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The development of plant-based fermented foods requires a formulation that Cite the Article: Afidah, U., Putriadvi, A.,
maintains chemical characteristics while producing appropriate sensory qualities. Legowo, A.M., Paramastuti, R. (2026). The
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concentrations, namely 0%, 5%, 10%, 15%, and 20%, with four replications, https://doi.ore/10.5567 7/iilsar/VOSI11Y2026-03

resulting in 20 experimental units. Vitamin C levels were determined by
iodometric titration, total phenolics were analyzed using the Folin—Ciocalteu

levels, total phenolics, total soluble solids, and organoleptic characteristics of
black soybean-based black soygurt. The study was conducted experimentally in
a laboratory using a Completely Randomized Design with five jackfruit juice

method, and total soluble solids were measured using a refractometer. Sensory

evaluation involved 25 untrained panelists who assessed color, aroma, texture,

and taste. Data on vitamin C and total soluble solids were analyzed using

ANOVA, while sensory data were analyzed using the Kruskal-Wallis test. The

results showed that vitamin C levels increased from 23.65 mg /100 g in the control

to 55.00 mg/100 g with the addition of 20% jackfruit juice. Total soluble solids License: This is an open access article under the
also increased from 13.85 to 15.27 °Brix. In contrast, total phenolics fluctuated ¢ py 4.0 license:

and reached the highest descriptive value at a concentration of 5%, namely 115.40  pups:/creativecommons.org/licenses/bv/4.0/
mg GAE/100 g. The addition of jackfruit juice was associated with a more

yellowish color, an increase in the unpleasant aroma score, and a thinner texture

at concentrations of 15% and 20%. The highest sour taste intensity score was
found at a concentration of 10%. The study concluded that jackfruit juice has the
potential to increase vitamin C and total soluble solids levels in black soygurt, but
changes in chemical and sensory characteristics were not uniform. Further
formulation determination needs to consider all quality parameters and testing of
consumer preferences as well as product stability and safety during storage.
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1. INTRODUCTION

Functional foods are gaining increasing attention as consumers' demand for food products that not only provide nutrients but also
have the potential to support digestive health, the immune system, and gut microbiota balance (Victoria et al., 2024). One food
group developing in this sector is fermented products. The fermentation process can increase nutritional value, improve flavor
characteristics, and help extend product shelf life naturally. In line with this development, plant-based fermented foods have become
a relevant alternative, including soygurt, a yogurt-like product made from soy milk and containing vegetable protein, isoflavones,
and bioactive compounds (Maulani, 2023). Developing soygurt from locally sourced ingredients has the potential to expand food
diversification while providing alternative fermented products for consumers. One ingredient with the potential to be developed into
soygurt is black soybeans. Black soygurt utilizes black soybeans as the main ingredient, which contain bioactive compounds,
particularly anthocyanins, isoflavones, and various antioxidant components. These compounds play a role in counteracting free
radicals and provide added value compared to ordinary yellow soybeans (Dewi et al., 2021). This potential is also evident in yogurt
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products made from black soybeans. Research shows that approximately 80% of anthocyanins remain after fermentation, while
some isoflavones are converted from glycosides to more bioactive aglycones (Esteves et al., 2025). These findings suggest that
black soybean fermentation has the potential to produce products with interesting functional characteristics.

However, the nutritional potential of black soyghurt does not necessarily translate to consumer acceptance. The characteristic
unpleasant aroma of soybeans and the distinct taste of cow's milk yogurt can reduce the product's acceptance (Kong et al., 2022).
The unpleasant aroma is related to the activity of the lipoxygenase enzyme in soybeans, which reacts with fat and oxygen (Putra et
al., 2024). Therefore, the development of black soygurt needs to pay attention not only to its bioactive content, but also to the sensory
characteristics that influence consumer acceptance. One approach that can be taken is to add natural fruit-based ingredients. The
addition of fruit juice is known to help mask unpleasant odors, enhance the aroma, and improve the taste and overall acceptability
of yogurt without compromising its nutritional value (Marda et al., 2024). Jackfruit (Artocarpus heterophyllus Lam.) is a local
ingredient with potential for this purpose. Jackfruit flesh has a strong, distinctive aroma and natural sweetness. This aroma is
supported by volatile compounds, including ethyl butyrate, 3-methylbutyl acetate, and other aliphatic esters, which have the potential
to function as masking agents to mask unpleasant odors (Gunawan and Basoeki, 2022). The sweetness of jackfruit comes from the
sucrose, glucose, and fructose content, while malic and citric acids contribute to a mild sour taste (Syarifah et al., 2026). In addition
to potentially improving aroma and taste characteristics, jackfruit contains vitamin C, vitamin A, minerals, phenolic compounds,
flavonoids, carotenoids, and antioxidant components (Solichah et al., 2021). Thus, the addition of jackfruit juice has the potential
to support sensory quality while enriching the nutritional and bioactive components of black soygurt.

