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ABSTRACT

Keywords: Tomato sauce generally requires a thickening agent to improve its viscosity.

carrageenan; pH; Synthetic thickeners such as carboxymethyl cellulose (CMC) may increase pH,

tomato sauce; making them less suitable for meeting the quality requirements of tomato

vitamin C; viscosity  sauce, which is naturally acidic. This study aimed to evaluate seaweed
carrageenan (Kappaphycus alvarezii) as a natural thickener and to determine
the effect of different concentration levels on vitamin C content, moisture
content, viscosity, pH, and sensory characteristics of tomato sauce. This study
used a completely randomized design with five treatments and four
replications, a positive control with 0.25% CMC, and carrageenan treatments
at concentrations of 0.25%, 0.30%, and 0.35%, each with four replications.
Chemical and physical parameters were analyzed using one-way ANOVA
followed by Duncan’s multiple range test, while sensory evaluation data were
analyzed using the Kruskal-Walli’s test followed by the Mann-Whitney test at
a 95% confidence level. The results showed that increasing carrageenan
concentration significantly increased vitamin C content and viscosity, while
significantly reducing moisture content and pH (p < 0.05). The 0.35%
carrageenan treatment produced the highest vitamin C content (4.00 mg/100
g), the lowest moisture content (70.63%), the highest viscosity (15.58 cPs),
and a pH of 3.25. Sensory evaluation indicated that carrageenan significantly
affected texture but had no significant effect on appearance, aroma, or taste.
Carrageenan at a concentration of 0.35% was considered the optimal level for
producing tomato sauce with the best physicochemical quality and texture
while maintaining an appropriate pH range for tomato sauce.

INTRODUCTION

Sauce is a complementary food product in the form of a paste, made from fruits or
vegetables that are processed with the addition of seasonings to enhance the appearance,
aroma, and taste of food. Sauces commonly produced in Indonesia include tomato sauce, chili
sauce, and sambal sauce. According to the Indonesian National Standard (SNI) No. 01-3546-
2004, tomato sauce is a product derived from a mixture of tomato puree or tomato paste
obtained from ripe tomatoes and processed with spices and permitted food additives.
Tomatoes are a fruit vegetable with strong potential for agribusiness development due to their
high nutritional and economic value. Tomatoes contain essential nutrients such as proteins,
carbohydrates, fats, minerals, and vitamins A, B1, and C (Ali et al., 2021). Globally, tomatoes are
recorded as the vegetable with the highest production volume, reaching approximately 192
million tons in 2023, indicating that this commodity plays a significant role in the global food
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system and horticultural trade. In addition to its importance in terms of production, tomatoes
also have strong economic significance in international trade. A study by Govindasamy et al.
confirms that tomatoes are a commodity that is strongly influenced by price dynamics,
agricultural policies, and export markets; in the case of Mexico, tomato exports even generated
revenues of nearly USD 3 billion in 2023, indicating that tomatoes are not only valuable as a
cultivated commodity, but also as a source of foreign exchange and a driver of the agribusiness
supply chain (Govandasamy et al., 2025).

The main components in tomato sauce production include tomatoes, salt, sugar, garlic,
flavor enhancers, spices, and thickening agents. Tomatoes as the primary raw material contain
a high moisture content of approximately 94%, resulting in a very thin sauce texture (Herlina,
2016). Therefore, the addition of a thickening agent is necessary to improve the viscosity of
tomato sauce. One of the most commonly used synthetic thickeners is carboxymethyl cellulose
(CMQ).

However, synthetic thickeners such as CMC may influence the pH value of food
products. CMC is a hydrocolloid containing carboxyl groups that can undergo hydrolysis,
potentially contributing to changes in pH (Rikardo & Rosidah, 2025). Increasing the
concentration of CMC tends to be associated with a rise in product pH. Ismayanti (2024) also
reported that CMC may increase pH due to its nature as a salt derived from a strong base and a
weak acid, which can result in a more alkaline solution. This condition is not in accordance with
SNI 01-3546-2004, which specifies that tomato sauce should have an acidic pH range of 3-4. In
addition, several studies have indicated that excessive or prolonged use of CMC may be
associated with certain health concerns, particularly related to gastrointestinal effects,
although the evidence is still limited and requires further investigation (Martino et al., 2017).
Therefore, the development of alternative natural thickening agents is considered important.

