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Optimal pretreatment determination
of kiwifruit drying via online monitoring
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Sadrnia, Mahmood Reza Golzarian and Mohammad Tabasizadeh

Abstract

BACKGROUND: Pre-treating is a crucial stage of drying process. The best pretreatment for hot air drying of kiwifruit was
investigated using a computer vision system (CVS), for online monitoring of drying attributes including drying time, colour
changes and shrinkage, as decision criteria and using clustering method. Slices were dried at 70 ∘C with hot water blanching
(HWB), steam blanching (SB), infrared blanching (IR) and acid ascorbic 1% w/w (AA) as pretreatments each with three durations
of 5, 10 and 15 min.

RESULTS: The results showed that the cells in HWB-pretreated samples stretched without any cell wall rupture, while the highest
damage was observed in AA-pretreated kiwifruit microstructure. Increasing duration of AA and HWB significantly lengthened
the drying time while SB showed opposite results. The drying rate had a profound effect on the progression of the shrinkage.
The total colour change of pretreated samples was higher than those with no pretreatment except for AA and HWB. The AA
could well prevent colour change during the initial stage of drying. Among all pretreatments, SB and IR had the highest colour
changes.

CONCLUSION: HWB with a duration of 5 min is the optimum pretreatment method for kiwifruit drying.
© 2016 Society of Chemical Industry
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INTRODUCTION
Drying is common for the preservation of fruits and vegetables in
order to improve the stability of foods, inactivate enzymes, pro-
long storage time and reduce water and microbiological activities.
Hot-air drying is widely used for processing of agricultural prod-
ucts (abbreviated as PAPs). The common difficulties with hot-air
drying are undesirable physical, structural, chemical, organoleptic,
and nutritional changes that occur in materials to be dried dur-
ing the process. These changes may have adverse consequences
on the final products quality and can potentially reduce consumer
acceptance and marketability.1

Food appearance (e.g. shape, colour and texture) as a quality
indicator motivates the researchers to focus on during different
operations. Conventionally, the evaluation of dried foods quality
is usually carried out in off-line mode by assessing a number of
quality parameters on the end-product samples. However, accord-
ing to Aghbashlo et al.,2 reduction of the process failure using
off-line evaluations are most difficult or even impossible. There-
fore, a real-time computer vision system (CVS) as a fast, reliable,
and non-destructive technique has been developed for continu-
ous monitoring of food appearance changes. It has been intro-
duced to drying technology not only for monitoring a material’s
appearance but also for better understanding and controlling of
drying processes. Based on a review of the literature in the recent
decade, considerable efforts have been made to study colour
changes of foodstuffs during drying using CVS in off-line mode3 – 5

and also in real-time mode.1,6,7

Pre-treating foodstuffs is one of the most important stages prior
to the drying process.8 Many insights are available concerning the
effect of pretreatment on the quality of dried foods and reducing
undesired changes in their appearance.8,9 According to Sablani,10

the loss of nutrients in dried fruits can be minimised using suitable
pretreatments. Pretreatment also can affect the rehydration char-
acteristics and therefore improves the final structure of fruits and
vegetables.11,12 In addition, the content of valuable natural dyes
and vitamins in biomaterials may be preserved through suitable
pretreatments before drying.13,14 The change in tissue microstruc-
ture is also a key parameter in comprehensive understanding of
the behaviour of materials being pretreated.15,16

Various pretreatments have been extensively employed
in the food industry including chemical,17 blanching,18

ultrasonic,19 pulsed electric field,20 infrared,21 high hydrostatic
pressure,18 ohmic22 and microwave,23 along with their various
combinations.24 – 26 Each method has its own advantages and dis-
advantages. Any pretreatment not only must deactivate enzymes
such as polyphenoloxidases, impede browning, and peroxi-
dase, catalase and phenolase which lead to the development
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of off-flavours, but also should prevent quality deteriorations in
terms of colour, shape and texture. Furthermore, the duration of
pretreatment could also influence the final quality of products.
To the best of the authors’ knowledge, little insight is available
about the effects of pretreatment on apparent characteristics of
foodstuffs using a real-time CVS. Specifically, the objectives of this
study include: (1) investigating the effects of different pretreat-
ments and durations on colour and shape changes of kiwifruit
slices during hot air drying using an in-process CVS, (2) analysing
the microstructure of kiwifruit slices undergone pretreatments,
and (3) determining the best pretreatment for kiwifruit drying
based on minimal colour and shrinkage changes with the least
drying time, using the clustering method by SAS software (SAS
Institute, Cary, NC, USA).

MATERIALS AND METHODS
Materials
The kiwifruits (Actinidia deliciosa cv Hayward) having an ini-
tial moisture content of 820± 10 g kg−1 wet basis (w.b.) were
cold-stored at 5 ∘C during a 5-day period. Before each run, the
peeled kiwifruits were cut into slices with uniform thickness of
5 mm perpendicular to the fruit axis by a fixed hand coping saw.
The average dimensionless refractive index of kiwifruits was
measured to be 13.95± 0.25 indicating that the ripeness of the
samples was relatively the same.

