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ABSTRACT

Introduction: Stunting is a global issue affecting physical
and cognitive growth, influenced by low nutritional intake and
impaired gut health. With its high mineral bioavailability, qual-
ity protein, and easily digestible fatty acids, goat milk is suit-
able for malnourished children. Adding inulin to goat milk yo-
gurt has the potential to improve nutritional quality but
requires further research.

Objective: This study aims to advance a yogurt formula
based on goat’s milk by adding inulin as a functional food to
prevent stunting.

Methods: Goat milk is obtained from Etawa local farms.
Inulin powder is obtained through purchases in the market-
place from trusted regional brands. Yogurt is made by adding
inulin with different concentrations (FO: 0%, F1: 0.3%,
F2: 0.6%, F3: 1%). Organoleptic test or sensory testing was
carried out by 30 semi-trained panelists with 7 hedonic as-
sessment scales. All of the nutrients were analyzed and the
best formula was selected following the calculation of nutri-
ents and sensory test. Then the best formula was tested for
its LAB (Lactic Acid Bacteria) value.

Results: Yogurt with 1% inulin (F3) is a product with the
best sensory acceptance and the best nutritional composition.
There is a significant difference in taste from the results of sen-
sory evaluation between FO and F3 (p=0.004) and between FO
and F2 (p=0.045). The nutritional analysis is per 100 grams of
yogurt product. F3 yogurt product has a fat content of 1.36%,
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protein 3.48%, and carbohydrate 11.80%. Enriching yogurt
with inulin enhances its protein and carbohydrate content.
Formula F3 has a LAB content of 3.65 x 108 CFU/ml and a pH
of 4.11.

Conclusion: Goat milk yogurt with added inulin can im-
prove the taste quality while enriching the nutritional content,
especially in terms of protein and carbohydrates. Due to its
high protein content and probiotic benefits, this product has
the potential to be a functional food for preventing stunting in
children.
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INTRODUCTION

Stunting is a critical health issue, especially in developing
countries, including Indonesia. This condition is mentioned by
stunted linear growth so that children have a height below the
standard for their age!. Moreover, stunting not only affects
physical growth but also cognitive development, which ulti-
mately impacts individual productivity in the future?. The
main causes of stunting include inadequate nutritional intake
over a long period, repeated infections, and intestinal health
disorders that affect the effective absorption of nutrients3-6.

Research indicates that gut health plays a critical role in
preventing stunting. An imbalance in gut microbiota can re-
duce the bioavailability of nutrients and the body’s ability to
absorb essential nutrients”8. Functional foods that support
gut health while meeting macro and micronutrient needs are
a promising solution. Goat milk is one of the foods that has
great potential to support stunting prevention®.
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In Indonesia, goat farming has significant development,
both on a small and large scale. Goat milk production contin-
ues to increase along with increasing public awareness of the
health benefits of goat milk!%. However, consumption of goat
milk in Indonesia is still limited, generally only in the form of
fresh milk or powdered milk. The potential for diversifying
goat milk-based products remains untapped, making innova-
tions like goat milk-based yogurt highly relevant.

Goat milk is one of the functional foods because it contains
antioxidants!!. The protein content of goat milk (4.3%) is
higher than cow’s milk (3%)!2. Goat milk is known to have
higher mineral bioavailability than cow’s milk, such as cal-
cium, magnesium, and phosphorus, which are essential for
bone growth. In addition, goat milk contains high-quality
protein and short and medium-chain fatty acids that are
more easily digested, making it an ideal choice for children
with digestive problems or allergy risks (hypoallergenic)!3:14,
However, one of the main challenges of goat milk is its dis-
tinctive aroma and unpleasant taste, which often makes it
less appealing, particularly for children?®.

The process of fermenting goat milk into yogurt offers a so-
lution to overcome this challenge. Fermentation not only re-
duces the unpleasant taste but also enhances the probiotic
benefits of the final product. Probiotics help maintain a
healthy balance of gut microbiota, support digestive health,
and improve the absorption of essential nutrientst®,

Yogurt can be enriched in its functional value by adding
prebiotics, forming a functional food product known as synbi-
otics. Synbiotics provide health benefits to humans, such as
antimicrobial, anticancer, and antiallergic effects”. Symbiotic
yogurt is a yogurt product enriched with prebiotics!8.

