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ABSTRACT

Tamarind (Tamarindus indica L.) is a unique sweet-sour fruit widely grown
in many countries. Rich in nutritional value, tamarind has been popularly used
in food products due to its content of carbohydrates, organic acids, vitamins,
and minerals—especially in the form of tamarind sauce. However, its high
tartaric acid content presents challenges in terms of texture, mouthfeel, and
thickness, all of which affect consumer preferences. The aim of this study was
to evaluate the effects of different concentrations of cornstarch on the chemical
properties and sensory qualities of tamarind sauce. A completely randomized
design (CRD) was used to analyze the chemical and sensory parameters.
Cornstarch was added in four treatment groups: control (T0), 1% (T1), 2%
(T2), and 3% (T3), with all other ingredients held constant. The results showed
no significant differences (p > 0.05) in chemical properties among the
treatments. However, significant differences (p < 0.05) were found in all
sensory attributes. The treatment with 2% cornstarch (T2) received the highest
scores, particularly in color (3.15 + 0.88), thickness (3.45 + 0.69), sweetness
(3.30 £ 0.66), saltiness (3.20 + 0.83), and overall preference (3.15 + 0.99),
indicating strong consumer acceptance. In conclusion, incorporating 2%
cornstarch is recommended for commercial tamarind sauce production to
enhance sensory appeal and consumer satisfaction. However, this study
focused only on chemical and sensory qualities, not on product shelf life.
Therefore, further studies should investigate the effects of packaging on the
shelf life of tamarind sauce to support its commercial application.

© 2025 Asian Journal of Development and Innovation Studies all right reserved.

1. Introduction

2020). Achieving an optimal balance between chemical
and sensory quality is therefore essential for commercial

Tamarind (Tamarindus indica L.) is a tropical fruit
widely cultivated across Asia, Africa, and America,
valued for its distinctive sweet-sour flavor and rich
content of beneficial organic compounds (Azad, 2018).
The tree produces fruits containing pulp that is notably
high in tartaric acid, averaging 12-18% of dry weight,
along with moderate levels of malic and citric acids—
compounds that contribute to its characteristic taste (De
Caluwé et al., 2010; Walker & Famiani, 2018). Ripe
tamarind is also rich in carbohydrates, organic acids,
vitamins, and minerals. As a result, tamarind is widely
used in sauces, pastes, beverages, and traditional
medicines (Singh et al., 2025). Among these, tamarind
sauce—due to its high tartaric acid content—presents
challenges in terms of texture, mouthfeel, and thickness,
all of which affect consumer preferences (Tugume et al.,
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tamarind sauce production. The sauce must also meet pH
and acidity standards to reduce microbial spoilage and
ensure shelf life (Kim & Lee, 2008; Shukla & Singh,
2019; Sokra et al., 2024). Tamarind sauce is increasingly
popular in many regions, especially in Southeast Asia
(Bhosle et al.,, 2025). However, the formulation of
tamarind sauce remains complex due to natural variations
in sugar content and acidity, which depend on the growing
region and manufacturing methods (Pattar et al., 2013). In
the food industry, corn starch is widely used as a
thickening and stabilizing agent. To improve tamarind
sauce formulations, previous studies have explored the
use of different starch types. For example, Moin and
Hasnain (2024) used rice starch in white sauce production,
while Kaur and Singh (2016) created sweet tamarind
sauces without starch and reported no significant impact
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on color and thickness in consumer preference tests.
Generally, four types of starch are used to enhance sauce
products: corn starch (regular and chemically modified),
wheat, and rice starches (Thebaudin et al., 1998).
Currently, corn starch is the most commonly used due to
its nutritional content, particularly its fiber compounds
(Ismiyatul Finani et al., 2025; Lingait et al., 2025). In
sauces, corn starch contributes to better mouthfeel,
desirable thickness, aroma, and overall consumer
preference (Abu Zarim et al., 2018; luga et al., 2019).
Although it is widely used in commercial sauces to
improve sensory attributes and chemical stability, limited
research has focused on its effects in tamarind-based
sauces. Previous studies suggest that appropriate starch
concentrations can enhance consumer acceptance by
improving texture and taste (Arocas et al., 2009; Kaur &
Singh, 2016). However, the optimal corn starch
concentration that maximizes sensory quality while
minimizing undesirable chemical changes in tamarind
sauces remains unclear.