Pretreatment processes
The types of pretreatments and durations (5, 10 and 15 min) were
determined according to the previous studies mentioned in the
introduction and also based on our preliminary tests, and the
criteria of observing reasonable differences in drying time.

Hot water blanching
Kiwifruit slices were immersed into hot water at 75 ∘C using a
Bain-Marie27 (water bath; Dorsa-tech Co., Alborz, Iran). The slices
were gently removed from the water and blotted with a paper
towel.

Steam blanching
Samples were undergone steam blanching (100 ∘C) in an autoclave
(model Tabletop, Class B; Kavooshmega Co., Tehran, Iran). The
slices were removed from the autoclave and blotted gently with
a tissue to remove adhering water.

Infrared blanching
The IR heater included an electro-fan (model 250 M4; MOTOGEN
Co., Tabriz, Iran), four IR lamps (250 W, SICCATHERM-RED; OSRAM,
Shanghai, China), an air duct and a wire meshed tray. The distance
between the IR lamps and the tray was 20 cm. The uniformity of
their radiation and temperature on the tray were confirmed by a
thermal camera (NEC G120; Nippon Avionics, Yokohama, Japan).
The lamps’ chamber was insulated thermally with glass wool. The
airflow velocity across the slices was 0.5 m s−1 and temperature of
20 ∘C. Before each IR pretreatment, the IR heater was operated for
20 min to achieve a stable and steady-state condition.

Ascorbic acid
Samples were immersed in ascorbic acid 1% (w/w) with pH= 3.8
and then were blotted with a tissue.

Control sample
Samples with no any pretreatment are expressed as U-T.

Determination of pH
The pH of samples was determined by blending 10 slices of
samples for 1 min in a blender (model HR2020; Philips, Shanghai,
China). Then, the pH of the slurry was measured using a pH meter
(model PH-201; Lutron, Taipei, Taiwan).

Laboratory scale CVS dryer
The hot dryer was equipped with a CVS for continuously moni-
toring and measuring morphological features of the materials to
be dried from their captured images (Fig. 1). The dryer had dif-
ferent parts including some electrical heating elements (totally
7000 W), an integrated control unit, an illumination and imag-
ing chamber, a digital weighing scale (±0.01 g; A&D Co., Tokyo,
Japan) connected to a PC (for continuously measuring a sample’s
weight), three integrated temperature and relative humidity sen-
sors (AM2303; Aosong Electronics Co., Guangzhou, China).

The control unit was interfaced to a PC through a RS-232 port.
A microcontroller (ATmega16; Shenzhen Sunhokey Electronics Co.,
Ltd., Shenzhen, China) was employed to process the sensors’ data
including temperature, relative humidity and air velocity, which
was adjustable by means of an inverter (Hyundai N50; Hyundai,
Ulsan, Korea). The controller was programmed using MATLAB 7
(Mathworks Inc., Natick, MA, USA), for reading measurements and
manipulate suitable control signals for the fan and the heater. The
images of slices were captured with a digital camera (Coolpix P510,
Nikon Co., Tokyo, Japan) and the images were sent to the PC via a
Wi-Fi memory card (Eyefi Mobi; Eyefi Co., Mountain View, California,
USA).

The heater elements were controlled by pulse width modulation
(PWM) approach. The PWM technique controls the heaters with
various output levels and hence it provides a smoother control of
heater temperature.28

Drying experiments
After pretreatment, the drying experiments were carried out at
70 ∘C and air velocity of 1 m s−1 in triplicate. The instantaneous
weight of samples (with load density 1.5± 0.1 kg m−2) was trans-
ferred to the PC and read by WinCT© (RsKey, Tokyo, Japan) soft-
ware every 30 s. The surface shrinkage and the colour change of
slices were determined by analysing the top view images of the
slices every 30 s. However, in this paper, for clear presentation and
to avoid having over-crowded graphs with too many error bars, the
graphs have been presented with data points of wider time inter-
val. The slices were dried to a safe level mass (moisture content of
100± 30 g kg−1, w.b.).

Mathematical modelling of the drying curves
The moisture ratio (MR) is expressed as:

MR =
Mt − Me

M0 − Me

(1)

where Mt is the moisture content at time t, Me is the equilibrium
moisture content and M0 is the initial moisture content all in
(kg kg−1) (water/dry matter).
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Figure 1. Experimental dryer (A) and its schematic view (B): 1, control unit; 2, PC; 3, heating elements; 4, fan; 5, straightener; 6, balance ; 7, illumination
and imaging chamber; 8, inverter; 9, camera; 10, lighting lamp; 11, tray; 12, temperature and relative humidity sensors.

