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Abstract.  This research aimed to optimize the growth of commercial yogurt starter cultures (Streptococcus 
thermophilus and Lactobacillus bulgaricus) on coconut milk before they were applied in the production of 
coconut yogurt, which is known as niyogurt or cocogurt. The research consists of three steps. Firstly, both 
microbes were grown on 100% cow’s milk and were analyzed for pH and total lactic acid bacteria (LAB) to 
examine the length of fermentation time. Secondly, both microbes were gradually grown on cow’s milk and 
coconut milk media, with samples ranging in combinations of the two kinds of milk from 100% milk to 100% 
coconut milk. Finally, the optimized starter cultures were then applied to niyogurt production. The results 
showed that the pH of the starter cultures obtained in 100% milk after 48 hours of fermentation was 4.41±0.04 
for Streptococcus thermophilus and 4.44±0.03 for Lactobacillus bulgaricus. Meanwhile, the total lactic acid 
bacteria counts were 8.62±3.03 log cfu/ml for Streptococcus thermophilus and 9.55±2.22 log cfu/ml for 
Lactobacillus bulgaricus. These results showed that both commercial starter cultures need long periods to reach 
the targeted pH and total lactic acid bacteria (LAB) suggesting that enrichment was needed before commercial 
starter cultures were used. Furthermore, after analyzing six samples of growth on different ratios of milk and 
coconut milk, it was seen that both starters could grow optimally on 100% coconut milk. The total LAB after 
24 hours of fermentation was 11.07 log cfu/ml with pH 4.05. Based on chemical and microbiological analyses, 
the characteristics of niyogurt have met Indonesia’s Standard for food consumption (SNI 2981:2009). The 
niyogurt consisted of 3.15% protein content, 8.3% fat content, 0.83% total acid, 0.76% mineral content, and 
11.48 log cfu/ml total LAB. 
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INTRODUCTION 
Fresh cow's milk is widely used as the main raw 
material for making yogurt. Unfortunately, 67% 
of milk consumed in Indonesia (1.5 billion) is 
still imported [1]. The amount of milk 
production in Aceh in 2019 decreased by 0.01 
tons from 53.55 tons in 2018 [2], which means 
that the sustainability of processed milk 
production in Aceh might decrease if the 
production of raw materials decreased. 

In addition, for low-income people, the price of 
fresh cow's milk is still relatively expensive. 
The high price of fresh cow's milk in Aceh 
Province (IDR 33,000 - 35,000 per litre) has 
resulted in the production of processed milk and 

the variety of its products in the province being 
underdeveloped because the price of the 
product has become more expensive. Based on 
estimated figures from the Ministry of 
Agriculture of the Republic of Indonesia in 
2020, Aceh produced 62,917 tons of coconuts 
and is ranked as the 16th largest coconut 
producer in Indonesia. However, the number of 
processed products that use coconut milk as an 
ingredient is still relatively low. Cow’s milk and 
coconut milk share various characteristics and 
properties which would allow coconut milk to 
be processed using the same methods as cow’s 
milk. Coconut milk contains sucrose, fructose, 
and glucose, which can be fermented by 
Streptococcus thermophilus and Lactobacillus 
bulgaricus which create organic acid 
compounds [3]. Therefore, coconut milk has the 
potential to be used as the main ingredient for 
making yogurt. Yogurt made from coconut milk 
is known as cocogurt or niyogurt [4]. 
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Niyogurt products are often consumed by 
vegans, which are people who eat foods that do 
not include any animal products or byproducts 
(including milk) [5]. Based on 2021 statistics, 
79 million people, or about 1% of the world’s 
population, are vegans. In Indonesia, based on 
data on the number of vegetarians registered 
with the Indonesia Vegetarian Society (IVS) in 
2020, around 160,000 people were identified as 
vegetarians [6]. In addition to being vegan and 
vegetarian, the consumption of niyogurt 
products can also improve the immune system 
because of their probiotic benefits [3] so it is 
highly recommended for consumption, 
especially during the Covid-19 pandemic. 

