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ABSTRACT g 5 f ? ;CU)
Sterilized milk is a nutritious dairy product; however, its dietary fiber and antioxidant contents are relatively low. § 8, 2 2 )
Investigating the potential of sterilized milk is important to support the development of nutritionally enhanced and & s i 8 >
high-quality functional dairy beverages. The present study aimed to investigate the effects of incorporating mung & 2 E § >
bean (Vigna radiata L.) extract on the physicochemical properties, antioxidant activity, and dietary fiber content of % % So T
sterilized milk. The present study followed a completely randomized design and consisted of four treatment groups % 5 ™ S ;JS
with three replications per treatment. The first group was the control, with 100% milk and 0% mung bean extract  , 1, > —
(A1), the second group consisted of 80% milk and 20% mung bean extract (A2), the third group included 60% milk f\”) § 0
and 40% mung bean extract (A3), and the fourth group consisted of 40% milk and 60% mung bean extract (A4). § |-'_|-|

Parameters analyzed included antioxidant activity, dietary fiber content, protein content, viscosity, and color (L*, a*,
b*). The current results indicated that mung bean substitution had significant effects on all observed parameters.
Increasing substitution levels increased antioxidant activity from 18.54% (A1) to 29.14% (A4), and dietary fiber
content increased from 0.25% (A1) to 3.22% (A4). The highest protein content (2.28%) was achieved using a 20%
mung bean extract substitution. Higher mung bean substitution increased the viscosity from 1.43 centipoise (cP) in
the control group to 1.84 cP in Group A4. Compared to the control group, Group A4 exhibited a decrease in
lightness (L*) from 74.80 to 66.90 and redness (a) from 5.61 to 0.58, alongside an increase in yellowness (b*) from
2.44 to 3.67. Substituting with 60% mung bean extract yielded the highest antioxidant activity and dietary fiber
levels, while 20% mung bean extract led to the highest protein content.
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INTRODUCTION

The demand for functional and nutritious food has risen as consumers have become increasingly aware of the correlation
between diet and chronic health conditions (Zurek et al., 2026). Milk is a nutrient-dense food containing a wide range of
essential nutrients; however, high-temperature sterilization processes can reduce some of its bioactive components.
Bioactive components in milk are biologically active compounds that produce beneficial physiological effects as
essential nutrients, such as proteins, fats, vitamins, and lactose (Kilic-Akyilmaz et al., 2022). Additionally, while cow’s
milk is high in protein and minerals, it naturally lacks dietary fiber (Antunes et al., 2022). Milk contains endogenous
antioxidants that contribute to its nutritional and functional attributes. Moreover, the antioxidant capacity of milk can be
improved by integrating natural plant-derived ingredients during milk processing (Stobiecka et al., 2022). Although the
health advantages of dietary fiber are well-known, many adults worldwide still do not reach the recommended intake
(Tonita-Mindrican et al., 2022). A recent systematic review and meta-analysis study revealed that adults in Indonesia and
Malaysia consumed only 10.7%-72.7% of the advised dietary fiber intake, highlighting a significant gap compared to
current dietary recommendations (Agustina et al., 2025). This condition underscores the importance of developing
innovative food products enriched with dietary fiber to enhance nutrient intake and promote public health.

Mung bean (Vigna radiata L.) is regarded as a promising ingredient due to its high protein content (20.97%-32.6%;
Tarahi, 2024), crude fiber levels ranging from 3.8% to 6.15% depending on the cultivar and geographical origin (Mehta
et al., 2021), and the presence of bioactive compounds such as flavonoids, including vitexin and isovitexin, which
demonstrate antioxidant activity (Desta et al., 2024). In addition, mung beans contain dietary fiber ranging from 14.57%
to 24.5% (Yucel et al., 2025). Adding mung bean extract to sterilized milk is expected to enhance its nutritional profile
by increasing protein content, antioxidant capacity (Zheng et al., 2020), and dietary fiber. However, this addition may
affect different physicochemical properties of milk (Liu et al., 2025).
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Previous studies have demonstrated the potential of plant-based ingredients to improve the functional quality of
dairy products. Enriching goat milk yogurt with mung bean extract improved its physicochemical properties (Firmansyah
et al., 2025), while the addition of Moringa oleifera extract enhanced the nutritional quality of cow's milk (Lisak
Jakopovi¢ et al., 2022). Likewise, spinach powder has been successfully used as a functional ingredient in soft cheese
production (El-Sayed, 2020). Overall, these studies indicated that plant-derived materials rich in phenolic compounds,
flavonoids, and dietary fiber can enhance the functional properties of dairy products while influencing their
physicochemical characteristics. However, limited information is available concerning the incorporation of mung bean
extract into sterilized milk, specifically regarding its impact on antioxidant activity, dietary fiber, protein content,
viscosity, and color subsequent to thermal sterilization. Accordingly, the present study aimed to assess the impact of
mung bean substitution on the physicochemical characteristics of sterilized milk to develop a functional dairy beverage
with improved nutritional and functional properties.

MATERIALS AND METHODS

Ethical approval
This study did not involve human participants or animals; therefore, ethical approval was not required. Also, the
final product was not consumed by live humans, animals, or organisms.

Materials

The materials employed in the current study included Dancow® full-cream milk powder (PT. Nestle, Indonesia),
distilled water (PT. Sumber Rejeki Berkat Abadi, Makassar, Indonesia), Lemovita® stevia (Lemovita, Indonesia),
porang flour (Ikarie Organic®, Indonesia), mung beans purchased from a local market in Makassar, Indonesia, and Le
Minerale® bottled drinking water from PT Tirta Fresindo Jaya, Indonesia. The equipment utilized included a stainless
steel pan, thermometer, measuring cup, stirrer, sieve, autoclave (Tomy SX-500, Japan), stove, blender, spoon, scale, and
Ostwald viscometer (Pyrex®, USA).

