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Effect of boiling time on protein content, 
total soluble solids, and sensory quality 
(taste and aroma) of probiotic soy milk 

(Glycine max L.). 
 

ABSTRACT 

This study aimed to analyze the effect of different boiling time on protein content, 
total soluble solids (TSS), and sensory characteristics, including taste and aroma, 
of probiotic soy milk (Glycine max L.). The experiment was conducted using a 
Completely Randomized Design (CRD) consisting of four boiling time treatments of 
5, 10, 15, and 20 minutes, each replicated three times, resulting in a total of 18 
experimental units. The observed parameters included protein content, total soluble 
solids (TSS), and organoleptic evaluation performed by trained panelists using a 
hedonic test. The collected data were statistically analyzed using Analysis of 
Variance (ANOVA), and when a significant difference was observed (p < 0.05), the 
analysis was continued with Duncan’s Multiple Range Test (DMRT) at a 5% 
confidence level. Data processing was performed using SPSS version 25. The results 
showed that boiling duration had a significant effect on protein content, total soluble 
solids, and organoleptic scores for taste and aroma attributes. The 15-minute boiling 
treatment produced the highest protein content (3.11%), optimal TSS value (8.9 
°Brix), and the highest acceptance scores for both taste and aroma. Therefore, 
boiling at 95–100°C for 15 minutes can be considered the optimal condition to 
produce probiotic soy milk with the best balance between protein stability, total 
soluble solids concentration, and organoleptic quality.  

Keywords: boiling time; sensory quality; probiotic soy milk; protein content; 
total soluble solids. 

INTRODUCTION 

Soy milk is a plant-based beverage 
that has gained increasing 
popularity due to its high-quality 
plant protein, lactose-free 
composition, and the presence of 
bioactive compounds such as 
isoflavones, which play an 
important role in maintaining 
human health (Han et al., 2021). In 
addition to its nutritional benefits, 
soy milk is also considered more 
environmentally friendly than cow’s 
milk, as its production process 
requires fewer natural resources 

and generates lower greenhouse gas 
emissions (Coluccia et al., 2022; 
Geburt et al., 2022). The growing 
public awareness of healthy eating 
habits and functional foods has 
further driven the demand for soy-
based products, including probiotic 
fermented soy milk. 

However, consumer acceptance of 
soy milk remains limited due to its 
distinct sensory characteristics, 
particularly the beany flavor and 
aroma, which are disliked by many 
consumers. This undesirable aroma 
is primarily caused by the activity of 
lipoxygenase, an enzyme that 
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oxidizes unsaturated fatty acids 
and produces volatile compounds 
responsible for the unpleasant odor 
(G. Ji et al., 2022; Yang et al., 2016). 
Moreover, the presence of 
antinutritional compounds such as 
trypsin inhibitors, tannins, and 
phytic acid can reduce protein 
digestibility and impart a bitter 
taste to the product (Samtiya et al., 
2020). Therefore, an appropriate 
processing method is required to 
inactivate the enzymes responsible 
for the beany aroma and to reduce 
antinutrient levels without 
damaging the main nutritional 
components. 

One of the most common methods 
used to improve the quality of soy 
milk is the boiling process. This 
thermal treatment serves to 
inactivate lipoxygenase and reduce 
antinutrient content, while also 
improving microbiological stability 
and extending the product’s shelf 
life (GUERRERO-BELTRÁN et al., 
2009; Yan et al., 2024). 
Furthermore, boiling affects the 
viscosity, color, and flavor of soy 
milk (Liu et al., 2023). However, 
excessive boiling duration can lead 
to protein denaturation and trigger 
the Maillard reaction, resulting in 
reduced protein content, color 
changes, and the development of 
burnt flavor notes. Therefore, 
determining the optimal boiling 
duration is crucial to maintaining 
the balance between nutritional 
quality and sensory characteristics 
of the product. 

In addition to thermal treatment, 
the application of fermentation 
technology through the 
incorporation of probiotic cultures 
represents a promising innovation 
to enhance the functional value and 
sensory quality of soy milk. 
Fermentation using probiotic 
bacteria such as Lactobacillus 
plantarum and Bifidobacterium 
bifidum has been reported to 
increase antioxidant activity, 
reduce the beany flavor, and 
improve the bioavailability of 
isoflavones through the conversion 
of glycoside compounds into 
aglycones(Delgado et al., 2019; Rani & 
Pradeep, 2017). The fermentation 
process also generates volatile 
compounds such as lactic acid, 
diacetyl, and acetoin, which 
contribute to more desirable aroma 
and flavor characteristics (Coolbear 
et al., 2022; Tian et al., 2019). 