Carboxymethyl cellulose (CMC/E466) is a food additive that is still considered safe by
regulation at reported levels of use for the general population. However, several recent studies
have shown that long-term exposure may pose a biological concern, particularly in the
gastrointestinal tract. Preclinical studies have shown that CMC can alter the composition of the
gut microbiota, reducing microbial diversity, disrupting the normal interaction between
intestinal mucus and bacteria, and promoting low-grade inflammation, which in animal models
can exacerbate colitis and create an environment conducive to colon carcinogenesis. In healthy
humans, controlled feeding trials have also shown that CMC consumption can disrupt the
composition of the gut microbiota and fecal metabolism and increase postprandial abdominal
complaints, thus supporting the hypothesis that this compound has the potential to disrupt gut
homeostasis (Chassaing et al.,, 2022). However, evidence regarding cancer development in
humans remains inconclusive because most data still come from animal studies, while claims
of kidney damage from consuming CMC as a food additive are also not supported by strong
human clinical evidence. Available findings are mostly from animal toxicology studies and are
insufficient to conclude a direct causal relationship in humans. Therefore, it can be scientifically
stated that long-term use of CMC, especially when excessive, has the potential to be associated
with intestinal health disorders and preclinically can support inflammatory processes and
carcinogenesis, but the risks to the kidneys and cancer in humans still require further evidence
(Chassaing et al., 2015).

Carrageenan can serve as a thickening agent under low pH conditions because it is not
easily hydrolyzed, making it suitable for acidic food products such as tomato sauce.
Carrageenan is a hydrocolloid compound extracted from red seaweed and is widely used as a
stabilizer, emulsifier, and thickener. Its stabilizing ability is attributed to the presence of
negatively charged sulfate groups along its polymer chain, which are hydrophilic and capable
of binding water or other hydroxyl groups (Supriyantini et al., 2017). Carrageenan appears
slightly brownish-white, and when dissolved in hot water, it forms a transparent gel. Thus, it
does not alter the color of tomato sauce and may even enhance brightness during heating as the
carrageenan structure breaks down.
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Previous research by Nugiharti (2021) demonstrated that carrageenan addition in
grapefruit jelly drink production could maintain and increase vitamin C content. The highest
carrageenan concentration (1.2%) resulted in 69.27% vitamin C retention, whereas the lowest
concentration (0.8%) yielded 50.49%. These findings indicate that higher carrageenan
concentrations lead to higher vitamin C levels in the product. This is supported by the fact that
seaweed contains vitamin C up to 4 mg/100 g and promotes greater colloidal dispersion when
kappa-carrageenan is added (Haryu et al., 2016). Such colloidal dispersion, often referred to as
a double-helix structure, becomes stronger and more abundant, thereby inhibiting vitamin C
oxidation. A higher double-helix structure also forms a firmer gel, which can prevent cofactors
that accelerate vitamin C oxidation (Rama, 2025).

Vitamin C in tomatoes is generally susceptible to degradation during high-temperature
processing, particularly during cooking, which may reduce its concentration. This degradation
occurs because most vitamins are water-soluble, and heating at certain temperatures can
increase evaporation of both water and dissolved vitamins (Fitriani, 2022).

Another study by Pratiwi (2021) investigated carrageenan addition in squid offal sauce
production. The highest carrageenan concentration (0.35%) resulted in the lowest moisture
content (34.36%), while the control treatment without carrageenan (0%) produced the highest
moisture content (54.72%). These results indicate that increasing carrageenan concentration
reduces moisture content due to its hydrocolloid properties, which enable it to bind water and
form gels during heating. Moisture content is a key factor determining food shelflife, as it affects
physical and chemical properties, microbiological changes, and enzymatic activity (Purohit et
al, 2023). Tambunan (2024) also noted that tomato sauce, with its thick texture and attractive
color, is a promising product for nutrient fortification to enhance its functional benefits.