However, for products having high initial moisture content the
Me can be neglected29,30 and hence:

MR =
Mt

M0

(2)

The moisture ratio versus drying time was fitted with 14 different
models typically used for the modelling of drying using MATLAB
software. These models were reported by Menges and Ertekin.29

The best model describing the thin-layer drying characteristics of
kiwifruit slices was chosen as the one with the highest coefficient
of determination (R2), the least root mean square error (RMSE) and
the least sum of square error (SSE). Drying rate (DR) of kiwifruit
slices was calculated as:31

DR =
Mt+dt − Mt

dt
(3)

where Mt and Mt+dt are current and subsequent moisture contents,
respectively.

Fick’s second law of diffusion for slab geometry by postulating
the uniform initial moisture distribution, negligible external resis-
tance, constant diffusivity and negligible shrinkage was applied to
calculate the moisture diffusion of the slices during drying:32

MR = 8
𝜋2

∞∑
n=0

1

(2n + 1)2
exp

[
−
(2n + 1)2

𝜋2Defft

4L2

]
(4)

where Deff is the effective moisture diffusivity (m2 s−1), t is the
drying time (s), L is the half-thickness of samples (m) and n is a
positive integer. The Deff is determined by plotting experimental
drying data in terms of ln(MR) versus time.31

Image analysis
Image segmentation was performed through an algorithm written
in MATLAB codes. As the images had bright green colour and the
background (the tray) was black, the segmentation was obtained
by thresholding the high contrast image of green and blue differ-
ence (2G− 2B) by Otsu’s method.33 Subsequently, morphological
flood-fill operation was performed to fill the holes inside kiwi slices
particularly due to the tiny black seeds. Figure 2 illustrates a typical
example of the segmentation process on selected images before
and after drying.

Extraction of image features
The projection area of being-dried slices (At) was calculated by the
pixel count method and then the area shrinkage was defined as:

Area Shrinkage (%) =
A0 − At

A0

× 100 (5)

where A0 is the initial projection area of slice.
To evaluate the colour change of slices the top view RGB images

were converted to L*a*b* colour space. To calibrate the extracted
L*a*b* colour components, measured L*, a* and b* colour values
of 20 standard coloured papers were measured by a colorimeter
(model CR-410; Konica Minolta, Tokyo, Japan) and the values were
used in a regression model against their corresponding values
measured by the CVS.1 The calibrated L*, a* and b* values of
images were used to calculate the total amount of colour changes
during drying process as:7

ΔE =
√(

L∗ − L∗0
)2 +

(
a∗ − a∗

0

)2 +
(

b∗ − b∗
0

)2
(6)
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Figure 2. Consecutive steps for extracting foreground from background: original colour image before drying (a); image from ‘2G− 2B’ thresholding (b);
binary image (c); binary image with filled holes (d); final desirable image before drying (e); final desirable image after drying (f ).

where L0*, a0* and b0* represent the lightness, redness and yellow-
ness of a fresh sample, respectively.

Analysis of the microstructure
Before analysing kiwifruit tissue by light microscopy, the control
(U-T) and the pretreated samples (with three replicates and a total
of 15 samples) were prepared using the method described by
Ramírez et al.15 In this regard, the slices were softened in a solu-
tion (5% formaldehyde, 5% acetic acid, and 90% ethanol 70% (v/v))
for 48 h at room temperature. The samples were then dehydrated
in a graded series of ethanol at 50, 70, 85, 96 (I), 96 (II), 100 (I)
and 100% (II) (v/v) to complete the dehydration and then to be in
paraffin (I) and paraffin (II) using tissue processor (MK2220; Pooyan
Co., Mashhad, Iran). Three micro-slices with 9 μm thickness were
prepared with a microtome (MK1120; Pooyan Co.), collected on
a clean glass slide and treated with an albumin/glycerin solution
to aid the adhesion. The glass slides were placed on a warm-
ing tray (40 ∘C) for 3 h to flatten the micro-slices and to evapo-
rate water, so that the micro-slices can adhere to the slide. The
micro-slices were then deparaffinised using xylene (three baths,
10 min each bath) and hydrated using an ethanol series (100, 95,
80, 70 and 50% (v/v), 5 min each step, ending with water for 1 min).
The micro-slices were stained with a safranin O solution for 30 min
(0.5 g safranin, 50 mL ethanol 95% (v/v) and 50 mL distilled water)

and then rinsed with water to remove all excess stain from the tis-
sue. Subsequently, another dehydration was performed in ethanol
(50, 70, 95 and 100% (v/v), 5 min each step). Finally, the tissues
of the micro-slices were stained for 3 min with Fast Green FCF
(0.1 g Fast Green, 10 mL absolute ethanol, and 10 mL clove extract
with 90% v/v eugenol) to stain the cell walls in the samples. To
improve the colour contrast, the tissue sections were washed twice
(10 min each) with a eugenol solution (50 mL clove extract, 25 mL
absolute ethanol, and 25 mL xylene). The sections were finally
cleared after three changes of 100% v/v xylene (10 min each) and
were subsequently air dried. A cover slip was mounted with Per-
mount to make a permanent preparation. This stain method was
performed to examine the tissue morphology, in particular, the
cell wall.

