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Abbreviations: WIS, water insoluble solids; AOAC, 
association of official chemists; TSS, Total soluble solids; ANOVA, 
analysis of variance; OSP, oxalate soluble pectins; WSP, water soluble 
pectins

Introduction
Tomato (Solanum lycopersicum L.) belongs to the family 

Solanaceae. It is one of the most popular a horticultural crop of 
great interest, being widely consumed either fresh or processed such 
as tomato juice, soup, paste, puree, ketchup, sauce and salsa.1 In 
2015, Egypt is ranked the world’s fifth largest producer of tomato. 
Egypt produces about 8,533,803 tons of fresh tomatoes per year, 
accounting 1.15% of the total world production.2 Of Egypt’s output 
of 8.5 million tons of fresh tomato per year, only 252000 tones are 
processed.3 Global processing tomato production this year is expected 
to increase 6% to reach 42.24million tons, according to the latest 
estimate by the World Processing Tomato Council.4 Besides its 
economic importance, the nutritional value of its fruits, the tomato, 
one of the most important worldwide agricultural crops, is rich in a 
plethora of natural antioxidant compounds. The regular consumption 
of tomatoes or tomato products has been related epidemiologically to 
a lower incidence of cardiovascular diseases, prostate, gastrointestinal 
and epithelial cell cancers.5 Tomatoes do not lose their health benefits 
as they are processed or cooked. In fact, lycopene in cooked and 
processed tomatoes (sauce, paste, salsa, canned tomatoes) is more 
easily absorbed than fresh tomatoes. In the United States, about 57% 
of daily lycopene intakes come from processing tomato products and 
only 12% from fresh tomatoes.6 Also, in western countries, tomato-
based products comprise 85% of dietary lycopene.7

Since tomato paste is the main ingredient in the final products, 
maintaining the quality of the paste is crucial for the tomato processing 
industry. The characteristics quality factor of tomato paste depends 
on the quality of starting raw materials (variety and ripening stages), 

processing conditions (process design, time, temperature and process 
pressure), storage time and conditions.8 These factors introduce great 
variation in the quality of the paste.9 These variations pose difficulties 
in achieving a consistent paste quality during production. As a quality 
control routine for pastes included: color, soluble solids content, pH, 
acidity and consistency.10

Color is an important quality factor in processed tomato 
concentrates, since it influences consumer acceptability. Many 
reactions can take place during thermal processing and affect color. 
Among them, the most common are pigment degradation, especially 
lycopene.11,12 Also, viscosity of tomato paste is one of the main 
quality attributes that should be considered to determine the overall 
quality and consumer acceptability of many tomato products. 
Tomato paste contains both water soluble materials and insoluble 
components. The consistency of a tomato paste is mainly controlled 
by the amount of pectin, total soluble solids, and size distributions 
of insoluble constitute.13 Viscosity is an important technological 
factor that is related to the content of substances insoluble in alcohol, 
protein, pectins and polysaccharides.14 Furthermore viscosity is the 
combined effect of liquid soluble material, insoluble in suspension 
that contribute to the overall consistency of tomato paste.15 Different 
empirical models have been used to characterize the flow behavior 
of tomato concentrate.16 Many of them relate to solid concentration, 
particle size and processing conditions, like breaking temperature, 
finishing, concentration and homogenization of both tomato juice and 
tomato paste.16–18 In fact, these processing conditions have an indirect 
effect on the apparent viscosity and flow parameters, by influencing 
the physicochemical characteristics of the water insoluble solids 
(WIS) particles and serum viscosity.16 Several researchers have shown 
that difficulties in quality control arise from the great variation in flow 
behavior in commercial tomato paste caused by different agronomical 
and processing conditions.16 Tomato paste exhibits complex 
rheological behavior, i.e. it is a non-Newtonian, shear-thinning and 
time dependent fluid that shows an apparent yield stress.15,19,20 One 
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Abstract

