodium hypochlorite and Citrox. Results demonstrated that, in general, 
the efficacy of PAA was better than that obtained with sodium hypochlorite, with 
reductions between 1.4 and 2.0 log units. It also controlled their growth at abusive 
temperatures (10 ºC) without affecting visual appearance of fresh-cut apples. This 
study suggested that PAA could be an alternative to sodium hypochlorite to disin-
fect fresh-cut apples.

S02.265
Factors Affecting the Expression  
of the Mycotoxins in Alternaria alternata
Ortuño, A.1; Conesa, A.2; Diaz, L.3; Porras, I.4; Lacasa, A.4; 
Garcia-lidón, A.4; Del Río, J. A.3
1Universidad de Murcia, Campus de Espinardo, Facultad de Bilogía, E-30100, Murcia, Spain
2Universidad Miguel Hernandez, Spain
3Universidad de Murcia, Spain
4Instituto Murciano Investigacion Desarrollo Agrario Alimentario, Spain

Alternaria fungi cause several diseases in Citrus, resulting in a substantial loss of 
production and a lower value product, which, in many cases, has to be rejected, 
leading to serious financial loss. HPLC-MS study revealed the presence of two 
Alternaria alternata mycotoxins involved in the evolution of brown spot in leaves 
and fruits of Fortune mandarin. These were identified as 3,7,9-trihidroxi-1-metil-
6H-dibenzo [b,d] piran-6-ona, known as alternariol (AOH), and 3,7-dihidroxi-9-
metoxi-1-metil-6H-dibenzo[b,d] piran-6-ona, known as alternariol monomethyl 
ether (AME). The increased expression of the above A. alternata mycotoxins was 
associated with the end of mycelial growth, high sporulation and an increase in 
hyphal melanisation. Biological assays involving the inoculation of Fortune leaves 
and fruits with the above mentioned toxins showed that both molecules caused 
necrosis in the inoculated citrus tissues, suggesting that the mycotoxins may be 
involved in the evolution of necrotic spot caused by A. alternata pv. citri. Using 
different isolates of A. alternata, pathogenicity studies were made in Fortune leaves 
and fruits. The results obtained permitted the different isolates to be classified ac-
cording to their capacity to colonise citrus tissues. Analysis of the AME content 
of the different A. alternata isolates pointed to a positive correlation between the 
degree of pathogenicity and AME content. This suggests that AME is the principal 
mycotoxin involved in the development of necrosis in Fortune fruits.

S02.266
Detection of Latent Infections  
by Colletotrichum spp. in Immature Guavas

Fischer, I. H.1; Soares, A. R.2; Arruda, M. C.1; Lourenco, S. 
A.2; Martins, M. C.3; Amorim, L.2
1APTA Centro Oeste, Av. Rodrigues Alves, 40-40, 17030-000, Bauru, São Paulo, Brazil
2ESALQ/USP, Cp 9, Piracicaba, São Paulo, Brazil
3Instituto Biológico, Cp 70, Campinas, São Paulo, Brazil

Anthracnose, caused by Colletotrichum gloeosporioides and C. acutatum, is one of the 
most important postharvest diseases in guavas (Psidium guajava). However, there is 
scarce information on the pathogen’s capability to infect fruits during their devel-
opment. The present study aimed to evaluate methodologies for detecting latent in-
fections in immature fruits (2cm length) of guavas cultivar Pedro Sato. Fruits were 
harvested from an orchard presenting previous records of anthracnose; then, they 
were superficially disinfected with NaOCl (0.5%) for 5 min, washed in tap water, 
and immersed for 1 min in ethephon (0.1g/L), paraquat (3g/L), urea (50g/L), or 
water. Paraquat- and urea-treated fruits were washed for additional 3 min in tap 
water. Fifty fruits were used per treatment, and the experiment was repeated once. 
Treated guavas were incubated in sterile containers at 85% RH, 25 ºC, in the dark. 
After seven days of incubation, Colletotrichum acervuli and conidia were visually 
detected in 97% ethephon-treated fruits, 96% paraquat-treated fruits, 56% urea-
treated fruits, and 45% water-treated fruits. In the treatments with paraquat and 
ethephon, the pathogen was detected from the fifth day of incubation, two days 
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earlier than in the control (water). Lasiodiplodia theobromae, another post-harvest 
pathogen, was also detected but at a low incidence (2%). Thus, latent infection of 
anthracnose in guavas can be rapidly and accurately detected by treating the fruits 
with ethephon and paraquat. 

S02.267
Microbiological Evalution of the Industrial 
Processing of Pasteurized Açaí Pulp

Mattietto, R. A.1; Abreu, L. F.1; Furtado, A. A. L.2; Souza, C. S.3; 
da Silva, V. S. O.3
1Embrapa Amazônia Oriental, Laboratório de Agroindústria Caixa Postal 48, 66095-100, Belém, Pará, 
Brazil
2Embrapa Food Technology, Brazil
3Instituto Federal de Educação, Ciência e Tecnologia do Pará, Brazil

In recent years, the açaí, a native fruit of the Brazilian Amazon region, has been 
widely marketed not only in Brazil but also internationally. The Brazilian produc-
tion is sold primarily to the United States of America, where açaí is mainly used in 
the formulation of functional beverages. In this work, a microbiological evaluation 
of the industrial processing of açaí was conducted in the city of Castanhal (in the 
state of Pará, Brazil); samples of water (before and after washing the fruits, after 
maceration, and CIP water) and pulp (after the steps of extraction and pasteuriza-
tion) were collected. The analyses (fecal and total coliforms, mesophilic bacteria, 
molds and yeasts) were carried out in triplicates (water) and five replicates (pulp). 
According to the results, the washing water and the CIP water were not contam-
inated by fecal and total coliforms; the water collected after washing the fruits 
showed significant contamination by fecal and total coliforms; a high microbial 
load was still observed in the water after maceration. After the extraction of açaí 
pulp, a significant number of yeasts and molds (average of 100 CFU/g) and of me-
sophilic bacteria (average of 1000 CFU/g) were found, but these levels are within 
the acceptable range of the Brazilian legislation. In all pulp samples collected after 
pasteurization, the results obtained for yeasts and molds, as well as for mesophilic 
bacteria were estimated as < 10 CFU/g, indicating that the levels of contamination 
were low and confirming the efficiency of the pasteurization process.

S02.268
Wound-Induced Respiration and Ethylene 
Production in Fresh Cut Romaine Lettuce

Deltsidis, A. I.; Tsouvaltzis, P.; Brecht, J. K.
University of Florida, Horticultural Sciences Department, P.O. Box 110690, 32611-0690, Gainesville, 
Florida, United States

Understanding the physiological and biochemical processes induced by cutting can 
help in devising strategies to improve fresh-cut lettuce quality. We evaluated the re-
sponse of Romaine lettuce to cutting temperature by cooling overnight and process-
ing five, freshly harvested heads at 5 or 15 degrees. Undamaged, expanded leaves were 
immersed for 1 min in 5 or 15 ºC chlorinated water (1.34 mM; pH 7), cut longitudi-
nally then transversely into 2-cm wide pieces, re-immersed in chlorine solution, and 
the excess liquid removed with a salad spinner. Cut pieces from each head (100 g) in 
flow through systems were measured every 2 h for 24 h for O2, CO2, and C2H2 by gas 
chromatography. The CO2 evolution immediately after cutting was approximately 
3.5-fold higher at 15 ºC than at 5 ºC, and O2 consumption was approximately 2.2-
fold higher at 15 ºC. The CO2 evolution at 15 ºC increased during the first 4 h after 
cutting and thereafter remained steady; at 5 ºC, a small increase occurred during 
the first 8 h with a slight decline thereafter. The O2 consumption at 15 ºC increased 
during the first 3 h after cutting, decreased until hour 10, then remained steady or 
declined slowly. The O2 consumption at 5 ºC decreased by half during the first 12 
h after cutting and changed little thereafter. The respiratory quotient (RQ) was < 1 
during the first 8-12 h after cutting, rose and remained steady at approximately 1 for 
8-10 hours at 5 ºC and about 8 h at 15 ºC, finally increasing to about 1.1 at 5 ºC 
and 1.7 at 15 ºC. Ethylene production was 6-fold higher at 15 ºC than at 5 ºC (0.12 
versus 0.02 µL×kg-1×h-1) and did not change over time. These relative changes in CO2 
production and O2 consumption suggest that non-respiratory oxidative reactions play 
a significant role in the post-cutting wound response of fresh-cut lettuce.

S02.269
Minimal Processing  
of Peach ‘Aurora-1’: Types  
of Cutting and Storage Temperatures

Martins, R. N.; Mattiuz, B. H.; Santos, L. O.; Donadon, J. R.; 
Mattiuz, C. F. M.
Faculdade de Ciências Agrárias e Veterinárias, UNESP -Univ Estadual Paulista, Câmpus de Jaboticabal, 
Departamento de Tecnologia, Via de Acesso Prof. Paulo Donato Castellane, 14.884-900, Jaboticabal, 
São Paulo, Brazil

Production of minimally processed fruit establishes a product class that is increas-
ing in a fast and important way in the last years due to the nutritional appealing, 
and product consumption with convenience and security. This research evaluated 
conservation temperatures and different kinds of cuts, for the quality and shelf-life 
of minimally processed peach. Minimal processing consisted of washing, sanitiza-
tion, peeling and fruit stone removal. In order to remove the stone, a longitudinal 
cut was made resulting in three types of products: halves, fruit divided in four and 
eight segments. Obtained slices were immersed in 2% ascorbic acid for 3 minutes. 
Then the products were packed in rigid polystyrene trays branded MEIWA M-54, 
coated with 14µm PVC film (OmnifilmTM) (about 200g per pack). Treatments 
were divided into three batches, stored at 3 ºC, 6 ºC and 9 ºC and 65% RH for 
12 days, and evaluated every four days. The variables were appearance, fresh mass 
loss, coloration, O2 and CO2 determination, pH, acidity, soluble solids, soluble 
and reducing sugars, total and soluble pectin, ascorbic acid, peroxidase and poly-
phenol oxidase of enzyme activity. It is concluded that storage temperature of 3 ºC 
provided to minimally processed products a higher maintenance quality, because 
of ripening evolution and senescence, and provided products with a better external 
appearance quality. It was also verified that the interaction between 3 ºC tem-
perature and eight sliced fruit segments showed a better product appearance with a 
higher soluble solids content.

S02.270
Effect of Anolyte Dipping  
on Microbial, Physiochemical,  
Sensorial Quality in Dates Fruits

Bessi, H.; Debbabi, H.; Grissa, K.; Bellagha, S.
Tunisian National Institute of Agronomy, Inat, 43, Avenue Charles Nicolle, 1082, Tunis Mahrajène, 
Tunisia

The Deglet Nour date, also known as “the date of the bright light” is well-known 
for its unique taste, its particular aroma, it yellow-golden colour and its nutri-
tional value. In Tunisia, this variety is of higher market value and is the highest-
valued variety on international markets. Tunisia is currently the 10th world pro-
ducer and the first exporter of Deglet Nour. However, industrials often encounter 
quality problems (microbiological and physicochemical) which are enhanced by 
the long storage period. Actually, 5% of the dates stored is lost due to micro-
biological proliferation. The aim of this study is to ensure a good conservation 
of dates using anolyte solution in order to reduce initial bacteria populations, 
reduce its proliferation during storage and thus increase the shelf life of a better 
quality product. Anolyte is environmentally safe oxidizing solution that can be 
used as a biocidal agent. It combines washing, disinfecting and sterilizing agent 
features. After being used, it degrades spontaneously. In this work, the effect of 
anolyte water (pH (7-7.5),ORP(800-850 mV)) is studied, as an ecologically safe 
alternative for disinfecting dates fruits, particularly Deglet Nour variety. Dates 
were dipped in anolyte/water solutions at three different concentrations (1, 3 
and 5%) and for different time exposures (0, 0.5;1 ,2 ,3 ,4 min). The percent 
reduction in the total bacteria count, yeast and molds were analyzed after each 
treatment. Microbial analysis after treatment showed a reduction of the total 
count of mesophilic bacteria of 90% and completely eliminated yeast and molds 
from date fruit. Tests showed no effect on pH value, firmness, sugar content, total 
soluble content and acidity of the product. In addition, sensory evaluation based 
on a triangular test showed no significant difference (P<0.05) for two parameters 
(taste; odor). 
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S02.271
Effect of Controlled Atmosphere Gases  
(CO2, O2 and Ethylene) on Growth 
and Survival of Aureobasidium pullulans
Martínez-Romero, D.1; Ferreira-Pinto, M. M.2; Santos, M.3; 
Barreiro, M. G.3
1Escuela Politécnica Superior de Orihuela. UMH. ,Ctra de Beniel Km 3.2, 03312 Orihuela, Spain
2ECOBIO–IICT. Edificio das Agro Indústrias, Tapada da Ajuda, Apartado 3014, 1301-901 Lisboa, Portugal
3L-INIA, INRB, Av. República, Nova Oeiras, 2784-505 Oeiras, Portugal

Aureobasidium pullulans is one of the most common microorganism in pome fruits. 
Different biocontrol agents have been investigated with success and the yeast-like 
fungus A. pullulans (de Bary) Arnaud was reported to inhibit postharvest decay of 
fruit effectively. In our previous studies, an isolate of A. pullulans, obtained from 
leaves and fruits of ‘Rocha’ pear trees in Alcobaça, showed antagonistic properties 
against P. expansum during cold storage of pear fruits. Currently the pear cv. Rocha 
is harvested and stored in controlled atmosphere conditions and in some cases the 
pears are maturated by ethylene for its rapid marketing. At this moment, the effect 
of CO2, O2 and ethylene on the survival and growth of A. pullulans is not known. 
In this work, the effect of the different percentages of CO2 (0.03, 2 and 4 %), O2 
(21, 4 and 2 %) and ethylene (0, 1.10-3 and 2.10-3 %) on A. pullulans inoculated 
in in vitro or in vivo has been evaluated. The three gases tested did not inhibit A. 
pullulans growth in vitro. However the higher concentration of CO2 and the lower 
one of O2 reduced the growth of colony surface of A. pullulans by 21% and 27% 
respectively at 7 days of incubation. The in vivo experiments consisted on inoculate 
pears with A. pullulans (2.5.106 CFU for wound). These fruits were stored at the 
same gaseous concentration tested in in vitro. The growth and survival of A. pul-
lulans did not change during storage of ‘Rocha’ pears with different percentage of 
gases. These results demonstrate that A. pullulans efficiency is maintained when is 
exposed to conditions of storage in controlled atmosphere or in conditions of ac-
celerated maturity by ethylene.

S02.272
Effect of Some Dip Treatments on the Nutritional 
Properties of Fresh-Cut Tomato and Pepper 
Through Storage

Antunes, M. D. C.1; Miguel, G.1; Pantazis, V.3; Timianis, 
S.3; Cavaco, A.2; Siomos, A.3
1Universidade do Algarve, Faculdade de Ciências e Tecnologia, Ed. 8, Campus de Gambelas, 8005-139 
Faro, Portugal
2Universidade do Algarve, CEOT, FCT, Ed. 2, 8005-139 Faro, Portugal
3Department of Horticulture, Aristotle University, 54124 Thessaloniki, Greece

Dipping in solutions of different compounds has been suggested as a success-
ful method for maintaining quality (especially colour and texture) of fresh-cut 
products. In tomato, the effect of some dip treatments on the texture, colour 
and overall appearance has been reported. However, no information is available 
on the effect of these treatments on the quality of fresh-cut pepper as well as on 
nutritional parameters of both tomato and pepper. In the present study, tomato 
and pepper fruits were cut longitudinally in quarters, dipped in solutions of 2% 
citric acid, 2% ascorbic acid or 2% calcium lactate for 2 min, placed in trays cov-
ered with 15µ polyethylene film and stored at 4 ºC for 10 days. Control fresh-cut 
fruits were untreated. At 0, 5 and 10 days, glucose, fructose, sucrose, ascorbic acid, 
total phenolics and antioxidant capacity were determined. The results for tomato 
showed that in fruits of the control after 5 days of storage glucose and ascorbic 
acid decreased by 92 and 71%, respectively, while at the end of storage antioxidant 
capacity increased by 109%. Fruits dipped in 2% ascorbic acid after 5 days of 
storage had higher glucose and phenolic content, while at the end of storage they 
had higher phenolic content and antioxidant capacity than both control and fresh 
fruits. From the other treatments only dipping in 2% citric acid affected glucose 
in a similar way with dipping in ascorbic acid. The results for pepper showed 
that in fruits of the control after 5 days of storage glucose and phenolic content 
decreased by 26 and 18%, respectively, while at the end of storage antioxidant 

activity decreased by 26%. Dipping in 2% lactic acid prevented the reduction of 
glucose and antioxidant activity, while dipping in 2% ascorbic acid increased by 
14% phenolics at the end of storage.

S02.273
Antagonist Activity between Aureobasidium 
pullulans and Penicillium expansum in Pyrus 
communis L. cv. Rocha - Implications on the 
Antioxidant Defense System

Lidon, F. J. C.1; Ramalho, J. C.2; Pais, I. F.3; Carvalho, C. S.3; 
Ramos, A. P.3; Barreiro, M. G.3
1GDEH, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, Quinta da Torre, 2829-516 
,Caparica, Portugal
2Centro de Ecofisiologia, Bioquímica e Biotecnologia Vegetal /Instituto Investigação Científica 
Tropical, Av. República, Quinta do Marquês, 2784-505 Oeiras, Portugal
3Instituto Nacional de Investigação Agrária /INRB, Av. República, Quinta do Marquês 2784-505 Oeiras, 
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The use of antagonist yeasts to control post harvest diseases appears to be promis-
ing, as an alternative to fungicides, being the yeast-like fungus Aureobasidium pul-
lulans a wide-spread saprophyte in the phyllosphere that proved to control post har-
vest pathogens, namely the Penicillium expansum, on pears. This infection initiates 
in wounds during harvest and packing, in a close association with the synthesis of 
reactive oxygen species (ROS). In this context, as ROS induce oxidative stress that 
can have many detrimental effects, microorganisms that attempts to colonize fresh 
wounds has to cope with oxidative stress triggered as a consequence of wounding. 
During long-term storage at low-temperature, oxidative stress is alleviated through 
the interactions of superoxide dismutase and catalase that play an important role 
in the formation and degradation of H2O2 respectively, and ascorbate peroxidase 
and glutathione reductase that are involved in ascorbate regeneration. In this work, 
the action of A. pullulans to control the post harvest pathogen P. expansum was in-
vestigated, following the hypothesis that an effective antagonist possesses resistance 
mechanisms to oxidative stress. For this purpose, the interactions among ascorbate 
concentrations, as well as the kinetics of superoxide dismutase (EC 1.15.11), ascor-
bate peroxidase (EC 1.11.1.11), glutathione reductase (EC 1.6.4.2) and catalase 
(EC 1.11.1.6) were assessed on “Rocha” pears (Pyrus communis L. cv. Rocha) har-
vested at the commercial maturity and stored for 5 months in cold chambers. After 
a characterization of the commercial maturity through a definition of the colour 
attributes (L*, a*, b* color space), it was found that in infected wounds with P. ex-
pansum and inoculated with A. pullulans, the levels of ascorbate decreased whereas 
superoxide dismutase, ascorbate peroxidase, glutathione reductase and catalase in-
creased. The antioxidant defense systems are discussed considering the implications 
on the metabolic retardation of tissues senescence. 

S02.274
Antifungal Activity of Essential Oils  
on Rhizopus Rot of Peach

Alizadeh Salte, S.1; Arzani, K.2; Omidbeigi, R.2; Safaie, N.2; 
Zaare-nahandi, F.3; Mohammadi, P.4
1Tarbiat Modares University, Horticultural Department, 14115-336, Tehran, Islamic Republic of Iran
2Tarbiat Modares University, Plant Pathology Department, Islamic Republic of Iran
3Tabriz University, Islamic Republic of Iran
4Abureihan University, Islamic Republic of Iran

Peaches have short shelf life under room temperature, partially due to their high 
respiratory rate and fast ripening process. Rhizopus rot, caused by Rhizopus stolonifer 
(Ehrenb.: Fr) Vuill., is one of the most destructive postharvest diseases of stone 
fruits. The potential of using essential oils instead of synthetic fungicides to control 
Rhizopus stolonifer on peach fruits is evaluated. The objectives of this study were to 
determine the antifungal activity of three essential oils on colony growth of Rhizo-
pus stolonifer. We evaluated the inhibitory effect of Sage (Salvia officinalis), Zataria 
(Zataria multifiora) and Satureja (Satureja hortensis) essential oils on the growth 
of R. stolonifer. Three level of this EOs (concentrations of 120, 240 or 360 µl×l-1) 
were tested in vitro. Results showed that there were significant differences between 
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used concentrations. The best results were zataria EO at concentrations 360 and 
240 µl×l-1 with 96.17 and 91.85 % growth inhibition, respectively. and after them, 
Satureja at concentrations 360 and 240 µl×l-1 with 86.19% and 76.56 % growth 
inhibition, respectively. 

S02.275
Microbiological and Physicochemical Behaviour 
during Storage at 4 °C of Prickly Pear (Opuntia 
ficus indica sp.) Juices Exposed to 3 Different 
Heat Treatments

Cruz-Cansino, N.1; Carrazco-Lara, P.1; Ramírez-Moreno, E.2; 
Sumaya-Martinez, T.1; Alanis-Garcia, E.1
1Universidad Autonoma del Estado de Hidalgo, Abasolo 600, Col. Centro, 42000, Pachuca, Hidalgo, Mexico
2Universidad Complutense de Madrid, Plaza Ramon y Cajal s/n, 28040, Madrid, Spain

Cactus pear fruit (Opuntia ficus indica) in México ≈60 % is lost during storage 
because it is a highly perishable commodity and the major component is 85% 
water. The juice processing is a great alternative to preserve and reduce fruit loss. 
Microbial growth and physicochemical (°Brix, pH and absorbance) of pear cactus 
juice was evaluated. Juices containing seeds and without seeds, were subjected to 
heat treatment at different conditions (60 ºC /30 min; 70 ºC /15 min; 70 ºC /30 
min, 80 ºC /10 min, 80 ºC /20 min and 80 ºC /30 min). Un-heated fruit juice was 
used as control and evaluations were carried out during 12 days storage at 4 ºC. Mi-
crobial growth was assessed by evaluating total bacteria count. To yellow pigments, 
absorbance was measured using a spectrophotometer (480 nm), °Brix and pH were 
measured with a hand-held refractometer and a pHmeter, respectively. Un-heated 
control samples with seeds, presented a lower total bacteria count compare to con-
trol juices without seeds. Heat treated (80 °C/20 min) samples with seeds presented 
the higher bacterial reduction (4 log CFU/mL) respect to control samples. Heat 
treated (60 °C/30 and 80 °C/20 min) samples with and without seed showed sig-
nificant differences (p < 0.05) of °Brix during storage compared with un-heated 
control samples. Un-heated control samples with seed and heat treated samples (70 
°C/15min) without seed (p < 0.05) during storage no significant differences were 
observed presenting a pH of 5.95- 6.28 and 5.85-5.96, respectively. Heat treated 
(60 ºC /30 min) samples with seeds presented high levels absorbance during storage 
compared with un-heated control sample. Heat treated samples without seeds pre-
sented significant differences (p < 0.05) the 9 and 12 days respect un-heated control 
sample. The formation of yellow pigments was approximately 3 greater times in the 
heat treated samples with seed compared samples without seeds, can be possible to 
the oxidation of fatty acids contents presents in the seeds.

S02.276
Biological Control through  
Anthagonist - Pathogen Interaction  
during Blue Mold Infection in the Pear

Arrabaca, J. D.1; Pinto, M. F.2; Barreiro, M. G.3
1Biofig, Center for Biodiversity, Functional and Integrative Genomics, Department of Plant Biology, 
Faculty of Science, University of Lisbon, Campo Grande, 1749-016, Lisboa, Portugal
2Laboratório de Patologia Vegetal, EcoBio, Instituto de Investigação Científica Tropical, Lisboa, Portugal
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The fungus Penicillium expansum is one of the most important pathogen of pear 
fruit, for which the yeast-like fungus Aureobasidium pullulans seems to be a po-
tential antagonist. We aim to determine whether alterations in respiration rates 
and ethylene production measured after fruit wounding and infection by the mi-
croorganisms depend on the infectant and are part of a hypersensitive response 
to infection. Mature pears were maintained in a cold room at 0 ºC for 2 weeks, 
2 or 5 months. After storage, the fruits were wounded (controls) or infected with 
each or both fungi. The Aureobasidium strain was isolated in a portuguese orchard, 
maintained in NYDB and used as a water suspension at 3×108 cfu×mL-1. The 
Penicillium strain was isolated from infected fruits, maintained in PDA and used as 
a water suspension at 4×104 cfu×mL-1. Ethylene and O2 production and consump-
tion rates were determined between 4 and 120 hr after transfer to room tempera-

ture. Ethylene evolution in control (wounded and not wounded) fruits was similar, 
irrespective of the duration of room temperature incubation. On the other hand, 
fruits inoculated with P. expansum consistently showed faster rates of ethylene pro-
duction. The hormone production was slow in fruits maintained in the cold for 2 
weeks and did not change significantly with maintenance at room temperature. In 
2 months fruits, ethylene production was equally slow, but suffer a sharp increase 
from 48 to 120 hr. Interestingly, fruits inoculated with both fungi showed slower 
ethylene production then with P. expansum alone. Respiration rate in fruits after 
6 months storage also showed a sharp increase at 48 hr, irrespective of treatment. 
However, the dependence of the respiration rate on treatment was ambiguous. 
These results indicate that Aureobasidium decreases ethylene production due to 
infection by Penicillium and may have potential as an antagonist to this pathogen. 

S02.277
Quality of Minimally Processed Cowpea

Melo, R. A.; Jacomino, A. P.; Melo, P. C. T.; Trevisan, M. J.; 
Cunha Júnior, L. C.; Donegá, M. A.
Universidade de São Paulo/Escola Superior de Agricultura “Luiz de Queiroz” - USP/ESALQ, Avenida Pádua 
Dias, N° 11, Caixa Postal 9, 13418-900, Piracicaba, São Paulo, Brazil

In Brazil, cowpea is marketed as dried seeds, in fresh pods and unripe shelled grains. 
However, today minimally processed green shelled grains are unavailable in the 
market. The aim of this study was to determine the best packing and storage tem-
perature for minimal processing green shelled cowpea grains. Esperança cultivar 
was chosen to perform this study because it combines green cotyledons and green 
testa that are traits desired for minimal processing. The fresh pods were sanitized 
in a sodium hypochlorite solution at concentration of 100 ppm for 10 minutes. 
Afterward, the grains were shelled by hand from the pods. Then, 120 g grains 
were placed in polystyrene trays and covered with 3 different types of films (PVC, 
PEBD, PP). These films were trialed at modified atmosphere. However, only for 
PEBD partial vacuum was applied. Grains were stored at 1, 5 and 10 ºC for 9 days. 
Were evaluated gas composition inside the packages, mass loss, grain appearance, 
number of days for mold growth and odor after package opening. Treatments were 
arranged in a factorial design with 3 temperatures (1, 5 and 10 ºC) and 4 storage 
periods (0 days, 3 days, 6 days, and 9 days). The data were submitted to ANOVA 
considering the means of the plots and were compared by Tukey test at 5% of 
probability. Results revealed that there was no loss of grain mass. Additionally, was 
found that over the days the grains were getting yellowed and darkened around the 
hilum. It was also found that condensation did not occur in trays covered with PVC 
film. In contrast, in trays covered with PEBD and PP films occurred condensation. 
As regards appearance, the grains that were stored at 1 ºC and were placed in trays 
covered with PVC film kept its qualities for longer period.

S02.278
Anthocyanin Profiles and Caffeine Contents  
of Wet-Processed Coffee (Coffea arabica) Husks 
by HPLC-DAD-MS/MS

Esquivel, P.1; Kramer, M.2; Carle, R.2; Jiménez, V. M.3
1Universidad de Costa Rica, Escuela de Tecnología de Alimentos, 2060, San Pedro, Costa Rica
2Institute of Food Science and Biotechnology, Hohenheim University, D-70599 Stuttgart, Germany
3CIGRAS, Universidad de Costa Rica, 2060 San Pedro, Costa Rica

The husks of coffee drupes, comprising the peel and the pulp, might be a potential 
source of food ingredients. Anthocyanin profiles have been previously described for 
fresh-processed husks of red Arabica cultivars. However, coffee husks darken very 
quickly, and their colour was reported to fade away rapidly. It has been assumed 
that the natural pigments (i.e. anthocyanins) are degraded in this process. Besides 
that, coffee husks contain ca. 1.3% (dry weight basis) caffeine, which might also 
be of interest if the husks are going to be used as a food ingredient. Therefore, a 
better understanding of the postharvest stability of anthocyanin and caffeine in 
coffee husks after de-pulping is of great interest for coffee processors. In this work, 
coffee husks from Coffea arabica L. were mechanically separated from the beans 
and immediately frozen in liquid nitrogen. In addition, husks that already started 
to brown were frozen three hours later. Samples were subsequently freeze-dried, 
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ground and extracted for two hours with acidified methanol after flushing with 
nitrogen to inhibit further browning. Anthocyanins were identified by HPLC-
DAD-MS/MS and quantified after calibration with the corresponding standards. 
In both, fresh and brown husks, the major anthocyanins detected were cyanidin-
3-rutinoside, cyanidin-3-glucoside and its aglycone. Contrary to literature reports, 
no loss in anthocyanin content was observed in the brown samples. Additionally, 
caffeine contents in the brown samples were highest. Therefore, surprising stability 
of anthocyanins and high caffeine contents in brown samples may support the uti-
lization of coffee husks as a functional food ingredient. Thus, through the complete 
exploitation of by-products sustainable coffee production may be promoted.

S02.279
Influence of CO2 Level on Quality Attributes 
of Fresh-Cut Artichokes

La Zazzera, M.; Rinaldi, R.; Amodio, M. L.; Ricci, I.; 
Colelli, G.
Università degli Studi di Foggia, Via Napoli 25, 71122, Foggia, Italy

The effect of high CO2-atmospheres on quality of fresh-cut artichokes is described 
in this work. Freshly harvested artichoke heads (Cynara scolymus L. var. Catanese) 
were trimmed and cut into quarts. Samples were stored at 5 ºC in air (control) 
and in air enriched with 5, 15, or 25% CO2. Initially, and after 2, 4 and 8 days 
of storage, colour, overall appearance, weight loss, ammonia accumulation, and 
polyphenol oxidase activity (PPO) were monitored. Samples stored in 25% CO2 
showed a greater tendency to browning on the outer surfaces of the bracts (higher 
a* value and lower b* value, chroma, and hue angle), than samples stored in air, and 
in air plus 5 and plus 15% CO2. Internal surfaces showed statistical differences only 
with respect to the luminosity (L* value), which resulted higher for sample stored 
in 5% CO2 and lower for those stored in 25% CO2. The weight loss in samples 
held in 5 and 15% CO2 was significantly lower than in other storage conditions. 
Appearance score resulted not significantly different among all treatments, with 
samples scored above the limit marketability up to 4 days of storage. Ammonia 
accumulation, measured as an indicator of stress, was highest for samples stored in 
25% CO2. PPO activity was similar for all the treatments. Results indicated that 
atmospheres up to 15% CO2 may result beneficial although higher concentrations 
should be avoided within modified atmosphere packages in order to maintain ac-
ceptable quality of fresh-cut artichokes.

S02.280
Degradation Patterns for External and Nutritional 
Quality Parameters of Fresh-Cut Melons

Amodio, M. L.; Dollo, L.; Rinaldi, R.; Colelli, G.
Università Degli Studi Di Foggia, Via Napoli 25, 71122, Foggia, Italy

Nutritional quality of fresh-cut produce is very important for the consumer. Its 
evaluation may be expensive and time-consuming for the industry, which converse-
ly can easily determine changes in external appearance including colour. The aim 
of this work was to find some possible relationships between appearance attribute 
degradation and the retained nutritional content of fresh-cut melons. Melon pieces 
were stored for 8 days in air at 5 ºC and 99% RH. Initially and after 1, 2, 3, 7 and 8 
days of storage external (colour, appearance score) and internal (acidity, soluble sol-
ids, fructose content, vitamin C, phenolic, antioxidant activity) quality parameters 
were monitored. For each parameter a degradation curve over time was obtained, 
which was fitted in kinetic of zero and first order. The slope of the plot between 
quality attribute and time was the kinetic rate constant. For most of the quality 
parameters degradation patterns followed a kinetic of the first order, while hue 
angle, antioxidant activity and soluble solids could not be described by any signifi-
cant kinetic. The appearance score showed the highest kinetic rate (0.17), followed 
by titratable acidity (0.09) and Vitamin C (0.06). Score 3 and 2, which were de-
fined as the limit of marketability and edibility, respectively, were used as reference 
for comparing the percentage of quality changes over time. When melon pieces 
reached score 3 that corresponded to a 46% of initial variation, acidity increased 
of 39% and Vitamin C decreased of 20%. When score reached a value of 2 (64% 

of variation), acidity increased of 73% and Vitamin C decreased of 30%. More 
investigation is needed to support and extend these results also to other varieties/
commodities and in different conditions, in order to find simple quality indicators 
for the nutritional quality of fresh-cut produce, based on appearance degradation.

S02.281
Differences in the Factors Related  
to the Non-Enzymatic Browning among  
Three Pear Juice Concentrates
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No-enzymatic browning of pear juice concentrate are widespread which take place 
during processing and storage. Browning usually impairs the sensory properties of 
products due to associated changes in the colour, flavor besides nutritional proper-
ties. No-enzymatic browning resulted from oxidation of phenolic compounds and 
maillard reaction that occurs when mixtures of amino acids and reducing sugars are 
heated. Therefore, its control is essential to preserve the quality of the pear juice 
concentrate. In the present research 3 pear varieties ‘Chili’ (Pyrus bretschneideri), 
‘Housui ’ (Pyrus pyrifolia) and Xinli 7(Pyrus bretschneideri) were used as materials to 
investigate the differences in the content and composition of phenolic, sugar and 
amino acid in pear concentrates from different pears, in order to reveal the mecha-
nism of browning and to develop strategies that would keep the juice concentrate 
quality during storage. The composition of Phenolic and sugar was measured by 
high performance liquid chromatograph and amino acids were determined by ami-
no acid auto analyser. Results showed that the browning degree of the juice con-
centrates from the 3 pear varieties were different significantly and the colour value 
from high to low was in the order of ‘Chili’ > ‘Xinli 7’ > ‘Housui’. The contents of 
chlorogenic acid, caffeic acid and epicatechin in ‘Chili’ juice were higher than that 
of the other two varieties markedly and the contents of arbutin, rutin and quercetin 
among the 3 pear juice concentrates were insignificantly different. ‘Chili’ juice con-
centrate had the highest fructose contents and ‘Housui’ juice concentrate had the 
highest sucrose contents. The important amino acids were asparaginic acid, serine, 
glutamic acid, valine, alanine, and isoleucine and the asparaginic acid showed the 
highest contents in all the 3 concentrates.

S02.282
Sensory Quality and Antioxidant Activity  
of Fresh Cut Vegetables Stored under MAP
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Bioactivity of some food micronutrients has received increasing attention due to 
its potential antioxidant effect as free-radical scavengers, protecting against several 
diseases like breast, prostate and other cancers, cardiovascular disease, osteoporosis 
and menopausal symptoms. Ready to cook vegetables produced by careful selec-
tion, cutting and washing are a need of modern lifestyle and a requirement of 
many catering activities. In quality terms, it is crucial that these vegetables reach 
points of demand, such as markets, restaurants and caterings, fulfilling all sanitary 
standards, but, above all keeping their nutritional properties and consequent health 
benefits. In our laboratories studies are being carried out in fresh cut vegetables (let-
tuce, cauliflower, cabbage, broccoli, green beans and carrots). The main objectives 
are the determination of antioxidant activity of vegetables’ bioactive compounds 
(spectrophotometry), the evolution of colour (Hunter Lab system) and pH (by 
potenciometry), since it is expected that these aspects may be responsible for the 
organoleptic changes during storage. Microbial evaluation (by plate count at 30 
ºC) is also being performed. All fresh vegetables come from local producers, and are 
washed, cut and packed under the following MAP initial conditions: air and com-
binations of 2.5, 5 and 10 % O2 with 10, 20 and 30% CO2, using N2 to sum up 
to 100%. A high barrier and a permeable polyethylene film are also being tested for 
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each MAP condition. Storage temperature always kept at 5 ºC. All parameters are 
being analysed at 0, 5 and 10 days storage and are always compared with the results 
of sensory evaluations carried out by a trained panel searching for defects. Results 
obtained for cabbage and carrots show a beneficial effect of MAP on the evolution 
of chemical, physical and microbiological characteristics during storage, mainly for 
gas combinations with low O2 and high CO2, and low barrier packaging materials.

S02.283
Effect of Heat Treatment on the Concentration 
of Sugars Present in Murcott Tangerine Juice

Dutra, A. S.; Furtado, A. A. L.; Oiano-Neto, J.; Rosa, J. S.
Embrapa Food Technology, Av. das Américas, 29501, 23020470, Rio de Janeiro, Rio de Janeiro, Brazil

The Murcott is from United States and its official name in that country is mandarin 
“Honey”. Its fruits, known in Brazil as “Murcott” tangerine, are medium size, average 
weight of 140 g, are flat, with a small cavity in the central axis, with high potential for 
the production of juice as they present a juice yield around 50%. This work aimed 
to study the influence of pasteurization on the levels of sugar in the juice of “Mur-
cott” tangerine. Samples of fresh juice were used as control. The fruits were properly 
washed and pulped. The juice obtained was centrifuged at 2000 rpm/15min, pas-
teurized in a heat exchanger surface scraped at 90 ºC / 20s and 90 ºC /40s and kept 
frozen until the analysis. The determination of sugars (sucrose, glucose and fructose) 
was performed according Macrae. Briefly, the juice samples were extracted by dilu-
tion with H2O in ultrasound, filtered in sterile hydrophilic membrane (0.2 µm) and 
quantified in the chromatograph Waters Alliance 2695 equipped with a detector of 
refractive index Waters 2410, BioRad Aminex HPX-87C column (300 x 7.8 mm) 
at 85 ºC, mobile phase 100% water, flow 0.6 mL / min and injection volume of 
20µL, with external standardization. The statistical analysis was performed using the 
program XLSTAT 7.5, performing the ANOVA and subsequent Tukey test for com-
parison of means with a confidence interval of 95%. It was observed that the data 
obtained in the determination of sugars Murcott tangerine juice pasteurized under 
two different conditions, 90 ºC /20s and 90 ºC /40s, no significant difference (p ≥ 
0.05) with each other and compared the results obtained for the juice fresh. However, 
an increase of 1.038% in the total concentration of sugars from the juice pasteurized 
at 90 ºC /40s was observed when compared with the sample fresh.

S02.284
Selection of Herbal Plants for Development  
of Fresh-Cut Salad Products

Kim, J. G.; Lee, S. W.
National Institute of Horticultural and Herbal Science, 475 Imok-dong, Jangan-gu, 440-706, Suwon, 
Republic of Korea

The objective of the present study was to select herbal plants as salad materials 
to develop new fresh-cut products. 18 herbal plants (13 leaves, 4 roots, and 1 tu-
mour) growing in South Korea were used as salad materials. Although the herbal 
plants were eatable, they were not used as fresh-cut salad material, which were 
commercially developed. Freshly collected herbal leaves and shredded roots and 
tumour were washed in tap water for 90 seconds, dried with centrifugal dryer, 
and mixed with other fresh-cut vegetables (iceberg lettuce, romaine, carrot, and 
red cabbage). Samples were then packaged in PET tray and stored at 5 ºC for 
7 days. Selection of herbal plants for fresh-cut salad was based on quality (gas 
composition, discoloration, and off-odor), sensorial test (taste, appearance, and 
flavour), and microbial population. Fresh-cut products containing shredded roots 
had lower sensorial appearance score and higher microbial population compared 
to herbal leave products. Fresh-cut tumour, Ma salad had low score of appearance 
due to viscous materials. Five herbal leaves (Danggui, Jandae, Sumchorong, Ko-
rean native dandelion, and hydroponic ginseng leaves) were good salad materials 
with high score of taste and appearance and two fresh-cut products from wild 
leaves (Sanmaneul and Deoduk) had high flavour scores. Those seven fresh-cut 
products had ≤ 6 log CFU/g of total aerobic plate counts at the end of storage. 
The results indicated that the herbal leaves of the seven plants are potential mate-
rials for fresh-cut salad products. 

S02.285
Effect of Environmental Friendly Sanitizers  
on the Quality Maintenance and Microbial 
Reduction of Fresh-Cut Iceberg Lettuce

Kim, J. G.; Choi, J. W.
National Institute of Horticultural and Herbal Science, 475 Imok-dong, Jangan-gu, 440-706, Suwon, 
Republic of Korea

The effect of environmental friendly sanitizers on microbial growth and storage life 
of fresh-cut iceberg lettuce were studied. Fresh iceberg lettuce leaves were cut and 
washed separately in tap water, chlorine solution (50 and 100 µl×L-1), 1.5 g×L-1 
calcinated calcium solution, 0.2% citric acid solution, 50% ethanol solution, and 
the combination of citric acid solution and 50% ethanol spray. Fresh-cut samples 
were then dried with centrifugal dryer, packaged in 80µm Ny/PE films, and stored 
at 5 ºC. The ethanol solution dipping was the most effective treatment to reduce 
microbial population. However, ethanol solution induced severe injury of fresh-cut 
iceberg lettuce during the storage. Citric acid alone was not effective in reducing 
microbial population. However, the combination of citric acid and ethanol spray 
reduced aerobic microbial population and maintained good quality with high over-
all quality score at the end of storage. The results suggest that the combination of 
citric acid and ethanol spray could be an alternative to chlorine as an environment-
friendly sanitizer for washing fresh-cut leafy vegetables. 

S02.286
Sodium Metabisulfite Residues  
in Trimmed Young Coconut

Mohpraman, K.; Nongkam, P.; Songchumrong, A.; 
Siriphanich, J.
Kasetsart University, Kamphangsaen, 73140, NakhonPathom, Thailand

Trimmed young coconuts turn unattractively brown and are highly susceptible to 
mold growth. The use of sodium metabisulfite (SMS) could remedy these problems. 
However, SMS residue in coconut kernel may be harmful to the consumer. The ef-
fects of coconut husk, shell, maturity, SMS concentration and dipping duration 
on SMS residue were studied. SMS (3 % concentration for 5 minutes) penetrated 
only 4 mm deep into the husk at the stem end (eye site). It could penetrate less at 
the stylar end and at the circumference. If the entire husk was removed SMS could 
penetrate the shell as well. It was found that trimmed young coconut at 170 days 
after anthesis (DAA) maturity had a greater chance to have SMS residue than that 
at 185 DAA and 200 DAA, respectively. Trimmed young coconuts dipped in higher 
concentration and longer duration of SMS solution had higher chance to have SMS 
residue. It is recommended that young coconut should be of 185 DAA or older, 
with minimal peeling, leaving the husk at least 1 cm thick, and dipped in ≤ 3% 
and ≤ 5 minutes of SMS solution in order to keep the kernel free of SMS residue.

S02.287
Applied Research of Millipede Bandeirenica 
caboverdus (Diplopoda, Spirostreptidae) 
and the End of the Quarantine Restrictions

Nascimento, B.
University of Cape Verde, Campus do Palmarejo, CP 279, Praia, Cape Verde

The damages caused by the millipedes Bandeirenica caboverdus constitute a ma-
jor problem for the horticultural sector in Cape Verde and were the fundamental 
reason for the internal quarantine measures undertaken by the Government. The 
transport of any plants, fruits and vegetables produced on the two infested islands 
(Santo Antão and São Vicente) was forbidden to the other islands of the Archipel-
ago. The internal quarantine measures left the two islands isolated, without access 
to the markets in other islands for the increasing agricultural production. In order 
to solve the problem of export, a new Government Ordinance is under prepara-
tion. Some of the horticulture products from Santo Antão and São Vicente will be 
allowed for commercialization in other islands of the Archipelago after adequate 
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treatment and inspection. The main purpose of the present research work was to 
find the most effective method of treatment to be implemented in the Post-Harvest 
Centre. During the research, tubers, roots and fruits, previously infested with milli-
pedes, were exposed to moderate heat (40 and 45 ºC) or immersed in water at 26±1 
ºC, 40±1 ºC and 45±1 ºC for 10, 15 and 20 minutes. The immersion in water at 
26±1 ºC with sodium hypochlorite has also been tested. The conclusion appointed 
that the treatment of the potato, sweet potato, cassava, yam, carrot and tomato in 
water at 26±1 ºC for 20 minutes results effective and removes 100% of millipedes. 
After this treatment, the tested products can be commercialized free of millipedes 
in the other islands of the Archipelago. 

S02.288
The Effect of Clove Buds (Eugenia caryophyllata) 
Essential Oil on Thompson Seedless Grapes 
Berry Decay Control and Some Quality 
Characteristics during Storage Period

Gholami, M.; Vesaltalab, Z.; Zafari, D.
Bu-Ali Sina University, Department of Horticultural Sciences, 65174, Hamedan, Islamic Republic of Iran

The use of natural compounds such as essential oils is a newly growing idea in 
postharvest technology. In this study, Clove buds essential oil in vapour state and 
in concentrations of 0, 50, 100, 150, 300 and 450 ppm was studied for maintain-
ing table grapes quality and controlling postharvest decay during storage period in 
three different experiments. First, the effect of different concentrations of essential 
oil on inhibition of mycelium growth of gray mould (Botrytis cinerea) was evalu-
ated. In the second experiment, the effect of above mentioned concentrations on 
control of disease severity was investigated spraying Botrytis fungi spores on berries 
and keeping them at 15 ºC, for 7 days. In the third experiment, the rate of decayed 
berries, soluble solids content, titratable acid and berry weight loss were evaluated 
at 1 ºC of storage temperature, during 40 days of storage, in 10 days interval. The 
results showed that, there was no sign of phytotoxicity on treated bunches during 
cold storage time. There were significant differences between treatments in gray 
mould controlling in vitro and in vivo conditions. The 100% mycelium growth 
inhibition in vitro and control of gray mould severity in inoculated berries at shelf 
life with lower percentage of decayed berries in cold storage was seen under 450 
ppm essential oil treatment. Soluble solids content increased during storage and 
it was significantly higher in control than in treated fruits. Essential oil signifi-
cantly delayed the decline of titratable acid and weight loss while it was correlated 
with essential oil doses. At final evaluation date, most of panelists perceived slight-
moderate presence of essential oil flavour on grapes. It seems that clove essential oil 
components, especially eugenol, with their antioxidant and antimicrobial activity’s, 
delay the senescence of fruits.

S02.289
Time-Course Changes in the Fine Structure  
and Chemical Components of the Japanese 
Chestnut (Castanea crenata Sieb. et Zucc.) 
during the Gelatinization Process

Homma, T.; Hara, H.; Matsuda, T.; Inoue, E.
Ibaraki University, College of Agriculture, 3-21-1, 300-0393, Ami-machi, Ibaraki, Japan 

The main component of chestnuts is starch; therefore, it is essential that they are 
gelatinized by heating (cooking) before consumption. In general, chestnuts are 
cooked by boiling, steaming, or baking, and it is well known that these cooking 
methods considerably affect the palatability of this fruit. In this study, we inves-
tigated changes in the fine structure and chemical components of the chestnut 
during the gelatinization process and evaluated their relationship with the palat-
ability of the fruit. For this experiment, we used Japanese chestnut cv. Tsukuba 
fruits, which were selected by weight (≈25 g) from lateral fruit at harvesting time. 
The selected chestnuts were cooked in a steamer (for steamed chestnuts) or oven 
(for baked chestnuts), and samples were collected at 10-minute intervals for 40 
minutes. The collected samples were observed under a scanning electron micro-

scope, and the soluble sugars and starch content were analyzed. In baked chestnuts, 
gelatinization of starch was observed only in the outer region after 10 minutes of 
cooking. After 20 minutes of cooking, gelatinization of starch was also observed 
in the inner region of the chestnuts. As time progressed, cell contents were unified 
in the inner region of the chestnuts; this was caused by gelatinization of starch. In 
contrast, the outer regions of the chestnuts were dehydrated and solidified. After 
10 minutes of steaming, starch was gelatinized more rapidly than after 10 minutes 
of baking. After 40 minutes of cooking, the chestnuts were completely and uni-
formly gelatinized. There were not steadily fluctuations in soluble sugars and starch 
content during cooking. On the basis of these results, we conclude that the texture 
of chestnuts is mainly influenced by the cooking method; baked chestnuts exhibit 
a firm texture caused by dehydration of the outer regions, and steamed chestnuts 
exhibit a soft texture.

S02.290
Influence of 1-MCP in the Lycopene Content 
in ‘Paluma’ and ‘Pedro Sato’ Guavas Minimally 
Processed

Andrade, C.A.W.1; Pinto, P. M.1, Caron, V. C.1, Gurbandt, C.2; 
Kluge, R. A.1, Jacomino, A. P.1
1University of São Paulo, Pádua Dias Avenue, 13418-900, Piracicaba, São Paulo, Brazil
2Universität Hohenheim, 70593 Stuttgart, Germany

Nowadays, we notice a change in the population eating due to the search for a 
healthy diet with practical food, such as fruits and vegetables minimally processed. 
The lycopene is a carotenoid pigment found in fruits and vegetables red colored, 
it is a potent antioxidant able to prevent vascular and degenerative diseases. The 
1-MCP has shown to be an effective alternative in the control of senescence and in 
keeping and maintaining the quality of fruits and vegetables whole and minimally 
processed. The aim of the present study was to determine the effect of the use of 
1-MCP in the lycopene content of guavas ‘Paluma’ and ‘Pedro Sato’, minimally 
processed and stored under refrigeration. The guavas were harvest according to 
degree of maturation in green-yellow and treated with 1-MCP at a concentration 
of 900 nL×L-1 during 12 hours. They were then processed and stored at 5±1 ºC. 
The fruits were examined every three days until nine days of storage with regard 
to lycopene determination. The contents of lycopene in ‘Paluma’ guava ranged 
from 37 µg×g-1 in the beginning of the experiment to 47,6 µg×g-1 in the end of 
the storage without significant differences during this period, and even significant 
difference compared to the control (without 1-MCP). The same behaviour was 
found in ‘Pedro Sato’ guavas with contents of 79,2 µg×g-1 in the beginning and 
75,1 µg×g-1 in the end of the storage. This behaviour can be explained due to the 
fact that the fruits were stored under refrigeration. The temperature is one of the 
factors involved in the change of lycopene content of fruits and vegetables. It was 
observed, therefore, that the technology of 1-MCP doesn’t interfere in the lycopene 
content of ‘Paluma’ and ‘Pedro Sato’ guavas, minimally processed, stored at 5±1 ºC 
during nine days.

S02.291
Study of Microbiological Quality of ‘Ambrunés’ 
Sweet Cherry during Postharvest Storage

Serradilla, M. J.1; Martín, A.2; Hernández, A.2; Ruiz-Moyano, S.2; 
Casquete, R.2; Lopez-Corrales, M.1; Córdoba, M. G.2
1Centro de Investigación Agraria Finca La Orden-valdesequera, Autovía Madrid-lisboa s/n, 06187, 
Guadajira, Badajoz, Spain
2Escuela de Ingenierías Agrarias. Universidad de Extremadura, Spain

The purpose of this work was to study the microbiological quality of the ‘Am-
brunés’ sweet cherry during cold storage. Sweet cherries were hydro-cooled at a 
water temperature of 1 ºC in a 1000 l immersion hydrocooler equipped with a 
water recirculation system. Sodium hypochlorite was added to the water to achieve 
a chlorine concentration of 100 µl×l−1. Then, cherries were classified based on skin 
colour and size by automatic colour sorter and stored at 1 ºC with 95% RH during 
28 days. After 0, 7, 15, 21 and 28 storage days, microbial analyses of total meso-
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philic aerobic, Enterobacteriaceae spp. coliforms, Pseudomonas spp, Lactic acid bac-
teria, moulds and yeasts, Staphylococcus spp. psychrotrophic bacteria and Enteroc-
cocus spp. were carried out. Yeast, psychrotrophic bacteria and Pseudomonas spp. 
were the most prevalant micro-organisms during all storage. Yeasts were a count 
between 0 and 28 storage days of 2x102 and 1.02x106 cfu×g-1, respectively. While 
psychrotrophic bacteria were a count between 0 and 28 storage days of <10 and 
9.71x105 cfu×g-1 and Pseudomonas spp. were a count <10 and 7.50x104 cfu×g-1. 
However, average mould counts slightly exceeded 3x102 cfu g-1from 15 storage 
days. The Enteroccocus spp. and Staphylococcus spp. were the microbial group with 
the lowest counts during the storage, in fact, Enteroccocus spp. was not detected 
during storage. Staphylococcus spp. were a count between 0 and 28 storage days 
<10 and 8.33x101 cfu×g-1. Statistical differences were detected in storage, but were 
not detected among ripening stages. After 21 storage days under these conditions, 
fruit is not fit to be consumed, due to high microbial counts.

