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Abstract: White rice bran flour is a potential functional ingredient due to its dietary fiber 
and antioxidant compounds. This study evaluated the effects of refrigerated storage on 
the viability of lactic acid bacteria (LAB) and antioxidant activity of goat milk yogurt 
fortified with white rice bran flour. Goat milk yogurt supplemented with 4% white rice 
bran flour was stored at 4°C for 0, 1, 2, 3, and 4 weeks using a completely randomized 
design with four replications. LAB viability was determined by the Total Plate Count 
method, while antioxidant activity was measured using the DPPH assay and expressed 
as IC₅₀ values. Data were analyzed using one-way ANOVA followed by Duncan’s test. 
Storage period significantly affected LAB viability and antioxidant activity (p < 0.05). 
LAB counts decreased from 2.57 × 10⁷ CFU/mL at week 0 to 4.90 × 10⁶ CFU/mL at week 
2, although a slight increase occurred at week 3. Antioxidant activity increased during 
storage, indicated by a decrease in IC₅₀ values from 226.85 to 64.98 μg/mL. Refrigerated 
storage reduced LAB viability but enhanced antioxidant activity. Storage for up to two 
weeks is recommended to maintain the functional quality of white rice bran-fortified goat 
milk yogurt. 
 
Keywords: Antioxidant activity; Goat milk yogurt; LAB viability; Refrigerated storage; 
White rice bran flour 

  
 

Introduction  
 

The increasing public awareness of healthy 
lifestyles has encouraged the development of functional 
foods that provide not only basic nutrition but also 
additional physiological benefits (Suciati & Safitri, 2021). 
Milk and fermented milk products are important 
sources of animal protein and are widely recognised for 
their nutritional value (Liston et al., 2024). In Indonesia, 
milk consumption has gradually increased in recent 
years, although it remains relatively low compared with 
several neighboring Southeast Asian countries. 
Therefore, diversification of dairy-based functional 
products is important to improve consumer acceptance 
and expand the utilization of local dairy resources. 

Peranakan Etawah (PE) goat milk is a promising 
dairy resource because of its favorable nutritional 
properties and potential health benefits. Goat milk 
contains smaller fat globules, higher proportions of 
short- and medium-chain fatty acids, and better 
digestibility than cow milk. It has also been reported to 
be more suitable for some individuals with cow milk 
intolerance and may contribute to digestive health, 
immune function, and metabolic regulation (Arief et al., 
2018, 2020; Pramono et al., 2024). However, despite these 
advantages, the wider utilisation of goat milk is still 
limited by its distinctive “goaty” flavour and aroma, 
which may reduce consumer preference and market 
acceptance (Anjarwati et al., 2022). This limitation 
provides a logical basis for processing goat milk into 
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more acceptable and value-added products, such as 
yogurt. 

Fermentation into yogurt is an effective strategy to 
improve the sensory acceptability, shelf life, and 
functional value of goat milk. Yogurt is produced 
through the metabolic activity of lactic acid bacteria 
(LAB), particularly Lactobacillus bulgaricus, 
Streptococcus thermophilus, and Lactobacillus 
acidophilus (Sampurno & Cahyanti, 2017). As a 
functional food, yogurt helps support immune function 
and promote gastrointestinal health (Maulidina et al., 
2026). Furthermore, yoghurt is well suited for 
individuals with lactase deficiency (lactose intolerance). 
During fermentation, lactic acid bacteria (LAB) 
hydrolyse lactose into glucose and galactose for 
subsequent metabolism, thereby reducing the lactose 
content of yoghurt by up to 40% (Sibuea & Siantar, 2022).  

During fermentation, LAB contributes to acid 
production, flavour development, and the formation of 
bioactive compounds, including peptides with 
antioxidant properties. Antioxidant activity has also 
been demonstrated in cell-free supernatants of LAB 
isolated from soygurt, indicating the potential 
contribution of LAB-associated extracellular products to 
radical-scavenging activity (Siahaan et al., 2023). The 
viability of LAB is a major quality indicator of yogurt 
because it is closely related to probiotic functionality and 
potential health benefits (Akan, 2022). However, LAB 
viability and antioxidant activity may change during 
refrigerated storage. Therefore, maintaining 
microbiological stability and functional activity during 
storage is an important challenge in the development of 
functional goat milk yogurt. 