Experimental design

The present study utilized a completely randomized design (CRD) with four levels of mung bean extract
substitution in sterilized milk formulations. The control group comprised 100% milk without any mung bean extract
(A1), the second group consisted of 80% milk and 20% mung bean extract (A2), the third group consisted of 60% milk
and 40% mung bean extract (A3), and the fourth group contained 40% milk and 60% mung bean extract (A4). Each
treatment group was replicated three times, resulting in a total of 12 experimental units. The parameters observed in the
present study included antioxidant activity, dietary fiber content, protein content, viscosity, and color characteristics
such as L*, a*, and b* of milk.

Mung bean extract preparation

The mung bean extract was prepared following a modified procedure based on the study of Huang et al. (2024).
Initially, the mung beans were sorted, after which 112.5 g were weighed and soaked in water at room temperature for
eight hours. Following soaking, the beans were drained and boiled in water (12.5%, w/v) at 100°C for 15 minutes. The
cooked beans were then blended until a homogeneous consistency was achieved and subsequently filtered through a
filter cloth to obtain the mung bean extract. Finally, 0.1% (w/v) stevia was added and thoroughly mixed. Prior to
formulation, the mung bean extract was characterized through laboratory analyses. The protein and dietary fiber contents
were analyzed at the Makassar Public Health Laboratory (Labkesmas Makassar, Indonesia), while antioxidant activity
was determined at the Laboratory of Animal Product Technology, Faculty of Animal Science, Universitas Hasanuddin,
Makassar, Indonesia. The analysis revealed that the mung bean extract contained 1.18% protein, 2.27% dietary fiber,
and exhibited 23.40% antioxidant activity.

Sterilized mung bean-fortified milk formulation

The sterilized milk substitute with mung bean extract was prepared by dissolving 13.5% (w/v) full-cream milk
powder in drinking water according to the manufacturer's instructions, along with 0.1% (w/v) stevia, followed by
homogenization. Mung bean extract was then added at 0%, 20%, 40%, and 60%, and the mixture was homogenized
again. Porang flour was added at a constant concentration of 0.05% (w/v) in all formulations, followed by further
homogenization to obtain a uniform mixture. The mixtures were then subjected to heat treatment in an autoclave at
105°C for five minutes. The chosen processing temperature was in accordance with the range specified for in-bottle milk
sterilization guidelines (105-120°C) as documented by Melini et al. (2017), although the current study employed a
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shorter heating duration. This temperature-time combination was selected based on preliminary laboratory trials
conducted prior to the main experiment, encompassing microbiological analysis by the Microbiology Faculty of Animal
Science at Hasanuddin University, Makassar, Indonesia. This analysis confirmed that the treatment was adequate to
ensure product safety under the conditions implemented in the present study.

Following thermal processing, the samples were cooled at room temperature for approximately 30 minutes prior to
conducting physicochemical analyses (Yuan et al., 2023). The evaluated parameters included antioxidant activity, crude
fiber, protein content, viscosity, and color attributes (L, a, and b*).

Antioxidant activity

Antioxidant activity was evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical-scavenging
method. The DPPH reagent (0.2 mM) was prepared by dissolving 4 mg of DPPH in methanol and diluting to a final
volume of 50 mL. A total of 1 mL of the DPPH reagent was combined with 1 mL of the sample solution at the
respective concentrations. The mixture was incubated in the dark at room temperature for 30 minutes, after which
absorbance was recorded at 517 nm using a UV-Vis spectrophotometer. The percentage of DPPH radical-scavenging
activity was calculated according to de Menezes et al. (2021) using Formula 1. Antioxidant activity was expressed as the
half-maximal inhibitory concentration (ICso, pg/mL). The ICso value was determined by linear regression of sample
concentration against the percentage of DPPH radical inhibition. The ICso value indicated the concentration of the
sample necessary to attain 50% scavenging of DPPH radicals as well as 50% inhibition.

Absorbance of reagent blank-Absorbance of sample

Free radical scavenging activity (%)= x100% (Formula 1)

Absorbance of reagent blank

Crude fiber content
Crude fiber content was determined using the gravimetric method following sequential acid-alkali digestion
according to AOAC official method (978.10; Thiex, 2009; Formula 2).

Crude fibre (%)== *100% (Formula 2)

Where W1 was the weight of the empty filter paper (g), W2 was the weight of the filter paper containing
the residue after oven drying (g), and W was the weight of the sample used for analysis (g).

Protein content
Protein content was analyzed according to the Kjeldahl method as described by Shivanna et al. (2025). The total
nitrogen content was subsequently calculated using the following equation (Shivanna et al., 2025, Formulas 3 and 4).

14.007 % (V s-V b)>< Normality of sulphuric acid
weight of sample (g))

N (%)= x100 (Formula 3)

Protein content (%)= N (%)x 6.38 (Formula 4)

Where Vs was the volume (mL) of 0.1 N H2SOs titrant used for the test portion, and Vb was the volume (mL) of 0.1
N H2SOx titrant used for the blank determination.

Viscosity

Viscosity was measured using an Ostwald viscometer in accordance with the procedures reported by Lewis (1990),
as cited in Shivanna et al. (2025). The viscosity of each sample was expressed as absolute viscosity (cP) and determined
at 27°C. Sample density was measured independently using a pycnometer at a consistent temperature, with a
thermostatically controlled water bath employed to maintain a constant temperature of 27°C. Specific gravity (Formula
5), relative viscosity (Formula 6), and absolute viscosity (Formula 7) were determined using the following equations.