S02.292
Conservation on Minimally Processed Swiss 
Chard (Beta vulgaris var. Cycla) ,American 
Lettuce (Lactuca sativa L.) and Purple Lettuce 
(Lactuca sativa L. var. Veneza Roxa) Storage in 
Different Packing Isolated or in Salad Mix Form

Carnelossi, M. A. G.; Souza, J. F.; Soares, L. S.Furtado, M. C.; 
Reis, I. A. O.; Reboucas, K. H.; Santos, R. M.; Castro, A. A.
Federal University of Sergipe, Av Marechal Rondon s/n, 49100-000, São Cristóvão ,Sergipe, Brazil

The objective of this work was to study the physic-chemical and biochemical altera-
tions of minimally processed Swiss Chard, American lettuce and purple lettuce, 
storage in individual form or component of salad mix in different packing. The 
minimally processed consisted of the following stages: selection, cleaners, cut, sani-
tization (200 mg×L-1 active chlorine), rinse, centrifugation, packing and refrigerate 
conservation. The vegetables were storage in two types of packing: polyethylene of 
high density film and nylon poli film. Those packing’s, which contained 50 g of 
product in individual form or 150 g of salad mix (50 g Swiss Chard, 50 g American 
lettuce and 50 g purple lettuce) storage at 5±2 ºC, for 15 days. Phenolic content, 
browning index, total tritable acidity, pH and polyphenol oxidase activity had been 
evalued each five days. The total tritable acidity in Swiss Chard, American lettuce 
and purple lettuce presents values between 0,2 and 0,6 of citric acid g-1 and pre-
sented opposing behaviour to the pH. The browning index was presented bigger in 
Swiss chard storage on individual form in both packing. The activity of polyphenol 
oxidase of the Swiss Chard when storage of individual form was higher than when 
storage of salad mix form during storage time. It was verified that the packing most 
adequate for the conservation of minimally processed Swiss chard, American let-
tuce and purple lettuce independent of the storage form (individual or salad mix) 
was nylon poli.

S02.293
Storage of Half-Finished Vegetable Products

Berzina, E.; Boca, S.; Skrupskis, I.; Blija, A.; Skrupska, D.
Latvian University of Agricultur, Liela Street 2, Lv-3001, Jelgava, Latvia

Good quality is one of the main problems of every stage of vegetable storage. Qual-
ity changes of vegetables during storage have been investigated with instrumen-
tal methods. Regimes of storage time are determined, taking into account their 
influence on the structure-mechanical properties of the product. As the storage 
process of packaged vegetables is one of the most important, changes of physical 
and microbiological quality indices are determined just in this stage of technologi-
cal process. The competence in food preparation technology is the necessary pre-
condition for innovative food and service development, but the knowledge of food 
safety assurance encourages a food service manager to validate the technological 
processes from the viewpoint of food safety. Natural losses are characterized by loss-
es of moisture which unfavourably influence the storage ability of live organisms. 
Using basic laws of physics, we obtain the process mathematical model. Taking 
into consideration ensuring of heat transfer from the product, it will be possible to 

carry out successful storage of vegetables. It enables to perfect technological process 
of storage. Optimized and experimentally verified model will help to explain and 
predict physical processes in vegetables during storage. 

S02.294
Growth of Penicillium expansum in Different 
Naturally and Artificially Infected Apple Cultivars

Rasmussen, P. H.1; Poulsen, M. E.1; Christen, D.2
1National Food Institute, Technical University of Denmark, Moerkhoej Bygade 19, 2860, Soerborg, 
Denmark
2Agroscope Changins -Wadenswill Research Station, Switzerland

Penicillium expansum is the most dominant fungi causing spoilage of apples dur-
ing storage and is a known producer of patulin. It is generally accepted that dis-
ease infection of apple mostly occur through wounds, although several studies 
have indicated that also healthy fruits can be attached. In this study the growth of 
P.expansum and patulin production were investigated in 15 old and new varieties 
grown in Wadenswill Research Station in Switzerland. Methods to test the suscep-
tibility against infection with P. expansum are described. Apples (10 per replicate) 
were inoculated by adding a 10 µl droplet containing approximately 106 spores/ml 
either by surface stab wounding, or by placing the conidia suspension onto the end 
of the apple stems and into the stem basin, respectively. The patulin content was 
measured by LC-MS/MS using gradient elution after homogenisation and extrac-
tion of the apple samples with ammonium acetate followed by an ultrasonic bath 
for 30 min. The apples were incubated at room temperature for up to 25 days. Our 
results showed significantly differences in infection pattern of P. expansum among 
the different tested apple cultivars, and that P. expansum penetrates the apple not 
only through wounds but also by invasion through the stem of healthy apples. The 
study was supported by the ISAFRUIT project financed by the EU Commission 
under the 6th Framework Programme. 

S02.295
Respiration Rate of Different Cutting Formats  
of Minimally Processed Summer Squash

Dominguez, I.; fel Rio-Celestino, M.; Gomez, P.; Font, R.
IFAPA, Centro IFAPA La Mojonera, Camino de San Nicolás 1, 04745, La Mojonera, Almería, Spain

Demand for minimally processed vegetables (MPV) has increased in many indus-
trialised countries in recent years due to changes in lifestyle and feeding people. 
MPV show a higher added value than the fresh vegetables from origin because 
they are “ready to eat”. To maintain quality of MPV and extending shelf life after 
packaging, certain postharvest factors must be investigated, as it is the respiration 
rate (RR). RR is dependent on a number of factors including the format in which 
the MPV is packaged. In this work the RR of different cutting formats of summer 
squash (Cucurbita pepo L.) fruits are reported. Summer squash of a commercial 
variety grown in Almería (Southern Spain) were cut and introduced in glass bottles 
and their RR determined along a period of time at room temperature. The results 
obtained showed significant differences of the RR between formats. These results 
are important for selection of those varieties best suited to the industry of MPV. 

S02.296
Application of Alginate-Based Edible Coatings  
for Preservation of “Rocha” Pear Slices

Amaral, S.1; Miranda, J.1; Barbosa, C. D.1,2; Fonseca, S. C.1,3 

1School of Technology and Management, Viana do Castelo Polytechnic Institute, Avenida do 
Atlântico, 4900-348, Viana do Castelo, Portugal
2REQUIMTE/FFUP, Rua Aníbal Cunha, 164, 4099-030 Porto, Portugal
3REQUIMTE/UP, Campus Agrário Vairão, 4485-661, Vairão, Portugal

Application of edible coatings on fresh-cut fruits constitutes a potential aid in ex-
tending their shelf-life, as well as maintaining the high quality standards demanded 
by consumers. The main objective of this research was to evaluate the effect of al-
ginate (A) coatings with different concentrations, containing ascorbic acid (AA) as 
antioxidant agent and glycerol (GLY) as plasticizer, on quality of ‘Rocha’ pear slices. 
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The two coating treatments tested were a solution of 0.5% (w/v) A + 50% (w/v) 
GLY + 1% (w/v) AA, and a solution of 1% (w/v) A + 50% (w/v) GLY + 1% (w/v) 
AA. The control treatments were a dipping solution of 1% AA and a dipping of 
plain water. After dipping, the slices of ‘Rocha’ pear were packed in clamshells with 
normal atmosphere and stored at 4 ºC. Three replicated packages for each dipping 
treatment were analysed over 16 day storage, for weight loss, colour, texture and 
sensory analysis. The sensory analysis included a quantitative descriptive analysis 
(QDA) to firmness, colour, taste and off-odour as descriptors and an acceptability 
test to evaluate shelf-life. As storage time elapsed, there were significant changes in 
weight loss, colour and firmness brought about by all treatments, thus confirming 
the usefulness of these properties as quality indicators. The coating treatments were 
the most effective towards prevention of weight loss, browning and loss of firm-
ness of sliced “Rocha” pears. The water dipping treatment was that with a higher 
decrease in terms of weight loss and firmness. The QDA panel results were in accor-
dance with the instrumental colour and texture measurements and no off-odours 
were detected in the two coating treatments tested. The two coating treatments 
extended the shelf-life of “Rocha” pear slices compared to the control treatments.

S02.297
Storability of ‘Green Dwarf’ Coconut Fruits  
under Refrigeration and Modified Atmosphere

Araújo, M. V.1; Almeida, A. S.2; Alves, R. E.3; Moura, C. F. 
H.3; Garruti, D. S.3; Menezes, J. B.4
1BNB - CENOP-FOR, Av. Pedro Ramalho, 5.700, Passaré, Capgv, Bloco B2, Térreo, 60743-902, Fortaleza, 
Ce, Brazil
2UESPI, Av. Joaquina Nogueira de Oliveira, s/n, Aeroporto, 64980-000, Corrente, Pi, Brazil
3Embrapa Tropical Agroindustry - Rua Dra. Sara Mesquita, 2270, Pici, 60511-110, Fortleza, CE, Brazil
4UFERSA, Br 110 -Km 47, Presidente Costa e Silva, Mossoró, Rn, Brazil

This study aimed to evaluate the effect of refrigeration and modified atmosphere 
on the storability of green coconut fruit for water fresh consume. Fruits of ‘Green 
Dwarf ’’ coconut variety were harvested from commercial orchards in Paracaru, 
Ceará, Brazil, and transported to the Postharvest Physiology and Technology Labo-
ratory at Embrapa Tropical Agroindustry, Fortaleza, CE. Upon arrival in the labo-
ratory, fruits were submitted to the following treatments: 1- Control = non treated 
samples; 2 – Film = wrapping in 15 µ PVC film; 3 – Wash = immersion for 10 
minutes in Cl (NaOCl) 100 ppm in a shaking container followed by air dry; 4 – 
Wash + Film = combination between treatments 2 and 3, that is, washing followed 
by wrapping with film. Right after treatments, fruits were stored under refrigerated 
conditions (12±1 ºC and 90±5 % R.H) and evaluated for mass loss, visual appear-
ance and external color, and water turbidity, total soluble solids (TSS), soluble sug-
ars (SS), reducing sugars (RS), titratable acidity (TA), pH, and sensorial analysis. 
Duration times were zero, 7, 14, 21, 28, and 35 days. For the quality experiments 
a factor design 4 x 6 (treatments vs. time) with four replicates (each fruit represent-
ing a replicate) were applied, while for the sensorial analyses experiments a 4 x 2 
factor design, with 30 replicates (panelists) and two durations, 28 and 35 days, was 
applied. Green dwarf coconut fruits stored under refrigeration presented storability 
of 16 days. Combination of refrigeration and modified atmosphere greatly reduced 
mass loss, fruit wrinkling, and loss of green color enabling fruit storability of 35 
days. Water from fruits submitted to washing and PVC film wrapping treatments, 
favored water acceptance.

S02.298
UV-C as a Postharvest Treatment of Citrus Fruit

Duarte, A.; Salazar, M.; Graca, A.; Mendes, S.; Manso, T.; 
Nunes, C.
Universidade do Algarve, ICAAM, Campus de Gambelas, Edif. 8, 8005-139 ,Faro, Portugal

Green and blue moulds, due to the pathogenic action of two species of Penicil-
lium, are the main responsible of orange losses during the period of postharvest. 
Chemical fungicides are commonly used to control them. However, the continu-
ous use of these chemicals in commercial packinghouses has led to increase the 
number of resistant strains of pathogens. Furthermore, there is a growing concern 
among consumers about the possible harmful effect on the environment of these 

molecules or their residual metabolites. Ultraviolet-C illumination (254 nm) 
could be used as an effective physical treatment to avoid Penicillium prolifera-
tion on citrus fruit. In this work UV-C illumination are propose as an alternative 
physical treatment to reduce citrus decay. The direct and indirect (elicitation) 
effects of UV-C in the pathogens were investigated. Fruits were subjected to dif-
ferent doses of UV-C illumination, before and after pathogen inoculation. Fruits 
were stored for 7 days at 20 ºC and 1 month at 5 ºC following 7 days at 20 ºC 
simulating shelf-life period. After storage period the decay incidence of Penicil-
lium was evaluated. Quality parameters as colour, weight, % juice were evalu-
ated using destructive methods. The acidity and ºBrix were evaluated using NIR 
non destructive technology, allowing to monitoring these parameters in the same 
fruits. Results will be discussed considering the direct and indirect responses in 
relation with the applied dose of UV-C. 

S02.299
Application of X-Ray Microtomography Tool  
on an Hidration-Dehidration Study of Açaí Berry

Ribeiro, G. V.; Pessoa, J. D. C.
Embrapa, P.O. Box 741, XV de Novembro 1452, 13.560-970, São Carlos, São Paulo, Brazil

The anatomy of the fruits of Euterpe oleracea is not well known and the little studies 
found in literature use classical microscopic techniques. On this paper the authors 
present the anatomic changes of the acai berry submitted to an hydration-dehy-
dration process, and the changes were registered with the X-ray microtomography 
technique. Açaí is not consumed in nature, its pulp is extracted on a rubbing pro-
cess with the aid of water. The amount of water and the processing time define 
the viscosity of the resulted emulsion, a very appreciated food on the Nortest of 
Para (Brazil). Its market overcame the inertial growth in 1995 when the first lots 
arrived to the richest region or the country. At 2001 the frozen emulsion began to 
be exported. The intense growth of the market has demanded more efficient de-
pulpping processes, what motivated this study. The fruits are partially dehydrated 
during transportation and then rehydrated in the industry before rubbing, what 
was simulated in the laboratory with aid of an oven at 60 °C, and water immersion 
at 25 ºC. The fruits were observed with the microtomograph SkyScan model 1172. 
The fruits were submitted to dehydration between 2.7 and 10%, and dried. Dehy-
drated fruits to about 4.9% presented few ruptures in the storage parenchyma, epi-
dermis and anthocyanin parenchyma. A big retraction of the storage parenchyma 
that contain the lipids was observed about 7% of water loss. About 10% all tissues 
presented big shrinkages increasing the distance between monosteles. The embryo 
shrinked proportionally to the dehydration rate. 

S02.300
Effect of Storage Pre-Conditioning and Duration 
on the Sensory Quality of ‘Honeycrisp’ Apple

Lesschaeve, I.1; DeEll, J. R.2
1Vineland Research and Innovation Centre, 4890 Victoria Ave N, P.O. Box 4000, L0R 2E0, Vineland 
Station, Ontario, Canada
2OMAFRA, Canada

‘Honeycrisp’ is a relatively new apple cultivar, which was released by the Minne-
sota Agricultural Experiment Station in 1991. The fruit has outstanding flavour 
characteristics and can remain crisp for several months in storage. ‘Honeycrisp’ 
is also extremely susceptible to the storage disorders soft scald and soggy break-
down. To control these disorders it is common to pre-condition the fruit prior to 
cold storage with delayed cooling, 4-7 days at 10-20 ºC. Postharvest application 
of 1-methylcyclopropene (1-MCP), an inhibitor of ethylene action, has also been 
shown to reduce certain storage disorders in apples. The objective of this study 
was to evaluate the effects of delayed cooling and/or 1-MCP treatment on the 
fruit sensory quality after 1, 4, or 6 months. ‘Honeycrisp’ apples were harvested 
twice within the commercial harvest window. Apple batches were then held in 
various regimes ranging from 0 to 6 days at 10 to 25 ºC, and treated with or 
without 1-MCP (1 ppm for 24 hours at 3 ºC). All fruits were then stored in 
ambient air or controlled atmosphere (1.7-2.0% O2 + 2.0% CO2) at 3 ºC. A 
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sensory methodology was developed to enable comparison of the apple sensory 
profiles imparted by the different treatments. A list of 18 descriptors (12 flavours, 
6 textures) was generated and defined by quantitative references to calibrate the 
use of the scale measuring the perceived intensity of these descriptors when assess-
ing an apple sample. A group of 8 panelists selected for their sensory abilities and 
trained to utilize the developed methodology participated in this project. Effects 
of pre-conditioning treatments were already noticeable after 1 month, decreasing 
the perceived sweetness, juiciness and crispiness of ‘Honeycrisp’ apples. All the 
regimes resulted in higher bitterness, astringency and skin thickness of the fruits 
compared to ‘2 days at 25 ºC’. The evolution of ‘Honeycrisp’ sensory profile will 
be further discussed. 

S02.301
Impact of Atmospheric Plasma Treatment  
on Microorganisms on Plant Tissue

Geyer, M.; Baier, M.; Herppich, W.; Schlüter, O.
Leibniz Institute for Agricultural Engineering Potsdam Bornim ,Max Eyth Allee 100, 14469, Potsdam, 
Germany

Since several years a number of activities in the field of surface decontamination by 
using non-thermal plasmas are known. But although there are quite a few plasma 
based processes commercially available, the complexity of interaction between 
plasma and plant tissue are little examined. For decontamination two aspects have 
to be taken into account, the impact of i) UV radiation and ii) chemical active or 
toxic species (e.g. OH derivatives, NO derivatives, etc.). In this study, the investiga-
tions were performed using a plasma jet operated in argon at atmospheric pressure. 
The plasma jet was driven by radio frequency (27.12 MHz) at operating powers 
between 10 and 40 W. UV/VIS optical emission spectroscopy (OES) and infrared 
camera were used to characterize the plasma. Due to the operation of this plasma 
jet under atmospheric pressure conditions flow dynamics play a major role in trans-
port processes of chemical active or toxic species. The effect of the plasma on differ-
ent micro-organisms was investigated using conventional plate count methods and 
flow cytometry. The slope of the inactivation kinetics showed multi-phasic reduc-
tion properties for Escherichia coli on polysaccharide gel and could be described us-
ing available mathematical models. To study the interactions of plasma-immanent 
reactive species with secondary plant metabolites lamb’s lettuce was exposed to the 
atmospheric pressure plasma jet. Pure flavonoids showed a strong time-dependent 
decrease, whereas the concentrations of the selected phenolic acids almost remained 
unchanged. Using lamb’s lettuce as a very sensitive model produce chlorophyll fluo-
rescence imaging analysis was applied to measure the local and temporal dynamics 
of the potential post processing effects of plasma jet operation on the physiological 
produce properties. The potential of this new method for processing of fresh foods 
will be discussed. 

S02.302
UV-C Induced Disease Resistance and Delayed 
Ripening in Tomato Fruit with Prior Exposure  
to Selected Storage Stresses

Corcuff, R.; Muvunyi, R.; Bourget, S.; Arul, J.
Horticultural Research Centre and Department of Food Science and Nutrition, Université Laval, G1V 
0A6, Québec, Canada

The induction of disease resistance and delayed ripening by hormetic doses of 
UV-C in postharvest crops has been well established. However, it is not known 
whether UV-C induced effects are similar when produce are transiently exposed 
to other abiotic storage stresses prior to UV-C treatment. It was hypothesized that 
UV-C induced effects in crops could be modified if crops are exposed to stor-
age and handling stresses such as heat, cold, wounding and atmosphere (low O2 
and high CO2), before administering UV-C treatment. Mature green tomato fruit 
were exposed to various storage stresses: heat (35 ºC, 60 h); cold (1 ºC, 7 days); 
N2 atmosphere (24 h); high O2 atmosphere (24 h) ; high CO2 atmosphere (8 h); 
water stress (75% RH, 7 days); and wounding. After 24h, fruit were treated with 
hormetic UV-C dose of 3.7 kJ×m-2 and stored at 13 ºC and RH of about 95%. 

Fruit ripening was monitored by colour measurement, and disease resistance was 
evaluated by inoculation of the fruit with Botrytis cinerea 12 days after treatment. 
Subsequent exposure of UV-C treated fruit to various stresses generally did not af-
fect the UV-C induced delayed ripening or the disease resistance, with an exception 
that cold stress attenuated UV-C induced disease resistance. The enhanced delay 
in ripening by cold stress and diminished delay by heat stress were attributable to 
storage temperature history. Results suggest UV-C is a dominant stress and that 
UV-C induces disease resistance and delay of ripening in tomato fruit after they 
were transiently exposed to other stresses.

S02.303
Investigation and Presenting of Solutions  
to Reduce Postharvest Losses of Potato  
(Solanum tuberosum)

Bonab, E. T.1; Hajizadeh, H. S.2
1Landscape Architecture of Engineering Organization of Pardis New City ,25 Km Tehran-Rudehen 
Road, Edalat Square, ., Tehran, Islamic Republic of Iran
2Tehran University, Collage of Agriculture, Karaj, Iran

Potato (Solanum tuberosum) is an annual tuber plant and as the most important 
species of solanaceae has a high economical value. Potato is the most important 
resources for starch and vitamin C in human nutritional diet. The harvest time 
vary between different varieties and usually when the colour of plant initiating to 
be yellow and dry is the harvest time of plant. Some of attributes of potato which 
is regarded in qualitative valuation vary due to type of consumption and depends 
to tuber size and shape, tuber skin colour, tuber flesh colour and quantity/quality 
of starch. Postharvest losses of potato are related to bruises and damages which are 
accuring through harvest operations and resulting to decrease of visual quality and 
nutritional value and increase of susceptibility to fungal rots such as fusarioum, 
alternaria, rhizoktonia and phytopthra after harvest. Also, the production of solanin 
alkaloid and postharvest sprouting of potato during store are the major kind of 
potato losses that cause to decrease in nutritional and economical value. Curing is 
one of the treatments which are done after harvest to prevent of potato losses. The 
goal of this paper is to study of potato plant characteristics including nutritional 
value, stages of harvest operations and pre-harvest and post-harvest treatments of 
plant to present some methods for prevention of decay. 

S02.304
Effect of Post Harvest Oxalic Acid Treatment  
on Physico-Chemical Composition and Keeping 
Quality of Mangoes

Krishnapillai, N.1; Wijeratnam, S. W.2; Adikaram, N. K. B.3
1University of Jaffna, Department of Botany, University of Jaffna, Sri Lanka, 0094, Jaffna, Northern 
Province ,Sri Lanka
2Industrial Technology Institute, Colombo 7, Sri Lanka
3Department of Botany, University of Peradeniya, Sri Lanka

Rapid ripening processes and post harvest diseases are serious causes of post harvest 
losses in mango fruit and limit transport of fresh mangoes. Oxalic acid extends the 
storage life of mangoes without any decay. The main objectives of this study were 
to understand the effect of oxalic acid on storage life and defects of Karthacolom-
ban, and Vellaicolomban mangoes and assess the consumer acceptability. Mature 
green Karthacolomban and Vellaicolomban mangoes were harvested carefully in 
Muruganoor farm and a representative sample of 15 mango fruits with 3 replica-
tions were selected randomly. Those mangoes were dipped in 5mM oxalic acid for 
10 minutes and another 15 mangoes were dipped in water as control. They were 
subsequently allowed to ripen at ambient temperature (30+/_4 ºC and 70-75% 
RH). A representative sample of 5 mango fruits with 3 replications were selected 
randomly and used for physico-chemical analysis. Another set of fruits were used 
for sensory evaluation. Fruit weight, volume, moisture content, colour, total solu-
ble solids and eating quality were not affected by oxalic acid dip treatment in both 
Vellaicolomban and Karthacolomban mangoes. Titratable acidity and pH of oxalic 
acid treated Karthacolomban and Vellaicolomban fruits were showed significant 
difference (p=0.05) compared to control. Firmness of oxalic acid treated fruits 
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was slightly higher than control while disease score was slightly low in oxalic acid 
treated fruits. Oxalic acid dip treatment extends storage life by 4 days in Kar-
thacolomban and 3 days in Vellaicolomban mangoes without affecting taste and 
colour. Marketability of oxalic acid treated fruits was also high due to low disease 
score. These results indicate that oxalic acid dip treatment at low concentration 
can improve storage life of Vellaicolomban and Karthacolomban mangoes from 
Vavuniya at ambient conditions. 

S02.305
Effect of Pre-Harvest Treatment of Nitric Oxide 
on both Pre-Harvest and Post-Harvest Ripening 
and Post-Harvest Quality in Tomato

Liu, L. Y.; Zheng, Y.; Shen, L.; Sheng, J. P.
China Agricultural University, No. 17 Qinghua East Road, 100083, Beijing, China

Nitric oxide (NO) has been implicated in disease resistance to avirulent pathogen 
attack, however, NO is supposed to have effect on fruit ripening since it cross-
talks with ethylene. To study this tomato plants (Lycopersicon. esculentum cv. No.4 
Zhongshu) with florescence reaching 50d were injected 5mL sodium nitroprus-
side (SNP) solution, NO donor, with concentrate 0.01mM, 0.02mM, 0.05mM 
respectively. The same volume distilled water was injected as control. The results 
showed that 0.01mM and 0.05mM SNP treatment could delay the fruit ripen-
ing before harvest, especially the 0.05mM SNP treatment. After treated tomato 
fruits which were picked up during green stage stored at 25 ºC, RH 80%-90%, 
however, we found the efficacy of delaying ripening in 0.02mM and 0.05mM pre-
harvest treatment with SNP was better. Subsequently the contents of lycopene, 
Vc, soluble sugar, titratable acid and soluble protein showed that there was no 
significant difference in quality between treatment and control no matter fruits 
matured before harvest or after storage. These results suggested that SNP pre-
harvest treatment could significantly delay ripening in tomato fruits and wouldn’t 
cause the quality worse. 

S02.306
Effect of Syrup Concentrations on Recovery 
and Organoleptic Quality of Dehydrated 
Kokum(Garcinia indica Choisy) and Effect of 
Pretreatments and Drying Methods on the Yield 
and Organoleptic Quality of Dried Kokum

Patil, S.1; Hindiholi, M.2; Hegde, N.K.3
1University of Horticultural Sciences, College of Horticulture, 591 310, Arabhavi, Karnataka, India
2KRC College of Horticulture, Arabhavi, India

Kokum (Garcinia indica Choisy) is a slender evergreen tree found in the tropical 
rainforests of Western Ghats of South India from Konkan southwards towards 
Maharashtra, Karnataka, Goa and Waynad. Kokum is valued for the numerous 
medicinal properties like antihelmenthic and cardiotonic, to cure piles and dys-
entery. Fruit rind is dried and used for culinary purposes and syrup dehydrated 
kokum is the by product after osmodehydration of kokum rind and is sold in the 
local market. Studies were conducted to assess the effect of different concentra-
tions of syrup on the yield and quality of dehydrated kokum rind. Maturity of 
the fruit more or less coincides with the onset of monsoon season and sun drying 
is difficult. Hence lot of wood is used to dry the fruit rind on iron tawa. Hence 
studies were necessary to assess the effect of different pretreatments and drying 
methods like oven drying on the quality of dried kokum. Freshly extracted kokum 
fruit rinds were subjected to different drying methods like oven drying and sun 
drying after pretreatments like hot water blanching and Potassium Metabisul-
phite. The best organoleptic quality scores for dried kokum for overall acceptabil-
ity (3.57) (on a 5.0 point hedonic scale) were recorded in kokum rinds blanched 
for 2 minutes + KMS 2% for 15 minutes + oven drying. Organoleptic evaluation 
of dehydrated kokum revealed that the highest scores for texture, flavour, taste 
and overall acceptability was recorded in rinds dehydrated with 70ºB for 24 hours 
compared to control. 

S02.307
Effects of Curing Conditions  
on Quality  
of Dried Vanilla Beans

Van Dyk, S.; McGlasson, W. B.; Williams, M.; Spooner-Hart, R.; 
Holford, P.
University of Western Sydney, Centre for Plants and the Environment, Locked Bag 1797, 1797 
,Penrith South DC, NSW, Australia

Vanilla (Vanilla planifolia Andrews) is the world’s most popular flavouring used 
by the food, pharmaceutical and cosmetic industries. Natural vanilla has an in-
tense, fruity, floral fragrance that makes it a unique and universal flavouring. The 
distinctive flavour and aroma of cured vanilla beans is derived mainly from the 
phenolic compound vanillin, and other aromatic compounds. Vanillin is accumu-
lated in green beans during maturation as glucovanillin, which is hydrolysed to 
free vanillin by endogenous glycosidases during curing to give the characteristic 
flavour of vanilla. The objective of this study was to determine the most suitable 
conditions for curing that yield cured beans with high concentrations of vanil-
lin and other flavour compounds and with high sensory quality. Mature green 
beans were obtained from a commercial grower at Cairns, Queensland. Beans 
were either left unblanched and sweated at 45 ºC or the beans were blanched in 
hot water at either 50, 55 or 60 ºC for 3 minutes followed by sweating at 40 or 
45 ºC until they turned brown. After sweating the beans were dried to 45% of 
their fresh weight using an oven dryer at 50 ºC. Vanillin concentrations were de-
termined at different stages of the curing process. The concentrations of vanillin 
were low in green beans and there were no significant differences in vanillin con-
tent between treatments at the sweating stage. However, vanillin concentrations 
were higher in unblanched beans sweated continuously at 45 ºC than in beans 
that were blanched at 50–60 ºC then sweated. The beans cured continuously at 
45 ºC had an attractive dark-brown colour. These protocols enabled the produc-
tion of cured beans that retained high concentrations of vanillin and a complex of 
other volatile compounds that impart unique aroma. Vanillin and other flavour 
compounds were assayed by HPLC and GLC. An untrained consumer panel was 
used to evaluate the flavour of cured beans. 

S02.308
Effect of Various Packaging  
Systems on Storage Life and Quality  
of Mushroom (Agaricus bisporus) 
during Storage Condition

Kamiab, F.1; Hokmabadi, H.2; Mohamadizadeh, A.1
1Islamic Azad University- Rafsanjan Branch, Valayat Bulvar, 87-Emam Alley(5)-Emam Khomeini, 
7716633853, Rafsanjan, Kerman, Islamic Republic of Iran
2Iran’s Pistachio Research Institute, Islamic Republic of Iran

Mushrooms have a short postharvest shelf life compared to most vegetables, due 
to a very high metabolic activity and high water content, making them prone to 
microbial spoilage and to exhibit enzymatic browning. Various packaging systems 
was developed in our laboratory and evaluated for their suitability to extend stor-
age life and improve the quality of mush room. Fresh mush rooms were packed 
in various packaging materials (Nano, Polypropylene, Ethylene scrubber+ Poly-
propylene). Mush rooms were soaked for 1 min in hydrogen peroxide solution 
(6%) then packed and stored at 4 ºC and 25 ºC for 14 days. Ph, primary weight, 
secondary weight, colour, off odor, cap opening were determined at three days in-
terval after storage for seven intervals. all treatments lose lower weight in compari-
son to control. Nano and polypropylene + ethylene scrubber packaging revealed 
significant reduction in Discoloration, browning .there are not ph reduction in 
polypropylene + ethylene scrubber and Nano packaging. Off odor wasn’t pro-
duced in Polypropylene + ethylene scrubber packaging. Cap opening decreased 
significantly in Nano packaging. Storage at 25 °C accelerated, cap Opening, ph 
reduction, browning and off odor. The result of this experiment shows that first 
polypropylene + ethylene scrubber then Nano are suitable packaging systems for 
mushroom storage.
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S02.309
Shelf-Life Extension of Fresh Mushrooms 
(Agaricus bisporus) by Application of Hydrogen 
Peroxide and Browning Inhibitors

Kamiab, F.1; Hokmabadi, H.2; Abazeri, R.1; Sadeghzadeh, F.1; 
Hafezabadian, M.1; Bahramzadeh, H.1
1Islamic Azad University- Rafsanjan Branch, Velayat Bulvar, Rafsanjan, 87, Alley5 Emam Khomeini- 
Rafsanjan ,77166633853, Rafsanjan, Kerman, Islamic Republic of Iran
2Iran’s Pistachio Research Institute, Rafsanjan, Islamic Republic of Iran

The effects of different washing treatments combined with modified atmosphere 
packaging (MAP) on the quality and storage life of fresh mushrooms were determined. 
An experimental washing process for fresh mushrooms entailing immersion in H2O2 
(6%), followed by application of different concentrations of anti-browning treatments 
involving citric acid and ascorbic acid was used. Whole fresh mushrooms were soaked 
for 1 min in hydrogen peroxide solution then citric acid(5%,8%,12%) or ascorbic 
acid(3%,6%,9%) solution then packed within polypropylene film and stored at 4 ºC 
and 25  ºC for 14 days. Ph, primary weight, secondary weight, colour, off odor, cap 
opening were determined at three days interval after storage for seven intervals. All 
treatments lose lower weight in comparison control. Citric acid (5%) and ascorbic acid 
(3%) treatments revealed significant reduction in browning, cap opening. there are 
not ph reduction in citric acid (5%) and ascorbic acid (3%) treatments. ascorbic acid 
(3%) produced the lowest off odor. But ascorbic acid (6%) caused the lowest brown-
ing during storage at 25 ºC. Storage at 25 ºC accelerated browning, cap Opening, ph 
reduction and off odor. The results of this experiment revealed that citric acid (5%) 
and ascorbic acid (3%) with hydrogen peroxide were suitable treatments for increasing 
storage life of mushroom when compared to control. The citric acid and ascorbic acid 
treatment had no deleterious effect on the sensory properties of sliced mushrooms. 

S02.310
Shelf Life of Solanum gilo Fruits 
Affected by Ethylene and O2 Absorbers

Finger, F. L.1; Ferreira, A. P. S.1, Carvalho, D. R.2; Mapeli, A. M.3
1Departamento de Fitotecnia, Universidade Federal de Viçosa, 36570-000, Viçosa, MG, Brasil
2Departamento de Engenharia Agrícola, Universidade Federal de Viçosa, 36570-000, Viçosa, MG, Brasil
3Departamento de Biologia Vegetal, Universidade Federal de Viçosa, 36570-000, Viçosa, MG, Brasil

This study evaluated the influence of temperature and polivinyl chloride film 
(PVC) wrapping tray containing sachets of ethylene absorber KMnO4 or oxygen 
absorber O-Buster (OxyfreeTM 504) on the shelf life of Solanum gilo Raddi (jiló) 
fruits stored at 5 ºC. This fruit has a short postharvest shelf life due to fast yellow-
ing, losing its commercial value. Mature green fruits were harvested and placed 
in polystyrene trays and wrapped with PVC film, comprising the following treat-
ments: control tray wrapped only with PVC film; 1.0 g KMnO4 sachet; 2.0 g 
KMnO4 sachet; 3.0 g KMnO4 sachet; 4.0 g KMnO4 sachet and tray containing O-
Buster sachet model FT-30. Accumulated weight loss reached an average of 7.3% 
after 14 days of storage. In all treatments, there was an increase of total soluble 
sugar content with a reciprocal decrease in starch content during the storage period 
of 14 days. Fruits from the control treatment had sharper decrease on total chloro-
phyll content through the storage period. Fruits wrapped with O-Buster absorber 
kept the fruit surface greener for longer period of time, followed closely by the trays 
with a 4.0 g KMnO4 sachet. Chilling injury started to develop after three days at 
5 ºC, expect for the tray containing 4.0 g KMnO4 or O-Buster sachets. Chilling 
symptoms during cold storage of the fruit included surface pitting, skin discolor-
ation and browning. Fruits wrapped with PVC containing the O-Buster sachet 
maintained green colour and less chilling symptoms after being stored for 14 days.

S02.311
Cell Wall Modifications Following Cold Storage 
of Calcium-Treated ‘Golden Reinders’ Apples

Ortiz, A.; Echeverría, G.; Graell, J.; Lara, I.
UDL-IRTA, Alcalde Rovira Roure 191, 25198, Lleida, Spain

Firmness of apple (Malus ×domestica Borkh.) fruit depends largely on modifications 
in the cell wall structure of flesh tissue. Therefore, retardation of cell wall degrada-
tion throughout the marketing chain would improve value of fruit to consumers, 
as texture is one of the most important quality attributes of apples. In this work, 
‘Golden Reinders’ apples harvested at commercial maturity were dipped in 2% 
(w/v) CaCl2 and stored for 4 or 7 months at 1 ºC and 92% RH under air. Cell wall 
composition and different cell wall-modifying enzyme activities were determined 
0, 7 and 14 days after removal from storage in order to assess the effects of calcium 
treatment in fruit firmness and cell wall metabolism throughout the commercial 
life of produce. Multivariate analysis of data showed that firmness was strongly 
related to both the amount and the composition of cell wall material (CWM) in 
the flesh tissue. Regardless of storage period, CWM content was higher in CaCl2-
treated fruit. Concurrently, lessened pectin degradation was observed in treated 
apples, probably in relation to inhibited pectin methylesterase, polygalacturonase 
and pectate lyase activities. In consequence, firmness of treated apples was higher 
at the end of shelf life, with values above 44 N, the minimum value required for 
acceptable eating quality. Thus, applied calcium was an effective tool to maintain 
firmness of ‘Golden Reinders’ apples along 2 weeks subsequent to storage under 
cold air, even after long-term storage.

S02.312
Postharvest Quality of Mini Sweet Peppers  
as Affected by Several Types of Bulk Packaging

Ilic, Z.1; Fallik, E.2; Perzelan, Y.2; Alkalai-Tuvia, Sh.2; 
Aharon, Z.2
1Faculty of Agriculture, Kopaonicka bb, ,38219, Lesak, Serbia
2ARO- Volcani Center, Postharvest Science of Fresh Produce, Bet Dagan, Israel

The main goal of this research was to evaluate the efficacy of XF films for bulk 
packaging (2kg and 4 kg) in compared to microperforated PE (as control) on 
quality parameters and antioxidants activity on three type of mini sweet peppers 
(tinkerbell green, sweetbite orange and tinkerbell red) during 14 days storage at 
7 ºC and 3 d at 20 ºC (shelf-life). Differences in atmosphere compositions devel-
oped in the three package types in spite of the same perforation level indicate that 
gas exchange properties of the packages were not solely dictated by perforation 
area, but were also affected by other factors, such as polymer nature, product 
weight and water condensation in the packaging material. The results show that 
packing pepper fruits in XF film (in bulk packaging- 2kg) resulted in the highest 
level of CO2 and the highest-quality parameters. In all cultivars, PE films were 
significantly more effective in reducing weight loss and maintaining firmness 
fruit. Packaging in XF liners improved the better general appearance of the fruits, 
inhibited colour development, softening, and decay incidence, compared to the 
PE liner. In both bags, during two weeks storage on 7 ºC, level of CO2 did not 
exceed 2% because the bag was perforated, except during the shelf life (3days on 
20 ºC) when level of CO2 was around 5% (XF film in bulk packaging with 2kg). 
The sweetbite orange fruits were observed very high susceptibility to percent-
ages of decay and aggravation of physiological disorders in comparation with 
tinkerbell green and red fruit. After 2weeks storage at 7 ºC + 3days shelf life on 
20 ºC total antioxidant activity slowly decreased in all cultivars, depend of film 
type and bulk packaging. 

S02.313
Influence of Four Different Hydrothermal 
Treatments on Papaya Fruit

Corrêa, S. F.1; Silva, M. G.1; Oliveira, J. G.2; Berilli, S. S.2; 
Pereira, T.1; Almeida Junior, P. S. G.1; Vargas, H.1
1Universidade Estadual do Norte Fluminense, Av. Alberto Lamego, 2000, Centro de Ciência e 
Tecnologia, 28013-602, Campos dos Goytacazes, Rio de Janeiro, Brazil
2Universidade Estadual do Norte Fluminense - Centro de Ciências e Tecnologia Agropecuária, Brazil

Four postharvest hydrothermal treatments were applied on papaya fruit (Carica 
papaya L.) cv. Golden and the stress stimulated by the treatments was monitored 
by the ethylene (C2H4), carbon dioxide (CO2) emission rates and fruit quality. 
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The postharvest hydrothermal treatment consisted in submerging alternately the 
fruits into two water baths, the first one with water at a temperature of 49 ºC 
and the second at 12 ºC. An increase in the emission rates of both gaseous spe-
cies (C2H4 and CO2) was observed as a response to the stress. Measurements 
of typical quality parameters as pulp firmness, pH, titratable acidity and total 
soluble solids were also carried out and correlated with the gases emission from 
the fruit. 

S02.314
Differential Colour Development  
in Mature Green Tomatoes is Associated with 
Changes in the Antioxidant System After Cold  
or Heat Shock Treatment

Zhang, Z.; Nakano, K.; Maezawa, S.
Gifu University, 1-1 Yanagido, The United Graduate School of Agricultural Science, 501-1193, Gifu, 
Gifu, Japan

Cold shock treatment (CST) (0 ºC, 3 h) and heat shock treatment (HST) (50 
ºC, 2 min) can cause variation in colour development in mature green tomatoes. 
To study the differential antioxidant system in mature green tomatoes after CST 
and HST, colour, malondialdehyde (MDA) and ascorbic acid (AsA) contents, 
as well as changes in antioxidant enzyme activities during storage at 20 ºC and 
10 ºC were measured. CST accelerated colour change by 1 d at 20 ºC and 3 
d at 10 ºC without chilling injury. Increase in colour development after CST 
differed from that observed in previous reports and may reflect higher MDA 
content, lower AsA content as well as lower superoxide dismutase (SOD) and 
peroxidase (POD) activities than controls during storage at both 20 ºC and 10 
ºC. However, HST delayed colour development by 3 d at 20 ºC and 5 d at 10 
ºC, decreasing MDA content under both storage temperatures. The activities of 
antioxidant enzymes, SOD and POD, with HST were higher than in controls 
during storage at 20 ºC or 10 ºC. These results suggest that CST and HST have 
the same effect on the antioxidant enzyme activities in mature green tomatoes 
at 20 ºC or 10 ºC storage, and imply that SOD and POD play important roles 
in the antioxidant system in mature green tomatoes after CST and HST when 
stored above 10 ºC. 

S02.315
Postharvest Shelf Life of Taro Rhizomes Affected 
by Storage Temperature and PVC Film

Garcia-Zonta, F. M.; Puiatti, M.; Finger, F. L.; Cecon, P. R.
Universidade Federal de Viçosa, Departamento de Fitotecnia, Campus Universitário, 36570-000, Vicosa, 
Minas Gerais, Brazil

Taro is a tropical rhizome crop with little information about the ideal condition for 
storage, contributing the losses observed during the commercialization. The use of 
plastic films and adequate temperature reduce the losses in many other fresh hor-
ticultural crops. This work had the goal to determine the effects of PVC film and 
temperature of storage on the postharvest of taro rhizomes. Plants of taro cultivar 
Japonês harvested after nine months of growth and the rhizomes were selected by 
size and a half placed in polystyrene trays covered with PCV film and the other 
half as controls. The trays with or without PCV film were stored at 5 ºC, 12 ºC 
and at room temperature for 126 days. The experiment was arranged in a complete 
random design, with three replicates containing six rhizomes each. At every 21 days 
it was analyzed the visual appearance, content of dry matter, starch, total soluble 
sugars (TSS), reducing sugars (RS) and non reducing sugars (NRS). The rhizomes 
stored at room temperature had acceptable visual quality for only 21 days after 
harvest with or without PVC film, showing high losses of fresh mass. At tempera-
tures of 5 ºC and 12 ºC, the PVC film prolonged the visual quality above 21 days, 
with good quality up to 126 and 84 days, respectively. Although at 5 ºC, there was 
reduction of starch and accumulation of TSS, in especial RS. The temperature of 
12 ºC was more effective in maintaining the visual appearance, which was able to 
inhibit the starch degradation and increase in TSS, being the more appropriated 
temperature for storage of taro rhizomes. 

S02.316
Effect of 1-MCP Application on Postharvest 
Color and Quality Development of Apples 
(‘Ildrød Pigeon’)

Popielarz, M.1; Petersen, M. A.1; Toldam-Andersen, T. B.2
1Department of Food Science, Faculty of Life Sciences, University of Copenhagen, Rolighedsvej 30, 
,1958 Frederiksberg C, Copenhagen, Denmark
2Department of Agriculture and Ecology/Crop Science,Faculty of Life Sciences, University of 
Copenhagen, Højbakkegård Allé 21,  2630 Taastrup, Denmark

Color development and postharvest quality of the Danish apple cultivar ‘Ildrød 
Pigeon’ (IP) were investigated. IP is a small-fruited, red-colored cultivar with a 
characteristic aroma. It is harvested in mid-September, stored until early Decem-
ber and used for Christmas. Traditionally IP apples should be exposed to sun 
light after harvest for 8-10 days, in order to obtain a full cover of red over color. 
Nowadays apples can be treated with 1-MCP, an ethylene action inhibitor, which 
delays the ripening processes. 1-MCP is internationally becoming widely used 
and was registered in Denmark in 2008. Because light exposure and an optimal 
use of 1-MCP treatment might be conflicting, the first part of the current study 
investigated the effect of 1-MCP application and light exposure on post harvest 
anthocyanin synthesis. Bags were put on individual apples to disable light expo-
sure while apples were on the trees treated with different nitrogen fertilizer levels. 
After harvest, lots of non-bagged and bagged apples were treated with 1-MCP. 
Subsets of 1-MCP treated and untreated apples were exposed to sun light for 7 
days. Some of the untreated apples were treated with 1-MCP after the 7 days of 
light exposure. Blocking of ethylene action by 1-MCP might have an impact on 
the ripening processes, and therefore to apple quality development. The second 
part of the current study aimed to assess firmness, ethylene production, acidity 
and sugar content after a cold storage period depending on the timing of 1-MCP 
treatment and nitrogen fertilizer level.

S02.317
Effect of Pressure Precooling and Cold Room 
Precooling, Cold Storing on Quality of Sweet Corn

Liu, S.; Zhang, H.; Zheng, S.
Beijing Vegetable Research Center, B.O.Box 2443, 100097, Beijing, China

Sweet corn cobs were precooled immediately after harvest using pressure cooler 
(PC) and cold room cooler (CR). Corn cobs without precooling served as control 
treatment. Both pressure precooled and room cooled corn cobs were stored under 
parallel and perpendicular orientations for 13 days at 0 ºC. The quality attributes 
of sweet corn cobs were measured to assess the performances of pressure cooler 
and cold room cooler compared to non-cooling. Corn cobs precooled by pressure 
cooler reduced significantly the cooling time because the temperature of corn cobs 
were decreased using 6 hours by PC from 27.5 ºC to 3.5 ºC, while using 24hours 
by CR from 27.5 ºC to 4 ºC. Other the other hand, pressure and cold room cooled 
sweet corn cobs kept a high standard of quality up to 13 days by conserving high 
total soluble solids and maintaining good quality index. During cold storage, the 
weight losses of sweet corn cobs increased gradually and the sugar contents and 
vitamin contents decreased gradually. 

S02.318
The Effect of Salicylic Acid and Gibberellic Acid 
on Factors Affecting Ripening Time and Storage 
Life of Sweet Cherry cv. Mashhad

Sedighi, A.; Gholami, M.; Sarikhani, H.
Bu-Ali Sina University, Iran-Hamedan-Bu-Ali Sina University, College of Agriculture-horticulture 
Department, 65174, Hamedan, Islamic Republic of Iran

Sweet cherry is a non climacteric fruit with capability of ethylene production 
during storage period. Factors that decrease ethylene production would increase 
its storage life. Important quality indices such as fruit color, weight and size, 
also could be improved by plant hormones application. In this research sweet 
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cherry fruits of Mashhad cv. was sprayed with different concentrations of Sali-
cylic acid (0.5, 1, 2, and 3 mmol/l) and Gibberellic acid (0, 10, 20 and 30 
ppm). Fruits were sprayed about three weeks before harvest when their color 
started to change from green to yellow. The experiment was performed in a 
completely randomized design with three replicates. The results showed that GA 
had less effect on decreasing ethylene production compared to SA, but did bet-
ter on anthocyanine accumulation, fruit size and weight. GA treatment delayed 
fruit ripening but the color as an important ripening index, did not affected as 
ethylene did. During storage period the amount of anthocyanine in fruits in-
creased due to hormone treatments whereas the ethylene production decreased 
compared to control fruits. The most important role of SA on sweet cherry post 
harvest condition is increasing phenolic compounds, antioxidants, fruit storage 
life, maintaining appearance quality and fruit stem green color as important 
quality indices.

S02.319
Seasonal Behavior and Aroma Volatiles Evolution 
in Passion Fruit After Harvest

Goldenberg, L.1; Samech, A.2; Pesis, E.1
1Department of Postharvest Science, The Volcani Center, P.O. Box 6,74044, Bet Dagan, Israel
2Faculty of Agriculture, The Hebrew University of Jerusalem, Israel

Fruits of the tropical and subtropical species passion fruit (Passiflora edulis Sims) 
comprise a unique and flavorful aroma. In Israel, the hybrid commercial cultivar 
Passion Dream (PD), is a cross between yellow and purple passion fruit. Generally, 
in Israel, passion fruit flowers twice a year and gives fruit twice a year in the sum-
mer and winter. In both seasons the fruit changes color, produces ethylene, and 
abscises so that ripe fruit is collected from the ground. In an ongoing breeding pro-
gram we have developed additional lines with commercial potential. We identified 
a couple of lines, that changed color yet Remained on the Vine During the Winter 
(RVDWs). We show that for one of these lines (RVDW1), the fruit does not pro-
duce ethylene and displayed a non-climacteric character during the winter. The 
main change during storage is reduction in acidity in all lines except the RVDW1 
line. The PD and all other climacteric lines had high levels of ethylene, ethyl and 
hexyl esters production. In the winter, fruit acidity in all lines was higher than in 
the summer. The RVDW1 line harvested in summer is less acidic and it produced 
ethylene leading to normal abscission, while in the winter it did not. The elevated 
ethylene production in the summer in RVDW1 resulted in higher ethyl and hexyl 
esters levels, in addition to production of methylated hexyl esters, probably because 
of the presence of S-adenosyl methionine (SAM) as methyl donor. Passion fruit 
has relatively high quantities of aroma volatiles including thioesters and Edulans, 
which contribute to its unique aroma. Cysteine and glutathione, which are the 
precursors for thioesters, comprise a relatively large amount in passion fruit juice as 
determined by Ellman’s reagent. These high levels of free sulphydryl (SH) content 
could be of health benefit to consumers.

S02.320
The Effect of Combination of Superatmospheric 
Oxygen and Heat Treatment on Postharvest 
Quality of Strawberry Fruit  
(Fragaria xananassa cv. Selva)

Maghoumi, M.; Mostofi, Y.; Talaei, A. R.; Dehestani, M.; 
Asghari, A.
University of Tehran, Dept. of Horticultural Science, Faculty of Agricultural Science & Technology, 
University College of Agriculture &Natural Resourses, 4111, Karaj, Islamic Republic of Iran

An investigation was carried out to study the effect of heat treatment alone and 
in combination with superatmospheric oxygen on storage quality of strawberries. 
The factorial experiment was conducted using a randomized complete block design 
with three replications. Treatments included heat treatment at two levels (room 
temperature, 45 ºC for 3h), cover in two levels (polyethylene and polyamide) and 
two different gas combinations (80% O2+20% N2 and Air). Fruits were stored at 
0-2 ºC and 90% Relative Humidity (RH) for up to 20 days followed by 24h at 25 

ºC and 70% (RH) to simulate market conditions. Samples were taken at 0, 5, 10, 
15 and 20 days of storage. The results indicated that heat treatment application 
caused decrease in TA during storage. MAP significantly prevented weight loss and 
combination of two treatments was more effective in decay control. Neither heat 
treatment nor MAP affected ascorbic acid content during storage. A reduction in 
L* in heat treated fruit was observed however MAP except polyamide cover main-
tained fruit lightness. Air inside the packages along with polyethylene had led to 
induce red color development (a* value) of fruit while in combination with heat 
treatment avoided TSS increase. Polyamide caused sepal necrosis. However, MAP 
with air had not showed decrease in firmness whilst fruit softening in polyam-
ide film with superatmospheric O2 was maximum compared to controls and heat 
treated fruits.

