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Abstract

Background: Protein is essential for tissue synthesis and immune regulation, with goat
milk known for its high protein quality. However, goat milk yogurt may lack a complete
essential amino acid profile, leading to fortification strategies for improved nutrition.
Objectives: This study aims to compare the amino acid composition and in vitro protein
quality between goat milk yogurt and goat milk yogurt enriched with mung bean extract.
Methods: Key protein quality indicators, including Total Sulfur Amino Acids (TSAA),
Total Aromatic Amino Acids (TArAA), Total Amino Acids (TAA), and Total Essential
Amino Acids (TEAA), were calculated. Ratios such as TEAA/TAA, cysteine/TSAA, and
leucine/isoleucine were determined. Protein quality was assessed with Predicted
Biological Value (P-BV), Predicted Protein Efficiency Ratio (P-PER), Chemical Score,
Amino Acid Score (AAS), and Essential Amino Acid Index (EAAI). Results: The amino
acid composition of both yogurt samples differed significantly (p<0.05). The addition of
mung bean extract increased certain amino acids, such as histidine, cystine, and glycine,
but reduced several essential amino acids, like lysine, leucine, and methionine. Mung
bean fortification increased TEAA from 14.89 g to 16.10 g, improved the TEAA/TAA ratio,
and enhanced protein quality indices, including P-PER and chemical score. Conclusions:
Mung bean extract significantly enhanced the essential amino acid content and protein
quality in goat milk yogurt.

Keywords: Essential amino acids, In Vitro protein quality, Goat milk yogurt, Mung bean
extract.

1. Introduction

Protein is a fundamental macronutrient essential for numerous physiological
processes, including tissue synthesis, enzyme production, and immune system
regulation. Adequate intake of high-quality protein is critical for growth, development,
and overall health, particularly among vulnerable populations such as children, the
elderly, and individuals with dietary restrictions or lactose intolerance'2. Globally, protein
insufficiency remains a public health concern, with deficiencies in essential amino acids
contributing to protein-energy malnutrition and suboptimal growth outcomes?. Dairy
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products, particularly goat milk and its derivatives, are widely recognized as high-quality
protein sources due to their favorable amino acid composition, bioactive compounds, and
high digestibility?. Goat milk differs from cow’s milk in its protein and fat matrix,
enhancing digestibility and tolerance, and making it a suitable dietary option for lactose-
intolerant populations>¢. Despite these benefits, conventional goat milk yogurt may not
provide a complete essential amino acid profile, underscoring the need for nutritional
optimization strategies’.

Enrichment of dairy products with plant-derived proteins has emerged as a
promising approach to enhance protein quality, leveraging complementary amino acid
profiles without compromising functional or sensory characteristics®. Mung bean (Vigna
radiata) is particularly suitable for this purpose due to its high protein content, balanced
amino acid composition, and associated bioactive compounds®!!. Prior studies have
demonstrated that mung bean extract can improve physicochemical and sensory
properties of goat milk yogurt while potentially enhancing overall protein quality'213.
Moreover, mung bean components contribute antioxidant activity, bioactive peptides,
and other health-promoting compounds, which further supports their use as a functional
fortifier in dairy matrices'¢'6. Together, these attributes indicate that mung bean extract is
a suitable enrichment for goat milk yogurt, providing an opportunity to study amino acid
complementation and functional improvements in vitro.

In vitro protein quality assessment is a key tool for evaluating plant-dairy
fortification, as it provides insights into digestibility, peptide release, and amino acid
availability under simulated gastrointestinal conditions?. The digestibility of mung bean
proteins is influenced by processing steps such as pre-boiling, which can affect amino acid
release and nutrient availability?'”. Studies of legume-enriched dairy products indicate that
plant proteins can modulate proteolysis, peptide formation, and amino acid supply,
providing a basis for anticipating differences between fortified and unfortified goat milk
yogurts'1s, Evaluating these outcomes using metrics such as chemical score, essential
amino acid index (EAAI), and predicted protein efficiency ratio (P-PER) enables a
comprehensive understanding of how fortification affects protein quality in vitro'2.