Tomato paste is used for color and taste of food preparations. Tomato pastes are 
potentially rich sources of dietary phytonutrients might contribute important health 
benefits to consumers. Twenty one samples from five processing steps were collected 
in-line processing of tomato paste (cold-break) to follow-up the changes of some 
quality attributes of tomato juice to paste and to investigate the relationship between 
some rheological properties and pectin fractions, as well as the relation between the 
Hunter color readings, beta-carotene and lycopene contents. The results showed that, 
the rheological values, pectin fractions, lycopene and beta-carotene contents were 
increased significantly during concentration of tomato juice to paste. Lycopene and 
total carotenoids contents were well correlated with Hunter color parameters ( =0.80-
0.93). During concentration process, the studied rheological properties of tomato 
juice had positive correlations with total and pectin fractions contents. Exponential 
regression produced a better fit with total, oxalate soluble and water soluble pectins ( 
=0.83-0.94), while linear regression with acid soluble pectin content produced a good 
correlation ( =0.93-0.95).This investigation is useful for whom concern with tomato 
paste processing (cold-break).
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of the problems facing the companies for exporting tomato pastes is 
variation in color and consistency of their products. An in-line process 
measurement of tomato paste properties, especially the consistency, is 
very valuable for improving the quality of products and minimizing 
production cost.21

Therefore, the objective of this study was to follow-up the changes 
of physiochemical properties of tomato juice during the tomato paste 
processing and to study the relationship between some rheological 
characteristics (apparent viscosity, yield stress, consistency 
coefficient) and pectin fractions, as well as the relation between the 
Hunter color readings, beta-carotene and lycopene contents of tomato 
paste during the processing.

Materials and methods
Materials

Samples from the different processing steps in-line plant and the 
resultant tomato paste were collected from Ismailia National Company 
for Food Industries “Foodico”, Ismailia, Egypt. The plant used a 
Castle rock tomato variety and cold-break rupture process. Samples 
from five processing steps from independent processing events using 
different independent tomato batches (twenty one samples from 
each processing step) were collected during cold-break processing 
during two years. Figure 1 shows the tomato paste production scheme 
(arrows outward indicate the sampling steps of the study).

Figure 1 Flowchart of tomato paste production (arrows outward indicate the 
sampling steps of the study).

Chemicals and reagents: Sodium hydroxide and calcium chloride 
were purchased from Fluka. Ammonium oxalate and anhydrous 
Na2SO4 were obtained from Sigma-Aldrich CO. Petroleum ether, 
acetone, acetic acid and hydrochloric acid (analytical grade) were 
from Scharlab (Barcelona, Spain).

Methods

Preparation of tomato paste: Fresh tomato fruits were washed and 

sorted prior to entry into the breaker. The tomato fruits were crushed 
and extracted at 60°C and strained by three refiners with diameters of 
1.2, 0.8 and 0.4mm to remove seeds, skin and large pieces of tomato, 
followed by holding for periods ranging from seconds to minutes 
during which the enzymes liberated as result of crushing catalyzed 
the breakdown of pectins. The concentration process passed through 
three stages, the first at 55-60°C, the second at 65-75°C, the last at 75-
80°C under vacuum, followed by flash pasteurization at 105-110°C 
for 40s and filling in aseptic bags. The final concentration reached 
about 36°Brix.

Physicochemical analysis: The moisture content and titratable 
acidity (%, as citric acid) were determined according to the methods of 
Association of Official Chemists.22 Total soluble solids (TSS) content 
of the samples was determined using a digital refractometer (Model A 
131769, ATAGO, Tokyo, Japan) and were expressed as degrees °Brix 
according to the AOAC22 method. All the readings were performed at 
20°C after filtration through hydrophilic cotton. The pH value of the 
samples was measured using a pH-meter (model 3305 Jenway Ltd, 
UK) at 20°C.