Weight of pycnometer fill with sample -Weight of empty pycnometer

Specific gravity= (Formula 5)

Weight of pycnometer fill with water -Weight of empty pycnometer
. . . A . .
Relative viscosity = 5 specific gravity (Formula 6)

Where A represented the flow time of the sample from the upper tip to the lower mark of the Ostwald viscometer,
and B represented the corresponding flow time of water measured under the same conditions.

Absolute viscosity = Relative viscosity x viscosity of water at 27 °C (Formula 7)
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Color

Color characteristics were assessed utilizing the Hunter Lab color system. Within this system, the L* value indicates
lightness, ranging from 0 (black) to 100 (white), whereas the a* value describes the red (+) to green () axis, and the b*
value corresponds to the yellow (+) to blue (—) axis (Hasnul Hadi et al., 2021).

Statistical analysis

The data were analyzed using analysis of variance (ANOVA) within a completely randomized design (CRD) to
assess the impact of mung bean extract substitution on various milk parameters. In cases where significant differences (p
< 0.05) were identified, Duncan’s multiple range test was utilized for mean comparison. All statistical analyses were
conducted using SPSS software (version 24).

RESULTS AND DISCUSSION

Antioxidant activity

The current results indicated that mung bean extract substitution had a significant effect on the antioxidant activity
of sterilized milk (p < 0.05; Table 1). The antioxidant activity increased proportionally with the incorporation of mung
bean extract, reaching its highest value in Group A4. The observed increase in antioxidant activity indicated that mung
bean extract effectively enhanced the antioxidant capacity of sterilized milk. The increase in antioxidant activity was
attributed to bioactive compounds in mung bean extract, particularly polyphenols and flavonoids (An et al., 2024).
Polyphenols and flavonoids are known to act as free radical scavengers and electron donors, thereby reducing oxidative
reactions and neutralizing reactive oxygen species (ROS; Zhang and Huang, 2024). Furthermore, mung bean comprises
bioactive compounds, including polysaccharides, which enhance its antioxidant activity (Hou et al., 2019). Therefore,
increasing the proportion of mung bean extract increased the concentration of antioxidant compounds in the sterilized
milk formulations, resulting in higher antioxidant activity. The observed improvement in antioxidant activity additionally
indicated a synergistic effect between the antioxidant compounds inherently present in milk and those present in mung
bean extract. Milk comprises different antioxidant components, including casein, whey proteins, and antioxidant
vitamins such as vitamins A, C, and E (Stobiecka et al., 2022). The combination of milk antioxidant components with
the phenolic compounds of mung bean extract may have contributed to the improved antioxidant potential of the
sterilized milk. Previous studies have demonstrated that incorporating mung bean-derived ingredients enhanced
antioxidant activity, primarily due to the high levels of phenolic and flavonoid compounds (Villanueva-Bermejo et al.,
2024). These findings highlighted the suitability of mung bean extract as a functional ingredient for producing
antioxidant-enriched sterilized milk.

Table 1. Antioxidant activity of sterilized milk substituted with mung bean extract

Mung bean extract substitution (%) Antioxidant
0 18.54 +0.73%
20 20.26 +0.45°
40 22.96 +1.30°
60 29.14 +1.90°

Data are presented as mean * standard deviation. *® Mean different superscript letters in the same column indicate significant differences (p < 0.05).

Fiber content

The present results indicated that dietary fiber content increased significantly with increasing levels of mung bean
extract substitution (p < 0.05; Table 2). Higher substitution levels resulted in greater fiber content, with the highest value
observed in Group A4. The increase in dietary fiber level was primarily attributed to the naturally high dietary fiber
content of mung beans (Sudhakaran and Bukkan, 2021). Previous studies have reported that mung beans are a rich
source of dietary fiber, including soluble fiber, insoluble fiber, and resistant starch (Zafar et al., 2023; Chauhan et al.,
2024). Consequently, increasing the proportion of mung bean extract added more indigestible carbohydrate components
into the product, resulting in a progressive increase in fiber content. Besides dietary fiber, mung beans have high levels
of resistant starch, which acts similarly to fiber by resisting digestion in the small intestine and undergoing fermentation
in the colon (Chauhan et al., 2024). Resistant starch may improve the functional qualities of sterilized milk by providing
more fermentable substrates for beneficial gut bacteria, thereby supporting digestive health. The higher dietary fiber
content achieved through mung bean substitution highlighted its potential as a functional ingredient to enhance the
nutritional profile of sterilized milk. Previous studies have indicated that dietary fiber contributed to several health-
promoting effects, such as improved glycemic control, reduced serum cholesterol, greater satiety, and improved
gastrointestinal function (Alahmari, 2024).
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Table 2. Fiber content of sterilized milk substituted with mung bean extract

Mung bean extract substitution (%) Fiber content
0 0.25 +£0.09*
20 1.32+0.67°
40 2.04 £0.15¢
60 3.22 £0.25¢

Data are presented as mean * standard deviation. **? Means different superscript letters in the same column indicate significant differences (p < 0.05).

Protein content

Mung bean extract substitution had a highly significant effect on the protein content of sterilized milk (p < 0.05;
Table 3). Protein content demonstrated a non-linear response to increasing substitution levels, reaching its highest value
in Group A2. This finding indicated that a moderate mung bean extract substitution level provided a favorable balance
between the milk and plant proteins, whereas excessive substitution altered the protein composition of the final product.