This study aims to address this gap by evaluating the
effects of varying corn starch concentrations on the
chemical properties (pH, titratable acidity, and °Brix) and
sensory qualities (color, thickness, sweetness, saltiness,
aroma, and overall acceptability) of tamarind sauce. The
findings will provide valuable insights for manufacturers
aiming to develop high-quality tamarind sauces with
enhanced consumer appeal and extended shelf life.
Moreover, the results may contribute to broader
formulation strategies for fruit-based condiment products.

2. Materials and Methods
2.1 Raw material

A total of 1.8 kg of peeled tamarind pulp from
uniformly ripe, high-quality fruits was used in this study.
Additional ingredients included corn starch (27 g), sugar
(2.4 kg), salt (360 g), chili (300 g), garlic (300 g), and
ginger (300 g). All raw materials were purchased from a
local market in Kratie Province, Cambodia. They were
then transported to the food processing laboratory at the
University of Kratie and stored in a refrigerator to
preserve quality until further processing.

2.2 Experimental design

A completely randomized design (CRD) was used,
which consisted of four treatments with each treatment
containing five replicates. Each replicate consisted of 150
g of tamarind, 200 g of sugar, 30 g of salt, 25 g of chili,

25 g of garlic, and 25 g of ginger. The corn starch of each
treatment was prepared as the follows:

TO (Control): Tamarind sauce without corn starch

T1: Tamarind with 1% corn starch
T2: Tamarind with 2% corn starch

T3: Tamarind with 3% corn starch

2.3 Process of experiment

All ingredients, including chili, garlic, and ginger,
were ground into powder. The tamarind, salt, and sugar
were weighted and kept for further use. Corn starch was
mixed with 200 mL of distilled water in each replicate for
next step. High quality tamarind (free from bad smell,
insects and dust) was heated in 800 mL of distilled water
below boiling temperature until softened, allowing seeds
and other unwanted materials to be removed. All prepared
ingredients, including salt, sugar, chili, garlic, and ginger,
were then added to the tamarind mixture and mixed well
at boiling temperature for five minutes., The heat was
subsequently reduced to below boiling. Corn starch was
added to the tamarind mixtures and stirred for five
minutes, after which the sauce was immediately filled into
glass bottle. Finally, the tamarind sauce was pasteurized
at 85 °C for 15 minutes to extend its shelf-life and
maintain quality.

2.4 Measurement of pH

The pH of all treatments was measured using a digital
pH meter (Metrohm 827 pH meter). Before measurement,
the pH meter was calibrated with standard buffers at pH
4,7,and 10 (Somaly et al., 2025) to ensure accuracy. After
calibration, the electrode was dipped into a sample of
tamarind sauce, and the reading was recorded once the
value displayed on the screen had stabilized.
Subsequently, the data was calculated to determine the
mean of pH levels across the replicates of each treatment.

2.5 Titratable acidity

The tartaric acid (C4H606) concentration in tamarind
sauce was determined through acid-base titration. A 10 g
sample was diluted in 250 mL of distilled water and mixed
thoroughly. Three drops of phenolphthalein indicator
were added to the solution, which was then titrated with
standardized 0.1 N NaOH until a slightly pink endpoint
(persisting for 30 seconds) was reached. The volume of
NaOH consumed was recorded for calculations. Based on
the reaction stoichiometry (C4H606 + 2NaOH —
C4H406% + 2H20), the moles of tartaric acid were
calculated as half the moles of NaOH, where moles of
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NaOH = volume (L) x normality (0.1 N). The
concentration (g/L) was then determined using the molar
mass of tartaric acid (150.09 g/mol) when 10 mL of
tartaric acid solution was used in the titration. Finally,
percentages of acid were determined by multiplying by
100.

2.6 Sugar content analysis

The sugar content, expressed as °Brix, was measured
using a digital refractometer (PAL-1, Atago, Japan).
Before analysis, the refractometer was calibrated with
distilled water (zero sugar content). For each
measurement, 2-3 drops of the tamarind solution were
carefully placed on the glass of the prism using a clean
pipette. The °Brix value was recorded after the reading
stabilized (typically within 5 seconds of measurement
initiation). Five independent replicates were conducted
for each sample to ensure accuracy. Between samples, the
prism was cleaned with distilled water and dried with soft
tissue to prevent cross-contamination.