Determination of tomato chlorophylls, β-carotene and lycopene: 
Chlorophyll a and b, β-carotene and lycopene contents of tomato 
samples were determined with the method described by Barros et 
al.23 with some modifications as follows: Two hundreds mg of sample 
was vigorously shaken with 10ml of acetone-hexane mixture (4:6) 
for 5min and filtered through glass wool. The extract was adjusted 
to 10ml with volumetric flask. The absorbance of the extract was 
measured at 453, 505, 645 and 663nm using a spectrophotometer 
(6505 UV/VIS, Jenway LTD, Felsted, Dunmow, UK). Contents of 
lycopene, β-carotene, chlorophyll a and b were calculated according 
to the following equations:

( ) 663 645 505 453/ 100 0.0458 0.204 0.304 0.452Lycopene mg ml A A A A− += − × + × × ×
 	

						                  (1)

( ) 663 645 505 4531üüüüüüüüü .220 2carotene mg ml A A A Aβ − += − × × ×−  

						                  (2)

	 ( ) 663 645/ 100 0.9 0.09 99 89üüüüüüüüü = −×  	
	

						                   (3)

( ) 663 645/ 100 0.3 1.728 7üüüüüüüüü = + ×− ×      (4)

Where A is the absorbance at the mentioned wavelengths and 
further expressed in mg per 100g dry weight.

Total pectic substances: Total pectins (water-soluble, ammonium 
oxalate 0.2% and 0.05NHCl fractions) were determined according to 
the AOAC.22

( )Thetotalpecticsubstances WSP OSP ASP= + +                       (5)

Where: 

WS =water-soluble fraction

OS = ammonium oxalate-soluble fraction

AS = acid-soluble fraction.

https://doi.org/10.15406/mojfpt.2017.05.00122


Impact of processing steps on physicochemical and rheological properties of tomato paste (cold-break) 265
Copyright:

©2017 Shatta et al.

Citation: Shatta AAB, Youssef KM, Sanabani ASA et al. Impact of processing steps on physicochemical and rheological properties of tomato paste (cold-break). 
MOJ Food Process Technol. 2017;5(2):263‒271. DOI: 10.15406/mojfpt.2017.05.00122

Color measurements: Color attributes; lightness ( L∗ ), redness (
a∗ ) and yellowness ( b∗ ) of tomato juice and paste were measured 
in a cylindrical sample cup (5-cm diameter×2-cm high) filled to top 
using a Labscan Model LSXE (Hunter Associates Laboratory, Reston, 
VA, USA). Standard color plate No. 400 with reflectance values of L∗  
=25.70, a∗ =33.60 and b∗ =14.70 was used as a reference. The tomato 
paste samples were diluted to 12°Brix before measuring.24 The red-
yellow ratio ( /a b∗ ∗ ) was reported to indicate the redness of tomato 
paste.25 To determine the overall color changes, a numerical total color 
difference (∆E) was calculated according to Park et al.26 using the 
following equation:

	
( ) ( ) ( )

0.5
2 2 2

0 0 0 üüü ∗ ∗ ∗ ∗ ∗ ∗
 

ℵℵℵ  
  

                       (6)

The color intensity (C*) was calculated as: C*= (a*2 + b*2)0.5

Furthermore, the hue angle (hab) was calculated as: hab = tan-1 
(b*/a*)

Where hab=0°C for a red hue and hab=90°C for a yellow hue.27

Rheological measurements: Rheological properties of tomato juice 
or paste were carried out with Brookfield Digital Rheometer model 
DV-III+ (Brookfield Engineering Lab., INC., Middleboro, USA) 
at 20°C. The Brookfield small sample adapter and Sc4-14 and Sc4-21 
spindles were used. Data were analyzed using the Casson (Eq. 7) and 
Power law (Eq. 8) mathematical models.28 These models are:

		
0.5 0.5 0.5( ) ( ) ( )oτ τ ηγ= =  		                 

(7)

		

			 
nkτ γ=  			                  	

						                    (8)

where: ô  = shear stress (N m-2)

0ô = Yield stress,

(N m-2)= shear stress at zero shear rate

ç = plastic viscosity (mPa s)

ã = shear rate (s-1)

k = consistency coefficient (mPa sn)

n = flow behavior index.