Compounds that are classified as prebiotics and found in
food include inulin and trans-galactooligosaccharides?®.
Inulin, composed of fructose, is rich in dietary fiber. Inulin is
soluble in water, cannot be digested by human digestive en-
zymes, but can be fermented by microflora in the large intes-
tine or colon?. Inulin may increase the growth of probiotic
bacteria, improve digestive tract function, and improve the
nutritional quality of products, including their fiber and car-
bohydrate content?1-23,

Goat milk yogurt enriched with inulin has the potential to
serve as a functional food that not only supports gut health
but also helps prevent stunting. This product is made to ful-
fill children’s nutritional needs while enhancing the taste
and aroma of goat milk. This study aims to advance a goat
milk yogurt formula with added inulin, evaluate its sensory
characteristics and nutritional value, and identify the po-
tential of the product as an innovative solution in stunting
prevention. Following the innovation, it is hoped that func-
tional food products can be created that support efforts to
improve the nutritional status and health of children in
Indonesia.
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MATERIALS AND METHODS

The raw materials for making goat milk yogurt include goat
milk, inulin powder, a yogurt starter, and sugar. The goat milk
is sourced from local farms with Etawa crossbred goats. Inulin
powder is purchased from a trusted local brand through the
marketplace, and the yogurt starter used is Biokul.

Yogurt Making Process

The process of making yogurt with the addition of inulin was
modified from the methods used in the research by Minda
(2006) and Sudaryati (2016)2%25, The yogurt formula was de-
veloped at four different levels, namely FO, F1, F2, and F3. The
initial stage of yogurt production involved pasteurizing 200 mL
of milk in four separate containers at a temperature of 72°C to
eliminate any pathogenic bacteria that may be present in the
milk. While stirring, sugar and inulin are added according to the
specified treatment (FO (0% inulin), F1 (0.3% inulin), F2 (0.6%
inulin), and F3 (1% inulin). The calculation of the percentage
of inulin is from the total milk ingredients. So F1 is added as
much as 0.6 g of inulin, F2 is added as much as 1.2 g of inulin,
and F3 as much as 2 g of inulin. After being heated for 15 sec-
onds, the heat is turned off and cooled to a temperature of
40°C. Then, the milk is placed in a glass jar, followed by the ad-
dition of 5% (10 g) of yogurt starter in each formula.
Furthermore, the mixture is stirred until evenly distributed and
incubated for 6 hours at a temperature of 40°C.

Sensory Test

Sensory testing was conducted with 30 semi-trained pan-
elists. Sensory testing uses a scale of 1-7, from “Very Dislike”
to “Very Like”. The aspects assessed include the color, aroma,
taste, and texture of the product.

Nutrient Analysis Test

Nutrient analysis was conducted following standard proce-
dures. Protein content was analyzed using the Kjeldahl
method (AOAC 2012)%%, fat content using the Soxhlet method
(AOAC 2012)%, and carbohydrate content was determined
by-difference method (FAO 2003)%’. Moisture and ash content
were measured according to AOAC protocols.

pH and Total LAB Test

Measurements of pH were performed using a pH meter that
had been calibrated with pH 4 and 7 buffer solutions before
use. Total LAB (Lactic Acid Bacteria) tests were performed us-
ing the plate count method or TPC (Total Plate Count). The
calculation was done by counting the total number of LAB
that grew on MRS (Man Rogosa and Sharp) media.

Data analysis

The data from organoleptic tests, nutritional analysis, and
pH measurements were statistically analyzed using SPSS soft-
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ware. Statistical analysis began with testing data normality us-
ing the Shapiro-Wilk test. For normally distributed data, in-
cluding nutritional analysis results and pH measurements, a
one-way ANOVA was performed, followed by the Duncan test
for post hoc analysis to compare differences among the four
yogurt formulas (FO, F1, F2, and F3). Meanwhile, for non-nor-
mally distributed data, such as sensory evaluation (organolep-
tic tests), the Kruskal-Wallis test was used, followed by the
Mann-Whitney test for post hoc comparisons to determine sig-
nificant differences between the yogurt formulations.

This comparison aimed to identify the optimal yogurt for-
mula in terms of both sensory evaluation and nutritional value
while ensuring compliance with yogurt quality standards.