The use of local plant ingredients to modify fiber 
content and antioxidant activity has been explored in 
other food systems, including analog rice formulated 
with moringa, purple sweet potato, and cassava flours 
(Chaniago et al., 2025). The antioxidant properties of 
yoghurt products can be enhanced by incorporating 
plant-derived ingredients containing bioactive 
compounds (Sinaga et al., 2023). In this context, rice bran 
has attracted attention as a potential fortifying 
ingredient in goat milk yogurt because it may influence 
physicochemical, organoleptic, and microbiological 
quality during storage (Haskito et al., 2023, 2024a). 

Rice bran is a major by-product of rice milling and 
is abundantly available in Indonesia, but its utilisation 
remains limited and is still largely directed toward 
animal feed. Rice bran contains phenolic acids, 
flavonoids, tocopherols, tocotrienols, γ-oryzanol, and 
phytic acid, which are associated with antioxidant 
activity (Faizah et al., 2020). Compounds such as 
flavonoids, saponins, and other phenolic constituents 
may confer health benefits by scavenging free radicals, 
thereby helping to prevent degenerative diseases. 

Antioxidants, including polyphenols such as flavonoids 
and other phenolic compounds, exhibit strong free 
radical-scavenging activity, which may contribute to a 
reduced risk of chronic diseases, including 
cardiovascular disease, cancer, and neurological 
disorders (Wijayanti et al., 2024). Compositional analysis 
has also identified soluble and insoluble dietary fiber 
and a range of amino acids in rice bran, supporting 
interest in its use as a nutritionally valuable ingredient 
(Nur et al., 2026). 

In addition, white rice bran contains dietary fiber 
components such as cellulose, hemicellulose, 
arabinoxylans, pectin, lignin, and β-glucan (Manzoor et 
al., 2023). These components may act as prebiotic 
substrates that support LAB growth and survival during 
fermentation and refrigerated storage. Thus, white rice 
bran flour has potential as a functional ingredient that 
may improve both the microbiological quality and 
antioxidant properties of goat milk yogurt. 

Several studies have examined the use of rice bran 
in functional food products. Anggraini & Widjanarko 
(2018) reported that rice bran extracts increased 
antioxidant activity, total phenol, and flavonoid content 
in a functional beverage. In goat milk yogurt, Jangnga et 
al. (2023) showed that the addition of red rice bran flour 
increased LAB populations and antioxidant activity 
during refrigerated storage. Haskito et al. (2024b) also 
reported that refrigerated storage affected the quality 
characteristics of goat milk yogurt supplemented with 
red rice bran flour. However, most available studies 
have focused on red rice bran or on general quality 
parameters, while information on the effect of white rice 
bran flour supplementation on LAB viability and 
antioxidant activity of goat milk yogurt during 
refrigerated storage remains limited. 

This research is important because white rice bran 
differs from red rice bran in its dietary fiber composition 
and bioactive pigment content, which may result in 
different effects on LAB viability and antioxidant 
activity during storage. In addition, the use of white rice 
bran flour may provide added value to an underutilised 
local agricultural by-product while supporting the 
development of functional goat milk yogurt with 
improved stability and health-related properties. 
Evaluating the changes in LAB viability and antioxidant 
activity during refrigerated storage is also essential 
because yogurt quality must be maintained not only 
immediately after production but also throughout the 
storage period. 

