Food Research 6 (1) : 90 - 98 (February 2022)
Journal homepage: https://www.myfoodresearch.com

1

Alqahtani, N., 2Abdulsalam, N., 2Abduljawad, E., 1Alnemr, T. and 3,*Ali, S.

1

Department of Food and Nutrition Sciences, College of Agricultural and Food Sciences, King Faisal
University, Al-Ahsa 31982, Saudi Arabia
2
Department of Food and Nutrition, King Abdulaziz University, Jeddah 21589, Saudi Arabia
3
Department of Food Science, Faculty of Agriculture (Saba Basha), Alexandria University, Alexandria
21531, Egypt
Article history:
Received: 27 February 2021
Received in revised form: 5
April 2021
Accepted: 13 June 2021
Available Online: 23 January
2022
Keywords:
Tomato paste,
Rice flour,
Physico-chemical properties,
Rheological behaviour
DOI:
https://doi.org/10.26656/fr.2017.6(1).134

Abstract
Tomato pastes (TP) enriched with rice flour (RF) were evaluated for physico-chemical
properties, rheological characteristics, and storage stability. TP was prepared from fresh
tomato fruits with the addition of RF at the levels of 2, 4, and 6% (w/w) using the cold
break method and stored for 12 weeks at ambient temperature. Insignificant changes in the
chemical compositions of TP samples were observed. Pastes contained RF revealed higher
L* values than control. During storage, L* and a* values of TP decreased, while b* values
increased. The a*/b* ratio of TP contained RF were approximately stable during storage
and were at acceptable levels. Samples contained RF showed higher pH and total soluble
solids (TSS) with lower ascorbic acid content (AAC), acidity, and Bostwick than control.
The AAC and pH decreased, whereas acidity, TSS, and Bostwick increased during
storage. The paste containing 4% RF showed the highest sensory scores among all tested
samples at zero time and during storage. Such findings may be helpful particularly for the
low-income population as it is a low-cost preservation method.

1. Introduction
Tomato (Solanum lycopersicum) is the most
consumed vegetable crop around the world with global
production of 182 million tonnes (FAO, 2018). It is
characterized by its unique colour, flavour, taste,
antioxidants content, and other valuable nutrients.
Tomato is an important part of the human diet that can
be consumed either fresh or processed; it is mainly used
as an indispensable component in various types of foods
(Banat et al., 2002). Tomato is an excellent source of
antioxidants such as carotenoids (mainly β-carotene and
lycopene), flavonoids (particularly quercetin and
kaempferol), vitamin C, and phenolic compounds
besides minerals, organic acids, and amino acids
especially glutamic (Giovanelli and Paradiso, 2002; Koh
et al., 2012; Olaniran et al., 2015). Lycopene,
particularly in processed tomatoes, has been found to
protect against prostate cancer. Moreover, tomato is a
good source of fibre, which may improve the efficiency
of the digestive system and prevent colon diseases. The
regular consumption of tomatoes or their products could
prevent prostate, gastrointestinal, and epithelial cells
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cancers besides cardiovascular disease (Donkor et al.,
2015).
The perishable nature of tomatoes and the
insufficient storage facilities may increase the
postharvest losses, which can be avoided by processing
the surplus produce (Abano et al., 2012). Therefore,
keeping the nutritional value and sensory quality of
tomatoes by improving processing conditions is of vital
importance. Tomato may be processed into juice, soup,
sauce, salsa, paste, ketchup, and puree. Nowadays,
tomato paste became one of the most consumed foods in
several countries not only for its desirable taste, flavour,
and aroma but also for the content of both nourishing
components and natural antioxidants. The increasing
demand for tomato paste is related to its use as a starting
material in various convenience foods such as pizza and
pasta sauces (Koh et al., 2012).

