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Abstract

     Tomato paste is one of the main tomato products. As increasing demand for this product in the world and Iran, it is necessary to evaluate the important factors that are effective in tomato paste production. So that it's qualitative, charachtristics can be improved. The selection of raw material according to its application is the first step in optimizing each process. Therefore, suitable selection of tomato varieties must be according to the physico-chemical properties of tomato pastes produced from different tomato varieties. In this project, an extensive study was carried out on the physico-chemical properities of the paste produced from 17 varieties of hybrid and standard groups during 3-harvest time. The odjective of this study is to determine the best variety of tomato for the production of paste with constant and desivable properties.

     The results of statistical analysis showed that the L.T.H.B. (020) hybrid variety and the Caljn3 Standard variety had the highest score. However, the hybrid varieties Haypil- 45, GS. -12, Dual-Pride, and the standard varieties Early Orbana-111 were also suitable for paste production. The effect of harvest time on the tomato paste properties obtained from different varieties was significant. Thus, the suitable varieties were selected based on the least changes in properties during harvest time, so that the quality varieties can be recommended for processing during production period.  
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Introduction

     Tomato paste is a mixture of seperated pericarp cells in a clear serum. Desirable quality attributes of tomato paste depend on different factors such as variety, cultural conditions, maturity and geographical situation. Variety is the most important of these factors. Therefore, it is important to have information about physico-chemical charachtristics of the tomato paste obtained from different varieties. Mubark et al.(1971) evaluated the soluble solids, acidity and other attributes of tomato paste obtained from different varieties. They found that tomato paste obtained from pear shape varieties may have better color than that of other varieties.

     Bonva etal.(1972) conducted physical and chemical tests on the fruit, puree and juice of the tomato and found that firm fruits with regular shape and high dry matter possess better charachtristics for processing than other fruits. Barnu et al.(1982) evaluated chemical and sensory properties of 8 varieties of tomato. The results showed that 6 varieties were suitable for puree production and 8 varieties for fresh market applications. Krishna et al.(1986) studied the physico-chemical properties of some tomato varieties used in tomato paste production. In their study the charachtristics of shape, diameter, weight, yield, color, soluble solids, acidity, pH, pulp content, ascorbic acid and lycopene were evaluated and the bestvariety was selected accordingly. Pureta (1993) evaluated physical, chemical and sensory properties of tomato puree obtained from several varieties. Keshavarz (1996) evaluated physico-chemical charachtristics (soluble solids, acidity, color, fruit weight, paste production yield and pH) of 10 varieties of tomato and the produced pastes. He introduced  Caljn3 as the best variety.

     The purpose of this project, is investigation the effect of variety and harvest time on the physico-chemical properties of tomato paste in Mashhad.

Materials and methods

Treatments

1- Tomato varieties: 17 varieties were selected after a complete survey on the available and new seeds. The following factors were the basis for the selection and their charachtristics are given in table1.

· New varieties suggested by valid producres and seed importers.

· Varieties with vast areas of cultivation

· Considering the situation of Mashhad region and the availiblity of seeds.

· The results of conducted researches on tomato varieties

2- Harvest time: Harvest time is one of the other factors, which affect the quality of tomato. Considerable changes occur in tomato charachtristics during harvest period or change of culture conditions in the region. Therefore, the selection of suitable varieties, which keep their desired charachteristics during usage, is of special importance. In this project, the effect of harvest time was evaluated at three levels(TH1, TH2 & TH3).

     Therefore, considering the levels of the mentioned treatments and three replications, we had 153 tomato paste samples, which were analysed and compared in terms of physical and chemical properties.

Production of tomato

     After selecting the varieties, their seeds were shown in the field of Agriculture Faculty of Ferdowsi University uniformly by transplanting. Compeletly randomized sampling of red mature tomatoes was used with three replications.

Production of tomato paste

     About 10kg of tomatoes were sorted from each variety. Then they hot-breaked at      85 °C under constant conditions. The tomato juice from each variety concentrated in a vaccum evaporator at 60°C.

Table 1. Charachtristics of evaluated varieties

	Variety
	Type
	Bbbriviation
	Approximate percent of area under cullivation in Iran
	Producer company

	Stormy
	Hibrid
	ST
	New
	Behta Com.

	Peto-perid
	Hibrid
	PP.II
	3 %
	Falat Com.