Several previous studies have examined the potential of these two ingredients, but they tend to be separate. Faiz et al. (2022) and
Jayanti and Rizkaprilisa (2024) showed that black soygurt has superior antioxidant activity and total phenolics compared to soygurt
made from yellow soybeans. However, these studies have not yet formulated black soygurt with added fruit juice. On the other
hand, Wardhana et al. (2022) demonstrated the potential of jackfruit extract to enhance the aroma and flavor of other products, but
its application to black soygurt has not been studied. Thus, there remains a research gap regarding the use of jackfruit juice in black
soygurt formulations and the effects of its addition on several quality parameters simultaneously. This gap is important to address
because the addition of jackfruit juice is not only intended to help reduce unpleasant aromas but also has the potential to complement
the bioactive components of black soybeans, such as anthocyanins and isoflavones, with vitamin C, carotenoids, and phenolic
compounds from jackfruit.

Based on these gaps, this study aims to analyze the effect of jackfruit juice addition on vitamin C content, total phenolics, total
soluble solids, and the organoleptic quality of black soygurt. This focus allows for an assessment of changes in the chemical
components and sensory characteristics of the product after the addition of jackfruit juice. Specifically, this study aims to determine
how the addition of jackfruit juice relates to vitamin C and total phenolics content, changes in total soluble solids, and the
organoleptic quality of black soygurt. The results are expected to provide information on the potential of black soygurt formulations
with jackfruit juice as an effort to develop plant-based fermented foods. This research is expected to contribute by linking the use
of black soybeans and jackfruit in one formulation, which has not been the focus of previous research as summarized above. From
a product development perspective, this research can serve as a basis for exploring combinations of local plant-based ingredients
that consider bioactive components and sensory acceptability. From a commodity utilization perspective, the results have the
potential to support the diversification of jackfruit-based products and the development of alternative plant-based yogurts. Therefore,
this study focuses not only on the characteristics of black soyghurt after the addition of jackfruit extract but also on the opportunities
for optimizing two local Indonesian commodities for functional food development.

2. MATERIALS AND METHODS

2.1 Research Design

This research is an experimental laboratory study aimed to analyze the effect of jackfruit juice addition on the chemical and sensory
characteristics of black soybean-based black soygurt. The research was conducted from November 2025 to April 2026 at the Food
and Agricultural Product Engineering Laboratory and the Food Chemistry and Nutrition Laboratory, Faculty of Animal Husbandry
and Agriculture, Diponegoro University, Semarang. The study used a Completely Randomized Design (CRD) with five treatments
and four replications, resulting in 20 experimental units. The treatments given were variations in jackfruit juice concentration,
namely 0% (NO), 5% (N5), 10% (N10), 15% (N15), and 20% (N20). The percentage of jackfruit juice addition was calculated based
on the volume of black soybean juice used as the base ingredient. Each treatment was made with the same base ingredient
composition, while the concentration of jackfruit juice was the treatment factor that was differentiated. The research parameters
included chemical characteristics, namely vitamin C content, total phenolics, and total soluble solids (TSS), as well as sensory
characteristics including color, aroma, texture, and taste. The research hypothesis stated that variations in jackfruit juice
concentration affect the chemical and sensory characteristics of black soygurt. Hypothesis testing was conducted using statistical
analysis according to the characteristics of the data obtained.
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2.2 Materials and Tools

