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ABSTRACT 

 

The utilization of starter cultures is vital for dairy fermentation industries. Lactobacillus 

paracasei M104 and Pediococcus pentosaceus M103 have been isolated from goat milk and 

were demonstrated to acidify goat milk during fermentation. This study was conducted to 

compare the physicochemical and microbial qualities of goat milk fermented using these starter 

cultures either as a single starter or combined in goat milk. The treatments were L. paracasei 

M104 (Lp) and P. pentosaceus M103 (Pp) as single starter culture fermentation and combined 

(Lp/Pp) fermentation at a ratio of 1:1 at 6% inoculation (v/v). For control treatment, goat milk 

was fermented using yogurt starter, i.e., a combination culture of Streptococcus thermophilus 

and L. bulgaricus (St/Lb) at a ratio of 1:1 at 6% (v/v). The fermentation was performed by 

incubating the inoculated goat milk at 37°C for 18 h. The pH and degree of acidity were 

measured every 2 h during the fermentation process, whereas the physicochemical (pH, degree 

of acidity, lactose, protein, and viscosity) and microbial (total lactic acid bacteria/LAB) 

qualities were measured after the fermentation process. Data analysis revealed that the different 

starter cultures had no significant effect (P > 0.05) on the pH and degree of acidity, lactose and 

protein content, viscosity, and total LAB content. The goat milk fermented in this study had an 

average pH of 4.41 ± 0.11 and a degree of acidity of 1.26 ± 0.05%, a lactose content of 5.47 ± 

0.80%, a protein content of 6.69± 1.52%, a viscosity of 1217 ± 395 cP, and a total LAB content 

of 9.57 ± 1.49 log CFU/mL. In conclusion, goat milk fermented using both single and combined 

starter cultures of L. paracasei M104 and P. pentosaceus M103 exhibited similar 

physicochemical and microbial qualities and required longer fermentation time compared with 

the control. 
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INTRODUCTION 

 

Goat milk is one of the alternative 

diets that has several advantages compared 

with cow milk. Goat milk is known to have 

smaller (2.5–3.5 µm) and well-dispersed 

milk fat globules that make the product 

easier to digest, and it also contains 

abundant antibacterial compounds (Jennes, 

1999; Park et al., 2007). Goat milk also 

contains a higher amount of minerals, 

calcium, phosphorus, and vitamins A, E, and 

B complex than cow milk (Jennes, 1980; 

Park and Haenlein, 2013). Furthermore, the 

high amount of short-chain fatty acids 

present in goat milk, especially propionate, 

can inhibit the synthesis of mevalonic acid, 

thereby reducing the synthesis of 

endogenous cholesterol and the total blood 

cholesterol levels (Haenlein, 2004; Park and 

Haenlein, 2013). 

 Fermentation is one of the milk 

processing methods that produces a fresh 

and sour product through the activity of the 

added starter cultures. During fermentation, 

lactose is metabolized by bacteria through 

processes catalyzed by enzymes into 

glucose and galactose, which are then 

metabolized through glycolysis into organic 

acids in the form of lactic acid or acetic acid 

(Walstra et al., 1999). On the other hand, the 

produced organic acids can also reduce the 

pH of milk until it reaches an isoelectric 

condition and causes casein coagulation. 

The low pH of the fermented milk can 

inhibit the growth of spoilage bacteria, 

thereby prolonging the shelf-life of the 

product (Walstra et al., 2006). Furthermore, 

the ability of lactic acid bacteria (LAB) to 

produce bacteriocin is also known to 

contribute to the prolongation of the shelf 

life of fermented milk (Jack et al., 1995; 

Klaenhammer, 1993). LAB comprise a 

group of bacteria that are commonly used as 

a starter culture in fermented milk products. 

These bacteria have fulfilled the food safety 

criteria and are generally considered as safe 

for consumption. The widely used LAB in 

milk fermentation include Lactobacillus, 

Streptococcus, Leuconostoc, and 

Pediococcus (Von Wright and Axelsson, 

2012).These bacteria are also used in 

various probiotic products (Parvez et al., 

2006). To fulfill the probiotic requirements, 

it is recommended that LAB be isolated 

from their original source. Widodo et al. 

(2016) isolated Lactobacillus paracasei 

M104 and Pediococcus pentosaceus M103 

from Etawah crossbred (PE) goat milk. Both 

bacteria have been evaluated as starter 

cultures and have demonstrated the ability to 

acidify the media during fermentation 

(Widodo et al., 2016). However, an optimal 

result was not obtained with the use of both 

these bacteria for the fermentation of PE 

goat milk, and the fermentation process 

required a longer time to reduce the pH of 

milk to 4.5 (Widodo et al., 2016). Therefore, 

this study was conducted to compare the 

acidifying capabilities between combined L. 

paracasei M104 and P. pentosaceus M103 

cultures and single culture fermentation and 

to evaluate the physicochemical and 

microbial qualities of the produced 

fermented milk. 