This study is guided by two core hypotheses: first, that the amino acid composition
of goat milk yogurt enriched with mung bean extract will differ from that of plain goat
milk yogurt due to additional amino acids and peptides provided by the extract; second,
that in vitro protein quality, reflected in digestibility and peptide release, will be improved
or maintained in the enriched yogurt owing to the complementary amino acid patterns
and digestibility of mung bean proteins. Prior research supports this expectation, showing
enhanced protein content, digestibility, and functional properties when yogurts are
fortified with legume proteins, including mung bean, without adversely affecting sensory
characteristics'2-14192, The unique protein and fatty acid composition of goat milk yogurt
provides an ideal platform to evaluate interactions with mung bean extract and to assess
whether enrichment can optimize protein quality while preserving organoleptic and
microbiological properties'.

Accordingly, the present study aims to compare two yogurt variants, plain goat milk
yogurt and goat milk yogurt enriched with mung bean extract, focusing on amino acid
composition and in vitro protein quality. Protein quality will be assessed using chemical
score, EAAI and predicted PER, providing a detailed evaluation of whether mung bean
extract fortification enhances essential amino acid content and digestibility. By integrating
amino acid profiling, digestibility, and in vitro protein quality measures with
considerations of functional and sensory characteristics, this research provides evidence
for the development of nutritionally enhanced dairy products and offers a framework for
optimizing plant-dairy fortification strategies in functional yogurt development.
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2. Materials and Methods

2.1 Study Design and Setting

This study employs a comparative experimental design to evaluate and compare the
protein quality of two types of yogurt: goat milk yogurt and goat milk yogurt enriched
with mung bean extract. Both yogurt variants will be produced and analyzed under
controlled laboratory conditions to ensure consistency and reliability of the results. The
study was conducted from May to July 2025. Yogurt production was carried out at the
Nutrition Laboratory of Universitas Negeri Medan, while amino acid analysis was
performed at Saraswanti Indo Genetech Laboratory in Bogor.

2.2 Sample Preparation

The mung beans were soaked in water for 9 hours at a 1:2 ratio, then ground with
water at a 1:3 ratio. The mixture was filtered using sterilized cloth and stored in an airtight
container to prevent contamination. For the yogurt production process, the glass container
underwent pasteurization for 15 minutes. The goat milk used in this study was obtained
from local dairy farms in North Sumatra, Indonesia, and was pasteurized to ensure safety
and consistency in the production process. The goat milk and mung bean extract were
combined in ratios of 100:0 and 85:15, with 10% sugar incorporated into each mixture. The
pasteurization was conducted at 70°C for 15 minutes. After the mixing and pasteurization
process, 7.5% of the total volume was inoculated with lactic acid bacteria (LAB) using a
yogurt starter culture (Biokul® plain yogurt, PT. Diamond Cold Storage, Indonesia),
which contains Lactobacillus acidophilus and Bifidobacterium species. The yogurt samples
were incubated for 4 hours, followed by fermentation for 24 hours at room temperature
in a closed container. Once fermentation was complete, the yogurt was stored in a
refrigerator to stop the fermentation process and preserve product quality’2. All
ingredients used in this study, except for the goat milk, were obtained from traditional
markets in North Sumatra, Indonesia, ensuring the use of locally available materials.

2.3 Amino Acids and Protein Quality Determination

The amino acid composition, except tryptophan, was analyzed using Ultra High
Performance Liquid Chromatography (UHPLC). A homogeneous sample weighing 0.1 g
was mixed with 5 mL of 6N hydrochloric acid in a sample tube. The mixture was vortexed
for 5 minutes, followed by hydrolysis at 110°C for 22 hours. After resting, the mixture was
transferred to a 50 mL volumetric flask, filtered using 0.45 um filter papers, and diluted
with aqua bidest. For analysis, 500 uL of filtrate, 40 uL of amino acid standard, and 460
LL of aqua bidest were added to a vial and mixed. The solution was then mixed with 40
1L AABA and 920 pL of aqua bidest. Next, 70 uL of AccQ Tag Ultra borate buffer, 10 mL
of sample extracts or standard amino acid, and 20 pL of AccQ Tag Ultra reagent were
added and mixed. After vortexing for 1 minute, the mixture was placed in a heating block
at 55°C for 10 minutes. Following the incubation, 1 puL of the sample or standard amino
acid was injected into the Waters Acquity UPLC System. All analyses were performed
using a Waters Acquity UPLC H-Class and H-Class Bio Amino Acid (AAA) system,
equipped with a PhotoDiode Array (PDA) detector. Data acquisition and management
were done using the Waters Empower™ software. The analysis used a C18 column (100
mm x 2.1 mm, 1.7 um particle size) and a gradient mobile phase consisting of 5% AccQ-
Tag Ultra Eluent A and AccQ-Tag Ultra Eluent B. The flow rate was set to 0.70 mL/min,
and the injection volume for both the samples and standards was 1.0 pL. The column
temperature was set to 49°C, with the peaks detected at 260 nm?2!.