The apparent viscosity (mPa s) of the samples was measured at 
10rpm at 20°C.

At least three replicates of each test were performed. All samples 
had the same recent thermal history.

Activation energy and the effect of temperature on viscosity: 
Activation energy and effect of temperature on viscosity were 
calculated using Arrhenius-type equation as mentioned by Ibarz et 
al.29 The equation is:

		  ( )/aexp E RTαη η=
                                       

 (9)

Where: ç is the viscosity

ç
α

 is a constant

aE  is the activation energy

R is the gas constant

T  is the absolute temperature in °K.

Statistical analysis: The data are presented as the mean of the 
determinations±standard deviation. Analysis of variance (ANOVA) 
was performed using CoStat under windows program (CoStat program 
ver. 6.311, 2005). Duncan’s multiple range test was used to establish 
the multiple comparisons of the mean values at p=0.05.

Results and discussion
Effect of processing steps on some quality attributes 
of the resultant tomato paste

Some quality attributes of tomato juice during concentration are 
presented in Table 1. Upon concentration from 4.48 to 35.88°Brix, 
the moisture content significantly decreased from 94.17 to 63.13g 
100g-1. The pH values not significantly decreased from 4.29 to 4.23, 
while the titratable acidity contents significantly increased during 
processing from 0.447 to 3.001g 100g-1 as citric acid, respectively. 
Because the classification of tomato products, e.g., paste or puree, is 
done according to its soluble solids content, it is a key characteristic 
of tomato products. During evaporation, the real-time value of the 
soluble solids helps to determine the end point of the processing. 
In addition, the flavor of tomato paste is closely associated with the 
soluble solids content and titratable acidity. These results are within 
the limit specified by Egyptian Standard, Codex Standard, and the 
results obtained by Shatta et al.30,31

Maintaining the natural color in processed and stored foods has 
been a major challenge in food processing. In the case of tomato 
products (i.e. paste), an important reaction is the degradation of the 
red pigment lycopene, originally in the trans form, that isomerizes 
to the cis structure during heating, resulting in changes of color.12 
Table 2 shows that, the beta-carotene lycopene contents of the tomato 
juice were 2.386 and 1.953mg 100g-1 (wet basis), respectively. The 
beta-carotene and lycopene contents significantly increased during 
the concentration process to 3.291 and 3.710mg 100g-1 (wet basis) 
in the pasteurized paste, respectively. These results are in agreement 
with those obtained by Shatta,30 Marković et al.32 and Youssef.31 Also, 
the contents of chlorophyll a and b significantly increased during 
concentration process. Seybold et al.33 found that, due to the loss of 
water during thermal processing of tomato, contents of lycopene and 
carotenoids on a wet weight basis increased. On a dry weight basis, 
contents of lycopene increased or decreased depending on the origin 
of the tomato fruits used, whereas the β-carotene contents decreased 
or were quite stable. 

Lightness and /a b∗ ∗ ratio reported as the indicative and quality 
parameters for the color of tomato products34 of the samples were 
measured to quantify the extent of the color difference between tomato 
pastes samples. A one unit difference in L∗ value of two samples can 
be detected by the human eyes. Hunter color parameters; lightness (
L∗ ), redness ( a∗ ) and yellowness ( b∗ ) changed significantly during 
tomato processing (p=0.05). The L* value decreased from 26.42 for 
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the juice to 24.06 (the darkest) for the resultant tomato paste. The a∗