In fact, tomato pastes are made through a series of
processing steps including initial thermal treatment
followed by pulping, filtering, evaporation, and
pasteurization. However, there are two types of thermal
treatments applied in tomato paste processing: (1) hot
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break processing in which tomatoes are heated up to
95◦C; this procedure preserves viscosity with some loss
in flavour; and (2) cold break processing in which
tomatoes are heated up to 65◦C; this method maintains
flavour with some loss in viscosity. After thermal
treatment, tomatoes are subjected to a process called
pulping where tomatoes are forced to pass through
strainers of various sizes. The obtained product is
evaporated at a specific temperature for a certain time
depending on the required viscosity of the final product.
After that, the product is sterilized at 100◦C for 3–5 min,
cooled, and packaged into aseptic containers. However,
the final product of tomato paste contains 21-37% TSS
according to manufacturing requirements (Koh et al.,
2012).
The quality of tomato paste depends on the quality of
the raw materials, processing conditions, and storage
(Farahnaky et al., 2010). However, the consumer is
mainly interested in colour, consistency, flavour, and
composition of tomato paste. Accordingly, tomato paste
was processed using the cold break method to maintain
flavour, but the texture may be affected. Therefore, it is
urgent to find a suitable thickening agent to improve the
texture properties of the paste. Rice flour (RF) has
unique properties, small granule morphology, accepted
odour, smooth taste, hypoallergenic properties, low
levels of sodium, and easily digestible carbohydrates
(Yang et al., 2016). Moreover, RF can be properly
employed as a thickening agent in the production of high
viscosity foods (Lopez et al., 2004; Ye et al., 2016).
Generally, there are no more studies on the evaluation of
using RF to improve the texture properties of tomato
paste. Consequently, we suggested the possibility of
using RF as a thickening agent to improve the
consistency and maintain the quality of tomato paste.
Accordingly, the objective of this study was to explore
the rheological behaviour, physico-chemical properties,
sensory characteristics, and storage stability of tomato
paste enriched with RF.
2. Materials and methods
2.1 Raw materials
Tomato fruits were procured from the local market,
Benha city, Egypt. Rice flour was obtained from Tiba for
starch and glucose manufacturing Co., Egypt.
2.2 Preparation of samples

Tomato paste samples were prepared according to
the method reported by Koh et al. (2012) and Olaniran et
al. (2015). The freshly harvested, ripe, and deep
red coloured tomato fruits were washed, crushed, and
heated at 60°C (cold break). The tomatoes were then
pulped and refined using strainers of various sizes (1.2,
eISSN: 2550-2166