S02.321
Package and Warm Water Treatment Affect the 
Low Temperature Storage Quality of Avocados

Shyr, J.; Teng, S.; Sheu, Y.
National Ilan University, Department of Horticulture, 1, Sec. 1, Shen-Loung Rd., ,26041, Ilan ,Taiwan

Hall and choquette avocados were stored at 10 ºC for 9 to 16 days until they were 
fully ripe. Ripe avocados were individually sealed in perforated polyethylene bags 
and packed in carton boxes followed by air stored at 1 ºC. Fruits were sampled 
each week and analyzed the quality when the fruit recovered to room temperature. 
Quality parameters, including color of skin, color of flesh, and hardness of flesh, 
symptoms of chilling injury and decay of the fruits, were assessed objectively. The 
results showed that PE packed choquette avocados has longer storage limit than 
hall. Hall avocados entirely lose their commercial value after 3 weeks storage at 
1 ºC. Choquette avocados kept higher Hunter L value, lower Hunter a value and 
higher Hunter b value of flesh as compared to hall avocados during storage. No 
difference of the skin color was found between two varieties. Fruits were pretreated 
in 38 ºC warm water for 30 min before ripening showed the best color of skin until 
the end of storage. Warm water pretreated avocado fruits also kept good color of 
flesh for 6 weeks stored at 1 ºC. 

S02.322
The Relationship of Suture Softening and Sugar 
Metabolism in Okubo Peach Fruit

Liu, Z.; Jia, X.; Ma, H.
Department of Plant Science and Technology, Beijing University of Agriculture,, No.7 Beinong Road, 
Huilongguan, Changping, 102206, Beijing, China

Ventral suture softening of peach reduces fruit quality and shortens the post-
harvest period. In this study, we measured sucrose, glucose, fructose and sorbitol 
contents, and activity of sugar metabolism related enzymes activity containing 
acid invertase, neutral invertase, sucrose synthase, sucrose phosphate synthetase 
enzymes and sorbitol metabolism dehydrogenase which is a key enzyme in sorbi-
tol metabolism (SDH) and sorbitol oxidase (SOX) in suture site of softening fruit 
and normal fruit at different developmental stages of peach cv. Dajiubao (Prunus 
persica. L. Batch ‘Okubo’). In the same time, we also analyzed the relationship of 
sugar accumulation and enzyme activity between the softening fruit and normal 
fruit. The results showed that sugar metabolism is one of the important factors 
that affected peach suture softening ;the suture of softening fruit was fast-growing 
at pit hardening stage and sugar metabolism and related enzyme activity were 
much stronger than that in the normal fruit, monosaccharide metabolism makes a 
key role in this stage, which is mainly regulated by neutral invertase. When in the 
stage III of fruit development, the process of sugar metabolism of softening fruit 
is much faster than that of normal fruit, in addition, in the early stage III, sugar 
metabolism in softening fruit is strong following abundant sucrose synthesized 
quickly. While in the later of this stage, the sugar accumulation has been reduc-
ing and the sugar content drops significantly in softening fruit, but it was not in 
normal fruit. It was seen that suture site begin softening while other part of fruit 
is immature. So we can conclude that sugar metabolism in disorder caused the 
suture softening in advance.
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S02.323
Effect of Ethanol and Hot Water on Postharvest 
Ripening of Persimmon

Ramezanian, A.
Shiraz University, Bajgah, College of Agriculture, Department of Horticultural Science, 7144165186, 
Shiraz, Fars, Islamic Republic of Iran

Most of the Japanese persimmon fruits are not consumable at harvest due to firm-
ness and astringency. In this research the effects of hot water treatment (45, 50, 55 
and 60 ºC) for 15 and 30 min and ethanol at concentration of 38% for 5 min on 
postharvest ripening and some physico-chemical properties of persimmon fruits 
were evaluated. Ripening dates of treated fruits were different. At ripening stage, 
weight loss increased in treated fruits. Firmness was lower in fruits treated with hot 
water at 45 ºC and ethanol 38% than others. Hot water treatment at tempera-
tures higher than 45 ºC decreased total soluble solids (TSS). Total phenolic content 
(TPC) was decreased by temperatures higher than 55 ºC.

S02.324
Quality Oriented Breeding Using Sensory 
Attributes in Melon: The Case of Climacteric and 
Non-Climacteric Near-Isogenic Lines Obtained 
from Non-Climacteric Parents

Fernández-Trujillo, J. P.1; Bueso, M. C.2, Hernández, M.S.3
1Technical University of Cartagena, Department of Agricultural and Food Engineering, Paseo Alfonso 
XIII, 48. Etsia and Institute of Plant Biotechnology, 30203, Cartagena, Murcia, Spain
2Technical University of Cartagena. Department of Mathematics and Applied Statistics., Spain
3Instituto Amazónico de Investigaciones Científicas Sinchi, Bogotá, 034174, Colombia

Sensory attributes of near-isogenic lines of melon derived from climacteric a near-iso-
genic line with introgression in linkage group III and others of the Korean accession 
PI 161375 (SC) in the genetic background of the parental line ´Piel de sapo´ were 
studied. The objective of this study was to obtain information about the location of 
quantitative trait loci (QTLs) responsible of sensory traits evaluated at harvest by 
melon consumers. This information allows the development of new varieties in the 
future by transferring such QTLs to elite cultivars. The NILs with most pronounced 
climacteric behavior were clearly separated from the non-climacteric ones by tri-
angle test. The sensory perception evaluated by consumers of different climacteric 
and non-climacteric NILs were studied using different techniques of multivariate 
statistics. Overall, taste and overall quality of the fruit were highly correlated. The cli-
macteric NILs had higher aroma scores than PS, but lower texture, taste and overall 
quality scores, which was related to the different aroma profile of the NILs compared 
with the traditional PS, and to the softening induced by the climacteric behavior. 
Some of the multivariate statistics such as linear discriminant analysis or random 
forest analysis were particularly useful to discriminate NILs by climacteric behaviour.

S02.325
Cold Treatments Do Not Prevent Blockage of 
Ripening in Conference Pears Treated with 1-MCP

Chiriboga, M. A.1,2; Shotsmans, W.1; Larrigaudière, C.1; 
Soria, Y.2; Recasens, I.2
1Post-Harvest Department, IRTA
2HBJ Department, University of Lleida, Av. Alcalde Rovira Roure 191, 25198 Lleida. Spain

The application of 1-methycyclopropene (1-MCP) in ‘Conference’ pears is prob-
lematic since the effect of the treatment often persists and the ripening ability is 
not recovered after a period of storage. To verify the determining factors for this 
problem, we tested the application of 1-MCP treatment in three different orchards 
at three harvest dates. Control and treated fruit (300 ppb 1-MCP) was stored in 
air at –0.5 ºC during 3.5 months. After cold storage, fruit was kept for a shelf life 
period of 11 days at 20 °C. Firmness and the ethylene metabolism (ethylene and 
ACC production, ACS and ACO activity) were analysed. To avoid blockage of 
the ripening process in the fruit treated with 1-MCP and assuming that most of 
the winter varieties of pears require a cold period to induce their normal ripening 
capacity, we tested the effect of exposure to different times (7 or 14 days) at low 

temperatures combined with 7 hours at room temperature (20 ºC) immediately 
after harvest and before the 1-MCP treatment (300 ppb), thus presumably stimu-
lating the production of endogenous ethylene and re-induce ripening. The 1-MCP 
treatment completely blocked the ripening in pears from the three orchards and 
harvest dates. During shelf life, control fruit softened whereas treated fruit did not, 
irrespective of the harvest date and orchard. Normal climacteric ethylene produc-
tion was observed for all control fruit and total inhibition for treated fruit. Only for 
one orchard, a minor recuperation of ethylene production was observed at the latest 
harvest data. ACS and ACO activity and ACC levels were higher for the control 
fruit but there was no difference in ACC levels between orchards and harvest dates. 
The blockage of the ripening was not reversed with the cold treatments tested. 

S02.326
The Effect of Passive Modified Atmosphere 
Packaging on Storage Life and Quality of 
‘Takdane Mashhad’ Sweet Cherry

Ranjbar, I.; Mostofi, Y.; Zamani, Z.; Behrouzi, S.;  
Adib Nishabury, J.
Department of Horticulture Science, Faculty of Agricultural Science and Engineering, College of 
Agriculture and Natural Resources, University of Tehran, Karaj 31587, Iran

Fruit of important Iranian sweet cherry ‘Takdane Mashhad’ were packed into two 
different types of bags (low density polyethylene and polypropylene) as passive modi-
fied atmosphere packages and then stored in cold storage at 0 ºC for 9 weeks. In 
addition to two packaging treatments, fruits with no packaging were used as control. 
Sampling was carried out each week. Results showed that weight loss was signifi-
cantly higher in controls during storage but it was negligible in both bags. Fruit spoil-
age was increased steadily during storage period in fruits of controls and PP bags in 
contrast to LDPE bags, spoilage in LDPE bags was very low. Fruit firmness decreased 
during storage period but there were no significant differences between treatments in 
terms of firmness. Titrable acidity (TA) and TSS declined consistently over the stor-
age period. Fruit stems remained green 65 days after storage in all treatments, and 
significant differences observed between control and the two packages. Acceptability 
remained high for 4-6 weeks of storage but decreased dramatically thereafter.

S02.327
Effect of N2 Treatment on Quality of Chinese 
Bayberry Fruit during Storage

Chen, H.; Gao, H.; Mao, J.; Fang, X.; Song, L.; Ge, L.
Food Research Institute, Zhejiang Academy of Agricultural Science, No.198 Shiqiao Road, 310021, 
Hangzhou, Zhejiang, China

To investigate the effects of 100% pure N2 treatment on quality of Chinese bayberry 
fruit during storage. The results showed that Chinese bayberry were exposed in pure 
N2 for between 12h and 16h respiration rate and ethylene production rate were 
inhibited, delayed the decrease in titratable acidity and total carbohydrate contents 
but no obvious change in total soluble solids, reducing sugar and firmness of Chinese 
bayberry. The N2 treatment significantly delayed the increased, though the mem-
brane permeability was increased considerably with storage time. It also markedly in-
hibited in total anthocyanin and malondialdehyde (MDA) content, and maintained 
a high ascorbic acid content. The primary question is decay in Chinese bayberry 
during storage, N2 treatment significantly reduced fruit decay for over 12h, but the 
Chinese bayberry were exposed in pure N2 for over 24h, the fruit flavor will be 
changed because the production of not good flavour component. Conclusion: 100% 
N2 treatment maintained quality in Chinese bayberry for between 12h and 16h.

S02.328
Effect of Low Temperature on Quality  
and Physiological Changes in the Antioxidant 
System of Walnut (Carya cathayensis Sarg.) 
during Storage

Tao, F.; Gao, H.; Chen, H.; Ge, L.; Zhou, Y.
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Food Research Institute, Zhejiang Academy of Agricultural Science, No.198 Shiqiao Road, 310021, 
Hangzhou, Zhejiang, China

Walnut (Carya cathayensis Sarg.) were stored at 25±1 ºC and 10±1 ºC for 6 months 
and the effect of temperature on quality and physiological changes in the antioxi-
dant system of walnut was investigated. The acid value and peroxide value of the 
oil extracted from the walnuts stored at 25±1 ºC. were higher than the walnuts 
stored at 10±1 ºC. Temperatures of 25±1 ºC also increased MDA levels and su-
peroxide anion generation in the walnuts. In contrast, activities of SOD, CAT and 
POD were higher in the walnuts stored at 10±1 ºC during the storage. The results 
showed that the cold storage delayed lipid oxidation and kept the higher enzymatic 
antioxidant system of the walnuts. 

S02.329
Mechanical Injury Size as a Determinant  
of the Tomato Fruit Respiration

Paiva, A. S de.; Pessoa, J. D. C.; Calbo, A. G.; Carneiro, M. C. M.; 
Albino, A. L. S.
Embrapa Agricultural Instrumentation, Rua XV de Novembro, 1452, P.O. Box 741, 13560-970, São Carlos, 
São Paulo, Brazil

The agricultural losses can be defined as a reduction in the nutritional value of the 
product, quality or commercial value. Among the variables involved in mechanical 
losses, one that deserves study is the size of mechanical injury. To study the effect 
of the injury size were evaluated tomatoes healthy variety “Pizzadoro” (Lycopersicon 
esculentum Mill.) harvested mature, over 90% of the red. The selected fruits were 
sanitized, and divided into lots (six treatments and control). Each tomato was sub-
jected to an injury in the equatorial region, with a ponted stainless rod to a depth 
of 5mm. The lesions had the following diameters: 0.4 mm, 0.8 mm, 1.5 mm, 
3.5 mm, 6.5 mm and 12.2 mm. The respiration during storage at 25 ± 3 ºC was 
measured with an infrared gas analyzer open circuit during eight days. Samples of 
3 mL of air were injected to measure respiration in accordance with the increase in 
CO2 concentration inside a glass of 900 mL, where the fruits remained closed for 
60 minutes during the measurement period. Was used a randomized split split plot 
design with five replications and subjected to analysis of variance. The treatment 
means were submitted to regression analysis and the comparisons were made by 
Tukey test (** <0.01). Respiration decreased gradually in all fruits, except in those 
with lesions larger than 3.5 mm. The typical decline in post-climacteric respiration 
was clearly interrupted in the fruits that received strong mechanical injuries. With 
this there was a second respiratory peak, starting three days after 12,2 mm injuries 
and five days after injury to the fruits of injured 6.5mm. Smaller injuries caused 
barely significant increase in the respiration rate and were not strong enough to 
modify the tail typical climacteric ripening.

S02.330
Preventing Pericarp Browning of Lychee with 
Hydrochloric Acid

Salomão, L. C. C.; Silva, D. F. P.; Struiving, T. B.
Universidade Federal de Vicosa, Campus Universitário - Av. P. H. Rolfs, s/n, Departamento de Fitotecnia, 
36570000, Vicosa, Minas Gerais, Brazil

Lychee fruits (Litchi chinensis Sonn.) deteriorate rapidly once harvested, with 
pericarp browning being the most visible symptom. This study assessed the ef-
fects of immersion in different concentrations of hydrochloric acid (HCl) on 
pericarp color retention and postharvest conservation of lychees. ‘Bengal’ lychees 
were harvested with pericarp completely red and immersed for two minutes in 
HCl at concentrations of 0, 0.25, 0.5, 1 and 2 N. After the treatments, fruits 
were packed in polystyrene trays and covered with polyvinyl chloride film (PVC). 
The trays were stored in cold chamber at 10 +- 0.9 ºC and 90 +- 5% RH. The 
fruits were assessed every 4 days over a period of 24 days. After 24 days of storage, 
fruits of all treatments showed weight loss of around 4.5%. Titratable acidity and 
soluble solids were reduced similarly in HCl-treated and untreated fruits. By the 
16th day of storage, fruits treated with 2 N HCl showed non-significant changes 
in pericarp color (Hue angle and ∆E) in comparison with the harvest day. These 
fruits remained without visually perceptible change in color up to 24 days of 

storage. Pericarp darkening began on the 4th day of storage in fruits untreated 
and treated with 0.25 and 0.5 N of HCl. At 24 days of storage, the mean loss 
of ascorbic acid in the pulp was 38% in fruits treated with 1 and 2 N HCl and 
70% in fruits untreated or treated with 0.5 and 0.25 N HCl. The concentration 
of 1 N HCl kept the fruits in conditions for consumption for 12 days, and 2 N 
HCl for 24 days.

S02.331
Ripening of ‘Ubá’ Mango Using Ethylene  
and Calcium Carbide

Salomão, L. C. C.1; Silva, D. F. P.1; Siqueira, D. L.1; Cecon, P. R.2; 
Struiving, T. B.1
1Universidade Federal de Vicosa, Campus Universitário, Av. P. H. Rolfs, s/n, Departamento de Fitotecnia, 
36570000, Vicosa, Minas Gerais, Brazil
2Universidade Federal de Viçosa, Departamento de Estatística, Vicosa, MG, 36570000, Brazil 

‘Ubá’ mango fruit is very appreciated in Brazil for juice production. Physiologi-
cally mature ‘Ubá’ mangoes were treated with ethylene or calcium carbide (CaC2) 
aiming at accelerating and uniformizing fruit ripening. Fruits with mean weight of 
133.8 +- 1.9 g were treated with concentrations of 0, 20, 40, 80 and 160 g CaC2/
chamber m3 and 0, 50, 100, 200 and 400 mL of ethylene/chamber m3, in chambers 
at 18.1 +- 0.7 C and 90 +- 3% RH, for 24 h. After the treatment, the fruits were 
kept under the same conditions of temperature and RH, and were evaluated at 0, 
1, 3, 6, 9, 12 and 15 days of storage. Ethylene and CaC2 increased mass loss of the 
fruits. Mangoes treated with CaC2 showed the respiratory climacteric peak at 3, 
6, 9, 9 and 12 days of storage for the concentrations 160, 80, 40, 20 and 0 g/m3, 
respectively. Fruits treated with ethylene showed the peak at 3, 3, 6, 6 and 12 days 
of storage for the concentrations 400, 200, 100, 50 and 0 mL/m3, respectively. All 
concentrations of CaC2 and ethylene accelerated the loss of firmness, the increase 
of soluble solids and carotenoids, the reduction of acidity and the change in color 
of skin and pulp. However, these products also increased electrolyte leakage and de-
creased ascorbic acid content. Fruits treated with ethylene showed sharper firmness 
loss compared with fruits treated with CaC2. On the other hand, solute leakage was 
higher in fruits treated with CaC2. Soluble solids content increased with increasing 
concentrations of CaC2 and ethylene. The concentrations of 20 g of CaC2 and 50 
mL of ethylene per chamber m³ were sufficient to accelerate and uniformize ripen-
ing of ‘Ubá’ mango.

S02.332
The Study on the Use of Natural Compound, 
Gama, UV-C Radiation and Microwave 
Treatment on the Extending the Shelf Life of 
Mushrooms.(Agaricus bisporus)
Mozafari, S.1; Azizi, M.2
1University, Iran-Mashhad-Vakil Abad 44, B4, 9179696718, Mashhad, Khorasan, Islamic Republic of Iran
2Ferdowsi University of Mashhad, Islamic Republic of Iran

In this experiment the effect of different treatments that contain mucilage of two 
medicinal plants include: Malva sylvestris (1%, 2% and 5%W/V ), Plantago psyl-
lium (0.5%,1%,2% W/V). Also the use of Gama radiation, contain 2 treatment 
ways, face to face to the source of Gama radiation with intensity of 15 microcori 
during 1 hour and 2 hours, U.V-C radiation (5, 10, 15 Seconds) and microwave 
treatment (with power of 1000 W and 2450MHz) during 5 Seconds has been done 
and stored in refrigerator at 4 ºC. This experiment was done on complete blocks 
design with 14 treatments and 3 repetitions. After 36 days, change in weight, shriv-
ing percent, color change, cap and stem disease percent, the percent of the cap 
opening and cap texture were measured. Then the consumer acceptance tested with 
10 panelists . Result demonstrated that the highest shriving percent was detected 
in Psyllium mucilage (1%) and the lowest one in Gama radiation (1h). About color 
change the highest browning Was detected in Marshmallow mucilage (1%) and the 
lowest change in color was observed in U.V-C 15s.The lowest cap disease observed 
in U.V-C treatment at 15s and the highest one in Marshmallow mucilage (1%). 
with concentration in stem disease in section, the highest stem disease detected in 
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Psyllium mucilage (2%) and the lowest one in Marshmallow mucilage treatment 
(2%). In cap opening characteristic test, the lowest opening observed in U.V-C 
at 5s and the highest one detected in control treatment. The highest consumer 
acceptance was given to U.V-C treatment in 5s observed in GAMA radiation (1h) 
and marshmallow (0.5%). Regarding to weight loss which was being measured, the 
most weight loss was in U.V-C treatment (15s) and the highest weight loss was in 
Psyllium mucilage treatments (2%). The best treatment according to the mushroom 
maintenance was 15s U.V-C treatment.

S02.333
Effect of 1-MCP and Temperature on ‘Songold’ 
Plum Postharvest Quality: (1) After Refrigeration

Miguel Pintado, C.1; Lozano, M.1; Dupille, E.2; Velardo, B.1; 
Tabla, R.1; Ayuso, M. C.3; Bernalte, M. J.3
1Technological Institute of Food and Agriculture, INTAEX, Ctra. Cáceres s/n, 06071, Badajoz, Extremadura, 
Spain
2Rohm and Haas Europe Trading ApP, S. L., Agrofresh Inc. C/ Provenza 216, 3ª Planta 08036 Barcelona, Spain
3Agricultural Engineering School, University of Extremadura, Ctra. Cáceres s/n, 06007, Badajoz, Spain

Non-uniform fruit colour within export consignments of plums compromises re-
tailer and consumer satisfaction and therefore profitable marketing. This experiment 
was conducted to evaluate the effect of 1-methylcyclopropene (1-MCP) treatment 
and temperature on ‘Songold’ plum quality after refrigeration in order to achieve 
uniformity of fruit ripening and reduce energy expenses. Prunus salicina Lindl. 
cv. Songold, harvested at commercial maturity, were treated with SmartFreshTM 
(3.33% of 1-MCP) and submitted to three different storage conditions with 95 
% relative humidity: 0 ºC (SF0), 8 ºC (SF8), and 10 days at 0 ºC, followed by 15 
days at 8 ºC and then 5 and 25 days at 0 ºC to reach 30 and 50 days of storage, 
respectively (TT15). Untreated fruit stored at 0 ºC (C0) and 8 ºC (C8) were used as 
control. Skin colour, weight loss, flesh firmness, soluble solids content and titratable 
acidity were assessed at harvest and after 30 and 50 days of cold storage. After 50 
days of cold storage, fruit exhibited their characteristic colour changing from green-
yellow (SF0, C0 and TT15) to yellow-orange (SF8 and C8). Regarding flesh firm-
ness, 1-MCP treated fruit (SF0, TT15 and SF8) and C0 fruit were “ready to buy” 
(18-25 N), while C8 plums were too soft (< 5 N) to be commercialized. Neither 
1-MCP nor temperature affected soluble solids content and titratable acidity. TT15 
and SF0 were the most effective treatments in maintaining fruit quality, and SF8 and 
C0 were equally effective in delaying the loss of weight and firmness; however TT15 
and SF8 slightly improved colour uniformity among fruit. Moreover, TT15 and SF8 
treatments would represent an energy saving in packinghouses. 

S02.334
Post-Harvest Conservation of ‘Paluma’ Guavas  
in Two Maturation Stages under  
Two Temperatures of Storage

Morgado, C. M. A.; Durigan, J. F.; Durigan, M. F. B.; 
Lopes, V. G.
Unesp, Fcav, Departamento Tecnologia, Via Acesso Prof. Paulo Donato Castellani, s/n, 14884900, 
Jaboticabal, São Paulo, Brazil

This work aimed to establish the importance of maturation stage and the use of 
refrigeration, for the conservation of Paluma guavas. Fruit in mature and ripe stage 
were stored under ambient condition (21 ºC and 85%RH) and 10 ºC (85%UR). 
The fruit were evaluated for weight loss, appearance, rotting evolution, color of 
peel and pulp, pulp resistance, soluble solids, titratable acidity and ascorbic acid 
content. The fruit stored at 21 ºC showed higher intensity of weight loss than those 
stored at 10ºC. Mature guavas at 21 ºC and 85% RH preserved its quality for 6 
days, but at 10 ºC and 85% RH, the preservation period increased to 15 days. Ripe 
fruit were preserved for 4 days at 21 ºC, which was enlarged with refrigeration to 
6 days. Mature fruit, at 21 ºC, showed rotting in 6 days, while under storage at 10 
ºC decay happened in 18 days and mature in 9 days. The pell color of mature fruits, 
at 21 ºC, showed increasing values of luminosity, indicating that its color became 
lighter and at 10 ºC it showed constant values until the end of storage. The reduc-
tion in the values of hue angle indicates that mature fruits, kept at 21 ºC, quickly 

changed color from green to yellow. The pulp resistance of mature fruit reduced 
during storage, as a result of maturation process. In ripe fruits such reduction oc-
curred more slowly, since they were less resistant. The color of guava’s pulp became 
intense red for mature fruits. The soluble solids content were lower in ripe fruit at 
21 ºC, while in mature fruits, at 1 ºC, it increased. The tritatabe acidity of the pulp 
showed an increase in fruits stored under refrigeration at 10 ºC. The fruits kept at 
21 ºC and the mature kept at 10 ºC showed an increased level of ascorbic acid. The 
ripe fruit at 10 ºC maintained these levels.

S02.335
Effect of 1-Methylcyclopropene and/or Calcium 
Chloride Treatments on Storage Life and Quality 
Maintenance of Lingwu Jujube Fruit

Xihong, L.1; Li, L.1; Zhaojun, B.2
1Key Laboratory of Food Nutrition and Safety, Tianjin University of Science and Technology, 29 The 
Thirteenth Road, Tianjing Economy and Technology Development Area, 300457, Tianjin, China
2Jinan Fruit Research Institute, All China Federation of Supply and Marketing Cooperatives, Jinan, 
Shandong 250014, China

Lingwu Long jujube (Zizyphus jujuba cv. Mill) fruits were harvested at mature-
green stages and then treated with 1.0 µL×L-1 1-methylcyclopropene (1-MCP), 
1.0% CaCl2 or their combination. All treatments were stored at room temperature 
(22±1 ºC) and 80-90% relative humidity (RH) up for 15 days. Results indicated 
that 1.0 µL×L-1, 1.0% CaCl2 or their combination were effective in terms of se-
nescence inhibition during storage and compared to control, the storage life was 
extended by 6, 4 and 9 days, respectively. 1-MCP and CaCl2 treatment had a 
combined effect on the inhibition of ethylene production of Lingwu Long jujube 
fruit and on its microbial counts decrease as well. The combination of 1-MCP 
and CaCl2 significantly inhibited polygalacturonase (PG) and polyphenoloxidase 
(PPO) activities. It also maintained higher concentrations of titratable acid and 
ascorbic acid. 

S02.336
Effect of Ethanol Dipping on Decay  
and Postharvest Quality of Table Grapes  
during Cold Storage

Park, H. J.1; Park, Y. M.2; Yang, Y. J.1
1Sangmyung University, Anseo-dang, San 98-20, 330-720, Cheonan, Chungcheongnam-do, Republic of Korea
2Andong National University, Republic of Korea

Grapes var. ‘Kyoho’ were harvested twice in 2007~2008 for two years from com-
mercial orchards in S/Korea. After grading of 400-500g weight per each berry, 
freshly harvested table grapes were immersed for 10s in water (control), 10%, 20%, 
30%, 40%, 50%, 60%, 70%, and 80% ethanol at 20 ºC. After treatment the fruit 
were promptly dried to prevent berry and then stored at 0-0.5 ºC (90~95% RH) 
for 60 days. The 50% ethanol maintained higher levels of firmness and bunch ap-
pearance after 60 days of storage at 0-0.5 ºC than other concentrations of ethanol, 
while fruit after immersion in water at these temperatures softened rapidly. Some 
physiological quality parameters such as titratable acids, respiration, and ethylene 
were not impaired by ethanol dipping in 40, 50, 60%, which resulted in inhibition 
of berry decay. Immersion of ‘Kyoho’ grapes in 50% ethanol reduced the decay of 
berries similarly and by about 30% in comparison with that of control.

S02.337
Control of Onion Sprouting Using Natural 
Compounds and Heat Treatment

Azizi, M.1; Khorshidi, S.2; Kharrazi, M.2; Momayyezi, M.2; 
Ghazi Motlagh, Z.2
1Ferdowsi University of Mashhad, Department of Horticulture, College of Agriculture, Azadi Sq. 
Wakilabad Av. ,9177511631, Mashhad, Khorasan, Islamic Republic of Iran
2Ferdowsi University of Mashhad, Islamic Republic of Iran

The aim of this study is to evaluate onion sprouting behavior after using natural 
compounds and heat treatment for extending onion storage life. “White” culti-
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var was used and the effect of burning basal plate (15, 30, 45 and 60s 100 ºC), 
submerging in essential oils (EO) suspension of Black zira (Bunium persicum) 
and Clove (Eugenia caryophyllata) at 500 and 1000 ppm or fumigation with Bu-
nium persicum essential oils (0, 25, 50, 100 and 150 ppm) was studied. The ex-
periments were conducted in glass jar (3 L) during 50 days in room temperature 
(25±1 ºC). Bulb weight, sprout length, fresh and dry weight of sprout, weight 
loss percentage, infected bulb and onion quality of the treated bulb were deter-
mined initially and after storage time. Results indicated that the lowest weight 
loss (3%w/w) occurred in fumigation method and the highest one (60%w/w) 
was observed in 45s burning. The growth of sprout was the highest (21cm) in 
submerging method in 500ppm Clove EO whereas 60s burning bulbs produced 
the lowest (1cm) sprout length. Fresh and dry weight of sprout/bulb was higher 
in 30s burning than 45s. The best quality of onion obtained in the treatment of 
500 ppm Black zira EO by the method of submerging (21.67%) in contrary to 
fumigation treatments (85.23%).

S02.338
Effect of 1-MCP and Temperature on ‘Songold’ 
Plum Postharvest Quality: (2) After Shelf-Life

Velardo, B. M.1; Lozano, M. R.1; Dupille, E.2; Miguel-Pintado, C.1;
Masegosa, R. D.1; Fernández-León, M.F.1;Bernalte, M. J. G.3; 
Ayuso, C. Y.3
1Instituto Tecnológico Agroalimentario de Extremadura, Ctra. Cáceres s/n, 06071, Badajoz, Spain
2Rohm and Haas Europe Trading APS, S L (Agrofreshc Inc ), Spain
3Escuela de Ingenierías Agrarias Universidad de Extremadura, Spain

The aim of this study was to evaluate the effect of temperature higher than the 
usual refrigeration temperatures on ‘Songold’ plums treated with 1-MCP, in or-
der to save energy and to achieve uniformity of fruit ripening. For this purpose 
plums (Prunus salicina Lind. ‘Songold’), harvested at commercial maturity, were 
treated with 600 ppb of 1-MCP (SmartFresh®, 3.33% of 1-MCP) and stored for 
30 and 50 days under three different conditions with 95% relative humidity: 0 
ºC (SF0), 8 ºC (SF8), and 10 days at 0 ºC, followed by 15 days at 8 ºC and then 
5 and 25 days at 0 ºC to reach 30 and 50 days of storage, respectively (TT15). 
Not 1-MCP treated plums were stored at 0 ºC (C0) and 8 ºC (C8) and used as 
control. Plum samples were removed from cold storage after 30 and 50 days and 
kept for 5 days at 20 ºC (shelf-life). After that, they were analyzed for weight loss, 
flesh firmness, soluble solids content, titratable acidity and skin colour. 1-MCP 
treatment did not affect weight losses but it was effective in retaining pulp firm-
ness. After 30 days plus shelf-life, 1-MCP treated fruit stored at 0 ºC showed a 
flesh firmness “ready to buy”, while SF8 were “ready to eat” and control plums 
were too soft. TT15 fruit exhibited the highest soluble solids content and acidity 
after 50 days of storage. 1-MCP helped to maintain characteristic fruit colour, no 
matter temperature, up to 30 days storage plus shelf-life, and after 50 days TT15 
and SF0 fruit yet exhibited an acceptable colour. At 30 days of cold storage at 8 
ºC plus 5 days of shelf-life, 1-MCP allowed maintaining plum quality assuming 
an energy saving for packinghouses. At the end of storage only SF0 and TT15 
fruit were still commerciable.

S02.339
Short Hypobaric Treatment in Combination with 
1-Methylecyelopropene Enhanced Strawberry 
Fruits Quality during Storage

Modares, B.; Ramin, A. A.; Ghobadi, C.
Isfahan University of Technolog, ,Department of Horticulture, College of Horticulture, 8415683111, 
Isfahan, Isfahan, Islamic Republic of Iran

Strawberry (Fragaria ×ananassa) is a tasteful and fragrant fruit that has great nutri-
tional value. However, the storage life of this beneficial fruit is about five days in 
0 ºC. Ethylene is one of the causes of the acceleration in the ripening and loss of 
the fruit after harvest. Thus, anti ethylene substances could increase storage life of 
fruits.1-Methylecyelopropene (1-MCP) is a material which prevents the ethylene 
from reacting in quite low concentration and is easily consumed and does not exert 

negative effects on the health of human being and the environments. The hypo-
baric storage is another useful method which preserving horticultural products with 
decreasing the density of the CO2, O2 and ethylene surrounding the fruits through 
a decrease in air ripening of the fruits. Therefore, the experiment was carried out in 
order to examine the effect of the provision of 1-MCP at concentration of 1 µL×L-1 
at 5 ºC (for 16 hours) and low pressure air of about 0.2 atmosphere(for 2 hours) 
on the optical and physicochemical characteristics of the “Camarossa” strawberries 
during storage in cold storage (1 ºC). According to the finding of the research, the 
highest firmness of fruits (7.95N) was seen in combined treatment(1-MCP and 
low pressure) which had significant difference with 1-MCP treatment alone, but 
in other attributes including TSS, TA, vitamin C, pH, relative anthocyanin and 
TSS/TA ratio there was no significant differences between treatments. The results 
obtained showed that positive effect of 1 µL×L-1 MCP in combination with low 
pressure on the exterior appearance and physicochemical characteristics of the fruits 
was more than the low pressure air or 1-MCP alone. 

S02.340
1-MCP Treatment Improved Quality  
and Shelf Life of Strawberry Fruits

Modares, B.; Ramin, A. A.; Ghobadi, C.
Isfahan University of Technology, ,Department of Horticulture, College of Agriculture, Isfahan 
University of Technology, ,8415683111, Isfahan, Islamic Republic of Iran

Strawberries are categorize among some of the most easily perishable fruits in the 
world although have great nutritional value. Ethylene is one of the causes of the 
acceleration in the ripening and loss of the fruit after harvest. Thus, anti ethylene 
substances could increase storage life of fruits. The discovery and use of 1-Methy-
lecyelopropene (1-MCP) has provided a suitable opportunity for scientists and 
the use of 1-MCP in most non climacteric fruits has postponed any changes in 
them. Therefore, experiment was carried out to determine the effects of 1-meth-
ylcyclopropane (1-MCP) on shelf life and quality attributes of fresh strawberries. 
Fully ripe fruits cv. “Camarossa” were treated with 1-MCP at concentrations of 
0 (control), 0.25, 0.5, 0.75 and 1 µL×L-1 for16 h at 5 ºC. They were then kept 
individually in plastic boxes for 4 days in the dark at 20 ºC and ca. 70 % relative 
humidity. 1-MCP treatment at concentration 0.75 µL×L-1 tended to control fruit 
decay, maintain relative anthocyanine, TSS/TA and juice pH after 4 days at 20 °C. 
Fruit firmness, vitamin C, total soluble solid (TSS) and total acid (TA) was supper 
in fruits treated with1-MCP (1 µL×L-1) compared to the control. 1-MCP treated 
fruits were more acceptable owing to their better appearance. Based on the results, 
for cv. “Camarossa” the best results were found with 1 µL×L-1 1-MCP in respect of 
prolonging shelf life.

S02.341
Degreening of ‘Satsuma Okitsu’ Tangerine

Santos, L. O.1; Durigan, J. F.1; Stuchi, E. S.2; Martins, R. N.1; 
Durigan, M. F. B.1
1UNESP, Faculdade Ciências Agrárias Veterinarias, Departamento Tecnologia, Via Acesso Prof. Paulo D. 
Castellani, s/n, 14884-900, Jaboticabal, São Paulo, Brazil
2Embrapa, Estação Experimental Citricultura Bebedouro, Bebedouro, SP. Rod. Brig. Faria Lima, Brazil

Fruit of ‘Satsuma Okitsu’ tangerine have similar aspects to ‘Ponkan’, with matura-
tion period starting in January, and being able to supply the Brazilian market dur-
ing off-season. Fruits of this cultivar have to be harvested with green peel, which is 
not well accepted by the market. Having this obstacle, this study aimed to evalu-
ate the degreening of ‘Satsuma Okitsu’ tangerine using ethephon (2-chloroethyl 
phosphonic acid). The fruits were harvested with the sten end and when it reached 
the relation soluble solids / acidity around 7 - 19. They were immediately trans-
ported to the laboratory where it were selected to standardize them by color, size 
and absence of injuries. After selection, the fruits were treated with the Imazalil 
fungicide (200 mL×100 L-1) for two minutes and after 24 hours these fruits were 
dipped in different concentrations of ethephon as Ethrel 240 (control, 250 ppm, 
500 ppm and 1000 ppm ). The fruits were analyzed every 3 days during 9 days of 
storage, by appearance, weight loss, hind color, soluble solids, acidity and ascorbic 
acid content. The experiment was conducted in a completely randomized design, 
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arranged in a factorial design. The results showed that the different doses reduced 
significantly ascorbic acid content, due to the effect of exogenous ethylene which 
accelerate the aging process of these fruits. It was observed that the 500 ppm Ethrel 
treatment provided the best flavedo or hind degreening which made these fruits 
turn orange with greater intensity. The fruits treated with 500 ppm had smaller 
weight loss, and presented 6 days of shelf- life at 18 ºC. 

S02.342
Role of Brassinosteroids in Mango Fruit Ripening

Zaharah, S. S.; Singh, Z.
Horticulture Research Laboratory, Faculty of Science and Engineering, Curtin University of Technology, 
Building 611:108/102C, Turner Avenue, Technology Park, 6102, Bentley, Western Australia, Australia

Brassinosteroids (BRs) are steroidal plant hormones and their implications in cli-
macteric fruit ripening are poorly understood. Different concentrations (0, 30, 45 
and 60 ng×g-1 FW) of epibrassinosteroids (EBr) and 90 ng×g-1 FW brassinazole 
(Brz) - an inhibitor of BRs biosynthesis were exogenously applied to hard mature 
green mango to investigate their role in climacteric fruit ripening. Following the 
treatments, fruit were allowed to ripen at ambient temperature (21 ± 1 ºC). Exog-
enous application of BRs advanced climacteric ethylene production and respiration 
rate, whilst the exogenous application of Brz was not effective in delaying climac-
teric ethylene production and respiration rate during ripening. In addition, BRs ap-
plication resulted in increased fruit firmness losses and improved skin colour during 
fruit ripening. However, at eating soft ripe stage, the fruit firmness did not differ 
significantly among treatments and control. The texture parameters of ripe fruit 
including cohesiveness, springiness, chewiness and adhesiveness were significantly 
influenced by the different concentrations of EBr than control but Brz-treated fruit 
exhibited higher values of these parameters than control and EBr treatments. The 
exogenous application of BRs and its inhibitor did not significantly affected SSC, 
TA, SSC:TA ratio and total sugars. Our preliminary results show that BRs did not 
play any pivotal role in mango fruit ripening.

S02.343
Effects of Cover Film on the Physiological  
Indices Related Lipid Peroxidation  
of Post-Harvest ‘Ultrared Del’ Apple Fruit

Zhang, J.; Yao, Y.C.; Kong, Y.; Shen, H.X.
Beijing University of Agriculture, Beinonglu 7#, Huilongguan Town, Changping District, 102206, 
Beijing, China

The aim of this paper was to determine the physiological changes of postharvest in 
‘Ultrared Del’ apple fruit skin and the flesh of fruit by covering film, and the un-
covering film was as control. The superoxide dismutase (SOD) and catalase(CAT) 
activities, the malondiadehyde(MDA) content a production of lipid peroxidation, 
the saturated and unsaturated fatty acid content and the index of the unsaturated 
fatty acid (IUFA) were measured. The results indicated as follows. Under same 
condition of storage, SOD and CAT activities, the unsaturated fatty acid content 
and the IFUA in fruit skin were higher than those in the flesh of fruit. The MDA 
content and the saturated fatty acid content were less than those in the flesh of 
fruit. During the storage period from 0~50 days, the SOD activities in the fruit 
skin and flesh of fruit increased from 0 to 40 days and then decreased, but SOD 
activity in the flesh of fruit under film-uncovering decreased after the storage 30 
days. The CAT activity kept an increasing trend during this period. The MDA 
content increased slightly before the storage 20 days and then decreased signifi-
cantly. During postharvest 50 days, the saturated fatty acid decreased and the 
unsaturated fatty acid content and IUFA increased especially after postharvest 
20 days. In flesh, there were significant relationships between SOD activity, CAT 
activity and MDA content, between MDA content, the saturated and unsaturated 
acid content, and the IUFA with storage. The covering film on the orchard height-
ened effectively the SOD activity, CAT activity and the unsaturated fatty acid 
content and the IFUA, and reduced significantly the MDA content, the saturated 
fatty acid content in apple fruit. It could inhibit from senescence of ‘Ultrared 
Del’ apple fruit.

S02.344
A Polyphenol Oxidase Gene Cloning 
and Expression in ‘Chili’ Pear during Fruit 
Development and Storage

Wang, R.,; Jiang, Z. A.; Yang, S. L.; Wang, C. R.; Zhang, X. N.
College of Horticulture and Landscaping, Qingdao Agricultural University, No.700, Changcheng 
Road, Chengyang District, 266109, Qingdao, Shandong, China

Polyphenol oxidase (PPO) is known to be responsible for the oxidative browning 
and the postharvest losses in many fruit and vegetables (Thipyapong et al., 2007). 
It is critical to understand the mechanisms underlying the PPO gene expression 
pattern during the fruit development and storage, in order to develop strategies 
that would improve storage techniques. In the present research, the PPO gene ex-
pression pattern in a Chinese pear (Pyrus bretschneideri Rehd. cv. Chili) was in-
vestigated during the fruit development and storage. A cDNA fragment encoding 
PPO gene, i.e. Pc-PPO1 was isolated from the mature fruit of ‘Chili’ by RT-PCR 
amplification using a pair of degenerate primers. The homology between Pc-PPO1 
from Chinese pear ‘Chili’ and Pc-PPO from Japanese pear was 99% in nucleotide 
sequence and 98% in amino acid sequence. The gene expression of Pc-PPO1 was 
examined by semi-quantitive PCR and real-time PCR. The results showed that 
during the fruit development, the Pc-PPO1 gene expressed extremely high 50 d 
after anthesis, and then decreased during the fruit development. Pc-PPO1 mRNA 
accumulated during the storage, and showed a peak 14 d after harvest. However, 
the Pc-PPO1 mRNA level 14 d after fruit harvest was much lower than the mRNA 
level 50 d after anthesis. The expression pattern of Pc-PPO1 was consistent with 
the PPO enzyme activity, with a high level 50 d after anthesis and a peak 14 d after 
harvest. Furthermore, Pc-PPO1 mRNA also showed a pattern similar to ethylene 
production rate (data not shown), which proved a role in the fruit senescence. More 
studies on the browning mechanisms of ‘Chili’ pear during fruit development and 
storage are being conducted for a better understanding of the pear fruit senescence.

S02.345
Optimisation of the Postharvest Chain for Whole 
and Fresh-Cut Cauliflower

Róth, E.; Gómez, A.; Barriobero, J.; Ozcoz, B.; Mir-Bel, J.; 
López, R.
CITA - La Rioja, C/ Los Huertos Nº2, Polígono Industrial Tejerías, 26500, Calahorra, La Rioja, Spain

Traditional storage regimes allow preserving the cauliflower up to one month. Ex-
tending the storage by the use of controlled atmospheres and by preparing a fresh-
cut product can lead to better utilisation of the crop that can be especially useful 
in times of excess supply. The main quality problems occurring during cauliflower 
storage are: wilting, browning, yellowing of leaves, and postharvest diseases. The 
aim of this project was to develop the best postharvest practice possible to utilise the 
Calahorra Cauliflower grown under a Protected Geographical Indication. Firstly 
the cold chain from harvest till market was optimised by testing different pre-
cooling methods, storage atmospheres and active films for packaging of individual 
heads to preserve quality and reduce microbial spoilage. Secondly, the fresh-cut 
processing was optimised by testing different antioxidant and antimicrobial treat-
ments and optimising the packaging method by using active films with different ac-
tive compounds and permeability and MAP to maintain the prime sensory quality 
and ensure microbiological safety during shelf life. Moreover, the aptitude of dif-
ferent varieties for modified atmosphere storage and processing for fresh-cuts was 
tested. The quality of cauliflower heads was judged by their compactness, colour of 
the curd, lack of granularity, state of leaves (turgidity and colour), dry matter con-
tent and firmness of the stalk. Microbiological safety was studied determining total 
bacterial and total fungal counts. Fresh-cut cauliflower quality was evaluated by the 
colour of florets and cut surfaces, firmness of the stem, dry matter content and total 
bacterial and fungal count. Rapid pre-cooling proved to be very important to main-
tain quality during storage especially for the late varieties. Individual packaging of 
the heads into an active foil with suitable permeability has increased the storage life 
of the product by improving microbial safety. Antimicrobial treatments as well as 
active foils have extended shelf life of the fresh-cut product.
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S02.346
Use of 1-MCP to Extend the Postharvest Life  
of Greenhouse Caramba Tomatoes  
at Two Different Stages of Ripeness

Alcusón, G., Ruiz de Castro, A. M.; Venturini, M. E.; Oria, R.
Vegetable Research Laboratory. University of Zaragoza. Miguel Servet 177, 50013 Zaragoza Spain

Caramba is a tasty tomato salad variety (Lycopersicon esculentum Mill., cv. Caramba) 
very appreciated in Spain, but its perishability (4-5 days of postharvest life) is a 
serious limitation to the expansion of its market. We have measured the sensory 
and analytical quality parameters of this variety to evaluate the effect of 1-methyl-
cyclopropene (1-MCP) on greenhouse tomatoes. Commercially grown tomatoes 
were harvested at two different maturity stages according to the USDA standard 
tomato colour classification chart (pink and light red). Each batch was treated with 
650 nL/L 1-MCP through 24 h at 12 ºC and subsequently stored at 12.5 ºC. The 
samples were analyzed on days 0, 7, and 12 with a subsequent shelf-life period 
of 5 days at 20 ºC in each case. Maximum postharvest life of pink tomatoes was 
established at 7 days at 12.5 ºC and 5 days at 20 ºC. Ripening was delayed in 
MCP-treated pink fruits, but the treatment irreversibly inhibited the change in 
colour so tomatoes do not ever reach the optimal postharvest quality. In the case of 
light red tomatoes, 1-MCP reduced the respiratory rate and the ethylene produc-
tion and minimized weight losses. The treatment resulted in a slight slowdown in 
colour (a*) change and had no effect on fruit softening or ripening index (SSC/
TA). Postharvest life of non treated, light red tomatoes was limited to 5 days at 20 
ºC whereas the MCP treated fruit maintained its quality after 7 days at 12.5 ºC and 
a subsequent period at 5 days at 20 ºC. 

S02.347
Potential Application of Salicylic Acid Treatments 
on Postharvest Horticultural Products

Han, T.1; Li, L. P.2; Zhang, H. Y.1; Li, H. W.1
1Food Sciences Department. Beijing Agricultural College, No.7.Bei Nong Rd. Hui Long Guan Town. 
Chang Ping District of Beijing. China 102206
2Beijing Key Laboratory of Plant Resources Research and Development, Beijing Technology &Business 
University, Beijing 100037, China

The effects of salicylic acid (SA) treatments on physiological and quality parameters 
of postharvest horticultural products, including flowers, fruits and vegetables, were 
reviewed. The applications of SA extended shelf time of fresh cut flowers, which 
were Oncidium flowers, cut rose, yellow cut Chrysanthemum, etc. The mechanism 
was that exogenous SA alleviated respiration, increased corolla diameter, improved 
water absorbing, maintained flower water balance. SA performed effects on con-
trolling post-harvest diseases caused by Colletotrichum musae, Aspergillis niger or 
Curvularia lunata in banana, Botrytis cinerea in kiwifruit, Physalospora in apple. 
SA gave good maintenances of fruit quality, i.e. decreasing loss of flesh firmness 
in apple, banana, peach, pear, persimmon, tomato, as well as decreasing loss of ti-
tritable acid, soluble solids or ascorbic acid in loquat, pear, tomato. The respiration 
of fruits was inhibited by exogenous SA in apple, mango, peach, and the peak of 
ethylene production in peach was delayed. The active oxygen metabolism of fruits 
was also affected by SA treatments. The activities of superoxide dismutase (SOD) 
and catalase (CAT) were increased or the contents of H2O2 and malondialdehyde 
(MDA) were decreased by SA in banana and loquat. The lignification and its re-
lated enzymes activities of loquat fruit, including phenylalanine ammonia lyase 
(PAL) , polyphenol oxidase (PPO) , cinnamyl alcohol dehydrogenase (CAD) and 
peroxidase (POD) , were inhibited by SA. The effects of SA in various fruits were 
dependent of its concentrations applied. Fruit injuries were observed by extra SA 
in banana, mango, and peach.

S02.348
The Use of Cumulative Ethylene Production 
for Predicting Postharvest Pericarp Color and 
Firmness in Mature Green Tomatoes with 
Different Ripening Inhibitor Genotypes

Nakamura, N.1; XU, B.2; Thammawong, M.1; Ito, H.3; 
Kitagawa, M.3; Inakuma, T.3; Ito, Y.1; Shiina, T.1
1National Food Research Institute, Naro, 2-1-12, Kannondai, 305-8642, Tsukuba, Ibaraki, Japan
2College of Horticulture, South China Agricultural University, 284, Wushan Road, Tianhe, 
Guangzhou, Guangdong, 510642, China
3Kagome Co. Ltd., 1, Nishitoyama, Nasushiobara, Tochigi, 329-2762, Japan

In the previous study we have demonstrated the clear relationship between posthar-
vest cumulative ethylene production and pericarp color development and firmness 
change of mature green (MG) tomatoes cv. “Momotaro”. LeMADS-RIN is known 
to encode transcriptional factor that controls ripening related genes and its muta-
tion line (rin/rin) does not exhibit the ripening process like ner (never ripe). This 
study develops the prediction model (sigmoid function) of pericarp color develop-
ment and firmness change by cumulative ethylene production and examines its 
feasibility to apply for varieties of tomato with different LeMADS-RIN genotypes. 
Four lines of MG tomato fruits, “Momotaro”, “PK331”, “PK353” and “KGM011” 
(“Momotaro” and “PK331” are wild type line (RIN/RIN), “PK353” is ripening 
inhibitor mutant line (rin/rin), and “KGM011” is F1 hybrid line (RIN/rin) be-
tween “PK331” and “PK353”), were tested for ethylene production rate, pericarp 
color development (a* value) and firmness change during storage at 25 ºC. During 
storage, “PK331” fruits showed sharp increase in respiration, ethylene production, 
pericarp color development, and softening similar to “Momotaro” fruits. “PK353” 
showed very low level of ethylene production, pericarp color development, and 
firmness reduction. “KGM011”, F1 hybrid line, showed intermediate ripening 
properties between wild type and rin mutant. These data indicated that ripening 
properties of tomato varieties are completely different, depending on genotypes. 
However, it was possible to predict the pericarp color development and firmness 
change by using sigmoid formula as the function of cumulative ethylene produc-
tion except for “PK353”. The correlation coefficients of this formula of both color 
and firmness are >0.95 (except “PK353”). In conclusion, this study suggested that 
the pericarp color and firmness change of MG tomato fruits can be estimated by 
a sigmoid formula based on cumulative ethylene production except for LeMADS-
RIN mutant line (rin/rin). 