Mung beans are known for their high protein content, ranging from 22-28%, along with a well-balanced essential
amino acid profile (Yi-Shen et al., 2018). However, elevated substitution levels of mung bean extract did not
correspondingly enhance the protein content of sterilized milk, which was likely due to the extract's greater water content
and lower protein solids compared to whole milk. Plant proteins differ structurally from milk proteins, notably caseins
and whey proteins, leading to variations in their functional properties, such as solubility (Tang et al., 2023). Consistent
findings were reported by Firmansyah et al. (2025), who observed a progressive decrease in protein content from 3.46%
(control) to 3.07% in goat milk yogurt substituted with 15-45% mung bean extract, an effect that was attributed to
dilution due to the extract's lower protein concentration. The present results indicated that increasing mung bean extract
substitution reduced protein content in dairy products, which was consistent with the findings of Firmansyah et al.
(2025), although fermented yogurt was used in their study. When the mung bean substitution exceeds 20%, the reduction
in protein content might be linked to physicochemical interactions that occurred during thermal processing. Mung bean
extract contains phenolic compounds, polysaccharides, and dietary fiber that can interact with milk proteins. Protein-
phenolic interactions occur via hydrogen bonds, hydrophobic interactions, and, under thermal conditions, covalent
bonding following phenolic oxidation. Protein-phenolic interactions can cause conformational changes, promote
aggregation, and decrease protein solubility, thereby modifying proteins’ functional properties (Zhang et al., 2021a). In
addition, sterilization at high temperatures promotes protein denaturation and aggregation, further intensifying these
structural modifications (Huang et al., 2022).

Table 3. Protein content of the sterilized milk substituted with mung bean extract

Mung bean extract substitution (%) Protein content
0 2.17£0.05°
20 2.28 +0.30
40 1.71 £0.17*
60 1.69 +0.35"

Data are presented as mean + standard deviation. *® Means with different superscript letters in the same column indicate significant differences (p <
0.05).

Viscosity

The present results indicated that mung bean extract substitution significantly affected the viscosity of sterilized
milk and produced a thicker product (p < 0.05; Table 4). Viscosity increased progressively with increasing levels of
mung bean extract substitution, with the highest value observed in Group A4.

The increase in milk viscosity was primarily associated with the higher concentration of total solids supplied by
mung bean extract, including dietary fiber, starch, and other polysaccharides (Tarahi et al., 2024). These macromolecular
components have a high water-binding capacity, allowing them to absorb and hold water within the system, which
increases resistance to flow (Petronilho et al., 2021; Ariyarathna et al., 2025). As the level of mung bean extract
increased, the amount of suspended and dissolved solids in the product increased, reducing the mobility of water
molecules and consequently increasing viscosity.

Table 4. Viscosity of sterilized milk substituted with mung bean extract

Mung bean extract substitution (%) Viscosity

0 1.43 +0.06"
20 1.64 +0.05°
40 1.72 +0.05™
60 1.84 £ 0.09°

Data are presented as mean = standard deviation. *© Means with different superscript letters in the same column indicate significant differences (p <
0.05).
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The observed increase in viscosity might be attributed to the thermal trait of starch during the sterilization process.
Exposure to high temperatures can induce starch swelling and partial gelatinization, resulting in increased water retention
and the development of a more structured system (Ariyarathna et al., 2025). Furthermore, interactions among milk
proteins, polysaccharides, and dietary fiber may facilitate the formation of a more stable colloidal network, thereby
improving the product's consistency and viscosity. The current findings suggested that mung bean extract can improve
not only the nutritional value of sterilized milk but also its physical properties. The increase in viscosity may be
beneficial for developing functional dairy beverages by improving body, texture, and product stability. Similar
observations have been documented in previous studies, where the integration of plant-derived components rich in starch
and dietary fiber led to an increase in the viscosity of milk-based beverages (Petronilho et al., 2021; Ariyarathna et al.,
2025).

Color attributes

L* value

Mung bean extract substitution had a highly significant effect on the lightness (L*) of sterilized milk (p < 0.05;
Table 5). The L* value decreased progressively with increasing levels of mung bean extract substitution, indicating a
gradual reduction in product brightness. The highest L* value was observed in the control group, whereas the lowest L*
value occurred in Group A4. These results demonstrated that increasing the proportion of mung bean extract produced a
darker sterilized milk.

The reduction in lightness was primarily associated with the inherent color characteristics of mung bean extract,
influenced by natural pigments and phenolic compounds present in the extract (Dahiya et al., 2015). The bright
appearance of milk is largely attributed to light scattering by casein micelles and fat globules, which contribute to its
whiteness and opacity characteristics (Serna-Hernandez et al., 2021). In contrast, mung bean extract contains several
plant-derived compounds, including phenolic compounds and flavonoids, which may contribute to darker color
development through the formation of dark-brown polymers and a reduction in lightness (L; Huang et al., 2022).
Consequently, increasing the concentration of mung bean extract resulted in lower lightness. Thermal processing during
sterilization may have further contributed to the decrease in lightness by promoting Maillard reactions and the formation
of brown-colored compounds (Zhang et al., 2021b). High-temperature treatment can promote non-enzymatic browning
reactions, particularly the Maillard reaction between reducing sugars and amino compounds, leading to the formation of
brown-colored pigments (Huang et al., 2022). In addition, phenolic compounds from mung bean extract may undergo
oxidation, degradation, and other heat-induced transformations during processing, which may further influence the
product's color characteristics (Zhang et al., 2022).

The decline in L* values observed in the present study indicated that mung bean extract substitution not only
enhanced the functional properties of sterilized milk but also modified its visual appearance. Similar reductions in
lightness have been reported in milk-based beverages containing legume-derived ingredients, where increasing
proportions of plant extracts altered the color characteristics of the products due to the presence of natural pigments
(Kurbanova et al., 2024). The observed alterations in color parameters suggest that these color changes were a natural
result of integrating mung bean extract into sterilized milk formulations. This finding reflected the contribution of plant-
derived pigments and highlighted the successful incorporation of mung bean bioactive compounds into the dairy matrix.