0.8 and 0.4 mm) to remove seeds, skin, and large coarse
pieces and to get the uniform pulp. The tomato paste was
concentrated to 36-38°Bx through three stages, the first
was performed at 60-65°C, the second was carried out at
65-70°C, and the last was performed at 70-75°C under
vacuum. RF was added gradually during the first stage to
prepare various treatments i.e. 0% (T0), 2% (T1), 4%
(T2), and 6% (T3). The tomato pastes were pasteurized at
105°C for 3-5 mins, cooled to 35°C, packaged into
aseptic plastic bags, and placed in the dark at room
temperature for further estimations.
2.3 Chemical composition
Proximate analysis of tomato paste samples was
carried out according to the method described by AOAC
(2006).
2.4 Colour parameters
The colour attributes of tomato paste samples were
measured using a colour reader (CR-10, Konica Minolta
Sensing Inc., Japan). The results were expressed as L*
(lightness; 0 = black, 100 = white), a* (+a* = redness, –
a* = greenness), and b* (+b* = yellowness, –b* =
blueness) values. In addition, the a*/b* ratio was
determined to specify the quality of tomato paste, which
was considered unacceptable when the value becomes
less than 1.80 (Basak, 2018; Ali et al., 2020).
2.5 Ascorbic acid content
The ascorbic acid content was determined according
to the methods of AOAC (2006).
2.6 Total titratable acidity and pH
The total titratable acidity was determined in terms
of citric acid according to the method reported by Ganje
et al. (2016). The pH of tomato paste samples was
measured using a digital pH-meter (Denver Instruments
Co., USA) at the temperature of 25oC. Before
determinations, the device was calibrated using buffer
solutions with pH of 7.0 and 4.0.
2.7 Total soluble solids and Bostwick consistency
The total soluble solids were estimated using an
Abbe refractometer (AR4, Kruss, Germany) at the
temperature of 25oC according to Jafari et al. (2018).
The consistency of tomato paste samples was measured
using Bostwick consistometer (CSC Company Inc.,
USA) according to the method described by Jafari et al.
(2018).
2.8 Sensory evaluation
Organoleptic properties of tomato paste samples
were evaluated using a 10-member panel. The samples
© 2022 The Authors. Published by Rynnye Lyan Resources
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2.9 Statistical analysis
Analyses of tomato paste samples were carried out in
triplicates. The results were statistically analysed using
analysis of variance (ANOVA) with a statistical package
for the social sciences (SPSS Inc., Chicago, USA).
3. Results and discussion
3.1 Chemical composition of tomato paste samples
The proximate analysis of tomato paste samples at
different levels of RF additions is given in Table 1. The
moisture content of tomato pastes ranged from 73.08 to
69.25%. The pastes contained RF showed lower
moisture content than the control sample. In fact, the
moisture content of tomato pastes decreased
insignificantly (P > 0.05) by increasing the level of RF
addition which could be attributed to the lower moisture
content of RF. The protein and fat content of tomato
pastes ranged from 3.68 to 3.82 and 0.41 to 0.48%,
respectively. It was observed that the protein and fat
content of tomato pastes increased slightly by increasing
the level of RF addition, which could be related to the
chemical composition of RF. The carbohydrate content
of tomato pastes varied between 18.23 to 21.92%. The
pastes contained RF revealed higher carbohydrate
content than the control sample. The carbohydrate
content of tomato pastes increased significantly (P <
0.05) by increasing the amount of RF. Kaushal et al.
(2012) reported that RF is an important source of
carbohydrate and protein with higher nutritional quality.
Ash and fibre content of tomato paste samples ranged
from 2.31 to 2.55 and 1.92 to 2.03%, respectively.
However, a slight decrease in the ash and fibre content of
tomato paste samples was noticed by increasing the level
of RF addition. The results of the chemical composition
of tomato paste in the current study were similar to those

obtained by other researchers (Padovani et al., 2007; Eke
-Ejiofor, 2015).
3.2 Colour parameters
Colour is considered one of the most important
quality parameters of fruits and vegetables and their
products. The measurements of colour attributes of
stored tomato paste samples with different ratios of RF
are displayed in Table 2. It was observed that L* and b*
values of freshly processed tomato pastes increased
significantly (P < 0.05), while a* values decreased
insignificantly (P > 0.05) by increasing the level of RF
addition, which could be related to the dilution effect of
RF on the colour parameters of the pastes i.e. it increases
the light colour. The values of colour parameters of
freshly processed tomato pastes in the current study were
similar to those reported by Kelebek et al. (2017). It
could be noticed that L* values of tomato paste samples
decreased significantly (P < 0.05) from 25.86–29.13 to
23.50–27.88% after 0 and 80 days of storage,
respectively. Likewise, a* values of tomato paste
samples revealed a significant (P < 0.05) decrease from
34.13–35.26 to 33.06–33.91% after 0 and 80 days of
storage, respectively. On contrary, b* values increased
insignificantly (P > 0.05) from 14.91–17.06 to 17.26–
17.43% after 0 and 80 days of storage, respectively.
Generally, it could be observed that tomato pastes
contained 4 and 6% RF were more stable during storage
than control and the sample contained 2% RF regarding
colour parameters.
The a*/b* ratio has been used as a quality
specification for tomato products (Kelebek et al., 2017).
As mentioned in Table 2, the values of a*/b* ratio of the
control sample decreased significantly (P < 0.05) from
2.36 to 1.96% after 0 and 80 days of storage,
respectively. On the other hand, a*/b* ratio values of the
pastes contained RF were approximately stable during
the storage period. Tomato pastes with a*/b* ratio values
below 1.80 are considered unacceptable (Basak, 2018).
However, all samples in the current study revealed
acceptable values of the a*/b* ratio during the storage
period. The changes in colour parameters of tomato paste