The novelty of this study lies in its specific 
evaluation of white rice bran flour as a functional 
fortificant in PE goat milk yogurt, with emphasis on two 
important functional quality indicators: LAB viability 
and antioxidant activity during refrigerated storage at 
4°C. Unlike previous studies that mainly examined red 
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rice bran supplementation, this study focuses on white 
rice bran flour and its potential role in maintaining 
microbiological stability and antioxidant capacity of 
goat milk yogurt during storage. Therefore, this study 
aimed to evaluate the effect of white rice bran flour 
supplementation on LAB viability and antioxidant 
activity of goat milk yogurt during refrigerated storage 
at 4°C. The findings are expected to provide scientific 
evidence for the application of white rice bran flour as a 
functional ingredient in goat milk yogurt and to support 
the development of value-added dairy products based 
on local resources. 
 

Method 
 
Materials 

The materials used in this study included fresh 
Peranakan Etawa (PE) goat milk, commercial yogurt 
starter culture (Yogourmet®, Canada) containing 
Lactobacillus bulgaricus, Lactobacillus acidophilus, and 
Streptococcus thermophilus, white rice bran flour, de Man 
Rogosa Sharpe Agar (MRSA), Buffered Peptone Water 
(BPW) 0.10%, ethanol (99%), DPPH (2,2-diphenyl-1-
picrylhydrazyl), distilled water, and pH buffer 
solutions. 
 
Preparation of Goat Milk Yogurt Fortified with White Rice 
Bran Flour 

A mother culture was prepared by pasteurizing 1 L 
of PE goat milk at 72°C for 15 s using the High-
Temperature Short-Time (HTST) method. After cooling 
to approximately 40°C, 3 g of Yogourmet® starter 
culture was added and incubated at 40°C for 4–5 h until 
active fermentation was achieved. For yogurt 
production, 800 mL of PE goat milk was pasteurized at 
72°C for 15 s and cooled to 45°C. Subsequently, 3% (v/v) 
mother culture and 4% (w/v) white rice bran flour was 
added and homogenized thoroughly. The mixture was 
incubated at 45°C for approximately 3 h until the pH 
reached 4.5. The resulting yogurt was aseptically 
transferred into sterile glass bottles (40 mL per bottle) 
and stored at 4°C according to the designated treatment 
groups. The formulation was adapted from previous 
studies on goat milk yogurt fortified with rice bran flour. 
 
Enumeration of Lactic Acid Bacteria 

Total LAB counts were determined using the Total 
Plate Count (TPC) method. One milliliter of yogurt 
sample was transferred into 9 mL of sterile BPW 0.1% 
and serially diluted up to 10⁻⁷. Aliquots (0.1 mL) from 
dilutions 10⁻⁵, 10⁻⁶, and 10⁻⁷ were spread onto MRSA 
plates in duplicate. The inoculated plates were 
incubated at 37°C for 24–48 h under aerobic conditions. 
Colonies ranging from 30 to 300 CFU per plate were 
counted and expressed as colony-forming units per 

milliliter (CFU/mL). LAB counts were calculated using 
the Standard Plate Count formula (Munthe et al., 2025): 

LAB Count (CFU/mL) =
ΣC

{(1 x n1) + (0.01 x n2) × d
 (1) 

where: 
ΣC = total colonies counted on all selected plates; 
n₁ = number of plates at the first selected dilution; 
n₂ = number of plates at the second selected dilution; 
d = dilution factor corresponding to the first selected 

dilution. 
 
Determination of Antioxidant Activity 

Antioxidant activity was determined using the 
DPPH radical scavenging assay. Yogurt samples were 
extracted by mixing 2.5 mL of yogurt with ethanol up to 
a final volume of 25 mL. The mixture was macerated for 
2 h and filtered. Different sample concentrations were 
prepared by diluting the filtrate to obtain volumes of 3.5, 
4.0, 4.5, and 5.0 mL. One milliliter of each dilution was 
mixed with 7 mL of ethanol and 2 mL of DPPH solution 
(0.2 mM). The mixture was vortexed and incubated at 
room temperature in the dark for 30 min. Absorbance 
was measured at 517 nm using a UV–Visible 
spectrophotometer. Radical scavenging activity was 
calculated using the following equation (Amaliah et al., 
2025): 

%Inhibition =
Acontrol − Asample

Acontrol

× 100 (2) 

where Acontrolis the absorbance of the control solution 
and Asampleis the absorbance of the tested sample. 