value not significantly increased from 26.92 to 27.28, but b∗ value 
significantly increased from 13.78 to 14.12 for juice and pasteurized 
tomato paste, respectively. The red-yellow ( /a b∗ ∗ ) ratio, indicates 
the redness of tomato products. An /a b∗ ∗ ratio of 1.90 or greater 
represents a top quality product in terms of color and an /a b∗ ∗ ratio 
of less than 1.80 means that the tomato products may be unacceptable 
for inclusion in the products, where a∗ bright red color is desired.34 
The /a b∗ ∗  value of the tomato juice was not significantly changed 
during processing steps enclosed to 1.93, indicating a top quality 
product. The color intensity (C*) value and red hue angle (hab) 
changed during processing steps with range around 31.00 and 27.00, 
respectively. The arithmetic total color difference (∆E) showed that 
the color difference gradually increased during processing, from 0.80 
at the first concentration stage to 2.41 for the pasteurized paste (Table 
2). This factor, which summarized the effect of the thermal process on 
the color during concentration process, was low.

The relationships between lycopene, beta-carotene contents and 
L∗ , a∗ , b∗ and /a b∗ ∗ ratio values are shown in Figures 2 & Figure 3. 
Apparently, lycopene and beta-carotene contents were well correlated 
with Hunter color parameters, indicating that the contents of these 
pigments significantly influenced the color of tomato paste.35 D’Souza 
et al.;36 Thompson et al.37 and Raffo et al.38 have achieved highly linear 
regression ( 2R close to 1) between lycopene content and the L∗ , a∗ ,
b∗ chromatic coordinates (especially with the /a b∗ ∗ ratio) obtained 
from reflectance readings on tomato.

The arithmetic correlations between lycopene (Lyco), beta-
carotene (Caro) contents and Hunter color parameters and /a b∗ ∗

ratios were linear as seen from the following equations:

	 ( ) 21.6332 30.664 0.80L Lyco R∗ = − + =  	 (10)

	 ( ) 20.7068 25.367 0.81a Lyco R∗ = + =  	 (11)

	 ( ) 20.4293 12.951 0.93b Lyco R∗ = + =  	 (12)

	 ( ) 2/ 0.0215 1.863 0.89a b ratio Lyco R∗ ∗ = + = 	 (13)

	 ( ) 22.9715 34.427 0.89L ratio Caro R∗ = − + =  	 (14)

	 ( ) 21.2242 23.919 0.81a ratio Caro R∗ = + =  	 (15)

	 ( ) 20.6731 12.277 0.76b ratio Caro R∗ = + =  	 (16)

	 ( ) 2/ 0.04 1.830 0.80a b ratio Caro R∗ ∗ = + =  	 (17)

Arias et al.38 reported that L∗  or a∗ value is well related to 
lycopene concentration; however, the ratio of /a b∗ ∗  provided the 
best relation.

Effect of processing steps on pectin fractions content 
and rheological properties of the resultant paste

Table 3 shows that, the total and fractions of pectin significantly 
increased during tomato paste production. Pectin significantly 
influences the textural and rheological properties of tomato products, 
because of its great thickening and gel-forming capabilities. Many 
investigators proved that the colloid materials i.e. pectins were the 
main constituents affecting the rheological behavior of tomato juices. 
With this in view it could be expected that the higher the pectin the 
higher the rheological values.40,41

The yield stress ( 0ô ) value significantly affected by tomato juice 
concentration it significantly increased from 1.33N m-2 of the juice to 
442.30N m-2 of the pasteurized tomato paste (Table 3). The consistency 
coefficient (k) values significantly increased from 97.23mPa sn of 
the tomato juice to 45268mPa sn of the tomato paste. Also, apparent 
viscosity significantly increased during concentration process from 
202.89 to 108176mPas (Table3). These results are in agreement with 
those obtained by.20,31,42,43