Based on this background, the present study was conducted to evaluate the potential of
seaweed carrageenan (Kappaphycus alvarezii) as an alternative thickening agent in tomato
sauce production. This research focuses on the effects of different carrageenan concentrations
on vitamin C content, moisture content, viscosity, pH value, and sensory characteristics of the
resulting product. The objectives of this study are to determine the effect of different
concentrations of seaweed carrageenan (Kappaphycus alvarezii) on the vitamin C content,
moisture content, viscosity, pH value, and sensory characteristics of tomato sauce, as well as to
identify the optimal concentration of carrageenan that produces tomato sauce with the best
physicochemical and sensory quality. It is expected that this study will identify the optimal
carrageenan concentration to produce tomato sauce with the best physicochemical and sensory
quality, while also contributing to the development of innovative food additives based on local
natural resources.

METHOD

Time and Location of the Study

This research was conducted from February to May 2024 at the Chemical Analysis
Laboratory. and the Food Laboratory, Faculty of Fisheries and Marine Sciences, Universitas
Airlangga, Surabaya, Indonesia.

Research Materials
The research materials consisted of the equipment and ingredients used throughout the
study.

a. Research Equipment

The equipment used in this study included an analytical balance, knife, basin, blender,
stove, pan, stirring tools, bottles, filter, beaker glass, pH meter, moisture analyzer, viscometer,
and organoleptic evaluation forms.

b. Research Ingredients
The materials used in this study included ripe orange-colored tomatoes (Solanum
lycopersicum), seaweed carrageenan (Kappaphycus alvarezii), CMC, distilled water (aquadest),
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starch (amylum), 0.01 N iodine solution, salt, vinegar (acetic acid), and seasonings such as
garlic, refined white sugar, pepper, and flavor enhancers.

Research Method and Experimental Design

This study employed an experimental method with a descriptive quantitative approach
through tomato sauce production trials with the addition of seaweed carrageenan
(Kappaphycus alvarezii) to observe product characteristics and texture. The experimental
procedure was based on Irianto (2005) with variations in carrageenan concentration of 0%,
0.10%, 0.15%, 0.20%, and 0.25% of tomato weight, with modifications including the addition
of a positive control (P0;) using 0.25% CMC as a thickener.

The experiment was arranged in a Completely Randomized Design (CRD) consisting of
five treatment levels. Each treatment was replicated four times, resulting in a total of 20
experimental units. The treatments included tomato sauce without carrageenan addition (P0;:
0%), tomato sauce with 0.25% CMC addition (P0,), tomato sauce with 0.25% carrageenan
addition (P1), tomato sauce with 0.30% carrageenan addition (P2), and tomato sauce with
0.35% carrageenan addition (P3).

Experimental Procedures
The procedures in this study included tomato sauce production and the evaluation of
vitamin C content, moisture content, pH, viscosity, and sensory characteristics.

1. Tomato Paste Preparation

Tomato paste is an intermediate processed tomato product that is further processed
into tomato sauce. The tomato paste preparation procedure followed Dzhivoderova-Zarcheva
et al. (2024). A total of 500 g of tomatoes were washed with clean water to remove adhering
impurities and then drained. The tomatoes were boiled for 20 minutes, peeled, and the flesh
was cut into small pieces. The tomato flesh was blended and filtered to obtain tomato juice. The
filtered material was then cooked for 5 minutes at 70 + 2°C and mixed with sugar, salt, garlic
powder, pepper powder, acetic acid, and flavor enhancers until tomato paste was formed. This
temperature was selected to reduce variability during processing and to minimize excessive
thermal degradation of heat-sensitive compounds such as vitamin C.

2. Tomato Sauce Preparation

The resulting tomato paste was supplemented with carrageenan or CMC according to
the treatment. After the thickening agent was added, the paste was cooked for an additional 5
minutes until it formed tomato sauce. The sauce was then removed from heat, cooled, and
transferred into sterilized bottles. The final product was pasteurized for 30 minutes in hot
water at 70°C. Subsequently, vitamin C content, moisture content, viscosity, pH, and sensory
(organoleptic) characteristics were evaluated. The tomato sauce formulation with carrageenan
or CMC is presented in Table 1.