The main ingredients used include black soybeans and ripe jackfruit obtained from Rasamala Market, Indoprima brand skim milk,
Gulaku brand granulated sugar, and Biokul brand Greek yogurt as a source of starter culture. The starter contains Lactobacillus
bulgaricus, Streptococcus thermophilus, and Lactobacillus acidophilus bacteria. Mineral water is used in the process of making
black soybean juice and jackfruit juice. Chemicals for analysis include distilled water, 0.01 N iodine solution, potassium iodide
(K1), 1% starch solution, 96% ethanol, Folin—Ciocalteu reagent, 10% sodium carbonate (Na.COs), and gallic acid as a standard for
measuring total phenolics. The equipment used includes a pan, filter cloth, stove, digital scale, blender, thermometer, measuring
cup, stirrer, 500 mL glass jar, spoon, Erlenmeyer flask, beaker, dropper pipette, titration burette, magnetic stirrer, hotplate (B-ONE,
Indonesia), refractometer, micropipette, analytical balance (NADEFA2104), 1 and 5 mL measuring pipettes, test tubes, and a Go
Direct SpectroVis Plus Vernier spectrophotometer.

2.3 Research Procedures

a. Making Black Soybean Juice
The production of black soybean juice refers to the method of Anjum et al. (2025) with modifications. Black soybeans are
first sorted to remove impurities and unfit seeds, then soaked for 12 hours and washed with clean water. The seeds are then
boiled for 15 minutes, cooled, and ground with the addition of hot water at a temperature of 80°C at a ratio of soybeans to
water of 1:4. The resulting ground is filtered using a 200-mesh filter cloth to obtain black soybean juice. The resulting juice
is then added with 9% skim milk and 7% sugar, each calculated based on the volume of black soybean juice, then
pasteurized at 100°C for 10 minutes. After pasteurization, the juice is cooled to reach a temperature suitable for the
fermentation process.

b. Making Jackfruit Juice
The making of jackfruit juice refers to Hastuti and Junardi (2024) with modifications. Ripe jackfruit is peeled, then the
flesh is separated from the unused parts. The flesh is pureed using a blender with mineral water added in a 1:3 ratio. The
mixture is then filtered through a cheesecloth to separate the juice from the pulp. The resulting jackfruit juice is then
blanched at 80°C for five minutes before being used as a treatment ingredient.

c. Making Black Soygurt
The making of black soygurt refers to Cahyanti et al. (2024) with modifications. A total of 250 mL of black soybean extract
was used as the formulation base for each treatment unit. 22.5 g of skim milk, 17.5 g of sugar, and 25 g of Greek yogurt
starter were added in equal amounts to all treatments. The jackfruit extract variations used were 0; 12.5; 25; 37.5; and 50
mL for treatments NO, N5, N10, N15, and N20, respectively. The pasteurized black soybean extract was cooled to 40°C.
The jackfruit extract was then added according to the treatment concentration and mixed until homogeneous. Greek yogurt
starter was added at 10% by volume of black soybean extract, then the mixture was incubated for 24 hours at 30°C. The
resulting products are then used for chemical and sensory characteristic testing.

2.4 Data Collection and Parameter Testing

Data collection was carried out through laboratory testing and sensory evaluation. Vitamin C levels were analyzed using the
iodometric titration method referring to Harefa et al. (2020) with modifications. A 10 g sample was diluted using distilled water to
a volume of 100 mL. A 20 g sample of the diluted result was transferred into an Erlenmeyer flask, five drops of 1% starch indicator
were added, then titrated using 0.01 N iodine solution until a blue color formed as the titration end point. The vitamin C content was
calculated based on the volume of iodine used, the dilution factor, and a conversion factor of 0.88, then expressed in mg/100 g of
sample.

Total phenolic analysis refers to Marjoni et al. (2017) using the Folin—Ciocalteu method. A standard solution was prepared using
gallic acid dissolved in 96% ethanol to obtain a stock solution with a concentration of 1,000 ppm, then diluted to several standard
concentrations. A total of 0.04 mL of the standard solution was reacted with distilled water, Folin—Ciocalteu reagent, and 10%
Na2COs solution. The mixture was homogenized and incubated for two hours at room temperature to produce a standard curve for
gallic acid. Sample testing was carried out using a similar procedure, with absorbance measurements at a wavelength of 765 nm
using a UV-Vis spectrophotometer. The total phenolic concentration was determined based on the gallic acid standard curve.
Measurement of total dissolved solids refers to Permadi et al. (2021) using a refractometer. The instrument was first calibrated using
distilled water until it shows a value of 0. The sample is then dropped onto the refractometer prism, leveled, and the value indicated
on the reading scale is recorded in °Brix.