Beyond improving sensory 
properties, probiotic fermentation 
also influences the physicochemical 
characteristics of soy milk, 
including pH, total soluble solids 
(TSS), and viscosity. The viable 
population of L. plantarum can 
reach 8–9 log CFU/mL after optimal 
fermentation, indicating the strong 
potential of this product as a 
functional food (Hasan et al., 2023; 
Santos et al., 2019). However, the 
success of fermentation is strongly 
influenced by the initial condition of 
the raw material, particularly the 
effects of prior heat treatment. 
Excessive boiling may reduce the 
availability of substrates and 
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nutrients required for probiotic 
growth, thereby inhibiting their 
proliferation (Upadhyaya, 2024; 
Yerlikaya, 2014). Therefore, 
optimization of boiling temperature 
and duration is necessary to 
achieve a balance between enzyme 
inactivation, protein stability, and 
substrate availability for probiotic 
development (Anjum et al., 2022). 

Several studies have also reported 
that the addition of prebiotics such 
as inulin or fructooligosaccharides 
(FOS) can enhance probiotic 
viability during storage while 
improving the texture and viscosity 
of soy milk (Santos et al., 2019; X. 
Zhang et al., 2020). 
Physicochemical factors such as 
total soluble solids, pH, and protein 
composition play a crucial role in 
determining consumer acceptability 
of probiotic soy milk products 
(Hasan et al., 2023; Liu et al., 
2023). Total soluble solids reflect 
the dry matter content in soy milk, 
which is directly associated with 
texture, viscosity, and emulsion 
stability (Z. Sun et al., 2022). 

The close relationship between 
thermal treatment and the 
fermentation process makes boiling 
a key factor in determining the final 
quality of probiotic soy milk. This 
process should effectively inactivate 
enzymes responsible for off-flavors, 
reduce antinutrient levels, maintain 
protein stability, and preserve 
optimal conditions for probiotic 
growth. Previous studies have 
shown that the combination of 
appropriate boiling and probiotic 

fermentation can produce soy milk 
with improved flavor, higher protein 
content, and enhanced antioxidant 
activity (Kwok et al., 2002; 
Sebastian, 2018) 

Based on this background, the 
present study aimed to analyze the 
effect of boiling duration on protein 
content, total soluble solids, and 
organoleptic quality (taste and 
aroma) of probiotic soy milk. This 
research is expected to contribute 
to a better understanding of the 
relationship between thermal 
treatment and both the nutritional 
and sensory quality of probiotic soy 
milk. 

METHODOLOGY 

Research Time and Location 

This study was conducted from 
August 2024 to February 2025 at 
the Integrated Food and 
Agroindustry Laboratory, Faculty of 
Agricultural Science and 
Technology, Sumbawa University of 
Technology. 

Materials and Equipment 

The materials used in this study 
included soybeans, palm sugar, 
and probiotic cultures as the main 
ingredients. In addition, several 
analytical-grade chemicals were 
utilized, including concentrated 
sulfuric acid (H₂SO₄, 98%), 
potassium sulfate (K₂SO₄), copper 
sulfate (CuSO₄), titanium dioxide 
(TiO₂), sodium hydroxide (NaOH, 
40%), boric acid (H₃BO₃, 4%), 
hydrochloric acid (HCl, 0.1 N) or 
sulfuric acid (H₂SO₄, 0.1 N), 
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bromocresol green (BCG, 0.1%), 
methyl red (MR, 0.1%), and distilled 
water. Additional materials 
included antifoam or paraffin, lint-
free tissue, mineral water, and 
supporting materials such as 
sample label papers, hedonic test 
evaluation forms, tissues, and small 
plastic cups. The equipment used in 
this study included a pan, gas 
stove, blender, sieve, storage 
bottles, spectrometer, thermometer, 
basin, analytical balance, Kjeldahl 
digestion flask, digestion block, 
Kjeldahl distillation apparatus, 250 
mL Erlenmeyer flask, 50 mL 
burette, volumetric and graduated 
pipettes, measuring cylinders, 
volumetric flasks, glass funnels, 
condenser, clamps and racks, 
400°C thermometer, safety 
equipment, refractometer, 
measuring cups (100–250 mL), 
stirring spoons, funnels, and trays 
used to carry samples to the 
panelist table. Additional 
equipment included evaluation 
sheets, stationery, chairs, and 
panelist tables. 

