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Abstract. Wulansari PD, Rahayu N, Kusmayadi A, Kusuma RJ. 2025. Evaluation of the potential of starter culture from Indonesian 

kefir grains on the characteristics of fermented milk during storage. Biodiversitas 26: 2368-2374. This study aims to evaluate the 

physicochemical quality of fermented milk produced using starter cultures derived from Indonesian kefir grains that were subcultured in 

goat's milk. Cow's milk was used as the raw material. The starter cultures consisted of a single strain: Lactobacillus plantarum (Orla-

Jensen, 1919) Bergey et al., 1923 strains BP and DI, and Lactiplantibacillus plantarum A strain ES. Fermentation was carried out by 

inoculating the pasteurized milk with the cultures, followed by storage at 4°C for up to 20 days. The parameters observed during storage 

included pH value, total Lactic Acid Bacteria (LAB), Free Fatty Acid (FFA), acidity, and moisture content. The results showed that both 

the type of starter culture and the storage duration significantly affected all measured parameters. Lactobacillus plantarum strain DI 

produced fermented milk with the lowest pH value, and this value decreased over time. The total LAB count increased in samples 

inoculated with strain BP and DI but slightly decreased in strain ES during storage. FFA levels increased for all strains over time; acidity 

rose in samples with strains BP and DI but decreased in samples with strain ES; moisture content declined across all samples during 

storage. This study confirms that starter cultures derived from Indonesian kefir grains, when combined with appropriate storage 

conditions, significantly influence the physicochemical quality of fermented milk. 
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INTRODUCTION 

The consumption of fermented milk products has 

increased significantly worldwide, reflecting the growing 

public awareness of the health benefits and probiotic 

content of these products. Statistical data show that the 

global market for fermented milk products is projected to 

reach around USD 100 billion by 2027, with an estimated 

annual growth rate of between 6-8% (Tita et al. 2021). This 

increase in consumption of fermented milk is closely 

related to the various benefits offered by these products. 

Regular consumption of fermented milk products, such as 

yoghurt and kefir, can relieve the symptoms of lactose 

intolerance, making these products more accessible to 

individuals who are sensitive to lactose (Erkmen and 

Bozoglu 2016). Fermented milk products also contain 

Conjugated Linoleic Acid (CLA) and butyric acid, which 

show potential anti-cancer properties (Veiga et al. 2014; 

Lang et al. 2019). 

However, the control of the fermentation process 

remains a critical yet challenging aspect, influenced by 

factors such as temperature, pH levels, and inhibitory 

compounds that can significantly affect Lactic Acid 

Bacteria (LAB) activity during fermentation. The diversity 

of starter cultures is an important factor in determining the 

characteristics of fermented milk products. Although 

commercial starter cultures are widely used, they may not 

always provide the expected sensory or health benefits 

when compared to authentic traditional starters. The use of 

local Lactic Acid Bacteria (LAB) strains can improve 

fermentation efficiency and product quality, as well as 

display unique flavors that suit local consumer preferences 

(Utami et al. 2020; Li et al. 2022). Local starters have 

specific adaptations that can increase fermentation yields, 

improve functional properties, and contribute to better 

sensory attributes in the final product (Nikitina et al. 2022). 

Fermentation using local Lactobacillus starters can produce 

superior products in terms of titratable acidity and flavor 

profile, making them more suitable to local tastes 

(Adedayo and Abdulkareem 2024).  

This is supported by the widespread presence of 

Lactobacillus species, which were first isolated from milk 

and have since been identified in cow's milk and other 

dairy products (Taye et al. 2021), various fermented foods 

(Vasyliuk et al. 2014), fermented beverages (Susan et al. 

2020), as well as kefir grains (Zanirati et al. 2015; Yerlikaya 

2019; Plessas et al. 2020). Their ubiquity highlights their 

important role in fermentation processes across diverse 

dairy matrices. Milk, or milk-related products, especially 

fermented milk products, are a good source of probiotics 

and are GRAS (Generally Recognized as Safe). Kefir 

contains a symbiotic mixture of complex LAB and yeast 
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(Zanirati et al. 2015). The microbial diversity in grain kefir 

is influenced by several factors, including the origin of the 

microbiota, its maintenance, and storage conditions (Schwan 

et al. 2016). Milk is the main ingredient in grain kefir 

fermentation. The bacterial and yeast communities in grain 

kefir produced from two different types of milk show that 

the genus Lactobacillus is the most dominant bacterium in 

both samples. However, the bacterial diversity in goat milk 

grain kefir is higher (Sumarmono et al. 2023). 

However, studies specifically investigating the unique 

characteristics and potential of LAB isolated from 

Indonesian kefir grain remain limited. The isolates obtained 

by Wulansari et al. (2023), namely Lactobacillus plantarum 

(Orla-Jensen, 1919) Bergey et al. 1923 strains BP and DI, 

and Lactiplantibacillus plantarum A strain ES, represent 

indigenous starter cultures with promising probiotic 

properties adapted to local conditions. This highlights the 

importance of exploring Indonesian kefir grains as a 

valuable source of novel starter cultures that may offer 

distinct advantages in fermented milk production compared 

to internationally recognized species.  