Sensory evaluation was conducted based on the method of Krawan et al. (2019) involving 25 untrained panelists aged 21-23 years,
consisting of 17 women and eight men. Panelists assessed color, aroma, texture, and taste using a four-level scale. The color attribute
is assessed based on the level of yellowish white, aroma based on the intensity of the unpleasant aroma, texture based on the level
of viscosity, and taste based on the intensity of the sour taste. Prior to testing, panelists received an explanation of the assessment

Page 809 | 817 Available at: www.ijlsar.org


http://www.ijlsar.org/

Afidah, U. et al, The Effect of Adding Jackfruit Juice on Vitamin C, Total Phenolic, Total Dissolved Solids, and
Test Organoleptics of Black Soygurt

procedure. Reference samples were provided for each attribute for comparison, while mineral water was used to neutralize taste
buds after each sample was tasted. Assessment results were recorded using a provided form.

2.5 Data Analysis

Total phenolic data were analyzed descriptively based on the results of absorbance measurements and the gallic acid standard curve.
Data on vitamin C and total soluble solids levels were analyzed using Analysis of Variance (ANOVA) at a significance level of 5%
with IBM SPSS software version 26.0. If a significant treatment effect was found, the analysis was continued using Duncan's
Multiple Range Test (DMRT) to identify differences between treatments. Organoleptic data were analyzed using the Kruskal-Wallis
test at a significance level of 5%. If there were significant differences between treatments, the test was continued using the Mann—
Whitney test. The results of the analysis were used to evaluate the effect of variations in jackfruit juice concentration on the
characteristics of black soygurt based on each observed parameter.

2.6 Ethical Considerations

Sensory testing involves human panelists, so its implementation requires careful attention to providing information regarding the
testing procedures and the panelists' willingness to participate. The research methods document explains the procedures and
assessment methods to panelists before the testing is conducted. However, information regarding written informed consent, ethics
committee or institutional review board approval, ethics approval numbers, and procedures for protecting panelist data
confidentiality are not included in the source document. Therefore, the ethical approval status of the research needs to be confirmed
based on the actual research documentation before the manuscript is submitted for publication.

3. RESULTS

3.1 Chemical Characteristics of Black Soygurt with Added Jackfruit Extract

Chemical characterization tests on black soygurt were conducted to determine changes in vitamin C, total soluble solids (TSS), and
total phenolics levels due to the addition of jackfruit juice at concentrations of 0%, 5%, 10%, 15%, and 20%. The results showed
that each parameter exhibited a distinct pattern of change. Vitamin C and TPT levels tended to increase with the addition of jackfruit
juice, while total phenolics showed fluctuating changes. The results of the vitamin C level test are presented in Table 1.

Table 1Vitamin C content of black soygurt based on jackfruit juice concentration

Treatment Jackfruit juice concentration (%) Vitamin C (mg/100 g)
NO 0 23.65 £ 6.28
N5 5 31.90 £ 1.27°
N10 10 39.05 +4.53¢
N15 15 41.80 + 5.39¢
N20 20 55.00 +3.114

Note: Values are presented as mean + standard deviation. Different superscript letters indicate significant differences at the 5%
significance level (p<0.05), according to the test results in the source document.

Based on Table 1, the highest vitamin C content was found in treatment N20, which was 55.00 = 3.11 mg/100 g, while the lowest
content was found in NO at 23.65 + 6.28 mg/100 g. Increasing the concentration of jackfruit juice was followed by an increase in
vitamin C content in all treatments. Compared to the control, treatment N20 showed an increase of 31.35 mg /100 g or approximately
132.56%. The statistical grouping results showed that NO, N5, and N10 were in different letter groups. Treatments N10 and N15
had the same superscript, so they did not show significant differences based on the grouping. Meanwhile, N20 had its own
superscript. These results indicate that the addition of jackfruit juice at the highest concentration produced the highest vitamin C
content among the treatments tested.

Table 2Total soluble solids of black soygurt based on jackfruit juice concentration

Treatment Jackfruit juice concentration (%) TPT (°Brix)
NO 0 13.85+0.172
N5 5 14.70 = 0.24b
N10 10 14.90 = 0.26°
N15 15 15.12 £0.59®
N20 20 15.27+£0.91°
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The TPT value increased from 13.85 + 0.17 °Brix in the NO treatment to 15.27 £+ 0.91 °Brix in the N20 treatment. The difference
between the two treatments reached 1.42 ° Brix or approximately 10.25%. An increase was also seen in the N5, N10, and N15
treatments, amounting to 14.70; 14.90; and 15.12 °Brix, respectively. Based on the superscripts in the table, the NO treatment was
significantly different from all treatments using jackfruit juice. In contrast, N5, N10, N15, and N20 were in the same letter group.
Thus, the addition of jackfruit juice increased the TPT compared to the control, but the difference in jackfruit juice concentration
between 5% and 20% did not produce a significant difference based on the reported statistical grouping.