After preparation of micro-slices, the microstructure images of
cells were taken at× 100 magnification using a computer-aided
light microscope (Olympus, Tokyo, Japan) with DP2-BSW software
(DP2-BSW, Version 1.3; Olympus, Tokyo, Japan). Three micro-slices
(5× 15 mm) per pretreatment were analysed. For this purpose, 10
images with the dimension of 2560× 1920 pixels were obtained
randomly through any micro-slice. In order to quantify the changes
in the kiwifruit slices structure, cell cavities enclosed in a square
of 0.4 mm2 per any image were characterised in terms of their cell
number, cell area and cell perimeter.

wileyonlinelibrary.com/jsfa © 2016 Society of Chemical Industry J Sci Food Agric 2016; 96: 4785–4796
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Statistical analysis
The required drying time, the total colour change and the shrink-
age of slices after drying to nearly MR= 0.05 were considered. Sta-
tistical analysis of the results was carried out using a 4× 3 factorial
design (four pretreatments with three different durations). Analy-
sis of variance (ANOVA, Fisher LSD as post-hoc test) was performed
to evaluate the significance of the effect of independent variables
and their interactions on the required drying time, the total colour
change and shrinkage of kiwifruit slices.

In this study, clustering procedure by SAS software (SAS version
9; SAS Institute Inc.) based on Average Linkage Method (ALM),
which is a method for identifying similarities between a group
members,34 was used in order to choose the best pretreatment
for slices in terms of drying time, their final colour and surface
shrinkage. To rank the pretreatments, the drying time, the total
colour change and the shrinkage of slices at MR= 0.05 were sep-
arately examined using clustering analysis. To perform clustering
procedure, each of above characteristics was classified into some
distinct categories. Based on the average value of a certain char-
acteristic for any pretreatment, the members of each group was
determined. Then, a scoring method was used to choose the best
pretreatment. In this regard based on the characteristic value for
a group, a normalised value between 0 and 1 was allocated to any
of group members, in such a way that the higher scores represent-
ing better characteristics. Finally, the scores of the drying time, the
total colour change and the shrinkage obtained for each treatment
were summed and finally the treatment with the highest score was
selected as the best pretreatment.

RESULTS AND DISCUSSION
Microstructure of the control and the pretreated samples
In order to study and compare the microstructure of the control
(U-T) and pretreated slices, their photomicrographs were taken
and analysed (Fig. 3). Table 1 shows the results of the quantitative
and statistical analysis of the numbers, the perimeters and the

areas of cells obtained from 30 microscopic images. The cells were
divided into small and large groups such that the area of the large
cells was at least 10 times of the smaller cell area.

In the control (U-T) sample tissue (Fig. 3), cells and intercellu-
lar spaces were loosely arranged and to some extent inhomo-
geneous and anisotropic with clearly intact cells. However, with
HWB pretreatment the cells were stretched and elongated with-
out any cell wall rupture, which implies rearranging the cellular
structure. The cells’ size of slices subjected to HWB exhibited the
highest microstructural change in terms of cell cavity and perime-
ter (Table 1). Pretreatment with HWB can increase intra-cellular
spaces and inter-cellular channels and formation of new pathways
through the structure. These results are in agreement with those
reported by Ramirez et al.15 for HWB of apples at 100 ∘C, where a
higher number of large cell cavities were presented in the apple
structure. Among heat pretreatments, the cellular damage found
only in IR pretreatment by which some parts of cell membranes
and walls were ruptured. It could be probably related to the rapid
removal of water from the tissues in the samples due to exten-
sive heat generation. Indeed, the exposure of food to IR radiation
results in changes in the vibrational states of water molecules35

that can probably cause tissue damage in smaller cells.
The AA pretreatment presented the highest damage in kiwifruit

microstructure (Fig. 3). This was probably because of loosening
pectin-structured cell wall in acidic environment.36 Therefore, the
results indicated that AA was the most aggressive pretreatment in
term of cell walls rupture.

In the tissues pretreated with SB, cells became more circular
(Fig. 3) and hence cell to cell contact decreased without cellular
disruption, which implies rearranging the cellular structure. Nieto
et al.37 reported the same results for microscopic tissue exami-
nation of mango exposed to steam. In this regard, Quenzer and
Burns38 indicated that SB causes less cellular disruption, or more
cell stability. In contrast, Moreno et al.39 showed that the changes
in cellular pattern of strawberry tissues such as cell decompart-
mentation might be induced by steam treatment.