S02.349
Biochemical Changes Occurred in the Pericarp of 
Litchi Fruit Treated with SO2 to Avoid Browning

Pang, X.; Zhang, Z.; Fang, F.; Zhang, X.
College of Life Science, South China Agricultural University, Wushan, Tianhe, 510642, Guangzhou, China

Litchi (Litchi chinensis Sonn. cv. Huaizhi) pericarp browning is the main factor 
limiting the storage transportation and marketing of the fruit. SO2 fumigation, the 
treatment followed by acid immersing in particular, efficiently protects the fruit 
from browning and has been introduced into the postharvest handling of the fruit. 
Surveying the changes evoked by the SO2 treatment may help us to clarify the 
biochemical events related to browning. Control litchi fruit turned brown 2 days 
after stored at 20 ºC in perforated plastic bags. Under the same condition, the 
fruit maintained red appearance for 6 days when treated with 2% SO2 for 30 min 
followed by 8% HCl immersing prior to storage, while the fruit was bleached and 
turned brown lightly with SO2 only. SO2-HCl treatment significantly slowed down 
the decline of anthocyanin content in pericarp, while SO2 alone enhanced the deg-
radation of the pigment when compared to the control. The pH values dropped 
to 3.2 in the pericarp of the SO2-HCl treated fruit, while the values maintained 
around 4.8 and 5.0 respectively in the SO2-treated and control fruit. No significant-
ly different pH values were detected among the aril of all treatments, indicating that 
the acid could not penetrate to the aril. SO2-HCl treatment markedly inhibits the 
respiration of the pericarp tissue, while SO2 alone lightly reduced the respiration. 
At the beginning of storage, faster water loss in pericarp was observed for the fruit 
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treated by SO2 and SO2-HCl, while at the end the water content decreased from 70 
to 30% in the pericarp of both SO2 treated and control fruit. SO2-HCl treatment 
markedly inhibit the activities of anthocyanin degradation enzyme (ADE), peroxi-
dase (POD), and polyphenol oxidase (PPO) in pericarp, SO2 alone inhibit ADE 
activities but induced POD and PPO activities at the end of the storage. 

S02.350
Temperature and Water Loss Regulate 
Phenylpropanoid Genes in Skin Berry of 
“Aleatico” Grape Variety during Post-Harvest 
Dehydration Conditions

Cirilli, M.1; Bellincontro, A.2; Mencarelli, F.2; Nicoletti, I.3; 
Corradini, D.3;Colao, M. C.1; Muleo, R.1
1Department of Crop Production, University of Tuscia, Via San Camillo de’ Lellis, I-01100, Viterbo, Italy
2Department of Food Science and Technology, University of Tuscia, Italy
3Chemical Methodologies Institute, CNR, Montelibretti, Rome, Italy

Polyphenols and aroma profiles are an important quality aspects for sweet wine. Un-
derstanding what factors regulate berry secondary metabolites synthesis may help to 
improve quality and healthy value of this wine. To asses the effect of temperature and 
water loss (wl) on berry metabolism, even in post-harvest conditions, gene expres-
sion and metabolite accumulation were studied on bunches of “Aleatico” wine variety 
dehydrated (10, 20 and 30% of wl) at three different temperature: 10 ºC, 20 ºC and 
30 ºC, at constant RH conditions. Lowest temperature strongly up-regulated PAL 
and STS transcripts, and in relative minor extent CHI and DFR. Highest level of all 
genes of transcripts were reached at 20% wl. Similar trend was observed at 20 ºC for 
all gene tested, except for DFR. This gene, at 20 ºC, was wl up-regulated at 10% wl 
but progressively declines with the increase of wl. In the skin of berry exposed to 30° C 
very low transcript levels were detected. Although results confirm the important role 
played by water loss on gene expression, temperature resulted to be the main regulative 
factor. Results concerning of accumulation of anthocyanins, resveratrol and cathechins 
in berry skin and enzymatic efficiency analyses, the main regulative role played by tem-
perature. Total polyphenols and phenolic acids, as well as, single compounds resulted 
significantly highest at 20% wl at 20 ºC. Anthocyanins increased significantly at 10 ºC 
and 20 ºC but decreased at 30 ºC. Results indicate that gene regulation and metabo-
lite accumulation are contemporary affected by the two factors: temperature and water 
loss. However, from technical point of view the temperature at 20° C resulted to be the 
most suitable conditions to improve healthy quality of sweet wine. 

S02.351
Packaging Use to Preserve ‘Aurora-1’ Peach  
in Two Maturity Stages

Cunha Junior, L. C.1; Mattiuz, B. H.2; Mattiuz, C. F. M.2
1Escola Superior de Agricultura “Luiz de Queiroz”, University of São Paulo, Av. Pádua Dias, 11, P.O. Box 
9, 13418-900, Piracicaba, São Paulo, Brazil
2Faculdade de Ciências Agrárias EVeterinárias, UNESP -Univ Estadual Paulista, Câmpus de Jaboticabal, 
Departamento de Tecnologia. Via de Acesso Paulo D. Castellane, 14884-900, Jaboticabal, SP, Brazil

The main objective of this research was to evaluate chemical and physical changes 
in ‘Aurora-1’ peach, harvested in two maturity stages, packed in different pack-
aging and kept under refrigeration. Fruit were taken in two different maturity 
stages (mature green and mature), packed in four different packaging (control, 
PD-900TM, PVC and PET) and stored at 6 ºC. The following variables were 
evaluated each eight days: peel and pulp coloration, accumulated fresh mass loss, 
firmness, appearance, disease occurrence, acidity, soluble solids contents, soluble 
and reducing sugars, total and soluble pectin, and percentage of solubilising pec-
tin. During the experiment, it was observed that fruit postharvest life was influ-
enced by packaging, and mature green fruits showed a lower disease occurrence. 
Fresh mass loss was lower in packed fruits. Peel coloration of mature green fruits 
got a characteristic color of mature peach at the end of storage time, noticing that 
PD-900TM provided a delay in coloration change. Packaging also influenced 
firmness providing a lower reduction than that for fruits under control for both 
harvest points. Organic acids decreased in fruits packed in different packaging 
and increased in the control ones. Sugar contents increased in control fruits, while 

for packed fruits they increased until the eighth day and then decreased until the 
end of storage time. ‘Aurora-1’ peach did not show their quality compromised by 
packaging use, favoring an increase in his harvest life to 24 days, if compared with 
the control ones that lasted 16 days.

S02.352
Pre-Harvest Gibberellic Acid (GA3) Application 
Effect on Firmness, Color and Overall Quality 
Parameters of Sweet Cherry cv. 0900 Ziraat

Ozkaya, O.1; Imrak, B.2; Dundar, O.3; Demircioglu, H.4; 
Kuden, A.4
1Cukurova University, Karaisali Vocational School, Karaisali, 01330, Adana, Turkey
2Cukurova University, Pozanti Research Center, Turkey
3Cukurova University, Horticulture Department, Turkey
4Cukurova University, Turkey

The aim of this research was to identify the effects of different doses of pre-harvest 
GA3 treatments on overall quality parameters of sweet cherry cv. 0900 Ziraat dur-
ing three weeks of cold storage. Concentrations of 10, 20, 30 mg×L-1 of GA 3 were 
sprayed at pre-harvest while fruit color variation time and means of results were 
compared with the Control. Results showed that in all applications weight losses 
were increased, color change varied depending on application, stem color and firm-
ness were maintained whereas pitting increased by the storage time. According to 
the results, different pre-harvest GA3 applications have positive effects on storage 
of sweet cherry cv. 0900 Ziraat. 

S02.353
Ozone Treatment as an Alternative Method to 
Improve Postharvest Performance of Kiwifruit

Minas, I. S.1; Manganaris, G. A.2; Vasilakakis, M.1
1School of Agriculture, Aristotle University Campus, 541 24, Thessaloniki, Greece
2Department of Agricultural Sciences, Biotechnology and Food Science, Cyprus University of 
Technology, 50329, Lemessos, Cyprus

The effect of ozone (O3) treatment during cold storage on qualitative character-
istics of kiwifruit (Actinidia deliciosa cv. Hayward) was investigated. Fruit were 
harvested at a maturity stage (tissue firmness ~ 6,2 kg, soluble solids sugars ~ 
7.9%) and subsequently were cold stored (0 ˚C, RH 95%) a ) in a chamber with 
catalytic combustion of ethylene and b) in a chamber with a continuous supply 
of ozone (0,3 µl×l-1). Fruit were removed from cold storage after 1, 3 or 5 months 
and subsequently maintained at room temperature (20 ºC) for up to 12 days. 
Tissue firmness, soluble solids sugars, titratable acidity, weight loss, color values 
(L*, Hue angle (ho) and C* values) and total antioxidant activity, determined 
with the FRAP (Ferric ion Reducing Antioxidant Power) assay and the DPPH 
(1,1-DiPhenyl-2-Picryl Hydrazyl) method, were monitored. Intriguingly, ozone-
treated fruit were characterized by higher firmness retention, and lower weight 
loss compared to the other treatments. After removal from 5-month cold storage, 
ozone-treated fruits showed higher L*, ho and C* values in the external part of 
the fruit, illustrating a retardation in the deterioration of fruit quality and a lower 
percentage of weight loss compared to the other treatment. In addition, such fruits 
were characterized by higher antioxidant capacity at the 1st day after the removal 
from cold storage. Overall, the data of this study suggests that ozone treatment 
can be applied at a commercial scale in kiwifruit, as an alternative method to 
catalytic combustion of ethylene.

S02.354
Quality of Annona squamosa L. 
Stored in Different Packages

Silva, A. V. C.1; Muniz, E. N.1; Rangel, J. H. A.1; Yaguiu, P.2; 
Souza, J. P. B.2; Carnelossi, M. A. G.2
1Embrapa Coastal Tablelands, Av. Beira Mar, 3250, Jardins, 49025040, Aracaju, Sergipe, Brazil
2Federal University of Sergipe, Brazil

This work aimed to evaluate the post harvesting quality of custard apple (Annona 
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squamosa L.) fruits submitted to different sort of packages under refrigerated stor-
age, in a 3 x 5 factorial randomized block design with three replications. The treat-
ments of unpacked fruits (control), fruits individually packed into polyvinylchlo-
ride (PVC) film, and fruits packed in expanded polystyrene trays involved in PVC 
film were tested under five periods of storage ( 0. 4, 8, 12, and 16 days). Fruits were 
kept in a refrigerated store at 10 ºC during the whole trial. Data of mass lose, pulp 
hardness, level of soluble solids (SS), total titrated acidity (TTA), pH, C vitamin, 
and water activity (WA) were recorded at harvesting day and following a 4 day 
frequency. Storage of custard apple fruits at 10 ºC associated to an atmosphere 
modified by PVC film reduced significantly their mass lose. The modified atmo-
sphere decreased the speed of fruits hardness lose along storage period, propitiating 
to them a 12 days post harvest life. Levels of soluble solids and total titrate acidity 
increased but not significantly during storage. All fruits presented reduction of the 
water activity (WA) during the storage period. It is concluded that the use of pack-
age for conservation of custard apple fruits only affected their physical aspects, but 
did not increase the conservation of their physic-chemical attributes.

S02.355
The Changes of Ethanolic Fermentation in Bell 
Pepper Fruit during Induction and Recovery from 
Low Oxygen Condition

Imahori, Y.; Kota, M.; Tanaka, H.
Laboratory of Postharvest Physiology and Quality Control, Graduate School of Life and Environmental 
Sciences, Osaka Prefecture University, 1-1 Gakuen-cho, Nakaku, 599-8531, Sakai, Osaka, Japan

The changes of ethanolic fermentation were studied in bell pepper fruit during 
induction and recovery from low O2 conditions at storage temperatures of 20 ºC. 
When exposed to different O2 concentrations for up to 3 days, acetaldehyde (AA) 
and ethanol (EtOH) were only induced in the fruit exposed to 0 % O2. However, 
after the removal from 0 % O2 and transfer to air, the AA and EtOH induced by 0 
% O2 declined to basal levels in an exponential manner for further 7 days. At 1 % 
O2, AA and EtoH levels resulted similar to those in fruit held in air. The 0 % O2 
treatment resulted in a rapid accumulation of pyruvate. The pyruvate induced by 0 
% O2 significantly declined to basal levels when O2 was increased from 0 % to air. 
At 1 % O2, pyruvate levels resulted similar to those in fruit held in air. The pattern 
of pyruvate accumulation was coincident with a doubling of AA and EtOH levels. 
When exposed to different O2 concentrations for up to 3 days, pyruvate decar-
boxylase (PDC) and alcohol dehydrogenase (ADH) activities were only increased 
in the fruit exposed to 1 % O2. However, when the 1% O2 exposed fruits were 
transferred to air for further 7 days, ADH activity maintained same level as the 1% 
O2 treatment, whereas PDC gradually declined to basal levels. At 0 % O2, PDC 
and ADH activities resulted similar to those in fruit held in air. The changes in the 
activities of these two fermentation enzymes did not necessarily correlate with the 
levels of corresponding end-products when the fruits were transferred from hypoxic 
to normal atmospheric conditions. Possible regulation of ethanolic fermentation 
during induction and recovery from low O2 conditions is considered.

S02.356
Flavonols in Broccoli as Affected by Postharvest 
Light and Temperature

Rybarczyk, A.1; Hansen, M. K.1; Wold, A-B.1; Borge, G. I.2; 
Hagen, S. F.1; Bengtsson, G. B.2
1Norwegian University of Life Sciences, Department of Plant and Environmental Sciences, P.O. Box 
5003, N-1432, Aas, Norway
2Nofima Mat, Norwegian Institute of Food, Fisheries and Aquaculture Research, Osloveien 1, No-1430, 
Aas, Norway 

Broccoli (Brassica oleracea var. italica) is a recognized health-promoting vegetable with 
decreased risks proven for cancer and coronary heart disease. This flower vegetable 
contains a wide range of bioactive compounds such as glucosinolates, vitamin C, ca-
rotenoids, hydroxycinnamic acids and flavonols. The latter compounds are potent free 
radical scavengers and are present at relatively high levels in fresh broccoli inflores-
cences. However, since harvested vegetables are still living structures, which continue 
to perform metabolic reactions, conditions during postharvest handling can have sub-

stantial impact on the content of health-related compounds. This study investigated 
the effect of postharvest light and temperature on the flavonol contents in broccoli. 
For this purpose newly harvested and film-wrapped broccoli heads were stored at 0 
ºC or 4 ºC for 4 days in the dark to simulate the transport and wholesale phases and 
then the heads were transferred to 10 ºC or 18 ºC for 3 days to simulate the retail sales 
period. During this 3 day period, the broccoli heads were irradiated 12 h per day with 
three different intensities of visible light or a combination of visible light and UV-B 
radiation, or they were kept in the dark. Flavonol levels for individual broccoli heads 
were monitored non-destructively during the experiment using a Multiplex™3 sensor 
and expressed as relative epidermal UV-A absorbance FLAV Multiplex units. The 
flavonol level, measured at the end of the radiation treatments, was lower than after 
harvest for almost all broccoli heads. However, for broccoli stored in the dark increases 
of 6-23% were noticed. The results show that protection from light during posthar-
vest handling of broccoli may have a positive effect on flavonol contents. The non-
destructive measurements will be verified by quantitative HPLC analysis of flavonols. 

S02.357
Some Physical Properties of Sour Cherry (Prunus 
cerasus L.) Fruit after Ethephon Application

Aryanpooya, Z.; Davarynejad, G. H.; Nemati, H.
Ferdowsi University ,Department of Horticulture, Faculty of Agriculture, Ferdowsi University of 
Mashhad, Iran, 917751163, Mashhad, Islamic Republic of Iran

Generally, ethephon (2-chloroethyl phosphonic acid) is applied to reduce fruit re-
moval force of cherries fruits. In this research, effect of ethephon at concentrations 
of 0 (control), 150, 225 and 300 ppm in 7 days before harvesting on fruit detached 
force from pedicle, pedicle detached force from shoot, fruits abscission percent-
age after shaking, fruits weight, flesh/pit ratio, fruit diameter, and fruit firmness 
on “Cigány meggy” and “Érdi jubileum” sour cherry cultivars were studied. By 
increasing of ethephon concentration, decreased fruit detached force from pedicle, 
pedicle detached force from shoot and fruits abscission percentage also fruit firm-
ness. Fruits weight, flesh/pit ratio and in both cultivars increased. Ethephon con-
centration was increased significantly fruit diameter of “Érdi jubileum”, while it 
was not effective on fruit diameter of “Cigány meggy”. 

S02.358
Development and Improvement of Protein 
Extraction Protocol and Bidimensional 
Electrophoresis in Stone Fruit

Giraldo, E.1; Díaz-méndez, A.1; Miguel-pintado, C.1; 
Gonzalez-Cebrino, F.1; García, A.2
1Instituto Tecnológico Agroalimentario de Extremadura. Junta de Extremadura ,Ctra. San Vicente, 
s/n ,Apartado 20107, Badajoz, Spain
2Centro de Investigación Agraria Finca “La Orden –Valdesequera”Ctra. N-V. Km. 372. 06187. Guadajira. 
Badajoz, Spain

Stone fruit is characterized for being very unstable. It gets damaged very quickly at 
room temperature. The use of low temperature storage to extend its life can cause 
negative consequences on fruit quality, due to the development of physiological 
disorders, known as chilling injury. Injury effect is greater in a some varieties than 
in others, therefore injury seem to have a genetic component. Molecular processes 
knowledge enables the design of procedures to induce resistance or to decrease 
chilling injury sensitivity, in order to improve stone fruits postharvest and increase 
their quality. Bidimensional electrophoresis (2D) constitutes nowadays the most ef-
ficient method to separate proteins because it allows to separate hundreds, or thou-
sands of proteins in an only experiment. The most critic step and key for the success 
of this technique is the extraction of proteins and preparation of the sample. An 
ideal Protocol must be reproducible, must allow the complete proteins extraction 
and it must minimize the presence of contaminants. In this work several protocols 
have been used to optimize protein extraction from fruits, suitable for large-scale 
2D analyses, from sample of fruit, allowing to determine differences between the 
proteomes of healthy and damaged fruit. This study has showed that the proce-
dures and protocols used for protein extraction, protein separation, gel staining 
and analysis, and protein identification have allowed the identification of the most 
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abundant proteins, and the comparison of the proteomes of stone fruit under the 
different storage conditions. With this proteomic studies we can establish changes 
in protein expression associated to the different experimental conditions. We con-
clude that; from the studied protocols, the version modified of Barent and Elthon 
(1992) has been the best for stone fruit. Currently, 2D electrophoresis seems to be 
the best method to compare proteins profiles (Rabilloud, 2002).

S02.359
Antioxidant Activity and Vitamin C  
Are Not Affected by Degreening Treatment  
of Clementine Mandarins

Sdiri, S.; Navarro, P.; Salvador, A.
Instituto Valenciano de Investigaciones Agrarias, Carretera Moncada-Náquera Km 4.5 s/n, 46113, 
Moncada, Valencia, Spain 

Degreening with ethylene is a common postharvest practice in citrus fruit. This 
treatment is commercially used worldwide to promote peel degreening in many 
citrus species, especially in early season fruit in which the pulp reaches maturity and 
becomes edible when the peel is still green, and also to achieve uniform external 
coloration in fruit submitted to external markets. Although nowadays degreening 
treatment is an option for both conventional and organic growers, there are some 
consumers and growers who dislike the idea of their produce having been exposed 
to it. The effect of ethylene during degreening on external color and shelf-life of 
the fruit it well studied, however, its effect on bioactive compounds such as vitamin 
C and on antioxidant capacity is not-well documented. In this study, the effect of 
ethylene during degreening treatment on nutritional quality of ‘Clemepons’ and 
‘Clemenules’ clementine cultivars was investigated. Fruit were submitted to de-
greening treatment during 48h, 72h and 120h with or without application of eth-
ylene. Following the treatment, fruit were stored at 20 ºC during 7 days simulating 
shelf-life. Degreening treatment without ethylene reduced calyx senescence. Never-
theless, ethylene application improves color index compared to the treatment with-
out ethylene. The ethylene application did not affect ascorbic acid, total vitamin C, 
dehydroascorbic acid content and antioxidant capacity of fruit from both cultivars. 
Degreening treatment with or without ethylene did not affect quality parameters.

S02.360
Involvement of Antioxidant Activity in Flesh 
Browning of Astringent Persimmon

Besada, C.1; Vazquez-Gutierrez, J. L.2; Hernando, I.2; 
Perez-Munuera, I.2; Salvador, A.1
1Instituto Valenciano de Investigaciones Agrarias, Carretera Moncada-Náquera Km 4.5 s/n, 46113, 
Moncada, Valencia, Spain
2Research Group “Microstructure and Food Chemistry”. Food Technology Department. Universidad 
Politécnica de Valencia. Camino de Vera, s/n. 46022 Valencia, Spain

Flesh browning caused by mechanical damage is one of the most important disorders 
during shelf-life of persimmon ‘Rojo Brillante’, which is an astringent cultivar. Our 
previous studies have shown that browning manifestation is influenced by the level 
of astringency of the fruit; in the present work the implication of polyphenol oxidase 
(PPO) activity and total antioxidant capacity was studied. Microstructural study of 
flesh browned tissue was also carried out. Astringent and non astringent fruit (fruit 
submitted to deastringency treatment) were mechanical damaged and stored for 15 
days at 1 ºC. Fruit no-mechanical damaged acted as control. Mechanical damage 
caused flesh browning in non-astringent fruit however this disorder was not observed 
in astringent fruit. Non-astringent fruit showed PPO activity slight higher than astrin-
gent fruit, nevertheless no differences were observed between damaged and control 
fruit. Non-astringent fruit showed much lower antioxidant capacity than astringent 
fruit. Total antioxidant capacity of the fruit seems to play a protective role in the mani-
festation of flesh browning of persimmon fruit. The microstructure study of non-
astringent fruit showed the membranes of the flesh tissue affected after deastringency 
treatment, especially in tannin cells where the precipitation of the tannins occurred. 
The microstructure of damaged fruit tissue after storage showed the cell walls and the 
cellular cements degraded. The flesh browning observed could be attributed to the 
precipitated tannins which are visualised inside the cells or in the intercellular spaces.

S02.361
Impact of Water Heat Treatment on Physical-
Chemical, Biochemical and Microbiological 
Quality of Whole Tomato (Lycopersicum 
esculentum L., cv. Zinac) Fruits

Pinheiro, J.1; Alegria, C.2; Abreu, M.2; Goncalves, E. M.2; 
Silva, C. L. M.1
1CBQF –Escola Superior de Biotecnologia, Universidade Católica Portuguesa, Rua Dr. António 
Bernardino de Almeida, 4200-072 ,Porto, Portugal
2UTA –Instituto Nacional de Recursos Biológicos, Portugal

Water heat treatments (WHT) are used for disinfection purposes and to promote 
changes to the biochemical pathways involved in the ripening process, resulting in 
remarkable beneficial effects on fruits postharvest quality maintenance and storage 
life extension. The objective of this study was to determine an optimal WHT condi-
tion and evaluate its overall effects on tomatoes (Lycopersicum esculentum cv. Zinac) 
quality. Fruits were immersed in hot water at different temperatures (from 40 ºC to 
60 ºC) and during different immersion time periods (2 to 30 min). WHT effects on 
fruit colour CIELab parameters (L*, a*, b* and ºh), firmness (N), peroxidase (POD) 
and pectinmethylesterase (PME) enzyme activity, total phenolic content and micro-
bial load [mesophylic and yeasts and moulds counts (Y&M)] were evaluated. After 
WHT no observable colour changes were denoted in all heat treated samples. At lower 
WHT, 40 ºC – 50 ºC, firmness maintenance was obtained when compared to un-
treated samples (16.08 N). Significant reductions on tomato fruits firmness were ob-
served in treatments with temperatures higher than 55 ºC. Both evaluated enzymatic 
activities were affected by the heat treatments. Regarding POD enzyme, an increase 
in activity was found with intensive WHT, while PME activity decreased at all tested 
conditions, with two exceptions (at 45 ºC and 60 ºC). WHT achieved an increase in 
phenolic content. The WHT 40 ºC _30 min promotes the highest increase compared 
with control sample (c.a 27%). WHT at 50 ºC -2min or 40 ºC –30min promoted 
reduction of mesophylic and Y&M to undetectable levels, showing the effectiveness of 
these treatments to control the microbial development in tomato fruits. The WHT 40 
ºC _30min promotes maintenance of tomatoes quality with an increase of the phe-
nolic content, and is an effective alternative decontamination procedure. Therefore, 
this treatment presents an alternative postharvest process for tomatoes fruits. WHT 
revealed to be beneficial to fruits quality as well as to extend its shelf life. 

S02.362
Chlorophyll Degradation during Leaf Senescence 
in Harvested Flowering Chinese Cabbage 
(Brassica rapa var. parachinensis)
Zhang, Z.1; Zhang, X.2; Li, J.1; Pang, X.2
1College of Horticulture, South China Agricultural University, Wushan, Tianhe, 510642, Guangzhou, China
2College of Life Science, South China Agricultural University, Wushan, Tianhe, 510642, Guangzhou, China

Flowering Chinese cabbage (Brassica rapa var. parachinensis) is one of the main leafy 
vegetables produced in China and popular with Chinese populations around the 
world. The rapid leaf yellowing after harvest limits the long distance transportation 
of the vegetable. In the present study, leaf senescence of flowering Chinese cabbage 
was manipulated by plant hormones, so as to set up an experimental system to char-
acterize the correlation between senescence progress and chlorophyll degradation 
pathway. Treated by 6-benzyl aminopurine (6-BA), a synthetic cytokinin, the leaves 
of the cabbage remained green, retained approx. 59% of original chlorophyll and 
maintained the ratio of Chl a/ Chl b a around 3 after 6 days at 20 ºC in perforated 
plastic bags. The cabbage turned yellow 3 days after ethylene treatment, contained 
only 5.77% of the original chlorophyll and the ratio of Chl a/ Chl b increased to 27 
after 6 days in the same storage condition. Compared to the control, 6-BA retarded 
the progress of protein degradation and membrane peroxidation in the cabbages, 
and repressed the up-regulation of expression of SENESCENCE ASSOCIATED 
GENE 12 (SAG12), confirming that 6-BA delayed leaf senescence process. In con-
trast, ethylene accelerated protein degradation, membrane peroxidation and acti-
vated the transcription of SAG12, indicating that ethylene promoted senescence. 
Not correlated to the gradual decline in chlorophyll content, chlorophyllase activity 
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decreased with the progress of senescence in control, 6-BA and ethylene treated 
leaves, in which Ethylene lightly retarded the decrease. Mg-dechelatase activities 
increased during the senescence process in all treatments, and lower Mg-dechelatase 
activities were recorded in 6-BA than in the other treatments. 

S02.363
Effect of Lightness and Darkness on Respiration 
Rate of Vegetables

Cunkun, C.1; Wensheng, W.2; Yuanhui, G.1; Chenghu, D.2
1Tianjin University of Science and Technology, 17 Kilometre, Jinjing Road, Xiqing Distirict, 300384, 
Tianjin, China
2National Engineering and Technology Research Center of Preservation of Agriculture Products, 
Tianjin Key Laboratory of Postharvest Physiology and Storage of Agricultural Products, China

Each sample was stored in sequence under approximated room temperature (15 
(20) ºC), mild hypothermia (8 (15) ºC), appropriate temperature (0 (10) ºC), 
respectively, with the objective of investigating the effect of lightness and darkness 
on respiration of vegetable in vitro. The respiration rate of green pepper, tomato, 
broccoli, cauliflower and Agaricus bisporus was comparatively studied under light-
ness and darkness, respectively. The results showed that the respiration rate of green 
peppers, tomatoes and broccoli under lightness, comparing to darkness. and light-
ness had no significant effect on respiration rate of cauliflower and Agaricus bispo-
rus. In addition, stored temperature played a positive role in the effect of lightness 
on respiration rate of vegetable in vitro.

S02.364
Optimization, Heat Stability and Kinetic 
Characterization of Pectinmethylesterase Enzyme 
from Tomato (Lycopersicum esculentum L.) Fruits

Pinheiro, J.1; Alegria, C.2; Abreu, M.2; Goncalves, E. M.2; 
Silva, C. L. M.1
1CBQF –Escola Superior de Biotecnologia, Universidade Católica Portuguesa, Rua Dr. António 
Bernardino de Almeida, 4200-072 ,Porto, Portugal
2UTA –Instituto Nacional de Recursos Biológicos, Portugal

Textural changes during fruit ripening have been attributed to pectin degradation 
caused by pectic enzymes, such as pectinmethylesterase (PME, EC 3.1.1.11). PME 
catalyzes the de-esterification of pectin, a complex mixture of polysaccharides, 
namely polygalacturonic acid methyl esterified, with the release of hydrogen and 
methanol, producing shorter chains and, causing drastic loss in firmness. Thus, 
control of PME activity in fruits aiming texture maintenance and/or improvement 
is extremely important to the food industry. However, PME activity and properties 
are depending on product, environmental and physico-chemical conditions such as 
pH and temperature. Therefore, the aim of the present work was to optimize and 
characterize PME assay from tomato (Lycopersium esculentum, cv. Zinac), through 
optimum concentration of extraction solution, pH, temperature and substrate con-
centration as well as the thermal stability and kinetic behavior of tomato PME. The 
highest PME activity was found with a 1.0 M of NaCl extraction solution, with a 
0.5% citrus pectin and revealed a optimum temperature at 60 ºC at pH 8.8. The 
determined kinetic parameters were 0.712 U×mg-1 and 0.011% for Vmax and kM, 
respectively. The low kM value for tomato PME describes the high affinity between 
enzyme and substrate (citrus pectin), whereas the obtained Vmax value relates to the 
enzyme quantity present in the reaction. The PME thermal stability study showed 
increasing PME activities at 50 ºC (up to 17% for 10 min). At 60 ºC, about 50% 
of the activity still remained after heating for 25 min, and PME was completely 
inactivated at 80°C after 10 min. These results provide useful information about 
the different factors that affect tomatoes PME activity and may be used as a tool for 
firmness control during postharvest handling and processing of this fruit.

S02.365
Effect of Different Fumigants on the Cold Storage 
of Table Grapes

Soylemezoglu, G.; Eraslan, F.

Ankara University Faculty of Agriculture Department of Horticulture, 06110, Diskapi, Ankara, Turkey

This research was carried out at the laboratory of post harvest physiology and cold 
rooms of the Department of Horticulture, Faculty of Agriculture, University of 
Ankara,Turkey in the period of 2007-2009. The aim of this research was to deter-
mine the effect of different fumigants on the cold storage of table grapes. ‘Alphonse 
Lavalle’ cvs was used in this study that was hand-picked from the Efem çukuru 
region of Menderes area of İzmir in Eagean Region. The experiment were conduct-
ed in “Randomized plot design” and parameters like the appearance, flavour, total 
soluble solid content, titreable acidity, SO2 value, colour changing, decay rate and 
weight losses were measured fifteen days intervals. As a result of experiments in 
the period of 2007-2008 in Alphonse Lavallée grape cultivar has been stored suc-
cessfully with SYS (slow release SO2 generator) for 135 days and with Fumispore 
S application for 30 days and with Fumispore OPP application for 15 or 30 days. 
SYS application in the period of 2008-2009 has been stored successfully for 75 
days. In the period of 2008-2009 has been stored successfully with Fumispore S and 
Fumispore OPP until 30 days. 

S02.366
Hydrogen Peroxide Involved in Tomato 
LeMAPK1, 2, 3 and LeCBF1 Signaling Cascade 
Mediated by Low-Temperature Resistance

Zhao, R.; Zhang, X.; Ding, Y.; Sheng, J.; Shen, L.
China Agricultural University, No. 17 Qinghua East Road, 100083, Beijing, China

The mitogen-activated protein kinases cascade, MAPK, is the most important sig-
nal pathway in eukaryotes. Similar to those MAPK cascades in animals and yeast, 
the tomato MAPK cascade also controls the growth, development, stress reactions 
by phosphorylation of the relevant proteins. As a signal molecule, it has been re-
ported that hydrogen peroxide can activate the MAPK pathway in the Arabidopsis 
thaliana. Tomato is vulnerable to low temperature during the growth process due to 
its cold sensitivity. By comparing different treatments of tomato, such as MAPK in-
hibitor, hydrogen peroxide and MAPK inhibitor with hydrogen peroxide treatment 
at low temperatures. We found that the changes of LeMAPK1, 2, 3 and LeCBF1 
have correlationship at transcription level; hydrogen peroxide can strongly enhance 
the induction of LeCBF1 transcription level and hydrogen peroxide can improve 
the tomato LeMAPK1, 2,3 at the transcription level as well.

S02.367
Effect of Postharvest Hot Water and UV-C 
Treatments on Ethylene Production in 
Persimmon Fruit cv. Karaj

Khademi, O.; Zamani, Z.; Mostofi, Y.; Ahmadi, A.; Kalantari, S.
University of Tehran, Department of Horticulture Science, Faculty of Agriculture, Daneshkadeh 
Avenue, P.O. Box: 4111, 31587-77871, Karaj, Tehran, Islamic Republic of Iran

Hot Water (HW) and UV-C treatments are commonly used for increasing post-
harvest life in various fruits. There is no sufficient information about effect of 
these treatments on persimmon fruit especially Iranian cultivars. Therefore in this 
study persimmon (Diospyros kaki L., cv. Karaj) fruits were treated by HW and 
UV-C and alteration in ethylene production, fruit firmness and color coordinates 
(L*, a*, b*) under these treatments were determined. UV-C treatments were ap-
plied at 0 (as control), 1.5 and 3kJ/m2 and HW treatments applied at 25 (as a 
control), 45 and 50 degree Celsius for 20, 35 and 45 minute. Ethylene production 
rate were measured 12, 24 and 48 hours after treatments, and color coordinates 
and fruit firmness were determined 48 hours after treatments. Although ethylene 
production increased in fruits during the time course, results showed that UV-C 
as well as HW treatments had no effects on ethylene production and its increase 
during experiment was similar to control. There was no significant effect by HW 
and UV-C treatments on fruit firmness compared to control. Also, color deter-
mination revealed that L* and a* in 50 degree Celsius HW treatment were lower 
than that of 25 degree Celsius treatment (control). No significant difference was 
observed among HW treatments according to b*. In UV-C treatments were no 
significant difference in L* and b*, but a* in 1.5 KJ/m2 was lower than control. 
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In conclusion, ethylene production in persimmon cv. Karaj was not affected by 
HW and UV-C treatments and changes in fruit traits under these treatments was 
because of other factors.

S02.368
Influence of Maturity Stage on the Effectiveness 
of 1-MCP Treatment of ‘Hayward’ Kiwifruits 
during Storage

Rinaldi, R.; Amodio, M. L.; Colelli, G.
Università Degli Studi di Foggia, Via Napoli 25, 71122, Foggia, Italy

‘Hayward’ kiwifruits were harvested at a commercial maturity stage with flesh firm-
ness of 59 N (±3.9), soluble solids content (SCC) of 11.5% (±0.6), and titratable 
acidity (TA) of 1.4% (±0.03): They were then divided in 3 groups and treated at 
different time during storage with 0.5 ppm of 1-MCP for 24 h. A first group was 
immediately treated (firm stage), a second group was stored at 0 °C for 40 days until 
1-MCP treatment when reached a firmness of 36 N (±1.9) (intermediate stage), 
while a third group was stored at 0 °C for 2 months until treatment when reached a 
firmness of 25 N (±1.6) (soft stage). 1-MCP treated samples at firm stage were stored 
for 100 days at 0 °C, while fruits at intermediate and soft maturity stages were stored 
for 80 days, together with the respective untreated control fruits. Initially upon 
1-MCP treatment and during storage, firmness, SSC, TA, respiration rate, vitamin 
C and total phenolic contents, and antioxidant activity were measured. Untreated 
firm samples showed a severe firmness loss, which, starting from 23% of the initial 
value at 20 days of storage, reached 44% and 85% after 60 and 80 days of storage, 
respectively; treated fruits only lost about 20% of initial firmness after 40 days. At 
the intermediate stage the effect of 1-MCP treatment resulted evident only after 40 
days of storage, when treated samples resulted firmer (about 44%) than the control. 
Also at the soft stage 1-MCP treatment slowed down softening: firmness decreased 
of 60% and 54% of initial value for control and treated fruits, respectively during the 
first days of storage. 1-MCP treatment did not affect chemical composition, while it 
had a significant effect on respiration rate only for fruits of the soft stage.

S02.369
Effect of Postharvest Hot Air Treatments on 
Ripening and Soluble Sugars in Banana Fruits, 
Musa spp. cv. Williams

Ambuko, J. L.1; Gemma, H.2; Sugaya, S.2
1University of Nairobi, P.O Box 29053-00625, C/o Plant Science and Crop Protection Department, Ken, 
Nairobi, Kenya
2Tsukuba University, Graduate School of Life and Environmental Sciences, Pomology Laboratory, 
Tsukuba, Ibaraki 305-8572, Japan

Post-harvest hot air treatments have been used traditionally for disinfection and dis-
infestations of commodities and have shown potential to impart tolerance to chill-
ing injury in some commodities. In the present study, banana fruits were exposed 
to two hot air treatments (50 ºC for 10 minutes and 40 ºC for 60 minutes) and 
then stored for 3 weeks at chilling temperatures (8 ºC). The fruits were evaluated 
for chilling injury symptoms and ripening-related physicochemical changes during 
and after cold storage. Hot air treatments significantly improved the fruits’ tolerance 
to chilling temperatures but at the same time affected ripening-related changes in 
the fruits. Immediately after the treatments, the treated fruits exhibited significantly 
higher respiration rates while ethylene evolution was suppressed by as much as 5 
times relative to the untreated controls. However, during cold storage and upon 
transfer from cold storage to ambient room conditions the treated fruits had similar 
respiration rates to untreated fruits, while ethylene levels were higher in the treated 
fruits. The ripening process was significantly impaired in treated and untreated 
fruits as reflected in high hue angles. Furthermore, the treated fruits failed to soften 
sufficiently, thereby maintaining higher pulp and peel firmness compared to the 
untreated controls at ambient room conditions. At the end of the 3-week cold stor-
age period followed by ripening at ambient room conditions, the treated fruits had 
significantly higher levels of soluble sugars compared to the untreated cold-stored 
fruits. These findings show that hot air treatment offer a potential measure for im-

parting tolerance to chilling injury in banana fruits. However, application requires 
a delicate balance to achieve effective but non-injurious time/temperature combina-
tions that ensure optimum ripening and high fruit quality after cold storage. 

S02.370
Exogenous Application of GA4/7, Paclobutrazol 
or Prohexadione-Calcium at Fruit Colour Break 
Stage Improves Rind Textural Properties of 
Sweet Orange

Iberahim, I.; Singh, Z.; Mandel, R.
Curtin University of Technology, Curtin Horticultural Research Laboratory, GPO. Box U1987, 6845, 
Perth, Western Australia, Australia

The incidence of albedo breakdown in sweet oranges increases with the advance-
ment of fruit ripening due to weakening of rind. We aimed to investigate the role 
of gibberellins in improving textural properties of the rind with exogenous applica-
tion of GA4/7 and inhibitors of gibberellins biosynthesis. Fruits on the whole tree 
were sprayed with different concentrations (0, 30, 100, 300 mg×L-1) of GA4/7, 
Paclobutrazol or Prohexadione-calcium following colour break stage. The experi-
ment was laid out by following randomised block design, single tree experimental 
unit and included four replications. None of the treatments applied at advanced 
fruit ripening stage did not significantly reduce the incidence of albedo breakdown 
and affect the soluble solids concentrations and acidity. The exogenous application 
of GA4/7 resulted in improved textural properties of rind as reflected by fruit com-
pression, rind hardness and tensile tests. The concentrations showed a linear trend 
for textural properties of rind. Contrarily, the exogenous application of Paclobutra-
zol or Prohexadione-calcium also showed positive effects on improving textural 
properties of rind but their extract mode of action and role of gibberellins in albedo 
breakdown at advanced stage of fruit ripening warrants further investigations. 

S02.371
Role of Oxidative Metabolism in the Onset  
of Senescence in Nectarine (Prunus persica 
L. Batsch) Fruits during Storage

Manolopoulou, I.1; Ziogas, V.1; Tanou, G.2; Diamantidis, Gr.2; 
Molassiotis, A.1
1Laboratory of Pomology, Faculty of Agriculture, Aristotle University of Thessaloniki, 54 124, 
Thessaloniki, Greece, Greece
2Laboratory of Agricultural Chemistry, Faculty of Agriculture, Aristotle University of Thessaloniki, 
54 124, Thessaloniki, Greece

The oxidative metabolism has been implicated in the process of senescence as well 
as in a number of senescence-related disorders in a variety of organisms. In the 
present study, nectarines (Prunus persica L. Batsch) fruits were detached at com-
mercial maturity from trees and placed under room temperature (24 ºC) for 8 
days. In order to study the effect of oxidative metabolism on the post-harvest senes-
cence process, nectarine fruits were pre-treated with H2O2 before their exposure to 
room temperature. High respiration rate and ethylene productions were detected 
just after the treatments of fruit with H2O2 compared to the control. In addition, 
soluble solids content and titratable acidity was alter by H2O2 treatment during the 
8 days period. Changes in the activity of the H2O2-scavenging enzymes unspecific 
peroxidase (POX), ascorbate peroxidase (APX), glutathione reductase (GR) were 
estimated immediately after harvest and during the experiment. Time dependent 
higher H2O2-scavenging enzymatic activities were found in H2O2-treated fruits 
during storage. In addition, polyphenol oxidase (PPO) activity was stimulated by 
post-harvest senescence and H2O2 treatment.

S02.372
Use of Biodegradable Plastic Films  
for Packaging and Distribution  
of Strawberries in Piedmont (Italy)

Girgenti, V.1; Boglione, D.1; Giraudo, E.2
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1Department of Arboriculture and Pomology, University of Turin, Via Leonardo Da Vinci 44, 10095, 
Grugliasco, Torino, Italy
2Agrifrutta, Italy

The cultivation of strawberries due to a low consistency of the fruit, high perish-
ability and limited shelf-life needs in the post storage of a rapid product manage-
ment in marketing. The composition of the atmosphere and the maintenance of 
low temperatures and high humidity of the environment conservation must be 
ensured throughout the production chain in order not to compromise the quality 
of the product. Respect for the quality of the product ends with the presentation 
for which assistance is required, specialization and orientation skills, to enable 
consumers to be accompanied, supported and rewarded at the moment of choice. 
To achieve this, a primary step of the production line is to be found in packag-
ing that cannot be achieved through general systems but must be tailored and 
designed for the individual product fresh. The growing interest of consumers 
towards the issue of environmental sustainability in search of greener packaging 
solutions that do not pollute, are recyclable and at the same time maintaining 
unchanged the characteristics of the product. The aim of this work was to evalu-
ate the influence of post-harvest strawberries on plastic films of different faces in 
terms of shelf life, maintaining the quality and nutraceutical packaging systems 
with traditional flexible packaging systems alternatives. The sample units were 
discarded flowpack 250 g of strawberries respectively covered with a traditional 
polypropylene film and Mater-Bi ® (Novamont SpA), biodegradable and com-
postable film. 

S02.373
Study of Quality Loss of Table Grape  
(Vitis vinifera L.) Rachis cv. Red Globe during 
Postharvest Storage

Campos-Vargas, R.1; Zamora, P.2; Zamora, V.3; Gayoso, C.4; 
Balic, I.5; Vizoso, P.5; Meisel, L. A.1; Pérez-Donoso, A. G.4; 
Defilippi, B. G.6
1Andrés Bello University - Plant Cell Biotechnology Millennium Nucleus, Republica 217, Santiago, Chile
2Universidad de Santiago de Chile, Fac. Química y Biología, Chile
3Universidad de Chile, Fac. Ciencias Agronómicas, Chile
4Pontificia Universidad Católica de Chile, Fac. Agronomía e Ing. Forestal, Chile
5Universidad Andrés Bello, Fac. Ciencias Biológicas, Chile
6Inia La Paltina - Plant Cell Biotechnology Millennium Nucleus, Chile

The quality of table grapes (Vitis vinifera L.) is associated with both the berry and 
the rachis. Many reports have described the changes that grape berries undergo 
during postharvest storage, but rachis has not been the subject of similar stud-
ies. In the present report anatomical, physiological and molecular parameters were 
studied in table grape cv. Red Globe rachis stored at 0 or 20 ºC. The activities of 
reactive oxygen species (ROS) scavenging enzymes (superoxide dismutase, catalase 
and ascorbate peroxidase) were measured after storage. However, data did not show 
a clear link between ROS scavenging enzyme and rachis deterioration. Cytokinin 
applications and controlled atmosphere treatments helped to reduce the rate of 
quality loss on rachis, indicating the participation of a senescence factor in addition 
to dehydration. Changes in rachis total RNA and anatomical changes observed be-
fore and after harvest supported the hypothesis that senescence-modulated effects 
are associated with rachis quality loss.

S02.374
Effect of a Short-Term CO2 Treatment 
on Ripening and Quality of European Plum 
(Prunus domestica) during Ambient Air Storage

Wang, R.1; Xuan, H.2; Gurbandt, C.3; Streif, J.2
1College of Horticulture, Northwest A&F University, Xinonglu 22, 712100, Yangling, Shaanxi, China
2Kompetenzzentrum Obstbau Bodensee (KOB), Schuhmacherhof 6, D-88213 Ravensburg, Germany
3University of Hohenheim, Emil- Wolff- Str. 25, 70599 Stuttgart, Germany 

Rapid ripening and softening of European plum (Prunus domestica) shortens shelf-
life and restricts efficient fruit handling and transportation of ripe full tasting 
plums. In peach fruit, a short-term treatment with high CO2 concentrations can 

significantly slow fruit softening and as a result fruit quality is maintained. In previ-
ous work, the European plum cultivar ‘Hanita’ behaved as a climacteric fruit, while 
the cultivar ‘Elena’ behaved as a ‘suppressed’ climacteric fruit. In the present study, 
the effects of a short-term CO2 treatment on fruit ripening and quality, specially 
on flesh firmness were investigated using the European plum cultivars ‘Hanita’ and 
‘Elena’ during air storage at room temperature. After harvest, ‘Hanita’ fruit were 
divided into two groups (hard and soft) according to flesh firmness. ‘Elena’ fruit 
were harvested at an interval of 10 d. Fruit was treated with 30% CO2 for 20 h, 
while untreated fruit were used as a control. After treatment, fruit were held in air at 
room temperature. Changes in fruit colour, flesh firmness, soluble solids and acid-
ity as well as respiration and ethylene production were determined during storage. 
Short-term exposure to high CO2 did not extend the shelf-life of ‘Elena’ plums, but 
accelerated the deterioration of ‘Hanita’.

S02.375
A Tentative Typology of Apricot Fruit Maturation

Gouble, B.1; Ben Ali, S.2; Clauzel, G.3; Bureau, S.1; Reling, P.1; 
Renard, C.1; Audergon, J. M.2
1INRA, Université d’Avignon et des Pays du Vaucluse, UMR408 Sécurité et Qualité des Produits d’Origine 
Végétale, Domaine Saint-Paul, Site Agroparc, F-84000, Avignon, France
2INRA, UR1052 Unité de Génétique et Amélioration des Fruits et Légumes, Domaine Saint Maurice Bp 94, 
F-84143 Montfavet, France
3INRA, UERI Gotheron, F-26320 Saint Marcel Les Valence, France

Fruit quality is a major characteristic in Prunus species. To optimize fruit quality 
of apricot, one of the main factors kept under control is the maturation period 
either on tree or after picking. Fast lack of firmness is detrimental to fruit com-
mercialization. The fruit evolution depends on the production of ethylene and a 
large variation exists in apricot germplams. In order to access a typology of the 
apricot cultivar behaviour a set of 13 contrasted apricot cultivars have been studied 
from 1995 to 2007: 12 climacteric varieties, including Moniqui, Goldrich and 
Bergeron, and an accession characterised by a very low levels of ethylene produc-
tion and considered as “non climacteric” fruits. Ethylene production, colour and 
firmness have been concurrently monitored and a modelling approach has been 
applied in order to organise and structure the observed variations. A cultivar ty-
pology based on ethylene production has been established during the maturation 
phase. Three main parameters have been highlighted: (i) a climacteric status vs 
non-climacteric one, and among the climacteric cultivars, (ii) the maximum and 
(iii) the slope of the evolution of the ethylene production curve. The monitoring 
has been pursued during post-harvest and two main behaviours have been identi-
fied (i) one in which the evolution is the same as during maturation on the tree, 
and (ii) another one characterised by a significant boost in ethylene production 
during post-harvest. In addition, firmness character appeared to be a good indica-
tor of the maturity of the fruits. 

S02.376
Control of Potato Sprouting  
Using Natural Compounds

Azizi, M.; Ghazi Motlagh, Z.; Momayyezi, M.; Kharrazi, M.; 
Khorshidi, S.
Ferdowsi University of Mashhad, Department of Horticulture, College of Agriculture, Azadi Sq., 
Wakilabad Av., 9177511631, Mashhad, Khorasan, Islamic Republic of Iran

In order to study potato sprouting behavior after using natural compounds and ex-
tending potato storage life, an experiment was conducted in research laboratory of 
Ferdowsi University of Mashhad. “Aula” cultivar was used in this study. Treatments 
included using Black zira (Bunium persicum) and Clove (Eugenia caryophyllata) es-
sential oils (EO) in five concentrations (0, 25, 50, 100, and 150 ppm) by two 
methods (fumigation and submerging). Potato tuber weight, number of sprouts 
per tuber, fresh and dry weight of sprout, weight loss percentage, infection severity 
and tuber quality were determined initially and after storage time. The experiments 
were conducted in glass jar (3 L) during 50 days in room temperature (25±1 ºC). 
Results showed that the lowest weight loss (0.94% w/w) occurred in the treatment 
of 100 ppm Black zira EO by the method of fumigation and the highest weight 
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loss occurred in control (4.75% w/w). The highest dry weight of sprout was ob-
tained in the treatment of 25 ppm Black zira EO by method of submerging (0.92g/
tuber) whereas the lowest dry weight of sprout was obtained in the treatment of 
150 ppm Black zira EO by the method of fumigation(0.09g/tuber). The best qual-
ity of tubers obtained in the treatment of 25 ppm Black zira EO by the method 
of fumigation. The highest infected tuber was occurred in control (60.73%) and 
the lowest one was occurred in treated tuber with 50 ppm Black zira EO via the 
method of submerging (8.88%). In conclusion the best treatment for prevention 
of potato tuber sprouting in storage is using Black zira essential oil by the method 
of fumigation.

S02.377
Postharvest Behaviour of Purple Passion Fruit 
during Low Temperature Storage

Diaz, R. O.1; Carrillo, W. E.1; Pinilla, R.1; Moreno, L.1; 
Hernandez, M. S.2; Melgarejo, L. M.1; Martinez, O.1; 
Fernandez-trujillo, J. P.3
1Laboratorio de Fisiología Vegetal, Departamento de Biología, Universidad Nacional de Colombia 
,Ciudad Univeristaria, 02, Bogota, Cunidanamarca, Colombia
2Instituto de Ciencia y Tecnologia de Alimentos ICTA. Universidad Nacional de Colombia, Colombia
3Technical University of Cartagena, Department of Agricultural &Food Engineering, Paseo Alfonso 
XIII, 48, Etsia, 30203 Cartagena, Murcia, Spain

Purple passion fruit (Passiflora edulis flavicarpa Sims.) is a semi domesticated 
climber Passifloracea originated from South America. Its exquisite flavor attracts 
consumers and it is widely grown in tropical and subtropical climates. The fruit 
is a promissory fruit to be exported from Colombia. Purple passion fruit suffers 
quality losses particularly during low temperature storage due to chilling injury 
and associated decay. Exported fruit shows uneven ripening during market chain. 
Fruits were harvested in three stages of maturity (green mature, half mature and 
full mature) and bagged in Xtend® before storage at 4 ºC or 8 ºC. The fruit showed 
climacteric pattern with high levels of respiration rate and ethylene production 
throughout storage at both temperatures. Epicarp shriveling, uneven ripening and 
decay were the most limiting quality drawbacks for purple passion fruit during stor-
age. Also, the three stages developed chilling injury in the form of water-soaking 
symptoms during storage and at 4 ºC shriveling. The fruit suffered a severe decrease 
in ascorbic acid content concomitant with a decrease in titratable acidity. Decay in 
the post-storage shelf life periods was particularly noticeable after storage at 4 ºC 
in green and half mature fruits. The storage of purple passion fruit at 8 ºC ±1 and 
70% R.H is recommended for the stages of maturity tested because avoided chill-
ing injury, reduced organic acid and total losses, and allowed normal fruit ripening 
during a post-storage shelf-life at 20 ºC particularly in green an half mature fruit.