	Haipiel-45
	Hibrid
	Hyp.45
	New
	Falat Com.

	Dual-plus
	Hibrid
	D.PL
	2 %
	Behta Com.

	L.T.H.B(020)
	Hibrid
	LT
	New
	Centeral resarch of Karaj

	GS-12
	Hibrid
	GS.12
	5 %
	Centeral resarch of Karaj

	SP-34
	Hibrid
	SP-34
	New
	Centeral resarch of Karaj

	SP-97
	Hibrid
	SP-97
	New
	Centeral resarch of Karaj

	Peto-Perid 5
	Hibrid
	PP.5
	New
	Falat Com.

	Doal-Praid
	Hibrid
	D.Pr
	3%
	Behta Com.

	Peto-Early CH
	Standard
	CH
	New
	Falat Com.

	Early- Orbana 111
	Standard
	E.111
	3 %
	Centeral resarch of Karaj

	Early-Orbana-Y
	Standard
	E.Y
	10%
	Centeral resarch of Karaj

	Peto-Make 2
	Standard
	Pm.II
	New
	Centeral resarch of Karaj

	Cheff
	Standard
	Chef
	New
	Centeral resarch of Karaj

	Caljn3
	Standard
	Caljn3
	23 %
	Falat Com.

	Mobil
	Standard
	Mobil
	17 %
	Centeral resarch of Karaj


Evaluated properties

a. Physical properties:  Tomato paste consistency was measured by Bostwick method(in cm/s). Precipitate ratio was measured by a 15000 rpm centrifuge at 4°C and Hunter-Lab model D25-PC2 was used to evaluate color values of tomato paste diluted to 12.5 °Brix.

b. Chemical properties: Acidity, pH, total solids, insoluble solids and pectin content of the samples were determined. Acidity was measured by titration with caustic up to constant pH equal 8.1. total solids were determined in a 103°C oven. Insoluble solids were obtained by substracting total solids from insoluble solids. Pectin content was determined by Versene-pectinase method and formation of calcium pectinate precipitate.

Statistical design

     Factorial test with two factors based on compeletly randomized design was used at three replications to investigate the effect of treatments on the measured charachtristics. The means were compared by Duncken s multi range test at the level of 5%. Scoring method was applied to select the best variety.

Results and Discussion 

     Statistical analysis was carried out for hybrid and standard varieties to select the best variety and to determine the effect of harvest time on tomato paste charachtristics. The results are discussed seperatly.

a. Physical properties

     The results of physical properties evalution tomato paste obtained from 17 varieties (hybrid and standard varieties) are shown in table2. Analysis of these attributes are as follow:

1-Color: Color is one of the important physical factors in evaluating tomato products. Carotenoieds especially lycopene(83%) and β-carotene(3-7%) are responsible for tomato and tomato products color. The amount of these components depend on the variety and growth conditions. Color values of L, a,b and a/b from Hunter-Lab were used to analyse the effects of variety and harvest time on color changes of tomato paste. a/b value shows the red to yellow ratio of tomato paste samples. Gaus and Ben stead (1973) showed that the a/b ratio equal or more than 1.9 indicate good quality color of the product and a/b <1.8 was not acceptable for paste and puree of tomato. Protos(1996) reported that the L and a/b value for paste should be at least 23.5 and 2.15, respectively.

     Based on this comparison, the effects of variety and harvest time on color values were statistically analysied. The results of statistical analysis showed that hybrid varieties had acceptable L and a/b value, except Peto-Prid, Haypile-45 and L.T.H.B(020). Also, standard varieties had acceptable color values, with the exception of Peto-Early CH, Cheff and Caljn3. The effects of harvest time on the changes of color values were also significant. So, it is important to select the varieties which give tomato paste with constant and acceptable color values during harvest time. Based on statistical results at α=0.05 the hybrid varieties Peto Prid-5 and Dual Pride and standard varieties Caljn3 and Peto Early CH were selected as the best varieties which had acceptable color values during harvest time.

2-Consistency: consistency is one of the important physical factors of tomato paste. High consistency decreases the amount of tomato, which is required to reach a good quality product.

