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Abstract 
Yoghurt was produced through the fermentation of bacteria Lactobacillus 
bulgaricus and Streptococcus thermophillus. In making yoghurt, various 
kinds of milk can be used such as: fresh milk, skim milk and full cream milk. 
The purpose of the study is to provide yoghurt in accordance with the right 
application of milk and yoghurt starter. The findings of research provide 
scientific information that useful for the technology development in the 
field of cow's milk processing industry. The study began with making starter, 
processing milk to be yoghurt and storing them in cold temperatures for 
four weeks. The study used a factorial Completely Randomized Design  with 
three replications. The first factor is the number of starter/Lactic Acid 
Bacteria (e1 = Lactobacillus bulgaricus and Streptococcus thermophillus; e2 
= combination of Lactobacillus bulgaricus, Streptococcus thermophillus, 
Bifidobacterium longum and Lactobacillus casei). The another factor is types 
of milk (s1 = fresh milk and s2 = skim milk). The parameter was discussed 
are physicochemical analysis including pH, protein, fat and lactose content. 
The results was showed the types of milk and the amount of starter used 
had a significant effect on fat content, protein content and lactose of the 
yoghurt produced did not match the pH value of yoghurt during storage at 4 
weeks. The pH value obtained from fresh milk ingredients with a 
combination of 4 starters, a good level of yoghurt protein is produced from 
fresh milk ingredients with a combination of 2 starters, good fat content 
obtained from skim milk ingredients with a combination of 2 starters and 
fresh milk with a combination of 4 starters, while good lactose content in a 
combination of 2 starters both in fresh milk and skim milk. 
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1. Introduction 

Milk is a high nutritional value foodstuff because it contain complete nutrients such as: 
lactose, fat, protein, various vitamins and minerals (1,2). In 100 ml of cow's milk as the basic 
ingredient of making yoghurt has nutritional composition in the form of: vitamin A 158 IU; 
vitamin D 2.0 IU; vitamin B6 0.036 mcg; calories 69 kcal; protein 3.3 g; fat 3.7 g; lactose 4.8 
g; calcium 125 mg; casein 2.8 grams; iron  0.10 mg and other minerals 0.72 g  (3,4). 

Cow milk more easily damaged than other livestock products then handling post- 
harvest milk must be precise and fast. The example of simple milk processing was boiled the 
milk and serve for drink. In recent years, diversification of dairy products is an effort 
improve value of dairy products. The one famous product from milk is yoghurt. Yoghurt is 
one of the simple processed milk products has long been developed around the world (5,6). 
The process of making yoghurt used various kinds of milk including: cow's milk, goat's milk, 
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condensed milk, cream milk and skim milk (7–9). Fresh milk from animal need more 
attention in their handling and storage (2,10,11). Beside milk from animal, nowadays 
yoghurt also be made from a mixture of skim milk with vegetable product such as soy milk 
(12) and coconut milk (13). 

Yoghurt is the result of fermentation of certain bacteria such as cheese (14–16). 
Actually yoghurt is a food derived from  milk as the result of curing milk in a form similar to 
porridge or ice cream with a slightly sour taste (17). In the beginning, yoghurt comes from 
the Turkish word jugurt means sour milk (13,18,19). Yoghurt has a higher nutritional value 
than fresh milk which is the basic ingredient in making yoghurt. The fermentation process 
caused increase in total solid and content of other nutrients in milk also increased. 
Commonly yoghurt contain more protein (6.30%), fat (6.73%), vitamin A (80 SI),  lactic acid, 
citric acid, pyruvic acid, formic acid, uric acid, butyric acid and oricic acid (20–22). 

Besides being highly nutritious, yoghurt is also easier to digest in the stomach when 
compared to cow's milk (23). Yoghurt is a good remedy for stomach and intestinal wounds, 
cholesterol levels in the blood also reduced by consuming yoghurt. The other benefit is 
preventing the occurrence of blood vessel blockage (artherosclerosis). Yoghurt is very 
suitable for consumption by patients with lactate deficiency in the body or lactose 
intolerance, where the body is unable to convert lactose into glucose and galactose. This 
disorder results in stomach pain and diarrhoea after consuming milk. By consuming yoghurt, 
the incident will not occur. Yoghurt has a higher protein content than cow's milk and is low 
in fat. This is very useful for people increasing healthy in diet (24,25). 