Table 5. L* value of sterilized milk substituted with mung bean extract

Mung bean extract substitution (%) Color attribute L
0 74.80 +£0.79¢
20 72.85 £ 1.27%
40 7229 +£0.58"
60 66.90 +1.39?

Data are presented as mean =+ standard deviation. *® Means with different superscript letters in the same column indicate significant differences (p <
0.05).

a* value

These findings demonstrated that incorporating mung bean extract significantly affected the value, resulting in a
greener appearance of the sterilized milk (P < 0.05; Table 6). The a* value decreased progressively with increasing
levels of mung bean extract substitution, indicating a shift toward greener color tones.

The decrease in a* values may be attributed to the contribution of natural pigments in mung bean extract, notably
chlorophyll and its derivatives, which influence the green-red color balance of plant-derived materials (Huang et al.,
2022). Chlorophyll absorbs light in the red and blue regions of the visible spectrum while reflecting green wavelengths,
thereby contributing to a greener appearance and reducing redness. Consequently, increasing the proportion of mung
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bean extract resulted in lower a* values and a more pronounced green hue in the sterilized milk. Thermal processing
during sterilization further affected color by causing chlorophyll degradation and pigment transformations, as observed
in heat-treated mung bean materials (Huang et al., 2022). High temperatures can convert chlorophyll into pheophytins
and other pigments, affecting color expression while maintaining greenish or olive-green hues (Huang et al., 2022). In
addition, interactions between chlorophyll compounds and other plant constituents may have affected the overall color
stability of the product during processing. The shift toward greener color tones observed in the present study was related
to the increasing concentration of mung bean-derived pigments in the formulation. Similar pigment-related color changes
have been reported in mung bean-based products, where chlorophyll-derived pigments contributed to the green
coloration and influenced the overall color characteristics during processing (Huang et al., 2022). These findings
confirmed that mung bean extract not only enhanced the functional properties of sterilized milk but also produced a
distinctive color profile that can serve as a visual indicator of successful plant-based fortification.

Table 6. *a value of sterilized milk substituted with mung bean extract

Mung bean extract substitution (%) Color attribute *a
0 5.61 £ 0.27°
20 3.91+0.17°
40 2.24 £0.16"
60 0.58 +0.93%

Data are presented as mean + standard deviation. **% Means with different superscript letters in the same column indicate significant differences (p <
0.05).

b* value

Mung bean extract substitution had a highly significant effect on the b* value of sterilized milk (p < 0.05; Table 7).
Increasing the proportion of mung bean extract resulted in progressively higher b values, reflecting a greater degree of
yellowness. Increasing the level of mung bean extract contributed to a progressive rise in the b* value, which was likely
attributable to the carotenoid pigments naturally present in the extract (Zulueta et al., 2007). Mung bean contains
carotenoid compounds, such as f-carotene, which are natural pigments that display yellow to orange hues (Maoka, 2020;
Cheng et al., 2023). As a result, adding more mung bean extract led to a higher concentration of yellow pigments in the
product, which increased the b* value.

Thermal processing during sterilization may have further contributed to the increase in yellowness. High-
temperature treatment can promote pigment transformation and non-enzymatic browning reactions, leading to the
formation of colored compounds that enhance yellow and brown color tones (Huang et al., 2022). In addition, the
degradation of chlorophyll pigments during heating may reduce the intensity of green coloration and increase the visual
prominence of yellow pigments, thereby contributing to a higher b* value.

The observed increase in yellowness (b*), coupled with decreased lightness (L*) and reduced redness (a*),
indicated that mung bean extract significantly modified the visual appearance of sterilized milk. The current findings
confirmed that mung bean extract not only improved the functional properties of sterilized milk but also established a
color profile that can serve as a visual indicator of plant-based fortification and may increase product appeal to
consumers in pursuit of functional dairy products.

Table 7. b* value of sterilized milk substituted with mung bean extract

Mung bean extract substitution (%) Color attribute *b
0 2.44 £0.22°
20 2.88 +£0.47°
40 3.28 £0.98°¢
60 3.67 +0.70°

Data are presented as mean + standard deviation. ***¢ Means with different superscript letters in the same column indicate significant differences (p <
0.05).

CONCLUSION

Substituting mung bean extract with sterilized milk enhanced its functional quality and influenced its physicochemical
characteristics. The highest level of mung bean substitution (60%) resulted in the greatest antioxidant activity, dietary
fiber content, viscosity, and yellowness (b* value), while producing the lowest lightness (L* value) and the lowest
redness (a* value), indicating a shift toward a darker, greener, and more yellow appearance. The highest protein content
was obtained with 20% mung bean extract substitution. The current study demonstrated that adjusting the proportion of
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mung bean extract can be employed to achieve specific nutritional and functional characteristics in sterilized milk.
Accordingly, mung bean extract can be used as an effective functional ingredient in the formulation of nutritionally
enriched sterilized milk. Nevertheless, the present study was confined to the assessment of physicochemical
characteristics and did not encompass an evaluation of shelf life, microbiological stability, or the interactions between
calcium derived from milk and iron obtained from mung bean extract, including their retention and bioavailability.
Consequently, further investigations are necessary to examine these parameters in order to provide a more
comprehensive assessment of the product's nutritional value and storage stability.

DECLARATIONS

Acknowledgments
The authors would like to express their sincere appreciation to all parties who have supported the present study,
directly or indirectly.