Table 1. Proximate analysis of tomato pastes samples at different levels of rice flour.
Treatments
Parameters
(%)
T0
T1
T2
T3
Protein
Fat
Moisture
Ash
Dietary fiber
Carbohydrate

3.68±0.09b
0.41±0.01c
73.08±1.26a
2.55±0.07a
2.03±0.01a
18.23±0.46c

3.72±0.04ab
0.43±0.01bc
71.74±1.52ab
2.46±0.08ab
1.99±0.04ab

3.77±0.02ab
0.45±0.02b
70.49±1.23ab
2.39±0.08bc
1.96±0.02bc

19.47±0.53bc

20.71±0.77ab

3.82±0.05a
0.48±0.01a
69.25±1.77b
2.31± 0.06c
1.92±0.05c
21.92±0.82a

Values are presented as mean±standard deviation, n = 3. Values with different superscript within the same row are significantly
different (P < 0.05).
eISSN: 2550-2166
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Table 2. Changes of colour parameter in tomato pastes during storage.
Storage
Treatments
Colour parameters
(days)
T0
T1
T2

L*

a*

b

*

a*/ b*

T3

0

25.86±0.27Ad

27.03±0.30Ac

28.16±0.23Ab

29.13±0.43Aa

20

25.03±0.43Bd

26.33±0.14Bc

27.62±0.34Bb

28.76±0.38ABa

40

24.56±0.52BCd

25.90±0.08Cc

27.13±0.27Cb

28.33±0.22BCa

60

23.86±0.15CDd

25.36±0.21Dc

26.61±0.16Db

27.96±0.15Ca

80

23.50±0.59Dd

25.11±0.19Dc

26.50±0.09Db

27.88±0.08Ca

0

35.26±0.62Aa

35.03±0.13Aa

34.83±0.16Aa

34.13±0.06Ab

20

35.13±0.48ABa

34.82±0.32ABab 34.53±0.07ABbc

34.06±0.19Ac

40

34.86±0.53ABa

34.46±0.51BCab 34.13±0.29BCab

33.83±0.57Ab

60

34.26±0.21BCa

34.03±0.24CDa

33.93±0.57Ca

33.53±0.57ABa

80

33.91±0.44Ca

33.66±0.08Da

33.57±0.11Ca

33.06±0.15Bb

0

14.91±0.25Db

16.65±0.17Ba

16.76±0.32Aa

17.06±0.13Aa

16.86±0.06

Aa

17.13±0.08Aa

17.13±0.52

16.94±0.24

Aa

17.26±0.56Aa

ABa

20

15.13±0.09Db

40

15.63±0.16

Cb

60

16.52±0.13Bb

17.26±0.07Aa

17.16±0.19Aa

17.32±0.32Aa

80

17.26±0.08Aa

17.36±0.19Aa

17.26±0.37Aa

17.43±0.15Aa

0

2.36±0.01Aa

2.01±0.01Bc

2.07±0.02Ab

1.96±0.02Ad

20

2.32±0.03Ba

2.05±0.01Ab

2.05±0.01Ab

1.97±0.02Ac

40

2.23±0.01Ca

2.01±0.02Bb

2.01±0.01Bb

1.95±0.01Ac

60

2.07±0.02Da

1.97±0.01Cb

1.98±0.03BCb

1.96±0.02Ab

80

1.96±0.02Ea

1.94±0.03Ca

1.95±0.02Ca

1.94±0.01Aa

16.94±0.31

ABa

Values are presented as mean±standard deviation, n=3. Values with different lowercase superscript within the same row are
significantly different (P < 0.05). Values with different uppercase superscript within the same column are significantly different
(P < 0.05).