Several studies on the manufacture of niyogurt 
have been carried out previously [7,8]. 
However, the yogurt produced in these studies 
displayed a more liquid texture than yogurt 
normally is and the resulting pH has not reached 
SNI food consumption standards (pH of 3.7–
4.0). Good quality niyogurt can be made if the 
bacterial culture used has grown optimally on 
coconut milk media. Therefore, Streptococcus 
thermophilus and Lactobacillus bulgaricus 
used in this study were gradually optimized on 
milk media, a mixture of milk and coconut milk 
to coconut milk media. Later, these two bacteria 
were used as starter cultures for making the 
niyogurt. 

METHODOLOGY 
Preliminary research  

The purpose of the preliminary study was to 
determine the fermentation time required by 
Streptococcus thermophilus and Lactobacillus 
bulgaricus bacteria to reach pH 4.2–4.4 and 
3.5–3.8 on milk media. Milk was pasteurized 
using a water bath at a temperature of 80°C for 
30 minutes, calculated when the temperature 
was reached. The starter culture breeding 
process took place at a temperature of 43°C in 
an incubator. The pH value was analyzed for 
each culture produced and the time required was 
recorded. 

Starter cultures preparation 

In this step, the starter cultures were grown on 
various mixtures of cow’s milk and coconut 
milk media with different percentages of each. 
This research was conducted using a factorial 
Randomized Block Design (RBD) consisting of 
2 factors. The first factor is the ratio of the 
percentage of cow’s milk and coconut milk (K), 
of which there were 6 different ratios (100% 
cow’s milk and 0% coconut milk; 80%:20%; 
60%:40%; 40%:60%; 20%:80%; 0%:100%). 
The second factor is the starter bacteria (S), of 

which there were 2 types (Streptococcus 
thermophilus and Lactobacillus bulgaricus). 
Each starter bacteria was tested on each ratio of 
milks, meaning that there were 24 experimental 
units. 

Milk and coconut milk were put into a container 
and pasteurized using a water bath at 70°C for 
30 minutes. The coconut milk was extracted 
from grated coconut meat and water in a ratio of 
1:2 (w/v). The heating temperature was lowered 
to 45°C by immersing the container in ice water. 
Then, 150 mL of the pasteurized milk and 
coconut milk mixture was put into a plastic 
container and mixed with 2% of each starter. 
Fermentation was carried out in an incubator at 
a temperature of 43°C and the required 
incubation time was adjusted if the pH had 
reached 4.2–4.4 and 3.5–3.8 [9]. 

Application of starter cultures in the 
production of niyoghurt 

Coconut milk (500 ml) was put into a container, 
then skim milk and sugar were added according 
to the calculation results of non-fat solid 
standardization [10]. The coconut milk was 
pasteurized at a temperature of 85°C for 30 
minutes using a water bath. The pasteurized 
coconut milk was cooled by immersing it in ice 
water until the temperature reached 45°C. The 
coconut milk was put in 150 ml plastic 
containers and 2% starter LAB (Streptococcus 
thermophilus and Lactobacillus bulgaricus in a 
1:1 ratio) was added [9]. Incubation was carried 
out for 24 hours at 43°C in an incubator. 

Analysis of samples 

Coconut milk was analyzed chemically (water, 
mineral, protein, and fat contents). The fat 
content follows the standards from the SNI 01-
3141-1998 procedure, while another proximate 
analysis follows AOAC [11]. The starter 
cultures were analyzed for pH and total LAB. 
The niyoghurt was analyzed for microbiological 
(total LAB [12]), chemical (water, mineral, 
protein, and fat content as well as total acid 
[13]), and physical (viscosity [14]) 
characteristics. 

Analysis of data 

The data from the second step of this study, in 
which the cultures were grown on various 
combinations of cow’s milk and coconut milk, 
were analyzed using Analysis of Variance 
(ANOVA). If the results obtained had a 
significant difference between treatments, then 
further tests were carried out using Duncan's 
test (DMRT). Data from the results of the first 
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and third stages of the research are presented 
with standard deviation (SD).  