The tryptophan content was analyzed wusing High-Performance Liquid
Chromatography (HPLC). A standard solution of tryptophan was prepared by dissolving
25 mg of L-tryptophan in 10 mL of distilled water. After sonicating for 15 minutes, the
solution was diluted to a final volume of 25 mL with distilled water. One milliliter of the
stock solution was further diluted with distilled water to make individual standard
solutions with eight different concentration levels. For the sample preparation, 0.1 g of the
sample was weighed into a sealed flask. To this, 10 mL of deaerated 4.2M NaOH was
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added, followed by 3 drops of 1-octanol, and the mixture was vortexed immediately. The
flask was then placed in an oven at 110°C for 20 hours. After cooling, the solution was
transferred into a 50 mL beaker, and the flask was rinsed with 1 mL of 0.2 M pH 4.25
sodium citrate buffer three times. The solution was neutralized using 3.5 mL of
hydrochloric acid and stirred vigorously. The pH was adjusted to 4.25 + 0.05, and the
solution was transferred into a 50 mL volumetric flask and made up to volume with
distilled water. After mixing thoroughly, the solution was poured into a centrifuge tube
and centrifuged at 1150 x g for 20 minutes. The supernatant was filtered through a glass
filter paper, followed by a 0.45 pm membrane filter (GHP). Finally, all standard and
sample solutions were injected into the HPLC system for analysis?..

To calculate the protein quality indicators such as Total Sulphuric Amino Acid
(TSAA), Total Aromatic Amino Acid (TArAA), Total Amino Acid (TAA), and Total
Essential Amino Acid (TEAA), the amino acid composition of the yogurt samples is first
determined. The individual amino acids in both samples are quantified, and their
concentrations are reported in milligrams per 100 grams of the sample. The TSAA is
obtained by summing the concentrations of sulfur-containing amino acids, specifically
methionine and cysteine. In the case of TArAA, it is calculated by adding the
concentrations of the aromatic amino acids, which include phenylalanine, tyrosine, and
tryptophan. TAA represents the total content of all amino acids present in the yogurt
sample, including both essential and non-essential amino acids, and is calculated by
adding the individual concentrations of all amino acids detected in the sample. TEAA, on
the other hand, refers to the total amount of essential amino acids, which are those that
the body cannot synthesize and must be obtained through the diet. The concentrations of
all essential amino acids, including lysine, leucine, valine, phenylalanine, threonine,
methionine, tryptophan, histidine, isoleucine, and tyrosine, are summed to obtain the
TEAA value2.

The percentage of Total Essential Amino Acid (TEAA) to Total Amino Acid (TAA)
ratio (%TEAA/TAA) is calculated by dividing the total amount of essential amino acids
(TEAA) by the total amount of amino acids (TAA), and then multiplying by 100 to express
the result as a percentage. This ratio reflects the proportion of essential amino acids in the
overall amino acid profile. Similarly, the percentage of cysteine to total sulfur amino acids
(%Cys/TSAA) is determined by dividing the total amount of cysteine (Cys) by the total
sulfur amino acids (TSAA), and then multiplying by 100. This ratio indicates the relative
abundance of cysteine within the pool of sulfur-containing amino acids, which includes
both cysteine and methionine. The %Leucine/Isoleucine ratio is calculated by comparing
the relative amounts of the branched-chain amino acids (BCAAs) leucine and isoleucine
in a protein sample. The ratio is determined by dividing the amount of leucine by the
amount of isoleucine, and the result was expressed as a percentage2.