 

MATERIALS AND METHODS 

 

This study was conducted at the 

Laboratory of Milk and Egg Technology, 

Faculty of Animal Science, Universitas 

Gadjah Mada, from August 2017 to 

February 2018. Fresh PE goat milk was 

obtained from “Bumiku Hijau” farm in 
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Sleman, Yogyakarta. The skim milk powder 

“Lactona Skim” manufactured by PT. 

Mirota Kampus was used in this study. L. 

paracasei M104 and P. pentosaceus M103 

that were isolated from PE goat milk in a 

previous study (Widodo et al., 2016) were 

used as starter cultures in this study, whereas 

L. bulgaricus FNCC-0041 and 

Streptococcus thermophilus FNCC-0040 

used for the control treatment were obtained 

from the Center of Food and Nutrition 

Studies, Universitas Gadjah Mada. The 

medium used for microbial cultivation was 

de Man, Rogosa, and Sharpe (MRS) 

medium. 

 

Preparation of Starter Cultures 

S. thermophilus FNCC-0040, L. 

bulgaricus FNCC-0041, L. paracasei M104, 

and P. pentosaceus M103 cultures were 

grown in MRS medium that was pre-

sterilized at 121°C and 15 psi for 15 min. 

The inoculated media were then incubated at 

37°C for 18 h. The starter cultures were 

prepared as described by Ouwehand et al. 

(2001), which included the preparation of 

mother and bulk starter cultures. The mother 

starter culture was prepared by inoculating 

>10% (v/v) bacteria to 100 mL sterilized 

goat milk that was added with 4% (w/v) 

skim milk powder, followed by incubation 

for 20 hat 37°C until the formation of curds. 

The bulk starter culture was prepared by 

inoculating 10% (v/v) of the mother starter 

culture into 100 mL goat milk that was 

added with 4% (w/v) skim milk powder, 

followed by incubation for 20 h at 37°C. The 

bulk starter culture was then used for the 

fermentation of goat milk in this study.  

 

Goat Milk Fermentation 

PE goat milk that was added with 4% 

(w/v) skim milk powder and already 

pasteurized at 80°C for 30 min was used for 

fermentation in this study. A completely 

randomized design was used in this study 

consisting of single and combined starter 

cultures as treatments. The treatments 

included single starter fermentation with L. 

paracasei M104 (Lp) or P. pentosaceus 

M103 (Pp) and combined starter 

fermentation with L. paracasei M104 and P. 

pentosaceus M103 at a ratio of 1:1 (Lp/Pp), 

in which each treatment included 6% (v/v) 

of goat milk. Milk in the control treatment 

was fermented using yogurt starter 

consisting of L. bulgaricus and S. 

thermophilus (St/Lb) at a ratio of 1:1 (6%, 

v/v) of the goat milk. All fermentation 

processes were conducted at 37°C for 18 h, 

and the parameters evaluated during 

fermentation included the physicochemical 

(pH, degree of acidity, lactose, protein, and 

viscosity) and microbial (total LAB) 

qualities of the fermented goat milk. 

 

Physicochemical Analysis 

The viscosity and the contents of 

lactose and protein of the fermented milk 

were measured after the termination of 

fermentation, whereas the pH and degree of 

acidity were measured every 2 h during the 

fermentation process. The pH measurement 

was done according to the potentiometer 

method using a pH meter. The degree of 

acidity was measured using the Mann’s acid 

test method (Hadiwiyoto, 1994). The lactose 

content in the fermented goat milk was 

measured by the titration method as 

described by Sudarmadji et al. (1997). The 

protein content was measured using the 

Lowry’s method, with bovine serum 

albumin as protein standard (Plummer, 

1987). Viscosity was measured as described 

by Tuncturk (2009) using a Brookfield 

digital rheometer model DV III and spindle 

number 62 and 63 at 60 RPM. 