RESULTS AND DISCUSSION 
pH Optimization of Niyoghurt Culture 
Growth 

The pH value of the starter culture of 
Streptococcus thermophilus and Lactobacillus 
bulgaricus in 100% cow’s milk ranged from 
4.41 to 5.57, as seen in Table 1. According to 
[15], the optimal condition for the growth of 
Streptococcus thermophilus is at pH 6.5 and 
will stop growing at pH 4.2–4.4. Meanwhile, 
the optimum condition for the growth of 
Lactobacillus bulgaricus is at pH 5.5 and will 
stop at pH 3.5–3.8. As seen in the data in Table 
1, the starter cultures of Streptococcus 
thermophilus and Lactobacillus bulgaricus 
required a longer fermentation time to lower the 
pH value. The pH of the starter cultures 
obtained in 100% milk after 48 hours of 
fermentation was 4.41±0.04 for Streptococcus 
thermophilus and 4.44±0.03 for Lactobacillus 
bulgaricus. It was suspected that the starter 
culture used had been stored for a long time, 
causing a decrease in growth activity in the 
starter culture and the ability of the starter to 
produce acidic products. Therefore, in the 
starter cultures preparation, the fermentation 
time used was 48 hours. Each starter culture 
produced yogurt with a slightly runny texture, 
creamy color, sour taste, and a distinctive odor. 
As seen in Table 1, the pH value of the starter 
culture obtained ranged from 4.01 to 5.74. From 
Figure 1, the pH value was lower, at 4.04, in the 
experiment with the mixture of 20% coconut 
milk. In the mixture with 40% coconut milk, the 
pH showed a value of 4.62, higher than the 
previous mixture. However, with the use of 
60%, 80%, and 100% coconut milk, there was a 
decrease again with the average pH value 
obtained almost the same, respectively 4.23, 

4.01, and 4.05. This is presumably because the 
starter culture requires time to adapt to the 
growth medium. 

The main components of carbohydrates in 
coconut milk are sucrose and starch while the 
natural substrate for LAB is lactose [16]. To 
break down sucrose into fructose and glucose, 
LAB growth adaptation is needed to produce 
sucrase enzymes that can break down sucrose. 
According to the results of research by [17] in 
the manufacture of fermented coconut milk 
using Lactobacillus reuteri as a starter there was 
process hydrolysis of the sucrose content in 
coconut milk by the lactic acid bacteria (LAB) 
starter after the fermentation process for 48 
hours. The total sucrose content in coconut milk 
was 4.3-4.4 g/L, after fermentation it reached 
final values of 0.7 and 0.8 g/L. In accordance 
with the statement of [18], LAB requires 
adaptation time and energy to produce enzymes 
that can break down polysaccharides into 
monosaccharides such as glucose. The glucose 
formed will be used in lactic acid fermentation. 
According to [19], in early growth, LAB uses 
energy sources from monosaccharides until all 
monosaccharides are used up, then enzymes are 
synthesized to break down polysaccharides that 
will be used in the next growth phase. 

As seen in Figure 1, the DMRT0.05 further test 
results showed that the starter culture of 
Lactobacillus bulgaricus produced a lower pH 
value than the starter culture of Streptococcus 
thermophilus. This indicates that the starter 
culture of Lactobacillus bulgaricus is more 
active in producing lactic acid. According to 
[18], Lactobacillus bulgaricus will be more 
active at low pH so the amount of lactic acid 
produced will be higher. The level of lactic acid 
is influenced by the ability of LAB to form 
lactic acid which is determined by the type of 
starter, the number of starters used, and the state 
of the fermentation environment. 

Table 1. pH value in starter cultures of Streptococcus thermophilus and Lactobacillus bulgaricus 
in 100% milk 

Fermentation Time 
pH Values 

Streptococcus thermophilus (ST) Lactobacillus bulgaricus (LB) 
16 hours 5.5 ± 0.01 5.57 ± 0.1 
19 hours 5.53 ± 0.04 5.53 ± 0.08 