S02.378
Factors Affecting Longkong Fruit  
Abscission After Harvest

Taesakul, P.; Siriphanich, J.
Kasetsart University, Kamphangsaen, 73140, Nakhonpathom, Thailand 

Longkong (Aglata dookkoo Griff.) fruit at full-yellow stage (all fruit in a bunch were 
fully yellow) stored at 25C began to abscise 1-5 days after harvest. Fifty percent 
abscission was observed after 8-14 days. In most case, longkong at commercial 
harvesting stage (full-yellow + 7 days) had lower abscission rate than that at full-
yellow stage. Continuous exposure to ethylene, at 0.05 µl×L-1 or higher, induced 
abscission. At 1 µl×L-1 exposure all fruit abscised within 4 days. Dipping longkong 
in 200 mg×L-1 NAA solution reduced fruit abscission by 50%. However, the ef-
fectiveness of NAA lasted only 5-7 days. After that the abscission increased rapidly 
to the same level as the untreated bunches. Higher NAA concentrations caused 
more fruit abscission. Ethylene production was found slightly lower in the 200 
mg×L-1 NAA treated bunches. NAA application was also found to reduce the effect 
of external ethylene treatment. Application of 1,000 nl×L-1 1-MCP for 6-12 hr at 
ambient condition reduced fruit abscission by 50% for 7-8 days during storage. 
Ethylene production of longkong fruit was reduced by half by 1-MCP treatment. 
The treatment also inhibited external ethylene effect.

S02.379
Evidence of Acidic Invertase as a Control Step 
of Sucrose Level during Ripening of Two Diploid 
Banana Fruit

Julianus, P.1; Olivier, H.2; Chillet, M.3; fils-Lycaon, B.1; 
Mbeguie-A-Mbeguie, D.2
1CIRAD INRA/UMR 1270 Qualitrop ,Domaine de Duclos, 97170, Petit-Bourg, Guadeloupe
2CIRAD/UMR 95 Qualisud, Station Neufchâteau, 97130 Capesterre-Belle-Eau, Guadeloupe
3CIRAD/UMR 95 Qualisud, Universidade de São Paulo, Av. Prof Lineu Prestes 580, Bloco 14, 05508-900, 
Sao Paulo, Brazil

We previously shown that diploid dessert cultivars accumulate more sucrose during 
ripening on plant than diploid cooking cultivars, and that Acid Invertase (AIV) 
might be in this case important by correlating the ratio sucrose / glucose + fructose 
of fruit (Fils-Lycaon et al. 2008). To investigate the putative involved mechanisms, 
Sucrose Phosphate Synthase (SPS) and AIV, two enzymes involved in sucrose 
metabolism were studied in fruit of two diploid AA dessert (IDN110) and cook-
ing (Sowmuk) bananas, during their development and postharvest ripening after 
acetylene treatment. From the green developmental to late ripening stages, SPS 
activity increased at comparable levels in both varieties from 107 to 222 µmoles of 
sucrose.h-1×g FW-1 for Sowmuk and from 68 to 168 and then after 106 µmoles of 
sucrose.h-1×g FW-1 for IDN110. Activity of AIV increased slowly in IDN110 fruit 
from 3 to 26 µmoles of glucose.h-1×g FW-1, and drastically in Sowmuk from 4 to 
207 and then after 174 µmoles of glucose.h-1×gFW-1. At molecular level, the pat-
tern of SPS and Cw-AIV mRNA accumulation was similar in both varieties during 
fruit development and ripening. SPS mRNA level increased transiently during the 
green developmental stage while that of Cw-AIV increased with ripening. Interest-
ingly, at equivalent stages, the increase of Cw-AIV mRNA level was approximately 
100-fold more in Sowmuk than in IDN110, which corroborates with the higher 
AIV activity measured for Sowmuk. As between the two varieties, no significant 
changes were observed for neutral invertase activity and for Susy gene expression 
and activity, our data strongly suggest that AIV activity constitutes a key step that 
controls the sucrose level during ripening of diploid banana fruit and that Cw-AIV 
gene contributes to this activity. Thus, Cw-AIV constitutes a target for the identi-
fication of molecular markers usable in breeding, and marker-assisted selection to 
improve quality traits of banana fruit. 

S02.380
Influence of Cell Wall Calcium Content in Fruit 
Firmness during the Ripening of Plums (Prunus 
domestica L.)

Rato, A. E.1; Nunes, C.2; Agulheiro, A.1; Barroso, J. M.1; 
Riquelme, F.3; Coimbra, M.2
1Universidade de Évora, Departamento de Fitotecnia Apartado 94, 7002-554, Evora, Portugal
2Universidade de Aveiro Campus de Santiago 3810-193 Aveiro ,Portugal
3Cebas Campus Universitario de Espinardo. Apartado de Correos 164. Murcia, Spain

‘Raínha Claudia Verde’ is regional variety of Prunus domestica L. well adapted to a 
specific region in South of Portugal. In order to understand the reason for the dif-
ferent postharvest behaviour of this variety produced in different orchards, cell wall 
polysaccharides and cell wall calcium fruit content were studied during ripening 
in two consecutive years. During harvest period pectic fractions soluble in water, 
carbonate and KOH were prepared from alcohol-insoluble residue (AIR) of plums. 
Galacturonic and neutral sugars contents were measured during fruit ripening and 
fruit firmness was also evaluated. The calcium fruit level was determined in the AIR 
during harvest season as well as in dry matter. Fruit firmness was significantly higher 
in second year and it was probably related with calcium fruit content and pectic 
polysaccharides. Also between orchards there was a significant difference in calcium 
fruit content, and this might influence the overall fruit texture during postharvest. 
During fruit ripening water soluble pectic polysaccharides does not change sig-
nificantly, which was in accordance with the small decrease in tissue firmness. The 
occurrence in the supernatant of the cellulosic residue of highly branched polysac-
charides might be the consequence of matrix material associated with microfibrilar 
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phase. During ripening, it was not evident the depolymerization of hemicellulosic 
fraction. The loss of fruit firmness is a consequence of many cellular events which 
are influenced by external factors. The knowledge of calcium content in the cell wall 
and the pectic polysaccharides could be of great importance to predict fruit texture. 

S02.381
Expression of Genes Encoding 
1-Aminocyclopropane-1-Carboxylate (Acc) 
Synthase, Acc Oxidase, Polygalacturonase and 
Pectin Esterase during Development, Ripening  
and Softening in Persimmon (Diospyros kaki 
Thunb.) Fruit

Itamura, H.1; Morimoto, T.1; Sun, N.2; Nakatsuka, A.1; 
Nakagawa, T.1; Esumi, T.1
1Faculty of Life and Environmental Science, Shimane University, 1060, Nishikawatsu, 690-8504, Matsue, 
Japan
2The United Graduated School of Agricultural Sciences, Tottori University, 4-101, Koyama-minami, 
680-8553, Tottori, Japan 

Persimmon (Diospyros kaki Thunb.) fruit soften easily and have only a short shelf 
life compared with apple. Fruit softening is closely related to ethylene synthesis and 
cell wall degradation. Gene expression of 1-aminocyclopropane-1-carboxylate syn-
thase (ACS), ACC oxidase (ACO), polygalacturonase (PG) and pectin esterase (PE) 
in various strains of ‘Saijo’ persimmon fruits at several stages of development and 
postharvest was investigated by RT-PCR or real-time PCR. We generated a total 
of about 16,000 expressed sequence tags (ESTs) from randomly selected clones of 
different cDNA libraries of ‘Saijo’ persimmon fruit. Eight different PG and seven 
PE homologs were isolated from the persimmon ESTs. Based on phylogeny of 
Arabidopsis PGs, all persimmon-derived PG homologs are classified in the groups 
with high levels of expression in silique. Results of expression analysis using fruit at 
ripening stage showed that Dk-PG I and IV was ethylene dependent while Dk-PEs 
had low levels of expression. The mechanism of rapid fruit softening in ‘Saijo’ per-
simmon strains has been discussed, and some candidate marker genes are hopeful 
to be gained in future.

S02.382
High Temperature Treatment  
After Harvest of Satsuma Mandarins 
‘Miyagawa’(Citrus unshiu Marc.) 
for Reduction of Acidity

Lee, J. H.1; Han, S. G.2; Lee, S. Y.2; Choi, Y. H.2; Kim, Y. H.2; 
Yi, P. H.2; Kim, K. S.2
1Department of Herbal Crop Research, National Institute of Horticultural & Herbal Science, Rda, 
Bisanri 80, 369-873, Eumseong, Chungbuk, Republic of Korea
2Citrus Research Station, National Institute of Horticultural & Herbal Science, 1318, Harye 2ri, 697-
943, Jeju, Republic of Korea

Satsuma mandarin is main variety that occupies over 90% in Korean market. Re-
cently, in order to raise soluble solid content of the fruits, soil-mulched cultivation 
is rapidly increasing. This cultivation technique, however, also raise acidity of the 
fruits and these acidic mandarins are not preferable to Korean consumer. Natural 
decline of acidity can be expected but takes long time which can induce skin puffi-
ness and senescence. Therefore this experiment was carried out to reduce the acid-
ity of mandarins after harvest. There were several treatments such as temperature, 
film, and then measured respiration rate, weight loss, decay rate, firmness, titrat-
able acidity (TA), Soluble solids content (SSC) and sensory evaluation. TA showed 
about 0.19 to 0.27% decreases whereas temperature control showed only 0.05% 
for 10 days in low ambient temperature. SSC did not change during the treatment. 
Decay rate was markedly low even in high temperature and humidity due to previ-
ous sorting-out process. The freshness and firmness of the fruits decreased slightly 
after the treatment but did not affect the freshness for the appearance comparing 
to the temperature control. Sensory evaluation of off-flavor also showed slight in-
crease but all treatments did not reach the value of 2 which is unacceptable quality. 

However, the treatment without film showed significantly low firmness and high 
off-flavor level compared to the other treatments, which represents that film seal-
ing has other effects except inhibiting weight loss. According to the results, high 
temperature treatment with an appropriate measure can reduce acidity in a short 
time while maintaining the SSC and freshness.

S02.383
Effects of 1-Methylcyclopropane  
on Postharvest Life and Quality  
of Tomato(cv. Suvari F1)  
Grown in Organic or Conventional  
Greenhouse Cultivation

Sabir, F.1; Kusvuran, S.2; Dasgan, H. Y.2; Cemaloglu, N.2
1Selcuk University, Agricultural Faculty, Department of Horticulture, 42070, Konya, Turkey
2Cukurova University, Agricultural Faculty, Department of Horticulture, 01330, Adana, Turkey

In this study, the effect of 1-methylcyclopropane (1-MCP) on postharvest qual-
ity and physiology of organic or conventionally greenhouse cultivated Suvari F1 
tomatoes were investigated. Fruits in pink stage were harvested from Research and 
Implementation Area of Cukurova University (Adana/Turkey). Tomatoes belong to 
organic or conventional groups, were sorted into two equal parts for each group. 
Half of these groups were treated with 1-MCP in concentration of 1000 nl/l for 
24 h at 20 ºC, while the untreated remaining were considered as control. All fruit 
samples were stored at 10 ºC with 90% RH for 14 days. During the storage pe-
riod, weight loss, elasticity, skin color, lycopene, ascorbic acid, soluble solid content 
(SSC), titratable acidity (TA) and SSC/TA were evaluated with the interval of one 
week. According the results, in both cultivation conditions, 1-MCP significantly 
delayed skin color changes, lycopene synthesis and ripening index (SSC/TA). Elas-
ticity values of organic fruits were higher than those of conventional fruits, whereas 
1-MCP treatment maintained the elasticity of tomatoes compared to the control. 
Overall findings indicate that 1-MCP was significantly effective in delaying rip-
ening and therefore drastically retarded the loss in general quality of (Suvari F1) 
tomatoes during storage.

S02.384
Postharvest Lecithin Application Improves 
Storability of Pomegranates cv. Primosole

D’Aquino, S.1; Schirra, M.1; Gentile, A.2; Tribulato, E.2; 
La Malfa, S.2; Palma, A.3
1National Research Council of Italy -Institute of Sciences of Food Production, Traversa La Crucca 3, 
Regione Baldinca, Li Punti, Sassari, 07100, Sassari, Italy
2Dipartimento di Ortofloroarboricoltura e Tecnologie Agroalimentari, Università Degli Studi di 
Catania, Via Valdisavoia 5–95123 Catania, Italy
3Institute of Sciences of Food Production, National Research Council, Traversa La Crucca 3, Regione 
Baldinca, 07040, Li Punti, Sassari, Italy

Husk scald is a form of chilling injury consisting in a superficial discoloration of 
the skin which generally does not affect the seeds (arils) or the white segments 
which contains the seeds, but in advanced stages of development can favor decay. 
Generally, husk scald develops faster at temperatures higher than those at which 
other forms of chilling injury occur. The aim of this work was to assess the im-
pact of a treatment with a lecithin based commercial formulation (Xedabio) on 
the manifestation of husk scald of ‘Primosole’ pomegranates. Fruit were dipped 
in water or in 1% aqueous mixture of Xedabio, alone or in combination with the 
fungicide fludioxonil at 600 mg×L-1, and stored at 8 ºC and 90% RH for 6 or 12 
weeks plus one additional week of simulated marketing conditioning at 20 ºC and 
65-70% RH. Weight loss, husk scald and decay were the main cause of commer-
cial deterioration. Xedabio, especially in combination with fludioxonil, effectively 
maintained the commercial value of fruit during the first 6 weeks of storage and 
the subsequent week of simulated marketing conditions at 20 ºC. However after 12 
weeks of storage, weight loss and peel disorders drastically reduced visual appear-
ance even in Xedabio treated fruit. Despite the severity of physiological disorders, 
minor changes occurred in nutritional compounds as well as in total polyphenols, 
anthocyanins and antioxidant capacity over the storage period in both treatments. 
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S02.385
Influence of Temperature and Relative Humidity 
Conditions in the Transpiration Rate of Fresh 
Oyster Mushrooms

Azevedo, S.1; Cunha, L. M.1; Mahajan, P.2; Fonseca, S.3
1REQUIMTE /Agrarian Sciences Engineering, Faculty of Sciences, University of Porto, Campus Agrário de 
Vairão, R. Padre Armando Quintas, 4485-661, Vila Do Conde, Portugal
2University College Cork, Department of Process &Chemical Engineering, Cork, Ireland
3REQUIMTE /Escola Superior de Tecnologia e Gestão, Instituto Politécnico de Viana do Castelo, Viana 
do Castelo, Portugal

Oyster mushroom (Pleurotus ostreatus) is a common edible mushroom, highly 
appreciated for its´ unique flavour and nutritional composition. Once harvested, 
Pleurotus deteriorate rapidly at room temperature but their shelf-life may be 
extended by controlling storage temperature. One of the main problems affect-
ing quality of mushroom is the high weight loss throughout the supply chain. 
Besides the quantitative aspect, related to severe reduction in produce weight, 
weigh loss also affects the overall quality of fresh produce. In order to evaluate 
the effect of temperature and relative humidity (RH) of the air in the weight loss 
of mushrooms over storage time, transpiration rate, quantified by mushroom 
weight loss was evaluated for different combinations of temperature (6, 10 and 
16 ºC) and RH (86, 96 and 100 %). After temperature stabilization, fresh oyster 
mushrooms clumps were cutted with a short stem and sorted by size and appear-
ance of the cap. For each RH level, four mushrooms were stored in 3 large con-
tainers for up to 175 h under ambient air conditions, at 3 different temperatures. 
RH of the test containers was independently controlled by using saturated salt 
solutions. Mushrooms for each combination temperature/RH were weighed at 
regular intervals, and respective transpiration rates were calculated. Experimen-
tal data revealed that both temperature and RH had significant (p < 0.05) effects 
on transpiration rate of fresh oyster mushrooms, with values ranging from 0.5 
to 4 mg/g of fresh mushroom/h. Significant synergistic interaction effect were 
also identified. 

S02.387
Effect of High CO2 Treatment on Stored ‘Deglet 
Nour’ Date Fruit Quality

Abda, J. B.1; Jarraya, R.1; Alvarez, J. A. P.2; Espla, J. V.3; 
Del Rio, M. A.4
1Département d’Agroalimentaire, Institut Supérieur Agronomique de Chott-Mariem, 4042, Sousse, Tunisia
2Departamento de Tecnología Alimentaría, Universidad Miguel Hernández, Orihuela, Spain
3Estación Phoenix, Elche, Alicante, Spain
4Departamento de Poscosecha, Instituto Valenciano de Investigaciones Agrarias, Valencia, Spain

The effect of High CO2 treatment, as an alternative of methyl bromide, on ‘Deglet 
Nour’ date fruit quality was studied. Fruits were treated by 95% CO2 during 24 
hours and at 30 ºC. The treatment was done before or after 6 months storage 
period at 1 ºC and 80% relative humidity. Fruits were then transferred to 20 ºC 
for 7 days and quality parameters were evaluated. Fruits treated before the storage 
period didn’t show significant changes in color, firmness, solid soluble content, 
water activity and total phenols. However, a decrease in firmness values and water 
content, as well as higher SSC where observed when fruits were treated after the 
storage period.

S02.388
The Effect of L-Arginine Treatment on Induced 
Disease Resistance in Tomato

Zheng, Y.; Yu, M.; Sheng, J.; Shen, L.
China Agricultural University, No. 17 Qinghua East Road, 100083, Beijing, China

Nitric oxide (NO), a major signal molecule of animal, plays a critical role in induc-
ing resistance to fungal pathogen. There it is produced mainly by nitric oxide syn-
thase (NOS), which catalyase NO and L-citrulline (Arg) formation from O2 and L-
arginine. To study the resistance induced by L-arginine and its cause, green mature 
tomatoes (Lycopersicon. esculentum cv. No.4 Zhongshu) were treated with 1mM Arg 

at -35kPa for 0.5 min and incubated at 25±1 ºC, 85-90% RH. Treatment with Arg 
reduced disease symptoms in tomato fruit soon after being inoculated with Botrytis 
cinerea. Along with the promotion of resistance against pathogen invasion, NO 
content and the activity of NOS were also induced by Arg in tomato. The activi-
ties of defensive enzyme, including phenylalanine ammonia-lyase (PAL), chitinase 
(CHI), ß-1,3-glucanase (GLU) and plyohenoloxidase (PPO), were promoted by 
Arg. The gene expression of PR-I was also induced within 2h after treatment. Total 
phenol and flavonoid content increased significantly within 2 days. These results 
revealed the involvement of NOS in disease resistance response of tomato fruit, and 
the action of Arg on disease resistance was mainly due to its effects on NO biosyn-
thesis and also defensive enzymes activities and gene expression.

S02.389
The Role of Ethylene in the Development and 
Postharvest Quality of Zucchini Fruits

Manzano, S.1; Martínez, C.1; Carvajal, F.2; Megías, Z.1; 
Piedad, P.1; Garrido, D.2; Valenzuela, J. L.1; Jamilena, M.1
1University of Almería, Department of Applied Biology, Escuela Politécnica Superior, 04120, Almería, Spain
2University of Granada, Department of Plant Physiology, Faculty of Sciences, 18001 Granada, Spain

Zucchini is a non-climacteric fruit that is harvested immature when its length 
reaches 20 to 30 cm. The role of ethylene in the development, quality and conser-
vation of fruits was investigated by analysing the production of ethylene, but also 
the content of ACC and ACO activity, as well as the expression of CpACS1 and 
CpACO1 genes at different stages of fruit development, and during the storage 
of fruits at 4, 12 and 20 ºC for two weeks. The production of ethylene and the 
expression of CpACS1 and CpACO1 are maintained at low level throughout the 
different stages of fruit development, except during the abscission of floral organs, 
moment at which the production of ethylene is increased slightly. When fruits are 
stored for two weeks at 12 or 20 ºC, ethylene production is maintained low. Nev-
ertheless, when the storage temperature is 4 ºC, fruits produce significantly much 
more ethylene, suggesting that prolonged chilling induces ethylene production in 
zucchini fruits. By using fruits from a commercial hybrid variety, stored under 
different temperature regimes for 7 and 14 days, we have compared quality related 
parameters (water loss, chilling injury and firmness) with ethylene production, 
ACC content, ACO activity and the expression of CpACS1 and CpACO. Fruit 
quality parameters and ethylene production were also measured in Bolognese and 
Vegetable Spaghetti, two inbred lines having high and low sensitivity to ethylene 
response. Results are discussed on the basis of possible role of ethylene on chilling 
injury and fruit quality.

S02.390
Carotenoid Accumulation and its Regulation by 
Ethylene during the Late Developmental and 
Ripening Stages of Valencia Orange

Xiangchun Meng1; Zixiang Gao2; Aiyu Zhang1; 
Xiaojing Wang2

1Institute of Fruit Tree Research, Guangdong Academy of Agricultural Science, 510640 Guangzhou, 
P.R. China
2College of Life Sciences, South China Normal University, 510631 Guangzhou, P.R. China 

Carotenoids are isoprenoid molecules that are synthesized by all photosynthetic 
organisms and also by some fungi and nonphotosynthetic bacteria. While the 
enzymology of the carotenoid biosynthetic pathways in plants and eubacteria is 
now reasonably well understood, understanding of the regulation of carotenoid 
biosynthesis in fruit peel is still rather poor. In this work, fruit late development 
and maturation process of Valencia Orange was divided into four yellowing period 
(P1, P2, P3, and P4) and three re-greening period (P5, P6 and P7). Peel color 
during the developmental process from P1 to P7 first turns from green to yellow, 
then to green again, which is consistent with the changes of carotenoid accumula-
tion and PSY (Phytoene synthase), PDS (Phytoene desaturase) and ZDS (zeta-
carotene desaturase) gene expression during this process. Ethylene could promote 
carotenoid accumulation, PSY and PDS gene expression in the peel of Valencia 
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Orange at yellowing stage, and no significant effects on ZDS gene expression was 
tested. Ethylene had the similar effects on PSY and PDS gene expression in the peel 
of Valencia Orange at the re-greening stage, but no visible effects on carotenoid 
accumulation. Results showed that carotenoid accumulation correlated well with 
PSY, PDS gene expression during the yellowing stage of Valencia orange, in which 
ethylene could promote carotenoid accumulation and PSY, PDS gene expression. 
However, at the re-greening stage, ethylene promoted PSY and PDS gene expres-
sion was not consistent with that of carotenoid accumulation. Results indicate that 
ethylene regulated expression of PSY, PDS, ZDS gene was also relevanted with 
fruit development, the change of the total chlorophyll and carotenoid content in 
Valencia Orange peel as well.

S02.391
Relationship between Pectin-Methyl Esterase 
Activity and Softening in Tomato Fruits cv. Raf

Valenzuela, J. L.1; Guzmán, J. M.2; Sánchez, A.2; 
Del Moral, F.3; Salas, M. D. C.2
1Universidad de Almería, Escuela Politécnica Superior, Departamento de Biología Vegetal y Ecología, 
E-04120, Almería, Almeria, Spain
2Universidad de Almería, Departamento de Producción Vegetal, Spain
3Universidad de Almería, Departamento de Edafología y Química Agrícola, Spain

Raf tomato has a higher organoleptic quality than many current cultivars, but it is a 
fruit with a very short shelf-life, susceptible to chilling and mechanical injury dur-
ing postharvest handling. Moreover in this fruit climacteric and ripening processes 
occur rapidly, particularly and colour change. The softening of the fruit is due to 
the action of several enzymes, such as pectinmethyl esterase (PME) and polygalac-
turonase which play a joint role in this process.. PME removes methyl groups from 
galacturonic acid residues of pectin, thereby encouraging the separation of the pec-
tin chains, and allows access of other enzymes to the substrates. It is considered that 
the polygalacturonase, which is directly responsible for the degradation of pectin, 
acts if the methoxyl groups have removed previously by PME. This paper studies 
the relationship between PME activity and softening of the fruits during posthar-
vest. Fruits harvested at the turning stage were stored at room temperature for 4 
days until they reached the red-ripe stage. Quality parameters assessed were deter-
mined quality like CSS, colour, firmness and PME activity. The data show that the 
fruits turned red in about 24 hours, as the tristimulus parameter (a) increased from 
-3 to +8. The firmness of the fruit declined progressively during the 4 days of stor-
age, and PME activity also declined gradually, showing a high correlation between 
shelf-life and activity of PME enzyme. However, this correlation is not so marked 
between PME activity and fruit softening, suggesting that PME is not the only 
enzyme involved in this process. 

S02.392
Do Quercetin Glucosides Govern Skin Colour 
Changes in Brown Onion Bulbs during Curing?

Downes, K.; Chope, G. A.; Terry, L. A.
Plant Science Laboratory, Cranfield University, Bedfordshire,MK43 0AL, United Kingdom

Due to the maritime climate of the UK, onions are artificially cured in closed 
environments. Curing removes excess water from the outer skin and seals the neck 
to reduce infection and minimise weight loss from the flesh. Current curing prac-
tise involves holding onions at 28 ºC for three-six weeks which creates a golden 
brown colour that is appreciated by consumers. Cepaic acid, a possible oxidation 
product of quercetin, was recently identified as a novel brown pigment in dry 
onion skin. The aim of this work was to investigate further which compounds 
contribute to the colour change of brown onion skin during curing. Onion cv. 
Sherpa bulbs were cured at 20 or 28 ºC for 6 weeks (relative humidity 65 – 75%). 
Replicated samples of onion skin were taken throughout the curing process. Ob-
jective colour, non-structural carbohydrates and flavonols were measured in the 
skin samples. Onions cured at 28 ºC were on average significantly more brown 
(according to hue angle (H°)) and darker (according to lightness (L*)) than those 
cured at 20 ºC. Quercetin glucoside concentrations were lower in the skins of 
onions cured at 28 ºC compared with those cured at 20 ºC. The relationship be-

tween colour and quercetin glucoside concentrations was confirmed using Partial 
Least Squares Discriminant Analysis (PLSDA) when nine physiological and bio-
chemical variables (chroma (C*), dry weight, fructose, glucose, H°, L*, quercetin, 
quercetin 3,4-diglucoside and quercetin 4-glucoside) were considered. PLSDA 
clearly differentiated between onions cured at 20 and 28 ºC, with the variance 
mainly explained by differences in quercetin 3,4-diglucoside and quercetin 4-glu-
coside concentrations and H° and L* values. In summary and for the first time, 
the increase in brown pigmentation during curing at higher temperatures has 
been shown to be linked to the conversion of quercetin glucosides possibly into 
brown oxidative products. 

S02.393
Role of Plant Growth Regulators in Onion Storage

Chope, G. A.; Downes, K.; Terry, L. A.
Plant Science Laboratory, Cranfield University, Bedfordshire, MK43 0AL, United Kingdom

Long-term storability of onions is a result of first, dormancy induction and then 
sprout suppression. Most research to extend onion storage life has concentrated 
on plant breeding, husbandry and the storage environment, with relatively little 
attention being paid to understanding the underlying physiological mechanisms 
involved in governing onion bulb dormancy. Technologically advanced refriger-
ated and controlled atmosphere storage systems have been designed to maintain 
availability of onions for prolonged periods, but this is energy intensive, and often 
depends upon the use of the sprout suppressant, maleic hydrazide (MH). There 
are also increasing pressures from both consumers and retailers to eliminate resi-
dues in food, which makes the future use of MH as a sprout suppressant uncer-
tain. During storage many biochemical changes occur in an onion bulb, includ-
ing fluctuations in dry weight, non-structural carbohydrates, flavour compounds 
and plant growth regulators. The interactions of ethylene, abscisic acid (ABA) 
and cytokinins with carbon metabolism and sprouting in onions are discussed in 
the context of better understanding postharvest physiological changes in onion. 
Recent work by the authors has monitored the temporal and spatial changes in 
concentrations of the cytokinins zeatin (Z) and isopentenyladenine (2iP) and their 
conjugates zeatin riboside (ZR) and isopentenyladenosine (IPA), using a newly de-
veloped LC-MS method. Bulb ABA concentration declined during storage, with 
a subsequent increase after onset of sprouting, while Z, 2iP, ZR and IPA generally 
increased during cold-storage, with spatial differences measured in their distri-
bution within the bulb. In addition, sprout growth was reduced in cold-stored 
onions treated with 10 µL×L-1 ethylene for 24 h at 20 ºC before curing, despite 
continuous exposure to ethylene in store already being introduced as a method of 
increasing onion storage life.

S02.394
Effects of Postharvest Treatment  
on the Chemical Properties of Cell Walls  
and their Influence on the Texture  
of White Asparagus Spears

Herppich, W. B.1; Huyskens-Keil, S.2
1Institute for Agricultural Engineering Potsdam-Bornim, Department of Horticultural Engineering, 
Max-Eyth-Allee 100, D-14469, Potsdam, Germany
2Humboldt-Universität zu Berlin, Faculty of Agriculture and Horticulture, Department of Crop 
and Husbandry Science, Section Quality Dynamics/Postharvest Physiology of Horticultural Crops, 
Lentze-Allee, Germany

The fleshy spears of white Asparagus (Asparagus officinalis L.) are “developmental 
immature, rapidly growing” subterraneous shoots. After harvest they retain their 
physiological activity leading to a rapid decline of respiratory substrates. The un-
altered continuation of shoot differentiation also includes thickening and lignifi-
cation of cell walls of both sclerenchyma sheath cells and vascular bundles. The 
spears become fibrous and tough which is highly undesired in horticulture. Low 
temperatures and high CO2 may reduce the spears’ physiological activity. Storage 
at low temperature and/or controlled atmosphere (CA) is therefore used for main-
taining textural properties of spears. However, the effects of these parameters on 
the dynamic interactions of short-term changes in texture and chemical cell wall 
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properties, and soluble carbohydrates of white asparagus have not yet been com-
prehensively investigated. Temperature- and high CO2

-mediated effects on solved 
(glucose, fructose, sucrose) and structural carbohydrates (cellulose, hemicellulose 
and pectins), lignin content, variations in stiffness and toughness as well as water 
status and respiration of white asparagus spears were investigated to characterise 
the physiological and biochemical bases of the potential modifications in white 
asparagus spears stored under water vapour saturated conditions for up to seven 
days. Respiration slightly declined during the entire storage period irrespective of 
the CO2

- and temperature regime. In contrast, high CO2
-concentrations and low 

temperatures inhibited both the degradation of soluble carbohydrates and the syn-
thesis of cellulose and lignin, thus partially maintaining initial tissue toughness. 
The dynamics of cellulose and lignin content was always identical. The relative 
ratio of cell wall and soluble carbohydrates was more or less constant indicating that 
soluble sugars were mainly used for growth and not for respiration. The interaction 
of soluble and structural carbohydrates with biochemical and mechanical cell wall 
properties will also be discussed in terms of optimizing postharvest technologies to 
product physiological concerns.

S02.395
D-Mannoheptulose: Special Carbohydrate  
in Avocado: Presence Postharvest  
and Importance to the Industry 

Bertling, I.; Tesfay, S. Z.; Bower, J. P.
University of KwaZulu-Natal, Scottsville 3209, Private Bag X01, Pietermaritzburg, KwaZulu-Natal, 
South Africa

D-mannoheptulose is a rare carbohydrates produced by avocado trees. Although it 
has been reported to be a potential ‘inhibitor’ of fruit ripening, little research has 
been carried out to examine its ‘inhibitory’ effect on fruit ripening. Therefore, an 
experiment was designed to investigate whether the infiltration of D-mannoheptu-
lose has an effect on the postharvest fruit ripening pattern. D-mannoheptulose (2.5 
mg×L-1) was infused into the fruit through peduncle either once or continuously 
over 17 days experimental period. The continuous infusion of D-mannoheptulose 
increased the shelf life of avocado fruit compared with the other treatments and 
improved other fruit quality attributes, such as fruit weight and fruit firmness. 
Overall, as D-mannoheptulose has multifunctional roles, proper preharvest cul-
tural practices increasing the concentration of this sugar play a major role in fruit 
quality, therefore allowing the industry to ship quality fruit to longer distances, 
such as North America.

S02.396
Effect of Hot Water and Molybdenum Dips on 
Bioactive Compounds in Lemon Flavedo and 
Their Antioxidant Capacity during Cold Storage

Mathaba, N.; Bower, J. P.; Bertling, I.
University of KwaZulu-Natal, Scottsville 3209, Private Bag X01, Pietermaritzburg, KwaZulu-Natal, 
South Africa 

South African citrus fruit require cold sterilization against fruit flies during or be-
fore shipping to certain lucrative markets as phytosanitary standard. However, cold 
storage may results in chilling injury, which appears as pitting and sunken lesion on 
the surface of the fruit and, therefore, reduces the marketability of fruit. Previous 
research found a combination of hot water dips (HWD) and molybdenum (Mo) 
a possible means to alleviate chilling injury. The purpose of this investigation was, 
therefore, to alter bioactive compounds in the flavedo and to quantify their effect 
on membrane lipid peroxidation as a measure of cold storage damage to lemon 
fruit. Fruits were obtained from two sources and treated with 2 min HWD at 47 ºC 
or 53 ºC in combination with a subsequent 1 or 10µM Na2MoO4.2H20 soak for 
30 min. Fruits were subsequently stored at -0.5 ºC for either 7, 14, 21 or 28 days, 
transferred to room temperature and thereafter evaluated weekly for chilling injury. 
Total antioxidants (FRAP), phenolics, flavonoids, ascorbic acid, lipid peroxidation, 
specific flavonones, α-tocopherol and ß-carotene were quantified in the flavedo. 
Lemon fruit sourced from Sun Valley (Capetown) during the 2007 harvest season 

were the only consignment susceptible to chilling injury. Chilling susceptibility 
was related to low levels of bioactive compounds and higher lipid peroxidation 
as compared with to non-chilled fruit. Hot water dips at 53 ºC, and 1µM Mo 
in combination with HWD at 53 ºC, seem to enhance bioactive compounds. In 
general, HWD and Mo enhanced rind phenolics, flavonoids and flavonones at 
specific storage times, however, the intensity of the alteration in such compounds 
depended on fruit origin.

S02.397
Performance of Coconut Fiber as Cushioning 
Packaging Systems for Tropical Fruits

Castro, C. P.; Faria, J. F.
Faculty of Food Engineering, University of Campinas, Unicamp, 13083-970, Campinas, Brazil

Tropical fruits are usually subject to significant percentage of post-harvest loses 
mainly because of mechanical injuries during transportation and distribution. 
Among the tropical fruits mango and papaya are the most affected ones and, there-
fore, this work investigated the use of a new biodegradable cushioning material, 
the green coconut (Cocos nucifera L.) fiber. An adequate cushioning material must 
be efficient to prevent fruit damage such as bruising and the consequent loss of 
market quality. The objective of this work was to compare the performance coconut 
fiber against straw wood and polyethylene foam net for protection of mango and 
papaya. The performance of these three cushioning materials and of a control test 
was evaluated based on a vibration test (ASTM D 999-08) at frequency of 15Hz 
during 2 hours on the effect on fruit quality. After the vibration exposure the fruits 
were stored at room temperature and analyzed for weight loss, color change, res-
piration rate and mechanical injuries during three days. It was observed that the 
protection offered by the materials minimized mechanical bruising and decreased 
the quality loss as compared to the control, as far as weight loss, color change and 
respiration rate. Comparatively, the protection rate was foam net > coconut fiber 
> straw wood. It seems that the lower protection of the straw wood was due to a 
higher bruising damage to both fruits. Despite of the better performance of foam 
net, the coconut fiber has a great potential was a new cushioning material, because 
of its biodegradable and renewable nature and its low cost since it is originated from 
industrial coconut water.

S02.398
The Mechanism and Control of Postharvest 
Quality Loss of Agaricus bisporus
Meng, D.; Zhang, X.; Zheng, Y.; Shen, L.; Sheng, J.
1China Agricultural University, No. 17 Qinghua East Road, 100083, Beijing, China

Agaricus bisporus known as “White button mushroom” is the most economical 
mushroom in the world in which kinds of necessary nutrients, such as excellent 
essential amino acids, vitamins, minerals and polysaccharide are existed. Mush-
room quality is defined by a combination of factors, but most characteristics are 
based on consumer preference. The desired mushroom is white, evenly round 
closed“cups”with a short stipe. However, harvested mushrooms stay at the ageing 
progress along with the cap opening and stipe elongation gradually, browning of 
mushrooms also takes place at the same time. To enhance the quality and com-
mercial values of this edible fungus, the mechanisms of postharvest quality loss of 
Agaricus bisporus were necessarily understood. Agaricus bisporus is a microbe and the 
loss of product quality is caused not only by inappropriate environment conditions, 
but also by continued senescence. The skin layer covering the cap may be dam-
aged easily, leading to an enzymic response and subsequent brown discolouration, 
which is catalysed by polyphenol oxidase(PPO). Cap opening occurs rapidly after 
harvest, predominantly due to continued mushroom development and nutritional 
isolation. Also, stress genes are switched on as a response to the wound damage of 
harvest and the increase in respiration under water stress and nutritional limitation. 
In addition, control of quality loss is also very important. Physical and chemical 
methods can reduce respiration, development and browning, but do not prevent it. 
Research in improvements by agronomy and breeding with the help of molecular 
biology and enzymology to select resistant strains may be a potential area. 
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S02.399
Effect of Modified Atmosphere Packaging (MAP) 
with Increased Levels of O2 on Postharvest 
Quality of Iranian Table Grape cv. Shahroodi

Mosayyebzadeh, A.1; Mostofi Y1; Jome, Z., E.2; Nikkhah, M., J.3; 
Hajizadeh, H., S.1
1Department of Horticulture Science, College of Agriculture and Natural Resources, University of 
Tehran, Karaj, Iran
2Department of Food Science and Engineering, College of Agriculture and Natural Resources,  University 
of Tehran, Karaj, Iran
3Department of Plant Pathology, College of Agriculture and Natural Resources, University of 
Tehran, Karaj, Iran

Table grape as a non-climacteric fruit with low physiological activity is sensitive to 
water loss and fungal infection mainly caused by Botrytis cinerea during postharvest 
handling, storage and marketing. In the present study a factorial experiment was 
conducted on the basis of completely randomized design with three replications 
using two gas combinations including 10%CO2+15%O2 and 10%CO2 + 60%O2 
to evaluate the efficacy of modified atmosphere packaging to control decay and 
keeping postharvest quality in Iranian table grapes compared to controls. Fruits were 
stored at 1 ºC and 80-90% RH for 60 days. Samplings were carried out every 15 
days and measurements were made following the placing of fruit for 1 day at room 
temperature. Our results showed that decay incidence for control bunches and those 
kept in MAP of 10%CO2+15%O2 was in day 30. We observed that increasing O2 
level from 15% to 60% could delay decay incidence until day 60. In addition both 
fruit browning and pedicle desiccation decreased for mentioned treatment. 

S02.400
Postharvest Decay Development on Guava Stored 
under Several Controlled Atmosphere Conditions

Teixeira, G. H. D. A.; Durigan, J. F.; Santos, L. O.; 
Ogassavara, F. O.
Universidade Estadual Paulista, Faculdade de Ciências Agrárias EVeterinárias, Via de Acesso Prof Paulo 
Donato Castellane s/n, 14887900, Jaboticabal, São Paulo, Brazil

The control of postharvest fungal decay on guava (Psidium guajava L. cv. Pedro Sato) 
stored under controlled atmosphere with low oxygen level (5 kPa) were compared 
with its association with increasing carbon dioxide atmospheres. The combination 
of high concentrations of carbon dioxide (1 kPa, 5 kPa, 10 kPa, 15 kPa and 20 kPa) 
with low oxygen level did not result in additional decay control. The oxygen level 
(5 kPa) was the main factor for controlling postharvest fungal development which 
resulted in very low percentages of fruits with symptoms of anthracnose and stylar 
end rot throughout cold storage, regardless the CO2 concentration. After transfer-
ence to ambient conditions only the atmospheres with 5 kPa O2 (control), 5 kPa O2 
+ 1 kPa CO2 and 5 kPa O2 + 5 kPa CO2 reduced the incidence of stylar end rot (P 
< 0.05). There was not a significant interaction among CA combination and storage 
duration on the percentage and number of typical anthracnose lesions, although.

S02.401
Preservation of Fresh Peppers (Capsicum annuum 
L. cv. Fyuco.) under Organic and Conventional 
System and Stored in Modified Atmosphere

Loyola, N. E.1; Troncoso, C. A.2; Acuña, C. A.2
1Universidad Católica del Maule. Facultad de Ciencias Agrarias YForestales, Departamento de Ciencias 
Agrarias, Carmen 684, Casilla 7-D, Curico, Región Del Maule, Chile
2Universidad Católica del Maule. Departamento de Ciencias Agrarias, Chile

The objectives of this investigation consisted in a comparison of peppers (Capsicum 
annuum L. cv. Fyuco) belonging to organic sowings and conventional modified 
atmosphere packaging with different gas concentrations (CO2 and O2), where the 
gas concentration, sensorial parameters, the contents of: soluble solids, dry matter, 
protein and calcium were evaluated; besides, the color by color measurement. 
The modified atmosphere packaging of this vegetable was studied in plastic bags, 
where four fresh fruits were introduced, stored to 6 ºC and HR: 90%, by a period 

of 27 days. Two tests were made (B1 and B2), cultivated peppers in an organic and 
conventional system. Each test had three treatments: T0 corresponding to the ob-
server, with 21% of O2 and without vaccination of CO2, T1 with a content of O2: 
2.5% and CO2: 14% and T2: with a content of O2: 2.0% and CO2: 18%. In each 
of them the sensorial aspect was evaluated the next day by 14 expert people after 
being harvested and then the day 15 after being packaged and stored. The evalu-
ations of gas concentration were made the days 6, 10, 14, 20 and 27 after being 
packaged. The color evaluation by color measurement, and soluble solid content, 
dry matter, protein and calcium, were evaluated the day after being harvested, and 
the days 6, 10, 14, 20 and 27 after being packaged and stored. According to the 
objectives, the gas concentration showed a reduction oscillation of O2 and an in-
creased tendency of CO2, having these oscillations no importance. According with 
the sensorial evaluations, the greater estimation was obtained by treatment T1 B1 
belonging to the organic sowing. The color by color measurement, the content of 
dry matter and soluble solid did not demonstrate any significant difference in the 
evaluations. 

S02.402
Role of Soluble Carbohydrate Content on 
Longevity of Cut Rose (Rosa hybrida L. cvs. 
Eldorado and Black Magic) Flowers

Nabigol, A.1; Mostofi, Y.2
1Islamic Azad University-Abhar Branch, Khoramdareh Street, 0242, Abhar, Islamic Republic of Iran
2University of Tehran, Islamic Republic of Iran

Postharvest characteristics of Rosa hybrida between 2 cultivars (Eldorado & Black 
Magic) were investigated. The vase life markedly varied between cultivars, it was 
5.6 days for ‘Black Magic’ and 13.3 days for ‘Eldorado’ in distilled water. Treatment 
with sucrose plus 8-hydroxyquinoline citrate (HQC) markedly increased vase life. 
Concentrations of fructose, glucose and sucrose in petals of ‘Eldorado’ were much 
higher than those of ‘Black Magic’. There was no difference between these culti-
vars in sugar concentrations in stems. In petals of both cultivars, concentrations of 
fructose were higher than glucose and sucrose but in stems sucrose were the main 
carbohydrate. There was little difference in ethylene production trends between 
‘Eldorado’ and ‘Black Magic’ flowers but Black Magic produced higher ethylene 
concentrations at sixth day.

S02.403
The Effect of Small Oxygen Concentration in 
Controlled Atmosphere on the Ethylene and 
CO2 Emission Rates in Passion Fruit.

Corrêa, S. F.1; Oliveira, J. G.2; Santos, W. C.1; Souza, A. F.1; 
Vargas, H.1; Miklos, A.2;Silva, M. G.1
1Universidade Estadual do Norte Fluminense, Av. Alberto Lamego, 2000, Centro de Ciência e 
Tecnologia, 28013-602, Campos dos Goytacazes, Rio de Janeiro, Brazil
2Institut Fraunhofer für Bauphysik, Stuttgart, Germany

The performance of an experimental set-up for ethylene and carbon dioxide detec-
tions was tested, analyzing in real time the effect of low concentration of oxygen 
on the respiration and ethylene emission rates in passion fruit. A photoacoustic 
spectrometer was used for ethylene analysis and a commercial infrared gas analyzer 
(URAS 14) was applied for CO2 detection. Three modified atmospheres of nitro-
gen and oxygen mixtures (100% v/v N2 – 0% v/v O2; 97% v/v N2 – 3% v/v O2 and 
94% v/v N2 – 6% v/v O2) were produced by electronic flow controllers and used 
to push in continuo flow the emitted CO2 and C2H4 molecules from fruit stored 
in sealed chambers into to the analyzers. The emission of ethylene was drastically 
effected by the low concentration of oxygen. The effects of 0 and 3% of oxygen 
on the response of C2H4 and CO2 emissions were greater than the effect of 6% 
of oxygen. During the analyzing time of 220 min, the climacteric peak which is 
typically present for normal atmosphere store condition (O2 - 21 % v/v) was not 
observed for 0 and 3¨% of oxygen. The levels of CO2 concentration due to fruit 
respiration under modified atmospheres of 0 and 3% of oxygen were smaller than 
for 6%, which had a behavior similar for 21 % of oxygen. Color behavior was 
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monitored by the use of a Minolta Colorimeter. The change of the hue angle for 
fruit under atmosphere condition of O2 – 6 % was quicker than for O2 - 0 and 3 % 
v/v. The results encourage to the use of the photoacoustic spectrosco py for studies 
of controlled and modified atmosphere.

S02.404
Cold Storage of Jaboticaba (Myrciaria jaboticaba 
(Vell) Berg. cv. Sabará) under Controlled 
Atmosphere with Different Levels of Oxygen

Durigan, J. F.1; Souza, L. O.1; Hojo, E. D.1; Cunha Junior, L. C.2; 
Teixeira, G. D. A.1
1UNESP - Faculdade Ciências Agrárias Veterinárias ,Via Acesso Prof. Paulo D. Castellani, s/n, 
Departamento Tecnologia, 14884-900, Jaboticabal, São Paulo, Brazil
2USP ESALQ, Brazil

Jabuticaba (M. jaboticaba) is a very perishable Brazilian berry with a shelf-life of 
only 2 days under ambient conditions. For such perishable berries low temperatures 
and controlled atmosphere (CA) have been used to extended shelf-life, then, the 
objective of this study was to determine the effect of CA with different levels of oxy-
gen (1, 5, 10, 15 and 20% O2) during cold storage (12.5 ºC) of jabuticaba ‘Sabará’. 
Ripe fruits were harvested and placed into plastic containers (3.2 L) and stored at 
12.5+0.5 ºC in a humidified gas flow system using a flowboard at a flow rate of 
100 mL min-1. At these conditions fruit were kept for up to 8 days and, initially, 
and each 2 days a group of fruit was analysed in order to verify the effect of CA 
on fruit quality. Atmospheres with the lowest oxygen concentrations (1% and 5%) 
significantly reduced the respiratory rates and delayed the ripening process, which 
was confirmed by the maintenance of higher titratable acidity (TA) content and 
lower ratio. However, at the lowest oxygen level (1% O2) firmness decreased more 
notably than all other fruits stored at higher levels. Untrained panelists sensory 
evaluated the fruit and the result indicates that CA effectively maintained fruits 
quality throughout cold storage. After only 2 days at ambient conditions jabuti-
cabas received score of 1.63 (dislike strongly) compared to those under CA which 
have got score 7.40 (like slightly). After 8 days of storage fruits of all treatments 
did not reach the limit of acceptability (score 5) and were rated as 6.20 without 
showing any difference between treatments. Atmospheres the lowest oxygen levels 
(1% and 5% O2) slightly reduced rot development which was the main cause of 
deterioration.

S02.405
Acoustic Impulse Method Cannot Determine 
Nectarine Fruit Quality

Fruk, G.; Jemric, T.
Department of Pomology, Faculty of Agriculture, University of Zagreb, Svetosimunska 25, 10000, 
Zagreb, Croatia

Potential of acoustic impulse method for determining the quality of two nectarine 
cultivars (Diamond Ray and Venus) fruit was studied. Among acoustic properties 
(resonant frequency, stiffness, peak width), only peak widths was significantly dif-
ferent (P≤0.001) between cultivars. Standard quality measurements (fruit weight, 
firmness, stone share, soluble solids concentration (SSC), titratable acidity (TA), 
SSC/TA ratio), only stone share (P≤0.001), TA (P≤0.01) and SSC/TA (P≤0.05) 
was significantly different between cultivars. No clear acoustic signal could be ob-
served in measured fruits. There was no significant correlation between the stiff-
ness and firmness and any other quality characteristics. Major reason is probably a 
stone resonance which distorts acoustic signal. Based on the above study, acoustic 
impulse method cannot be used for nectarine fruit.

S02.406
Evaluation of the Impact of Hot Water Treatment 
on the Sensory Quality of Fresh Tomatoes

Loayza, F. E.1; Plotto, A.2; Baldwin, E. A.2; Brecht, J. K.1; 
Bai, J.2

1Horticultural Sciences Department, Univeristy of Florida, POB 110690, Gainesville, FL 32611-0690, USA
2USDA-ARS Citrus and Subtropical Products Laboratory, 600 Avenue S NW, Winter Haven, FL 33881, USA

Minimizing the effects of chilling injury during shelf-life is important for maintain-
ing the sensory quality of fresh tomato fruit. Postharvest hot water treatments within 
certain limits of exposure time and water temperature have been shown to increase 
the resistance of tomatoes to chilling injury. Mature-green ‘Tasti-Lee’ and ‘Florida 
47’ tomatoes were submerged in water at 25 (control), 52, or 54 ºC for 2.5, 5.0, and 
2.5 minutes, respectively. The fruit were then exposed to 100 µl/l ethylene for 2 days 
at 20 ºC to uniformly initiate ripening, and any fruit not exhibiting external red col-
or after the ethylene treatment were discarded. The remaining fruit were stored at 18 
± 1 ºC and 80% relative humidity until fully ripe. Ripeness was evaluated by subjec-
tive firmness determination and colorimetry (CIE L*a*b* system), with the tomatoes 
judged to be ripe when the fruit were slightly soft and the a* value measured at the 
fruit equator exceeded 20. When selected as fully ripe, the color, firmness, concentra-
tion of sugars, organic acids, and volatile compounds were measured and a trained 
panel evaluated sensory quality using 18 descriptors measured on a 16-point scale. 
Sensory data were analyzed by several methods of multivariate analysis including 
principal component analysis (PCA), generalized Procrustes analysis, and agglomera-
tive hierarchical clustering. PCA showed that Tasti Lee treated at 52 or 54 ºC was as-
sociated with the most flavor descriptors, including tomato, fruity, vine/sharp aroma 
and flavor, but also musty and mealy. In contrast, Florida 47 treated at 25 or 54 ºC 
were high on firmness and sourness descriptors. Florida 47 treated at 52 ºC and Tasti 
Lee treated at 25 ºC were in the middle of the first factor on the PCA plot, with 
Florida 47 having a high score for salty, and Tasti Lee a high score for green aroma. 

S02.407
Biochemical Changes on Stored Apple Fruits

Cindea, D. M.1; Ivascu, A.1; Glaman, G.2
1The State Institute For Variety Testing and Registration, Marasti Bvd., No.61, ,011464, Bucharest, 
Romania
2Academy of Agricultural and Forestry ,Romania

In the present work monitored in terms of biochemical composition 6 apple vari-
eties namely: Delicios de Voinesti, Starkrimson, Starkprim, Jonathan, Idared and 
Generos. Biochemical changes followed in fruits were: total carbohydrates, acidity 
titrated, ascorbic acid and polyphenols. Monitoring was carried out over a period 
of 5 months of storage in optimum conditions (1 to 4 degrees C and humidity 
90-95%), sampling was done monthly frequency. It was a decline in the total car-
bohydrate content in average of 20.1%, acidity titrated with 18.2%, ascorbic acid 
with 27.3% and polyphenols content fell by an average of 23.8%. Thus, it has been 
observed that, although the fruits have been stored in optimal conditions, their 
content in bioactive products decreased on average by about 20%, which translates 
to a relatively large decrease their quality.