during storage may be related to the oxidation of
phenolic compounds available naturally in tomatoes
(Yildiz and Baysal, 2007). Additionally, the
discolouration of tomato paste samples could be
attributed to the oxidation of lycopene and eventual
discolouration of the paste samples during storage
(Basak, 2018). The results obtained for the effects of
storage time on the colour parameters of tomato pastes in
the current work were consistent with those reported
earlier (Liu et al., 2010; Maity and Raju, 2015; Basak,
2018).
3.3 Ascorbic acid content
The changes in ascorbic acid content (AAC) during
the storage period of tomato paste samples are shown in
Table 3. It could be noticed that the AAC of all samples
decreased significantly (P < 0.05) from 64.13–64.83 to
43.73–45.56 mg/100 g after 0 and 80 days of storage,
respectively. The decrease in AAC of tomato pastes may
be due to the oxidation of ascorbic acid during storage
(Apaiah and Barringer, 2001). Among all treatments, the
control showed the highest AAC, whereas the tomato
paste with 6% RF showed the lowest. Since RF contains
lower content of ascorbic acid, this may have been
responsible for the differences in AAC between tomato
eISSN: 2550-2166

paste samples. Our results were consistent with those
reported by other researchers (Koh et al., 2012) who
observed that the AAC of tomato paste decreased during
storage at ambient conditions. The degradation of
ascorbic acid could be clearly noticed in processed
tomato products during the storage at temperatures of
30◦C or greater (Lavelli and Giovanelli, 2003). The
degradation rate of ascorbic acid in tomato products
increased with the increase in storage temperature,
storage period, and moisture content of the product
(Goula and Adamopoulos, 2006). However, the effects
of storage time on AAC of different tomato paste
samples in the current study were similar, as they
revealed the same trend.
3.4 Total titratable acidity (TTA) and pH
The changes in TTA of tomato pastes enriched with
different ratios of RF during storage are shown in Table
4. Results showed that TTA values ranged from 1.48 to
1.75 and 1.56 to 1.93% at day 0 and 80 of storage,
respectively. The TTA of tomato paste samples were
approximately stable for the first 20 days and increased
significantly (P < 0.05) in all samples until 60 days of
storage. After 80 days of storage, the TTA of control and
paste with 2% RF increased slightly while samples
© 2022 The Authors. Published by Rynnye Lyan Resources
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64.83±0.92Aa
59.12±0.87Ba
52.13±0.94Ca
47.86±0.57Da
45.56±0.85Ea

0
20
40
60
80

64.61±0.84Aa
58.86±0.91Ba
51.63±0.66Ca
47.23±0.55Da
44.16±0.77Eb

64.33±0.58Aa
58.53±0.84Ba
51.36±1.07Ca
47.14±0.73Da
43.91±0.65Eb

64.13±0.77Aa
58.43±1.02Ba
51.08±0.83Ca
46.96±1.07Da
43.73±0.57Eb

Values are presented as mean±standard deviation, n=3. Values with different lowercase superscript within the same row are
significantly different (P < 0.05). Values with different uppercase superscript within the same column are significantly different
(P < 0.05).
Table 4. Changes of acidity (% citric acid) and pH in tomato pastes during storage.
Treatments
Storage
Parameter
days
T0
T1
T2
T3

Acidity
(%)

pH

0

1.75±0.03Da

1.63±0.05Cb

1.54±0.01Bc

1.48±0.05Bc

20

1.77±0.05CDa

1.65±0.03Cb

1.55±0.02Bc

1.48±0.03Bd

40

1.84±0.05BCa

1.69±0.03BCb

1.67±0.03Ab

1.52±0.04ABc

60

1.89±0.03ABa

1.75±0.04ABb

1.71±0.01Ab

1.55±0.03ABc

80

1.93±0.05Aa

1.81±0.03Ab

1.72±0.05Ac

1.56±0.04Ad

0

4.38±0.05Aa

4.41±0.04Aa

4.43±0.04Aa

4.46±0.05Aa

20

4.31±0.07Aa

Ba

Aa

4.38±0.03Aa

40

3.86±0.04

Bc

Bab

4.11±0.06Ba

60

3.65±0.05Cc

3.86±0.04Db

3.90±0.04Cab

3.97±0.07Ca

80

3.52±0.09Db

3.81±0.05Da

3.86±0.07Ca

3.94±0.05Ca

4.33±0.05
4.01±0.03

Cb

4.36±0.04
4.05±0.04

Values are presented as mean±standard deviation, n=3. Values with different lowercase superscript within the same row are
significantly different (P < 0.05). Values with different uppercase superscript within the same column are significantly different
(P < 0.05).