IC₅₀, defined as the sample concentration required 
to achieve 50% DPPH radical inhibition, was estimated 
from the linear regression of percentage inhibition 
against sample concentration (Lindawati et al., 2026). 
 
Statistical Analysis 

Data were expressed as mean ± standard deviation 
(SD). Normality and homogeneity of variance were 
evaluated prior to statistical analysis. Differences among 
storage periods were analyzed using one-way analysis 
of variance (ANOVA). When significant differences 
were detected (p<0.05), Duncan’s Multiple Range Test 
(DMRT) was performed as a post hoc analysis. All 
statistical analyses were conducted using IBM SPSS 
Statistics version 25. 
 

Results and Discussion 
 
Viable Lactic Acid Bacteria (LAB) Count 

Refrigerated storage significantly affected the viable 
lactic acid bacteria count in goat milk yoghurt fortified 
with white rice bran flour (p<0.05). The highest LAB 
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count was recorded at week 0, whereas lower counts 
were observed during storage, particularly at weeks 2 
and 4. The LAB count decreased from 2.57 × 10⁷ 
CFU/mL at week 0 to 4.90 × 10⁶ CFU/mL at week 2, 
increased again at week 3, and declined to 5.52 × 10⁶ 
CFU/mL at week 4.  From a microbiological perspective, 
yoghurt contains high concentrations of viable lactic 
acid bacteria (≥10⁶ CFU/mL), which may confer 
probiotic health benefits by helping maintain a balanced 
gut microbiota and supporting immune function. 
However, viable bacterial counts may fluctuate during 
storage depending on storage temperature and duration 
(Rahmiati et al., 2025). These findings indicate that LAB 
viability was not stable during refrigerated storage and 
tended to decline compared with the initial value. 
 
Table 1. Average viable Lactic Acid Bacteria (LAB) 
count of goat milk yogurt fortified with white rice bran 
flour during refrigerated storage 
Storage Period Average Viability of LAB ± SD (CFU/mL) 

Week 0 (2.57 ± 5.5) x 107 c 

Week 1 (1.35 ± 6.6) x 107 ab 

Week 2 (4.9 ± 3.14) x 106  a 

Week 3 (1.72 ± 7.9) x 107 b 

Week 4 (5.52 ± 2.1) x 106 a 

Note: Superscript letters a, b, and c indicate significant 
differences between treatment groups (p<0.05). 

 

 
Figure 1. Graphic of average viability of Lactic Acid Bacteria 

(LAB) 

 
The reduction in LAB viability during refrigerated 

storage is consistent with the natural growth cycle of 
lactic acid bacteria. During fermentation and subsequent 
storage, LAB continuously metabolize available 
substrates, resulting in nutrient depletion and 
accumulation of metabolic by-products, particularly 
lactic acid. As storage progresses, the acidic 
environment becomes less favorable for bacterial 
survival, leading to a gradual decline in viable cell 
numbers (Wu et al., 2025). The response to acidic 
conditions can vary among LAB isolates. Tsaaqifah et al. 
(2023) observed isolate-dependent reductions in viable 
counts under acidic conditions in LAB obtained from 

cocoa fermentation. Similar findings have been reported 
in previous studies evaluating probiotic yogurt during 
cold storage, where LAB populations decreased due to 
reduced nutrient availability and increasing acidity 
(Haskito et al., 2024b). 

The relatively high LAB count at week 0 may reflect 
bacterial proliferation during fermentation before 
refrigerated storage. Hozzein et al. (2023) demonstrated 
the growth of lactic acid bacteria during fermentation of 
rice milk supplemented with skim milk, with growth 
and acidification characteristics differing among the 
tested starter cultures. In addition, white rice bran flour 
may have contributed to bacterial growth by providing 
fermentable carbohydrates and dietary fiber that can 
serve as additional substrates for microbial metabolism. 
Prebiotic components contained in rice bran have been 
reported to support the growth and survival of probiotic 
bacteria during fermentation and storage (Ferronatto et 
al., 2021). 