MATERIALS AND METHODS 

Research material  

Fresh cow milk from Tasikmalaya City's As-Salam 

Agrobusiness Farming Group was used in this study. LAB 

derived from kefir grains subcultured with goat milk used 

in this study were Lactobacillus plantarum strains BP and 

DI, and Lactiplantibacillus plantarum strain ES, which 

were selected based on the previous research outcomes 

(Sumarmono et al. 2023; Wulansari et al. 2023). 

LAB purification  

The LAB purification process was meticulously carried 

out. One ose of bacterial culture was transferred into a test 

tube containing MRSB (Merck, Germany) medium that had 

been sterilized using an autoclave at 121°C with 15 psi 

pressure for 15 minutes. The LAB culture was then 

inoculated into MRSB medium and incubated at 37°C for 

12 hours (Oh et al. 2000). 

Procedure for the preparation of starter culture 

A total of 10% (v/v) of LAB inoculum was inoculated 

into 100 mL of 18% (b/v) skim milk (Lactona, PT. Mirota). 

This specific concentration of skim milk was chosen for its 

ability to support the growth of the LAB cultures. The 

mixture was then incubated at 37°C for 12-18 hours until 

curd formed. The skim milk was sterilized first at 110°C 

with 13 psi pressure for 10 minutes. The curd produced 

after incubation was called a mother starter. Mother starter 

is inoculated into sterile 18% (b/v) skim milk as much as 

10% (v/v), then incubated for 12-18 hours to produce bulk 

starter. The bulk starter is then inoculated into the milk to 

be fermented, or if it is not used immediately, it can be 

stored at 10°C until it is used (Ustunol et al. 2014). 

Fermentation of milk  

The fermentation process was conducted with utmost 

care and thoroughness. To achieve 18% total solids, skim 

milk powder was added to fresh milk and pasteurized for 

10 minutes at 85°C. Following chilling, a 10% (v/v) culture 

of Lactobacillus plantarum strain BP, a 10% (v/v) culture 

of Lactobacillus plantarum strain DI, and a 10% (v/v) 

culture of Lactiplantibacillus plantarum strain ES were 

injected into 1 liter of heat-treated milk. After eight hours 

of fermentation at 37°C, the products were kept at 4°C. The 

product was stored and tested at 0, 10, and 20 days of 

storage. 

Assessment of pH value  

The pH value was measured with a Hanna pH-meter 

with calibration in pH 7 and pH 4 buffers (Hanna 

Instruments, Romania). 

Total LAB  

The total LAB count in kefir products was carried out 

by the Total Plate Count (TPC) method. This method was 

chosen for its ability to provide a comprehensive count of 

all viable bacteria in the sample. The media used was 

MRSA (Merck, Germany) at as much as 68.2 g/L, and then 

ketoconazole (OGBdexa) was added as an anti-yeast. A 

NaCl solution was made using 0.85% NaCl. Dilution was 

done using 1 mL of sample put into 9 mL of NaCl solution. 

FFA analysis  

FFA analysis was done by putting 15 mL of the sample 

into a 250 mL Erlenmeyer tube. A neutralized ethanol 

solvent is added to the Erlenmeyer. The sample solution is 

then added with 1 mL of phenolphthalin indicator. The 

sample is titrated with 0.1 N NaOH until the color is pink 

and lasts 30 seconds (Sudarmadji and Haryono 1984). 

Acidity  

The acidity level was measured using the titration 

method with NaOH (Merck, Germany) and phenolphthalein 

as an indicator (Merck, Germany), and the results were 

expressed as the percentage of lactic acid. 

Water content analysis  

Water content analysis using the drying method 

(Thermogravimetric). Water content testing starts with 2 

mL of kefir sample put into a cup weighed in mass, then 

oven at 105°C for 18 hours. After the oven, the cup was put 

into a desiccator until the initial room temperature. 

Moisture content is calculated by the mass lost divided by 

the initial mass multiplied by 100% (AOAC 1995) 

Data analysis 

Multivariate analysis of variance was performed on the 

data, and using SPSS 16.0, Duncan's new multiple range 

test was used to check for differences (α = 0.05). Graphic 

production was carried out using GraphPad Prism v9 

(GraphPad Software, San Diego, California, USA). 
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RESULT AND DISCUSSION 

The main finding of this study is that the pH of 

fermented milk significantly decreases during storage. The 

data presented reflect the pH values of three strains, namely 

Lactobacillus plantarum strains BP and DI, and 

Lactiplantibacillus plantarum strain ES, at three storage 

time intervals: 0, 10, and 20 days. The results showed that 

the pH value of fermented milk tended to decrease with 

increasing storage duration, with the highest pH value 

recorded at 0 days (4.35 ± 0.05), which decreased to 3.68 ± 

0.5 at 20 days. Lactobacillus plantarum strain BP showed 

the highest pH value at all measurement times, followed by 

Lactiplantibacillus plantarum strain ES and Lactobacillus 

plantarum strain DI. Statistical analysis shows that the 

starter cultures used have significant differences (P<0.05) 

that affect changes in pH. In addition, the duration of 

storage also contributes significantly (P<0.05) to the 

decrease in pH, where the pH value at 20 days of storage is 

lower than at 0 and 10 days of storage. These pH changes 

over the storage periods of 0, 10, and 20 days are illustrated 

in Figure 1, with detailed data provided in Table S1.  