The quality of the resulting of fermented product such as yoghurt greatly influenced 
by several important factors such as: milk quality, storage time, incubation temperature and 
type of starter used (11,26–29). In general, fermentation of milk into yoghurt is formed by 
lactose fermentation into lactic acid due to the presence of lactic acid bacteria namely: 
Streptococcuss alivarius, S. thermophillus, Lactobacillus delbrueckii, L. bulgaricus, L. 
acidophilus, L. casei and L. bifidus. Bacteria such as L. bulgaricus and S. thermophillus are 
lactic acid bacteria  has ability convert lactose in milk to lactic acid then milk is more easily 
digested by the stomach (30,31). In similar study, El Bashiti (2010); Glusac et al. (2015) and 
Rahman et al., (2016) reported that process made of traditional yoghurt in the world wide 
commonly used starter from S. thermophillus and L. bulgaricus (18,32,33). 

Besides being made from fresh milk, yoghurt also be made from skim milk (non fat 
milk) dissolved in water in a certain ratio depending on the thickness of the desired product 
(34). Making yoghurt derived from skim milk is very easy and has more benefit. Skim milk 
contains all nutritional components except fat and some fat-soluble vitamins (35). According 
to Stanley (2008) reported that skim milk has ability reduce the risk of coronary heart 
disease because 1 litre of fresh milk contains fat by 132 mg, while skim milk only 16 mg (36). 
Skim milk is also a good source of protein, but has a low energy content because they only 
contains 55% of all milk energy. However, the research of Khusmiati et al., (2004) explain 
that the physical and chemical properties of fatty green tea yoghurt are better than skim 
green tea (37). In the similar research, Rachman et al. (2018) reported benefit of rosella 
mixed with yoghurt from cow and goat milk contain many nutrient and improving health (3).  

The variety types of milk and starters used in yoghurt processing is the basis for 
consideration of research on the effect of variations of starter on the quality of yoghurt 
produced. In the future, finding of research can be recommended in increasing the 
productivity of yoghurt processing. 
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2. Materials and Methods 

The fresh cow's milk used as an ingredient in making yoghurt comes from the cattle 
farm Frisian Holstein in Enrekang Regency, South Sulawesi. The study was conducted at the 
Post Harvest Laboratory of AIAT South Sulawesi in January to December 2016. 
 
2.1. Research Methods 
 
2.1.1. Preparing starter of yoghurt  

500 ml of fresh milk  put into two measuring cups, each containing 250 ml, then 
pasteurize at 60-65°C for 30 minutes. Next the measuring cup is removed and the 
temperature is lowered to 45°C. After the milk is cold then inoculated using starter bacteria 
as much as 3% of the volume of raw materials. Subsequently added with sufficient skim milk 
and stored in a room temperature of 25-27°C for 24 hours. 

 

2.2. Treatment Stage 

The making of yoghurt used four treatment groups respectively : 
Treatment I: 500 ml of pasteurized fresh milk then cooled to 40°C, added 10 ml of starter 
combination S. thermophillus and L. bulgaricus. 
Treatment II: dilute 25 g of non-fat milk (skim milk) using 500 ml of water then pasteurized 
and cooling to a temperature of 40°C. Added 10 ml of starter combination S. thermophillus 
and L. bulgaricus 
Treatment III: 500 ml of pasteurized fresh milk then cooled to 40°C, added 20 ml of starter 
combination Streptococcus thermophillus, Lactobacillus bulgaricus, Bifidobacterium longum 
and Lactobacillus casei. 
Treatment IV: dilute 25 g of non fat milk (skim milk) using 500 ml of water, pasteurize and 
cooling to 40°C, then added 20 ml of starter combination of S. thermophillus, L. bulgaricus, 
B. longum and L. casei. 

All treatments were stirred evenly until mixed  then incubated for 8 hours at room 
temperature. After the incubation is finished, put 63g  of sugar  then stored in a bottle 
container. Yoghurt  has been packaged immediately cooled in the refrigerator avoid 
continue of fermentation process.   

2.3. Storage 
The milk in process become yoghurt stored at cold temperatures and observed from 

the first week to the fourth week with an observation time interval of 7 days. 

2.4. Experimental design 
The research treatment used two starter combinations namely: (e1= combination of L. 

bulgaricus and S. thermophillus; e2 = combination of L. bulgaricus, S. thermophillus, B. 
longum and L. casei) with variations in milk (s1 = fresh milk and s2 = skim milk). The study 
used a Completely Randomized Design in factorial pattern with 3 replications. The yoghurt 
production then stored until 4 week at cold temperatures (4oC). During the four-week 
storage period the pH, crude protein, fat content and lactose content of the yoghurt were 
measured. The collected data is tabulated, analyzed with ANOVA analysis (Analysis of 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2020; 3 (2): 104-114 

 

107 

Variance). When the real F test is continued to the DMRT multiple test (Duncan Multiple 
Range Test). 