Authors’ contributions

Andi Ratna Dewi Sari conceived the study, conducted the experiments, collected and analyzed the data, and
prepared the original manuscript. Fatma Maruddin supervised the study, contributed to the study design, and critically
reviewed and revised the manuscript. Wahniyathi Hatta contributed to data interpretation and critically reviewed the
manuscript. All authors read and approved the final edition of the manuscript and agreed to be accountable for all aspects
of the study.

Availability of data and materials
All data generated and analyzed during this study are presented in this manuscript, and no supplementary materials
are associated with this article. Additional data are available from the corresponding author upon reasonable request.

Competing interests
The authors have not declared any conflict of interest.

Ethical considerations

Ethical issues, including plagiarism, consent to publish, misconduct, data fabrication and/or falsification, double
publication and/or submission, and redundancy, have been checked by all the authors. All authors accept full
responsibility for the originality of the data and the final edited version of the manuscript before submission and after the
final proof prior to publication. The authors confirmed that no Al tools were used to prepare this study.

Funding
The present study received no external funding and was fully supported by the authors' personal resources.

REFERENCES

Agustina R, Mufida R, Lasepa W, Mustika A, Debilauralita A, Limbong ST, Siregar DAS, Prafiantini E, Manikam NRM, and Soewondo P (2025).
Nutrient intake adequacy among adults in Indonesia and Malaysia: A systematic review and meta-analysis. Current Developments in Nutrition,
9(5): 106010. DOI: https://www.doi.org/10.1016/j.cdnut.2025.106010

Alahmari LA (2024). Dietary fiber influence on overall health, with an emphasis on CVD, diabetes, obesity, colon cancer, and inflammation. Frontiers
in Nutrition, 11: 1510564. DOI: https://www.doi.org/10.3389/fnut.2024.1510564

An G, Park S, and Ha J (2024). The enhancement effect of mungbean on the physical, functional, and sensory characteristics of soy yoghurt. Scientific
Reports, 14: 3684. DOI: https://www.doi.org/10.1038/s41598-024-54106-9

Antunes IC, Bexiga R, Pinto C, Roseiro LC, and Quaresma MAG (2022). Cow's milk in human nutrition and the emergence of plant-based milk
alternatives. Foods, 12(1): 99. DOI: https://www.doi.org/10.3390/foods12010099

Ariyarathna P, Mizera P, Walkowiak J, and Dziedzic K (2025). Physicochemical and functional properties of soluble and insoluble dietary fibers in
whole grains and their health benefits. Foods, 14(14): 2447. DOI: https://www.doi.org/10.3390/foods14142447

Chauhan S, Kaur H, Aggarwal R, Kaur P, and Bains K (2024). Exploring the impact of cooking techniques and storage conditions on resistant starch
levels in mung beans and its effect upon blood glucose level and lipid profile in vivo. Frontiers in Nutrition, 11: 1424112. DOI:
https://www.doi.org/10.3389/fnut.2024.1424112

Cheng Y, Xiang N, Chen H, Zhao Y, Wang L, Cheng X, and Guo X (2023). The modulation of light quality on carotenoid and tocochromanol
biosynthesis in  mung bean (Vigna radiata) sprouts. Food Chemistry: Molecular Sciences, 6: 100170. DOI:
https://www.doi.org/10.1016/j.fochms.2023.100170

Dahiya PK, Linnemann AR, van Boekel MAJS, Khetarpaul N, Grewal RB, and Nout MJR (2015). Mung bean: Technological and nutritional
potential. Critical Reviews in Food Science and Nutrition, 55(5): 670-688. DOI: https://www.doi.org/10.1080/10408398.2012.671202

de Menezes BB, Frescura LM, Duarte R, Villetti MA, and da Rosa MB (2021). A critical examination of the DPPH method: Mistakes and

815


https://www.doi.org/10.1016/j.cdnut.2025.106010
https://www.doi.org/10.3389/fnut.2024.1510564
https://www.doi.org/10.1038/s41598-024-54106-9
https://doi.org/10.3390/foods12010099
https://www.doi.org/10.3390/foods14142447
https://www.doi.org/10.3389/fnut.2024.1424112
https://doi.org/10.1016/j.fochms.2023.100170
https://doi.org/10.1080/10408398.2012.671202

Sari et al., 2026

inconsistencies in stoichiometry and IC50 determination by UV-Vis spectroscopy. Analytica Chimica Acta, 1157: 338398. DOI:
https://www.doi.org/10.1016/j.aca.2021.338398

Desta KT, Choi YM, Yi J, Shin MJ, Jeon YA, and Yoon H (2024). Variations of major flavonoids, nutritional components, and antioxidant activities
in mung beans (Vigna radiata L.) of different seed weights. Foods, 13(21): 3387. DOI: https://www.doi.org/10.3390/foods13213387

El-Sayed SM (2020). Use of spinach powder as functional ingredient in the manufacture of UF-soft cheese. Heliyon, 6(1): e03278. DOI:
https://www.doi.org/10.1016/j.heliyon.2020.e03278

Firmansyah H, Rosmiati R, Saufani 1A, and Hanifa ZN (2025). Physicochemical, microbiological and sensory characteristics of goat milk (Capra
aegagrus hircus) yogurt with mungbean (Vigna radiata) extract enrichment. Amerta Nutrition, 9(2): 266-277. DOI:
https://www.doi.org/10.20473/amnt.v9i2.2025.266-277

Hasnul Hadi MH, Ker PJ, Thiviyanathan VA, Tang SGH, Leong YS, Lee HJ, Hannan MA, Jamaludin MZ, and Mahdi MA (2021). The amber-colored
liquid: A review on the color standards, methods of detection, issues and recommendations. Sensors, 21(20): 6866. DOI:
https://www.doi.org/10.3390/s21206866