AA IR HWB 

SB U-T 

100µm 100µm 100µm 

100µm 100µm 

Figure 3. Samples of photomicrographs of kiwifruit slices subjected to different pretreatments and the control sample.
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Table 1. Values of morphological features of cells enclosed in squares with area of 0.4 mm2 for control and pretreated kiwifruit slices

Average numbers of cells Average perimeter± SD (μm) Average area± SD (μm2)

Pretreatment Large cells Small cells Large cells Small cells Large cells Small cells

AA 5± 1 43± 6 811.1± 148.6B 249.3± 68.1B 53 328.8± 8240.8A 3287.0± 456.3B

IR 6± 2 48± 4 780.4± 119.6B 222.7± 28.1BC 43 426.7± 8923.2AB 3725.1± 399.0B

HWB 5± 1 35± 5 1521.1± 286.5A 463.8± 45.3A 55 715.4± 5411.3A 4555.5± 235.2A

SB 9± 3 28± 7 735.0± 191.1B 184.5± 99.8C 34 225.2± 6423.1B 3601.6± 138.1B

Control (U-T) 8± 1 64± 4 685.1± 115.4B 223.1± 73.3BC 28 001.3± 6993.1B 3011.8± 600.2B

Means with the same letters have no significant difference.

Analysis of moisture transfer
As shown in Figs 4–7, the moisture content, colour and shrink-
age of kiwifruit slices were influenced by different pretreating pro-
cesses (especially by IR and SB). Therefore, to compare the different
pretreatments, the above attributes should all be assessed with
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Figure 4. MR of kiwifruits slices with different pretreatments ( AA IR
HWB SB U-T) at 5 (A), 10 (B) and 15 (C) min. The vertical dashed lines

indicate starting time of drying process after pretreatment and the dot line
curves represent the fitted Midilli models.
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Figure 5. Trend of drying rate of kiwifruits slices with different pretreat-
ments ( AA IR HWB SB U-T) at 5 (A), 10 (B) and 15 (C)
min.

respect to a criterion or benchmark. In this study, initial moisture
content, colour and area of kiwifruit slices before treatments were
considered as reference. In other words, for a better and accurate
comparison, pretreating process was also considered as an integral
part of drying process.
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drying process after pretreatment.)

The drying curves of samples with different pretreatments and
various durations are shown in Fig. 4. The best mathematical
model fitted to experimental data was chosen based on the
highest coefficient of determination (R2) and the least RMSE and
SSE. Having this, the model of Midilli et al.40 [MR= a exp(−ktn)+ bt]
was determined as the best model, overall, with R2 > 0.9983,
RMSE= 0.01050 and SSE= 0.01950 (Table 2). Drying rate (DR)
was estimated from the derivative of the Midilli’s equation with
the parameters presented in Table 2 for the respective drying
processes. The DRs for kiwifruit slices are shown in Fig. 5. This
figure clearly indicates that pretreatments were the key factor,
affecting the drying trends. Table 2 shows the Deff of kiwifruit
slices with and without pretreatments. A clear difference can be
observed between the samples dried without pretreatment and
those dried with a pretreatment. The average effective moisture
diffusivity for the samples pretreated by IR-10 and 15 min and
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10 (B) and 15 (C) min. (The hollow circles indicate starting time of the drying
process after pretreatment.)

HWB-5 min yielded the highest Deff (>8× 10−8 m2 s−1) among all
pretreatments. Therefore, these pretreatments resulted in easier
outflow of internal water due to the higher number of large cell
cavities in their microstructure and cell wall fracture (especially for
IR) in some parts (see Fig. 3).

Effect of pretreatment on drying time
As shown in Table 3, the effect of all main independent variables
and their interactions were significant on the drying time. As also
shown in Fig. 4, the moisture of all pretreated samples evapo-
rated faster than that from the controls except for the samples
pretreated by AA for 15 min (AA-15 min). The AA-15 min had the
longest drying time (139 min) and the lowest Deff (4.316× 10−8 m2

s−1) as compared to the other pretreatments. Also, the increase
of AA duration significantly led to lengthening the drying time.
This was probably because of loosening the pectin-structured cell
wall of kiwifruit in acidic environment36 and the creation of a
low-permeable layer at the surface of slices.41
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Table 2. Coefficients of the Midilli models [MR= a× exp(−ktn)+ bt], corresponding statistical parameters and moisture diffusion for the individual
experimental runs

Pretreatment Duration a b k n R2 RMSE SSE Deff (10−8 m2 s−1)

AA
5 1.001 −0.000131 0.008066 1.240 0.9995 0.00579 0.00616 7.365± 0.139D

10 1.002 −0.000109 0.003644 1.347 0.9990 0.00823 0.01405 6.009± 0.201G

15 1.003 −0.000249 0.001764 1.427 0.9983 0.00968 0.01950 4.316± 0.101H

IR
5 1.002 −0.000078 0.018000 1.072 0.9998 0.00536 0.00014 7.477± 0.105D

10 1.003 −0.000399 0.025850 0.969 0.9997 0.00777 0.00030 8.149± 0.151AB

15 1.001 −0.000458 0.033390 0.930 0.9994 0.01050 0.00044 8.297± 0.175A

HWB
5 1.001 −0.000060 0.007091 1.295 0.9997 0.00425 0.00249 8.052± 0.155B

10 1.003 0.000121 0.002445 1.518 0.9992 0.00682 0.00689 6.549± 0.066F

15 1.002 0.000071 0.000792 1.737 0.9984 0.00940 0.01264 6.028± 0.160G

SB
5 1.008 −0.000158 0.006950 1.123 0.9998 0.00345 0.00173 6.066± 0.142G

10 1.009 −0.000001 0.004989 1.357 0.9994 0.00569 0.00476 6.936± 0.090E

15 1.010 0.000036 0.001348 1.707 0.9992 0.00750 0.01008 7.703± 0.149CD

Control (U.T.) 1.000 −0.000372 0.015490 0.997 1 0.00221 0.00001 5.555± 0.052

Values in bold type are the lowest value of R2, the highest value of RMSE and the highest value of SSE in their associated columns.