RESULTS
Sensory Test Results

The results of the sensory test of the product were assessed
based on the median value of each panelist’s assessment. The

Table 1. Median Score of Sensory Test Results

color assessment obtained the same score, namely a score of
6 for all formulas. For the aroma assessment, FO received a
lower score than other formulas. Likewise, with the assess-
ment of taste and texture, FO received the lowest score. It can
be seen in Table 1 that with the increasing addition of inulin,
the taste and texture assessment scores increased.

The Kruskal Wallis test in Table 1 was conducted to see if
there was a real or significant difference in the sensory assess-
ment of each formula. The results obtained were that for color,
aroma, and texture there was no significant difference in as-
sessment, but there was a significant difference in assessment
in the taste section (p=0.030). Post hoc analysis using the
Mann-Whitney test revealed a significant difference between FO
and F3 (p = 0.004) and between FO and F2 (p = 0.045).
Meanwhile, no significant differences were found between FO
and F1, F1 and F2, F1 and F3, or F2 and F3.

The results of the proximate test showed significant differ-
ences among the yogurt formulas, as presented in Table 2.

Treatment Level
Parameter Sig. *(p)
FO F1 F2 F3
Color 6.00 6.00 6.00 6.00 0.884
Aroma 5.50 6.00 6.00 6.00 0.744
Flavor 4,502 5.00 @ 5.50 b 5.75°b 0.030
Texture 5.00 5.25 5.25 5.50 0.583
Total 21.00 22.25 22.75 23.25

* Kruskal-Wallis test (significant at the 5% level), followed by the Mann-Whitney test for post hoc comparisons. Different letter notations (a, b) in-

dicate significant differences (p < 0.05).

Table 2. Results of Analysis of Nutrient Content/100 ml Yogurt Formula

Treatment Level
Testing Sig. *(p)
FO F1 F2 F3
Water (%) 82.36 82.41 82.42 82.28 0.080
Ash (%) 0.86 2 0.71° 0.90 @ 1.09 ¢ 0.006
Fat (%) 2.892 22270 1.70 ¢ 1.36 <0.001
Protein (%) 3.20° 3.26°2 3.34°b 3.48¢ 0.001
Carbohydrates (%) 10.54 @ 11.40° 11.64 ¢ 11.80 ¢ <0.001

* One Way ANOVA Test (Significant at 5% level), followed by the Duncan test for post hoc analysis. Different letter notations (a, b, ¢, d) indi-

cate significant differences.
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The highest water content was found in F2 (82.42%), while
the lowest was in F3 (82.28%). However, no significant dif-
ference was found among all formulas (p>0.05). Meanwhile,
significant differences in ash, protein, fat, and carbohydrate
content were found using one-way ANOVA (p<0.05), followed
by post hoc analysis with the Duncan test.

The ash content varied significantly between FO and F1, FO
and F3, F1 and F2, F1 and F3, and F2 and F3. However, no
significant difference was observed between FO and F2. The
lowest ash content was found in F1 (0.71%), while the high-
est was in F3 (1.08%). The fat content in each formula also
differed significantly based on post hoc analysis using the
Duncan test. The lowest fat content was found in F3 (1.36%),
while the highest was in FO (2.89%).

Significant differences were observed in protein content be-
tween FO and F2, FO and F3, F1 and F2, F1 and F3, and F2
and F3. However, no significant difference was found between
FO and F1. The highest protein content was in F3 (3.48%),
while the lowest was in FO (3.20%).

Similarly, significant differences were also observed in car-
bohydrate content between FO and F1, FO and F2, FO and F3,
F1 and F2, and F1 and F3. However, no significant difference
was found between F2 and F3. The highest carbohydrate
content was found in F3 (11.80%), while the lowest was in
FO (10.54%).

Yogurt with inulin was also tested to check if its acidity met
SNI standards. The results of the pH measurements are
shown in Table 3. The highest pH level results were in FO at
4.14 and the lowest in F2 at 4.07. There were no significant
differences (p> 0.05) in all formulas and all met the pH stan-
dards for yogurt products.

Table 3. Yoghurt Formula pH Levels

Treatment Level Results Sig. (p)*
FO 4.14
F1 4.13
0.059
F2 4.07
F3 4.11

*One-way ANOVA test (Significant at 5% level).