The Predicted Biological Value (P-BV) is determined using the following regression
formula: P-BV = 10215 x g4 Lysine x q%® Phenylalanine+Tyrosine x q°7
Methionine+Lyssine x q2!4 Threonine x q°2 Tryptophan. Where, q = a1 sample /a1 reference fOr a1
sample < a1 reference Or q = at reference /a1 sample fO' A1 reference < @1 sample; a1 = mg of the amino acid
per g of total essential amino acid. The Predicted Protein Efficiency Ratio (P-PER) is
calculated using the following formula: P-PER = -0.468 + 0.454 (Leucine) - 0.105
(Tyrosine)?.22,

The Chemical Score was calculated by determining the ratio of the limiting essential
amino acid in the food protein relative to the essential amino acid content in whole cooked
egg protein. This calculation involves identifying the limiting essential amino acid in the
yogurt and comparing it to the amino acid profile of cooked egg protein (which is
considered a high-quality reference protein). The Amino Acid Score wass calculated by
comparing the amount of each amino acid in the test protein (goat milk yogurt and the
fortified yogurt) to the reference protein’s amino acid profile. This is applied to each
amino acid present in the samples. The EAAI (Essential Amino Acid Index) is the next



Jurnal Pangan Gizi dan Kesehatan 124 of 11

metric to be determined, using the formula, where aa = A/E ratio in the product, AA = A/E
ratio of 1-3 years old children requirement?2!,

EAal =" aa, aa, aa,,
= AAleAzx'"xAAn

2.4 Data Analysis

Data analysis was performed using an independent t-test to compare the means of
amino acids composition and protein quality between plain goat milk yogurt and goat
milk yogurt enriched with mung bean extract. A p-value less than 0.05 indicated a
statistically significant difference. Results are reported with mean and standard deviation.

3. Results
3.1. Amino Acids Composition

Table 1 presents the amino acid composition of goat milk yogurt and goat milk
yogurt enriched with mung bean extract. The enrichment significantly influenced the
amino acid profile of the product (p <0.05). In general, the addition of mung bean extract
resulted in lower concentrations of most essential amino acids compared to plain goat
milk yogurt, including lysine, leucine, phenylalanine, threonine, and methionine,
indicating a possible dilution effect or alteration in the protein matrix during fortification.
However, some amino acids such as tryptophan, histidine, cystine, alanine, arginine, and
glycine were found in significantly higher amounts in the fortified yogurt, reflecting the
amino acid contribution from mung bean proteins. Notably, histidine and cystine, which
were absent or minimal in the control yogurt, appeared in measurable concentrations after
fortification.

Table 1. Amino acids composition of goat milk yogurt and goat milk yogurt enrich with mungbean extract!.

Amino Acid Type Goat Milk Yogurt Goat Milk Yogurt + Mung Bean Extract
Lysine 155.74 +1.59a 125.66 + 0.22b
Leucine 117.84 £ 0.01a 113.54 £ 0.77v
Phenylalanine 86.51 + 0.642 50.14 + 0.30b
Valine 75.43 +0.472 82.30 +£0.17>
Isoleucine 57.72 £ 0.052 59.17 +0.35>
Threonine 62.39 + 0.462 51.47 +0.04>
Methionine 11.03 £ 0.022 9.92 +0.29>
Tryptophan 11.63 £ 0.01a 12.57 £ 0.01b
Tyrosine 51.26 +0.272 22.98 +0.02>
Histidine 0.00 £ 0.002 26.05 + 0.24>
Cystine 3.87 £0.052 6.18 +0.190
Glutamate 355.43 £0.132 311.35 £ 0.200
Aspartate 132.62 + 0.602 128.48 + 0.05P
Proline 150.34 + 0.282 119.33 £ 0.12b
Serine 74.89 £ 0.052 61.10 + 0.04>
Alanine 49.48 +0.202 53.63 +0.01b
Arginine 39.14 +0.012 41.00 +0.13b
Glycine 26.45+0.312 30.03 +0.01b

1Data are presented as mean + standard deviation. Different superscript letters within the same row
denote statistically significant differences at the 0.05 level.