containing 4% and 6% RF exhibited no increase in TTA.
It could be noticed that the increase in TTA was more
obvious in the control sample and the paste with 2% RF
through storage at ambient temperature. The trends
obtained for the effects of storage time on the TTA of
tomato paste samples in this study were similar to those
reported earlier (Olaniran et al., 2015; Alqahtani, 2020).
However, the values of TTA after 80 days of storage at
ambient temperature were in-line with the values
highlighted in the international food standards provided
by the world food programme i.e. TTA must not exceed
7% (WFP, 2011).
The pH values of tomato paste samples ranged from
4.38 to 4.46 and 3.52 to 3.94% at day 0 and 80 of
storage, respectively (Table 4). A slight decrease in the
pH values of tomato paste samples was observed after 20
days of storage. After 40 days of storage, a dramatic
decrease in the pH values of tomato paste samples was
observed. All samples revealed a slight decrease in pH
values after 60 and 80 days of storage. However,
samples containing RF showed less decrease in pH
values as compared to control. In general, after 80 days
of storage at ambient temperature, the pH values of all
samples were consistent with the recommendations of
the Codex Alimentarius, i.e. pH must not exceed 4.5
eISSN: 2550-2166

(FAO, 2017). The results obtained for the effects of
storage time on the pH values of tomato paste in the
current study were in agreement with those reported
earlier (Olaniran et al., 2015; Alqahtani, 2020; Gallo et
al., 2020). The increase in TTA and the decrease in pH
of tomato paste samples could be due to the organic
acids produced by lactic acid bacteria. Moreover, the
oxidation of alcohol and aldehyde during processing may
have been responsible for the increase of acidity
(Olaniran et al., 2015). However, the increase in acidity
has an inhibitory impact on the growth rate of pathogens.
The higher content of the RF was associated with a lower
level of acidification. For this reason, it can be concluded
that RF may act as a pH stabilizer.
3.5 Total soluble solids (TSS) and Bostwick consistency
The effects of the storage period on the TSS of
tomato paste samples with different levels of RF addition
are displayed in Table 5. The TSS of tomato pastes
ranged from 35.04 to 37.83 and 37.03 to 38.73% at day 0
and 80 of storage, respectively. For the first 20 days of
storage, the TSS values of tomato pastes with 2, 4 and
6% RF were approximately stable, while the control
sample showed increased values. A slight increase in
TSS of control and tomato pastes contained RF was
© 2022 The Authors. Published by Rynnye Lyan Resources
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Treatments
Storage
days
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T1
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T3
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Table 5. Changes of total soluble solids (TSS) and Bostwick in tomato pastes during storage.
Treatments
Storage
Parameter
days
T0
T1
T2
T3
0
35.04±0.72Cb
35.81±0.85Cb
36.47±0.57Bab
37.83±0.94Aa
TSS
(°Brix)

Bostwick
(cm)

20

35.53±0.54BCb

35.98±0.48Cb

36.58±0.68Bb

37.91±0.65Aa

40

36.11±0.46ABCb

36.45±0.53BCb

36.92±0.68Bb

38.23±0.77Aa

60

36.73±0.67ABb

37.53±0.53ABab

38.03±0.55Aa

38.36±0.72Aa

80

37.03±0.74Ab

38.03±0.68Aab

38.53±0.49Aa

38.73±0.61Aa

0

10.81±0.24Da

9.84±0.32Db

8.53±0.29Ec

7.33±0.37Dd

20

11.63±0.37Ca

10.61±0.19Cb

9.06±0.25Dc

8.31±0.23Cd

40

12.10±0.23Ba

11.23±0.37Bb

9.63±0.15Cc

8.94±0.19Bd

60

12.43±0.14Ba

80

Aa

12.90±0.22

ABb

11.52±0.22

Ab

11.86±0.17

Bc

9.33±0.12ABd

Ac

9.73±0.21Ad

10.53±0.18
11.07±0.24

Values are presented as mean±standard deviation, n=3. Values with different lowercase superscript within the same row are
significantly different (P < 0.05). Values with different uppercase superscript within the same column are significantly different
(P < 0.05).