24 hours 5.32 ± 0.04 5.28 ± 0.08 

36 hours 4.57 ± 0.03 4.62 ± 0.04 
48 hours 4.41 ± 0.04 4.44 ± 0.03 

*Values (Mean±standard deviation, three replicates).  
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In the manufacture of starter cultures in this 
study, there were differences in the heating 
temperature and fermentation time used.  In 
Figure 1, the percentage ratio of 100% milk:0% 
coconut milk and 80% milk:20% coconut milk 
uses a heating temperature of 70°C and a 
fermentation time of 48 hours. While the 
percentage ratio of 60% milk:40% coconut milk 
to 0% milk:100% coconut milk uses a heating 
temperature of 85°C and a fermentation time of 
24 hours. The difference in heating temperature 
and fermentation time is caused by damage to 
the starter culture during the manufacturing 
process due to microbial contamination. This 
was presumably due to differences in conditions 
and the percentage of coconut milk used. Each 
starter culture produced has a liquid texture, a 
sweet and slightly sour taste, and a distinctive 
smell of coconut milk.  

According to the research results of [20] in the 
process of heating coconut milk using the short-

term temperature method to increase to 95oC 
there are microbes of 4.39 cfu/ml which 
indicated that there are bacteria that are resistant 
to the short-term temperature method. The 
population of bacteria in coconut milk has a 
higher resistance to heat than the population of 
yeasts and molds so the higher the heating 
temperature used, the less the population of 
yeasts, molds, and bacteria found in coconut 
milk. Therefore, the use of a temperature of 
85oC for 30 minutes in this study was more 
effective in reducing the number of 
microorganisms contained in coconut milk. 
Each starter culture produced has a liquid 
texture, a sweet and slightly sour taste, and a 
distinctive smell of coconut milk. Furthermore, 
the starter obtained was applied in the 
production of niyoghurt to see the quality 
characteristics produced in niyoghurt. 

a 

  
Figure 1. The effect of the ratio of the percentage of milk: coconut milk on the pH of the starter 

culture. The value followed by the same letter indicates a non-significant difference 
(coefficient of variation = 2.09%) 

 

 
Figure 2. Effect of starter type on the pH value of starter culture. The value followed by the same 

letter shows a non-significant difference (coefficient of variation = 2.09%) 
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Total Lactic Acid Bacteria (LAB) 

The results of a preliminary study on total LAB 
in 100% milk can be seen in Table 2. Based on 
Table 2, the Lactobacillus bulgaricus had more 
colonies than Streptococcus thermophilus. This 
shows that Lactobacillus bulgaricus had a 
higher growth activity. Also, the number of 
cultures produced by both Streptococcus 
thermophilus and Lactobacillus bulgaricus 
(Table 2) has met the requirements as a starter 
in making yogurt. According to [21], in making 
yogurt, a starter culture is needed with a number 
of LAB colonies of 106–1010 cfu/ml.  

Based on Figure 3, the total LAB obtained 
ranged from 8.58 to 11.07 log cfu/ml. Total 
LAB was lower in the percentage ratio of 60% 
milk:40% coconut milk. It is suspected that 
LAB has not been able to optimally utilize the 
components contained in its growth media. At a 
ratio of 60% milk:40% coconut milk, the 
lactose content of milk begins to decrease, 
thereby reducing the growth of LAB. LAB uses 
lactose as a carbon source and its metabolism 
product is lactic acid so the total amount of LAB 
during the fermentation process also changes. 
This is by the statement [22] that posits that 
during the fermentation process, lactose is 
converted by LAB into lactic acid meaning that 
the more lactose content is used to produce 
lactic acid, the more LAB activity will be. 

Niyogurt Characteristics  

The chemical and microbiological 
characteristics of the niyogurt produced were 
compared with previous studies and SNI 
2981:2009 (Table 3). However, the results of 
the chemical analysis of niyoghurt (fat and 
protein content) in this study were slightly 
different from the niyogurt produced in 
previous studies. The average fat content of the 
yogurt produced is higher than the results of 
previous studies. This is presumably because 
the LAB used has not been able to break down 
fat in niyogurt. 

According to [23], the acidic atmosphere in 
yogurt can affect the activity of fat-breaking 
enzymes, namely lipase. The higher the yogurt 
acid produced, the lower the activity of the fat-
breaking enzyme from lipase. According to 
[24], if the activity of lipolytic enzymes 
decreases in an acidic environment, then the 
changes in fat composition that occur will be 
low. This is supported by [25] which states that 
pH is one of the factors that can affect the 
structure and activity of the lipase enzyme. 

