Evaluation of the acidified hot-break process effect and heating methods on tomato paste quality
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Abstract

Tomato paste is one of the main tomato products. So, improving its charachtristics is considerable concern. In this study the effect of heating whole tomatoes and acidified hot-break process on the improvement consistency and other attributes of the paste obtained from Caljn3 variety was investigated. The results showed that the effect of these treatments on cosistancy and flavore improvement was significant, so that heating whole tomatoes at 85 °C could cause less pectin loss and improve the consistency. But the a/b ratio of color decreased due to oxidation of lycopen and long heating time needed to reach the temperature of of fruit center to the desired temperature. The obtained a/b value was not significant, compared to the acceptable ratio (2.15). Hot break at pH<3.5 showed smilar effects on pectin and consistency, but had no effect on the color value. In addition the prodouced paste had better sensory properties due to the salt formtion during nutrilization of acid with caustic. The mutual effects of treatments caused a significant decrease in tomato paste consistency, especially at pH< 2.5, because of the pectin decomposition.
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Introduction

Tomato paste is a mixture of individual pericarp cells and clear serum. Numerous factors such as variety, geographical situation, maturation and processing conditions may affect the cosistancy and stability this product.

In tomato processing industry inactivating the enzymes at high temperature, after breaking increases the consistancy. Thakur et al. (13) found that the pectolytic enzymes are released during breaking and act immidiately. Thus, the pectic substances can not be maintained totally even at the best conditions of processing.  The results of many researches have shown that at the best conditions of enzymatic control, the pectin loss of tomatoes after breaking was about 20-30%(1, 3 and 13). Pectin methylesterase (PME) and polygalactorunase (PG) are pectic enzymes, which are present near and at the surface of the tomato with the highest concentration. These enzymes are mainly found in epiderm, pericarp and epicarp layers of the outer cell walls and are distributed at 1.6-6.4 mm deep under fruit surface (1 and 4). Chiang et al. (3) suggested a process to improve flavor and consistancy of tomato products. In this process whole tomatoes were immersed in hot water (85 or 88-99 C) for 2 minutes. The available enzymes in pericarp were not inactivated during the first stage of heating due to the limited heat diffusion at this stage (the temperature reaches 24 C at the center of the tomato during this stage). So, the tomatoes were hotting breaked at 85 C to eliminate all of them (3 and 13).

In tomato paste industry, higher consistancies indicate better quality. Wagner et al. (14) suggested acidified breaking to increase tomato paste consistancy. In this project hydrochloric acid was used to lower the pH of hot breaked tomatoes to less than 3.5. After filteration, the juice pH was regulated to the normal pH by addition of sodium hydroxide. The obtained tomato paste had higher consistancy (7 and 14). Hydrochloric acid has been suggested as pH lowering agent due to its high ionization potential, cheepness and production of Nacl if neutrilized with NaoH. Hydrochloric acid is used in the form of liquid or gas. Other acids such as sulfuric or ortho- and methapyrophosphoric acid may also be used to lower the pH. Acids with low ionizing potential such as tartaric, citric and acetic acids are not effective. Generally, applied acids should be nontoxic and their dissociation coeficient should be more than 103 (4 and 5). Howere, there are some reports about the effect of different acids and their mixture on the improvement of juice or paste cosistancy. A mixture of hydrochloric and phosphoric acids has been recommended. The effect of acidification on the consistancy of juice and paste were investigated immidiately after acidifying breaked tomatoes during the holding time between 1 to 15 minutes. All of these studies reported that the consistancy was improved due to the mutural effect of acidification and heating on the inactivation of pectic enzymes, breaking of the cell walls and releasing of pectic substances (8 and 14). The objective of the current study was to optimize the conditions of tomato breaking and better control of enzyme activity in the production of tomato paste to improve consistancy and other charchtristics, especially flavour and color.

Material and methods

 Production of tomato paste: About 350kg of the Cal-gn3 tomato variety were harvested from the Agriculture Faculty farm of the Ferdowsi University of Mashhad. Tomatoes were stored for 2 days at 1 to 3 C to minimize the changes. About 10kg of tomatoes were sorted and washed for each sample. Considering the volume of the samples, a jacketed crusher was applied. Whole tomato heating, post break heating or acidified breaking was carried out at constant and controlable condition with the following levels:

1. Heating method at two levels (whole tomato heating (HB) and post break heating (BH).

2. Acidifid hot breaking at five levels (PHS of 2, 2.5, 3, 3.5 and 4.2 (the normal pH of tomato)). 

The blanching temperature was 85 C for all of the samples and concentrated hydrochloric acid was used during mixing and heating to lower the pH. The pH of the samples was controlled with the accuracy of 0.01 by placing the pH meter electrode in to the mixer. After filteration, the samples were neutrilized up to the normal pH of tomatoes by concentrated NaoH. Finally, the samples were concentrated in a vaccum evaporator up tp the 28 Brix at the same conditions. Then thet were packed in 500g glass containers and stored at 1 to 3 C until the time of experiments (3, 7, 8, 14 and 15).