2.7 Preference ranking test

A preference ranking test was conducted to evaluate
consumer preferences for seven sensory attributes of
tamarind sauce: color, aroma, thickness, sweetness,
sourness, saltiness, and spiciness. Sixty untrained
assessors (25 males, 35 females; aged 18-55 years)
participated in the evaluation. Samples were presented
monadically in randomized order, labeled with three-digit
codes, and served in standardized transparent containers.
Assessors were instructed to rank each attribute
independently using a 4-point scale (1 = dislike, 2 = fair
like, 3 = like, 4 = like extremely). Drinking water was
provided between samples to cleanse the palate.

2.8 Statistical analysis

The data from the chemical parameters and sensory
tests were entered into Microsoft Office Professional Plus
2021 for cleaning and organization. The data and graphs
were analyzed and presented as means + standard
deviations (SDs). One-way ANOVA followed by Tukey’s

HSD multiple comparison test was performed at p < 0.05
using GraphPad Prism software (version 10.4.2,
Windows, San Diego, California, USA;
www.graphpad.com).

3. Results
3.1 Chemical parameters

Table 1 shows the chemical parameters of tamarind
sauce prepared with different concentrations of corn
starch. The pH values did not differ significantly among
the samples (p > 0.05), suggesting that corn starch
concentration had no major effect on the pH of tamarind
sauce. However, a slight but consistent increase in pH was
observed with higher corn starch levels: 3.73 £ 0.02
(control), 3.77 £ 0.03 (1% of corn starch), 3.79 £ 0.09 (2%
of corn starch), and 3.81 + 0.09 (3% of corn starch). The
concentration of acid is similar to pH, where the means
were not significantly different (p > 0.05) among samples
using different corn starch. Similar to pH results, the acid
concentration showed no notable effect from corn starch
addition, though it decreased slightly with higher corn
starch levels—from 1.38 + 0.02 % (control) to 1.36 +
0.02% (1% corn starch), 1.34 = 0.02% (2% corn starch)
and 1.33 + 0.19% (3% corn starch) . The sugar content
(°Brix) also showed no significant differences between
treatments (p > 0.05). These results indicate that corn
starch concentration did not affect the sugar content of
tamarind sauce. Because of the low sugar content of corn
starch solution mixed with neutral distilled water, it did
not majorly increase the sugar content of tamarind sauce
in all samples. The control group showed the highest sugar
content was 30.33 + 1.53 °brix, followed by 1% of corn
starch at 29.70 £ 1.47 °brix, 3% of corn starch at 29.67 +
0.58 °brix, and the lowest was 2% of corn starch at 29.33
+ 252 °brix. The key finding of this experiment
highlighted that applying corn starch from 1% to 3% did
not affect the chemical quality of tamarind sauce.

Table 1. Results of pH, acid concentration and sugar content of tamarind sauce (n = 5).

Parameters Control 1% corn starch 2% corn starch 3% corn starch
pH 3.73+£0.02a 3.77+0.03 a 3.79+0.09a 3.81+£0.09a
Acid (%) 1.38 £ 0.02a 1.36 £ 0.02 a 1.34+£0.02a 1.33£0.19a
°Brix 30.33+1.53a 29.70+1.47 a 29.33+252a 29.67 +0.58 a

Values presented means + standard deviations. Values in row with the same letter was not significantly

different (p < 0.05).
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3.2 Sensory evaluation
Demographic characteristics

Table 2 presents the demographic characteristics
of the assessors who participated in the preference
ranking test. The consumers comprised 41.67%
males and 58.33% females. Most participants were
students (85%), primarily bachelor’s degree holders
(81.67%), and the majority (81.67%) belonged to the
18-25 age group.

Table 2. Demographic characteristics of assessors
(n=60).

Basic of personal Number of Percentages
information persons (%)
Gender
Male 25 41.67
Female 35 58.33
Total 60 100
Age
18-25 years 49 81.67
26-35 years 2 3.33
3645 years 8 13.33
46-55 years 1 1.67
Total 60 100
Education
Bachelor’s 49 81.67
degree
Master’s 2 3.33
degree
PhD 9 15.00
Total 60 100
Occupation
Student 51 85.00
Lecturer 8 13.33
Trader 1 1.67
Total 60 100

Preference ranking test

Figure 1 shows the preference ranking results for
tamarind sauce from four treatment groups (TO, T1,
T2, and T3). The samples were evaluated based on
eight sensory attributes: color, aroma, thickness,
sweetness, sourness, saltiness, spiciness, and overall
preference. Each sensory attribute was analyzed

using one-way ANOVA, which revealed significant
differences among treatments (p < 0.05). Post hoc
comparisons using Tukey’s HSD test were shown in
Table 1.