S02.408
Storage Quality of Disease Resistant Table Grape 
Cultivars Lidi, Lilla, Palatina and Sarolta 

Jemric, T.1; Markovic, Z.2; Fruk, G.1; Stepinac, M.1; 
Preiner, D.2; Maletic, E.2; Karoglan Kontic, J.2
1Department of Pomology, Faculty of Agriculture, University of Zagreb, Svetosimunska 25, 100000, 
Zagreb, Croatia
2Department of Viticulture and Enology, Faculty of Agriculture, University of Zagreb, Svetosimunska 
25, 10000 Zagreb, Croatia

Quality of four disease resistant table grape cultivars bred in Hungary (Lidi, Lilla, 
Palatina, Sarolta) was studied after storage in air at 0 ºC for 4 weeks and one week 
at 21 ºC (simulated marketing period). Cultivar significantly affected all studied 
parameters (soluble solids concentration (SSC), titratable acidity (TA), SSC/TA 
ratio, electroconductivity (EC) and pH). However, storage affected only SSC and 
pH. Significant interaction between cultivar and storage was determined on SSC, 
EC and pH. Among studied cultivars, the most significant changes after storage 
were detected in Palatina (only TA remained unchanged) and Lidi remained prac-
tically unchanged (except in pH which decreased). Sensory analysis showed that 
significant differences among cultivars occurred in sugar/acid ratio, aroma, taste 
and general appearance. In spite of significant changes of quality parameters after 
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storage, Palatina received the best marks from panelists. Future studies should be 
focused on optimizing postharvest technology for these resistant cultivars to pre-
serve quality during storage.

S02.409
Commercial CA Storage Case Studies 
Show Potential Energy Savings with 1-MCP 
(Smartfreshsm) and ‘Gala’ Apples

McCormick, R. J.; Neuwald, D.; Streif, J.
Kompetenzzentrum für Obstbau-Bodensee, Ravensburg, Germany 

An earlier study in 2008/09 showed 1-Methycyclopropene (1-MCP; Smart-
FreshSM) treated ‘Gala’ apples ripened slower when stored under higher than nor-
mal controlled atmosphere (CA) storage temperatures to provide a ~35% energy 
and some cost savings. To confirm these results, a further commercial case study in 
2009/10 was carried out to track the energy usage and quality changes in ‘Gala’ ap-
ples from two identical CA storage rooms (each 210 t) filled on the same day with 
fruit from the same origin and stored for ~6 months at 1.0 kPa O2 + 2.0 kPa CO2. 
One CA room was treated with 1-MCP and maintained at 4.0 ºC while the un-
treated room was kept at 1.5 ºC. Four grower lots, each with slightly different fruit 
quality characteristics were followed over the storage period with regular monitor-
ing of fruit respiration and ethylene production. Energy balances were calculated 
from the cooling equipment and CO2 absorber run time records to show differ-
ences in energy usage. Untreated and treated apples in both years show comparable 
energy usage, ripening behaviour and quality relationships. Grade out results from 
all the remaining fruit lines in both rooms is compared, especially for defects such 
as rots. After storage removal fruit samples were held in a simulated marketing 
chain followed by a short shelf-life period at room temperature after which fruit 
quality parameters from both rooms are compared and a sensory test carried out.

S02.410
Study on Hypobaric Storage of ‘Hujing’ Juicy Peach

Chen, W. X.; Gao, H. Y.
Food Institute ,Zhejiang Academy of Agricultural Science, No.198 Shiqiao Road, 310021, Hangzhou, 
Zhejiang, China

‘Hujing’ is one of the most important juicy peach cultivar grown in Zhejiang prov-
ince of China. Because of its unique eating quality such as softness, juicy taste and 
nutritional value, ‘Hujing’ juicy peach is highly welcomed by consumers. However, 
it is harvested at hot raining season and is susceptible to deterioration and nutri-
tional losses after harvest. The fruit have a short postharvest life and will rapidly 
lose their market value at ambient temperature. Low temperature is effective in 
inhibiting fruit decay and reducing nutritional losses. However, ‘Hujing’ juicy 
peach storaged at low temperature developed some physiological disorders includ-
ing can’t afterripening. Hypobaric storage has been shown to significantly inhibit 
postharvest ripening and senescence, thus extending shelf life in various fruits and 
vegetables. In order to overcome the defects of common cold storage, the authors 
came up with the idea of applying hypobaric storage technique in maintaining 
postharvest quality of ‘Hujing’ juicy peach. The effects of programmed hypobaric 
storage on the physiological and biological characteristics of ‘Hujing’ juicy peach 
were compared to cold storage in air. The results indicated that hypobaric storage 
not only significantly slowed down respiratory, ethylene production rates, but also 
inhibited the decrease of soluble sugar, titratable acids and Vitamin C contents. 
Moreover, hypobaric storage inhibited the increase of PE activities, delayed the 
increases of protopectin content, thereby maintaining good eating quality and ex-
tending the storage life of cold-stored fruit. Hypobaric storage under 5±2kPa pres-
sure could extend the storage life up to 30 days.

S02.411
Chilling Injury in Avocados and its Prevention 
with Thermal Treatment

Donadon, J. R.; Durigan, J. F.; Morgado, C. M. A.; Durigan, M. F. B.

Universidade Estadual Paulista - UNESP - Faculdade Ciências Agrarias Veterinárias, Departamento 
Tecnologia, Via Acesso Prof. Paulo D. Castellani, s/n, 14884-900, Jaboticabal, São Paulo, Brazil

The influence of chilling injury on fruit quality and the use of hydrothermical 
treatments to minimize those effects were tested in avocados. These symptoms, the 
black spots, appeared in ‘Geada’ and ‘Quintal’ avocados after being stored at 4 ºC 
for more than 14 days and in ‘Fortuna’ after 21 days. ‘Geada’ had a shelf-life of 4 
days at 22 ºC, at 4 ºC it was up to 14 days, and at 11 ºC reached 18 days. ‘Quintal’ 
lasted up to 7 days at 4 ºC and had shelf-life of 6 days after being transferred to 
ambient. At the same temperature, ‘Fortuna’ were stored for 21 days and had a 
shelf-life of 6 - 8 days, after transference to ambient. These fruits had a shelf-life of 
21-22 days when kept at 11 ºC. In the second part of this study, when stored at 4 
ºC for 28 days, fruit browning compromised the appearance which was associated 
to peroxidase and polyphenoloxidase activity. Cold stored fruit, after transferred to 
ambient, showed premature climacteric peak, with low intensity. The ripeness was 
associated to pectinmethylesterase and polygalacturonase activity. The use of hy-
drothermic treatment was tested to prevent chilling injury. ‘Geada’ avocados were 
treated at 38 ºC for 0 - 90 minutes, before storage at 4 ºC for 28 days. ‘Quintal’, 
‘Fortuna’ and ‘Hass’ were treated at 38 ºC for 60 – 90 minutes at 38 ºC + 1 minute 
at 50 ºC. ‘Quintal’ and ‘Fortuna’ were stored at 4 ºC for 28 days. ‘Geada’ treated 
with 38 ºC for 60 and 90 minutes, reduced the chilling injury development. For 
‘Quintal’, the most efficient was 38 ºC for 60 minutes. These were not efficient to 
control cold damage in ‘Fortuna’. ‘Geada’ and ‘Quintal’ had a shelf-life of 4 days, 
after being stored at 4 ºC for 28 days. ‘Fortuna’ was only adequate for consumption 
immediately after taken from cold storage.

S02.412
Shelf-Life of Anthurium Cut Flowers:  
Evaluation Criteria

Polack, S. W.1; Cuquel, F. L.2
1Secretaria de Estado de Agricultura e Abastecimento, Rua dos Funcionários, 1559, 80.035-050, 
Curitiba, PR, Brazil
2Universidade Federal do Paraná, Curitiba, PR, Brazil

Along the anthurium (Anthurium andraeanum) shelf-life period several degradation 
processes occur, which lead to the final senescence slower or faster. The intensity 
and speed of these processes directly depend on the cultural practices applied before 
and during the postharvest management. The efficiency of the technology applied 
for decreasing the senescence process is frequently evaluated by subjective methods, 
and based on few observations. The goal of this research was to develop criteria 
for evaluation of the senescence of anthurium cut flowers ‘Eidibel’ that might be 
applied as a common language among the researchers in scientific publications to 
judge this product. With this objective 120 anthurium cut flowers were kept in a 
room at 21 to 29 ºC for 23 days and were daily analyzed. The scale for the evalua-
tion of senescence development includes grades, from ten (excellent) to one (bad). 
Grading was related to descriptive and visual aspects of the spathe, and of the spa-
dix, concerning with color, shine, turgescence, and necrosis occurrence.

S02.413
Sensorial Profile of Stored Sweet Corn

Cuquel, F. L.; Mogor, A. F.; Oliveira, C. F. S.; Bolzan, R. P.
1Universidade Federal do Paraná, Rua dos Funcionários, 1540, 80.035-050, Curitiba, PR, Brazil

Brazil has a big market for sweet corn (Zea mays L.) due to the local tradition of con-
suming it fresh or as pamonha and curau, dishes prepared with fresh grated sweet corn 
mixed with milk or coconut milk, and sugar. However, due to its short shelf-life the 
most sweet corn produced in Brazil is destinated to the canned industry. The goal of 
this research was to evaluate the sweet corn quality stored in different packages under 
room temperature and under refrigeration by using Quantitative Descriptive Analysis 
(QDA). Data were analyzed by multivariate analysis. Best results were observed when 
the fresh sweet corn spike was stored during five days under room temperature (25 
ºC ± 1 and air humidity of 65% - 75%) without straw and placed over polystyrene 
tray wrapped with plastic film. Under refrigeration (5 ºC ± 1 ºC) the best results were 
observed when 50% of the straws were maintained covering the fresh spike, which 
was stored during five days over polystyrene tray wrapped with plastic film.
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S02.414
Apple Ripening Determined by Conventional 
Methods and a Genetic Assay  
(‘Nsure’ Methodology)

Neuwald, D. A.; Mc Cormick, R.; Streif, J.
Kompetenzzentrum Obstbau Bodensee, Schuhmacherhof 6, D-88213, Ravensburg, Baden-Württemberg, 
Germany

Molecular biology techniques are developing rapidly and can now used as assays 
to help determine the optimum harvest date for fruit crops. While such assays are 
currently more expensive and time consuming than the conventional maturity tests 
currently used for apples they offer an number of potential advantages, in particular 
the possibility to detect changes in fruit ripening processes at a very early stage and 
perhaps in the near future more novel applications to help predict storage quality 
outcomes. To adapt a new methodology for practical use requires trialling and com-
parison with existing methods. When the results from practical ripening testing in 
different seasons and with a range of apple cultivars are available, the suitability and 
reliability of molecular methodology can be better understood and assessed. This 
work compares conventional methods for optimum harvest date determination with 
a propriety genetic testing service, supplied by the Dutch based Company ‘Nsure’. 
The ‘Nsure’ test measures the expression of genes with relevance to some of the 
key ripening processes in a maturing apple. In 2008 and 2009 three apple cultivars: 
‘Gala’; ‘Fuji’ and ‘Braeburn’ from the Lake Constance growing region, Germany were 
sampled three times in the period leading up to harvest and two times from un-
harvested trees after the expected optimum harvest date. The conventional ripening 
parameters: fruit firmness, total soluble solids and starch degradation patterns were 
used to calculate a ripening index (‘Streif index’) and the optimum harvest date for 
long term storage was determined. In addition, samples for the respiration rate, eth-
ylene production and internal ethylene were taken. Gene expression at each sampling 
date was evaluated by Nsure company. The results from both methods are compared.

S02.415
Assurance of Quality Litchi at Post-Harvest Stage 
with Pre-Harvest Chemical Treatments

Alila, P.; Achumi, I.
Nagaland University, Sasrd, Medziphema, 796 106, Nagaland, India

Consumers all over the world consider good quality fruits and vegetables to be those 
that have fresh market quality. The quality of horticultural produce at harvest has 
a decisive influence on its post harvest quality. The litchi (Litchi chinensis Sonn) is 
an important fruit crop having great potential in the international market due to its 
characteristic flavour and exotic taste. Quality and safety are the two most important 
factors in the international scenario of liberalized world trade. Litchi is a crop which 
has a short harvest period coupled with a short shelf life. In recent years the use of 
chemicals as pre-harvest sprays for improving crop productivity including quality 
and storage behaviour of fruits have been greatly realized. The present paper is on 
the influence of pre-harvest sprays of calcium chloride (0.5% and 0.6%), calcium 
nitrate (1%, 1.5% and 2%) and boric acid (0.2%, 0.4% and 0.6%) and control (dis-
tilled water with few drops of Teepol). First application of these chemicals was done 
when fruits were at bean seed size and second application two weeks prior to harvest. 
Pre-harvest application of 4% boric acid resulted in higher TSS (16.76ºBrix) and 
lower acidity content (0.55-1%) in fruits during storage. The total sugar (15.92%) 
and reducing sugar (11.94%) content were also enhanced with 4% boric acid ap-
plication as pre-harvest treatment. The physical parameters of fruits (weight and 
diameter of fruit and pulp weight) were found to be positively influenced with the 
application of calcium nitrate @ 1.5% as pre-harvest spray. The harvested fruits were 
stored under refrigerated condition (5-7 ºC) during the course of study.

S02.416
Effect of Temperature and Exogenous Ethylene 
on Ripening of ‘Jingbai’ Pear

Wang, W. H.; Jia, X. H.; Tong, W.; Wang, Z. H.

Research Institute of Pomology,chinese Academy of Agricultural Sciences, Xing Hai Road, Xingcheng 
City, 125100, Liaoning Province, China

‘Jingbai’ pear (Pyrus ussuriensis Maxim.) is a native pear variety of Beijing, China. 
It is one of the best varieties with tender juicy and fragrant flesh texture,. It needs 
to go through ripening in order to achieve the best eating quality. At present, the 
main way of ripening at room temperature is a natural way in practice, the main 
disadvantage is long-time needing, inconformity of softening and high rotting rate. 
To search the better condition for improving its ripening quality, the influence 
of different temperature (14 ºC, 17 ºC, 20 ºC, 23 ºC, 26 ºC and 28 ºC) and 
exogenous ethylene (50µL×L-1, 100µL×L-1 and banana for assistant ripening) were 
investigated, and ethylene production, respiration rate, firmness, SSC (Soluble 
solid content) pH,  E value, H value, weight loss and disease rate were detected 
respectively. The results indicated that temperature and ethylene influenced ripen-
ing process and quality directly. Fruit firmness exhibited a significant linear nega-
tive relation with the ripening time (p<0.01), the high or low temperature caused 
the inconformity of skin color and softening rate, low-temperature (14 ºC) delayed 
the start time of ethylene peak, high temperature (28 ºC) restrained synthesize of 
ethylene and softening of flesh, following the temperature rise, the respiration rate, 
weight loss and rot fruit increase, but the ethylene production decrease. Exogenous 
ethylene treatments improved fruit respiration and ethylene production, applica-
tion of proper ethylene promoted the fruit ripening and uniform skin color. Ac-
cording to the study, suitable temperature of ‘Jingbai’ pear ripening was 17 ºC-23 
ºC, the optimum temperature was 20 ºC, the optimum concentration of ethylene 
was 100µL×L-1.

S02.417
The Use of Modified Atmosphere Storage  
for Kenyan Grown Cut Roses

Tshwenyane, S. O.; Bishop, C. F. H.; Gash, A. F. J.
Writtle College, Lordship Road, CM1 3RR, Chelmsford, United Kingdom

Kenya is a leading exporter of air freighted horticultural fresh produce and cut 
roses form one of their major exports to the UK. Cut stems of ‘Golden Gate’ and 
‘Duett’ roses grown in Kenya were packaged in a modified atmosphere (MA) of 
5% CO2, 10% CO2, 15% CO2 and normal air. The stems were then stored at 
2 ºC for three, 11 and 20 days, with control stems (unstored) put in a vase life 
room on day zero. Respiration rate was measured during the storage period and 
quality attributes evaluated after transfer to the vase life room at the end of each 
storage period. The stems stored at 5% CO2 for three days had improved vase life 
compared with those stored for 20 days in the same atmosphere; storage for 20 
days had a negative impact on vase life. In addition to improved vase life with MA 
storage, there was a delay in the onset of Botrytis cinerea infection on ‘Duett’ roses. 
The study demonstrates that modified atmospheres can be beneficial for the short 
term storage of roses. 

S02.418
Effects of Pre and Post-Cold Acclimation  
on Needle Retention Duration (NRD)  
of Balsam Fir (Abies balsamea L.) Clones

Veitch, R. S.; Lada, R.
Nova Scotia Agricultural College, P.O. Box 550, Department of Plant and Animal Sciences, B2N5E3, 
Truro, Nova Scotia ,Canada

Balsam fir (Abies balsamea, L) is the principle Christmas tree species grown in At-
lantic Canada with approximately 10, 000 ha (25, 000 ac) grown, and generating 
approximately $72 million annually. Needle loss is the most significant challenge 
facing the Christmas tree industry of Atlantic Canada, and has been anecdotally 
attributed to warmer fall and less days for natural cold acclimation. The objective 
of this experiment is to screen various genotypes at pre and post-cold acclimation 
to determine if needle retention is improved. Two year old branches were collected 
from the Tree Breeding Centre, Department of Natural Resources, Debert, NS 
(45º 25’ N, 63º 28’ W). Branches were collected in October (pre-cold acclima-
tion) and January/February (post-cold acclimation) then were laid out in the lab 
and monitored for their needle loss. Branches collected in October (prior to cold 
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acclimation) had an average NRD of 34 days compared to the 39 days for post cold 
acclimated branches, a significant (p=0.001) increase of 5 days. The initial NRD 
(before cold acclimation) did show a correlation with the net change in NRD sug-
gesting that the clones that are resistant for needle drop benefitted less due to cold 
acclimation while the clones that are sensitive to needle drop benefitted. Regression 
analysis confirmed that the relationship was significant (p=0.001) with R2 = 46.8%. 
Overall, clones 206 and 398 showed the best NRD before and after cold acclima-
tion, as they were still green and somewhat soft after 50 days. Clones 346, 503, 
504, 513, 566 and 643 did retain their needles after 50 days but they were not soft 
and they did not retain a green color. It is recommended from this study that clones 
206 and 398 are tolerant for needle drop can be used for future breeding purposes 
to develop better needle retaining trees.

S02.419
Effects of Carbon Dioxide Enriched Atmospheres 
on the Postharvest Control of Botrytis Rot of 
‘Duett’ Cut Roses

Tshwenyane, S. O.; Cullum, F. J.; Bishop, C. F. H.; Gash,  A. F. J.
Writtle College, Lordship Road, CM1 3RR, Chelmsford, United Kingdom

The effectiveness of using carbon dioxide for postharvest control of botrytis rot on 
short and long term storage of roses, cultivar ‘Duett’ roses was investigated. The 
flowers were stored at 5 ºC in atmospheric air, 10% CO2 or 20% CO2 for 11 and 
30 days. The use of carbon dioxide reduced the botrytis rot on inoculated and non 
inoculated flower petals with the highest reduction achieved by the 20% CO2. 
Inoculated flowers stored in air for 30 days developed botrytis rot during storage 
while those stored in carbon dioxide did not show any signs of rotting. Storing 
flowers in carbon dioxide enriched atmospheres also improved the flower quality 
and vase life. 

S02.420
Effects of Different Temperature and Carbon 
Dioxide Concentration on Postharvest Physiology 
and Fresh-Keeping of ‘Housui’ Pear

Wang, W. H.; Wang, Z. H.; Ding, D. D.; Tong, W.; Jia, X. H.; 
Jiang, Y. B.
Research Institute of Pomology, Chinese Academy of Agricultural Sciences, Xinghai Road, 125100, 
Xingcheng City, Liaoning Province, China

In order to gain the optimum storage condition for ‘Housui’ (Pyrus pyrifolia 
(Burm.f.)Nakai) pear, cold storage and CA storage were both studied. Five different 
temperatures (-1.5 ºC, -1.0 ºC, 0 ºC, 1.5 ºC, 5 ºC) were referred in the cold stor-
age, and five different CO2 concentrations (1%, 2%, 3%, 4%, 5%) were included 
in the CA storage in which the O2 concentration maintain 3% and the temperature 
kept 0 ºC. After storage period for 2, 4, 5, 6 months in above mentioned condition 
and then 7 days at 20 ºC respectively the storage effects were evaluated by detecting 
the fruits firmness, membrane permeability, content of ethanol and total phenolic 
material, PG activity, PPO activity and index of core browning etc.. The result 
indicated that -1.5 ºC cold storage kept higher fruits firmness and much lower fruit 
rot rate, but different degree chilling (or maybe freezing) injury was found in fruits, 
ethanol content was much higher than other cold storage treatments, at 5 ºC, the 
fruits can be stored for only less than 60 days, and storage time could reach 120 and 
150 days at 0~1.5 ºC and -1 ºC respectively. In case of CA storage, compared with 
control, the optimum condition was 3% O2 plus 1% CO2, which could keep fruit 
good firmness and flavor, inhibit PPO activity, ethanol content and core brown-
ing remarkably, delay polyphenol material degrade and remain better integrality 
of cell membrane, as the CO2 content increase, ethanol concentration and core 
browning index of fruits increased also, when the CO2 content ≥3%, the fruits 
taste a little bitter, however, even 5%CO2 content, no flesh browning was found. 
Based on two years experiment, we can conclude that the optimum temperature 
is -1~0 ºC, and the optimum CO2 concentration of CA storage is 1%, when O2 
concentration is 3%.

S02.421
Study the Effect of Humic Acid and Benzyl 
Adenine on Postharvest Life of Cut Gerbera

Nikbakht, A.1; Kafi, M.2; Xia, Y. P.3; Etemadi, N.1
1Dept. of Horticulture, College of Agriculture, Isfahan University of Technology, 81456683111 Isfahan, 
Iran
2Dept. of Horticulture, Faculty of Agriculture, University of Tehran, Karaj, Iran
3Institute of Agricultural Chemistry, Department of Environmental and Resource Science, Zhejiang 
University, China

Gerbera is an important cut flowers and its postharvest life may vary according to 
the cultivar and postharvest treatments. Humic acid (HA) might beneficial to plant 
growth by improving nutrient uptake and hormonal effect especially cytokinin ac-
tivity when it use in plant nutritional programs. But there are very rare records on its 
effects on postharvest life of flowers. A factorial experiment was conducted to com-
pare the effect of two concentrations of HA (25 and 50 mg/L) and Benzyl Adenine 
(BA) (10 µM) on vase life of 2 common gerbera cultivars (Cavana and Carmen 
Blue). The harvested flowers were pre-treated initially with the mentioned solutions 
for 24 hours. Then after they were moved to vase containing 8-Hydroxy quinoline 
citrate solution (200 mg/L). The preservative solution was changed every 3 days and 
the results were recorded everyday for the flowers. It was shown that all the treat-
ments could improve postharvest life of cut gerbera for 2 days in comparison to the 
control (distilled water pre-treatment). Although HA couldn’t decrease the ethylene 
production of flowers as much as BA treated flowers, but its effect on improvement 
of the postharvest life was not significantly different with BA. It seems HA can be 
a potential compound in improving the postharvest life of gerbera. The HA mode 
of action seems to be a hormonal effect along with some nutritional improvement.

S02.422
Effects of Two Types of Packaging Films 
as Passive Modified Atmosphere on Some 
Important Qualitity Traits of Peach Fruit cv. 
Alberta

Behrouzi, S.; Mostofi, Y.; Zamani, Z.; Ranjbar, I.; 
Adib Nishabury, J.
Department of Horticulture Science, Faculty of Agricultural Science and Engineering, College of 
Agriculture and Natural Resources, University of Tehran, Karaj 31587, Iran

This research was carried out to determine the effects of polypropylene and low 
density polyethylene (LDPE) films for increasing the postharvest life of peach fruit 
cv. Alberta. Fruits were harvested at commercial maturity stage and packed into a 
modified atmosphere bags. Fruits were stored at 1 ºC and 90% relative humidity 
for 9 weeks. Sampling was carried out each week and fruit were then stored at room 
temperature for 24 hr and their attributes were investigated. Results showed that 
both LDPE and PP films suppressed weight loss of fruits in contrast with control. 
The color index increased during storage period and no significant differences were 
observed between treatments and control according to color index. The fruit firm-
ness decreased over time but it was lower in passive MAP treatments compared to 
controls. During storage the titratable acidity of fruits were decreased. Further-
more, the LDPE films showed higher TA than controls and PP films. Total soluble 
solids (TSS) decreased during storage but no significant difference was observed 
between treatments and control. In the case of vitamin C, there were no significant 
differences among treatments and control.

S02.423
Storage Temperature and Period for Suppression 
of Pupation in Freesia “Yvonee” and “Shinygold” 
Corms According to Harvesting Times

LEE, J. J.; Oh, N. K.; Jeong, J. S.
Jeollabuk-do Area, 2Gongdanro ,570-704, Iksan, Jeollabuk-do, Republic of Korea

Freesia hybrida, a member of the Iridaceous is important greenhouse cut flower 
crop in Korea. The cut flower production of freesia requires first the release of 
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dormancy of harvested corms and then initiation of floral buds. Dormancy of 
freesia corms are breaking by storage at 30 º±2 ºC for 10~13 weeks and insure 
rapid uniform shoot emergence when planted. If corms are not breaking dor-
mancy, it will be pupation after planting. Pupation, known as a morphological 
process of formation of small corms on the old one where shoot emergence does 
net occur after planting. The depth of dormancy of freesia corms depends on 
harvesting time. Freesia corms were harvested with two different time, 30days 
late and immediately after cut flower. The harvested freesia corms were stored 
for 100days at 5°, 10°, 15°, 20°, 30 ºC. Corms harvested immediately after cut 
flower those of pupation were inhibited by stored at 30 ºC for mere than 80days 
in “Yvonee” and stored at 20 ºC for more than 100days or 30 ºC for more than 
60days in “Shiny Gold”. Corms harvested 30days late after cut flower those of 
pupation are inhibited by stored at 20 ºC for more than 100days or 30 ºC for 
more than 40days in “Yvonee” and “Shiny Gold”.

S02.424
Effects of Modified Atmosphere Packaging  
and Cold Storage on Browning and Quality  
of Flammulina velutipes

Gao, H.; Zhou, Y.; Fang, X.; Song, L.; Chen, H.; Tao, F.
Food Research Institute, Zhejiang Academy of Agricultural Science, No.198 Shiqiao Road, 310021, 
Hangzhou, Zhejiang, China

Browning is one of the most important problems in Flammulina velutipes 
which directly resulted in quality deterioration and limited the processing and 
marketing. However, there is little study on the storage of Flammulina velutipes 
presently. Effects of modified atmosphere packaging and cold storage on the 
browning and quality of Flammulina velutipes were investigated with a view 
to provide a scientific basis for flammulina preservation technology. Research 
studied the changing principle of browning degree, PPO activity, POD activity, 
weight loss, total sugar content and decay rate were measured in flammulina 
with MA packaging at (0±1) ºC for 15d. The results indicated that activities of 
PPO and POD increased, weight lossed and total sugar degradated, browning 
and decay rates are relatively high, and quality declined in the postharvested 
flammulina after 15 days of storage. MA packaging and cold storage could 
inhibit the increases in activities of PPO and POD and weight loss and total 
sugar degradation, and reduce significantly browning and decay rates, which 
indicated that MA packaging and cold storage could maintain the quality of 
flammulina.

S02.425
Short- Term Pulsing Treatments with Salicylic Acid 
Improved Postharvest Life of ‘Yellow Island’ Cut Rose

Gerailoo, S.1; Ghasemnezhad, M.2; Hadavi, E.3
1Department of Horticulture, Faculty of Agriculture, ,University of Guilan,, 4053, Rasht, Guilan, 
Islamic Republic of Iran
2University of Guilan, Rasht, Islamic Republic of Iran
3Azad University, Karaj, Islamic Republic of Iran

Several pulse treatments with salicylic acid was tested for effectiveness to delay 
flower senescence in cut rose cv. Yellow Island. Flower stems were pulsed for 14 
hours before transferred to distilled water. Vase life, water uptake, fresh weight, 
flower diameter, protein content, lipid peroxidation and proline concentration 
were determined in different intervals. The result exhibited that salicylic acid pulse 
treatment significantly improved the vase life as compared the distilled water. The 
pulse solution containing 150 mg/L salicylic acid together with 3 % Sucrose and 
200mg/l 8-Hydroxyquinoline sulfate the maximum vase life (9.62 days) as con-
trol (5.87 days). Protein content was highest at harvest time, thereafter decreased 
gradually during senescing of rose petal. In contrast, increasing in lipid peroxida-
tion and proline amino acid accumulation may be due to senescence–associated 
oxidative damage to petals. Salicylic acid treatment prevented declining protein 
content and suppressing lipid peroxidation and proline amino acid accumulation 
in rose flower. 

S02.426
Physical and Chemical  
Characterization of Blood Orange  
Produced in the Organic System

Faskomy, T. L.1; Anjos, M. C. S.1; Miranda, A. F. M.1; 
Andrea, G. C.2; Soares, A. G.3; Fonseca, M. J. O.3
1Estácio de Sá University, Rio de Janeiro, Brazil
2Federal Rural University of Rio de Janeiro, Brazil
3Embrapa Agroindústria de Alimentos, Av. das Américas, 29501 - Guaratiba, Rio de Janeiro-RJ, 23020-
470, Brazil

In Brazil, the orange characterized by intense red color of the pulp and juice, is 
called the blood orange (Citrus sinensis). The color and intensity are dependent on 
many factors, mainly the climate of the region where they are grown. The objective 
was to evaluate the physical and chemical characteristics of blood oranges grown 
under organic crop management. The fruits were harvested in July 2009 from São 
José do Vale do Rio Preto-RJ (22º13’39.0’’ S, 42º54’48,1’ O’), 733m above sea 
level, with 19 ºC average annual temperature. After that, the fruits were taken to 
the postharvest physiology laboratory at Embrapa Food Technology. There were 
performed the following analyses: average weight, volume of juice, juice yield, pH, 
total titratable acidity, total soluble solids, vitamin C, fructose, glucose, sucrose, 
total sugars, skin color and pulp color. The results obtained for the average fruit 
weight was 99.94 ± 6.25g. The volume of juice was 34.58 ± 5.28 mL with 0.34 
± 0.03% of juice yield. The pH average of fruits was 3.87 and the total titratable 
acidity was 0.75 ± 0.02 % of citric acid. The average of total soluble solids contents 
was 10.95ºBrix. The average contents of vitamin C, fructose, glucose, sucrose and 
total sugars were respectively 757.33 ± 91.47mg×L-1, 416.17 ± 77.37mg×L-1, 7.17 
± 2.71mg×L-1, 2.37 ± 0.20g×L-1 and 423.33 ± 77.36mg×L-1. The results for the skin 
color were: L * 69.06 ± 0.99, a* 15.73 ± 1.62 *, b* and 72.60 ± 1.45 and E 101.53 
± 1.53 while the color of the pulp presented L* 59,98 ± 1,30, a* 4,63 ± 1,55, b* 
31,51 ± 2,24 e E 20,26 ± 7,95.

S02.427
Physical and Chemical Characterization  
of Persian Lime Fruit Produced  
under Organic Crop Management

Anjos, M. C. S.1; Faskomy, T. L.1; Miranda, A. M.1; 
Rego, C. A.2; Goncalves, A. C.3; Soares, A. G.4; Fonseca, M. J. O.4
1Estácio de Sá University, Brazil
2State University of Rio de Janeiro, Brazil
3Federal Rural University of Rio de Janeiro, Brazil
4Embrapa Food Technology, Av. das Américas, 29.501 - Guaratiba, 23020-470, Rio de Janeiro-RJ, Brazil

People always say about the superior quality of organic fruit, but there are no search 
results that confirm this statement. In order to answer this question, it was pro-
posed this work to evaluate physical and chemical characteristics of the Persian 
Lime (Citrus aurantifolia), in the laboratory of Postharvest Physiology at Embrapa 
Food Technology Center, Rio de Janeiro. Fruits were harvested in two maturation 
stages (green and yellow) at the end of June 2009. It was evaluated the total soluble 
solids content, total titratable acidity, pH, instrumental color, firmness, vitamin 
C, total sugars content, fructose, glucose and sucrose. The average weight of fruits 
at the yellow maturation stage was 146.29 ±13.94g and 150.22 ± 11.61g in the 
fruits with a green shell. The results of the skin color were: L*=74.99±1.59, a*= 
-3.00±1.29, b*=66.18±2.32, E=95.98±2.19 and L*=71.90±1.71, a*=-4.56±0.44, 
b*=61.87±1.49, E=95.98±3.09, for fruits at the maturation stage yellow and 
green, respectively. The average of total soluble solids content, total titratable 
acidity and pH were: 7.38±0.30ºBrix, 0.07±0.005 mg×100g-1 of citric acid and 
5.97±0.07 for yellow fruits, and 7.50±0.14ºBrix, 0.067±0.010mg×g-1 of citric acid 
and 5.80±0.010 for green fruits. The total sugars content in the yellow limes were 
557.00±283.42mg×100g-1. The contents of fructose, glucose and sucrose were 
530.0±278.60 mg×100g-1, 27.0±7.44 mg×100g-1 and 0.36±0.07 mg×100g-1, re-
spectively. The vitamin C contents were 345.75±82.02mg×100g-1 and 386.25± 
38.03, mg×100g-1 for yellow and green limes.
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S02.428
Effect of Preharvest Ethylene Spray on Fruit 
Quality and Chemical Attributes of Sour Cherry

Khorshidi, S.1; Davarynejad, G.2; Fallahi, E.3
1Ferdowsi University ,Department of Horticulture P.O. Box 91775-1163, Mashehad, Khorasan , , Islamic 
Republic of Iran
2Department of Plant, Soil and Entomological Sciences, University of Idaho, Parma Research and 
Extension Center, Parma, Idaho 83660, U.S.A, United States

Influence of pre harvest ethylene spray on fruit quality attributes and certain nu-
tritional compounds of ‘Cigany Meggy’ sour cherry (Prunus cerasus) were stud-
ied. Trees were sprayed with ethephon at 250ppm one week before anticipated 
commercial harvest. The quality attributes and nutritional compounds measured 
were: antioxidant activity, total phenolic and anthocyanin content, soluble solids 
concentration (SSC), titratable acidity, juice pH, and flesh firmness. Fruits from 
trees receiving ethephon spray had significantly lower SSC, anthocyanin content 
and lower firmness than those from non-sprayed control. Ethephon treatment did 
not affect antioxidant activity and total phenolic content, although both of them 
tended to be higher in fruits from non-treated control. There was a significantly 
positive correlation coefficient between anthocyanin content and SSC (r=0.98).

S02.429
Effect of Ethanol on Postharvest Quality of Two 
Carnation Cultivars 

Jiménez Becker, S.; Moreno, M.; Ebrahim Zadeh, A.; Plaza 
Herrada, B. M.; Verdejo Coto, M. D. M.; Lao Arenas, M. T.
Almería University ,Ctra. Sacramento s/n, 04720, Almería ,Almería ,Spain

Ethanol can increase the vase life of some cut flowers by inhibition of ethylene 
biosynthesis or ethylene action or both. The effect of different concentrations of 
ethanol (2, 4 and 6 %) on carnations cultivar ‘Pilar’ and ‘Mundo’ was studied. Data 
were recorded to determinate ethylene production, vase life, fresh weight and solu-
tion uptake over time. Distilled water and silver thiosulphate (0.5 and 1 mM) were 
used for the control treatments. Continuous treatment with 2 % and 4 % of etha-
nol for cultivar ‘Mundo’ and 2 % for cultivar ‘Pilar’ increased vase life compared 
with the water treatment. In the senescence phase of ethanol-treated carnation 
flowers, the typical petals inrolling, characteristic of this process, was not observed, 
but stems were more dry and fragile, and steam diameter was reduced. The three 
concentrations of ethanol reduced the peak of ethylene production. The treatments 
with 2 % and 4 % of ethanol for cultivars ‘Mundo’ and 2 % for cultivar ‘Pilar’ 
delayed the ethylene production compared with the water treatment. All ethanol-
treated flowers reduced the increase of the fresh weight during the first days and 
increased the relative fresh weight loss in comparison with the silver thioshulphate 
treatments, which could be related to a reduction of the solution uptake. 

S02.430
Effect of Modified Atmosphere Packaging on 
Chemical Composition, Antioxidant Activity, 
Anthocyanin and Total Phenolic Content of 
Sweet and Sour Cherry Fruits

Khorshidi, S.1; Davarynejad, G. H.1; Tehranifar, A.1; Fallahi, E.
1Department of Horticulture, University of Ferdosi, Mashhad, Iran, Park Square, 91775-1163 Mashhad-
Iran, Mashhad, Islamic Republic of Iran
2Department of Plant, Soil and Entomological Sciences, University of Idaho, Parma ,United States

The impact of packaging in a regular air storage at 0 ºC and modified atmosphere 
storage (MAP) packaging on composition of several nutritional compounds in 
‘Siah-e Mashhad’ sweet cherry and ‘Albaloo’ (a local Iranian sour cherry) and ‘Érdi 
bôtermô’ sour cherries was studied. Antioxidant activity, anthocyanin content, and 
total phenolic content were highest in ‘Albaloo’, followed by ‘Bôtermô’ and ‘Siah-e 
Mashhad’ both at harvest and after storage. Total antioxidant activity was lowest 
after 15 day of packaging. Antioxidant activity in the storage remained unchanged 
in ‘Siah-e Mashhad’ and ‘Bôtermô’, while it increased in ‘Albaloo’ sour cherry. 

Total anthocyanin content expressed as cyanidin-3-glucoside, was highest in ‘Al-
baloo’, intermediate in ‘Siah-e mashhad’, and low in ‘Bôtermô’. During storage, 
anthocyanin content was decreased significantly specially in ‘Albaloo’ and ‘Siah-e 
Mashhad’. MAP treatment maintained storage quality of cherries and gave better 
chemical attributes.

S02.431
Effect of Modified Atmosphere Packaging on 
Postharvest Quality of Carambola (Averrhoa 
carambola L.)

Boonyaritthongchai, P.; Puthmee, T.; Kanlayanarat, S.
King Mongkut’s University of Technology Thonburi, Pracha-Utit Rd., Bangmod, 10140, Bangkok, Thailand

The effects of modified atmosphere packaging (MAP) with polyvinyl chloride (PVC) 
plastic film and polyethylene (PE) plastic bag on the storage life under 10 ºC of car-
ambola fruits (Averrhoa carambola L.) were investigated. Measurements of firmness, 
percentage of weight loss, flesh colour, electrolyte leakage, malondialdehyde (MDA) 
content were performed during the experiment. The results showed that carambola 
which kept in PE packaging was extent storage life for 27 days, following by PVC 
packaging and control for 24 and 19 days, respectively. Moreover, PE treatment could 
maintain firmness of carambola during storage life than PVC and control. Fruit in 
MAP had minimal water loss (1.25 -2.55%) that PE bag was more effective in re-
duction of weight loss than PVC wrapped. The PE bag was extremely effectively in 
delaying of turning yellow of carambola and also decreasing of hue value. To decrease 
in hue represent a change in peel colour from green to yellow in control fruit. Us-
ing PE packaging delayed turning yellow following by PVC and control respectively. 
During storage, electrolyte leakage significantly increased in control set, but not in 
the MAP treatments, in correlation with the development of turning yellow of caram-
bola. Malondialdehyde (MDA), an indicator of lipid peroxidation caused by ROS, 
increased during storage and the contents were higher in control fruit than PVC and 
PE treatment, respectively. This study showed using PE packaging under 10 ºC as 
the optimal treatment to maintain the quality and prolong storage life of carambola.

S02.432
Effect of 1-Methylcyclopropene (1-MCP)  
on Postharvest Quality of Peaches  
After Exposure to Exogenous Ethylene

Park, H. J.1; Yang, Y. J.2
1Sangmyung University, San 98-20, Anseo-dong, 330-720, Cheonan, Chungnam, , Republic of Korea
2Sangmyung University, Republic of Korea

Peaches ‘Mibaekdo’ were harvested from commercial orchards in S/Korea. 
Fruit(4~5 Kg) per each box were treated for 6 hours within 15 L chambers held 
in air, 5ppm, and 10ppm ethylene to keep good external appearance and market 
quality, respectively. After treatment the fruit were held at 20 ºC for 12 h with 
1-MCP(5µl×L−1 ) and then stored at 8 ºC (90~95% RH) for 14 days. Increase of 
respiration and ripening were not affected by exogenous ethylene application ( 5 
and 10ppm) during the short exposure for 24 hours. However after exposure to 
exogenous ethylene, respiration and internal ethylene evolution were greatly af-
fected by 1-MCP treatments. Fruit softening, SSC and titratable acids were most 
inhibited by 5ppm ethylene and subsequent 1-MCP(1µl×L−1 ) treatments during 
storage for 14 days.

S02.433
Quality Management of Cut Carnation Flowers 
with Long-Term Sucrose Treatment

Fukai, S.1; Kubota, Y.1; Seno, M.1; Yangkhamman, P.2; 
Narumi, T.1; Takamura, T.1
1Kagawa University, Ikenobe 2393, Mikicho, 761-0795, Kagawa, Japan
2Maejo University, Chiangmai, Thailand

Shipping time management of cut flowers is inevitable as a natural product. Stor-
age of cut flowers in dry conditions brings lowered quality even though kept in low 
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temperature. The aim of this work is to show the possibility of quality management 
of cut carnation flowers with long-term sucrose treatment. Cut carnation flowers 
(cv. Excerea) were kept in solution containing 0 to 15% sucrose and germicide at 
4 µl× for 3 weeks. Flowers treated higher sucrose showed higher increase of fresh 
weight during both sucrose treatment and longevity test. Considerable glucose and 
fructose accumulation was observed in petals and calyx after 3 weeks of 5% sucrose 
treatment. In the cut flowers without STS treatment, the flowers treated with 5% 
sucrose for 3 weeks showed delayed in-rolling and ethylene production compared 
with flowers treated with 0% sucrose. No significant difference in flower longevity 
was observed among the flowers treated with 5% sucrose for 4 to 8 weeks. Cut 
flowers harvested in April and treated with 5% sucrose for 6 weeks displayed larger 
size of flowers with slightly higher L*, lower a*, b* and C* values in comparison 
with flowers harvested in May. Content of two major anthocyanins in petals of 
flowers harvested in April was slightly lower than those in May. Tested other 5 
genotypes of carnation could adopt long-term sucrose treatment. Present study 
demonstrates that the long-term sucrose treatment is effective way to keep cut car-
nation flower quality. 

S02.434
Regulation of Rose Petal Growth  
by Cell-Elongation Inhibitors

Takagaki, N.; Matsumoto, S.; Shiratake, K.; Maesaka, M.; 
Yamada, K.
Graduate School of Bioagricultural Sciences, Nagoya University, Furo-cho, Chikusa-ku, Nagoya, Aichi 
464-8601, Japan

Long vase life is an important element of cut flower quality. Especially in roses, we 
enjoy their flower opening which is the petal growth from bud to full bloom. If the 
speed of petal growth could be controlled and petal made to open fully, roses might 
be enjoyed for longer. Flower opening is generally caused by expansion growth of 
petal cells. It has been suggested water influx into petal cells is a key mechanism for 
cell enlargement and flower opening. However, it has been proposed that when the 
cell wall remains rigid, water influx and cell expansion do not occur. Plant cell wall 
was restrained its loosening by xyloglucan, which is a structural polysaccharide of pri-
mary cell wall. Xyloglucan endotransglycosylase/hydrolase (XTH) is known as one 
of the enzymes to rearrange the xyloglucan and loose the wall enabling cell growth. 
Furthermore, XG9, one of the xyloglucan-derived oligosaccharides, was reported to 
inhibit auxin-induced elongation of pea hypocotyls. This inhibition was suggested to 
be caused by suppression of XTH activity. The aims of our study are to clarify how 
XTH involves in rose flower opening and to regulate its activity for control of petal 
growth and improvement of vase life. In previous reports, we have isolated four XTH 
cDNAs from rose petal and analyzed their mRNA expression independently dur-
ing petal development and some paralogs have shown their mRNA transcript levels 
exclusively correlated to rose flower opening. In this study, we analyzed XTH activity 
to examine their functions in detail. Then we got XG9 from rose and mung bean. 
Now we are investigating their effects to control the speed of rose petal expansion and 
analyzing their influence on XTH mRNA transcription and activity.

S02.435
Preliminary Data for Non-Invasive Estimation  
of Firmness in Apple Fruits Using Novel Optical 
Sensing Techniques

Martinez Vega, M. V.1; Wulfsohn D.2;Toldam-Andersen, T. B .2
1Department of Agriculture and Ecology, Faculty of Life Sciences, University of Copenhagen, Hoejbakkegaard 
Allé 13, 2630, Taastrup, Denmark
2University of Copenhagen. Hoejbakkegaard Allé 13, Denmark

The project is focused on the development of non destructive methods for fruit 
quality evaluation such as spectroscopy and multispectral imaging, in commer-
cially Danish grown apples for juice making. Non-invasive sensors that allow rapid 
measurements of fruit composition are desirable to replace traditional destructive 
methods in terms of optimization of resources and sampling. The outcome will be 
the development of practical fruit quality evaluation methods for growers that can 

be applied at the orchards, in order to give an additional added value to a traditional 
low cost product. In preliminary experiments we have tested the ability of visible/
NIR spectroscopic technique for its ability to predict firmness, which is a relevant 
fruit quality trait connected to juice making [1]. Measurements of firmness on the 
shade and exposed side of the apples were carried out using invasive (penetrometer 
Wagner type Basic 7/16’’) and non invasive (spectrometer system Tec 5, MOE-1 
System, Serie 0036-equip #101091) methods. Collected data was analyzed using 
multivariate data analysis (PLS: Partial least squares and PCA: Principal compo-
nent analysis) in order to establish correlations between electromagnetic radiation 
(400-730nm.) and firmness. The intention is to build a model using PLS and PCS 
techniques to identify wavelengths that are predictive for firmness of apple cultivars 
for commercial harvesting.

S02.436
Fruit Quality, Colour Development and 
Absorbance Difference Index (IAD) of Different 
Nectarine Cultivars at Different Harvest Dates

Reig, G.1; Alegre, S.1; Gatius, F.2; Echeverria, G.3; Iglesias, I.1
1Institut de Recerca i Tecnologia Agroalimentàries (IRTA), Estació Experimental de Lleida, Avda. Rovira 
Roure, 191, 25198, Lleida, Spain
2Universitat de Lleida, Departament de Química, Avda. Rovira, 191, 25198 Lleida, Spain
3Institut de Recerca i Tecnologia Agroalimentàries (IRTA), Àrea de Postcollita, Avda. Rovira Roure, 
191, 25198 Lleida, Spain

The influence of cultivar and harvest date on colour development, fruit size, fruit 
quality parameters and absorbance difference index were assessed. Fruit was col-
lected from commercial orchards located in the area of Lleida (Spain) in 2009. The 
cultivars were grouped in five couples in which each one had a similar commercial 
harvest date, except ‘Big Top®’ which was considered as a reference. Each couple 
of cultivars included a sweet and a non sweet cultivar, and different percentage 
of fruit coloured surface. The cultivars covered a range of maturity from June to 
September. Each cultivar was harvested at 7 days intervals at five harvest dates, 
two before commercial harvest date, one at commercial harvest date and another 
two after commercial harvest date. Over the different harvest dates, fruit firmness 
and titratable acidity were the only fruit quality parameters showing differences 
between both types of cultivars (sweet-non sweet). Fruit firmness, decreased along 
different harvest dates for all the cultivars, but in different rates depending on the 
cultivar, while soluble solids content increased. Titratable acidity was dependent 
on cultivar but, in general, sweet cultivars showed a decrease during harvest dates, 
whereas non-sweet cultivars maintained it more constant. On all harvest dates, 
sweet cultivars presented greater percentage of red skin colour than the non-sweet 
cultivars, and they developed red colour earlier. Most of the sweet cultivars showed 
more than 60% of red skin colour even before commercial harvest, and the non-
sweet cultivars achieved this percentage after commercial harvest. Fruit size through 
different harvest dates was dependent also on cultivar. Related to the decrease of 
fruit chlorophyll-a content at different dates during fruit ripening, IAD also de-
creased for each cultivar and this decrease was not dependent on the cultivar type. 

S02.437
Preliminary Results of Flame  
Grapefruit in “Campo de Cartagena”

Conesa, A.1; Manera, J.1; Martinez-Nicolas, J.2; Cordoba, 
F.2; Yuste, L.2; Lopez, J.2; Porras, I.2;Rodriguez-Moran, M.2 

1Universidad Miguel Hernandez, Ctra Beniel Km 3,2, 03312, Orihuela, Alicante, Spain
2Instituto Murciano Investigacion Desrrollo Agrario Alimentario, Spain

Flame grapefruit is a new variety of coloured grapefruit, widely grow in Florida. 
This new variety has been introduced in Spain through the IVIA and to clean up 
by the apex technique in vitro. The interest of this variety consist in knowing if the 
quality of the fruit and its coloration is higher or not than the other two widely 
grow variety in Spain, Star Ruby and Rio Red. Flame trees were planted in “Campo 
de Cartagena” in 2008 and in 2009/2010 harvest they gave the first fruits, which 
are comparing with the two varieties mentioned above. Fruits were harvested before 
the natural change of colour (green to orange) in November and January. Prelimi-
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nary results show that the quantity of the fruit is similar in the three varieties but 
Flame external and internal colour is similar to Rio Red and lower than Star Ruby. 

S02.438
Preliminary Study About Barberina  
Orange in “Campo de Cartagena”

Conesa, A.1; Losana, L.2; Manera, F.1; Martinez-Nicolas, J.2; 
Yuste, L.2; Cordoba, F.2; Porras, I.2 , Rodriguez-Moran, M.2
1Universidad Miguel Hernandez, Ctra Beniel Km 3,2, 03312, Orihuela, Alicante, Spain
2Instituto Murciano Investigacion Desarrollo Agrario Alimentario, Spain

Barberina orange is a spontaneous mutation of Valencia Late orange tree detected 
in Rafelcofer (Valencia) in 1982. The study of mother tree began in 1992, some 
plants were taken to germoplasm bank IVIA (Valencia) to closely follow them up. 
Some of the difference characteristics of this orange are late maturity, good size, 
good coloration and excellent organoleptics quality. Which less acidity Valencia late 
orange can be recollected during May and June. We can distinguish Valencia Late 
from Barberina because has bigger and more intensive green leaf. Barberina can be 
used as orange juice and as fresh fruit. Fruits can stay long time in trees without 
sings of less production for the next year. We will exposure the quality character-
istics of this new variety in comparation with Valencia Late and other rootstock 
as Cleopatra mandarin and Carrizo citrange than grow in “Campo de Cartagena” 
(Murcia, Spain). Data show a bigger size of the fruit, more intensive coloration, 
more quality of juice and seedless. The production is high.

S02.439
Cold Storage of Strawberry ‘Oso Grande’  
in Different Concentrations of O2

Cunha Junior, L. C.; Aragon, M. C.; Trevisan, M. J.; 
Cerqueira, T. S.; Jacomino, A. P.
Universidade de São Paulo Escola Superior de Agricultura “Luiz de Queiroz”, Av. Padua Dias, 11, Box: 
09, Departamento de Produção Vegetal, 13418900, Piracicaba, São Paulo, Brazil

The marketing of strawberries is hampered by its perishability, mainly because to 
the post-harvest diseases. Studies have shown that atmospheres with high levels of 
O2 can maintain the quality of vegetables and slow the growth of microorganisms. 
The aim of this study it was to evaluate the quality of strawberry ‘Oso Grande’ 
under controlled atmosphere with different concentrations of O2. The strawberries 
were selected, cooled and stored at 10 ºC in the hermetic mini-chambers. It was 
applied different concentrations of O2 by the continuous flow of 150mL.min-1 with 
a “flowboard”. Treatments consisted of five concentrations of O2 (1%, 3%, 20%, 
60% and 90%) and strawberries were evaluated for 10 days. Treatment with 90% 
O2 provided the lowest incidence of rot (2.85%), followed by 60% O2 (6.41%) at 
the end of storage. These treatments also received the highest scores in the appear-
ance. The other treatments showed 16.22 to 20.83% of the fruit with rot. The respi-
ratory activity of the fruit with 1 and 3% O2 was 11.3 and 15.3 mL CO2×Kg-1×h-1. 
In other treatments the results were similar, with values of 21.8 mL CO2×Kg-1×h-1. 
The loss of fresh strawberries was less than 1%, demonstrating the effectiveness of 
the technique in the control of relative humidity in storage. The treatments did 
not affect the firmness, with a reduction of 8.8 N at the beginning to 7.3 N at the 
end of storage. Despite presenting statistical difference in the variables related with 
skin color (brightness, chromaticity and hue), the difference was subtle, not being 
visually perceptible. Strawberries ‘Oso Grande’ stored at 10 ºC under controlled 
atmosphere with 60% and 90% of O2, keep commercial characteristics for 10 days.