Figure 4 shows that, the rheological characteristics (apparent 
viscosity ( ç ) at 10rpm, consistency coefficient (k) and yield stress ( 0ô
)) of tomato juice during concentration had positive correlations with 
total and pectin fractions contents. Exponential regression produced a 
better fit with total ( TP ), oxalate ( OSP ) and water soluble (WSP ) 
pectins, while linear regression with acid soluble pectin content was 
obtained as shown from Figure 4 and the following equations:

    ( ) ( )üüüç at 10 rpm 0.0005 0.92TPmPas e R= =  	 (18)

     
( ) ( )1.819 25 0.5 0.94n TPk mPas E e R= − =  			 

						      (19)

	
( ) ( )2 1.6965 2

0ô 3 0.6 0.92TPm E R−Ν = − =  	 (20)

( ) ( )üüüç at 10 rpm 0.003 0.93OSPmPas e R= =  	 (21)

   
( ) ( )üüü0.0004 0.94n OSPüüü = =  	 (22)

  
( ) ( )2 3.1887 2

0ô 2 0.5 0.94OSPm E R−Ν = − =  	 (23)

 ( ) ( )üüüç at 10 rpm 0.001 0.87WSPmPas e R= =  	 (24)

 
( ) ( )üüü0.0002 0.83n WSPüüü = =  	 (25)

 
( ) ( )2 5.1161 2

0ô 8 0.6 0.83WSPm E R−Ν = − =  	(26)

 ( ) ( ) 2ç at 10 rpm 201995 378035 0.94mPas ASP R= − =  	  	
						             (27)

	
( ) ( ) 286421 162651 0.93nk mPas ASP R= − =  	 (28)

	
( ) ( )2 2

0ô 806.86 1511.1 0.95m ASP R−Ν = − =  	 (29)

In fact, as shown from the obtained equations, the highly positive 
correlation was between rheological properties and oxalate, acid and 
total pectin contents, where the determination coefficient ( 2R ) values 
exceeded 0.92. A very well correlation was between the apparent 
viscosity and pectin fractions. These results were in agreement with 
those found by Youssef.31Regarding the activation energy ( aE ) of the 
flow, results presented in Table 4 show that, the aE values changed 
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significantly during concentration process. They ranged between 
3057.54 and 6959.32KJ/Kmol. The temperature had an effect on the 
viscosity of the tomato juice during concentration process, which 

was very well correlated with the Arrhenius equation. Where, the 
coefficient of determination ( 2R ) values were between 0.981 and 
0.993.

Table 1 Changes in physicochemical characteristics (mean±SD, n= 21) during processing of tomato paste (cold-break)

Parameter Tomato juice First Stage Second stage Third stage After pasteurization

Moisture content 94.17a±1.68 93.04a±1.61 89.61b±2.65 63.90c±2.09 63.13c±2.47

TSS (°Brix) 4.48c±0.62 5.48c±0.88 8.35b±1.27 35.27a±2.96 35.88a±0.59

pH value 4.29a±0.15 4.22a±0.13 4.26a±0.17 4.25a±0.07 4.23a±0.07

Titratable acidity (%, as citric acid) 0.447b±0.081 0.525b±0.084 0.582b±0.070 3.079a±0.235 3.001a±0.259

Data are an average (±SD) of triplicate.

SD, standard deviation

N, number of the samples

Means having the same letter within each row are not significantly different at p=0.05.

Table 2 Changes in pigments content (mg 100 g-1, wet basis) and color attributes (mean±SD, n=21) during processing of tomato paste (cold-break)