Table 3. ANOVA results for effect of pretreatments and their duration on the drying time, area shrinkage and ΔE during drying up to moisture
content of MR= 0.05

Drying time Area shrinkage ΔE

Source of variance DF SS Pr> F SS Pr> F SS Pr> F

Pretreatment 3 16.6 <0.0001 0.0006 0.0008 576.2 <0.0001
Duration 2 1.8 0.0470 0.0004 0.0021 44.6 0.0003
Pretreatment×Duration 6 10.3 <0.0001 0.0012 <0.0001 128.7 <0.0001
Error 24 4.0 – 0.0006 – 47.1 –

C.V. 5.01 0.52 14.14

Pretreatment×Duration interaction sliced by pretreatments for testing the significant
differences between the three durations

AA 2 6.4 <0.0001 0.0013 <0.0001 0.8 0.8072
IR 2 1.7 0.0149 0.0001 0.5640 7.8 0.1575
HWB 2 1.9 0.0087 0.0001 0.0465 7.4 0.1742
SB 2 1.2 0.0466 0.0001 0.1018 157.3 <0.0001

DF, Degree of freedom; SS, sum of squares.
Bold numbers indicate a significant effect.

Both hardening and softening rates in fruits are time and
temperature dependent.42 Hence, the heating of agricultural
product causes the co-occurrence of softening and hardening
processes. These phenomena could be the reasons for decreasing
and increasing drying time by increasing the duration of SB and
HWB, respectively. As seen in Fig. 5 and Table 2, the samples
pretreated by IR-5, 10 and 15 min; HWB-5 min and SB-15 min had
faster DR and also faster moisture removals (higher Deff) than the
other samples. This phenomenon was reported by others43 for the
material pretreated with IR. In the case of HWB and SB, the high Deff

might be due to an increase in intra-cellular spaces, inter-cellular
channels and the formation of new pathways through the struc-
ture induced by softening (see Fig. 3 and Table 1). These in turn
facilitate the movement of water from the interior tissue to the
exterior surface.15

Effect of pretreatment on shrinkage
As shown in Table 3, the effects of pretreatments, their durations
and their interactions were significant on the area shrinkage.

However, the interactive effect of pretreatment and duration sliced
by pretreatments for testing the significant differences between
the three durations on area shrinkage was not significant, with the
exceptions of AA and HWB. The area shrinkages of kiwifruits versus
MR are shown in Fig. 6. It is seen that in all treatments during the
initial phase of drying, where the drying rate is high, the shrinkage
to its furthest extent countervails moisture loss, and hence the
area shrinkage of the material increases sharply with MR. Indeed,
the slices are in the rubbery state at high moistures. In fruits,
glass transition temperature is determined by concentration of
sugars (glucose, fructose and sucrose),biopolymers and moisture
content.44 With the decrease of moisture content, the product
temperature (T p) increases and comes closer to the glass transition
temperature (T g), thus decreasing the shrinkage. It can be said
that the greater the difference (T p − T g), the higher shrinkage can
happen.45

As seen in Figs 4 and 6, increasing the duration of AA extended
the drying time and increased the area shrinkage. This was proba-
bly due to the low-permeable layer at the surface of kiwifruits, and
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consequently a uniform and gradual shrinkage occurred. It could
be concluded that drying rate as one of the most important factors
had a profound effect on the progression of the shrinkage. Gener-
ally, if low drying rate conditions are used, no sharp moisture gradi-
ents are formed in the material that shrinks uniformly until the last
stages of drying.46 With the higher DR, intense moisture gradients
through the slices occur and the low moisture content at the sur-
face causes a rubber–glass transition. This could produce a porous
hard outer case (called case hardening).46 However, if drying condi-
tions do not allow a phase transition in the outer area of the slices,
the results of shell formation even at high drying rates will not be
observed. Generally, shrinkage of an agro-product is a complicated
phenomenon that is not only related to internal tissue changes
(e.g. mobility of the solid matrix, intra-cellular spaces and channels,
formation of new pathways), but it also depends on the rubbery
or glassy state and case hardening formation. As seen in Figs 4
and 6, although there was no difference between the drying time
for AA-15 min samples and U-T samples, the acid pretreated sam-
ples suffered more shrinkage due to cells rupture.41 Kiwifruit slices
had the highest shrinkage after IR pretreatment (before imposing
to hot air) but the shrinkage was lower than the other pretreat-
ments after the whole drying process (Fig. 3). The combination of
these trends led to the lowest shrinkage for IR, at the end of dry-
ing. With IR pretreatment the cell walls rupture (Fig. 3) accelerated
water removal from the tissues and by starting drying with hot air,
the moisture content continued to reduce, and hence the mobil-
ity of the solid matrix of the material decreased, leading to a lower
shrinkage change.