observed after 40 days of storage. The same trend for
TSS changes was observed after 60 days of storage.
After 80 days of storage, the TSS of control and tomato
paste with 2% RF increased slightly, while samples
containing 4 and 6% RF exhibited an insignificant (P >
0.05) increase in TSS. Our results were similar to those
reported previously (Villari et al., 1994; Alqahtani,
2020). Generally, the TSS of tomato pastes revealed a
slight increase throughout the storage period particularly
for control and pastes with a lower amount of RF, while
samples with higher content of RF were more stable
during storage regarding TSS changes. It could be
expected that the increase in TSS might be due to the
hydrolysis of polysaccharides during storage. Moreover,
the increase in TSS during storage could be related to the
conversion of starch to sugars (Gujral et al., 2002). On
contrary, Liu et al. (2010) observed fluctuations in TSS
values of tomato powders, but there were no significant
changes during storage for 5 months at 0, 25 and 37°C.
However, Basak (2018) reported that no significant
variations in TSS of tomato pastes were observed during
storage.
The Bostwick consistency values of tomato paste
samples ranged from 7.33 to 10.81 and 9.73 to 12.90 at
day 0 and 80 of storage, respectively (Table 5).
Significant (P < 0.05) differences were observed in the
Bostwick consistency values of tomato pastes at day 0 of
storage. Tomato paste with 6% RF showed the lowest
Bostwick consistency value (was the thickest), whereas
control sample showed the highest (was the thinnest).
The Bostwick consistency values of tomato pastes
decreased with the increase of RF addition, which could
be related to the physico-chemical properties of starch
which is considered as a thickening agent (Juszczak et
al., 2013). A slight increase in the Bostwick consistency
values of tomato paste samples was observed after 20
days of storage. The same trends were observed after 40,
eISSN: 2550-2166

60 and 80 days of storage, taking into account that the
tomato pastes with 4 and 6% RF showed the least
increasing ratio. Generally, tomato paste trails tended to
become less viscous through the storage period, which
could be related to the hydrolysis of polymers,
particularly under acidic conditions. Moreover, at pH
lower than 4, the free acids are produced, which may
have been responsible for the precipitation of the
polymers (Gujral et al., 2002). The addition of RF
resulted in keeping the viscosity, which could be related
to the binding of water by the starch molecules leading to
an increase in the resistance to flow. The results obtained
for the effects of storage time on the Bostwick
consistency of tomato paste samples in the current study
were consistent with the findings reported previously
(Anthon and Barrett, 2010; Jafari et al., 2017).
3.6 Sensory evaluation
The changes in sensory scores during the storage
period of tomato paste samples are presented in Table 6.
It could be noticed that the colour scores of freshly
processed tomato pastes decreased insignificantly (P >
0.05) with the increase of RF addition, which could be
due to the dilution effect of RF on the final colour of the
product. The colour scores of tomato pastes decreased
slightly after the first 20 days of storage. The same trend
was observed in all samples until 60 days of storage.
After 80 days of storage, the colour score of control and
paste with 2% RF decreased slightly, whereas tomato
pastes contained 4 and 6% RF were approximately
stable. However, all samples were acceptable after 80
days of storage. Sensory results showed insignificant (P
> 0.05) changes in flavour scores of freshly processed
tomato pastes. Likewise, during storage, the flavour
scores of tomato pastes decreased slightly after the first
20 days of storage. The same trend was observed for all
samples until 80 days of storage. Generally, insignificant
© 2022 The Authors. Published by Rynnye Lyan Resources
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T3