Table 1. Formulasi saus tomat dengan penambahan karaginan

Ingredients P04 PO, P1 P2 P3
%

Tomatoes 90.96 90.71 90.71 90.66 90.61
Salt 1.09 1.09 1.09 1.09 1.09
Sugar 7.28 7.28 7.28 7.28 7.28
Pepper powder 0.09 0.09 0.09 0.09 0.09
Garlic powder 0.22 0.22 0.22 0.22 0.22
Vinegar (acetic acid) 0.36 0.36 0.36 0.36 0.36
Carrageenan 0 0 0.25 0.30 0.35
CMC 0 0,25 0 0 0

Total 100 100 100 100 100
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Tomato Sauce Analysis
The tomato sauce production process involved several analyses to ensure that the final
product had good nutritional content and high-quality sensory characteristics.

1. Vitamin C Content Analysis

Vitamin C content was determined using the iodimetric titration method (AOAC, 1995).
A 5 g sample was weighed, dissolved in a 100 mL Erlenmeyer flask, and diluted to volume. The
solution was filtered, and 25 mL of the filtrate was pipetted. A few drops of starch indicator
were added, followed by rapid titration with 0.01 N iodine solution until a blue color appeared.
Vitamin C content was calculated using the following formula:

(V12x0.88XFp)X 100

Vit. C (mg/100gram) = W S (gram)

Where:

V12 = volume of iodine solution (mL)

0,88 = mg ascorbic acid equivalent to 1 mL of 0.01 N iodine
Fp =dilution factor

W's =sample weight (g)

2. Moisture Content Analysis

Moisture content was determined using a moisture analyzer following Nurhidayati
(2021). The moisture analyzer was preheated for 30 minutes at 105°C. A 2.5 g tomato sauce
sample was placed on an aluminum tray and inserted into the instrument until the moisture
content result appeared on the display.

3. Viscosity Testing

Viscosity was measured by placing the sample into a viscometer until the spindle was
fully immersed. The spindle speed was set at 50 rpm, and the viscosity value was recorded
(Purohit et al, 2023).

4. pH testing

pH was measured using a pH meter. A 10 g sample was dissolved in 50 mL of distilled
water, then diluted to 100 mL and homogenized. The pH meter was calibrated using pH 4 and
pH 7 buffer solutions. The electrode was immersed into the sample solution, and the pH value
was recorded.

Sensory (Organoleptic) Evaluation

Sensory evaluation was conducted using 35 untrained panelists, which is appropriate
for hedonic testing as it represents general consumer preferences. The number of panelists was
considered sufficient to support statistical analysis and improve the reliability of the sensory
data. Organoleptic testing is a method that utilizes human senses as the primary tool to assess
the quality of processed food products (Mulyana et al., 2018). The sensory evaluation followed
SNI 01-3546-2004 standards for tomato sauce quality. Attributes evaluated included texture,
color, aroma, and taste. Panelists were asked to indicate their preference levels using an
organoleptic evaluation form. To ensure data reliability, all evaluations were conducted under
controlled and standardized conditions. The sensory data obtained were analyzed using the
Kruskal-Wallis test to determine significant differences among treatments.

Data Analysis

Data on vitamin C content, moisture content, viscosity, and pH were first tested for
normality and then analyzed using one-way ANOVA at a 95% confidence level with SPSS
software. If significant differences were detected, Duncan’s Multiple Range Test (DMRT) was
applied as a post hoc analysis. Sensory data including color, taste, aroma, and texture were
analyzed using the Kruskal-Wallis test at a 95% significance level. When significant differences
among treatments were observed, further analysis was performed using the Mann-Whitney
test.
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RESULT AND DISCUSSION
Vitamin C Content of Tomato Sauce

The vitamin C content of tomato sauce after the addition of carrageenan and CMC as
thickening agents ranged from 2.06 to 4.00 mg/100 g. Based on the mean values presented in
Table 2, vitamin C content increased with increasing carrageenan concentration. The highest
value was obtained in treatment P3 (0.35% carrageenan) at 4.00 = 0.082 mg/100 g, whereas
the lowest vitamin C content was found in the positive control PO, (0.25% CMC) at 2.06 + 0.041
mg/100 g. The one-way ANOVA results indicated that variations in carrageenan concentration
had a significant effect (p < 0.05) on the vitamin C content of tomato sauce. Duncan’s multiple
range test further confirmed significant differences among treatments, as indicated by different
superscript letters.