 

3. Results and Discussion  
 

3.1.  pH 
The pH measurement is carried out to determine the acidity level of the yoghurt 

during 4 week storage period. The measurement results showed that the treatment of 
starter on different types of milk did not have a significant effect on the pH of the yoghurt 
produced (Table 1). 

 
Table 1. Results of  Yoghurt pH During Storage 
Treatment Factor 
 of Starter Type  
(e) 

Milk Treatment 
Factor (s) 

pH 

0  
Week 

1  
week 

2  
Weeks 

3  
weeks 

4 
 weeks 

e1 (Combination  L. bulgaricus 
and S. thermophillus) 

s1 (fresh milk) 4.03 gh 5.33 b 4.97cd 4.97 cd 4.53 f 
s2 (skim milk) 3.83 h 4.87 d 4.97 cd 4.90 cd 4.57 ef 

e2  (Combination  L. bulgaricus, 
S. thermophillus, B. longum  
and  L. casei) 

s1 (fresh milk) 4.17 g 4.97 cd 5.13 bc 4.93 cd 4.17 g 
s2 (skim milk) 4.23 g 4.77 def 5.6 a 4.80 de 4.53 f 

The numbers followed by the same letters in the same column are not significantly different in Duncan's 
multiple range test α = 0.05 

 

Table 1 was showed the pH values obtained during storage have increased until 2 
week and decreased until 4 week. The highest pH value obtained in yoghurt from skim milk 
with a combination 4 starters in the periods 2 week was 5.6. The lowest pH was found in 
yoghurt from skim milk used combination of 2 starters at the initial observation of 3.83. At 
the periods 4 week, the pH produced was not significantly different between the treatment 
using 2 starters and 4 starters on fresh or skim milk. The resulting pH value is still within the 
yoghurt standard pH limit. The resulting of pH range is between 4.17 to 4.57 where the 
highest pH is obtained from the combination treatment of 2 starters in skim milk. According 
to Jay et al. (2005) and Kim et al. (2008) the normal pH standard for yoghurt ranges from 3.8 
- 4.8 (38,39). The amount of pH strongly influenced by temperature, incubation time and 
the number of starters as ingredients used for fermentation by lactic acid bacteria thus 
accelerating the decrease in pH. However, Lahtinen et al. (2005) reported that the bacteria 
possible to be dormant because temperature and environment condition in fermentation 
process (40).  

The increase in the pH value of yoghurt caused by decreased activity of Lactic Acid 
Bacteria (LAB) then total acid also decreases. According to Oktavia et al. (2015) and Rukmi 
et al. (2015) who reported that during storage, acid production decreased with the decrease 
in BAL activity in breaking down lactose into lactic acid which was marked by the decreasing 
amount of LAB still alive (41). This causes the pH of yoghurt to increase. The decrease in the 
acidity of yoghurt affect the presence of volatile organic compounds/volatile acids which are 
lost during anaerobic fermentation. 

LAB activity will affect the acidity of yoghurt because the metabolite product used is 
lactic acid. LAB can grow optimally at environmental pH 4.0 - 5.0 and experience a 
significant decrease at pH <4 (38,42). The low pH of bacterial growth media is an important 
factor  inhibit the survival of lactic acid bacteria (40,43). The results of Oktavia et al., (2015) 
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showed that  storage of black mulberry yoghurt during distribution and marketing caused 
the increasing acidity of yoghurt (41). In contrast, Suriasih et al., (2014); Wulansari and 
Kusmayadi (2016) reported that yoghurt from blended cow and goat milk had higher 
nutrient content and easy digest than their milk (7,24). In another way, cow milk yoghurt 
adding different fruit increasing their benefit. This is useful information about  benefit from 
fermented food inreasing health of consumers. 

 
3.2. Fat Content 
The results of the fat content analysis showed the types of milk used and the variation of 
the starter used has influence on the yoghurt produced (Table 2). 
 
Table 2. Results of Yoghurt Fat Levels During Storage 

 
Treatment Factor of Starter Type (e) 

Milk Treatment 
Factor (S) 

0  
week 
(%) 

4  
weeks 

(%) 

e1 (Combination  L. bulgaricus  and  S. thermophillus s1 (fresh milk) 2.75 a 1.44 b 

s2 (skim milk) 0.13 e 0.04 f 
e2  (Combination  L. bulgaricus, S. thermophillus, B. 
longum and  L.  casei) 

s1 (fresh milk) 0.48 d 0.60 c 
s2 (skim milk) 0.09 ef 0.08 ef 

The numbers followed by the same letters in the same column are not significantly different in Duncan's 

multiple range test α = 0.05 

 

The result of fat content determine since 1992 in Indonesian National Standard for 
yoghurt quality with  maximum of 3.8%. The results of statistical analysis showed that the 
types of milk and composition of starter significantly affected the fat content of yoghurt 
produced. The highest fat content in the 4 week was obtained from the combination 
treatment of 2 starters in fresh milk by 1.44% while the lowest fat content by 0.04% from 
the combination of 2 starters in skim milk. The fat content of yoghurt depends on the 
original fat content from milk as their ingredients.  