Figure 2 shows the variation in total LAB in fermented 

milk produced using various starter cultures during storage 

(Table 1). The total LAB, measured in log CFU/g, showed 

significant differences (P<0.05) based on the starter culture 

type and storage duration. In Lactobacillus plantarum 

strain BP, the initial number of LAB was recorded at 7.73 

± 0.24 log CFU/g and increased to 8.85 ± 0.04 log CFU/g 

after 20 days of storage. The ES strain of Lactiplantibacillus 

plantarum maintained a relatively constant number of 

LAB, with a total of 8.36 ± 0.2 log CFU/g after 10 days of 

storage and only a slight decrease to 7.87 ± 0.53 log CFU/g 

after 20 days of storage. Meanwhile, the DI strain of 

Lactobacillus plantarum increased from 8.11 ± 0.36 log 

CFU/g at the beginning of storage to 8.89 ± 0.03 log 

CFU/g at the end of the storage period. 

The FFA content in fermented milk produced using 

various starter cultures during the storage period is shown 

in Figure 3 and Table 1. The data obtained show a 

significant difference (P<0.05), which is influenced by the 

type of culture and duration of storage. All strains show an 

increase in FFA levels during the storage period. The BP 

strain of Lactobacillus plantarum increased FFA from 5.61 

± 0.02% on day 0 to 5.83 ± 0.03% on day 20. The ES strain 

of Lactiplantibacillus plantarum experienced an increase 

from 4.82 ± 0.03% at the beginning of storage to 5.33 ± 

0.03% at the end of the storage period. Meanwhile, the DI 

strain of Lactobacillus plantarum increased from 4.44 ± 

0.04% to 5.72 ± 003% during the same period. 
 

 

 

  
 

Figure 1. Changes in pH of fermented milk using different starter 

cultures during storage. Values are expressed as mean ± standard 

deviation (P<0.05) for triplicate analysis. a,b Different superscript 

indicated P<0.05 for the type of starter used; x, y, z Different 

superscript indicated P<0.05 for the storage duration  

 

 

 

 

  
 

Figure 2. LAB counts (log cfu/g) of fermented milk using 

different starter cultures during storage. Values are expressed as 

mean ± standard deviation (P<0.05) for triplicate analysis. a,b,c 

Different superscript indicated P<0.05 for the type of starter used; 
x, y, z Different superscript indicated P<0.05 for the storage 

duration 

  
 

Figure 3. Free fatty acids (%) of fermented milk using different 

starter cultures during storage. Values are expressed as mean ± 

standard deviation (P<0.05) for triplicate analysis. a,b,c Different 

superscript indicated P<0.05 for the type of starter used; x, y, z 

Different superscript indicated P<0.05 for the storage duration  



WULANSARI et al. – Starter culture from Indonesian kefir grains in fermented milk 

 

2371 

  
 

Figure 4. Acidity (%) of fermented milk using different starter 

cultures during storage. Values are expressed as mean ± standard 

deviation (P<0.05) for triplicate analysis. a,b,c Different superscript 

indicated P<0.05 for the type of starter used; x, y, z Different 

superscript indicated P<0.05 for the storage duration  

  
 

Figure 5. Water content (%) of fermented milk using different 

starter cultures during storage. Values are expressed as mean ± 

standard deviation (P<0.05) for triplicate analysis. a,b,c Different 

superscript indicated P<0.05 for the type of starter used; x, y, z 

Different superscript indicated P<0.05 for the storage duration  
 

 

 

Table 1. Physicochemical properties of fermented milk using different starter cultures during storage 

 

Starter Storage (days) pH 
LAB Log 

(CFU/g) 

Free fatty acid 

(%) 
Acidity (%) 

Water content 

(%) 

Lactobacillus 

plantarum strain 

BP  

0 4.53 ± 0.05ax 7.73 ± 0.24bx 5.61 ± 0.02ax 1.21 ± 0.26ay 83.01 ± 0.13cx 

10 3.88 ± 0.05ay 8.36 ± 0.11by 5.71 ± 0.02ay 1.78 ± 0.02ax 84.91 ± 0.32cy 
20 3.68 ± 0.5az 8.85 ± 0.04bz 5.83 ± 0.03az 1.85 ± 0.06ax 85.05 ± 0.12cz 