Experimental Design 

This study employed a Completely 
Randomized Design (CRD) with a 
single factor, namely boiling 
duration. The treatments consisted 
of four levels: P1 (15 minutes of 
boiling), P2 (20 minutes of boiling), 
P3 (25 minutes of boiling), and P4 
(30 minutes of boiling). Each 
treatment was replicated three 
times, resulting in a total of 12 
experimental units. The collected 
data were statistically analyzed 

using Analysis of Variance (ANOVA) 
at a 5% significance level. When 
significant differences among 
treatments were observed, 
Duncan’s Multiple Range Test 
(DMRT) was applied to determine 
which treatment had the most 
significant effect. All statistical 
analyses were performed using 
SPSS software version 25. 

Research Stages 

The research was carried out in 
several stages, including 
preparation, processing, 
fermentation(Fathurohman et al., 
2020; Sebastian, 2018), and 
analysis. The preparation stage 
involved cleaning and soaking 
soybeans to obtain high-quality raw 
materials. In the processing stage, 
soybeans were blended with water 
at a ratio of 2:1, filtered to remove 
the pulp, and the resulting filtrate 
was boiled at temperatures of 50°C, 
60°C, and 70°C for 30 minutes. The 
soy milk was then reheated at 60°C, 
followed by the addition of 8% palm 
sugar as a sweetener and carbon 
source. In the fermentation stage, 
the cooled soy milk was inoculated 
with 1 g of Lactobacillus sp. culture 
and incubated under controlled 
conditions for three days to allow 
optimal probiotic growth. The 
fermented soy milk was then cooled 
and stored at 2.7°C to maintain its 
quality and probiotic viability. The 
final stage involved analyzing the 
parameters of protein 
content(AOAC International, 2019), 
total soluble solids (TSS) (Mahmoud 
et al., 2023), and sensory 
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properties(Fathurohman et al., 
2020), including aroma and taste. 

RESULTS AND DISCUSSION 

Protein Content Analysis 

Figure 1. provides information on 
the relationship between protein 
content and boiling time of probiotic 
soy milk. The results indicate that 
the protein content of probiotic soy 
milk decreased with increasing 
boiling time. The 15-minute boiling 
treatment yielded the highest 

protein content (3.11%), while 
boiling for 30 minutes reduced it to 
2.31%. This trend shows that 
proteins lose their secondary and 
tertiary structures when they are 
heated too much, which makes 
them less soluble in the liquid 
phase. Protein denaturation occurs 
due to the disruption of hydrogen 
bonds and the weakening of 
hydrophobic interactions that 
maintain the native conformation of 
proteins (X. Zhang et al., 2012). 

Figure 1. Relationship between protein content and boiling duration of probiotic 
soy milk. Different superscript letters indicate significant differences among 

treatments according to Duncan’s Multiple Range Test (DMRT) at a 5% 
significance level.

The main storage proteins in 
soybeans, glycinin (11S) and β-
conglycinin (7S), are globulin 
fractions most susceptible to heat 
treatment. Studies have shown that 
β-conglycinin denatures at 
approximately 70–75°C, while 
glycinin denatures at around 90–
95°C. Heating beyond these 
thresholds leads to the unfolding of 
protein conformations, promoting 
aggregation and precipitation that 
reduce protein solubility (Y. Ji et al., 
2024). Furthermore, during the 
boiling process, a Maillard reaction 
occurs between free amino groups 

(such as lysine and arginine) and 
reducing sugars, forming protein–
carbohydrate complexes. This 
reaction decreases the measurable 
nitrogen content and reduces the 
biological value of the protein by 
lowering the availability of essential 
amino acids (X. Zhang et al., 2012). 
 