Item Tomato juice First stage Second stage Third stage After pasteurization

Beta-carotene 2.386d±0.092 2.750c±0.081 2.777c±0.080 3.389a±0.090 3.291b±0.060

Chlorophyll a 1.180c±0.081 1.044d±0.060 1.426b±0.072 1.485b±0.071 2.220a±0.089

Chlorophyll b 2.067d±0.616 2.496c±0.297 3.245b±0.734 3.192b±0.545 4.857a±0.932

Lycopene 1.953d±0.089 2.674c±0.249 3.099b±0.205 3.596a±0.222 3.710a±0.217

Color attributes

L* 26.42b±1.49 26.98a±0.88 26.67b±0.81 24.64c±1.09 24.06d±1.09

a* 26.92c±1.43 27.14c±1.09 28.32a±0.82 27.80b±1.61 27.28c±1.66

b* 13.78d±0.86 14.30b±0.50 14.65a±0.52 14.36b±0.57 14.12c±0.55

a*/b* ratio 1.93a±0.11 1.90a±0.10 1.94a±0.07 1.94a±0.09 1.93a±0.09

C* 30.24c 30.68bc 31.88a 31.29ab 30.72bc

hab 27.11c 27.78a 27.35b 27.32b 27.37b

ΔE - 0.8 1.17 2.07 2.41

Data are an average (±SD) of triplicate.

SD, standard deviation

N, number of the samples

Means having the same Means having the same letter within each row are not significantly different at p=0.05
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Table 3 Changes in pectin fractions content (g 100g-1, wet basis) and rheological properties (mean±SD, n=21) during processing of tomato paste (cold-break)

Item Tomato juice First stage Second stage Third stage After pasteurization

Total pectin 7.84c±1.87 8.32c±2.22 9.20bc±1.53 10.59ab±2.66 11.68a±2.42

Water soluble pectin 2.28b±0.97 2.71ab±1.10 2.90ab±1.20 3.18ab±1.65 3.62a±1.59

Ammonium oxalate-soluble pectin 3.60c±0.99 3.81c±1.10 4.36bc±1.20 5.10ab±1.65 5.63a±1.17

Acid soluble pectin 1.96b±0.64 1.80b±0.55 1.94ab±0.55 2.31a±0.68 2.43a±0.74

Yield stress (Nm-2) 1.33d±0.97 1.61d±1.06 34.03c±4.32 389.01b±13.36 442.30a±18.74

Consistency coefficient (mPa sn) 97.23e±0.87 160.49d±1.96 607.86c±3.64 42843b±99.24 45268a±102.56

Apparent viscosity(mPa s) 202.89e±16.57 609.63d±55.87 8298.40c±208.87 101365b±262 108176a±254

Data are an average (±SD) of triplicate.

SD: Standard deviation

n: Number of the samples

Means having the same letter within each row are not significantly different at p=0.05.

Table 4 Changes in Arrhenius equation parameters (n=21) during processing of tomato paste (cold-break, temperature range 5-80°C).

Item Tomato juice First stage Second stage Third stage After pasteurization

Activation energy (Ea, KJ/ K mol) 3837.54d 6236.63b 6959.32a 4277.09c 3057.54e

Viscosity constant (η∞, mPa s) 44.66d 40.8d 468.95c 17590.25b 31007.98a

R2 0.936 0.981 0.992 0.973 0.993

N, number of the samples, R2, correlation coefficient of determination.

Means having the same letter within each row are not significantly different at p=0.05.

Figure 2 Linear regressions of the lycopene concentrations with the Hunter color parameters and /a b∗ ∗
ratio during processing of tomato paste.
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Figure 3 Linear regressions of the beta-carotene concentrations with the Hunter color parameters and /a b∗ ∗
ratio during processing of tomato paste.
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Figure 4 Relationships between the ç , k , 0ô
values and pectin fractions contents during processing of tomato paste.

Conclusion
Concentration process had significant effect on the quality 

attributes of the resultant tomato paste (cold break). The characteristics 
of tomato juice are significantly changed during process to paste. The 
rheological characteristics and Hunter color parameters of tomato 
juice during processing to paste had good correlations with pectin 
fraction contents and pigment concentrations, such as lycopene and 
beta carotene. Tomato paste processing can be controlled by these 
correlations and understanding and solving many problems arising 
during processing in the flow behavior or the color.
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