Lactiplantibacillus 

plantarum strain 

ES 

0 4.38 ± 0.05bx 8.36 ± 0.2cx 4.82 ± 0.03cx 1.07 ± 0.02by 84.48 ± 0.13ax 

10 4 ± 0by 7.92 ± 0.1cy 4.94 ± 0.02cy 1.64 ±0.03bx 85.03 ± 0.31ay 
20 3.88 ± 0.05bz 7.87 ± 0.53cz 5.33 ± 0.03cz 1.67 ± 0.03bx 85.27 ± 0.02az 

Lactobacillus 

plantarum strain 

DI 

0 4.38 ± 0.05bx 8.11 ± 0.36ax 4.44 ± 0.04bx 1.14 ± 0.03aby 83.64 ± 0.12bx 

10 4.03 ± 0.05by 8.57 ± 0.07ay 5.03 ± 0.03by 1.73 ± 0.02abx 84.88 ± 0.11by 
20 4.75 ±0.24bz 8.89 ± 0.03az 5.72 ± 0.03bz 1.77 ± 0.02abx 85.52 ± 0.25bz 

Note: Values are expressed as mean ± standard deviation (p<0.05) for triplicate analysis. Values are expressed as mean ± standard 

deviation (p < 0.05) for triplicate analysis. a,b,c Different superscript indicated P<0.05 for the type of starter used; p. q Different superscript 

indicated P<0.05 for the storage duration  

 

 

 

The data show that the type of starter culture and the 

duration of storage have a significant effect (P<0.05) on the 

acidity of fermented milk products (Figure 4, Table 1). The 

BP strain of Lactobacillus plantarum has an initial acidity 

level of 1.21 ± 0.26% at 0 days, which increases to 1.85 ± 

0.06% at 20 days. Lactiplantibacillus plantarum strain ES 

showed the same pattern, with an initial acidity of 1.78 ± 

0.02%, which decreased to 1.67 ± 0.03% at the end of the 

storage period. Meanwhile, the DI strain of Lactobacillus 

plantarum showed the highest acidity level, starting at 1.14 

± 0.03% on day 0 and increasing to 1.77 ± 0.02% on day 

20. 

The results of the analysis show that the type of starter 

culture and the duration of storage have a significant effect 

(P<0.05) on the stability of the moisture content of 

fermented milk (Figure 5; Table 1). On day 0, all starter 

cultures showed the highest water content. After 10 days of 

storage, fermented milk using Lactobacillus plantarum BP 

strain and Lactiplantibacillus plantarum ES strain starter 

cultures experienced a slight decrease in water content, 

while Lactobacillus plantarum DI strain remained stable. 

However, after 20 days of storage, fermented milk with 

Lactobacillus plantarum BP and DI strain starter cultures 

showed a more significant decrease. 

Discussion 

The results of this study showed that the type of starter 

culture and the duration of storage have a significant effect 

on the physicochemical characteristics of fermented milk 

products. These findings directly answer the research 

question posed in the introduction, namely, how the 

variation in starter culture and length of storage affect the 

quality of fermented milk. The studies collectively 

demonstrate that starter culture type and storage duration 

significantly influence the physicochemical, microbiological, 

and sensory properties of fermented milk products. Different 

starter combinations affect acidification, proteolysis, and 

lipolysis in yogurt-like products (Li et al. 2020). Storage 

time impacts texture, pH, and water-holding capacity 

(Ziarno et al. 2023). Local and commercial starters show 

similar viability during fermentation and cold storage (Pato 

et al. 2020). The addition of prebiotics like fructose and 

oligofructose can enhance bacterial populations and 

sensory qualities (Zielińska et al. 2021). Starter cultures 

improve microbiological quality and sensory characteristics 

in white cheese (Salih and Abdalla 2020). The type of milk 

used also affects the final product's properties (Septianti et 

al. 2020). Furthermore, different starter cultures influence 

the fatty acid profiles and rheological properties of 
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fermented goat milk products (Shunekeyeva 2021). These 

findings provide valuable insights for optimizing fermented 

milk product quality and shelf life. 

The data obtained distinct performance patterns among 

the starter cultures (strain BP, strain ES, and strain DI) with 

respect to the key parameters such as pH stability, total 

LAB counts, FFA levels, acidity, and moisture content 

during storage. Specifically, strain DI exhibited the lowest 

pH values, indicating higher acid production and better 

fermentation activity; strains BP and DI showed an 

increase in total LAB over time, suggesting robust bacterial 

growth; meanwhile, strain ES maintained relatively stable 

but lower LAB count. Additionally, FFA levels increased 

progressively in all strains but were most pronounced in 

samples fermented with strain DI. Acidity trends followed 

similar patterns, with strains BP and DI showing increased 

acidity during storage, while strain ES showed a slight 

decrease. Moisture content decreased gradually across all 

samples regardless of the starter culture used. This 

emphasizes the importance of choosing the right starter 

culture to ensure flavor development and microbiological 

stability (Ayivi and Ibrahim 2022). Flavor development, 

especially in the sensory aspects, including taste and aroma, 

is closely related to the composition and characteristics of 

the selected starter culture (Tian et al. 2017; Ayivi and 

Ibrahim 2022). 