Moderate heat treatment (95–100°C 
for 10–15 minutes) has been shown 
to preserve soluble protein fractions 
while creating an ideal substrate for 
the growth of lactic acid bacteria, 
particularly Lactobacillus casei and 
Lactiplantibacillus plantarum. 
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Partially denatured proteins can 
even enhance substrate 
accessibility to probiotic proteases, 
thereby accelerating protein 
hydrolysis into bioactive peptides 
with antioxidant properties and 
improving the digestibility of soy 
milk (Letizia et al., 2023; Y. Sun et 
al., 2023; Wang et al., 2013). 
However, excessive thermal 
treatment (longer than 20–25 
minutes) tends to accelerate 
irreversible denaturation and 
protein coagulation. Overheating 
induces the formation of new 
intermolecular disulfide bonds, 
resulting in protein cross-linking 
and aggregation, which decrease 
solubility and reduce the 
concentration of soluble proteins 
(Harper et al., 2022). 
In addition to thermal effects, 
probiotic fermentation also 
influences protein stability and 
availability. The pH decrease during 
fermentation (reaching 4.5–5.0) 
leads to the precipitation of globulin 
proteins, while the enzymatic 
activity of lactic acid bacteria 
promotes partial hydrolysis, 
producing bioactive peptides. Thus, 
the interaction between heating and 
fermentation plays a critical role in 
maintaining the balance between 
protein denaturation and 
hydrolysis, which ultimately 
determines the nutritional and 
functional quality of probiotic soy 
milk (Liu et al., 2023; Mendoza-
Avendaño et al., 2018) 
Protein content also exhibited a 
positive correlation with total 
soluble solids (TSS), since most 

solid fractions are composed of 
proteins, carbohydrates, and lipids. 
Boiling for 15–20 minutes increased 
TSS due to the release of soluble 
proteins into the liquid phase, 
whereas prolonged heating caused 
a decline in TSS as a result of 
protein precipitation. These 
findings suggest that moderate 
heating conditions provide an 
optimal balance between protein 
stability and solubility (Sarić et al., 
2019). 
From a sensory perspective, 
partially denatured proteins 
contribute to the formation of 
volatile compounds such as 
aldehydes, ketones, and alcohols, 
which impart characteristic aroma 
notes to fermented soy milk. Recent 
studies have reported that 
moderate heat treatment combined 
with fermentation using 
Lactiplantibacillus plantarum 
enhances protein stability, 
solubility, antioxidant activity, and 
sensory quality of the final product 
(Aziz et al., 2023; Y. Li et al., 2025). 

In conclusion, boiling at moderate 
temperatures (95–100°C) for 15–20 
minutes represents the optimal 
condition for achieving a balance 
between protein structural stability, 
solubility, bioactive potential, and 
sensory quality in probiotic soy 
milk. The synergistic interaction 
between heat treatment and 
probiotic fermentation effectively 
maintains nutritional value, 
enhances functional properties, 
and improves consumer 
acceptability of fermented soy-
based products. 

6
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Physicochemical Analysis (Total 
Soluble Solids) 

Total soluble solids (TSS) represent 
a key parameter reflecting the 
concentration of dissolved 
components in soy milk, including 
protein, carbohydrate, lipid, and 
mineral fractions. As shown in 
Figure 2, the TSS values of probiotic 
soy milk range from 8.1°Brix to 

9.8°Brix. Boiling treatment for 15 
minutes resulted in a TSS of 
8.9°Brix, while 30 minutes of 
boiling produced the highest value 
of 9.8°Brix. The increase in TSS 
with prolonged heating time is 
attributed to water evaporation and 
the consequent rise in solute 
concentration, particularly protein 
and carbohydrate fractions 
(Nanakali et al., 2023).  

 
Figure 2. Relationship between total soluble solids (°Brix) and boiling duration of 

probiotic soy milk. Different superscript letters indicate significant differences 
among treatments based on Duncan’s Multiple Range Test (DMRT) at p < 0.05. 

Heating plays an essential role in 
dispersing proteins and 
polysaccharides within the colloidal 
system, thereby enhancing 
solubility and solution viscosity. 
Heating up to 100°C can induce 
partial denaturation and dispersion 
of globulin proteins into the liquid 
phase, contributing to the increase 
in total soluble solids (Huo et al., 
2023). This phenomenon aligns 
with findings indicating that 
moderate heating promotes the 
release of fine protein fractions and 
soluble fibers, enriching the total 
solids and improving emulsion 
stability (Letizia et al., 2023) 

Furthermore, the increase in TSS 
during prolonged heating (25–30 
minutes) may also result from the 

Maillard reaction between amino 
groups and reducing sugars. This 
reaction forms soluble melanoidin 
compounds that contribute to the 
measured total solids in the product 
(Xiang et al., 2021). However, 
excessive heating can lead to 
protein aggregation and a reduction 
in soluble protein content due to the 
formation of intermolecular cross-
links between polypeptide chains 
(Z. Zhang et al., 2025). 