S02.440
Apples in the Southern Brazil - Effect of Cultivars 
and Clones on Fruit Quality

Girardi, C. L.; Fioravanco, J. C.; Czermainski, A. B.; 
Oliveira, P. R.
Embrapa Uva e Vinho, Rua Livramento, 515 -CxP 130, Conceição -Embrapa, 95 700-000, Bento Goncalves, 
Rs, Brazil

The apple Brazilian production has the challenge of finding cultivars more adapted 
to the particular geographic condition of the Southern part of Brazil. With the pre-
diction of global warming it becomes very important to evaluate the performance 
of new genetic material – including plant/rootstock combination – under different 
climates and soil condition. This study aim to compare the fruit color, firmness 
and chemical composition of 2 cultivars and 10 clones of apple, grafted on M9 and 
Maruba rootstocks, the latter with M9 as interstem. Fruit of cultivars Pink Lady 
and Daiane and clones of Gala (MaxiGala, Gala Real, Galaxy, Royal Gala, Imperial 
Gala and Baigent) and Fuji (Fuji Suprema, Fuji Select, Fuji Precoce and Mishima), 
were harvested in orchards of the Experimental Station of Embrapa Grape and 
Wine, located in Vacaria/State of Rio Grande do Sul (latitude 28º30’48’’; longitude 
50º52’56’’, altitude 968m). Fruits were harvested from plants of 2 and 3 years old 
(in 2007/08 and 2008/09) and evaluated for starch (scale from 1 to 5), titratable 
acidity (Cmol/L), Soluble Solids (ºBrix), firmness of mesocarp (N) , skin color (L*, 
a*, b*, C*, h*) and fruit size. The results showed a significant effect (P < 0.01) of year 
on the analyzed variables. There was only one significant effect caused by rootstock: 
M9 caused an increase on fruit diameter (P < 0.05). It was also observed an increase 
in fruit firmness of plants grafted on Maruba rootstock with M9 interstem this re-
sult, however, needs to be confirmed in further studies. Other quality variables were 
not influenced either by rootstocks, cultivar/clone, or interaction of these factors.

S02.441
Estimation of Soluble Solids Content  
and Firmness in Apple (Golden cv.)  
by NIR Absorbance Indices

Lafuente, V.1; Val, J.2; Ruiz, A.1; Oria, J.1; Negueruela, A. I.1
1Zaragoza University, Miguel Servet 177, 50013-Zaragoza, Spain 
2Estación Experimental de Aula dei (CSIC). Avda Montañana 1005, 50059-Zaragoza, Spain

The objective of this study was to evaluate in Smoothee Golden Delicious apples, 
the use of NIR spectroscopy as a non-destructive method to estimate some quality 
parameters during the ripening process of fruits. In this experiment, 225 apples were 
collected from an experimental orchard of the Estación Experimental de Aula Dei 
(CSIC) in Zaragoza (Northeastern, Spain). Absorbance NIR (305-1145nm) were 
recorded from samples picked up every 15 days during 7 months until harvest. In 
the same fruits, soluble solids contents (SSC) and firmness were measured by tradi-
tional destructive methods. MLR and PLS calibration methods were used to create 
the statistical model to predict SSC and firmness. Good results were obtained when 
PLS calibration was applied to the whole spectrum. However, as a novelty, when 
the same procedure was applied using solely three absorbance indices A670/A785, 
A670/A980 and A785/A980 instead the whole spectrum In this case, the correlation 
coefficient improved significantly. The R2 values were 0.97 for firmness and 0.84 for 
SSC, which are higher than other reported in the literature for the same commodity. 
On the other hand, when MLR calibration models were applied, the estimations of 
these parameters were less accurate than when the PLS method was used.

S02.442
Determination of SO2 Residue Levels of Some 
Table Grape Varieties during Storage

Soylemezoglu, G.1; Tozlu, C.2
1Ankara University Faculty of Agriclture Department of Horticulture Department of Horticulture, 
Diskapi, 06110, Ankara, Turkey
2Alara Fidan Uretim ve Pazarlama San. Ve Tic. Ltd. Sti., Cukurca (Izvat) Köyü Botanik Parkı Altı Osmangazi  
Bursa, Turkey

This research was carried out at laboratory of post harvest physiology and cold 
rooms of the Department of Horticulture, faculty of Agriculture, university of 
Ankara. The aim of the research was to determine of SO2 residue Revels of some 
table grape varieties during storage. Sultani Çekirdeksiz cvs. was harvested from 
Manisa region and Müşküle cvs. was harvested from İznik region and transported 
to Ankara. Grapes were precooled and grape guard pad placed on the grapes then 
packed. They were stored at 0 ºC and 85-90%R.H. conditions. The experiments 
are conducted in “Randomize plot design” and parameters like the appearance, fla-
vour, total soluble solid content, titretable acidity, SO2 value, decay rate and weight 
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losses were measured fifteen days intervals during storage period. As a result, of two 
years experiments, residue level of SO2 has not been higher than maximum level 10 
mg/L during storage in Sultani Çekirdeksiz cvs. and it has been stored successfully 
for 90 days. However Müşküle cv. has been stored successfully for 90 days. 

S02.443
Image Based Apple Quality Estimation  
at Harvest Time

Barna, K.1; Olivier, L.1; Pierre, V.2; Gilbert, G.1
1ENITA Bordeaux, 1. Cours du Géneral de Gaulle, 33170, Gradignan, France
2CTIFL Lanxade, France

This paper presents a new method for automatic estimation of the quality of fruits 
at harvest-time: Pixfel©. The early knowledge of apple quality level is a mandatory 
tool for marketing and sale management allowing to anticipate the trade planning 
and to increase the farmer income. The affordable price of digital cameras enabled 
us to propose an automated system of quality prevision management for the profes-
sionals which works without disturbing the current infrastructure. Pixfel© allows 
an automatic early estimation of apple quality including grade, coloration and ma-
jor surface defects such as russeting, bitter pit, soft scald, decay... At the entrance of 
the cold storage facility, each bulk shipping bin is photographed, and then the fruits 
visible on the top are segmented to determine the diameter and surface coloration 
for each individual fruit. The results are then introduced in a centralized database 
for statistical analysis. Finally, using Pixfel© allows to replace the early estimation 
of the quality of fruits usually manually operated by sampling. The proposed tool 
has been tested since the 2004 harvest, and the results provided by the image analy-
sis algorithm has been validated using exhaustive measurements operated on the 
batches of fruits. The commercial testing begun in 2007 at SCICA Castang, the 
most important apple grower in France, and the final product was released in 2009.

S02.444
The Chemical, Physical and Mechanical 
Properties in Storage Period Organic  
and Conventional of Kiwifruits

Islam, A.1; Cangi, R.2; Kaya, C.2; Altuntas, E.2; Yildiz, A.1
1Ordu University, Faculty of Agriculture, Department of Horticulture, 52200, Ordu, Turkey
2Gaziosmanpaşa University, Faculty of Agriculture, Tokat, Turkey

This study was carried out to determine the chemical, physical and mechanical 
in storage period of organic and conventional kiwifruits. Kiwifruits were storaged 
during four months. Measurements were made three periods (postharvest, second 
and fourth months of storaged fruits). The chemical properties such as the total 
soluble solid content, titratable acidity, pH, total phenolic, total antioxidant activ-
ity, total sugar and organic acid, physical properties such as length, width, thick-
ness, geometric mean diameter, sphericity, surface area, mass, fruit density, bulk 
density, porosity, static coefficient of friction, colour characteristics (L, a, b) and 
mechanical characteristics namely skin and flesh firmness were determined for ki-
wifruit cv. Hayward. The changes of chemical, physical and mechanical properties 
were obtained according to the measurement periods. 

S02.445
Changes in Water Status in ‘Camarosa’ 
Strawberries Associated with Storage  
at Low Temperature and High CO2

Blanch, M.; Sanchez-Ballesta, M. T.; Escribano, M. I.; 
Merodio, C.
Instituto del FRIO-ICTAN (CSIC), Jose Antonio Novais 10, 28040-Madrid, Spain

Despite the essential role of water in fruits there is still little information about 
changes in water status during their postharvest storage. Moreover, the water status 
(the distribution of free and bound water) also differs between fruits of equal water 
content. This work puts forward the possibility that the storage of strawberries under 
different storage conditions could be associated with changes in the amount of some 

specific water fractions. Due to the suitability of differential scanning calorimetry 
(DSC) for monitoring water status in fruits, we applied this technique to determine 
the water status of strawberries exposed to low temperature and high CO2 levels. We 
examined the changes in the amount of unfreezable water fraction (UFW) at 0 ºC for 
10 days in strawberries stored in air or pretreated with 20% CO2 for 3 days and then 
transferred to air for a further 7 days. As part of our integrated approach to water state 
analysis we determined the evolution of compatible solutes. Quality parameters such 
as colour, taste and polyphenol content have also been analyzed. Our results indicate 
that storage at 0 ºC was associated with a significant decrease in UFW content in un-
treated strawberries by the third day of storage at 0 ºC. In contrast, the UFW content 
in strawberries at the end of the 3-day CO2 treatment did not change. This effect of 
short-term high CO2 treatment on water status could be especially useful in strawber-
ries that exhibit a high susceptibility to water loss during postharvest storage. The abil-
ity of CO2-treated strawberries to prevent the decrease in UFW content is discussed. 

S02.446
Defining the Suitable Cold Storage Temperature 
for Persimmon cv. Karaj

Khademi, O.; Zamani, Z.; Mostofi, Y.; Adib, J. N.
University of Tehran, Department of Horticulture Science, Faculty of Agriculture, Daneshkadeh 
Avenue, P.O. Box: 4111, 31587-77871, Karaj, Tehran, Islamic Republic of Iran

Each fruit cultivar needs specific storage temperature for suitable postharvest life with-
out chilling injury. No sufficient information about suitable storage temperature for 
Iranian persimmon (cv. Karaj) is available and the aim of this study was to determine 
the best storage temperature for this persimmon cultivar. The fruits were harvested at 
mature stage and maintained at different storage temperatures of 0, 2 and 5 ºC at > 
80% RH. In persimmon fruit, browning, gel formation and softening are chilling in-
jury symptoms. Fruit traits as well as quality factors were determined during storage 
period by collecting data at monthly intervals for 4 months. Results showed that fruits 
at 0 ºC had highest firmness with no gel formation and external or internal browning. 
Also fungal incidence at 0 ºC was less than that at 2 º and 5 ºC. There was no significant 
difference among fruits for TSS, TA and color index at different temperatures. There-
fore considering the high fruit quality with low fungal incidence and without chilling 
injury symptoms, 0 ºC is the best cold storage temperature for ‘Karaj’ persimmon fruit.

S02.448
Effects of Silver Nanoparticles and Sucrose on 
Gerbera jamesonii cv. ‘Deep Purple’ Cut Flowers

Solgi, M.1; Kafi, M.2; Taghavi, T. S.2; Naderi, R.2; Eyre, J.3; 
Joyce, D.3
1Arak University, Department of Horticultural Science, Faculty of Agriculture and Natural Resources, 
University of Arak, Arak, Iran, +98, Arak, Markazi, Islamic Republic of Iran
2Department of Horticultural Science, Faculty of Agricultural Sciences and Engineering, University 
College of Agriculture and Natural Resources, University of Tehran, Karaj, Islamic Republic of Iran
3The University of Queensland, Centre For Native Floriculture, School of Land, Crop and Food Sciences, 
Gatton, Queensland, 4343, Australia 

Gerbera (Gerbera jamesonii) vase life is most often terminated by stem bending or 
breaking and petal wilting. Maintenance of a positive water balance is important 
for this cut flower. Effects of vase solutions containing 1 mg×L-1 silver nanopar-
ticles (SNP) with or without 6 % sucrose on gerbera cv. ‘Deep Purple’ vase life, 
relative fresh weight, relative solution uptake, stem bending or breaking, stem end 
discolouration and ethylene production by petals, stem ends and stem necks were 
evaluated. The combination of SNP plus 6 % sucrose increased vase life by 8 days 
compared with the deionised water control. This treatment maintained relative 
fresh weight above 1.0 g g-1 initial fresh weight for 18 days compared to only 4 
days for the control. Petal wilting and stem break were decreased by SNP plus 6 % 
sucrose compared to the control. Stem breakage was most frequently recorded for 
control and SNP treatments. SNP plus 6 % sucrose treatment enhanced ethylene 
production by petals, stem ends and stem necks during vase life. However, there 
were no obvious adverse effects of this increased ethylene on vase life parameters. 
Ethylene production in control and SNP treatments increased sharply upon stem 
breakage. Overall, results suggest that 1 mg×L-1 SNP plus 6 % sucrose has com-
mercial potential as a vase solution for cut gerbera flowers.
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S02.449
Magnetic Resonance Imaging  
for Kiwifruit Quality Evaluation:  
Shelf-Life and PGR Detection

Taglienti, A.; Marconi, S.; Cafiero, C.; Cozzolino, S.; 
Ritota, M.; Sequi, P.; Valentini, M.
Agricultural Research Council, Research Centre for Soil-Plant System, Instrumental Centre of Tor 
Mancina, Strada della Neve Km.1, 00015, Monterotondo, Roma, Italy

Magnetic Resonance Imaging (MRI) is a technique known predominantly for 
its medical and diagnostic applications, and is capable of producing non inva-
sively high quality images of any internal volume or section of the considered 
sample. MRI has been widely applied in food science in the last decade, mostly 
for studying fruits and vegetables. Several papers are present in literature, main-
ly concerning the determination of the internal morphology, the evolution of 
tissues during post-harvest ripening/storage, and the evaluation of the overall 
quality by measuring quality related parameters. Kiwifruit has been extensively 
studied; we have recently considered the variation of the internal structure, and 
thus the quality, as a function of the post-harvest storage conditions, i.e. tem-
perature and atmosphere, for cv. Hayward and for new varieties, which might 
be appealing for the market in the next future. We have also considered the 
effects of plant growth regulators (PGR) on the shelf-life, and we have observed 
that MRI is capable of distinguishing kiwifruits treated with PGR from those 
non treated, as well as of discriminating the specific PGR used. Comparison of 
T2-weighted MRI images of untreated and treated (with two different PGRs, 
i.e. auxin and cytoquinine) samples showed that the use of PGR can be de-
termined, both at harvesting and commercialization step, with a precision of 
100%. MRI images revealed large differences in terms of tissues’ organization 
of the external part, with water arrangement and cellular wateriness playing 
a fundamental role. We observed that T2-weighted MRI images of untreated 
kiwifruits are characterised by four regular concentric spherical crowns. Auxin-
treated samples showed several 2-3 mm thick channels dark in colour, while 
T2-weighted MRI images of cytoquinine-treated kiwifruits have darker stains 
in the outer zones.

S02.450
Leaf Treatments to Improve Postharvest  
Quality in Cut Flower Species

Prisa, D.; Burchi, G.
CRA-VIV, Via dei Fiori 8, 51012 Pescia (PT), Italy

The quality characteristics of cut flower species are influenced by environmental 
factors such as temperature and solar radiation, which depend on the growing sea-
son. During the winter or the summer it is often difficult to obtain a high quality 
product. In cut flower species like chrysanthemum, gerbera and lilies, the main 
problems are: reduction of the stem diameter and height, flower size, low intensity 
of flower color, high flower abortion, low flower longevity. These problems can be 
attributable to a reduced photosynthetic activity and to the consequent reduced 
availability of energy resources necessary to complete the development of the plant 
and of the flowers. The use of easily available products, such as sugars (sucrose, 
glucose, fructose), salts (K2SO4, H2PO4), antioxidant compounds (malonic acid, 
vitamin C, citric acid), carried out 20 to 10 days before harvesting, was evaluated 
with the aim to improve flower quality. In lilies, the leaf treatments determined a 
significant increase of stem height and diameter, bud and leaves length, flower color 
and longevity, and a reduction of flower abortion. In gerbera and chrysanthemum, 
the results showed a significant increase of the stem height and diameter and of 
flower size following leaf treatments. The trials also showed that the use of these 
compounds can increase the longevity of the flowers and retard the bending of the 
stems, that is the main problem in the vase life of gerbera. These results demon-
strated that the use of simple and easily available compounds can guarantee the 
production of high-quality flowers, even in unfavourable environmental conditions 
for ornamental species production. 

S02.451
Investigation of Sugar and Acid Contents in 
Bamboo Shoots during Storage under Modified 
Atmosphere Packaging (MAP) Condition

Thammawong, M.1; Nei, D.1; Roy, P.1; Nakamura, N.1; 
Inoue, Y.2; Hamachi, H.3; Nonaka, S.4; Shiina, T.1
1National Food Research Institute, National Agriculture and Food Research Organization, 2-1-12 
Kannondai, Tsukuba, Ibaraki, 305-8642 Japan
2Yamaguchi Prefectural Forestry Guidance Institute, 1768-1 Miyanokami, Yamaguchi City, 753-0001 Japan
3Fukuoka Forest Research and Extension Center, 1438-2 Toyoda, Yamamotomachi, Kurume, Fukuoka, 
839-0827 Japan
4Fukuoka Special Forest Product Promotion Association, 3-10-25 Tenjin, Chuouku, Fukuoka, 810-0001 Japan

Sugar and total oxalic acid contents in bamboo shoots, with or without application 
of the modified atmosphere packaging (MAP), were investigated during storage at 
5 ºC and 25 ºC. The accumulations of sugar content were different among sections 
along the length of bamboo shoot (apical, middle, and basal). In all treatments of 
three different harvest crops, the content of sucrose was highly observed at the api-
cal section. Meanwhile, glucose and fructose contents among the sections changed 
slightly. The results also indicated that the predominant sugar accumulation was 
observed in contents of sucrose and total sugar of MAP treatment stored at 25 ºC. 
Additionally, during storage, there was no significant change of total oxalic acid con-
tent in all tissues of MAP treatment. The results clearly suggested that the character-
istics of sugar accumulation along the length of bamboo shoot, depending on their 
specific tissue sections. Moreover, the application of MAP influenced the changes 
of postharvest cellular metabolism of bamboo shoot, since it significantly induced 
the accumulation of sugars and maintained content of oxalic acid during storage.

S02.452
Functional and Physico-Chemical Characteristics 
in Brazilian and Chinese Cultivars of Fresh and 
Freeze-Dried Garlics

Mattos, L.M.; Silva, E.Y.Y.; Moretti, C.L.
Embrapa Hortaliças, C.P-218, 70359-970 Brasília, DF, Brasil

Garlic is considered a medicinal plant and its health benefits are attributed to or-
ganosulfur compounds, particularly the thiosulfinates. The objective of this study 
was to evaluate the physico-chemical (moisture content, soluble solids, acidity and 
pH) and functional (allicin content, antioxidant activity by the ß-carotene/linoleic 
acid and total phenolic compounds) characteristics of fresh and processed (freeze-
dried) garlics. The experimental used Brazilian (Peruano and Caçador) and Chinese 
(Jinxiang) cultivars in a completely randomized design with three replications. The 
results showed no significant differences in moisture, soluble solids and pH for all 
fresh garlic cultivars studied. There were significant differences in the acidity con-
tent, with Peruano cultivar showing the highest acidity. No significant was observed 
in allicin content, but differences were noted in antioxidant activity and phenolic 
compounds. Peruano cultivar showed smaller antioxidant potential in relation to 
Caçador and Jinxiang cultivars. Freeze-dried garlic showed significant differences in 
functional compounds evaluated. Jinxiang cultivar had less allicin content and an-
tioxidant activity. Freeze-drying caused significant losses in the level of allicin con-
tent in the Jinxiang cultivar (91%), in antioxidant activity in the Jinxiang (66%), 
Caçador (53%) and Peruano (30%) cultivars, and in the content of total phenolic 
compounds in Caçador (46%) and Jinxiang (40%) cultivars. Overall the Brazilian 
cultivars showed higher levels of functional properties than the Chinese cultivars. 

S02.453
Varietal Responses of Zucchini Squash Fruit  
to Storage Temperature

Carvajal, F.1; Martínez, C.2; Jamilena, M.2; Valenzuela, J. L.2; 
Garrido, D.1
1Department of Plant Physiology. University of Granada, Fuentenueva s/n, 18001, Granada, Spain
2Department of Applied Biology. Escuela Politécnica Superior. University of Almería. 04120 Almería, Spain

Postharvest loss of commercial value is a negative trait affecting zucchini fruit quality. 
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After harvesting and during fruit storage, zucchini fruits are susceptible to chilling 
injuries and fruit deterioration by softening. Since the real commercial value for this 
crop in Almería depends on its export to Europe, it becomes very important the use 
of techniques to improve fruit shelf-life. A total of 5 different commercial varieties of 
zucchini squash fruits growing in greenhouses in Almería (Spain) have been analyzed 
for commercial life, including tolerance to chilling storage. Ten fruits of each variety 
were used for each treatment. They were stored in climate chambers with controlled 
relative humidity, at three different temperatures: 4, 12 and 20 ºC. One analysis 
was performed after 7 days of storage and other after 14 days. In order to compare 
varieties and to select the best adapted to postharvest storage and temperature, several 
parameters related to quality have been analysed: water loss, chilling damage (ap-
pearance of pits in the fruit peel), and firmness. Symptoms of chilling injury can be 
the consequence of oxidative stress resulted from excess reactive oxygen species that 
induce peroxidation and breakdown of fatty acids in membrane lipids. Malonyldih-
aldehyde (MDA) content was measured in order to detect differences in peroxidation 
levels among fruits from the 5 zucchini varieties used in this work. The oxygen radical 
scavenging activities catalase (CAT) and guaiacol peroxidase (GPX) have been also 
measured in the different varieties, as indicative of stress resistance. We have been able 
to detect one variety that retains better fruit quality after storage time and low tem-
peratures, and which shows a good correlation between storage resistance, low MDA 
levels and CAT and GPX activities. The results will be discussed in this presentation.

S02.454
Acoustic Resonance Analysis for Quality 
Characterization of Fruits and Vegetables

Geyer, M.; Foerster, J.; Herppich, W.
Leibniz Institute for Agricultural Engineering Potsdam Bornim, Max Eyth Allee 100, 14469, Potsdam, 
Germany

Acoustic resonance analysis is a method which has been successfully implemented 
in various industries for non-destructive on-line quality assessment of different ma-
terials such as roof tiles or gear blocks. The current investigation aims to adapt 
this method for non-destructive quality assessment of fresh fruits defects such as 
mealiness in apples and peaches, and woody and especially hollow asparagus spears. 
Preliminary studies indicated the problem that the wide span of geometric variation 
of fruit and vegetables impair measurements, resulting in a lack of the typical im-
pulse response characteristic known for metal or ceramic devices under test. Hence, 
it is advantageous to look into time domain variations and to use specific models. 
Therefore the asparagus spears as well as the fruit have been impacted repeatable 
with a specific clapper. The mechanic vibration in the structure or in the ambient 
air are measured touching or contactless, converted into electric signals, filtered, 
amplified and fitted to the following data processing line. In a second step the data 
were extracted and classified with the software SR20 AT (RTE, Pfinztal, Germany) 
to generate produce state specific “finger prints”. Data obtained on the specific 
produce have all been calibrated by established organoleptic methods, by rating, 
and by instron-type machine application. 

S02.455
Fruit Peduncles as an Indicator for Postharvest 
Freshness of Sweet Cherries

Linke, M.; Werner, H.; Geyer, M.
Leibniz Institute For Agricultural Engineering Potsdam Bornim, Max Eyth Allee 100, 14469, Potsdam, 
Germany

Sweet cherries shelf life is always very limited even if fruit are stored under optimal 
conditions. Especially peduncle browning and their dehydration may indicate ini-
tial quality changes. Hence, subjectively graded changes in peduncle appearance 
are often used to evaluate the decline in fruit freshness. The presented investigation 
denotes means to objectively determine the properties of fruit peduncles and evalu-
ates their applicability as indictors of fruit freshness. Changes in colour and structure 
(shrinkage, bending, ...) of fruit peduncles, initially green and turgescent at harvest, 
mainly result from variations in water status and degradation of pigments (chloro-
phylls). Selected components of water status and chlorophyll fluorescence param-
eters were determined to objectively characterize cherry fruit peduncle properties. 

The results show that peduncle discoloration is a helpful indicator of losses of fresh-
ness in sweet cherries. Colour changes were initially mainly due to water losses. Tem-
perature dependent metabolic processes affect colour only after prolonged storage.

S02.456
Skin Colour Changes in Fruits of Two Sweet 
Cherry Cultivars, its Heterogeneity  
and Relationship with Quality Indices

Yommi, A.1; Fernandez, V.2; Guerra, N.1; Cendoya, G.2; 
Quillehauquy, V.1
1Instituto Nacional de Tecnologia Agropecuaria, EEA INTA Balcarce, Cc 276, 7620, Balcarce, Argentina
2Facultad de Ciencias Agrarias, UNMDP. Cc 276. 7620. Balcarce. Argentina

Sweet cherries (Prunus avium L.) are non-climacteric fruit, so must be harvested 
once they complete colour, soluble solids content and firmness changes associated 
with maturity. Colour of the fruit skin is a maturity index used to decide the harvest 
time, optimum colour depends on cultivar. The aim of this work was study the 
amount of fruits colours (heterogeneity) in a plant, the relationship between qual-
ity and colour and validates the colour as a harvest index in two cultivars. Fruits 
of Lapins cultivar were harvested from 9th to 12th weeks after blooming (WAB), 
and from 10th to 13th WAB, for the Sweetheart cultivar. At each sampling time, all 
fruits of a tree were collected. Proportion of fruit in each colour class (from 1 to 8, 
from green to mahogany) in relation to total fruit per tree was calculated. For each 
colour, b* (CIELAB* colour space), firmness (Durofel® units), total soluble solids 
content (%TSS) and titratable acidity (%TA) were measured. Heterogeneity of 
fruits maturity of each plant was calculated using b*. Cultivars differed on hetero-
geneity only in the first sampling time, being higher for Lapins. The b* correlated 
with firmness (r=0.84 and r=0.28, for Lapins and Sweetheart, respectively) and 
%TSS (r=-0.92 and r=-0.90, for Lapins and Sweetheart, respectively). Regardless 
sampling time, Lapins reached similar %TSS when fruit developed a similar colour, 
while harvest date showed influence in the %TSS reached in advanced maturity 
stages of Sweetheart (colours 7 y 8). Also, the firmness of each class of colour dif-
fered with the harvest date, mainly in Lapins. The %TSS increased from 8.4 to 20 
(colour 1 to 8) in Lapins and from 12% to 22%, in Sweetheart (colour 3 to 8). TA 
did not show a clear behaviour during maturity. Colour could predict %TSS in 
both cultivars and firmness, in Lapins. 

S02.457
Evaluation of Floral Longevity in Rose cv. Charlotte 
Grown on Substrates with Drainage Recycling

Rodríguez-Morales, A. A.; Villarreal-España, J. D.; 
Flórez-Roncancio, V. J.
National University of Colombia, A.A. 14490, 11001000, Bogotá, Cundinamarca, Colombia

Rose productivity and quality progress have led to an increase in the area of this 
crop’s cultivated land planted in substrates. However, one of the problems derived 
from these systems has to do with the production of leaching that cause a negative 
impact on the environment. The objective of the present study was to evaluate the 
impact of water drainage recycling systems on longevity of cut rose as cultivated 
on different substrates. The plants, grafted on Natal Brier rootstocks were culti-
vated at a 6.5 plant/m2 density, under unheated plastic greenhouse conditions at 
SENA (Centro de Biotecnología Agropecuaria). The substrates used were 100% 
burned rice husk, 65% burned rice husk – 35% coconut fiber, and 35% burned 
rice husk – 65% coconut fiber; and the recirculation percentages were 0%, 50% 
and 100%. A completely randomized split-plot design with three replications was 
applied. The main plots corresponded to the recirculation percentages, the sub-
plots to the substrates, and the experimental unit to the 12m2 bed (15m x 0.8m). 
Additionally, treatments consisting in only soil and 100% coconut fiber were also 
included. In the postharvest laboratory of the Faculty of Agronomy of National 
University of Colombia, Bogotá campus, the following parameters were measured: 
dry mass of the flowering stems organs at the moment of harvest, flower opening 
grade point average, ¨bent-neck¨, petal blueing, incidence of diseases and vase life 
(days). Ranging between 7 and 9 days, floral longevity of variety Charlotte did 
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not show significant differences between the evaluated treatments, and neither did 
flower opening Grade Point Average. During the evaluation, the factors causing 
flower stem discarding were: flower blueing, followed by ¨bent-neck¨, botrytis, mil-
dew and no flower opening.

S02.458
Detection of Mealiness in Tomato  
by Textural Analysis

Jaren, C.1, Arazuri, S.1; Arana, I.1; Arias, N.1; Riga, P.2; 
Epalza, B.2
1Universidad Publica de Navarra, Campus Arrosadia, 31006, Pamplona, Navarra, Spain
2Neiker-Tecnalia, Parque Tecnológico de Zamudio. 48160, Derio, Bizkaia, Spain

Mealiness is a frequent texture defect in tomato. Currently, this sensory descriptor 
is not measured by instruments, and it is often described as the result of a defect 
in the adhesion and rigidity of the cell walls. Consumer detects lack of juiciness 
and flavor and sandy consistency. In this work, two different tomato cultivars (Op-
tima and Jack) were tested in order to determine the influence of the variety in the 
development of the mealiness. As the stage of maturity is another main factor of 
influence, tomatoes of those varieties were collected over several weeks during the 
production period. The Texture Analyser TA-XT2 of Stable Micro System was used 
to perform mechanical test. A confined compression test was performed on tomato 
flesh cylinders that were confined in a special device on drying paper. The texture 
analyzer pushed the load cylinder until a maximum deformation of the tomato flesh 
cylinder of 5 mm was reached. As the cylinder was compressed, an amount of juice 
came off and was gathered in drying paper. The area stained (cm2) by the juice was 
calculated by an image analyzer as a measure of the tomato juiciness. We also mea-
sured and recorded another variables such as maximum confined compression force 
(N) or distance to maximum load force (mm). In addition, solid soluble content 
(ºBrix), colour (CieLab) and sensory analyses were carried out to detect mealiness. 
As a conclusion, differences between the two varieties were observed. Obtained 
data didn’t show any correlation between juiciness measured as area stained and 
sensory mealiness, but was possible to classify the fruits in order to identify the best 
tomatoes for the market.

S02.459
Effect of Differents Treatments of Pulsing 
on Vase Life of Inflorescences of Oncidium 
varicosum ‘Samurai’

Mattiuz, C. F. M.1; Mattiuz, B. H.2; Pietro, J. D.2; Rodrigues, 
T. J. D.2
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Departamento de Tecnologia, Via de Acesso Prof. Paulo Donato Castellane, 14.884-900, Jaboticabal, 
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2Faculdade de Ciências Agrárias e Veterinárias, UNESP - Univ Estadual Paulista, Câmpus de Jaboticabal, 
Departamento de Biologia, Via de Acesso Prof. Paulo Donato Castellane. 14884-900, Jaboticabal, Sp, 
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Oncidium varicosum is a species with large occurrence in South America. It pro-
duces yellow flowers, commonly named golden shower, ballet dancer and Anita’s 
flower. The objectives of postharvest physiology of flowers are to study the fac-
tors related to quality loss of cut flowers and it is related to several physiologi-
cal processes and with the interactions between the floral components and with 
qualitative factors. In this context this research had as finality to study physiologi-
cal aspects of postharvest physiology of cut inflorescences of Oncidium varicosum 
‘Samurai’ after treatment with pulsing solutions containing silver salts, 8-HQC 
and sucrose. It was observed reduction of the relative water content of Oncidium 
flowers treated with pulsing of STS (2mM). The contents of soluble carbohydrates 
and reducing sugars decreased, being the higher contents measured in flowers 
treated with STS (2mM). All parameters related with flower coloration reduced in 
all treatments. Similar results was obtained for carotenoids contents except with 
STS (2mM) which differed significantly from the order treatments at the 8th and 
12th of vase life. The inflorescences longevity varied from 12 days (distilled water) 
to 15 days (STS 2Mm).

S02.460
Natural Products Utilization to Preserve 
Postharvest of ‘Vega’ Cut Roses

Pietro, J. D.1; Mattiuz, B. H.1; Mattiuz, C. F. M.1; Rodrigues, T. J. D.2
1Faculdade de Ciências Agrárias e Veterinárias, UNESP - Univ Estadual Paulista, Câmpus de Jaboticabal, 
Departamento de Tecnologia, Via de Acesso Prof. Paulo Donato Castellane, 14.884-900, Jaboticabal, 
São Paulo, Brazil
2Faculdade de Ciências Agrárias e Veterinárias, UNESP - Univ Estadual Paulista, Câmpus de Jaboticabal, 
Departamento de Biologia, Via de Acesso Prof. Paulo Donato Castellane. 14884-900, Jaboticabal, Sp, 
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Use of natural products like floral preservative has contributed to reduce indiscrimi-
nate use of chemical products. Therefore, this research tested solutions to keep qual-
ity and to increase commercial durability of ‘Vega’ cut roses. It was used a casual 
design in a factorial schema composed by six post harvest treatments and four evalu-
ation dates. The following treatments were conducted: 1) Distilled water; 2) Metil 
jasmonate (350 µM) application in pulsing form for four hours; 3) Methyl jasmonate 
(500 µM) spraying; 4) Mint oil (100 ppm); 5) Ginger oil (100 ppm); and 6) Propo-
lis (0.05%) used as a maintenance solution. Flowers stayed in an environment at 
20±2 ºC and 67±3% RH. Physiological and qualitative evaluations were conducted. 
Natural products presented a beneficial action over the shelf life of flowers. How-
ever, methyl jasmonate spraying was, in all evaluated parameters, the most efficient 
product to maintain floral quality, providing a lower fresh mass loss and a lower 
respiratory rate of flowers. It also permitted improvement in coloration maintenance, 
water relative content and reducing sugars, what led to a shelf life extension of roses.

S02.461
Effects of Natural and Induced Parthenocarpy on 
Ethylene Production and Postharvest Quality of 
Zucchini Fruits

Martínez, C.1; Manzano, S.1; Megías, Z.1; Carvajal, F.2; 
Rubio, A.1; Garrido, D.2; Valenzuela, J. L.1; Jamilena, M.1
1University of Almería, Department of Applied Biology, Escuela Politécnica Superior, 04120 Almería, Spain
2University of Granada, Department of Plant Physiology, Faculty of Sciences, 18001 Granada, Spain

The current production of zucchini squash in Almería (Spain) greenhouses requires 
of the induction of parthenocarpy by using treatments with synthetic auxins. 
Therefore there is great interest in developing varieties of zucchini with natural 
parthenocarpy. We have identified a number of commercial and local varieties in 
which non-pollinated fruits develop and reach a marketable size without hormone 
treatments. In this communication we present data concerning the effect of par-
thenocarpy in different fruit postharvest quality parameters, including ethylene 
production, weight loss, firmness, and chilling injury, in the commercial hybrids 
Cora, Argo, Natura and Elena. Pollinated and non-pollinated fruits from control 
and auxin treated plants were stored at 4 and 20 ºC for 7 and 14 days in climate 
chambers with controlled relative humidity. Ethylene production is induced in all 
the fruits after storage at 4 ºC for 7 days, but decreased significantly after14 days of 
storage at the same temperature. Nevertheless, when fruits were conserved at 20 ºC, 
the evolution of ethylene remained constant throughout storage. The quality and 
commercial life of the fruit, as well as the chilling injury were very dependent on 
the genotype, but also affected by pollination and the storage temperature regime. 

S02.462
Sensory Evaluation of New ACW Apricot Hybrids 
and Different Clones of ´Luizet´ Compared with 
International Cultivars

Christen, D.1; Rossier, J.2; Nicollier, G.3; Rey-Siggen, J.3; 
Morin-Audebrand, L.3
1Research Station Agroscope Changins-Wädenswil ACW, Centre de Recherche Conthey, Route des 
Vergers 18, 1964, Conthey, Switzerland
2Office Cantonal d’Arboriculture, CP 437, 1951 Sion, Switzerland, 
3HES-SO Valais, Institute of Life Technologies, Route du Rawyl 64, 1950 Sion, Switzerland

´Luizet´ was until 1995 the main apricot cultivar produced in Valais, Switzerland. 
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Despite its excellent internal quality, this cultivar is characterized by a rapid post-
harvest evolution that correspond no more to the actual commercial quality re-
quirements. Consequently, 60% of the Swiss orchard was renewed, mainly with 
international cultivars and in a near future with hybrids originated from the ACW 
breeding program. Therefore, in the last two decades, the apricots consumption in 
Switzerland changed from a monovarietal to a multivarietal situation with a large 
range of taste and visual quality. The aim of this project was to evaluate the sensory 
characteristics of new ACW apricot hybrids and of different clones of ´Luizet´ 
and to compare them with the sensory quality of international cultivars. A panel 
was trained and a list of 11 descriptors was chosen. These descriptors were well-
adapted to discriminate the different cultivars. A sensory profile was established for 
each tested cultivars and correlated with physicochemical traits of the fruits, like 
colour, firmness, titratable acidity and solid soluble content. A Principal Compo-
nent Analysis (PCA) revealed high relations between the descriptors and the first 
PCA-axe, describing a ripening-axe. Based on this sensory analysis, the commercial 
potentiality of new ACW hybrids and the choice of the best qualitative ´Luizet´ 
clone are discussed.

S02.463
Postharvest Storage Systems Affect 
Phytochemical Content and Quality  
of Traditional Portuguese Onion Cultivars

Rodrigues, A. S.1; Almeida, D. P. F.2; García-Falcón, M. S.3; 
Simal-Gándara, J.3; Pérez-Gregorio, M. R.3
1Escola Superior Agrária, Instituto Politécnico de Viana do Castelo, Mosteiro de Refoios, Refoios do 
Lima, 4990-706, Ponte de Lima, Portugal
2Faculdade de Ciencias, Universidade do Porto, Rua do Campo Alegre, 823, 4150-180 Porto, Portugal
3Faculty of Food Science and Technology, Ourense Campus, University of Vigo, E-32004 Ourense, Spain

Onion (Allium cepa) cultivars are generally classified based on color, pungency 
and use and differ widely in their keeping quality. In addition to sensory char-
acteristics, consumers value the nutritional and health effects, particularly the 
antioxidants potential of this vegetable. In the traditional onion growing region 
of Póvoa de Varzim, Northwestern Portugal, landrace cultivars are harvest in July 
and stored in traditional non-refrigerated clamps in the field for up to 5 (white 
onion) or 7 months (red onion).The aim of this work was to assess the effect 
of two post-harvest systems, refrigerated storage at 2 ºC and traditional non-
refrigerated clamps, on phytochemicals and physic-chemical quality of two Por-
tuguese landrace cultivars of onions (‘Branca da Póvoa’ and ‘Vermelha da Póvoa’). 
Flavonoid composition, dry weight, pH, soluble solids content (SSC), pungency 
and firmness were measured at harvest and following 3 and 6 months in storage. 
The red onion was more pungent and had higher dry matter, SSC, and about 
twice total flavonol levels than the white cultivar. Results from two consecutive 
years in 2004 and 2005 showed that pH and pungency increased during stor-
age, at a higher rate in the refrigerated system. Flavonols also increased signifi-
cantly during storage in both cultivars. In contrast, SSC, and firmness tended 
to decrease. Red onion stored in field clamps reached higher levels of flavonols 
(64% maximum, at 6-months of storage in 2004) than refrigerated onions (40% 
maximum). In white onions the flavonol increase was also higher in field storage 
(60% increase, at 5-months of storage in 2005). These results suggest that storage 
at fluctuating ambient temperatures can positively affect flavonol metabolism, 
while maintaining the flavonols profile. Onion storage improved the content on 
flavonoids and pungent compounds, potentially improving the health benefits of 
onion consumption. 

S02.464
A Research on the Shelf Life of Two Different 
Clemantine Mandarin Types

Dal, B.1; Gubbuk, H.2
1Batı Akdeniz Agricultural Research Institute Antalya Turkey, Pk:35, No:25, 07100, Antalya, Turkey
2Akdeniz University Agricultural Faculty, Turkey

During this research, the shelf life of two different clemantine mandarin types 
was investigated. The study was carried out in pomology laboratory and storage 

rooms of Batı Akdeniz Agricultural Research Institute in 2008. KLE 69 and KLE 
82 clemantine mandarin types present in the “Citrus variety selection and variety 
development project” have been used. Clemantine mandarin types have been kept 
for 21 days under 20 ºC. During the shelf life trial, % weight loss, fruit juice 
amount (g citric acid/100 ml fruit juice), total soluble solid amount (%), titratable 
acid amount (%), total soluble solids/titratable acidity ratio and change in rind 
thickness (mm) have been examined analysis conducted with 7 day intervals and 
three repetitions.

S02.465
Maturation of Peaches by Near Infrared 
Spectroscopy (NIR)

Fachinello, J. C.; Machado, N. P.2; Betemps, D. L.; Padilha, S. G.; 
Azevedo, F. Q.; Schneider, E. P.
Universidade Federal de Pelotas, Campus Universitário, Caixa Postal, 354. Pelotas, Rs., 96010970, 
Pelotas, Rio Grande Do Sul, Brazil

The development of non-destructive techniques to evaluate the ripeness stage 
and fruit quality by near infrared (NIR) is allowing to assist the evolution of 
fruit maturation without destruction. The instrument is calibrated based on mea-
surements of reference methods on the same sample of several fruits. However, 
the present work aimed to establish calibration curves by the method of non-
destructive testing of fruits using NIR-Case Sacmi® for future evaluations of fruit 
ripeness and quality characteristics of peaches cultivars Chimarrita, Maciel, Eldo-
rado and Jubileu. The trial was carried out in the laboratory of the horticulture at 
Universidade Federal de Pelotas (UFPel), Pelotas/RS – Brazil, in December 2009. 
It was analyzed the specters generated by NIR-Case at wavelengths from 600 
to 1000nm and the values of the reference methods with data from destructive 
measurements of fruits samples to obtain the calibrations values. Then, they were 
calculated using the calibration software of the NIR SACMI (SMC 085.10.415). 
The mathematical analyses of calibration are part of the software that came with 
the equipment. For the calibration curves of the peaches cultivars it was read the 
following linear correlation coefficients for total soluble solids (ºBrix); flesh firm-
ness (kg cm²)-1; titatrable acidity (meq NaOH 100 mL)-1 and dry matter (%). It 
is concluded that the calibrations found by NIR- for total soluble solids and firm-
ness of peaches ‘Chimarrita’, ‘Maciel, ‘Eldorado’ and ‘Jubileu’ were highly signifi-
cative, which become very reliable for using in the determination of ripeness and 
quality of these peach cultivars. Nevertheless, the results were not satisfactory for 
the calibrations of titatrable acidity and dry matter of peaches of the particular 
cultivars, requiring further studies.

S02.466
Studies on Cut-Flower Selection of Spiraea 
and Application in Landscape

Li, J.1; Zhang, X. Q.2
1China National Engineering Research Center For Floriculture, Department of Ornamental Horticulture, 
college of Landscape Architecture, beijing Forestry University, 100083, Beijing, China
2Engineering Research Center For Floriculture, China

The Spiraea is a sort of beautiful ornamental plants with colorful flowers and strong 
ecological adaptability. The objective of this study is to provide scientific bases for 
cut flower selection and application in landscape of Spiraea. The cut-flower selec-
tion was studied on the S. trilobata, S. dasyantha, S. salicifolia etc and the cut-flower 
selection standard was preliminary made. This paper also analyzed their application 
forms in landscape, which hoped to provide the theoretical basis for choosing and 
application of Spiraea. The main results were as follows: 1. The cut-flower selec-
tion was studied on 6 Spiraea species with 3 different vase solutions. The results 
indicated that the vase-life was prolonged against to the water by the solution A 
(1%sugar+50ppm8-HQ) and solution B (1%sugar+1%enthanol+50ppm8-HQ). 
The cut-flower selection standard was preliminary made and the S. dasyantha, S. 
salicifolia, S. japonica, S. fritschiana had big potential of cut-flowers which the vase-
life was about 10d. 2. The application of Spiraea in landscape was very limited 
through the investigation. The S. × bumalda ‘Goldmound’, S. japonica, and S. 
thunbergii were common and the application form was unitary. 
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S02.467
Change of Total Polyphenols Content and 
Antioxidant Activity in Kornel of Carya cathayensis 
Sarg Pre and Post Processing and Storage

Xiangjun, F.; Haiyan, G.; Hangjun, C.; Wenxuan, C.
Food Institute, Zhejiang Academy of Agricultural Science, Hangzhou, No.198 Shiqiao Road310021, 
Zhejiang, China

Total Polyphenols concentrations of the extracts from raw, processed and rancid 
Kornel of Carya cathayensis Sarg were determined by Folin-Ciocalteu Colorimetry. 
Capability of total antioxidation, reductive ability and elimination ratio of hydroxyl 
radicals of the Total Polyphenols from Kornel of Carya cathayensis Sarg were also 
examined. Total Polyphenols concentrations were 1065.4mg/L, 319.78mg/L and 
204.4 mg/L in 60 mL solution extracted by 70% methanol with 2g raw, processed 
and rancid Kornel of Carya cathayensis Sarg separately. With 2.14g/L VE as reference 
standard , the order of total antioxidative capability, reductive ability were raw Carya 
cathayensis Sarg >VE>processed Carya cathayensis Sarg>rancid Carya cathayensis 
Sarg, while elimination ratio of hydroxyl radicals was VE >raw Carya cathayensis 
Sarg>processed Carya cathayensis Sarg>rancid Carya cathayensis Sarg. These results 
indicated Capability of total antioxidation , reductive ability and elimination ratio 
of hydroxyl radicals has close correlation with contents of Total Polyphenols, which 
was important antioxidative substance in the Kornel of Carya cathayensis Sarg.

S02.468
Textural Characteristics and Spatial Sugar Profile of 
a Super Sweetcorn Stored with or without Husks

Smyrniotaki, M.; Terry, L. A.
Plant Science Laboratory, Cranfield University, Bedfordshire, MK43 OAL, United Kingdom

The increase in sweetcorn cob consumption has led to more research into several 
quality parameters during storage. Sweetness and firmness are the major quality 
attributes in sweetcorn cobs such that maintaining these is critical. In the fresh 
sweetcorn market, there is an ongoing dispute over whether sweetcorn cobs sold as 
naked (husks having been fully removed) are closer to consumer requirements as 
compared to window stripped (cobs with a narrow area free of leaves) retail formats. 
The relationship between sugar content of edible parts (kernels) and non-edible tis-
sues (shank and core) of cobs has also not been investigated and may help explain 
the biochemical changes and possible relationship between format and handling 
conditions. Accordingly, the effect of cob format on postharvest temporal changes 
in texture and sugars content of edible and non-edible tissues of twin-packed UK-
grown super sweetcorn (sh2) cobs of cv. 6800 were evaluated. Results suggest that 
naked cobs maintained significantly higher mean values of maximum compressive 
load than window strip cobs when stored at 5 ºC for 10 days. The total sugar 
content (glucose + fructose + sucrose) of kernels was ca. 1.21-fold lower than in the 
core and 1.16-fold lower than of shank. However and importantly, sucrose content 
in kernels was ca. 1.4-fold greater than in the core and ca. 2.2-fold greater than in 
the shank. Furthermore, glucose and fructose content in shanks was significantly 
higher than in core and kernels. In summary, temporal changes in textural profile 
were strongly dependent on retail format of the cobs, and sugar profile on the spa-
tial distribution in kernels, core or shank tissue during storage. 

S02.469
Diagnose of Fruit Quality and Mineral Contents 
of ‘Fuyu’ Persimmon Produced in Southern Brazil

Souza, E. L.1; Argenta, L. C.2; Rombaldi, C. V.3; Amarante, C. V. T.4; 
Souza, A. L. K.5
1EPAGRI - Estação Experimental de Videira -Sc, Mailbox 21, 89 560 000, Videira, Santa Catarina, Brazil
2EPAGRI - Estação Experimental de Caçador -Sc, Mailbox 591, Brazil
3Universidade Federal de Pelotas Rs, Mailbox 354, Brazil
4Universidade do Estado de Santa Catarina, Cav - Lages- Sc, Brazil
5Universidade Federal de Pelotas - Faem - Rs, Mail Box 354, Brazil

This study was carried out to characterize fruit quality and mineral contents of ‘Fuyu’ 
persimmon fruit (Diospyros kaki L.) produced in Southern Brazil, in 2007 and 2008. 

Additionally, leaves harvested in the summer were assessed for mineral content. Fruits 
were harvested at commercial maturity from 65 commercial orchards, and assessed 
in terms of quality after 45 days of storage under modified atmosphere (at 0±0.8 
ºC), followed by seven days of shelf life (at 23 ºC). Fruits were treated with 1-MCP 
before storage to prevent chilling injury. At harvest, fruits had fresh mass of 223±42 
g, soluble solids content (SSC) of 14.8±0.9 %, flesh firmness of 60.9±5.8 N and skin 
color index of 4.2±0.8 (on a 3.5 to 8.0 scale). The contents of N, P, K, Ca, and Mg in 
the fruit (mg×kg-1 of fresh mass) were of 685±86, 291±86, 1611±195, 109±18, and 
68±8, respectively. The contents of P, K, Ca, Mg, Mn and B in the leaves were similar 
to the values previously reported for different production areas, while the contents 
of Zn were lower, and N, Fe and Cu were higher. There was a negative correlation 
between fruit size and flesh firmness and Ca content, as well as between fruit SSC 
and N content in the leaves. The incidence of fruits with black groove disorder (lined 
black dots along the skin) varied from 15% to 59% in 68.3% of the orchards. There 
was not significant correlation between incidence of black groove disorder and fruit 
size, flesh firmness, skin color or SSC. However, the incidence of this disorder had a 
positive correlation with leaves N content. Fruit also exhibit a moderate incidence of 
black spot disorder on the skin (an average incidence of 11.5%), which had a positive 
correlation with fruit skin color index and flesh K content.

S02.470
Study on the Effect of Some Chemical 
Treatments on Vase Life and Qualitative Factors  
of Two Cultivars of Alstroemeria:  
‘Odessa’ and ‘Sacramento’

Hokmabadi, B.1; Mostofi, Y.2; Kalatejari, S.1
1Horticulture Department, Agriculture Faculty, Islamic Azad University, Science &Research Branch, 
0098, Tehran, Islamic Republic of Iran
2Department of Horticultural Science, College of Agriculture, University of Tehran, Karaj - Iran

Early leaf yellowing before petal abscission is a major problem in vase life of Al-
stroemeria. Besides, the vase life of many cultivars is terminated when the petals 
abscise. In this study, the effect of plant growth regulators and Silver nanopar-
ticles on increase of flower and leaf longevity of Alstroemeria cultivars ‘Odessa’ 
and ‘Sacramento’ were investigated. Cut flowers were treated with 24h pulse 
treatments which include GA3 (50 µM, 150 µM and 300 µM) and TDZ (1 µM, 
5 µM and 10 µM). Afterwards, cut flowers were held in preservative solution 
(Sucrose 2% +Nanosid 2ppm). Treatments were evaluated for their effects on 
vase life, relative fresh weight, solution uptake, total soluble solids in stem, mem-
brane stability, total chlorophyll, the ratio of fresh weight to dry weight, relative 
water content and absorbance. The result indicated that GA3 300 µM treatment 
in ‘Odessa’ increased flower and leaf longevity. Moreover, GA3 300 µM treat-
ment in ‘Sacramento’ has a deep effect to prevent leaf senescence whereas the 
preservative solution was more effective on increase of flower longevity. In addi-
tion, 2ppm Nanosid in preservative solution declined the growth of microorgan-
isms and Sucrose 2% overcome the lack of carbohydrates in respiration process. 
Relative fresh weight, solution uptake and total soluble solids in stem increased 
in all treatments except control. In early days, the process of the flower opening 
in all treatments delayed in comparison with the control. Also, GA3 (50, 150 
µM) in ‘Odessa’ and GA3 300 µM in ‘Sacramento’ had the maximum rate of 
the total chlorophyll on 12th day. Consequently, pulse treatment with 150µM 
GA3 for 24h in ‘Odessa’ and 300 µM GA3 for 24h in ‘Sacramento’ were the 
best treatments.