Table 3black soygurt based on jackfruit juice concentration

Treatment Jackfruit juice concentration (%) Total phenolics (mg GAE/100 g)
NO 0 98.86 +2.07

N5 5 115.40 +4.62

N10 10 93.60 +2.58

N15 15 103.74 +4.22

N20 20 104.52 £7.33

The highest total phenolic content was found in treatment N5 at 115.40 = 4.62 mg GAE/100 g. This value was 16.54 mg GAE/100
g higher than the control treatment. Conversely, the lowest value was found in N10 at 93.60 = 2.58 mg GAE/100 g. At N15 and
N20, total phenolic content increased again to 103.74 = 4.22 and 104.52 + 7.33 mg GAE/100 g, respectively. This pattern indicates
that increasing jackfruit juice concentration was not followed by a linear increase in total phenolic content. The addition of 5%
jackfruit juice produced the highest value, while the 10% concentration produced the lowest value among all treatments. Since the
results of inferential statistical tests for this parameter are not listed in the source document, the differences in these figures are
presented as descriptive trends and cannot be stated as statistically significant differences.

3.2 Sensory Characteristics of Black Soygurt with Added Jackfruit Juice
Sensory testing involved 25 untrained panelists aged 21-23 years, consisting of 17 women and eight men. Assessment includes
color, aroma, texture, and taste on a four-level scale. The test results for each attribute are presented in Table 4.

Table 4Sensory test results of black soygurt with added jackfruit juice

Parameter | NO (0%) N5 (5%) N10 (10%) N15 (15%) N20 (20%)
Color 2.44 £ 1.00 2.64+1.03 2.80+091 2.84+094 312+123
Aroma 1.36 + 0.48 1.88 = 0.72: 2.16 + 1.14 236+ 1.18 244+ 1.15b
Texture 2.60 = 0.81¢ 2.84 £ 0.80° 2.64 + 0.86° 1.88 + 0.83 1.96 + 0.84
Flavor 2.72+0.89 2.88+0.72 320+ 0.86 3.00 £ 0.95 2.60 = 1.04

Note: Values are presented as mean =+ standard deviation. Different superscript letters on aroma and texture parameters indicate
significant differences (p<0.05) according to the grouping in the source document. For color and taste, superscripts are not
included.

The color score increased from 2 .44 + 1.00 at NO to 3.12 4+ 1.23 at N20. Treatment NO was categorized as slightly yellowish white,
while N5 to N20 was categorized as slightly yellowish white. The highest score was found in N20, which showed a tendency for
increasing yellowish color intensity along with the addition of jackfruit juice. However, the results of the color statistical tests are
not presented in detail in the source table so the significance of the differences between treatments cannot be ascertained based on
the mean scores alone.

The aroma score increased from 1.36 + 0.48 at NO to 2.44 + 1.15 at N20. NO was categorized as not having a strong aroma, while
NS5, N10, N15, and N20 were categorized as having a slightly strong aroma. Based on the superscript, NO is significantly different
from N15 and N20. Treatments N5 and N10 were in the transition group which was not significantly different from groups NO or
NI15-N20. These results indicate that the addition of jackfruit juice at higher concentrations is associated with an increase in the
perception of unpleasant aroma.