Among nonessential amino acids, glutamate was the most abundant in both samples,
showing a significant difference. Aspartate and proline were also significantly higher in
goat milk yogurt. Serine and alanine were significantly lower than in the fortified yogurt.
The levels of arginine and glycine were also significantly higher in goat milk yogurt
enriched with mung bean extract. Overall, these results indicate that the incorporation of
mung bean extract modifies the amino acid composition of goat milk yogurt, providing
additional amino acids while maintaining a balanced profile that may enhance the
product’s nutritional diversity.
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3.2. Protein Quality

Table 2 presents the protein quality indicators of goat milk yogurt and goat milk
yogurt enriched with mung bean extract. The data show that the enrichment of goat milk
yogurt with mung bean extract caused notable changes in several protein quality
parameters. The total sulfur amino acids (TSAA) and total aromatic amino acids (TArAA)
were higher in goat milk yogurt compared with the fortified yogurt, indicating lower
concentrations of these amino acid groups after mung bean enrichment. Similarly, the
total amino acid (TAA) content slightly decreased from 43.33 in goat milk yogurt to 42.91
in the fortified sample. In contrast, the total essential amino acids (TEAA) increased from
14.89 in goat milk yogurt to 16.10 in the fortified yogurt. The ratio of essential amino acids
to total amino acids (%TEAA/TAA) also rose markedly from 25.96 to 38.41, reflecting a
higher proportion of essential amino acids in the total amino acid pool.

Table 2. Protein quality of goat milk yogurt and goat milk yogurt enrich with mungbean extract!.

Protein Quality Indicators Goat Milk Yogurt  Goat Milk Yogurt + Mung Bean Extract

Total Sulphuric Amino Acid (TSAA) 1461.75 + 1.242 1304.92 +2.79>
Total Aromatic Amino Acid (TarAA) 633.39 + 0.332 559.99 + 2.60°
Total Amino Acid (TAA) 43.33 +0.06° 4291 +0.11>
Total Essential Amino Acid (TEAA) 14.89 +0.082 16.10 + 0.48>
%TEAA/TAA 25.96 +0.232 38.41 +0.05>
%Cys/TSAA 137.76 + 0.372 73.12+0.32b
%Leucine/Isoleucine Ratio 103.17 + 143.022 96.96 + 134.412
Predicted Biological Value (P-BV) 4.78 +0.012 4.87 +0.04>
Predicted Protein Efficiency Ratio (P-PER) 26.89 +0.432 36.15 £ 0.790
Chemical Score 35.04 £ 0.182 (SAA)? 37.89 +1.14° (SAA)?
Amino Acid Score 55.16 +0.282 59.64 +1.79>
Essential Amino Acid Index (EAAI) 0.84 +0.022 0.90 + 0.01b

1Data are presented as mean + standard deviation. Different superscript letters within the same row
denote statistically significant differences at the 0.05 level.
2Sulphuric amino acid (SAA) as limiting essential amino acid

The ratio of cysteine to total sulfur amino acids (%Cys/TSAA) was higher in goat milk
yogurt than in the mung bean—fortified yogurt, while the leucine/isoleucine ratio showed
no significant difference between the two products. Regarding calculated indices of
protein quality, the predicted biological value (P-BV) increased slightly from 4.78 in goat
milk yogurt to 4.87 in the fortified yogurt. A more pronounced difference was observed
in the predicted protein efficiency ratio (P-PER), which increased from 26.89 to 36.15 after
mung bean enrichment. The chemical score also improved from 35.04 in goat milk yogurt
to 37.89 in the fortified variant, consistent with the increase in amino acid score. The
essential amino acid index (EAAI) followed the same pattern. Overall, these results
indicate that goat milk yogurt enriched with mung bean extract exhibited lower total
sulfur and aromatic amino acid contents but higher values in essential amino acid-related
parameters and calculated indices such as P-PER, chemical score, amino acid score, and
EAAL These differences collectively demonstrate measurable alterations in the protein
quality profile following mung bean extract enrichment, with several parameters showing
statistically significant differences at a = 0.05.