Table 2. Vitamin C Content of Tomato Sauce

Treatment Vitamin C Content (mg/100 g) + SD
P0,(0% carrageenan) 2.97 £ 0.0462
P0,(0,25% CMC) 2.06 £ 0.0410
P1 (0,25% carrageenan) 3.45+0.071¢
P2 (0,30% carrageenan) 3.87 £0.0474
P3 (0,35% carrageenan) 4.00 + 0.082¢

The addition of carrageenan significantly influenced vitamin C content, moisture
content, viscosity, pH, and sensory characteristics, particularly texture. However, it did not
significantly affect appearance, aroma, or taste. Carrageenan has hydrocolloid properties that
enable it to bind water molecules and other compounds such as vitamin C (Mulyani, 2020),
resulting in reduced moisture content and increased viscosity. These changes contribute to the
texture and consistency of tomato sauce. The properties of carrageenan are strongly influenced
by concentration, temperature, pH, ionic strength, and the presence of other components in the
food matrix. The viscosity of carrageenan solutions generally increases with increasing
concentration but can decrease at higher temperatures. In acidic food systems, the properties
of carrageenan also require special attention because this polysaccharide is susceptible to
depolymerization through acid-catalyzed hydrolysis, especially at low pH and high
temperatures, which can ultimately lead to a decrease in viscosity and loss of gel-forming ability
(Mendes et al, 2024).

Carrageenan is a natural hydrocolloid extracted from red seaweed (Rhodophyceae) and
is chemically classified as a sulfated linear polysaccharide composed primarily of repeating
units of galactose and 3,6-anhydrogalactose. Based on the number and position of its sulfate
groups, carrageenan is divided into three main types: k-carrageenan, (-carrageenan, and A-
carrageenan. These structural differences determine its functional properties in food systems.
k-carrageenan generally forms strong but relatively stiff or brittle gels, especially in the
presence of potassium ions; (-carrageenan forms softer and more elastic gels, especially with
calcium ions; while A-carrageenan generally does not form gels, but functions very well as a
thickener because it produces thicker solutions. In the food industry, carrageenan is known for
its ability to thicken, form gels, stabilize dispersions, improve texture, and increase water
retention, making it widely used in sauces, dairy products, desserts, and various other
processed foods (Jabeen et al. 2025) therefore its addition tends to increase vitamin C content
while lowering pH. Furthermore, carrageenan has no strong taste or aroma, explaining its
minimal influence on those sensory attributes, although its hydrocolloid behavior significantly
improves texture. The use of carrageenan as a thickener was proven to increase vitamin C
content. The highest concentration (0.35%, P3) produced the greatest vitamin C value (4.00
mg/100 g). This finding is consistent with Mulyani (2020), who reported that carrageenan can
bind vitamin C and organic acids, protecting them from degradation during heating. Similar
results were reported by Mulyani et al (2025), where carrageenan increased vitamin C content
through colloidal dispersion (double-helix structure) that inhibits oxidation. Conversely, CMC
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resulted in the lowest vitamin C content due to its weaker protective mechanism against
oxidation and reduced stability under heating (Halik, 2022).

Moisture Content of Tomato Sauce

The moisture content of tomato sauce after the addition of carrageenan and CMC ranged
from 70.63 to 81.22%. Based on the mean values in Table 3, the highest moisture content was
observed in treatment PO, (0% carrageenan) at 81.22 + 0.526%, while the lowest moisture
content was found in P3 (0.35% carrageenan) at 70.63 * 0.750%. One-way ANOVA results
showed that carrageenan concentration significantly affected moisture content (p < 0.05).
Duncan’s test confirmed significant differences among treatments, as indicated by different
superscript letters.