The protein content of coconut milk in this 
study was 3.85% which was slightly higher than 
the protein in fresh cow's milk, which was 3.5% 
[26]. According to [27], in addition to globulins 
and albumins, coconut milk also contains 
prolamins and glutenins. The decrease in 
protein content of niyogurt is due to the protein 
breakdown by LAB. Following the statement of 

Table 2. Total LAB in 100% milk  
LAB Total LAB (log cfu/ml) 

Streptococcus thermophilus (S1) 8.62 ± 3.03 
Lactobacillus bulgaricus (S2) 9.55 ± 2.22 

*Values (Mean±standard deviation, two replicates).  

 

 
Figure 3. The effect of the ratio of the percentage of milk: coconut milk on total LAB Niyoghurt. 

The value followed by the same letter shows a non-significant difference (coefficient 
of variation = 5.01%) 
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[28] that the decrease in protein in yogurt is due 
to the catabolic activity of LAB which breaks 
down protein into peptides. 

Additionally, the viscosity of the resulting 
niyogurt was different from previous studies 
(Table 3). This is due to the addition of a 
stabilizer (xanthan gum). According to [29], 
yogurt viscosity should show a characteristic of 
resistance to flow which provides strength to 
withstand the relative motion. Rohman and 
Maharani [30] stated that apart from the 
ingredients, the manufacturing process also 
affects the viscosity of yogurt. 

Based on SNI 2981:2009, the quality 
requirements of yogurt are having a thick and 
solid appearance, having a distinctive yogurt 
aroma, having a typical sour taste, and a 
homogeneous consistency. The yogurt 
produced has a sour and slightly sweet taste, a 
distinctive smell of coconut milk yogurt, a 
dense and thick texture, and is cream-colored. 
The appearance of the resulting niyogurt can be 
seen in Figure 4. 

CONCLUSION  

Optimization of Streptococcus thermophilus 
and Lactobacillus bulgaricus isolates on 
various milk and coconut milk media affected 
pH, growth of LAB starter culture, and quality 
characteristics of the yogurt produced. The ratio 
of the percentage of milk and coconut milk on 
affects the pH of the starter culture; the higher 
the concentration of coconut milk, the lower the 
resulting pH value, ranging from 4.01 to 5.74. 
Lactobacillus bulgaricus culture produced a 
lower pH (4.36) than the starter Streptococcus 
thermophilus (4.53). A comparison of the 
percentage of milk and coconut milk affected 
the total growth of LAB in the starter culture. 
The higher the proportion of coconut milk, the 
total LAB increased, ranging from 8.58 to 11.07 
log cfu/ml. The chemical and microbiological 
characteristics of the produced niyogurt 
complied with SNI. 

 

 

Table 3. Percentage of the chemical, physical, and microbiological composition of coconut milk, 
yogurt, and niyogurt 

Analysis Component Coconut 
Milk Niyogurt Yogurt 

(SNI) 

Yunita 
et.al 
[7]* 

Yunita 
et.al 
[9]** 

Yunita 
et.al 

[31] *** 
Chemical Water (%) 77.50 77.11 ± 0.27 - 81.37 80.28 74.45 

Protein (%) 3.85 3.15 ± 0.056 min 2.7 11.93 11.53 3.91 
Fat (%) 8.50 8.3 ± 0.1 min 3.0 1.13 1.1 1.19 
Mineral (%) 0.25 0.76 ± 0.26 max 1.0 - - 0.75 
Total acid (%) - 0.83 ± 0.13 0.5-2.0 0.91 0.08 - 

Physical  Viscosity (cp) - 224.57 ± 13.32 - - 4433 - 
Microbiological Total LAB  

(log cfu/ml) 
- 11.48 ± 0.01 min. 7 - 9 - 

*) Niyogurt with different ST: LB ratios and storage times 
**) Niyogurt with different types of stabilizers 
***) Niyogurt with the use of spices 

 

Figure 4. Niyoghurt produced in this study: before stirring (a) and after stirring (b) 
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