4. Discussion

Fortifying goat milk yogurt with mung bean extract produced a clear, statistically
significant shift (p < 0.05) in the amino-acid profile relative to the plain yogurt, indicating
compositional remodeling rather than minor fluctuation. This pattern is consistent with
reports that adding legume proteins to dairy matrices introduces a distinct plant-derived
amino-acid signature and, at the same time, can dilute amino acids that are
characteristically dense in milk proteins (e.g., lysine and certain branched-chain amino
acids)'. The present formulation choice follows earlier work demonstrating the technical
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feasibility of mung-bean—enriched goat yogurt and its measurable effects on
composition'2.

Across EAAs, lysine, leucine, phenylalanine, threonine, and methionine were lower
in the fortified product than in the plain yogurt. This directional change matches what is
expected when a legume protein, with a different indispensable amino-acid distribution,
is blended with dairy. The relative abundance of some milk-rich EAAs is reduced in the
composite matrix®. The sulfur amino acids (SAAs) provide a notable example. Legumes
typically supply less methionine (and variable cysteine) per unit protein than animal
sources; consequently, methionine decreased after fortification, a result aligned with
foundational descriptions of SAA biosynthesis and food distribution?. Classic
compositional surveys of legume seeds similarly document lower SAA density than in
dairy proteins, reinforcing the likelihood of a dilution effect for methionine in the blend?.
In contrast, valine and isoleucine were higher in the fortified yogurt, indicating that not
all EAAs move in the same direction and that mung bean can contribute materially to
specific BCAA pools depending on the preparation used?.

Fortification increased tryptophan and histidine and introduced measurable cystine
where it was negligible in the control. Mung bean ingredients are reported to contain
aromatic amino acids (including tryptophan) and imidazole-containing histidine, both of
which can appear at notable levels depending on cultivar and processing'*?. The rise in
cystine (the disulfide-linked dimer of cysteine) is also compatible with legume storage-
protein composition, where cysteine/cystine residues are present even when methionine
is relatively limiting. Together, these shifts illustrate that the plant signature does not
uniformly depress EAAs; instead, it redistributes them —lowering some dairy-dominant
EAAs (e.g., lysine, methionine) while elevating residues for which mung bean is a
comparatively stronger source (e.g., histidine, tryptophan, cystine)'.

For nonessential amino acids (NEAAs), glutamate remained the most abundant in
both products, followed by proline and aspartate, which is typical for fermented dairy
matrices. Nevertheless, glutamate and proline decreased with fortification, whereas
alanine, arginine, and glycine increased. Such divergence is consistent with legume—dairy
protein interactions and processing-driven proteolysis, which can shift the measurable
free-amino-acid pool during fermentation and ingredient integration?. Studies of mung-
bean sprouting, fermentation, and fractionation similarly show enrichment of alanine and
glycine and broader NEAA remodeling as proteins are modified and peptides released?-
. Mung bean reviews that catalogue bioactive peptides and small amino-acid-rich
fractions further support this influx of specific NEAAs into fortified foods®.

The SAA balance observed here, a drop in methionine with a rise in cystine, matches
the general legume pattern and highlights a key consideration when blending plant and
dairy proteins®'. From a protein-quality standpoint, such blends are routinely evaluated
through amino-acid complementarity and Digestible Indispensable Amino Acid Score
(DIAAS)-based frameworks, where strategic mixing can compensate for limiting amino
acids in one source with strengths in another. Although the composition data, rather than
digestible scores, are presented, the observed trend —where some dairy-rich essential
amino acids (EAAs) decreased and several mung bean-derived residues increased—
aligns exactly with the pattern described in complementarity models for pulse-containing
foods!!32,

Finally, the magnitude and direction of individual amino-acid shifts likely reflect not
only intrinsic compositional differences between goat milk and mung bean proteins but
also the processing history of the mung bean extract (e.g., sprouting or fermentation) and
the yogurt fermentation itself, both of which can modulate peptide release and free-
amino-acid levels''. The overall pattern observed is consistent with previous findings that
mung-bean enrichment alters the physicochemical characteristics and composition of goat
yogurt systems'?, as well as with broader evidence highlighting the variability of legume-
derived amino acids and their sensitivity to processing?.
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The analysis of protein quality in goat milk yogurt and goat milk yogurt enriched
with mung bean extract, shows notable differences in several protein quality indicators.
The data reveal significant changes in amino acid composition, protein efficiency ratios,
and biological value following the fortification with mung bean extract. These findings
align with the broader understanding that legume-based fortification can shift both the
amino acid composition and protein quality metrics in dairy matrices®.