The control treatment (TO) received the lowest
scores in all attributes, especially in thickness (1.05 £
0.22), aroma (1.55 * 1.05), sweetness (1.65 + 0.99),
and overall preferences (1.65 = 1.14), suggesting a
lack of consumer preference. The treatment with 2%
corn starch (T2) received the highest scores in several
attributes, particularly color (3.15 + 0.88), thickness
(3.45 £ 0.69), sweetness (3.30 £ 0.66), saltiness (3.20
+ 0.83), and overall preference (3.15 £ 0.99),
indicating strong consumer acceptance. In addition,
the tamarind sauce with 3% of corn starch (T3) also
received high scores for attributes across most
parameters, a bit lower than T2, particularly in
aroma, thickness, sweetness, sourness, spiciness, and
overall consumer acceptance. For the treatment with
1% of corn starch (T1), it had moderate scores, higher
than the control group but lower than both T2 and T3.

Among all treatment groups, the addition of corn
starch had the greatest impact on the thickness
attribute compared to the control. Sourness and
saltiness also showed significant differences in
preference among treatments, while spiciness scores
were similar in T1, T2, and T3. The radar graph
highlights T2 (2% corn starch) as the most effective
treatment for improving consumer preference across
all eight sensory attributes. These findings suggest
that incorporating 2% corn starch optimally enhances
the sensory quality and overall consumer acceptance
of tamarind sauce.

Color
4
Overall Aroma = seDee TO
-0=T1
Spiciness Thickness =—0=—T2
——T3
Sweetnes

Saltiness s

Sourness

Figure 1. Radar graph of preference ranking test.
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Table 3. Comparison of sensory quality of each treatment group.

Sensory parameters Control 1% corn starch 2% corn starch 3% corn starch
Color 1.90 £1.29b 2.55 + 1.05ab 3.15+0.88a 2.40 + 0.94ab
Aroma 1.55 + 1.05b 2.40+0.82a 3.05+0.69a 3.00+1.21a
Thickness 1.05 +0.22c 2.25+0.55b 3.45 +0.69% 3.25+0.79
Sweetness 1.65+0.99b 2.00+0.92b 3.30 £ 0.66a 3.05+1.00a
Sourness 1.80 £ 1.15b 2.45 £ 0.94ab 2.90 £ 0.85a 2.85+1.23a
Saltiness 1.90+1.21b 2.60 + 0.82ab 3.20+£0.83a 2.30+1.22b
Spiciness 1.80 £ 1.24b 2.65 + 1.04ab 2.70 £ 0.80a 2.85+1.14a
Overall preference 1.65+1.14b 2.40 £ 0.75ab 3.15+0.99a 2.80 + 1.06a

Values presented means + standard deviations. Values in row with different letters within the same row were significantly

different (p < 0.05)..

4. Discussion

The results of this study demonstrate no significant
differences in chemical parameters. However, increasing
the corn starch concentration slightly increased the pH
level and reduced the acidity and sugar content (°brix) of
the tamarind sauce. These changes may result from corn
starch’s neutral properties when diluted and mixed into
the tamarind sauce. These results are aligned with Shukla
& Singh (2019), who reported that the average pH of
tamarind sauce ranged from 2.50 to 3.5, which was
popular for storage and reduced microbial growth. Corn
starch, composed of amylose and amylopectin, increases
solution viscosity without chemically interacting with
tamarind components (Liu et al., 2006). These findings are
consistent with Manjula et al. (2017), who reported a pH
of 3.55 in tamarind sauce that was produced. Additionally,
corn starch was used in different types of sauce, including
tamarind sauce (Shaikh et al., 2020). It is commonly used
in commercial sauces to reduce the change in chemical
quality (Jimenez et al., 2020). The titratable acidity in this
study ranged from 1.38% to 1.33% (as tartaric acid). This
is comparable to Pattar et al. (2013), who reported that the
average tartaric acid in tamarind sauce is 1%. However,
Deokar et al. (2019) produced the tamarind sauce with a
very high titratable acidity, an average of 3.98%,
compared to this study. This study is also consistent with
Fall et al. (2012), who indicated that corn starch was
effective for thickening the liquid mixture but did not
significantly change the acidity of the sauce product.
Similarly, Chen and Li (2025) and Zhai et al. (2025)
indicate that corn starch effectively induces gelatinization
and enhances texture without significant change in
chemical quality. The °Brix values (29-30) indicated a
concentrated, sweet profile favorable for tamarind sauce.