Color: The tomato paste samples were diluted to 12.5 Brix before color measurment. Then the air bubbles were expeled compeletely and the Hunter-Lab colorimeter model D25-PC28 (4and 13) measured the color.

Precipitation weight ratio: Exactly 30g of the tomato paste sample were weighted in centrifuge tubes with the accuracy of 0.01 and the air was expeled compeletly from the tubes. Then they were centrifuged at 15000 rpm at 4 C for 35 minutes. The seperated serum was discharged and the tubes with the precipitate were weighed with the accuracy of 0.01g. The percentage of precipitate weight ratio was calculated from the following equation (12).

Percentage of precipitation weight ratio = Precipitate weight / Sample weight * 100

Consistancy: The tomato paste samples were diluted to 12 Brix with distilled water and their consistencies were measured by Bostwick consistometer at 20 C. The results were reported as the traveled centimeters in 30 seconds (1).

Pectin content: Total pectin of the tomato paste samples were measured by Versene- Pectinase method suggested by McCready and McCom (1925) and Daoud and Luh (1971). The obtained results were reported as total pectin percentage (9).

Sensory properties: Sever points hedonic test was used to evaluate sensory properties. The charachtristics of color, consistancy, flavor and total acceptance were tested at controled conditions by at least 6 panelists. The obtained results were reported as the mean score of sensory charachtristic.

Statistical design: Factorial tests (two factors) based on the compeletely randomized design with three replications was used to evaluate the simple and mutural effects of treatment levels on the measured charachtristics. The means were compared by use of multirange Donken test at the level of 5%.

Results and Discussion

The results obtained by evaluating the effects of heating whole tomatoes and acidified hot break process on the tomato paste charachtristics are as follow:

Consistancy: Consistancy is one of the main charachtristics of much food products such as tomato paste which showes the resistance of a fluid to flow. This charachtristic is used to standard grading of the product and it is important from economic points of view, becomse with improved consistancy less tomato is used to reach certein level of quality and so the expenses decrease (1 and 13).

     The effect of heating and acidified hot break process on the consistancy of tomato paste is shown in figure1. Statistical analysis showed that by heating whole tomatoes (HB), the pH change of the tomatoes during breaking had no significant effect on the increasement of paste consistancy. The Bostwick number increased slightly when the pH decreased which is due to the mutual effect of heating method and pH decline and probably pectin decomposition or protein denaturation. Thus, heating whole tomatoes with normal pH can improve consistancy. In other words, heating method was more effective in inactivation of enzymes and consistancy increasement than heating after breaking.

     In the conventional method which tomato aer heated after breaking, the least consistancy is obtained with normal pH of tomatoes (Fig.1). In this method the enzymes are not compeletly destroyed. However, acidified break process may be used in this method to preserve and recover more pectin. Lowering pH to less than 3.5 had a significant effect on the increasement was not significant at pH<2.5 (Fig.!).
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Fig1. The effect of heating and acidified break process on the Bostwick consistancy of tomato paste

Pectin percent: Figure 2 showes the effect of heating and acidified break process on the pectin percent of the tomato paste. Statistical analysis showed that there were significant difference between the two methods of heating at normal pH of tomatoes, but when pH decreased during breaking, there were no significant difference. The percentage of the tomato paste pectin increased significantly, with the decreasement of pH to less than 3.5 in both methods. This increasement is probably due to the control of enzymic activity and high pectin recovery at low pH. Howere, in the whole tomato heating method, the pectin in the paste decreases when the pH lowers to less than 2.5. This is because of the mutual effects of heating and low pH, which cause the pectin to decompose.
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Fig2. The effect of heating and acidified break process on the total percent of tomato paste pectin

Percentage of pricipitate weight ratio: This ratio is one of the other important factors in the evaluation of tomato paste consistancy and there is a close corellation between this index and Bostwick consistancy. Figure 3 shoees the effect of different treatment on the percentage of pricipitate weight ratio.