Yoghurt fat content during storage decreased in each treatment except for the 
combination treatment of 4 starters in fresh milk increased from 0.48% to 0.60%. In fresh 
milk yoghurt with a combination of 2 starters the initial fat content of 2.75% decreased to 
1.44%,  yoghurt from skim milk with  combination of 2 starters initially 0.13% decreased to 
0.04%. While skim yoghurt with a combination of 4 starters from 0.09% decreased to 0.08%. 
The fat content of yoghurt using skim milk is lower when compared to fresh milk because 
skim milk has very lower fat when compared to fresh milk. Based on the results of Sunarlim 
and Setiyanto research (2001), it showed that yoghurt made from pure milk has a higher fat 
content, which is around 5.25%, which is statistically significant compared to 2% fat milk, 
obtained by yoghurt with 2.23% fat content and 1.03% for skim milk (non fat)(44). 

A decrease in fat for all yoghurt produced during storage because during fermentation 
the fat contained in milk turns into simple compounds. Yusmarini et al., (1998) and (Hafsah 
and Astrina, 2012) stated that during fermentation, fat will be hydrolyzed into simple 
compounds. Good quality yoghurt contain lower fat content than the basic ingredient in this 
case is cow's milk (45,46). 

 
3.3. Protein content 

Protein is useful for increasing the nutritional value and sources of nitrogen that  used 
by BAL for its growth in fermented products. This protein will be used for the formation of 
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bacterial cells (47). The results of testing yoghurt protein levels during storage was 
presented in Table 3. 

 
Table 3. Result of Protein Yoghurt During Storage  

 

Treatment Factor of Starter Type (E) 

Milk Treatment Factor 

(S) 

0  

week 

4  

weeks 

e1 (Combination L. bulgaricus and S. 

thermophillus 

s1 (fresh milk) 3.05 a 3.01 b 

s2 (skim milk) 1.49  e 1.47 f 

e2  (Combination L. bulgaricus, S. thermophillus, 

B. longum and L. casei) 

s1 (fresh milk) 2.68 c 2.66 d 

s2 (skim milk) 1.16 h 1.39 g 

The numbers followed by the same letters in the same column are not significantly different in Duncan's 
multiple range test α = 0.05 
 

The results of the statistical analysis showed that the types of milk and combine of 
starter significantly affected the yoghurt protein levels. Table 3 was showed that protein 
content of each treatment decreased except in the combination of 4 starters in skim milk 
which initially 1.16% increased to 1.39%. The highest protein content at the 4 week of 
storage was obtained from the treatment using a combination of 2 starters in fresh milk by 
3.01% from the results obtained from fresh milk samples with a treatment of 2 starter 
combinations. The results of this study are included in the Indonesian National Standard 
(SNI) 2981: 2009 for the quality of yoghurt with minimum protein requirement of 2.7%. 

Yoghurt protein content was determined by the quality of fresh milk as the important 
material of manufacture. The quality of milk protein depend on nutrition maintenance of 
the cattle. Also the high content of protein of the cow milk resulting the better quality of the 
yoghurt production (25,48,49). According to Farida (2008) and Abe et al. (2009b) suggested 
that more microbes contained in yoghurt, the higher  protein content because most of the 
constituent components of microbes are proteins (50,51). However, in terms of 
fermentation, the best fermenting milk come from bacteria L. bulgaricus and S. 
thermophillus. Castro et al. (1997); Dilli et al. (2010); Yilmaz-Ersan and Kurdal (2014) 
reported that beside as fermentation bacteria, L. bulgaricus and S. thermophillus has ability 
against pathogen and very susceptible in freeze condition (52–54).  The finding showed the 
best result of the average protein produced in the addition of both L. bulgaricus and S. 
thermophillus is higher than the combination of L. bulgaricus, S. thermophillus, B. longum 
and L. casei. Abe et al. (2009a) reported that Bifidobacterium effective used as single starter 
in the powder form (55).  