The highest texture score was found in N5 at 2.84 + 0.80, followed by N10 at 2.64 = 0.86 and NO at 2.60 = 0.81. All three treatments
were categorized as thick. Meanwhile, N15 and N20 obtained scores of 1.88 + 0.83 and 1.96 + 0.84, respectively, with the slightly
thick category. The results of statistical grouping showed that NO, N5, and N10 were significantly different from N15 and N20. The
decrease in scores at concentrations of 15% and 20% indicated that the addition of high amounts of jackfruit juice was related to
changes in texture towards a thinner consistency.
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Taste scores ranged between 2.60 and 3.20. The highest value was found in N10 at 3.20 = 0.86, while the lowest value was found
in N20 at 2.60 + 1.04. All treatments were categorized as sour based on the rating scale used. Thus, the sour taste remains the main
characteristic of the product at all concentrations of jackfruit juice. The source document states that the addition of jackfruit juice
did not affect the panelists' level of taste preference, but the instrument listed actually measures the intensity of the sour taste, not
the level of preference directly. Therefore, conclusions regarding consumer preference or acceptance should be interpreted with
caution. Overall, the results showed that the addition of jackfruit juice was associated with increased levels of vitamin C and TPT,
while total phenolics exhibited a fluctuating pattern. For sensory attributes, higher concentrations of jackfruit juice resulted in a
more yellowish color and increased unpleasant aroma scores, while product consistency tended to decrease at concentrations of 15%
and 20%. These findings suggest that changes in chemical composition are not always accompanied by uniform sensory changes.

4. DISCUSSION

This study showed that the addition of jackfruit juice affected several chemical and sensory characteristics of black soygurt.
Increasing the concentration of jackfruit juice from 0% to 20% was followed by an increase in vitamin C content from 23.65 to
55.00 mg/100 g and an increase in total soluble solids from 13.85 to 15.27 °Brix. In contrast, total phenolics reached their highest
value at 5% concentration, not at the highest concentration. In terms of sensory aspects, the addition of jackfruit juice was associated
with an increase in yellowish color and unpleasant aroma scores, while the texture became thinner at concentrations of 15% and
20%. These findings indicate that jackfruit juice concentration produces different responses for each parameter. Therefore,
formulation determination cannot be based solely on a single indicator, such as vitamin C content, but requires simultaneous
consideration of chemical and sensory characteristics.

The increase in vitamin C levels in black soybeans is consistent with the explanation of Uwanta et al. (2024), who reported that
jackfruit pulp contains 122.00 mg/L of vitamin C. The addition of jackfruit juice provides an additional source of ascorbic acid that
can increase the vitamin C content of the final product. The values in the control treatment also indicate that the basic ingredient
components contribute to the measured vitamin C levels. Wardani and Sujana (2020) reported vitamin C levels in black soybeans
from Cirebon of 24.48-25.29 mg/100 g, while this study obtained 23.65 mg/100 g in the treatment without jackfruit juice. These
differences may be related to the variety, source of the ingredients, and processing conditions. Istiqgomah and Ramadhani (2018)
explain that geographical factors, including climate, soil, and growing environment, can influence the nutrient content of plants. In
addition to the contribution of raw materials, changes in vitamin C levels can be influenced by conditions during fermentation.
Engels et al. (2022) explain that the activity of hydrolytic enzymes in lactic acid bacteria can alter the food matrix and influence the
release of certain components. Anwer and Wei (2024) also discussed the role of acidic conditions in the stability of ascorbic acid.
However, the increase in vitamin C in this study cannot be specifically attributed to bacterial activity or protection due to the decrease
in pH because pH and vitamin C changes during fermentation were not presented in detail for each stage. Thus, the contribution of
jackfruit juice is the primary explanation consistent with the data pattern, while the contribution of microbial metabolism still
requires further testing.

The increase in TPT is in line with the findings of Hossain et al. (2023), who explained that the addition of fruit-based food
ingredients can increase total soluble solids due to the contribution of sugars and other soluble components. Suo et al. (2024) also
highlighted the carbohydrate content of jackfruit, including simple sugars such as sucrose, glucose, and fructose. The addition of
these components can explain the increase in TPT from 13.85 to 15.27 °Brix. Galdane et al. (2023) explained that fermentation can
convert complex components into simpler compounds through enzymatic activity. Esteves et al. (2025) also discussed the
transformation of soybean components during fermentation. However, the refractometer value does not only represent sugar, but
rather the combined response of various solutes that affect the refractive index. Jaywant et al. (2022) discussed the principle of
measuring soluble solids using refractometry, while Gaur and Génzle (2023) explained the changes in food components during
fermentation. Therefore, an increase in TPT cannot be considered direct evidence that all bioactive components or vitamins increase
in the same proportion. Sitohang (2022) can be used as a supporting reference in discussing the characteristics of soluble
components, but the specific relationship between vitamin C, phenolics, and TPT in this study still needs to be tested quantitatively.