The total sulfur amino acids (TSAA), which include methionine and cysteine, were
significantly higher in plain goat milk yogurt compared to the mung bean—fortified
yogurt. This difference suggests that the incorporation of mung bean extract, which is
generally lower in sulfur amino acids, dilutes the sulfur amino acid content in the final
product®. This is consistent with the literature, which highlights the limiting levels of
methionine and cysteine in legume proteins®, making it difficult for the fortified yogurt
to maintain the same TSAA levels as the unfortified product.

A similar trend was observed for total aromatic amino acids (TArAA), where plain
goat milk yogurt contained a higher amount than the fortified yogurt. This reduction
further reinforces the idea that legume fortification can alter the aromatic amino acid
profile, which may influence both nutritional quality and sensory properties®. Aromatic
amino acids, including phenylalanine, tyrosine, and tryptophan, are important for both
flavor development and metabolic processes, and their decrease upon fortification with
mung bean extract may impact these characteristics®.

While the total amino acid (TAA) content showed a slight decrease from 43.33 in
plain yogurt to 42.91 in the mung bean—fortified yogurt, total essential amino acids
(TEAA) significantly increased from 14.89 in the plain yogurt to 16.10 in the fortified
yogurt. This increase in TEAA is particularly relevant as it reflects a higher proportion of
essential amino acids (EAAs) in the total amino acid pool, which is a key indicator of
improved protein quality?. Essential amino acids, which cannot be synthesized by the
body, must be obtained from the diet, and their increased availability in the fortified
yogurt is a favorable outcome for nutritional optimization. The ratio of essential amino
acids to total amino acids (%TEAA/TAA) was notably higher in the mung bean—fortified
yogurt compared to the plain yogurt. This increase supports the hypothesis that mung
bean enrichment bolstered the proportion of essential amino acids in the yogurt matrix,
thus enhancing the nutritional quality of the product®.

The Predicted Biological Value (P-BV) increased slightly from 4.78 in goat milk
yogurt to 4.87 in the mung bean—fortified yogurt, which suggests that the protein quality
of the fortified yogurt may have been marginally improved. The Predicted Protein
Efficiency Ratio (P-PER) saw a more substantial rise, from 26.89 in plain yogurt to 36.15 in
the fortified yogurt. P-PER is an indicator of protein utilization efficiency, and the increase
in P-PER suggests that the protein in the mung bean—fortified yogurt is more efficiently
utilized by the body, likely due to the higher concentration of essential amino acids?.

The chemical score, which reflects the limiting amino acids in a protein source,
improved from 35.04 in the plain yogurt to 37.89 in the fortified yogurt. This increase
indicates that the fortification with mung bean extract enhanced the essential amino acid
profile, making it closer to the reference standard. Similarly, the amino acid score showed
an increase from 55.16 in goat milk yogurt to 59.64 in the mung bean—fortified yogurt,
further supporting the positive impact of the fortification on protein quality !. Finally, the
Essential Amino Acid Index (EAAI) was also higher in the mung bean—fortified yogurt
than in the plain yogurt. EAAI is an integrated measure of protein quality based on the
relative amounts of essential amino acids, and its increase reflects a more favorable
essential amino acid profile in the fortified yogurt, which contributes to improved protein
quality and overall nutritional value?.

Mung bean enrichment significantly altered the protein quality profile of goat milk
yogurt, with notable increases in the essential amino acids and improvements in various
protein quality indices such as P-PER, chemical score, and EAAL These changes indicate
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that mung bean fortification can be an effective strategy to improve the nutritional value
of dairy products, particularly by enhancing essential amino acid provision. However, the
reduction in total sulfur amino acids (TSAA) and aromatic amino acids (TArAA)
highlights the importance of balancing amino acid contributions when fortifying dairy
products with plant-based proteins.

5. Conclusions

Mung bean extract enrichment in goat milk yogurt significantly enhanced the
essential amino acid content and improved protein quality indices, including the
predicted protein efficiency ratio (P-PER) and chemical score. Despite reductions in sulfur
and aromatic amino acids, the fortification resulted in a more balanced amino acid profile,
offering nutritional benefits in terms of protein quality.
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