Hou D, Yousaf L, Xue Y, Hu J, Wu J, Hu X, Feng N, and Shen Q (2019). Mung bean (Vigna radiata L.): Bioactive polyphenols, polysaccharides,
peptides, and health benefits. Nutrients, 11(6): 1238. DOI: https://www.doi.org/10.3390/nu11061238

Huang PH, Cheng YT, Chan YJ, Lu WC, and Li PH (2022). Effect of heat treatment on nutritional and chromatic properties of mung bean (Vigna
radiata L.). Agronomy, 12(6): 1365. DOI: https://www.doi.org/10.3390/agronomy12061365

Huang PH, Cheng YT, Chan YJ, Lu WC, and Li PH (2024). Effect of cooking treatment on the formation mechanism and physicochemical properties
of mung bean (Vigna radiata L. paste. Journal of Agriculture and Food Research, 16: 101054. DOI:
https://www.doi.org/10.1016/j.jafr.2024.101054

ITonita-Mindrican CB, Ziani K, Mititelu M, Oprea E, Neacsu SM, Morosan E, Dumitrescu DE, Rosca AC, Draganescu D, and Negrei C (2022).
Therapeutic benefits and dietary restrictions of fiber intake: A state-of-the-art review. Nutrients, 14(13): 2641. DOIl:
https://www.doi.org/10.3390/nu14132641

Kilic-Akyilmaz M, Ozer B, Bulat T, and Topcu A (2022). Effect of heat treatment on micronutrients, fatty acids and some bioactive components of
milk. International Dairy Journal, 126: 105231. DOI: https://www.doi.org/10.1016/j.idairyj.2021.105231

Kurbanova 1, Lauciene L, Kondrotiene K, Zakariene G, Radenkovs V, Kiselioviene S, Salaseviciene A, Vasiliauskaite A, Malakauskas M,
Musulmanova M et al. (2024). Physicochemical, sensory, and microbiological analysis of fermented drinks made from white kidney bean
extract and cow's milk blends during refrigerated storage. Microorganisms, 12(9): 1832. DOI:
https://www.doi.org/10.3390/microorganisms12091832

Lisak Jakopovi¢ K, Repaji¢ M, Rumora Samarin [, BoZani¢ R, Blazi¢ M, and Baruk¢i¢ Jurina I (2022). Fortification of cow milk with Moringa oleifera
extract: Influence on physicochemical characteristics, antioxidant capacity and mineral content of yoghurt. Fermentation, 8(10): 545. DOI:
https://www.doi.org/10.3390/fermentation8100545

LiuJ, Zhu T, Xing L, Liu S, Zhou S, and Lu J (2025). Effects of mung bean varieties on textural characteristics and sensory quality of fermented mung
bean milk. Food Science, 46(5): 106-113. DOI: https://www.doi.org/10.7506/spkx1002-6630-20240715-153

Maoka T (2020). Carotenoids as natural functional pigments. Journal of Natural Medicines, 74: 1-16. DOI: https://www.doi.org/10.1007/s11418-019-
01364-x

Mehta N, Rao P, and Saini R (2021). A review on metabolites and pharmaceutical potential of food legume crop mung bean (Vigna radiata L.
Wilczek). Biotechnologia, 102(4): 425-435. DOI: https://www.doi.org/10.5114/bta.2021.111107

Melini F, Melini V, Luziatelli F, and Ruzzi M (2017). Raw and heat-treated milk: From public health risks to nutritional quality. Beverages, 3(4): 54.
DOI: https://www.doi.org/10.3390/beverages3040054

Petronilho S, Oliveira A, Domingues MR, Nunes FM, Coimbra MA, and Gongalves | (2021). Hydrophobic starch-based films using potato washing
slurries and spent frying oil. Foods, 10(12): 2897. DOI: https://www.doi.org/10.3390/foods10122897

Serna-Hernandez SO, Escobedo-Avellaneda Z, Garcia-Garcia R, Rostro-Alanis MJ, and Welti-Chanes J (2021). High hydrostatic pressure induced
changes in the physicochemical and functional properties of milk and dairy products: A review. Foods, 10(8): 1867. DOI:
https://www.doi.org/10.3390/foods10081867

Shivanna SK, Naik L, and Rao PS (2025). Evaluation of physicochemical and bio-functional properties of flavoured milk fortified with Moringa pod
pulp powder during storage. Discover Food, 5: 433. DOI: https://www.doi.org/10.1007/s44187-025-00778-9

Stobiecka M, Krél J, and Brodziak A (2022). Antioxidant activity of milk and dairy products. Animals, 12(3): 245. DOI:
https://www.doi.org/10.3390/ani12030245

Sudhakaran SMN and Bukkan DS (2021). A review on nutritional composition, antinutritional components and health benefits of green gram (Vigna
radiata (L.) Wilczek). Journal of Food Biochemistry, 45: e13743. DOI: https://www.doi.org/10.1111/jfbc.13743

Tang Q, Roos YH, and Miao S (2023). Plant protein versus dairy proteins: A pH-dependency investigation on their structure and functional properties.
Foods, 12(2): 368. DOI: https://www.doi.org/10.3390/foods12020368

Tarahi M (2024). The potential application of mung bean (Vigna radiata L.) protein in plant-based food analogs: A review. Legume Science, 6:
€70011. DOI: https://www.doi.org/10.1002/leg3.70011

Thiex N (2009). Evaluation of analytical methods for the determination of moisture, crude protein, crude fat, and crude fiber in distillers dried grains
with solubles. Journal of AOAC International, 92(1): 61-73. DOI: https://www.doi.org/10.1093/jacac/92.1.61