The temporary increase in LAB count observed at 
week 3 differs from the general trend expected during 
yogurt storage. Previous studies have shown that LAB 
populations typically decline continuously with 
increasing storage time. This fluctuation may be 
attributed to residual nutrients that remained available 
for bacterial metabolism, allowing certain bacterial 
populations to continue growing despite refrigeration 
(Hasani et al., 2016). Another possible explanation is 
methodological variation during serial dilution, plating, 
or colony counting procedures, which may influence the 
estimated bacterial concentration. Therefore, the 
increase observed at week 3 should be interpreted 
cautiously. 

Despite the observed decline, LAB counts remained 
within the minimum range recommended for probiotic 
products. According to the Indonesian National 
Standard 2981:2009 about yogurt (BSNI, 2009), yogurt 
should contain at least 10⁷ CFU/mL LAB, while the 
Food and Agriculture Organization (FAO) (2002), 
recommends viable probiotic counts of approximately 
10⁶–10⁸ CFU/mL to provide health benefits. The results 
indicate that goat milk yogurt fortified with white rice 
bran flour was able to maintain an adequate population 
of beneficial bacteria throughout most of the storage 
period, thereby preserving its probiotic potential. 
Refrigerated storage at 4°C plays an important role in 
extending yogurt shelf life by slowing bacterial 
metabolism and fermentation activity. Low 
temperatures reduce enzymatic activity and microbial 
growth rates, thereby delaying the transition from the 
stationary phase to the death phase. However, 
prolonged storage still results in gradual quality 
deterioration, including reduced bacterial viability and 
changes in sensory properties such as increased acidity, 
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stronger fermented aroma, and thicker texture 
(Pangestu et al., 2021). 
Antioxidant Activity 

Storage duration also significantly affected the 
antioxidant activity of goat milk yogurt fortified with 
white rice bran flour (p<0.05). The IC₅₀ value decreased 
progressively from 226.85 μg/mL at week 0 to 64.98 
μg/mL at week 4. The IC₅₀ value represents the 
concentration of an antioxidant required to scavenge 
50% of free radicals. Percentage inhibition, meanwhile, 
measures the effectiveness of a compound in 
neutralizing free radicals or inhibiting oxidation 
(Istikomah et al., 2026). Since lower IC₅₀ values indicate 
stronger antioxidant activity, these results demonstrate 
that the antioxidant capacity of the yogurt increased 
during refrigerated storage. An increase in antioxidant 
activity during storage is not universal. Lavlinesia et al. 
(2023) reported decreased antioxidant activity and 
increased IC₅₀ values in purple yam flour during room-
temperature storage, contrasting with the trend 
observed in the present yogurt formulation. Hidayati et 
al. (2025)  also reported differences in pumpkin seed oil 
antioxidant activity with fruit storage duration; 
however, their findings concern fruit and seed 
maturation rather than refrigerated dairy fermentation. 
 
Table 2. Average antioxidant activity of goat milk 
yogurt fortified with white rice bran flour during 
refrigerated storage 
Storage Period Average Antioxidant Activity ± SD (IC50) 

Week 0 226.85 ± 7.76d 

Week 1 157.73 ± 9.75c 

Week 2 119.75 ± 5.98b 

Week 3 69.18 ± 4.96a 

Week 4 64.98 ± 4.72a 

Note: Superscript letters a, b, and c indicate significant 
differences between treatment groups (p<0.05). 