In HWB and SB samples, the shrinkage increased with the
increase in drying time. The results indicated that HWB-5 min and
SB-15 min had the lowest shrinkage which could probably related
to the time and temperature dependence of both hardening and
softening rates as described previously.

Effect of pretreatment on colour parameters
According to the ANOVA results, the effects of pretreatments,
their durations and their interactions were significant on the
ΔE (Table 3). However, the interaction of pretreatment and
duration sliced by pretreatments for testing the significant dif-
ferences between the three durations on ΔE was not significant,
with the only exception of SB. Figure 7 presents the evolutions
of ΔE against MR. The samples became greenish brown dur-
ing drying. Overall, the variations of ΔE could result from the
original pigments decomposition, brown compounds formation
by enzymatic and non-enzymatic browning reactions. The pig-
ments responsible for kiwifruit’s original colour are said to be
chlorophyll (green), carotenoids, flavonoids (yellow) and antho-
cyanins (red).47,48 The rapid increment of ΔE during preheating
may be due to the rapid synthesis of phenolic compounds and
the higher rate of non-enzymatic browning reactions.49 Maillard
reaction is easily stimulated in wet products during thermal
processing.50 As the Maillard reaction progressed the samples’
pH dropped.51 The equilibrium state in ΔE of slices after some
pretreatments (HWB, SB and IR) towards the end of drying process
could be possibly because of the inhibitory effect of pH of below
4.0 (Table 4) on Maillard reaction.50,52

As seen in Fig. 7, theΔE values of pretreated samples were higher
than U-T slices except for AA and HWB. The AA pretreatment could
well prevent increasing colour change during the initial stage
of drying (Fig. 7). In these samples the acidic solution lowered
the pH by protonating more amino group in the equilibrium
state and reducing its reactivity with sugars.53 Additionally, the

Table 4. Average and standard deviation of pH and moisture content
after pretreatment of slices plus control conditions

Pretreatment Duration pH Moisture content (g kg−1)

AA
5 4.10± 0.03A 810± 6A

10 4.07± 0.05AB 813± 4A

15 4.04± 0.06ABC 811± 5A

IR
5 3.87± 0.03E 699± 16C

10 3.76± 0.04F 656± 25D

15 3.72± 0.04F 564± 28E

HWB
5 3.85± 0.05E 807± 06A

10 3.93± 0.08DE 808± 02A

15 3.98± 0.04CD 812± 03A

SB
5 3.95± 0.04BC 770± 26B

10 3.96± 0.01CD 761± 10B

15 3.98± 0.06CD 755± 12B

Control (U.T.) 4.68± 0.21 820± 10

Means with same letters have no significant difference.

citric acid acted as a metal chelator to confine copper and iron
availability required for polyphenol oxidase (PPO) activation.54

The ascorbic acid does not inhibit PPO directly but acts as a
reducing compound and reduces the orthoquinones to colourless
dehydroxyphenols.50 This in turn limits the oxygen diffusion into
the product during drying by creating a barrier due to a process
called ‘reaction deactivation’. Accordingly, the colour variations
in the slices decelerate during the initial stage of drying.55 Thus,
the enzymatic browning was considerably eliminated in pre-acid
treatment samples. However, according to Fig. 7, there was no
difference between U-T and AA samples in terms of total colour
changes. This could be due to the loosening pectin-structured
cell wall in acidic environment and progressing of non-enzymatic
browning reactions and formation of brown compounds.

Among all preheat treatments, HWB-5 min had the lowest colour
change at the end of drying. This might be due to a short drying
time. The long drying time provides enough time for developing
more brown compounds by stimulating the Maillard reaction. The
highest ΔE observed for the SB-15 min. The SB-10 and 5 min sam-
ples exhibited the second and the third highest colour changes,
respectively. This could be related to the further progressing of
chemical and physical changes in SB slices by stimulating most of
the non-enzymatic reactions. It might be due to the increase in
temperature and hence increasing the browning index, because of
higher rate of the Maillard reactions. In IR blanching it can be said
that increasing DR would reduce the Maillard reaction. It was, how-
ever, found that the higher temperature of IR heating had a more
significant contribution to developing brown pigment compared
with the effect of IR pretreatment duration.