Starter cultures play a crucial role in food fermentation, 

influencing flavor development, sensory properties, and 

microbiological stability (Vinicius De Melo Pereira et al. 

2020; Lee et al. 2024). The selection of appropriate starter 

cultures is essential for enhancing taste, aroma, and overall 

quality of fermented products (Zang et al. 2020; Dan et al. 

2022). Metabolite profiling and sensory analysis techniques 

can help assess the impact of starters on flavor perception 

(Lee et al. 2024). Microbial succession during fermentation 

contributes to the formation of various flavor compounds, 

with different microorganisms responsible for specific 

metabolic roles (Yang et al. 2021). The use of mixed-

species starter cultures can improve flavor profiles in 

fermented foods (Dan et al. 2022). Additionally, starter 

culture development for novel fermented foods requires 

integrating traditional knowledge with scientific approaches, 

considering safety, metabolic properties, and potential 

health benefits (Gänzle et al. 2024). Optimizing starter 

culture performance can lead to improved flavor formation 

and product quality (Akpi et al. 2020; Nugroho et al. 2021).  

In evaluating the research results, most of the findings 

aligned with our initial expectations; however, some 

outcomes deviated from predicted trends. For instance, the 

BP strains of Lactobacillus plantarum exhibited a higher 

FFA concentration compared to other strains. This increase 

may be attributed to enhanced enzymatic activities such as 

lipase production, that accelerate lipid hydrolysis during 

fermentation and storage. Such intensified metabolic 

processes can lead to greater release of FFA from milk fat 

components, thereby influencing both flavor development 

and physicochemical properties of fermented milk. 

Negative changes in several parameters with starter culture 

after 20 days of storage indicate that environmental factors 

and storage conditions have a significant role in product 

stability. In addition, the composition and type of starter 

culture used can also substantially affect the pH of the 

product, thus affecting storage stability. Cultures that 

produce higher levels of lactic acid tend to significantly 

lower the pH of the product, which in turn improves flavor 

safety and stability (Vogado et al. 2018). The pH value at 

the start of fermentation is another environmental factor 

affecting milk fermentation's stability. A lower pH value 

during fermentation can ensure a longer shelf life because 

acidic conditions can inhibit the growth of spoilage bacteria 

and pathogens (Vieira et al. 2015). Lactic Acid Bacteria 

(LAB) play a crucial role in milk fermentation, producing 

metabolites that enhance flavor, safety, and stability of 

dairy products (Rajta et al. 2023). LAB fermentation not 

only preserves milk but also enhances its nutritional value 

and potential health benefits (Gemechu 2015). The addition 

of specific probiotic strains, such as Lactobacillus 

plantarum, can further lower pH and increase lactic acid 

bacteria counts in fermented milk products (Mani-López et 

al. 2014; Melia et al. 2024). This finding indicates the need 

for stricter control of storage conditions to maintain 

product quality. 

The results of this study are consistent with previous 

research findings that show that starter cultures 

significantly affect milk quality. Various starter cultures 

can substantially affect the fatty acid profile in fermented 

milk products. The study noted that certain LABs can even 

synthesize folate during fermentation, increasing fermented 

milk's nutritional value (Czarnowska-Kujawska and Paszczyk 

2021). These findings show that the presence of starter 

cultures affects sensory properties and the functional 

benefits offered. The selection of different culture strains in 

this research was based on their unique advantages relevant 

to fermented milk production. Specifically, the Lactobacillus 

plantarum strains BP and DI, as well as Lactiplantibacillus 

plantarum strain ES, were chosen due to their proven 

probiotic potential and ability to enhance fermentation 

efficiency. These strains exhibit strong acidification activity, 

which contributes to desirable pH reduction and flavor 

development. Additionally, they demonstrate resilience 

during storage by maintaining viable cell counts and 

producing beneficial metabolites such as organic acids and 

free fatty acids that improve the sensory qualities and shelf 

life of fermented milk products. Therefore, utilizing these 

specific starter cultures offers both functional health 

benefits and improved product stability. Different culture 

strains can impact the texture and flavor profile of the 

product, so the selection of strains must consider the 

desired final characteristics of the product (Priyashantha et 

al. 2019). This finding is in line with the hypothesis that the 

production of exopolysaccharides (EPS) by certain strains 

can improve taste and viscosity in the mouth, leading to 

more attractive products to consume (Han et al. 2016; 

Asensio‐Vegas et al. 2018). In addition, culture starters 

contribute to the fermentation process and can improve the 

nutritional profile of dairy products by increasing the 

availability of essential nutrients and producing beneficial 

metabolites (Roopashri et al. 2023).  

Based on the results obtained, the hypothesis that starter 

culture and storage duration significantly influence the 
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acceptable quality of milk fermentation has been confirmed. 