The best formula for this product is F3, which is obtained by
ranking the total median score of sensory tests and nutrient con-
tent tests. The total LAB test result in F3 is 3.65 x 108 CFU/ml.

DISCUSSION

Based on the assessment of sensory tests and nutritional
content, it was obtained that F3 (1% inulin) is the best for-
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mula. The best yogurt formula contains 1.36 g of fat per
100 product, 3.48 g of protein per 100 product, and 11.80 g
of carbohydrate per 100 g of product. The ash and protein
content of the best formula of this product has met the SNI
yogurt standard (2981:2009).

This product is a source of protein and has probiotic func-
tions. Goat milk that has been turned into yogurt will re-
duce the distinctive smell of goaty flavor that is pungent in
goat milk28,

Casein, the main protein in milk, forms clots caused by lac-
tic acid produced by the activity of Lactic Acid Bacteria (LAB).
Lactic acid can disrupt the stability of insoluble casein micelles
so that in the pH range of 4.6-4.7, casein coagulates and
forms a gel. This casein coagulation process affects the tex-
ture of the resulting set yogurt?.

The addition of inulin in the production of goat milk yogurt
improves the yogurt product both in terms of sensory quali-
ties and overall nutritional content. Based on the sensory
evaluation, F3, which had the highest amount of inulin, re-
ceived the highest total score.

In addition, inulin improves the texture of yogurt to be
thicker and more preferred by panelists. This is following
what was conveyed from various studies that the addition of
inulin can make the texture of set yogurt denser because in-
ulin has properties as a texturizer2*,

In terms of nutrient content, the increase in inulin concen-
tration up to 1% shows a significant increase in protein and
carbohydrate content. Inulin in yogurt plays a role in sup-
porting the growth of Lactic Acid Bacteria (LAB). The addition
of inulin as a prebiotic can increase the amount of LAB, which
contributes to increasing protein through more optimal fer-
mentation activity30. Meanwhile, the amount of carbohydrates
increases due to the addition of inulin, a natural polymer from
the carbohydrate group?*.

However, the fat content decreases with the addition of inulin.
Based on the results of the Kruskal Wallis test (p-value> 0.05)
there is a significant difference in the addition of inulin to the fat
of goat milk yogurt formula. Fat in milk is mainly in the form of
acyl glycerol as much as 96-98% of the total milk lipid. Acyl
glycerol in yogurt is hydrolyzed into glycerol and fatty acids by
yogurt starter and causes fermented milk to reduce milk fat con-
tent and increase fatty acid content?431,

In addition, this product has reached SNI standards in
terms of appearance, aroma, taste, and total LAB content.
The total LAB in the best formula in the development of this
product is 3.65 x 108 CFU / ml. This total LAB is in accordance
with SNI yogurt, where the minimum is 1 x 107 CFU / ml. The
high amount of LAB in a product indicates its potential as an
effective probiotic32.

Lactic Acid Bacteria are known to have various health ben-
efits, including improving digestive health, strengthening the
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immune system, and preventing the growth of pathogenic
bacteria in the intestines33. This also shows that bacteria
grow a lot due to the addition of inulin, inulin will be fer-
mented by lactic acid bacteria and then produce lactic acid
and short-chain fatty acids34.

This study shows that consuming one serving (100 g) of
goat milk yogurt with added inulin can meet 10% of the daily
protein needs for Indonesian children aged 1-3 years (20 g).
However, the energy, fat, and carbohydrate requirements
have not been fulfilled. Therefore, it is recommended to con-
sume 1 Y portions (125 g) of goat milk yogurt with added
inulin to reach the energy needs of snacks for children aged
1-3 years (10% of 1350 kcal).

CONCLUSION

This study concludes that increasing the inulin concentra-
tion in yogurt raises protein and carbohydrate levels but re-
duces fat content. In addition, the higher the concentration of
added inulin, the more it is preferred by the panelists from the
evaluation of the sensory test results. In this study, the con-
sumption of 100 g of inulin yogurt meets 17.4% of the daily
protein requirements for children aged 1-3 years. However, to
meet 10% of daily energy needs, it is recommended to con-
sume 125 grams.
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