S02.471
Non-Destructive Measurement (NIR CASE) of 
Internal Quality Characteristics in Plum Varieties

Carvalho, M. L. M.1; Almeida, D.1; Cardoso, J.1; Fialho, D.2
1Escola Superior Agrária de Castelo Branco, Quinta da Srª de Mercoles, Apartado 119, 6001-909, 
Castelo Branco, Portugal
2Frutus -Estação Fruteira de Montejunto, Crl. Cadaval, 2550-458 Peral Cdv, Portugal

Firmness and soluble solids content (SSC) were tested in 1920 fruits from ‘Black 
Amber’, ‘Black Ruby’, ‘Fortune’, ‘Golden Globe’, ‘Songold’ and ‘Angeleno’. Japa-
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nese plum varieties using destructive methods to validate NIR CASE predicted 
values and calibrate the model. Shelf-life and dry matter were also evaluated for 
some varieties during 2009. Predicted values for firmness demonstrate models 
based on NIRS spectrometry weren’t suitable: r2=0.05 to 0.47 and ME=-11.48 to 
0.86. The highest values for fruit firmness were determinate in ‘Golden Globe’ 
(from 3.6 to 4.8 kg/0.5 cm2) and the lower in ‘Songold’ (from 0.9 to1.3 kg/0.5 
cm2). The distinct models for plum varieties gave good prediction for SSC pre-
senting correlation coefficients superior to 0.77 and modeling efficiency gener-
ally more adequate with ‘Black Amber’ for exception (r2=0,29, ME= 0.20). SSC 
values varied from 15.6 ºBx in ‘Angeleno’ to 10 ºBx in ‘Black Amber’. ‘Golden 
Globe’ presented the best predicted values both for firmness and SSC, r2 = 0.82 
and 0.78 and ME=0.86 and 0.89, respectively. Dry matter ranges from 11 to 
25% more frequent from 14 to 19%. During shelf-life evaluation, after storage 
at 4 ºC during 29 days for ‘Black Amber’, 21 days for ‘Black Ruby’ and 7 days 
for ‘Fortune’, firmness decreased and SSC increased from the first till the four-
teenth day. ‘Black Amber’ presented the best values for firmness in post-harvest 
conditions. 

S02.472
The Effect of CA Storage on Quality Parameters 
of Shallot (Allium ascalonicum L.) Bulbs

Bajer, M. T.; Gajewski, M.
Warsaw University of Life Sciences, Nowoursynowska 166, Department of Vegetables and Medicinal 
Plants, 02-787, Warsaw, Poland

Shallot (Allium ascalonicum L.), despite lower popularity compared to common on-
ion, receive recognition in some countries i.e. in France and conquer new markets. 
Shallot used to be propagated vegetatively, however recently new cultivars, grown 
from seeds, have appeared in production practice. Vegetative propagation is less 
effective than generative, and therefore new cultivars arouse interest of growers and 
researchers. Few publications concerning shallot have been published until now, 
especially about storage influence on quality of this vegetable. In this study the 
effect of CA storage on quality of shallot bulbs was examined. Quality parameters 
of the bulbs were examined directly after harvest and after seven months of storage. 
Shallot cultivars (‘Conservor F1’, ‘Prisma F1’, ‘Bonilla F1’, ‘Olympus F1’) were 
stored under different atmosphere compositions (5%CO2+5%O2, 5%CO2+2%O2, 
2%CO2+5%O2, 2%CO2+2%O2, 0%CO2+21%O2, 15%CO2+2%O2). During 
storage period weight losses were determined, as well as firmness, soluble solids 
content, dry matter content and colour. The highest weight losses were observed 
in normal atmosphere conditions. Also firmness and soluble solids content after 
seven months was lower, however interaction of gas composition and cultivar was 
observed. Dry matter content was higher in CA stored bulbs than in freshly har-
vested ones, but the increase depended on gas composition. The colour of dry and 
fleshy scales became brighter in all bulbs except bulbs of ‘Bonilla F1’. The study 
showed that CA storage positively affected shallot bulbs during storage compared 
with normal atmosphere storage.

S02.473
Preharvest Citric Acid Application Extended 
Post-Harvest Vase Life of Lilium cv. Brunello

Darandeh, N.1; Hadavi, E.1; Shoor, M.2
1Islamic Azad University-Karaj Branch, Agriculture Faculty, Horticulture Dept., Azadi St., Eram Blvd. 
Mehr Shahr, 31876/44511, Karaj, Islamic Republic of Iran
2Ferdowsi University, Mashhad, Islamic Republic of Iran

Preharvest application of citric acid is a novel method in vase life extension of 
Cut flowers which is reported on tuberose earlier and confirmed here on lilium. 
In this research three levels of Citric acid (0, 0.075, 0.15 percent v/v) and malic 
acid (0, 0.075, 0.15 percent v/v) were used together two times during growth 
period of lilium plants in a randomized factorial design with three replications. 
The results indicate that 0.15% citric acid had increased vaselife from 13.1 to 14 
days (α=0.05). The interesting finding was the effect of citric acid on bulbil weight 
which had increased from 3.5 gr to 8.5 g in 0.15% citric acid (α=0.05). Malic 
acid while having no effect on pre-mentioned traits, surprisingly increased the 

chlorophyll content significantly. The interaction effect between citric acid and 
malic acid on vase life and chlorophyll content proved significant and was evident 
in results both as antagonistic and synergistic in various traits. In ANOVA analysis 
the effect of citric acid on vase-life extension was more prominent increasing it 
from 11.8 to 14.3 days in treatment with 0.15% citric acid and without malic 
acid comparing to control. Some assumptions about the possible physiological 
background are made. 

S02.474
Effects of Different Storage Temperatures on 
Quality of Unshelled and Shelled Almonds

Cornacchia, R.; Amodio, M. L.; Colelli, G.
Università Degli Studi Di Foggia, Via Napoli 25, 71122, Foggia, Italy

Almond (Prunus dulcis Mill.) kernels are relatively metabolically inert because of 
their low water content, but uncontrolled environmental conditions during stor-
age can cause drastic quality loss. The aim of this work was to evaluate how the 
removal of the shell and the storage at different temperatures may affect almonds 
quality. For 2 years, almonds (cv. Marta) were harvested, dried and stored with 
and without shell at 0 and 20 ºC. Initially and after 2, 5 and 9 months of stor-
age, quality attributes were assessed. Rupture force, color, and sensorial evalua-
tion were carried out on the kernels; acidity and tocopherols content on the oil, 
while sugar content, antioxidant activity and total phenols were measured on the 
defatted powder. For both years, the presence of shell reduced the variation in 
some color parameters, while the effect of the temperature was less evident. No 
differences were observed in rupture force and sensorial attributes related to stor-
age temperature and modality (shelled/unshelled). Antioxidant activity remained 
almost constant during storage in 2007, while in 2008 a decrease after 2 months 
was observed, without differences due to the storage conditions in both studied 
years. Phenols content was affected by storage modality; in 2007, a lower decrease 
in unshelled almonds than in shelled ones was observed, while in 2008 almonds 
stored in shell at 0 ºC showed a delay in phenols loss during storage, without any 
effect of storage temperature. In all the samples, sucrose content did not change 
during storage in 2007, while a transient increase was observed after 2 months 
of storage in 2008. Tocopherols content did not show evident variation, while 
oil acidity increased during storage, regardless of the storage temperature and 
modality. 

S02.475
Respiration and Ethylene Emission of Rose Buds 
during Development in Plant and Vase Life

Flórez-Faura, R. A.; Hernández-Gómez, M. S.; Flórez-
Roncancio, V. J.
SENA, Km 7 Vía Mosquera, Cundinamarca, Colombia, 2 - National University of Colombia, A.A. 14490, 
Bogotá, Colombia

The emission of CO2 and ethylene production of rose (Rose sp.) buds belonging 
to the ‘Charlotte’ variety were measured during their development in plant and 
in vase. Floral stems were obtained from a crop at Bogotá plateau (Colombia). 
Floral stems were periodically harvested in different development stages (S1, S2, 
S3, S4 and S5). In the laboratory, in vase, floral buds in development stages (S4, 
S5 and S6) were periodically taken. S3 represents the point of commercial cut, S4 
floral opening, S5 symptoms visible of shriveling and S6 senescence. For the same 
time period, buds in vase reached full senescence while buds in plant got stage S4. 
Highest CO2 emission rates took place during S1 stage. During the bud’s devel-
opment two climateric peaks took place. The first one at S3 stage coincides with 
the beginning of the floral opening and an active dry mass accumulation in pet-
als. The second one occurs at S4 stage in attached buds on plant and at S6 stage in 
buds in vase. This is the first report of the occurrence of a second climactic peak 
in attached buds on plant as well as in vase. Apparently, the second climateric 
peak would be related to processes associated to the inversion of source-sink rela-
tion in buds. It wasn´t detected any emission of C2H4 neither in attached buds 
on plant nor in vase buds.
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S02.476
Changes in Chemical Composition  
during Cold-Storage of Several  
Peach Cultivars (Prunus persica)

Cano, J.; Lopez, L.; Alins, G.; Echeverria, G.
IRTA, Rovira Roure 191, 25198, Lleida, Spain

Peaches are a perishable food as their metabolic activity persists after harvest. 
Long-term storage is only possible at low-temperature storage. This low tem-
perature during storage is one of the main tools to reduce the postharvest de-
terioration, maintaining the overall quality and the nutritional value of fruits, 
since diminish metabolic activity of produce, reduce the respiration rate and in 
consequence slow down ripening. However, the storage potential is depending on 
the cultivar. Fruit of ‘Early Rich’, ‘Sweet Dream’, ‘Elegant Lady’, ‘August Red’, 
and ‘Royal Glory’ cultivars were picked in Alcarras (Segrià, NE Spain) and stored 
under air atmosphere at -0.5 ºC for 10, 20 and 40 days and analysed after remain-
ing 3 days at 20 ºC (shelf-life). Effects of cold-storage and shelf-life period on 
physicochemical parameters and aroma volatile compounds have been studied. 
The physicochemical parameters studied were: weight, calibre, titratable acidity, 
soluble solids content, flesh firmness and skin and flesh colour. A partial least 
square regression model (PLS1) was run, in an attempt to correlate volatile com-
pound emission and standard quality parameters as X-variables to consumer’s ac-
ceptance studied as Y-variable, and thus to find the variables having most weight 
on the discrimination between cultivars and storage period. This regression model 
was able to explain up to 86% of total variability in the consumer’s acceptance 
2-ethyl-1-hexenal, propyl hexanoate, titratable acidity and soluble solids content 
were the variables found more consistently with a positive correlation with con-
sumer’s acceptance. 

S02.477
Carotenoids and Aromatic Profiles  
of Watermelons with Different Colors in Flesh

Liu, C. H.1; Zhang, H. Y.1; Liu, X.1; Dai, Z. Y.2; Xu, J.1
1National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Shizishan 
Street No.1, 430070, Wuhan, Hubei, China
2Institute of Economic Crops, Hubei Academy of Agricultural Sciences, Wuhan, 430064, China

Watermelons (Citrulluis vulgaris Schrad) are of different colors in their flesh, such 
as white, red or pink, yellow, orange etc. In our research, mature fruits of 12 
watermelon cultivars with different colors in flesh were subjected to HPLC, GC 
and GC-MS analysis to determine and quantify their compositions and contents 
of carotenoids, soluble sugars, organic acids and aromas. In the investigated wa-
termelons, eight cultivars of red flesh, three of yellow flesh and one of orange flesh 
were selected. Results showed that violaxanthin, zeaxanthin and their esters were 
main carotenoids in yellow flesh watermelons. Red flesh watermelons were rich 
in all trans-lycopene, cis-isomers of lycopene, phytoene and ß-carotene. However, 
phytoene, ß-carotene and its cis-isomers took up large percentage in total carot-
enoids in orange flesh watermelons. In addition to above carotenoids, lutein and 
α-carotene were also found in flesh of watermelons. Though the contents varied 
largely among cultivars, sucrose was the most abundant soluble sugar in flesh of 
most watermelons with the highest found in a red flesh cultivar of Nongkang 
Xiangfeng as 635.69 mg/g in average, fructose second to it. However, contents 
of fructose kept stable among cultivars, which changed within a range of 118.04-
175.40 mg/g DW. Other soluble sugars such as glucose and raffinose were also 
determined. Citric acid and malic acid were main organic acids found in flesh 
of watermelons, other than that, quinic acid, tartaric acid and oxilic acid was 
detected. In their aromatic profiles, alcohols and aldehydes served as main com-
ponents, special aromas such as limonene was detected in yellow flesh cultivars. 
The relationships between aromatic and carotenoids profile, between carotenoids 
and soluble sugar profile were undergoing analysis to illustrate their interactions 
at the biochemical view.

S02.478
Storage of Half-Finished Fruit and Berry Products

Boca, S.; Berzina, E.; Skrupskis, I. A.; Aboltins, A.; 
Rozenbergs, V.
Latvia University of Agriculture, Liela street 2, LV 3001, Jelgava, Latvia

The great significance of fruits and berries in human’s diet is determined by the 
physiologically active matters in them. Practically it is not possible to preserve ber-
ries fresh for a long time therefore it is necessary to consider their processing. Fresh 
fruits and berries grown in Latvia, were investigated and analysed after harvesting. 
Food quality and safety issues depend on the quality of raw stuffs and half-finished 
products. Desserts prepared from fruit and berries are products, quality of which 
depends on storage conditions of half-finished products. Content of vitamin C was 
used as an index of quality during storage. The nutritive value of biologically active 
substance is retained while the organoleptic indices worsen only a bit. The objective 
characterization of physical properties of products allowed evaluating quality, to in-
corporate it into technological regimes of the treatment. The temperature of storage 
was constant during the whole experiment. Decrease of the amount of ascorbic acid 
is considered to be the indicator of the oxidation process of the product. Researches 
proved that in a low temperature the decrease of the amount of vitamin C in fruit 
takes place slowly. The decrease of losses is mainly insured by quick cooling. Fruits 
and berries are the main providers of biologically active substances for human’s 
organism. Cooling allows to eliminate the seasonal nature of their consumption. 
The seasonal climatic conditions of Latvia hinder proper nutritional balance. Wid-
ening the assortment of frozen fruit and berries is one of the ways to improve the 
diet. At present in Latvia several aspects of qualitative changes during the cooling 
process have not been elaborated and sufficiently developed in practice. Processing 
of food products prolongs their storage time. Both physical and chemical treatment 
methods were applied in the research.

S02.479
Maturation Characterization of Black Sigatoka 
Resistant Bananas

Silva, E. O.1; Garruti, D. S.1; Matias, M. L.2; Costa, J. N.2; 
Oster, A. H.1; Gomes, I. S.2
1Embrapa Tropical Agroindustry, Rua Dra. Sara Mesquita, 2270, Planalto Pici, 60.511-110, Fortaleza, 
Ceara, Brazil
2Ceara Federal University, Brazil

This work aimed to characterize the physical, chemical, and physiochemical aspects 
of the bananas maturation (‘Thap Maeo’, ‘Caipira’, ‘Pakovan Ken’ and ‘Preciosa’) 
resistant to Black Sigatoka (Mycosphaerella fijiensis Morelet), seeking to develop 
technology for the postharvest conservation. Bananas were picked (Stage 1) at an 
experimental orchard (Ceará, Brazil), and transported to Embrapa Tropical Agro-
industry (± 240km), where they were stored at 21±2 ºC and 85±5% UR, until they 
were completely ripe (Stage 7). During that period, the color of the peel was evalu-
ated daily and when changes happened, indicative of a stage change, the physi-
cal aspects (fruit weight, peel weight, and finger drop) were analyzed. After these 
evaluations, the peels were separated for chlorophyll and carotenoids analysis. The 
pulps were homogenized and stored in a freezer for later quantitation of total sug-
ars, starch, pH, titratable acidity and soluble solids. The experimental design was 
completely randomized, with three repetitions and four fruits per repetition, being 
the data submitted to analysis of variance and the averages compared by Tukey 
test (p<0,05). The ripening of these bananas followed the characteristic pattern 
observed in bananas not resistant to Black Sigatoka. This pattern is characterized by 
the maintenance of the total weight; but with reduction on peel weight and thick-
ness, and the increase of pulp weight, suggesting a transfer of mass from peel to 
pulp. The chlorophyll decreased strongly as the ripening progressed making already 
existent carotenoids evident, once significant increase was not observed (p<0,05). 
In general, the soluble solids, total sugars, starch, and titratable acidity presented 
significant differences (p<0,05), indicating the change of stages of maturation of 
those bananas. A difference in finger drop resistance could be verified in the ana-
lyzed hybrids.
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S02.480
Effect of 1-MCP on Leaf Abscission  
and Vase Life of Sword Fern  
(Nephralepsis cordifolia) under Water Stress

Ketsa, S.1; Banthoengsuk, S.2
1Kasetsart University, Department of Horticulture, Faculty of Agriculture, 10900, Chatuchak, 
Bangkok ,Thailand
2Kasetsart University, Thailand

Leaf abscission limits the length of vase life of sword fern (Nephralepsis cordifolia), 
especially when the leaves have undergone a period of postharvest water stress. Leaves 
(fronds) of sword fern were placed on the laboratory table for 3, 6, 9 and 12 hours 
after cutting. The rate of ethylene production and that of leaf abscission increased 
dramatically after the dehydration treatment, more so after a longer period of dehy-
dration. The vase life of the control leaves was 13.2 days, whereas the vase life of the 
water-stressed leaves was 7.0 days after 3 h of dehydration and 4.7 days after 12 h of 
dehydration. A 3 h period of treatment with 1-MCP at concentrations of 200, 300 
or 400 ppb prior to the period of dehydration reduced the rate of ethylene produc-
tion and leaf abscission. As 1-MCP was able to alleviate the effect of dehydration, the 
data indicate that the effect of dehydration on leaf abscission is mediated by ethylene.

S02.481
Effect of Physical Characteristics Over the 
Respiration Rate of Carrots during Storage

Corrêa, P. C.1; Farinha, L. R. L.2; Finger, F. L.2; Oliveira, G. H. H.2; 
Campos, S. C.2; Botelho, F. M.3
1Federal University of Viçosa, Av. Ph Rolfs, s/n, P.O. Box 270, Campus UFV, Centreinar, 36570-000, Vicosa, 
Mg, Brazil
2Federal Institution of Mato Grosso, Brazil

Transpiration is the main cause of weight loss in agricultural products during stor-
age, including carrots. It is an important physiological process that affects the main 
quality characteristics of agricultural products, such as saleable weight, appearance 
and texture. The transpiration rate of horticultural products is proportional to su-
perficial area, influenced by the water vapor pressure and air velocity. Being that 
stated, the transpiration coefficient is a parameter that reflects the water loss of 
a specific surface. Thus, the objective of this work was to evaluate the influence 
of physical characteristics on the respiration rate of carrots (Daucus carota L.) cv. 
Brasília during storage. Carrots with conic shape type were classified by means 
of surface-volume ratio values, in three different classes: short, average and long 
(0.1214, 0.0847 and 0.0710 mm2×mm-3, respectively). The roots were stored in 
climatic chambers at temperatures of 10, 20 and 30 ºC, and air relative humidity of 
45, 65 and 95 %, during 120 h. Transpiration coefficient was obtained at constant 
temperature, calculated by water mass flow, vapor pressure and relative humidity, 
being related to surface-volume ratio. This last parameter was calculated by means 
of the dimension characteristics of the roots, with the aid of a digital caliper. The 
work was carried out in a completely randomized design with three repetitions, in 
split-split plots. The main plots contained the three RH, the split plots the classes 
and the split-split plots storage time. Surface-volume ratio presented significant 
influence on the transpiration coefficient. Short carrots obtained the highest tran-
spiration coefficient, and at relative humidities of 45 and 65 % led to an increase of 
transpiration coefficient values. All carrot classes stored at temperatures of 10, 20 
and 30 ºC, and 95 % of relative humidity presented lowest values of transpiration 
coefficient, being acceptable to commercialization of these products.

S02.482
Harvest Maturity Modulates the Incidence 
of Albedo Breakdown and Fruit Quality of 
‘Washington Navel’ Orange

Ahmad, S.; Singh, Z.
Curtin University of Technology, Kent Street, GPO Box U1987, 6845, Perth, Western Australia, Australia

Consumer acceptability of sweet oranges depends on sugar: acid ratio, which is 
influenced by harvest maturity. This study was aimed at determining the effects of 

harvest maturity on the incidence of albedo breakdown (AB) and fruit quality of 
‘Washington Navel’ orange. Fruit were harvested in the first week of July, August, 
September, and October, 2009. AB was observed the major physiological disorder 
in the fruit and its incidence increased from 65% at the first harvest to 89.33% 
in the last harvest. The delayed harvesting increased rind-softening significantly 
as revealed by puncture resistance, rind tensile strength and compression tests. An 
increase in soluble solids concentration (SSC) was observed from 11.5% in July to 
15.26% in September and then it decreased during the October harvest to 14.5%. 
Sucrose, glucose and fructose were the major soluble sugars present in juice. The 
changes in concentrations of individual sugars, sucrose, glucose, and fructose also 
showed a trend similar to SSC. However, titratable acidity (TA) decreased from 
1.25% in July to 0.76% in October. The changes in SSC and TA resulted in a 
significant increase in their ratio with the delay in harvesting. Our results suggest 
that excessive delay in harvesting increased the incidence of AB and rind-softening. 
Fruit quality in terms of SSC and acidity improved till September harvest and 
deteriorated in later harvest.

S02.483
Post-Harvest Blueing of Spatha in Anthurium 
andreanum ‘Tropical’ as Affected by Pre-Harvest 
Conditions

García Victoria, N.; Warmenhoven, M.
Wageningen UR Greenhouse Horticulture, Violierenweg 1, 2665 MV, Bleiswijk, Netherlands

Post-harvest blueing of Anthurium spatha has recently become a serious quality 
problem in red Anthurium varieties in The Netherlands. Although the first signs of 
blueing can show already at harvest, allowing timely flower rejection, blueing most-
ly becomes visible during and after the trading channel, leading to quality claims. 
By means of a nursery comparison between 10 growers and a parallel greenhouse 
experiment, it was investigated how different circumstances during greenhouse cul-
tivation (including climate, nutrition factors and crop management) contribute to 
blueing within the first 12 days after harvest. Blueing was observed in all nurseries 
in varying degrees depending on the harvest date. A good correlation was found 
with the time that the RH is over 80% during the six weeks previous to harvest. 
The effect of high RV on blueing was increased by high CO2 concentrations, both 
suggesting reduced transpiration as the main cause. The greenhouse experiment 
confirmed these findings and also showed that the recently introduced crop man-
agement method of breaking young leaves increased the chances for blueing. A 
higher calcium supply in the nutrient solution contributed to a slight increase of 
the calcium content in the spatha tissue, but could not prevent blueing. The in-
crease of the nutrition EC as a method to prevent blue coloration, widely used by 
growers, was found to make the problem more severe and to reduce strongly the 
concentration of Calcium, Magnesium, Manganese and Boron in the spatha tissue. 

S02.484
Application of Humic and Fulvic Acids 
in Nutrient Solution Affect Postharvest 
Characteristics of Gerbera jamesonnii L.

Etemadi, N.; Nikbakht, A.;Yazdani, B.
Department of Horticulture, College of Agriculture, Isfahan University of Technology, 8415683111 
Isfahan, Iran

The effect of humic substances (humic (HA) and fulvic acid (FA)) on growth and 
postharvest life of gerbera (Gerbera jamesonii L.) cv. “Lourdes” were examined. HA 
and FA applied to solutions in six combinations including control, 80% HA+20% 
FA (100 mg/l), 60% HA + 40% FA (100 mg/l), 40% HA + 60%FA (100mg/l), 
100% FA (100 mg/l) and 100% FA (50mg/l). Although HA and FA application 
did not significantly improve yield (number of harvested flower per plant), flower 
diameter, flower weight, shoot length and diameter of scapes but they enhance 
postharvest life of harvested flowers. The results showed that 50 mg/l FA was the 
most effective treatment and extended the vase life by 5.5 days and prevented and 
delayed bent neck incidence. On the other hand all HA and FA treatments could 
decrease water loss after 6 days at least 105% in comparison to control. It seems 
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hormonal effects along with nutritional improvement by humic substances had 
been efficient in improving the postharvest quality of harvested flowers.

S02.485
Respond of New Apple Cultivars for Storing their 
Fruits in Different Variants of ULO Conditions

Blazek, J.; Pistekova, I.
Research and Breeding Institute of Pomology Holovousy Ltd-, Holovousy 1, 508 01, Horice, Czech Republic

Impact different concentrations of O2 and CO2 on prolonged keeping quality and 
general quality of fruits was during 3 storage seasons assessed using 23 new apple 
cultivars and their advanced selections. Values of O2 and CO2 magnitudes fluctu-
ated within the range of 0,5–2 % O2 and 0,5–3 % CO2, whereas the temperature 
was always 1 ºC. Generally the best results were achieved if the both O2 and CO2 
were on the level of 1%. On the other way round the atmosphere with content of 
1% O2 and 3% CO2 showed to be the least favourable. The worst reaction to this 
composition had ´Angold´ that is otherwise very well stored cultivar. Upon the 
total results ́ Meteor´ and ́ Rucla´ were the most remarkable cultivars for prolonged 
storing even in higher concentrations of the both gases. Fruits of the both cultivars 
had always remarkable top quality at the termination of their storing.

S02.486
“Effect of Dry and Wet Storage at Cool 
Temperatures on Post Harvest Performance  
of Narcissus tazetta cv. Kashmir Local”

Tahir, I.1; Gul, F.2
1Deot. of Botany, Kashmir University, Hazratbal, 190006, Srinagar, Jammu and Kashmir, India
2Kashmir University, Hazratbal, Srinagar, J&K, 190006, India

An experiment was conducted to determine the optimal harvest maturity stage for 
short term cool dry or wet storage in Narcissus tazetta cv. Kashmir Local. The scapes 
were harvested at 0800 h when the scapes were between pencil and goose neck stage. 
The harvested scapes were cut to a uniform size of 20 cm and processed for dry and 
wet storage at 5 & 10 ºC. A separate set of scapes each for dry and wet storage was 
kept at room temperature (14 ± 2 ºC). After 72 h of storage the scapes were kept at 
room temperature in test solutions viz. distilled water, Sucrose (0.15M) and Sucrose 
(0.15M) + 8-HQS (50 mg/ L). The average vase life of scapes was assessed to be 
terminated when 50% open flowers senesced, which was characterized by loss of 
turgor followed by wilting of tepals. The scapes dry or wet stored at 5 and 10 ºC for 
72 h had maintained their premature status, whereas flowers on most of the scapes 
had generally bloomed during storage at room temperature. The results of our ex-
periments showed that the scapes previously wet stored in distilled water for 72 h 
at 5 ºC before transfer to Sucrose (0.15M) + 8-HQS (50 mg / L) exhibited marked 
improvement in blooming, solution uptake, maintenance of membrane integrity, 
fresh or dry mass of flower, sugar fractions and soluble proteins with a correspond-
ing decrease in α- amino acid pool. The present results suggest that cool wet storage 
of premature scapes of Narcissus tazetta for 72 h at 5 ºC in distilled water improved 
subsequent postharvest performance in the holding solution (Sucrose +8- HQS) 
and can be used as an effective postharvest strategy for this beautiful cut flower. 

S02.487
Physico-Chemical Characteristics  
of Eight Genotypes of Cambuí (Myrciaria 
floribunda O. Berg) in Alagoas-Brazil

Santos, E. D.1; Lemos, E. E. P.1; Lima Salvador, T.1; Araújo, R. R.2;
Barros, P. G.3; Campos, R. S.3; Resende, L. P.1; Cardoso Filho, J. A.1
1Universidade Federal de Alagoas, Av. Lourival Melo Mota, s/n -Tabuleiro, Centro de Ciências Agrárias 
- CECA, 57072-970, Maceió, Alagoas, Brazil
2Universidade Federal Rural do Semi-Arido, Brazil
3Seagri-Al, Brazil

Physical-chemical characterization of fruits is important to establish phenotypic 
variations and genetic and environmental associations in species that have eco-

nomic importance. This work had the objective to characterize physical-chemically 
fruits of eight genotypes of cambuí (Myrciaria floribunda) from wild populations 
in South Coastal zone in Alagoas, Brazil. The biometric variables evaluated were: 
mass of fresh fruit (MFF), fresh pulp (MFP) and seeds (MFS), long (LD) and 
width (WD) diameter and LD/WD. The chemical analyses made were: pH, to-
tal soluble solids, reducing total sugar, vitamin c, sucrose and acidity. The results 
showed basically two groups of colored fruits: yellow-orange and red-wine. Both 
groups showed, respectively, low variation of MFF (1.37g and 1.33g), MFP (1.27g 
and 1.22g) and MFS (1.1g and 1.1g). The LD values were higher in relation to the 
WD in both genotypes, respectively, (11,15mm and 9.25mm) and (10.23mm and 
9.41mm). Statistical data showed that the genotypes MF01PA, MF02PA, MF04PA 
and MF07PA had highest MFF. The genotypes MF01PA, MF02PA and MF07PA 
had highest MFP, while MF07PA had the highest value to MFS. The chemical 
analysis characterized cambui fruit as juicy, presenting in average ºBrix 11.8/100 
g, pH 3.15, acidity of 1g/100g, reducing sugars of 8.7g/100g, sucrose 0.6g/100g 
and vitamin c of 11.5mg/100g. The genotypes presented high potential for fruit 
selection since pulp contributes, on average, with 77.86% of MFF, considered as an 
essential attribute in the process of industrialization.

S02.488
Essential Descriptors for Sugar Apple  
(Annona squamosa L.) Cultivars

Lemos, E. E. P.1; Barros, P. G.2; Campos, R. S.2; Salvador, T. L.3; 
Santos, M. Q. C.4
1Universidade Federal de Alagoas, Av. Lourival Melo Mota, s/n -Tabuleiro, Centro de Ciências Agrárias 
-Ceca, 57072-970, Maceió, Alagoas, Brazil
2Seagri-Al, Brazil
3Universidade Federal Rural do Semi-Arido, Brazil
4Universidade Federal de Alagoas, Brazil 

Sugar apple is a deciduous tropical fruit tree that originates in lowland Central 
America, where it is indigenous. It is believed that it was first introduced into Brazil 
in the early XVII century by a few seeds and since then has been cultivated where it 
became one of the most popular fruits. Because of its narrow genetic base introduced 
sugar apple has an apparently homogeneous population in Brazil. However, due its 
alogamic pattern of sexual propagation their populations have intercrossed for cen-
turies giving the opportunity to appear some interesting genotypic variations. Several 
cultivars have been selected all over the world but sugar apple diversity has not been 
consistently characterized nor there is an IPGRI Descriptor List for sugar apple. Gen-
otypes were sampled in three cultivated areas in Alagoas-Brazil. Several descriptors 
were utilized considering exclusively the morphologic characteristics of fifty sampled 
plants. The descriptors were focused only in characters simple to be observed on 
stem, branches, leaves and fruits using just a ruler and a hand lens (10x). Characters 
that presented a very wide variation like width and length of leaves were used only 
when it was very evident. This is the first key based on morphologic descriptors pre-
sented for this species and is supposed to be used to identify sugar apple genotypes of 
interest to breeding programs during its vegetative and reproductive phases.

S02.489
Mass Estimation of Mangoes by Processing  
of White Background Grayscale Images

Borges, F. F.1; Cavalcanti Mata, M. E. R. M.2; Duarte, M. E. M.2; 
Barbacena, I. L.1
1IFPB, Av. 1 de Maio, 720, Jaguaribe, 58015-430, Joao Pessoa, Paraiba, Brazil
2UFCG, Brazil

The postharvest grading of mangoes normally includes mass measurement using 
expensive dynamic weighing systems to group similar fruits in the same package. 
Third world’s small producers cannot buy systems like those, which are normally 
complex to install and operate/maintain. This work describes a study for grading 
of mangoes (Mangifera indica L.,cv. Tommy Atkins) based on image processing. It 
aims to apply image processing, afterwards, on a low-cost postharvest fruit selection 
and grading system. A hundred mangoes were acquired at the local market of Joao 
Pessoa, Brazil, and divided into two 50 units groups, randomly. A Sony™P7 digital 
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camera was fixed at the center top of a closed polystyrene box (50x50x50cm), in-
ternal walls covered with white paper. Two 20WPL lamps illuminate the mango at 
the center bottom of the box. Top view picture of the fruit, at rest, was taken. An 
off-line Matlab™ software calculated the top area of the fruits using a new threshold 
value y=x+x(m/k), where x:Otsu´s threshold; m:mean intensity of the image previ-
ously segmented using Otsu´s algorithm; k:empirical constant (=1500), ambient 
light dependent. All the fruits were weighted using a digital scale (5kg max., 1g 
acc.) and the first group was used to find (area x actual mass) relation: m(g)=-
108.7+0.002649A(pixels2). The other 50 fruits images were used to validate the 
equation found. Result showed a highly linear correlation between the top area and 
the measured masses (R2 = 0.96; SD = 15.7g) for the first group. It was possible to 
estimate, by using the area of the top images, the masses of the mangoes belonging 
to the second group. The (predicted x actual) mass values shown R2 = 0.94, SD 
= 19.8g. Research is being carried out in order to improve the grading system on 
a conveyor belt, indicating also the possible use with other fruits or horticultural 
products.

S02.490
The Research on Determination of Suitable Table 
Grape Cultivars for Handling and Storage

Ozer, C.
Tekirdag Viticulture Research Instıtute, P.O. Box 7, 59100, Tekirdag, Turkey 

The berry detachment force and resistance to crushing of important forty-five table 
grape cultivars determined in consecutive three years trials. The tests were made on 
fifty berries from each cultivar with specially modified weighing scale . The berry 
crushing and berry removal forces of Palieri were highest. The other cultivars having 
strong berry and pedicel attachment were Royal, Danam, Ribol, Cardinal, Ata Sarısı 
cultivars. Ribol, Kozak Siyahı, Kadın Parmağı, Ata Sarısı, Amasya Siyahı cultivars 
showed high resistance to crushing. According to the detachment force and crushing 
test results, thirteen cultivars were selected for cold storage trials. Palieri was found the 
most suitable cultivar for long term storage. The other suitable cultivars for cold stor-
age were Royal, Ribol, Kozak Siyahı, Amasya Siyahı, Müşküle and Gros Vert cultivars.

S02.491
Dynamics of Trace Gas Emissions from Avocado 
under Changing O2 Levels

Cristescu, S.1; Persijn, S.2; Te Lintel Hekkert, S.3; Harren, F.1
1Radboud University, Heyendaalseweg 135, 6525 AJ, Nijmegen, Netherlands
2VSL, P.O. Box 654, 2600 AR, Delft, Netherlands
3Sensor Sense, P.O. Box. 9010, 6500 GL, Nijmegen, Netherlands

To slow down ripening and senescence very often 1-10 % O2 levels and up to 
10% CO2 are applied during the storage period. By lowering the O2 level, aero-
bic respiration turns gradually into alcoholic fermentation. As result, acetaldehyde 
and ethanol - the fermentation metabolites are produced and can serve as markers 
for sub-optimal storage conditions. Ethylene also plays an important role in stor-
age conditions. Since avocado fruit are sensitive to ethylene even at relatively low 
temperature storage conditions, their storage should benefit by control of ethylene 
concentrations. This means that a timely monitoring of these compounds is es-
sential to successful marketing. However, their concentrations in storage rooms are 
normally below the detection limit of the conventional analyzers. On-line measure-
ments of trace gases (acetaldehyde, ethanol and ethylene) released by avocado (cv. 
Fuerte and Hass) using PTR-MS and laser-based ethylene detection are presented. 
Returning to aerobic conditions after a period of low O2 leads to a high upsurge 
in acetaldehyde release, probably due to the elevated ADH activity which is higher 
in avocado than in other fruits. This might partially explain the success of short 
anaerobic treatments in reducing ethylene release. When the O2 level is stepwise 
increased the acetaldehyde emission is also showing a stepwise behavior although 
less pronounced at higher O2 levels, while the levels of CO2 and ethanol are virtu-
ally not influenced. This indicates that, although O2 was externally applied at a low 
level, part of the fruit tissue experiences anaerobic conditions. Ethylene concentra-
tions may need to be reduced to 0.01 µL/L or lower in order to obtain significant 

benefit, especially for ‘Fuerte’ in the storage. The commercial potential of reliable 
instrumentation other than conventional GC or electrochemical sensors for on-
line monitoring the dynamic of acetaldehyde, ethanol and ethylene under different 
storage conditions is shown. 

S02.492
Storability of ‘Algeria’ and ‘Golden Nugget’ 
Loquats in Modified Atmosphere Packaging

Palma, A.1; Mura, D.1; Continella, G.2; Continella, A.3; 
D’aquino, S.1
1National Research Council of Italy, Institute of Sciences of Food Production, Traversa La Crucca 3, 
Regione Baldinca, 07100, Li Punti, Sassari, Italy
2Dipartimento di Ortofloroarboricoltura e Tecnologie Agroalimentari, Università degli Studi di 
Catania, Via Valdisavoia 5–95123 Catania ,Italy

Loquat, classified as a non climacteric fruit, has a short postharvest life if not prop-
erly handled. Loss of firmness, browning of the skin, bruises and reduction of sugars, 
together with shriveling and decay are the main causes of spoilage. Modified atmo-
sphere packaging (MAP) reduces weight loss and shriveling in loquats, but can also 
induce adverse effects, such as browning and hastened reductions of sugars and or-
ganic acids. The aim of this work was to assess the impact of a modified atmosphere 
packaging (MAP) generated by an easy-to-open polylactic acid (a biodegradable 
polymer) tray on fruit of ‘Golden Nugget’ and ‘ Algeria’ loquat. About 300 g of fruit 
of each cultivar was packaged and stored for 5, 10 or 15 days at 5 or 10 ºC. At the 
end of each storage period fruit were transferred for a week to simulated retail condi-
tions (SL) at 20 ºC and 60-65% RH. Chemical analyses and visual assessments were 
carried out at the end of each storage period and the respective week of SL, while 
in-package gas composition was determined at day interval during the first 6 days of 
storage and every three days thereafter. The rate of degradation of total soluble solids 
and titratable acidity was higher in packaged fruit than in un-packaged one and at 
10 ºC than at 5 ºC. Although the lid of the trays was not hermetically sealed, the 
overall gas transmission rate was drastically reduced, generating an in-package CO2 
partial pressure of 7.25 kPa and 10.33 kPa in fruit stored at 5 and 10 ºC, respec-
tively. In contrast, weight loss, browning and overall visual quality in packaged fruit 
changed negligibly, especially in those stored at 5 ºC. Although at the taste analysis 
packaged fruit showed a lower intensity of sweetness and sourness than un-packaged 
one, they were better considered than un-packaged one for overall preference. 

S02.493
Harvesting Stage of ‘Green Dwarf’ Coconut Fruits 
for Water Fresh Consume

Araújo, M. V.1; Almeida, A. D. S.2; Alves, R. E.3; Moura, C. F. H.3; 
Garruti, D. D. S.3; Menezes, J. B.4
1BNB - CENOP-For, Av. Pedro Ramalho, 5.700, 60743-902, Fortaleza, Brazil
2UESPI
3Embrapa Tropical Agroindustry
4UFERSA

This work aimed to evaluate physical alterations of fruits of ‘Green Dwarf ’ co-
conut variety during its development, as well as the alterations on water quality, 
occurring between the sixth and eight months of fruit development, objecting to 
characterize the proper harvesting stage of fruits destined for the coconut water 
market. The orchards were located in Paracaru County, Ceará State, Brazil. In 
March, 2001, newly formed fruit bunches were marked, and evaluated three at a 
time. The duration were zero, 35, 70, 105, 120, 133, 147, 161, 182, 189, 196, 
203, 210, 217, and 224 days. Fruits were evaluated for mass, polar and equatorial 
diameter, water content, total soluble solids (TSS), soluble sugar (SS) and reduc-
ing sugars (RS), titratable acidity (TA), pH, TSS/TA ratio, turbidity, and senso-
rial analysis. A random sampling design was applied to the experiments with 15 
treatments (time) for fruit physical characteristics, 13 for fruit water content and 
water content/fruit mass ratio, 12 for water quality, and 7 for sensorial analysis. In 
the two first cases three replicates composed of five fruits, each coming from an 
experimental unit was analyzed. For the sensorial analysis samples were composed 
of water from the 15 fruits, and analyzed by 30 panelists (replicates). Fruits from 
‘Green Dwarf ’ variety reached full development at six months age, with matura-
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tion commencing right after that, and characterized by a decrease in fruit mass, 
water content, water soluble solids and sugars content, and an increase in turbid-
ity. Harvest of ‘Green Dwarf ’ coconut fruit for consume of water may be initiated 
at the sixth month of fruit development and proceed until the beginning of the 
seventh month, given that during this period fruits presented the best quality, as 
proved, also, by sensorial analysis.

S02.494
Quality Evaluation of Cherries ‘Sunburts’ 
Harvested at Different Ripeness Stages

Agulheiro Santos, A. C.; Palma, V.; Machado, G.; Rato, A. E.; 
Cabrita, M. J.
Universidade de Évora, Instituto de Ciências Agrárias e Ambientais Mediterrânicas ,Escola de Ciências 
e Tecnologia, 7000, Évora, Portugal

The sweet cherry ‘Sunburst’ is highly appreciated by consumers due to its organo-
leptic traits. Regional producers tent to harvest cherries sooner in order to increase 
their profits. With the aim of understanding the consequences of this we have 
tested the effect of different ripeness stages at the moment of harvesting in what 
concerns quality. Quality parameters tested included external colour (L*, a*, b*), 
fruit texture, soluble solids content (TSS), titratable acidity (TA). A sensorial analy-
sis allowed us to study some important attributes. To evaluate nutritional quality 
total antioxidant activity were measured too. Once more, and according to results 
obtained in previous studies, we conclude that there is no advantage in picking up 
less ripe cherries considering external and biochemical results.

S02.495
Use of 1-MCP for Keeping Postharvest  
Quality of Ekmek Quince Fruit

Gunes, N. T.1; Dumanoglu, H.1; Poyrazoglu, E. S.2
1Ankara University, Faculty of Agriculture, Department of Horticulture, 06110, Ankara ,Turkey
2Ankara University, Faculty of Engineering

This study was carried out in Ankara University, Faculty of Agriculture, Depart-
ment of Horticulture during 2006-2008 years in order to determine effect of 1–
methylcyclopropan (1–MCP) treatments on postharvest fruit quality of quince cv. 
Ekmek. 1–MCP was applied at different concentrations such as 300 ppb and 1000 
ppb as soon as possible after harvest at 12 ºC temperature for 20 hours. After appli-
cation period, fruit were ventilated for an hour and then were stored under 0±1 ºC 
temperature and 85-90% relative humidity conditions for six months. Control fruit 
were also kept at 12 ºC temperature for 20 hours and then stored at the same condi-
tions without 1–MCP treatments. During storage period of six months, changes in 
fruit skin color (CIE L, a, b), soluble solid content, titratable acidity, weight loss, 
sensory evaluation, flesh browning were investigated at monthly intervals. As a re-
sult of this study, it was observed that 1–MCP treatment at 1000 ppb concentration 
higher effectively prevented flesh browning and weight loss, loss of titratable acidity 
and green color than 300 ppb 1–MCP treatment and controls (P<0.05). 

S02.496
NAA and STs Effects on Bract Abscission and 
Carbohydrate Levels of Potted Bougainvillea 
spectabilis Willd.

Gago, C. M.; Monteiro, J. A.
F. C. T., Universidade do Algarve, Campus de Gambelas, 8005-139 Faro, Portugal 

The aims of this work were to study bract and flower abscission in Bougain-
villea spectabilis ‘Killie Campbell’ plants, under postproduction conditions. The 
effect of spraying with Silver Thiosulphate (STS) and with Naphtalene Acetic 
Acid (NAA, at high concentration: 500 mg×l-1), separately or together, was tested. 
Quantification of non-structural carbohydrates in the bracts, leaves and stems 
were assessed. Treatments that include NAA are the ones that reduce significantly 
bract abscission. Unexpectedly, the higher the levels of bract soluble and total car-
bohydrates, measured at day 10 postproduction (PP), the higher the abscission of 

total bracts. However, the lower the percentage of starch in the bracts, measured 
at day 17 PP, the higher the bract abscission. No correlations were found between 
the levels of leaf non structural carbohydrates and bract or leaf abscission. Levels 
of all stem non structural carbohydrates decreased between days 10 and 17 PP. 
Percent of starch in the stems, as quantified at day 10 PP, or the average between 
day 10 and day 17 PP, was positively correlated with bract abscission. These re-
sults show, for the first time, that abscission can positively correlate with non-
structural carbohydrates levels in the organ that abscise. Probably, a more active 
metabolism in bracts that abscise earlier, with an higher rate of consumption and 
an higher rate of import/production, i.e. an higher flow of carbohydrates through 
the organ, is the explanation for the higher content of carbohydrates measured 
in these bracts. 

S02.497
Optimizing the Vase Life  
of Cut Lisianthus (Eustoma grandiflorum)

Kiamohamadi, M.
Member of Young Researchers Club of Islamic Azad University Abhar Branch, 4165864857, 
Number26-137 Valley-Golsar Ave, 4165864857, Rasht, Gilan, Islamic Republic of Iran

A study was conducted to determine the effects of sucrose (at 0, 20, 40 and 60 
g/L), citric acid (at 0 and 160 mg/L), aluminum sulphate, (at 0 and 160 mg/L) and 
silver nitrate (at 0 and 120 g/L) on vase life and quality attributes of lisianthus cut 
flowers (cv. Mariachi blue fonce). Cut flowers were treated with the above men-
tioned compounds during 34 days storage at 20 ± 2 ºC and at the end of shelf life 
the amount of electrolyte leakage, relative water content and opened flowers’ buds 
were determined. 60 g/L sucrose in combination with citric acid was the most ef-
fective treatment in increasing the vase life. Flowers treated with 60 g/L sucrose and 
aluminum sulphate had the highest relative water content. The lowest electrolyte 
leakage (29.84%) was recorded in flowers treated with 60 g/L sucrose and 120 
mg/L silver nitrate. The highest percentage of opened flower buds was obtained in 
flowers treated with 60 g/L sucrose and 160 mg/L aluminum sulphate. 

S02.498
Chilling Injury of ‘Miraflores’ and ‘Rojo  
de Piñana’, Two Traditional Peach Cultivars 
Grown in the Ebro Valley (Spain)

Redondo, D.1; Moreno, M. A.2; Ferrer-Mairal, A.1 
Venturini, M. E.1 

1Vegetable Research Laboratory, University of Zaragoza. Miguel Servet 177, 50013 Zaragoza, Spain
2Department of Pomology, Experimental Station of Aula Dei (Consejo Superior de Investigaciones 
Científicas), Apartado 13034, 50080 Zaragoza, Spain

The Ebro Valley is one of the most productive areas for the peach industry in 
Europe. The aim of this study was to characterize physico-chemically as well as 
organoleptically two peach cultivars native to the Ebro Valley, ‘Miraflores’ and 
‘Rojo de Piñana’, during cold storage at 0 ºC and 5 ºC for 45 days. We have 
examined the correlations between changes in quality parameters and the onset 
of symptoms of chilling injury (CI). The main CI symptoms observed were flesh 
browning and red pigmentation (bleeding). However, no significant differences in 
leatheriness were found, maybe because of the low susceptibility of these cultivars 
to that symptom. CI in ‘Rojo Piñana’ was already detected on day 15 at both 
temperatures which led to a significant decrease in flesh colour (b* and C*) and 
firmness, whereas phenolic content and oxidation enzymatic activity increased 
significantly. In the case of ‘Miraflores’, CI symptoms were first detected on day 
19 when stored at 5 ºC, but in this case only the flesh colour (L*) and texture 
were significantly different between injured and not injured fruit. When stored 
at 0 ºC, the first symptoms of CI in this cultivar appeared on day 34 and signifi-
cant differences in the skin colour (a*, h* and L*), phenolic content, texture and 
peroxidase activity were detected between affected and non-affected samples. In 
conclusion, the ‘Miraflores’ cultivar appears less sensitive to chilling injury than 
‘Rojo de Piñana’, since the last one showed earlier and more severe disorders, at 
both storage temperatures. Based on this evaluation, the shelf life of ‘Miraflores’ 
could be prolonged up to 30 days at 0 ºC.
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S02.499
Chlorophyll Absorbance: a Harvest Index for 
Sorting Melting And Non-Melting Fleshed 
Peaches According to Ripeness Levels

Infante, R.; Rubio, P.; Contador, L.
Department of Plant Science, University of Chile, Casilla 1, 004, Santiago, Chile

In recent years various methods have been developed for nondestructive evalu-
ation of ripeness parameters for peaches, however many of these have been dif-
ficult to implement and handle, as well as being based on physiological prin-
ciples that not suffer substantial changes during ripening. In order to assess the 
absorbance of chlorophyll ‘a’ of the fruit’s skin and its correlation with other 
parameters, peaches cvs. ‘Ryan Sun’, ‘Sweet September’ (melting flesh) and ‘Ka-
kamas’ (non melting flesh) were harvested in four ripeness classes. The ripeness 
classes were defined by the color of the epidermis, and determined visually in the 
field. Further, it was measured the fruit weight, the soluble solids concentration 
(SSC), the flesh firmness, and the Chroma and Hue of the skin’s background 
color. The rate of absorbance of chlorophyll (IAD), measured as the difference 
in absorbance between two wavelengths near the peak of chlorophyll ‘a’, was 
obtained through a portable Da-meter device (Sinteleia, Bologna, Italy). The 
data was submitted to ANOVA, and the means of each ripeness class were sepa-
rated with Duncan’s test (<0.05). Furthermore, a correlation analysis (Pearson) 
between the parameters was performed. The observed Hue and IAD values, on 
each ripeness class determined on the field and on the three varieties were dif-
ferent, confirming the effectiveness of the commonly used criteria for deciding 
the time of harvesting. In contrast, the weight, the CSS, the flesh firmness and 
Chroma, were not in all cases, different on the four classes of ripeness. High 
correlations were observed between IAD and Hue, r = 0.82 in ‘Ryan Sun’ and 
‘Sweet September’, and 0.87 in ‘Kakamas’. According to the results obtained, the 
IAD is a valuable index for deciding the harvest time, either for melting, as for 
non melting peaches.

S02.500
The Effect of Hot Water Treatment on Quality  
of Green Bean during Short Term Storage

Grzegorzewska, M.
Research Institute of Vegetable Crops, Konstytucji 3 Maja 1/3, 96-100, Skierniewice, Lodzkie, Poland

Green bean is a perishable vegetable with limited marketability. During four years 
of investigation, the influence of postharvest hot water treatment on storage ability 
of green bean cv. Paulista was conducted. The pods were subjected to hot water 
dipping of temperatures: 55 ºC – 15 sec, 50 ºC – 30 sec, 45 ºC – 2 min, 40 ºC 
– 10 min. 38 ºC – 20 min. Treated pods were cooled in ambient temperature and 
next packed to PE plastic bags, each 400 g of pods. Green bean was stored for 14 
days at temperatures 2 ºC, 5 ºC and 8 ºC. Results showed that during 8 days of 
storage, the green bean kept good quality. The small brown spots were visible only 
on not treated pods while the treated looked almost like freshly harvested. Dur-
ing the following days the discoloration increased, especially at 5 and 8 ºC. Hot 
water treatment improved the storage ability of green bean. The browning at all 
temperatures were the biggest for control object (non treated beans). The treated 
bean maintained very good quality at 2 ºC, good at 5 ºC and slight good at 8 ºC. 
The untreated pods only stored at 2 ºC after 14 days looked good but at 5 ºC 
and at 8 ºC were not acceptable for market. The storage temperatures influenced 
significantly on the discoloration as well as the quality of green beans. During 14 
days at 2 ºC the pods maintained very good quality, at 5 ºC - good but at 8 ºC 
only mediocre. The chilling injury appeared on the pods placing after storage at 
temperature 18 – 20 ºC but only on the bean kept before at 2 ºC. The intensity of 
chilling injury development was bigger on untreated pods in comparison to dipped 
in hot water after harvest.