Villanueva-Bermejo D, de las Nieves Siles-Sanchez M, Hernandez DM, Garcia-Risco MR, Jaime L, Santoyo S, and Fornari T (2024). Theoretical
framework to evaluate antioxidant synergistic effects from the coextraction of marjoram, rosemary and parsley. Food Chemistry, 437: 137919.
DOI: https://www.doi.org/10.1016/j.foodchem.2023.137919

Yi-Shen Z, Shuai S, and FitzGerald RJ (2018). Mung bean proteins and peptides: Nutritional, functional and bioactive properties. Food & Nutrition
Research, 62: 1290. DOI: https://www.doi.org/10.29219/fnr.v62.1290

Yuan N, Chi X, Ye Q, Liu H, and Zheng N (2023). Analysis of volatile organic compounds in milk during heat treatment based on E-nose, E-tongue
and HS-SPME-GC-MS. Foods, 12(5): 1071. DOI: https://www.doi.org/10.3390/foods12051071

Yucel T, Kamiloglu A, and Kutlu N (2025). Influence of ultrasonic-assisted deep eutectic solvent extraction on bioactive compounds from germinated
mung beans (Vigna radiata) and greenness assessment. Microchemical Journal, 209: 112779. DOl:
https://www.doi.org/10.1016/j.microc.2025.112779

Zafar SH, Umair M, and Akhtar M (2023). Nutritional evaluation, proximate and chemical composition of Mungbam varieties/cultivars pertaining to
food quality characterization. Food Chemistry Advances, 2: 100160. DOI: https://www.doi.org/10.1016/j.focha.2022.100160

Zhang Q, Cheng Z, Wang Y, and Fu L (2021a). Dietary protein-phenolic interactions: Characterization, biochemical-physiological consequences, and

816


https://doi.org/10.1016/j.aca.2021.338398
https://doi.org/10.3390/foods13213387
https://doi.org/10.1016/j.heliyon.2020.e03278
https://www.doi.org/10.20473/amnt.v9i2.2025.266-277
https://doi.org/10.3390/s21206866
https://doi.org/10.3390/nu11061238
https://doi.org/10.3390/agronomy12061365
https://doi.org/10.1016/j.jafr.2024.101054
https://doi.org/10.3390/nu14132641
https://doi.org/10.1016/j.idairyj.2021.105231
https://www.doi.org/10.3390/microorganisms12091832
https://doi.org/10.3390/fermentation8100545
https://www.doi.org/10.7506/spkx1002-6630-20240715-153
https://doi.org/10.1007/s11418-019-01364-x
https://doi.org/10.1007/s11418-019-01364-x
https://doi.org/10.5114/bta.2021.111107
https://doi.org/10.3390/beverages3040054
https://doi.org/10.3390/foods10122897
https://www.doi.org/10.3390/foods10081867
https://doi.org/10.1007/s44187-025-00778-9
https://doi.org/10.3390/ani12030245
https://www.doi.org/10.1111/jfbc.13743
https://doi.org/10.3390/foods12020368
https://doi.org/10.1002/leg3.70011
https://doi.org/10.1093/jaoac/92.1.61
https://doi.org/10.1016/j.foodchem.2023.137919
https://doi.org/10.29219/fnr.v62.1290
https://doi.org/10.3390/foods12051071
https://doi.org/10.1016/j.microc.2025.112779
https://doi.org/10.1016/j.focha.2022.100160

World Vet. J., 16(3): 808-817, 2026

potential  food  applications.  Critical Reviews in  Food Science and  Nutrition, 61(21):  3589-3615. DOI:
https://www.doi.org/10.1080/10408398.2020.1803199

Zhang Y, Yi S, Lu J, Pang X, Xu X, Lv J, and Zhang S (2021b). Effect of different heat treatments on the Maillard reaction products, volatile
compounds and glycation level of milk. International Dairy Journal, 123: 105182. DOI: https://www.doi.org/10.1016/j.idairyj.2021.105182

Zhang H, Wang M, and Xiao J (2022). Stability of polyphenols in food processing. Advances in Food and Nutrition Research, 102: 1-45. DOI:
https://www.doi.org/10.1016/bs.afnr.2022.04.006

Zhang W and Huang G (2024). Preparation, characteristics and antioxidant activity of mung bean peel polysaccharides. Scientific Reports, 14(1):
22161. DOI: https://www.doi.org/10.1038/s41598-024-73068-6

Zheng Z, Wang M, Li J, Li J, and Liu Y (2020). Comparative assessment of physicochemical and antioxidative properties of mung bean protein
hydrolysates. RSC Advances, 10: 2634-2645. DOI: https://www.doi.org/10.1039/c9ra06468k

Zulueta A, Esteve MJ, and Frigola A (2007). Carotenoids and color of fruit juice and milk beverage mixtures. Journal of Food Science, 72(9): C457-
C463. DOI: https://www.doi.org/10.1111/j.1750-3841.2007.00550.x

Zurek J, Rudy M, and Dziki D (2026). Consumer choices in the functional food market: A review of determinants of purchasing behavior. Foods,
15(8): 1319. DOI: https://www.doi.org/10.3390/foods15081319

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
2 adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and

the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article

are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the

article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain

permission directly from the copyright holder. To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2026

817


https://doi.org/10.1080/10408398.2020.1803199
https://www.doi.org/10.1016/j.idairyj.2021.105182
https://www.doi.org/10.1016/bs.afnr.2022.04.006
https://doi.org/10.1038/s41598-024-73068-6
https://www.doi.org/10.1039/c9ra06468k
https://www.doi.org/10.1111/j.1750-3841.2007.00550.x
https://doi.org/10.3390/foods15081319
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