Best pretreatment for kiwifruit
Figure 8 illustrates tree diagrams (dendrogram) for drying time,
the total colour changes and the area shrinkage of kiwifruit.
These diagrams indicate the cluster membership at any spec-
ified level of the clustering tree. Also, each of the binary trees
have leaves, branches, and roots. The name of cluster and the
average distance between clusters is displayed on the horizontal
and vertical axes, respectively. The names of leaves are the row
numbers of Table 5. A horizontal dashed line is drawn on any of
trees so that the best clustering separation obtained among all
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Figure 8. Tree diagram of drying time, area shrinkage and ΔE clusters versus average distance between clusters.

pretreatments. Therefore, each of the branches cut by the dashed
line has the same characteristics. For example, leaves 1, 8 and 10
(i.e. AA-5 min, HWB-10 min and SB-5 min) are located in the same
branch of drying time tree and therefore, there are no substantial
differences among them in terms of drying time. Finally, each cut
branch or leaf by the red dashed line received a score between
0 and 1 based on its average value and the tree diagrams. Then,
as seen in Table 5, all of the scores obtained for each treatment
were summed. According to this table, both HWB-5 min and

AA-5 min had the first and second highest scores and, hence, were
selected as the best pretreatments, when considering drying time,
colour and shrinkage as a whole. With a close look at Table 5 it
is seen that the AA-5 min obtained the highest scores in terms of
appearance quality (colour and shrinkage), but its total score
reduced by a relatively small score from drying time (0.5).
Orikasa et al.56 reported that the ratio of antioxidant activity,
the residual ratio of L-ascorbic acid (AsA) and the hardening
ratio of kiwifruit are dependent to drying time and hence could
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Table 5. The scores values of different pretreatments based on tree
diagrams of drying time, area shrinkage and ΔE clusters

Scores

Number Pretreatment Drying time Shrinkage ΔE Total

1 AA (5 min) 0.5 1 1 2.5
2 AA (10 min) 0.3 0.7 1 2
3 AA (15 min) 0.0 0.0 1 1
4 IR (5 min) 0.6 1 0.4 2
5 IR(10 min) 0.8 0.8 0.4 2
6 IR (15 min) 1 0.8 0.6 2.4
7 HWB (5 min) 0.9 0.8 1 2.7
8 HWB (10 min) 0.5 0.7 1 2.2
9 HWB (15 min) 0.4 0.2 0.8 1.4

10 SB (5 min) 0.5 0.2 0.2 0.9
11 SB (10 min) 0.6 0.5 0.2 1.3
12 SB (15 min) 0.9 0.7 0.0 1.6
13 Untreated sample 0.1 0.3 1 1.4

Values in bold type are associated with the optimal pretreatment.

be considered as one of the key factors for kiwifruit drying.
Therefore HWB-5 min with drying time score of 0.9 is preferred
over AA-5 min with the score of 0.5, despite its higher colour and
shrinkage scores (totally 2.0). In conclusion, the HWB-5 min could
be selected as the best pretreatment for kiwifruit in regards of
three parameters including drying time, the total colour changes
and area shrinkage.

CONCLUSIONS
Computer vision system was developed for monitoring kiwifruit
slices being dried in a hot air dryer. The quality of dried kiwifruit
slices were considerably affected by some pretreatments. The
microphotography of fruit tissues showed that the microstructural
features of tissue were affected by pretreating. A new method was
presented with the aid of SAS software clustering to determine
the best pretreatment for kiwifruit slices. Overall, using HWB at
75 ∘C with the duration of 5 min can reduce the drying time with
a reasonable quality of end products. The AA-5 min pretreatment
could well prevent colour and shrinkage changes during drying.
However, increasing the drying time put this type of pretreatment
in second place, after HWB-5 min.
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17 Doymaz İ, An experimental study on drying of green apples. Dry

Technol 27:478–485 (2009).
18 Al-Khuseibi MK, Sablani SS and Perera CO, Comparison of water blanch-

ing and high hydrostatic pressure effects on drying kinetics and
quality of potato. Dry Technol 23:2449–2461 (2005).

19 Rodrigues S and Fernandes FAN, Use of ultrasound as pretreatment for
dehydration of melons. Dry Technol 25:1791–1796 (2007).

20 Gachovska TK, Adedeji AA, Ngadi M and Raghavan GVS, Drying
characteristics of pulsed electric field-treated carrot. Dry Technol
26:1244–1250 (2008).

21 Vishwanathan KH, Giwari GK and Hebbar HU, Infrared assisted
dry-blanching and hybrid drying of carrot. Food Bioprod Process
91:89–94 (2013).

22 Salengke S and Sastry SK, Effect of ohmic pretreatment on the dry-
ing rate of grapes and adsorption isotherm of raisins. Dry Technol
23:551–564 (2005).

23 Adedeji AA, Gachovska TK, Ngadi MO and Raghavan GSV, Effect
of pretreatments on drying characteristics of okra. Dry Technol
26:1251–1256 (2008).

24 Dutta B, Raghavan GSV, Dev SRS, Liplap P, Murugesan R, Anekella
K, et al., A comparative study on the effects of microwave and
high electric field pretreatments on drying kinetics and quality of
mushrooms. Dry Technol 30:891–897 (2012).
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