The relationship between protein 
content and TSS is strongly 
correlated, as protein and 
carbohydrate fractions account for 
approximately 70–80% of the total 
solids in soy milk. Partial protein 
denaturation can enhance solubility and 
colloidal stability, whereas irreversible 
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denaturation reduces the soluble 
fraction. Studies have shown that 
moderate heat treatment achieves 
an optimal balance between TSS 
enhancement and protein stability 
(Rana et al., 2025). 

From a physicochemical 
perspective, TSS is also positively 
correlated with viscosity and 
emulsion stability. Higher soluble 
solids strengthen interparticle 
forces that prevent phase 
separation and reinforce colloidal 
structure (Sarić et al., 2019). 
Increased TSS contributes to a 
thicker texture and a “creamy” 
mouthfeel, directly influencing 
sensory perception and consumer 
acceptance of probiotic soy milk 
(Huo et al., 2023). 

In addition to heating, probiotic 
fermentation also plays a crucial 
role in increasing TSS values. 
Fermentation breaks down protein 
and carbohydrate molecules into 
peptides and simple sugars, thereby 
enhancing the soluble fraction and 
viscosity of the product (Rana et al., 
2024). Fermentation by 
Lactiplantibacillus plantarum has 
been shown to increase TSS by up 
to 10% while maintaining physical 
stability and sensory quality (Letizia 
et al., 2023). 

Moreover, synergistic fermentation 
between L. plantarum and L. 
acidophilus can enhance protease 
enzymatic activity, accelerate 
protein hydrolysis, and improve 
solubility and viscosity in probiotic 
soy (Zhou et al., 2022). These 
findings suggest that fermentation 
following moderate heating 
produces a synergistic effect, 

optimizing both total solids content 
and emulsion stability. 

From a sensory standpoint, 
increased TSS contributes to a 
smoother and fuller texture. 
Moderate to high TSS values (8.5–
10°Brix) are considered ideal, as 
they yield a soft, non-watery texture 
associated with premium product 
quality. Recent studies have 
demonstrated that higher total 
solids content correlates positively 
with panelists’ preference scores for 
fermented soy-based products 
(Sarić et al., 2019). 

In conclusion, the duration of 
heating is directly proportional to 
TSS increase up to an optimum 
point of approximately 30 minutes, 
after which no significant 
improvement occurs. Moderate 
heating conditions (90–100°C for 
15–20 minutes) followed by 
probiotic fermentation provide the 
best balance between soluble 
fraction enhancement, emulsion 
stability, and sensory quality. 
Under these conditions, elevated 
TSS values can serve as a reliable 
indicator of successful thermal and 
fermentative processing in 
producing high-quality probiotic 
soy milk. 

Sensory Evaluation (Aroma) 

Aroma is one of the primary sensory 
attributes that determines 
consumer acceptance of probiotic 
soy milk. Figure 3 shows that 
boiling for 15 to 20 minutes gave 
the best mean aroma scores, while 
boiling for 25 to 30 minutes gave 
the worst. This finding indicates 
that moderate heating plays an 
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important role in reducing the 
characteristic beany odor of 
soybeans while preserving desirable 
volatile compounds. Previous 
studies have reported that aroma 
preference in soy milk is strongly 

influenced by the stability and 
composition of volatile compounds 
formed during heating and 
fermentation processes (Zong et al., 
2025).

 
Figure 3. Relationship between aroma score and boiling duration of probiotic soy 

milk. Different superscript letters indicate no significant differences among 
treatments (p > 0.05). 

The beany flavor of soy milk 
primarily originates from the 
activity of the lipoxygenase (LOX) 
enzyme, which catalyzes the 
oxidation of unsaturated fatty acids 
into short-chain aldehydes and 
alcohols, such as hexanal and 
pentanal. Heating at 95–100°C for 
10–20 minutes effectively 
inactivates the LOX enzyme without 
causing excessive degradation of 
desirable volatile compounds (X. Li 
et al., 2024). This thermal 
treatment decreases aldehydes 
responsible for the beany aroma 
while maintaining desirable 
volatiles such as acetoin and 2,3-
butanedione, which contribute to a 
creamy and smooth (Dan et al., 
2019). 

In addition to enzymatic 
inactivation, the Maillard reaction 
also contributes to the formation of 
characteristic soy milk aromas. 