    Tomato paste consistency depends on different factors such as variety, growth conditions, harvest time, solid content and serum viscosity the effect of variety and harvest time are the most important. The results of statistical analysis showed that variety and harvest time had a significant effect on the tomato paste consistency. Results are shown in table3. The means were compared by DunKens test at α=0.05 and the hybrid varieties L.T.H.B(020) and Dual Pride and standard varieties Peto Mac-2, Caljn3 and Early Orbana-111 were suggested as suitable varieties for tomato paste production with desirable consistency during harvest time.

3- Percentage of precipitate weight ratio: Precipitate ratio or water holding capacity is one of the important physical factors in evaluting tomato paste properties. When this ratio increases, the water absorption potential will increase and synergism will decrease. Statistical analysis showed significant difference between different levels of treatments. 

Thus, the hybrid varieties Peto Pride-5, Dual Pride and L.T.H.B(020) and standard varieties Peto Mac-2, Caljn3 and Early Orbana-Y were selected according to comparison of precipitate weight ratio means at α=0.05. The percentage of precipitate weight ratio increased with increasement of harvest time in all varieties. This increasement was significant in some varieties. So, the hybrid varieties Dual-Pride and L.T.H.B(020) and standard varieties Caljn3 may be selected.

TABLE 2. Physical properties of tomato paste from 17 hybrid and standard tomato varieties 

	Attributes 

Variety
	Color
	Bostwick Consistency

(cm/s)
	Precipitate weight ratio (PPT)

	
	a/b
	L
	
	

	HYBRID

	Stormy
	2.35
	24.2
	13.41
	49.9

	Peto-perid
	2.54
	23.3
	10.1
	53.46

	Haypiel-45
	2.42
	23.1
	12.5
	45

	Dual-plus
	2.36
	24
	12.2
	5187

	L.T.H.B(020)
	2.52
	23.2
	7.9
	62.91

	GS-12
	2.41
	24.3
	10.5
	53.1

	SP-34
	2.37
	24.7
	10.2
	57.07

	SP-97
	2.48
	23.5
	14.45
	48.53

	Peto-Perid 5
	2.38
	24
	11.8
	63.71

	Dual-Praid
	2.47
	24.9
	10.2
	63.02

	STANDARD

	Peto-Early CH
	2.6
	22.9
	12.2
	53.3

	Early- Orbana 111
	2.43
	23.7
	8.2
	61.21

	Early-Orbana-Y
	2.38
	23.7
	11.2
	55.6

	Peto-Make 2
	2.58
	24.3
	7.69
	66.13

	Cheff
	2.55
	23.3
	10.1
	45.45

	Caljn3
	2.55
	23.7
	7.81
	64.43

	Mobil
	2.29
	23.3
	12.64
	49.25

	LSD
	0.074
	0.2
	1.46
	3.01


B. Chemical properties

     The results of evaluating chemical properties of obtained from 17 tomato varieties in hybrid and standard groups are presentedin table3. Analysis of these attributes are as follow.

1- Total solid: Total solid content is one of the chemical attributes of tomato paste. At a certain °Brix, the more total solids of tomato paste, the more considerable effects on physical properties of tomato paste. Statistical analysis showed significant effect between total solids of different varieties. By comparison of means at α=0.05, the hybrid varieties l.T.H.B(020), Peto Pride-5 and GS-12 and standard varieties Caljn3 and Early Orbana-Y were suggested, considering the least changes during harvest time and production of constant quality tomato paste.

2- Water insoluble solids(WIS): It is shown that the consistency increases when water insoluble solids increase. Important factor which affect WIS include variety and harvest time. The WIS/TS ratio was used to correct the total solids difference between varieties and to analyse the effects of treatments. Statistical analysis showed significant difference between tomato pastes obtained from different varieties. So, hybrid varieties Dual Plus, Stormy, Peto Pride-2 and SP-97 and standard varieties with the hiehest WIS/TS ratio. The effect of harvest time on the changes of WIS/TS ratio was also significant. So, the hybrid varieties Dual Plus and Stormy and the standard varieties Mobile and Early Orbana-111 were suggested as the varieties with the least changes at harvest time.