 

 
Figure 2. Graphic of average antioxidant activity 

 
The enhancement of antioxidant activity during 

storage can be attributed to biochemical changes 
occurring during fermentation. Goat milk contains 
several bioactive compounds, including vitamins C and 
E, flavonoids, and casein-derived peptides, which 

contribute to antioxidant activity. Among milk proteins, 
β-casein is particularly abundant in goat milk and serves 
as a precursor of bioactive peptides released through 
microbial proteolysis. As fermentation continues during 
storage, LAB proteolytic enzymes hydrolyze milk 
proteins into smaller peptides and amino acids, many of 
which exhibit antioxidant properties (Stobiecka et al., 
2022; Guha et al., 2021). 

White rice bran flour also plays an important role in 
improving antioxidant activity. Rice bran contains 
phenolic compounds, tocopherols, tocotrienols, and γ-
oryzanol, which are recognized as potent natural 
antioxidants (Faizah et al., 2020). During fermentation, 
cellulolytic and glycosidic enzymes produced by LAB 
partially degrade fiber components in rice bran. This 
process disrupts the covalent bonds between phenolic 
compounds and structural polysaccharides, thereby 
increasing the release and bioavailability of antioxidant 
compounds. Consequently, the concentration of free 
phenolic compounds increases during storage, resulting 
in stronger radical-scavenging activity (Le et al., 2019). 
The release of phenolic compounds may contribute to 
the observed increase in antioxidant activity, although 
this mechanism was not directly evaluated in the present 
study. Yendriani et al. (2026) reported a weak, non-
significant relationship between total phenolic content 
and IC₅₀ in saga seed extracts, indicating that total 
phenolic content alone may not explain antioxidant 
activity. 

The antioxidant classification based on IC₅₀ values 
indicates that the yogurt exhibited moderate antioxidant 
activity at week 0 and progressively improved to strong 
antioxidant activity by weeks 3 and 4. This finding 
suggests that continued fermentation during cold 
storage enhanced the formation and release of 
antioxidant compounds (Saritas et al., 2024). Similar 
observations have been reported in fermented dairy 
products supplemented with plant-derived ingredients, 
where prolonged storage promoted the accumulation of 
bioactive metabolites with antioxidant properties 
(Raikos et al., 2019). 

Although the strongest antioxidant activity was 
observed in week 4, the optimal storage period should 
not be determined solely based on antioxidant capacity. 
LAB viability and sensory quality must also be 
considered. Extended storage is associated with 
declining bacterial populations and undesirable sensory 
changes, including excessive acidity and increased 
viscosity. Therefore, from a practical and consumer 
acceptance perspective, yogurt stored for up to two 
weeks may represent the most appropriate balance 
between probiotic viability, antioxidant activity, and 
organoleptic quality. However, if antioxidant 
functionality is prioritized, storage up to three or four 
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weeks may provide greater antioxidant benefits (Zhang 
et al., 2023). 

The increase in antioxidant activity observed 
throughout storage demonstrates the synergistic 
interaction between goat milk components and white 
rice bran flour during fermentation. These findings 
highlight the potential of white rice bran as a functional 
ingredient for the development of probiotic dairy 
products with enhanced antioxidant properties and 
added nutritional value. Nevertheless, antioxidant 
activity measured in vitro should be complemented by 
safety assessment. Noviatri et al. (2023) reported 
increased hepatic malondialdehyde levels at the two 
higher tested doses and increased liver degeneration 
and focal necrosis scores at all tested doses in mice 
receiving yoghurt fortified with ethanolic roselle flower 
extract. Although the fortificant and experimental 
conditions differed from those of the present study, 
these findings highlight the importance of formulation-
specific safety evaluation. 
 

Conclusion 
 

Storage duration significantly influenced LAB 
viability and antioxidant activity of goat milk yogurt 
fortified with white rice bran flour. LAB viability 
showed an overall decreasing trend during refrigerated 
storage, whereas antioxidant activity increased as 
indicated by lower IC₅₀ values. The findings suggest that 
white rice bran flour can be utilized as a functional 
ingredient to enhance the probiotic and antioxidant 
properties of goat milk yogurt. Based on the combined 
evaluation of LAB viability and antioxidant activity, 
storage for up to two weeks is recommended to obtain 
optimal product quality and functionality. 
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