Unlike vitamin C and TPT, total phenolics did not increase linearly. A 5% concentration produced the highest value of 115.40 mg
GAE/100 g, while a 10% concentration produced the lowest value of 93.60 mg GAE/100 g. This pattern suggests that the amount
of jackfruit juice is not the sole factor determining the measured total phenolic response. Gaur and Génzle (2023) discussed changes
in food compounds during fermentation, while Lu et al. (2025) were referenced in their thesis to explain the possible fermentation
conditions that support lactic acid bacteria activity. Cirlini et al. (2020) explained that enzymes such as p-glucosidase and esterase
can release phenolic compounds from bound forms. Mechanistically, this release can increase the number of reacting compounds
in the total phenolic assay. However, the fermentation process can also cause transformation or degradation of phenolic compounds,
so the net change depends on the balance between release and loss of compounds. Adebo and Medina-Meza (2020) emphasized that
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fermentation can change the profile of bioactive compounds through biotransformation. Zhao et al. (2021) also discussed changes
in phenolic compounds and their interactions with food components. In black soygurt, black soybeans and jackfruit juice are two
sources of phenolic compounds that can interact with proteins and other components. Choi et al. (2020) discussed the anthocyanin
content of black soybeans, which varies by variety, while jackfruit can contribute flavonoids, tannins, and phenolic acids.

It is important to note that the Folin—Ciocalteu method does not exclusively measure phenolic molecules. Pérez et al. (2023) explain
that this reagent can also react with other reducing compounds, including ascorbic acid and some non-phenolic compounds.
Therefore, the increase in vitamin C levels in treatments with high jackfruit juice concentrations could potentially influence the
response of the total phenolic assay. The reported values should be understood as gallic acid equivalents based on the method used,
rather than as a direct identification of all phenolic compounds in the product. Explanations such as osmotic pressure due to increased
sugars and changes in bacterial activity, as discussed by Sionek et al. (2024), could be one hypothesis to explain these fluctuations.
However, this study did not report measurements of bacterial growth or enzyme activity, so these mechanisms remain uncertain.
Analysis of individual phenolic components is required to test whether the decrease in values at 10% concentration is due to
degradation, changes in compound binding, or analytical response.

The color score increased from 2.44 in the control to 3.12 with the addition of 20% jackfruit juice. This change is consistent with
the natural characteristics of jackfruit, which contains carotenoid pigments. Ansar et al. (2020) explain the role of carotenoids in the
formation of yellow fruit flesh, while Maoka (2020) discusses the characteristics of carotenoid pigments in food. Increasing the
proportion of jackfruit juice can increase the contribution of yellow color to the product. Even though it is made from black soybeans,
the resulting product does not show a dominant black color. Hana and Sujono (2024) explained that black soybean anthocyanins are
primarily concentrated in the seed coat. The soaking and filtering process has the potential to reduce the amount of seed coat that
enters the soybean extract. Furthermore, Esteves et al. (2025) discussed the possibility of changes in color characteristics in
fermented black soybean products. Kunnaryo and Wikdanari (2021) also explained that processing conditions and pH changes can
affect the stability of anthocyanin pigments. While this explanation is plausible, this study did not measure anthocyanin content or
instrumental color values, so the cause of the color change cannot be definitively determined. For the aroma parameter, the score
increased from 1.36 in the control to 2.44 at 20% concentration. Mukarami et al. (2023), as cited in the thesis, explained that heating
can cause denaturation of the lipoxygenase enzyme, which is associated with the unpleasant aroma of soybeans. However, the
product manufacturing procedure involves several heating stages at different temperatures and for different purposes. The effect of
each stage on the aroma-forming compounds has not been measured directly.

Suo et al. (2024) reported the presence of certain acidic compounds in jackfruit fermented using lactic acid bacteria, while Grimm
and Steinhaus (2019) discussed volatile compounds that contribute to the aroma of jackfruit. Fatmala et al. (2023) explained that
the interaction between volatile compounds, microbial activity, and processing conditions can influence the aroma profile. Based
on these references, aroma changes in black soygurt may be the result of the interaction of raw material aromas, fermentation
metabolites, and soybean characteristics. However, because volatile compound analysis was not performed, attribution to specific
compounds remains conjectural. These results are also insufficient to conclude that aroma acceptance remains intact without
separate liking measurement data.