This study demonstrates that Lactobacillus plantarum 

strain DI consistently exhibited superior performance 

across key parameters (e.g., lower pH, higher total LAB, 

lower FFA) throughout the 20-day storage period, 

indicating its suitability for producing high-quality 

fermented milk with extended shelf life. Therefore, we 

recommend strain DI as the optimal starter culture for this 

application. The findings highlight the critical importance 

of selecting appropriate starter cultures and implementing 

optimal storage management to achieve high-quality 

fermented milk products with enhanced stability and 

sensory attributes.  

ACKNOWLEDGEMENTS 

To the Directorate General of Higher Education, 

Indonesia which provided funds through the Regular 

Fundamental Research Scheme of 2024 (Grant No. 

0667/E5/AL.04/2024), the authors deeply appreciate this.  

REFERENCE 

Adedayo MR, Abdulkareem TO. 2024. Developing starter culture from 

lactic acid bacteria isolated from cow milk for the production of 

Nigerian “Nunu”. Afr J Agric Sci Food Res 15: 33-42. DOI: 

10.62154/2bj7mh10.  

Akpi UK, Nnamchi CI, Ugwuanyi JO. 2020. Development of starter 
culture for the production of African condiments and seasoning agents. 

Adv Microbiol 10 (12): 599-622. DOI: 10.4236/aim.2020.1012044.  

AOAC. 1995. Association of Official Analytical Chemists International. 
Association of Official Analytical Chemists Inc, Washington DC. 

Asensio‐Vegas C, Tiwari B, Gredilla AE, Bueno F, Delgado D, 

Martín‐Diana AB. 2018. Development of yoghurt from ovine milk 
with enhanced texture and flavour properties. Intl J Dairy Technol 71 

(1): 112-121. DOI: 10.1111/1471-0307.12341.  

Ayivi RD, Ibrahim SA. 2022. Lactic acid bacteria: An essential probiotic 
and starter culture for the production of yoghurt. Intl J Food Sci 

Technol 57 (11): 7008-7025. DOI: 10.1111/ijfs.16076.  

Czarnowska-Kujawska M, Paszczyk B. 2021. Changes in the folate 
content and fatty acid profile in fermented milk produced with 

different starter cultures during storage. Molecules 26 (19): 6063. 

DOI: 10.3390/molecules26196063.  
Dan T, Hu H, Li T, Dai A, He B, Wang Y. 2022. Screening of mixed-

species starter cultures for increasing flavour during fermentation of 

milk. Intl Dairy J 135:105473. DOI: 10.1016/j.idairyj.2022.105473.  
Erkmen O, Bozoglu T. 2016. Fermented Dairy Products. Food Microbiology: 

Principles into Practice. DOI: 10.1002/9781119237860.ch40. 

Gänzle MG, Monnin L, Zheng J, Zhang L, Coton M, Sicard D, Walter J. 
2023. Starter culture development and innovation for novel fermented 

foods. Annu Rev Food Sci Technol 15 (1): 211-239. DOI: 

10.1146/annurev-food-072023-034207.  
Gemechu T. 2015. Review on lactic acid bacteria function in milk 

fermentation and preservation. Afr J Food Sci 9 (4): 170-175. DOI: 

10.5897/AJFS2015.1276. 
Han X, Yang Z, Jing X, Yu P, Zhang Y, Yi H, Zhang L. 2016. 

Improvement of the texture of yogurt by use of exopolysaccharide 

producing lactic acid bacteria. Biomed Res Intl 2016: 7945675. DOI: 
10.1155/2016/7945675.  

Lang F, Wen J, Wu Z, Pan D, Zeng X, Cai Z, Guo Y, Liu X. 2019. 

Characterization of the Lactobacillus plantarum A3 with novel 
fermentation properties. DOI: 10.21203/rs.2.19186/v1.  

Lee M, Kim D, Hwang IM, Chang JY. 2024. Exploring flavor perception 
through metabolite profiling and sensory approaches during starter 

kimchi fermentation. Food Biosci 61: 104477. DOI: 

10.1016/j.fbio.2024.104477.  

Li H, Gao J, Chen W, Qian C, Wang Y, Wang J, Chen L. 2022. Lactic 

acid bacteria isolated from Kazakh traditional fermented milk 

products affect the fermentation characteristics and sensory qualities 
of yogurt. Food Sci Nutr 10 (5): 1451-1460. DOI: 10.1002/fsn3.2755.  

Li S, Tang S, He Q, Gong J, Hu J. 2020. Physicochemical, textural and 

volatile characteristics of fermented milk co-cultured with Streptococcus 
thermophilus, Bifidobacterium animalis or Lactobacillus plantarum. 

Intl J Food Sci Technol 55 (2): 461-474. DOI: 10.1111/ijfs.14279.  

Mani-López E, Palou E, López-Malo A. 2014. Probiotic viability and 
storage stability of yogurts and fermented milks prepared with several 

mixtures of lactic acid bacteria. J Dairy Sci 97 (5): 2578-2590. DOI: 

10.3168/jds.2013-7551.  
Melia S, Aritonang SN, Juliyarsi I, Setiawan RD, Supadil D. 2024. The 

effect of L. plantarum SN13T addition on pH, titratable acidity and 

total lactic acid bacteria in skim milk starters. IOP Conf Ser: Earth 
Environ Sci 1341: 012029. DOI: 10.1088/1755-1315/1341/1/012029. 