Table 3. Moisture Content of Tomato Sauce

Treatment Moisture Content (%) * SD
P04 (0% carrageenan) 81.22+0,5262
P0,(0,25% CMC) 78.34+0,075b
P1 (0,25% carrageenan) 73.46+0,049¢
P2 (0,30% carrageenan) 72.21+0,253d
P3 (0,35% carrageenan) 70.63+0,750¢

Carrageenan addition reduced the moisture content of tomato sauce, with the lowest
value obtained at 0.35% carrageenan (P3). Moisture content is a crucial parameter influencing
food deterioration and sauce consistency (Daud, 2019). High moisture levels result in thinner
sauces (Hilmy, 2019) and may accelerate quality degradation due to microbial growth (Faizah,
2020). Carrageenan contains sulfate groups that enhance its ability to bind water. These
negatively charged sulfate groups are hydrophilic and capable of interacting with water
molecules or hydroxyl groups (Nugraha et al,, 2022). Lower moisture content is generally
associated with higher viscosity (Ikhsani, 2015).

Viscosity of Tomato Sauce

The viscosity of tomato sauce ranged from 12.73 to 15.58 cPs. Table 4 shows that the
lowest viscosity occurred in treatment PO, (0% carrageenan) at 12.73 + 0.150 cPs, while the
highest viscosity was obtained in treatment P3 (0.35% carrageenan) at 15.58 + 0.427
cPs.Statistical analysis revealed that carrageenan concentration significantly affected viscosity
(p < 0.05), and Duncan'’s test indicated significant differences among treatments.

Table 4. Viscosity of Tomato Sauce

Treatment Viscosity (cPs) £ SD
P0,(0% carrageenan) 12.73 £ 0.1502
P0,(0,25% CMC) 13.79 £ 0.079¢
P1 (0,25% carrageenan) 14.70 £ 0.135¢
P2 (0,30% carrageenan) 14.92 + 0.085¢
P3 (0,35% carrageenan) 15.58 £+ 0.4274

Viscosity represents the thickness level of a product. The higher the concentration of
carrageenan added to a product, the higher the viscosity value of the resulting product (Jabeen
et al, 2025). The highest viscosity of tomato sauce was found in the treatment with 0.35%
carrageenan addition (P3), reaching 15.58 cPs. The average viscosity values of tomato sauce
with carrageenan addition in this study were consistent with the viscosity range of tomato
sauce reported by Dzhivoderova-Zarcheva et al. (2024), which was 11.76-16.34 cPs.
Carrageenan is able to increase viscosity due to the adhesion forces with water and the
formation of a gel structure during heating, which causes the product to become thicker.
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pH of Tomato Sauce

The pH values of tomato sauce after the addition of carrageenan and CMC as thickening
agents ranged from 3.25 to 5.17. Based on the mean results presented in Table 9, the highest
pH value was obtained in treatment PO, (0.25% CMC), which was 5.17 + 0.081, while the lowest
pH value was found in treatment P3 (0.35% carrageenan), which was 3.25 * 0.100. The one-
way ANOVA statistical test showed that variations in seaweed carrageenan concentration had
a significant effect (p-value < 0.05) on the pH of tomato sauce. Duncan’s post hoc test confirmed
significant differences among all treatments, as indicated by different superscript letter
notations.

Table 5. pH Test Results of Tomato Sauce

Treatment Mean pH + SD
P0,(0% carrageenan) 4.57+0.117a
P0,(0,25% CMC) 5.17+0.081b
P1 (0,25% carrageenan) 3.63+0.066¢
P2 (0,30% carrageenan) 3.50£0.0554
P3 (0,35% carrageenan) 3.25+0.100¢