0

8.66±0.08Aa

8.15±0.20Ab

7.91±0.35Ab

7.82±0.21Ab

20

8.38±0.21ABa

7.92±0.09ABb

7.74±0.08ABb

7.64±0.17ABb

40

8.08±0.17BCa

7.74±0.32ABCa

7.58±0.23ABa

7.51±0.38ABa

60

7.82±0.33CDa

7.63±0.19BCa

7.46±0.19Ba

7.42±0.07ABa

80

7.45±0.28Da

7.41±0.36Ca

7.39±0.16Ba

7.33±0.24Ba

0

8.41±0.22Aa

8.22±0.04Aa

8.13±0.14Aa

8.06±0.32Aa

20

8.32±0.08ABa

8.15±0.21Aa

8.04±0.22ABa

8.00±0.07Aa

40

7.91±0.31BCa

7.90±0.07ABa

7.85±0.06BCa

7.74±0.09ABa

60

7.74±0.19Ca

7.76±0.17BCa

7.68±0.13CDa

7.55±0.24Ba

80

7.52±0.27Ca

7.53±0.25Ca

7.50±0.09Da

7.46±0.18Ba

0

8.00±0.32Ac

8.42±0.21Abc

8.93±0.30Aa

8.58±0.18Aab

20

7.91±0.29ABb

8.08±0.13Bb

8.85±0.12Aa

8.50±0.24Aa

Bb

Ba

8.37±0.05Aa

Colour

Flavour

Texture

Overall
acceptability

Bc

8.00±0.29

8.41±0.20

40

7.53±0.04

60

7.04±0.17Cb

7.83±0.08Ba

7.91±0.26Ca

7.80±0.27Ba

80

6.51±0.05Db

7.75±0.13Ba

7.83±0.09Ca

7.76±0.14Ba

0

8.31±0.18Aa

8.27±0.33Aa

8.52±0.17Aa

8.13±0.22Aa

20

8.03±0.25ABa

8.05±0.09ABa

8.23±0.19ABa

8.00±0.06ABa

40

7.75±0.11BCa

7.82±0.26BCa

8.00±0.31BCa

7.85±0.13ABCa

60

7.44±0.05Ca

7.68±0.17BCa

7.75±0.07CDa

7.71±0.32BCa

80

7.00±0.23Db

7.44±0.18Ca

7.53±0.25Da

7.48±0.14Ca

Values are presented as mean±standard deviation, n=3. Values with different lowercase superscript within the same row are
significantly different (P < 0.05). Values with different uppercase superscript within the same column are significantly different
(P < 0.05).

(P > 0.05) variations in the flavour of tomato pastes were
observed during storage. Regarding texture, pastes
containing RF were smoother as compared to control.
The scores for the mouthfeel of tomato pastes containing
2, 4, and 6% RF were significantly higher as compared
to the control sample. Our findings for texture scores
were similar to those reported by Sit et al. (2014) who
observed that the addition of taro starch showed a
significant increase in the texture properties of tomato
ketchup. Generally, among all tested samples, the tomato
paste containing 4% RF showed the highest overall
acceptability scores with 8.52 and 7.53 during 0 and 80
days after storage, respectively. The results of sensory
scores reported in the current investigation were
consistent with those reported by other authors (Sit et al.,
2014; Basak, 2018).
4. Conclusion
Tomato paste incorporated with RF showed higher
L* and b* values and lower a* values than control. The
protein, carbohydrate and fat content of tomato pastes
contained RF increased, whereas ash and fibre content
decreased
slightly.
Texture
analyses,
colour
measurements, and sensory evaluation showed that the
addition of RF improved texture properties of the pastes
eISSN: 2550-2166

directly after processing and during the storage period
without affecting the colour, flavour, and overall
acceptability. The a*/b* ratio values of the pastes
contained RF were approximately stable during storage
and were at acceptable levels. The pH and ascorbic acid
content of tomato paste samples decreased slightly,
whereas acidity, TSS, and Bostwick increased during
storage. Tomato paste containing 4% RF showed the
highest sensory scores among all tested samples at zero
time and during the storage period. Such findings
indicate that RF may be used as a novel and inexpensive
thickening agent in food processing. Further studies are
required for applications in food industries and
optimization of processing conditions.
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