Nikitina E, Petrova T, Vafina A, Ezhkova A, Yahia MN, Kayumov A. 

2022. Textural and functional properties of skimmed and whole milk 
fermented by novel Lactiplantibacillus plantarum AG10 strain 

isolated from silage. Fermentation 8 (6): 290. DOI: 

10.3390/fermentation8060290.  
Nugroho ADW, Kleerebezem M, Bachmann H. 2021. Growth, dormancy 

and lysis: The complex relation of starter culture physiology and 

cheese flavour formation. Curr Opin Food Sci 39: 22-30. DOI: 
10.1016/j.cofs.2020.12.005.  

Oh S, Kim S, Worobo RW. 2000. Characterization and purification of a 

bacteriocin produced by a potential probiotic culture, Lactobacillus 
acidophilus 30SC. J Dairy Sci 83 (12): 2747-2752. DOI: 

10.3168/jds.S0022-0302(00)75169-1.  

Pato U, Johan VS, Raidinawan AR, Ginting AA, Jaswir I. 2020. Viability 
and quality of fermented milk made using local and commercial 

starters during fermentation and cold storage. J Agric Sci Technol 22 

(6): 1473-1485.  

Plessas S, Kiousi DE, Rathosi M, Alexopoulos A, Kourkoutas Y, 

Mantzourani I, Galanis A, Bezirtzoglou E. 2020. Isolation of a 

Lactobacillus paracasei strain with probiotic attributes from kefir 
grains. Biomedicines 8 (12): 594. DOI: 10.3390/biomedicines8120594.  

Priyashantha H, Quintáns AP, Baixauli R, Vidanarachchi JK. 2019. Type 
of starter culture influences on structural and sensorial properties of 

low protein fermented gels. J Texture Stud 50 (6): 482-492. DOI: 

10.1111/jtxs.12449.  
Rajta P, Bajaj A, Sharma S, Regassa H, Gudeta K. 2023. Bio-production 

of fermented dairy products and health benefits: A review of the 

current scenario and prospects. Intl J Agric Sci Technol 3 (2): 18-38. 
DOI: 10.22004/ag.econ.344704.  

Roopashri AN, Savitha J, Divyashree MS, Mamatha BS, Usha Rani KA, 

Kumar A. 2023. Indian traditional fermented foods: The role of lactic 
acid bacteria. IntechOpen. DOI: 10.5772/intechopen.110741. 

Salih HMA, Abdalla MOM. 2020. Effect of starter addition on the 

physicochemical, microbiological and sensory characteristics of 
pasteurized milk white cheese (Gibna bayda). Asian Food Sci J 15 

(4): 32-44. DOI: 10.9734/AFSJ/2020/v15i430159.  

Schwan RF, Magalhães-Guedes KT, Dias DRI. 2016. Milk kefir structure 
and microbiological and chemical composition. CRC Press Boca 

Raton. 

Septianti E, Dewayani W, Syamsuri R. 2020. The effect of starter 
combination and types of milk against physicochemical characteristics 

of cow milk yoghurt. Canrea J: Food Technol Nutr Culinary J: 104-

114. DOI: 10.20956/canrea.v3i2.333.  
Shunekeyeva AA. 2021. Influence of starter cultures’ type on the 

microbiological, rheological and sensory properties of ayran samples 

from goat’s milk. OnLine J Biol Sci 21: 154-160. DOI: 
10.3844/ojbsci.2021.154.160.  

Sudarmadji S, Haryono, Suhardi B. 1997. Prosedur Analisis untuk Bahan 

Makanan dan Pertanian (4 ed.). Liberty, Yogyakarta. [Indonesian] 
Sumarmono J, Kusuma RJ, Rahayu N, Sukarno AS, Wulansari PD. 2023. 

Metagenomic analysis of the microbial community in kefir grains 

from different milk sources. Biodiversitas 24: 5302-5308. DOI: 

10.13057/biodiv/d241011.  

Susan W, Stella K, Chaka B. 2020. Isolation and characterization of 

probiotic lactic acid producing bacteria in kenyan traditionally 
fermented milk. Open Access J Biogeneric Sci Res 6 (2): 1-6. DOI: 

10.46718/JBGSR.2020.06.000143.  

Taye Y, Degu T, Fesseha H, Mathewos M. 2021. Isolation and 
identification of lactic acid bacteria from cow milk and milk products. 

Sci World J 2021: 4697445. DOI: 10.1155/2021/4697445.  