Decreased protein content due to lactic acid fermentation caused by microorganisms 
that active in fermentation. They are showed the differences in protein content that is the 
basic ingredient, types of starter used and the process of making them, especially the level 
of thickening of milk causing differences in the quality of yoghurt (46,56). Based on the 
research results of Hafsah and Astrina (2012), the average protein content with the addition 
of S. thermophillus starter was 2.87%, the addition of L. bulgaricus starter was 0.0017% and 
the addition of combination starter was 2.18%. The low level of protein compared to SNI 
BBPOM is suspected because the milk used in making yoghurt also contain low protein 
which is 2.48% and because of the susceptibility factor for a rather long sampling time 
before the starter process is made up to the stage of fermentation of cow's milk into 
yoghurt. 
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3.4. Lactose levels 
Lactose is one component of milk that will be fermented by BAL in the process of 

making yoghurt (Rukmana, 2001 and Legowo, 2002). Lactose levels yoghurt from fresh milk 
and skim milk with a combination of several starters was presented in Table 4. 

 
Table 4. Result of Lactose Levels of Yoghurt During Storage  
 
Treatment Factor of Starter Type (E) 

Milk Treatment 
Factor (S) 

0  
week (%) 

4  
weeks (%) 

e1 (Combination L. bulgaricus and S. 
thermophillus 

s1 (fresh milk) 3.47 a 3.09 d 
s2 (skim milk) 2.47 f 2.33 g 

e2  (Combination L. bulgaricus, S. thermophillus, 
B. longum  dan L. casei) 

s1 (fresh milk) 3.28 b 3.11 c 
s2 (skim milk) 2.58 e 2.48 f 

The numbers followed by the same letters in the same column are not significantly different in Duncan's 
multiple range test α = 0.05 

 
Data analysis in Table 4 was showed there a significant influence on the type of milk 

and starter used on lactose content in the yoghurt produced. Lactose levels in each 
treatment decreased at 4 weeks. The lactose level of fresh milk with combination of 2 
starters at 0 weeks, in the beginning 3.47% decreased to 3.09%, yoghurt from skim milk 
with a combination of 2 starters 2.47% decreased to 2.33% at 4 weeks; fresh milk yoghurt 
with a combination of 4 starters has number 3.28% decreased 3.11% and skim milk yoghurt 
with 4 combinations of 2.58% decreased 2.48%. Decreased levels of lactose yoghurt due to 
the activity of Lactic Acid Bacteria (BAL) impact the number of lactose to lactic acid during 
fermentation (57). The existence of BAL activity in the combination of 2 starters and 4 
starter combinations in research caused the lactose in yoghurt will decrease and increasing 
lactic acid levels. Rahayu (1998) suggested that LAB affected the lactose contain in milk to 
lactic acid (58). During the fermentation process, lactose from milk was converted to lactic 
acid approximately 30% while the rest is still in the form of lactose. Gilliland et al. (2002) and 
Hsiao et al., (2004) reported that viability of L. bulgaricus will decrease in long day storage 
and maintenance of packaging (10,59).  

According to Liu and Tsao (2009) and Octaviana et al. (2015) reported that the level of 
starter concentration used in this study both in the combination of 2 starters and 4 starters 
will also affect the rate of lactose breakdown at the same incubation time and temperature 
(60,61). An increase in starter concentration will be followed by increased activity and 
breeding. With a range of lactose content 2.33-3.11% for 4 weeks of storage in a 
combination of 2 starters and 4 starters in fresh milk and skim milk showed that the lactose 
levels are still in normal levels, where the standard lactose levels generally range < 4.6% 
 

3. Conclusion 
There is a significant influence between the types of milk base ingredients (fresh milk 

and skim milk) and the number of starters (2 starters i.e  : L. bulgaricus and S. thermophillus; 

and 4 starters such as : L. bulgaricus, S. thermophillus, B. longum and L. casei ) used on fat, 

protein and lactose content of yoghurt not significant effect on the pH value produced 

during 4 weeks of storage. 

A good pH value was obtained from fresh milk ingredients with a combination of 4 

starters, a good level of yoghurt protein was produced on fresh milk ingredients with a 
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combination of 2 starters, good fat content was obtained from skim milk ingredients with a 

combination of 2 starters and fresh milk with a combination of 4 starters, while good lactose 

content is in a combination of 2 starters both in fresh milk and in skim milk. From the 

measurement results of pH, fat, protein and lactose parameters are still in accordance with 

the standards of cow's milk yoghurt. 

Cow's milk and skim milk can be used as ingredients for yoghurt with the notes skim 

milk is still lower in physicochemical properties compared to fresh cow's milk. 
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