3- Titrable acidity(in terms of citric acid): Considering the positive effects of acidity on flavor attributes and shelf-life, it is important to select varieties of tomato which have the highest acidity at harvest. Statistical analysis showed significant difference between the acidity of paste obtained from different varieties. Hybrid varieties Dual Pride, Peto Pride-2, Haypile-45 and L.T.H.B(020) and standard varieties Peto Early CH, Mobile and Peto Mac-2 had the highest acidity, considering the comparison of means at α=0.05. The effect of harvest time on acidity is significant. So, hybrid varieties Dual Pride and Peto Pride-2 and standard varieties Peto Early CH and Peto Mac-2 can be suggested as the varieties with the least changes of acidity at harvest.

4- pH: pH is one of the quality attributes, which is important in controling spore forming bacteria (pH<4.4) and is effective in esterification of pectin. So, it affects the consistency of tomato paste and duration of processing (higher pH causes the increasement of concentration time and decreasement of tomato paste quality). Statistical analysis showed significant difference between the pH of tomato paste obtained from different varieties. Hybrid varieties L.T.H.B(020), Peto pride-5, GS-12 and Haypile-45 and standard varieties peto Early CH, Early Orbana-Y and Peto Mac-2 had the least pH (<4.2), considering the comarison of means at α=0.05. Harvest time had no significant effect on the pH of tomato paste samples.

5- Pectin content: Pectin content increasement has a direct effect on tomato paste consistency. It is amount changes with variety and harvest time. Thus, it is important to select varieties, which contain the highest pectin at harvest to produce tomato paste with constant and desirable consistancy. Statistical analysis showed significant difference between pectin content of paste obtained from different varieties. By comparing the means at α=0.05, it was found that hybrid varieties Haypile-45, Dual Peide and GS-12 and standard varieties Early orbana-Y, Peto mac-2 and Caljn3 had the highest pectin content. The effect of harvest time on the pectin content of the tomato paste was also significant. Therefore, the hybrid varieties Dual Pride, GS-12 and standard varieties Peto Mac-2 and Early Orbana-Y may be suggested as the varieties with the least changes of pectin content at harvest time.

Conclusion

     Scoring method was used to select the best varieties. The varieties, which got the nearst score to 200 were selected as the best varieties. The tomato paste obtained from hybrid variety L.T.H.B(020) and the standard variety Caljn3 had the best physical and chemical attributes and got 172.5 and 185, respectively. Harvest time was also significat. So, from point of quality control, it is important to select the varieties which keep their desirable charachtristics during harvest time.

Table3. Chemical charachtristics of  tomato paste from17 hybrid and standared tomato varieties 

	                    Attributes 

Variety
	Pectin
(%)
	Titrable acidity 
(Citric acid)
	pH
	Water Insoluble Solid (%)
	Total Solid

 (%)
	WIS/TS

(%)

	HYBRID

	Stormy
	1.69
	2.13
	2.42
	6.36
	28.31
	22.7

	Peto-Perid
	1.96
	2.29
	4.26
	5.1
	28.21
	2.05

	Haypile-45
	3.28
	2.16
	4.23
	5.5
	28.2
	20.05

	Dual-Plus
	1.69
	1.93
	4.42
	5.99
	28.63
	23.78

	L.T.H.B(020)
	1.35
	2.16
	4.04
	6.24
	29.67
	20.8

	GS-12
	1.89
	1.96
	4.09
	4.94
	29.31
	19.02

	SP-34
	1.23
	1.96
	4.42
	5.36
	28.64
	19.67

	SP-97
	1.69
	1.89
	4.23
	5.25
	27.64
	21.06

	Peto-Perid 5
	1.72
	2.06
	4.04
	5.26
	29.31
	20.88

	Doal-Praid
	2.68
	2.81
	4.32
	5.03
	28.1
	18.17

	STANDARD

	Peto-Early CH
	1.66
	2.27
	3.94
	5.13
	27.7
	18.84

	Early- Orbana 111
	1.59
	1.99
	4.42
	6.34
	29.1
	22.62

	Early-Orbana-Y
	1.92
	1.97
	3.95
	5.05
	27.9
	18.07

	Peto-Mace 2
	1.75
	2.11
	4.22
	5.53
	28.3
	19.56

	Cheff
	1.46
	2.02
	4.27
	6.24
	28.5
	23.08

	Caljn3
	1.67
	1.98
	4.41
	6.23
	30.3
	20.27

	Mobil
	1.49
	2.13
	4.28
	6.2
	28.3
	23.72

	LSD

	0.265
	0.053
	0.286
	0.548
	0.323
	2.12
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