This study is similar to da Silva et al. (2021), who revealed
that fruit sauce that can gain the preference of consumers
must be, on average, 28° Brix. The optimal sugar content
for consumer preference typically falls within 18—30 °brix
(Boakye et al., 2024), aligning with our results. However,
regional preferences vary; Yuvatharini and Annette
(2024) reported that a sauce product at 21.90 °brix was
acceptable to consumers when this study found 29.33 +
2.52 to be the high score of consumer acceptability.

The sensory evaluation results for tamarind
sauces prepared with different concentrations of corn
starch were presented in Table 3. In general, increasing
the concentration of corn starch had a significant effect on
sensory parameters, especially thickness, sweetness, and
overall preferences. The thickness scores showed an
increasing trend with increasing corn  starch
concentration. The 2% and 3% corn starch treatments
obtained significantly higher scores (3.45 £ 0.69 and 3.25
*+ 0.79, respectively) compared to the control (1.05 %
0.22). This finding is in line with Xiao et al. (2022), who
reported that corn starch, which is mainly composed of
amylose and amylopectin, effectively increased viscosity
without changing the flavor profile of the main
components. Similar results were also found by Manjula
et al. (2017), where the addition of starch improved the
thickness and mouthfeel of the juice. Sweetness and
saltiness perceptions were also significantly enhanced in
the 2% corn starch formulation (3.30 £ 0.66 and 3.20 +
0.83, respectively), which may be due to the distribution
and effectiveness of corn starch in delaying taste
perception. According to Zhai et al. (2025), thickening of
the sauce may affect taste perception by altering the rate
at which flavor components were released in the mouth.
The slight decrease in saltiness at 3% may be due to
excessive thickening, which may interfere with flavor
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release. Aroma scores were significantly improved in all
corn starch treatments compared to the control, with the
highest scores in the 2% and 3% corn starch groups. This
improvement can be attributed to better aroma retention
due to the increased viscosity of the sauce, which reduces
the volatility of the aroma components (Abu Zarim et al.,
2018). Color scores peaked in the 2% corn starch group
(3.15 + 0.88), indicating that moderate thickening
increases the visual appeal of the sauce. Too much (3%)
or too little (control) thickening appeared to be less
preferred, perhaps due to an undesirable smoothness or
dull appearance, a trend also reported by Bortnowska et
al. (2013) and Jimenez et al. (2024) in starch-based sauce
formulations. Overall preference was highest for the 2%
corn starch treatment (3.15 + 0.99), indicating that this
level provided the best balance of desired sensory
attributes. This result is consistent with previous studies
(Kaur & Singh, 2016; Manjula et al., 2017) that
emphasized that moderate addition of starch can increase
acceptability  without compromising the natural
characteristics of fruit sauces. Overall, the addition of corn
starch significantly improved the sensory quality of
tamarind sauce, with 2% being the optimal level for
increasing consumer preference.

5. Conclusion

This study demonstrated that adding corn starch did
not significantly alter the chemical properties of tamarind
sauce, but it had a notable impact on sensory
characteristics. Among the concentrations evaluated, the
2% corn starch formulation achieved the highest ratings
for color, thickness, sweetness, saltiness, and overall
consumer preference. This concentration offered the
optimal balance of sensory qualities—particularly
regarding texture, appearance, and acceptability—while
maintaining chemical stability. Consequently,
incorporating 2% corn starch is recommended for
commercial tamarind sauce production to improve
sensory appeal and consumer satisfaction. However, this
study focused on chemical and sensory quality but not the
shelf life of the product. Therefore, the effect of packages
on the shelf life of tamarind sauce should be further
studied to fulfill the commercial product in the industry.
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