This reaction occurs between 
reducing sugars and amino acids 
during boiling, producing volatile 
compounds such as furfural, 
maltol, and pyrazines, which impart 
a mild roasted aroma and enhance 
the aromatic complexity of the 
product (Z. Zhang et al., 2025a). 
However, prolonged heating can 
lead to further degradation of these 
compounds, resulting in the 
formation of long-chain aldehydes 
such as nonanal and decanal, 
which are associated with burnt 
and bitter notes (X. Li et al., 2024). 

Probiotic fermentation also plays an 
essential role in the development 
and improvement of soy milk 
aroma. The metabolic activity of 
Lactobacillus plantarum generates 
various volatile compounds, 
including lactic acid, acetic acid, 
acetoin, and esters, which impart a 
fresh, slightly acidic aroma while 

3.33a 3.4a 3.2a 3.13a

0

1

2

3

4

5

P1 (15) P2 (20) P3 (25) P4 (30)

A
ro

m
a
 a

cc
ep

ta
b
il
it

y 
sc

or
e 

(–
)

Boiling time (min) 

3

10

Page 13 of 24 - Integrity Submission Submission ID trn:oid:::14999:123980115

Page 13 of 24 - Integrity Submission Submission ID trn:oid:::14999:123980115



10 
 

masking the beany off-flavor of 
soybeans (Q. Sun et al., 2025). 
Fermentation by L. plantarum 
strains has been shown to reduce 
the concentrations of aldehydes 
such as hexanal and heptanal by 
60–80%, which are the main 
compounds responsible for beany 
flavor (Zhou et al., 2022). 

Other studies reported that 
combining fermentation with L. 
plantarum and yogurt cultures (S. 
thermophilus and L. bulgaricus) 
produced the most balanced aroma 
profile, characterized by increased 
acetoin content and reduced 
undesirable C6 aldehydes (Hidayati 
et al., 2021). Volatile compounds 
such as diacetyl, acetoin, and 2,3-
butanedione contribute to creamy, 
sweet, and slightly acidic aromas 
that enhance the freshness of the 
final product (Zong et al., 2022). 

Moreover, the interaction between 
the Maillard reaction and lactic acid 
fermentation further enriches the 
aroma profile of probiotic soy milk. 
Metabolic activity of lactic acid 
bacteria helps stabilize heterocyclic 
compounds produced through the 
Maillard reaction, maintaining 
pleasant roasted and sweet notes 
during storage (Z. Zhang et al., 
2025b). This synergy results in an 
optimal aroma balance, 
characterized by reduced beany 
intensity and enhanced creamy and 
neutral notes preferred by panelists 
(Q. Sun et al., 2025). 

Overall, moderate thermal 
treatment (15–20 minutes at 95–

100°C) followed by probiotic 
fermentation with L. plantarum 
provides an ideal balance between 
reducing beany off-flavors, forming 
desirable volatile compounds, and 
improving sensory preference. This 
condition promotes the 
development of a complex yet mild 
probiotic soy milk aroma 
characterized by creamy, slightly 
roasted, and neutral notes that are 
most favored by consumers. 

Sensory Evaluation (Taste) 

As shown in Figure 4, the panelists’ 
preference for the taste of probiotic 
soy milk exhibited a fluctuating 
pattern with increasing boiling 
duration.The highest mean taste 
acceptability score was observed in 
the 20-minute treatment (3.4a), 
followed by 30 minutes (3.1ab), 15 
minutes (2.9b), and the lowest at 25 
minutes (2.26c). This fluctuating 
trend indicates that boiling time 
differently affects the formation and 
degradation of flavor-contributing 
compounds, both in terms of 
chemical and biochemical 
components produced during 
fermentation. 

The increase in taste acceptability 
from 15 to 20 minutes of boiling 
suggests that moderate heating 
provides an optimal balance 
between partial protein 
denaturation and an increase in 
total soluble solids (TSS). Moderate 
protein denaturation at 95–100°C 
for 15–20 minutes promotes the 
breakdown of complex protein 
structures into short peptides and 
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free amino acids, which contribute 
to the development of natural 
sweetness and umami flavor (Z. 
Zhang et al., 2025b). Furthermore, 
the increase in TSS enhances 

viscosity perception (body) and 
improves overall flavor balance 
preferred by the panelists (P. Zhang 
et al., 2022). 