The addition of carrageenan as a thickening agent in tomato sauce affected the pH value
of the product. pH is an indicator that represents the level of acidity or alkalinity of a solution
(Karangan et al., 2019). Tomato sauce with 0.35% carrageenan addition had a pH of 3.25, while
the quality requirement for tomato sauce according to SNI (01-3546-2004) is a pH range of 3-
4. Increasing carrageenan concentration in tomato sauce resulted in a decrease in pH because
carrageenan is not easily hydrolyzed under low pH conditions and carrageenan is acidic in
nature. Therefore, when it is added to a product, it produces a more acidic pH (Saloko et al,
2024). Food products with low pH generally have a longer shelf life because acidic pH is not
favorable for microbial growth (Purohit et al, 2023). In contrast, the addition of CMC thickener
increased the pH value because CMC is derived from a strong base containing carboxyl groups
(Ismayanti, 2024). Rikardo & Rosidah (2025) stated that the higher the concentration of CMC,
the more alkaline the resulting solution becomes.

Sensory Characteristics of Tomato Sauce

Organoleptic (sensory) evaluation of tomato sauce was conducted using a scoring
method on the physical characteristics of the product, including appearance, aroma, taste, and
texture. The mean results are presented in Table 10. Based on the Kruskal-Wallis analysis,
seaweed carrageenan concentration had a significant effect (p-value < 0.05) on the texture
attribute, but it did not show a significant effect (p-value > 0.05) on appearance, aroma, or taste.
The Mann-Whitney post hoc test showed that the highest mean texture score was obtained in
treatment P3 with 0.35% carrageenan addition, with a value of 4.286, while the lowest texture
score was found in treatment P0; without thickener addition, with a value of 1.971. These
results indicate that increasing carrageenan concentration mainly plays a role in improving the
texture of tomato sauce without significantly altering other sensory attributes.

Table 6. Sensory (Organoleptic) Test Results of Tomato Sauce
Average + SD

Treatment

Appearance Aroma Taste Texture
P04 4.229+0.7312 4.400£0.604 3.229+0.490 1.971+0.453a
PO, 4.143+0.8452 4.371+0.598a 3.314+0.471- 3.314+0.4710
P1 4.029+0.8572 4.429+0.608 3.286+0.458 3.657+0.482¢
p2 4.057+0.8022 4.343+0.5912 3.429+0.502a 3.914+0.2844
P3 4.200£0.7972 4.486+0.5622 3.314+0.471= 4.286+0.458e

Tomato sauce with carrageenan thickener addition at concentrations of 0.25%-0.35%
produced similar organoleptic properties in terms of appearance, aroma, and taste. The
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appearance scores ranged from 4.40 to 4.686. Aroma scores ranged from 4.429 to 4.486. Taste
scores ranged from 3.286 to 3.314, while texture scores ranged from 3.657 to 4.286.
Theoretically, carrageenan does not affect the taste of the product because it does not have a
strong flavor that could influence tomato sauce (Afidah et al., 2025). According to Geovani
(2023), carrageenan does not significantly affect the appearance of the product because
carrageenan does not contain color pigments. Carrageenan also does not have a significant
effect on aroma because it has no odor, therefore it cannot influence the aroma of the resulting
product. The addition of carrageenan can improve product consistency and viscosity due to its
ability to bind water content and the attractive forces between water particles and carrageenan
molecules (Saloko et al, 2024).

CONCLUSION

Based on the results of the research that had been conducted regarding the effect of
seaweed carrageenan (Kappaphycus alvarezii) concentration on the quality of tomato sauce, it
could be concluded that the addition of carrageenan as a thickening agent met the required
quality standards and was suitable for consumption. The best treatment produced a vitamin C
content of 4.00 mg/100 g, a moisture content of 70.63%, a viscosity of 15.58 cPs, and a pH value
of 3.25. The optimal carrageenan concentration for increasing vitamin C content, reducing
moisture content, improving viscosity, and producing the best texture characteristics was
obtained at the highest concentration, namely 0.35%. Further research was recommended to
explore variations of other additives in order to enhance the quality of tomato sauce,
particularly in terms of appearance, taste, and aroma. Carrageenan from Kappaphycus alvarezii
has been shown to have potential for application as a natural thickener and stabilizer in tomato
sauce to help achieve more uniform viscosity, flowability, and sensory perception. The
application of carrageenan in tomato sauce also needs to be accompanied by strict process
control, especially regarding pH, temperature and heating time.
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