 BIODIVERSITAS  26 (5): 2368-2374, May 2025 

 

2374 

Tian H, Shen Y, Yu H, He Y, Chen C. 2017. Effects of 4 probiotic strains 

in coculture with traditional starters on the flavor profile of yogurt. J 

Food Sci 82 (7): 1693-1701. DOI: 10.1111/1750-3841.13779.  
Tita MA, Constantinescu MA, Georgescu C, Popa O, Tita O, 

Tamošaitiene L, Bradauskiene V. 2021. Obtaining of a milk drink 

with mushrooms and bioactive compounds. Bulletin of the 
Transilvania University of Brasov. Series II: Forestry• Wood 

Industry• Agricultural Food Engineering, 157-172. DOI: 

10.31926/but.fwiafe.2021.14.63.2.15.  
Ustunol Z, Özer B, Akdemir-Evrendilek G. 2014. Dairy Starter Cultures. 

In Dairy Microbiology and Biochemistry: Recent Developments 

Taylor & Francis, Boca Raton. 
Utami T, Cindarbhumi A, Khuangga MC, Rahayu ES, Cahyanto MN, 

Nurfiyani S, Zulaichah E. 2020. Preparation of indigenous lactic acid 

bacteria starter cultures for large scale production of fermented milk. 
Digital Press Life Sci 2: 00010. DOI: 10.29037/digitalpress.22327.  

Vasyliuk OM, Kovalenko NK, Harmasheva IL. 2014. Physiological and 

biochemical properties of the Lactobacillus plantarum, isolated from 
traditional fermented products of Ukraine. Mikrobiol Z 76 (5): 2-8.  

Veiga P, Pons N, Agrawal A, Oozeer R, Guyonnet D, Brazeilles R, Faurie 

JM, van Hylckama Vlieg JE, Houghton LA, Whorwell PJ, Ehrlich 
SD, Kennedy SP. 2014. Changes of the human gut microbiome 

induced by a fermented milk product. Sci Rep 4: 6328. DOI: 

10.1038/srep06328.  
Vieira CP, Álvares TS, Gomes LS, Torres AG, Paschoalin VM, Conte-

Junior CA. 2015. Kefir grains change fatty acid profile of milk during 

fermentation and storage. PloS One 10 (10): e0139910. DOI: 
10.1371/journal.pone.0139910.  

Vinicius De Melo Pereira G, De Carvalho Neto DP, Junqueira ACDO, 

Karp SG, Letti LAJ, Magalhães Júnior AI, Soccol CR. 2020. A 
review of selection criteria for starter culture development in the food 

fermentation industry. Food Rev Intl 36 (2): 135-167. DOI: 

10.1080/87559129.2019.1630636.  

Vogado CO, Leandro EDS, Zandonadi RP, de Alencar ER, Ginani VC, 

Nakano EY, Habú S, Aguiar PA. 2018. Enrichment of probiotic 

fermented milk with green banana pulp: Characterization 
microbiological, physicochemical and sensory. Nutrients 10 (4): 427. 

DOI: 10.3390/nu10040427.  

Wulansari PD, Rahayu N, Kusuma RJ, Sukarno AS. 2023. Diversity of 
indigenous LAB from kefir grains cultured in goat milk based on 

phenotypic characteristics for probiotic candidates. Biodiversitas 24: 

6389-6395. DOI: 10.13057/biodiv/d241164.  
Yang Y, Wang ST, Lu ZM, Zhang XJ, Chai LJ, Shen CH, Shi JS, Xu ZH. 

2021. Metagenomics unveils microbial roles involved in metabolic 

network of flavor development in medium-temperature daqu starter. 
Food Res Intl 140: 110037. DOI: 10.1016/j.foodres.2020.110037.  

Yerlikaya O. 2019. Probiotic potential and biochemical and technological 

properties of Lactococcus lactis ssp. lactis strains isolated from raw 
milk and kefir grains. J Dairy Sci 102 (1): 124-134. DOI: 

10.3168/jds.2018-14983.  

Zang J, Xu Y, Xia W, Regenstein JM, Yu D, Yang F, Jiang Q. 2020. 
Correlations between microbiota succession and flavor formation 

during fermentation of Chinese low-salt fermented common carp 

(Cyprinus carpio L.) inoculated with mixed starter cultures. Food 
Microbiol 90: 103487. DOI: 10.1016/j.fm.2020.103487.  

Zanirati DF, Abatemarco M Jr, Sandes SHC, Nicoli JR, Nunes ÁC, 

Neumann E. 2015. Selection of lactic acid bacteria from Brazilian 
kefir grains for potential use as starter or probiotic cultures. Anaerobe 

32: 70-76. DOI: 10.1016/j.anaerobe.2014.12.007. 

Ziarno M, Zaręba D, Ścibisz I, Kozłowska M. 2023. Comprehensive 
studies on the stability of yogurt-type fermented soy beverages during 

refrigerated storage using dairy starter cultures. Front Microbiol 14: 

1230025. DOI: 10.3389/fmicb.2023.1230025.  
Zielińska D, Marciniak-Lukasiak K, Karbowiak M, Lukasiak P. 2021. 

Effects of fructose and oligofructose addition on milk fermentation 

using novel Lactobacillus cultures to obtain high-quality yogurt-like 

products. Molecules 26 (19): 5730. DOI: 10.3390/molecules26195730. 
 