[image: image3.emf]40

50

60

70

80

90

100

110

120

1.5 2 2.5 3 3.5 4 4.5

         

pH during breaking

Precipitate weight ratio (%)

BH HB

LSD=8.761


Fig.3 The effect of heating and acidified breaking on the percentage of pricipitate weight ratio

Statistical analysis showed that its changes agreed with Bostwick consistancy and pectin percent changes (figure2).

Color: Color is one of the other important factors in quality of tomato and its products. Tomato color is due to lycopene, which consist about 83 percent of carotenoids. Carotenoids are destroyed when the processing conditions (heating and time of heating) are changed. This is because of the increased oxidation. Therefore, the color changes due to the processing conditions were also investigated in this project. The a/b ratio is the ratio of red-green to yellow-blue and the L value is the lightness of the samples. Goose and Binstead (1973) showed that the a/b ratio equal to 1.9 or more indicate the good quality of color, and the a/b<1.8 is not acceptable for tomato paste and puree. However Perotos (1998) reported that the minimum acceptable values of l and a/b as 23.5 and 2.15, respectively for the paste samples diluted to 12.5 Brix (6, 7 and 14).

     Accordingly, the effects of heating and acidifies breaking on the changes of color ratioes of diluted paste (12.5 Brix) were studied. Figure 4 showes the effects of these treatments on the changes of color values of diluted paste samples. As it can be seen, all which were heated after brealing had better color values, because the heating time of the whole tomato was too long. However the L value showed nosignificant difference at normal pH of tomatoes, but its difference was significant when the pH was decreased during breaking (especially at pH 2.5-3.5)(5, 6, 13).

     In addition pH decline during breaking caused significance in L value in both heating methods. The changes of a/b value can be seen in figure 4.A. Statistical analysis showed that the whole tomato heating had significant effect on this decline, but the effect of pH decline during breaking showed no significant difference between the obtained values and the values obtained by Perotos. This was probably because of differences in variety and sorting conditions of tomatoes. Since the effects of these treatments on the control and increasement of product consistancy are desirable, selection of suitable varieties and control of sorting conditions (6 and 13) can keep color values decline at acceptable vaiues.
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Fig.4 Effect of heating and acidified breaking on the changes of tomato paste color values

Sensory evaluations:

Tomato paste should possess the desirable and nutural sensory charachtristics of matured tomatoes. According to USDA standards (1977), the good sensory charachtristics are those of good quality matured tomatoes. Such charachtristics should not be susceptible to preperation and processing conditions. So, the effects of new processing conditions on the sensory attributes were also studied in this project.

     Chiang et al. (3) showed that the paste samples obtained from whole tomato heating method at hot water had more natural and sweet taste than the other samples. The effect of heating method and acidified breaking are presented in tables 1 and 2. Statistical analysis of the results showed that heating whole tomatoes (HB) caused the improvement of consistancy and taste of tomato paste. Also acidified breaking was effective in total sensory properties, as the highest combined score and total acceptance was obtained at pH 2 which was probably due to the salt formation after neutrilization of acidified samples.

Table 1. Effect of heating method on sensory properties of tomato paste.

	Total 

acceptance
	Combined 

score
	Flavor
	cosistancy
	color
	Heating

 method

	4.85

4.15
	0.73

-0.69
	5.2

4.79

	4.86

4.25
	4

4.56


	HB

BH


Table 2. Effect of acidified breaking on sensory properties of tomato paste

	Total 

acceptance
	Combined 

score
	Flavor
	Consistancy
	Color
	Acidified 

breaking at pH

	4.69

4.45

4.33

4.47

4.64
	3.45

-1.66

-1.29

-0.8

0.3
	5

4.63

4.54

4.5

4.83
	5.17

4.75

4.34

4.36

4.43
	4.46

4.04

4.42

4.54

4.41
	2

2.5

3

3.5

4.2


Conclusion

     According to statistical analysis, the obtained results are as follow:

· Heating whole tomatoes at 85 C had significant effect on better preservation of pectin and improvement of consistancy and paste flavor. But lasting the heating time to reach the temperature of the center of tomato to 85 C caused the color values, especially the a/b ratio to decrease. 

· However its effect on L value was not significant. Although these values can be kept at acceptable range by selecting the suitable variety and controling sorting operations.

· Acidified hot breaking at 85 C at pH<3.5 had the same effects on enzymic inhibition and consistancy improvement, but showed less effect on color values, especially a/b ratio. In addition the paste samples obtained by this method had better sensory charachtristics due to salt formation from neutrilization by caustic.

· The intraction effect of whole tomato heating and acid breaking on the improvement of consistancy was significant, but at pH<3 the paste consistancy decreased significantly due to pectin decomposition.
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