The textures exhibited different patterns of chemical characteristics. Treatment N5 produced the highest score of 2.84 and was
categorized as thick, while N15 and N20 obtained scores of 1.88 and 1.96, respectively, with the slightly thick category. Su'i et al.
(2025) explained that acidification during fermentation triggers protein coagulation, which contributes to the formation of a gel
structure. In soy-based products, gel stability is influenced by fermentation conditions and the characteristics of the protein matrix.
Dimas and Desna (2021) reported that the addition of jackfruit extract can reduce the viscosity of yogurt drinks as the concentration
increases. Kusnadi and Rahmawati (2017) also discussed the decrease in consistency of soy yogurt due to the addition of excessive
amounts of fruit juice. These findings are consistent with the texture scores at N15 and N20. One possible explanation is that the
addition of the liquid phase alters the balance between water and solids in the gel matrix. However, this mechanism cannot be
confirmed without measuring the viscosity, water holding capacity, or microstructure of the product.

In the thesis, a pH value of 3.72 was reported for treatments N15 and N20. Nguyen et al. (2026) cited a reference range for the
isoelectric point of soybean protein around pH 4.5-5.0, while Liu et al. (2025) discussed changes in protein interactions and gel
structure due to acidification conditions. These data can be used to hypothesize that acidic conditions affect texture stability.
However, a causal relationship between pH and decreased texture scores cannot be determined without more detailed gel structure
data and physical characteristics. Permadi et al. (2021) also discussed the relationship between solids composition and product
characteristics, but the TPT results in this study do not necessarily prove changes in viscosity. For taste, all treatments remained in
the sour category, with the highest score at N10 and the lowest at N20. Emmawati et al. (2021) and Adiputra et al. (2022) explained
that the formation of organic acids during fermentation is an important factor in yogurt's flavor characteristics. Gabriela et al. (2021)
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discussed the potential of fruit additions in altering the balance of sweet and sour flavors, while Rahayunia and Rusmiyanto (2018)
emphasized the importance of flavor balance in product acceptance. However, the taste scores in this study were based on sourness
intensity, not a preference scale. Therefore, a higher score cannot be directly interpreted as a more preferred product. The discussions
of Uemuramanda and Parsuhip (2025) and Margareta (2021) regarding taste complexity can be a basis for further research, but
claims about clean aftertaste, decreased unpleasantness, or increased liking need to be confirmed through sensory instruments that
specifically measure these attributes.

Several limitations should be considered when interpreting the study results. First, the number of treatments was limited to five
jackfruit juice concentrations with four replications for experimental testing. This range is sufficient to observe initial patterns, but
it does not reflect the full range of possible product responses at concentrations outside the 0—20% range. Second, the sensory testing
involved 25 untrained panelists aged 21-23 years. This characteristic limits the generalizability of the results to a wider range of
consumer age groups and characteristics. Third, the total phenolic content was presented descriptively without information on the
results of the significance test between treatments. Fourth, the available sensory data did not include a separate measurement of
overall preference. This limits conclusions about the most preferred formulation. Fifth, several mechanisms proposed in the
discussion, such as changes in enzyme activity, osmotic pressure on bacteria, protein-phenolic interactions, and changes in volatile
compounds, were not directly measured. Furthermore, the use of a refractometer for TPT cannot separate the contribution of sugars
from other soluble components. This limitation emphasizes that the mechanistic relationships discussed are interpretations based on
literature and data patterns, not mechanisms that have been directly demonstrated in this study.

Practically, the results showed that the addition of jackfruit juice can be used to increase vitamin C and TPT levels in black soygurt.
A 20% concentration produced the highest vitamin C content but was also associated with a thinner texture and higher unpleasant
aroma scores. Conversely, a 5% concentration produced the highest descriptive total phenolics and maintained the thick texture
category. Therefore, the best formulation needs to be determined based on the product's purpose, not solely based on the highest
value for a single parameter. For food product development, a concentration of 5-10% can be considered as an initial range for
further research because the texture score is still in the viscous category and the total phenolic value at N5 is the highest in this test.
However, this range cannot be declared the optimal formulation until it is tested with data on consumer acceptance, storage stability,
and microbiological quality.

5. CONCLUSION

Based on the research results, it can be concluded that adding varying concentrations of jackfruit juice to black soygurt affected
vitamin C levels, total phenolics, total soluble solids, aroma, and texture, but did not affect color or flavor. The addition of jackfruit
juice also improved the sensory quality of black soygurt, particularly in aroma and texture.
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