 
Figure 4. Relationship between taste score and boiling duration of probiotic soy 

milk. Identical superscript letters indicate significant differences among 
treatments (p < 0.05). 

At this stage, reducing sugars and 
soluble proteins interact through 
mild Maillard reactions, forming 
volatile compounds such as 
furfural, maltol, and pyrazines that 
impart a subtle caramel-like aroma 
and pleasant sweet-savory taste, 
thereby increasing product 
acceptability (Long et al., 2025; Z. 
Zhang et al., 2025a). 

The significant decrease in taste 
acceptability observed at 25 
minutes indicates the negative 
impact of excessive heating on 
flavor-forming components. 
Prolonged heating leads to the 
degradation of proteins into bitter-
tasting compounds and the 
oxidation of unsaturated fatty 
acids, producing aldehydes such as 
hexanal and nonanal, which are 
responsible for beany and bitter 
notes (Zhou et al., 2022). 
Additionally, excessive thermal 
treatment decreases the content of 

reducing sugars and changes the 
viscosity of the system, which leads 
to a loss of flavor freshness and 
sensory balance (Cui et al., 2019). 

The subsequent increase in taste 
scores at 30 minutes suggests that 
extended boiling may partially 
remove volatile off-flavor 
compounds through evaporation 
while generating small amounts of 
positive volatiles, such as furfural 
and maltol, from advanced Maillard 
reactions, contributing to mild 
caramel and lightly roasted notes 
(Zong et al., 2025). 

Probiotic fermentation following 
heat treatment also plays a crucial 
role in improving the overall flavor 
profile. The metabolic activity of 
Lactobacillus plantarum produces 
organic acids, acetoin, and volatile 
esters that create a balance 
between sourness, sweetness, and 
umami taste (Tangyu et al., 2023). 
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Fermentation also breaks down 
proteins into umami and kokumi 
peptides, reinforcing a soft and 
complex flavor perception that 
enhances taste satisfaction (Z. 
Zhang et al., 2025b). 

The changing pattern of taste 
acceptability scores shows that the 
best boiling time is between 15 and 
20 minutes, when flavor-forming 
reactions happen in balance 
without too much protein 
breakdown or lipid oxidation. At 
longer durations (>25 minutes), this 
balance shifts toward protein 
breakdown and the formation of 
bitter-tasting compounds, leading 
to decreased panelist preference. 
However, subsequent probiotic 
fermentation compensates for these 
negative effects by generating 
umami peptides and organic acids 
that restore flavor harmony [(Zhou 
et al., 2022). 

Thus, the optimal flavor formation 
in probiotic soy milk occurs at 
moderate boiling durations (15–20 
minutes) followed by active 
probiotic fermentation. This 
condition provides an ideal balance 
among positive volatile compounds, 
smooth texture, and naturally 
sweet–savory taste, resulting in the 
most preferred sensory profile 
among panelists, consistent with 
findings from other plant-based 
fermented milk studies (Tangyu et 
al., 2023; Zong et al., 2025) 

CONCLUSION 

Boiling time had a significant effect 
on the protein content, total soluble 
solids (TSS), and organoleptic 
quality (taste and aroma) of 
probiotic soy milk. Boiling for 15 
minutes at 95–100°C produced the 
best results, yielding the highest 
protein and TSS values, as well as 
the highest acceptability scores in 
the sensory evaluation. Extending 
the boiling time beyond 20 minutes 
led to a decrease in protein content 
due to excessive denaturation and a 
reduction in sensory quality caused 
by the formation of undesirable 
volatile compounds. Therefore, 
moderate boiling (15 minutes) is 
recommended as the optimal 
condition for producing probiotic 
soy milk with the best balance 
between nutritional value and flavor 
quality. 

Recommendation and Future 
Work 
For future research, it is 
recommended to investigate the 
viability of probiotic bacteria 
following the boiling and 
fermentation processes to better 
understand the impact of thermal 
treatment on microbial survival. 
Further studies should also analyze 
the relationship between 
microbiological stability and 
sensory attributes, including flavor 
and aroma, to optimize both the 
functional and sensory quality of 
probiotic soy-based beverages. In 
addition, integrating molecular 
approaches such as proteomic or 
metabolomic profiling may offer 
more details about protein 
denaturation, peptide formation, 

1
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and volatile compound dynamics 
during processing. These analyses 
could support the development of a 
more stable, nutritionally 

enhanced, and consumer-
acceptable probiotic soy milk 
product.
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