 

Total LAB Content 

The total LAB content was measured 

by the total plate count method in MRS agar 

media. The sample was diluted until it 

reached dilution of 10-7 by mixing 1 mL 

sample with 9 mL of 0.85% NaCl (w/v). The 

final three dilutions (10-5, 10-6, and 10-7) 

were inoculated into MRS agar media and 

incubated at 37°C for 24 h. The total LAB 

content was measured based on the number 

of colonies grown on the media as described 

by Fardiaz (1993). 
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Data Analysis 

Physicochemical and total LAB 

content data were analyzed using one-way 

analysis of variance, followed by Duncan’s 

multiple range test to determine the 

significant results (Miller, 1986). The results 

were considered to be significant when P                  

< 0.05. 

 

RESULTS AND DISCUSSION 

 

pH Changes and Acidification during 

Fermentation 

The pH of the fermented goat milk 

was measured every 2 h during the process 

of fermentation. Results of the pH 

measurement are presented in Figure 1. As 

shown in Figure 1, there was a decrease in 

the pH value with an increase in the duration 

of fermentation. Both Lp and Pp single 

starter cultures, combined Lp/Pp starter 

culture, and St/Lb starter culture 

demonstrated acidifying capabilities 

decreasing the pH to 4.79 after 10 h of 

fermentation.  

The pH values of goat milk at 10 h of 

fermentation using Lp, Pp, Lp/Pp, and St/Lb 

starter cultures were 4.74 ± 0.15, 4.82 ± 

0.13, 4.78 ± 0.13, and 4.84 ± 0.14, 

respectively. Statistical analysis of these 

results demonstrated that the different starter 

culture treatments in this study had no 

significant effects (P < 0.05) on the pH of 

the fermented goat milk compared with the 

control treatment (St/Lb). Furthermore, after 

18 h of fermentation, the pH of the goat milk 

fermented using St/Lb, Lp, Pp, and Lp/Pp 

starter cultures were 4.45 ± 0.14, 4.38 ± 

0.13, 4.41 ± 0.10, and 4.41 ± 0.14, 

respectively, indicating no significant 

changes (P > 0.05). However, observation of 

the changes in pH values also demonstrated 

that the highest pH decrease (0.58) occurred 

during the first 2 h of fermentation. 

 

 
Figure 1. pH changes in goat milk fermented using four different starter cultures 

 

Figure 2 shows the results of 

measurement of the degree of acidity during 

18 h of fermentation. The degree of acidity 

values obtained using Lp and Pp single 

starter cultures were 1.24 ± 0.06% and 1.19 

± 0.06%, respectively. This result was 

similar (P > 0.05) to that obtained using the 

combined fermentation of Lp/Pp starter 

culture (1.22 ± 0.06%) and St/Lb (1.21 ± 

0.07%) as the control treatment. 

Furthermore, the average degree of acidity 

of the fermented goat milk in this study was 

1.26 ± 0.05%, which indicates no significant 

difference (P > 0.05) in the degree of acidity. 

The degree of acidity is considered as the 

major parameter in milk fermentation. The 

organic acids produced during fermentation, 

especially lactic acid and acetic acid, can 
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increase the degree of acidity in milk and 

induce curd formation as well as provide a 

unique flavor to the fermented milk 

(Chandan, 2006; Robinson, 2002). In this 

study, the average degree of acidity obtained 

after 18 h of fermentation was 1.26 ± 0.05%. 

Widodo et al. (2013) reported that 

fermentation using yogurt starter (St/Lb), L. 

acidophilus FNCC-0029, and L. casei 

FNCC-0051 produced 1.12± 0.12%, 1.07 ± 

0.09%, and 1.08 ± 0.11% degrees of acidity 

in goat milk, respectively. The degree of 

acidity obtained in this study is consistent 

with the finding reported by Widodo et al. 

(2013) but required a longer fermentation 

time.  

The National Standardization Agency 

of Indonesia has set the standard degree of 

acidity for fermented milk at 0.5–2.0 (SNI 

2981, 2009). Therefore, the degree of acidity 

obtained in this study meets the standard 

value, as the average degree of acidity was 

0.32 ± 0.05%. The increase in the degree of 

acidity was similar to the decrease in the pH 

value. The average pH values of goat milk 

after 10 and 18 h of fermentation were 4.79 

and 4.41, respectively. According to 

Chandan (2006), the minimum pH 

requirement for a fermented milk product is 

4.6. Furthermore, a pH range of 4.6–4.7 

would result in an isoelectric condition 

(Chandan, 2006), causing milk coagulation. 

In a previous study, Widodo et al. (2013) 

found that fermentation of goat milk using 

L. acidophilus FNCC-0029 and L. casei 

FNCC-0051 for 5 h resulted in a pH of 4.5. 

Consistent with the slow acidification rate, 

the decrease in pH in this study was also 

slower than that observed in other studies 

(Widodo et al., 2013; Widodo et al., 2016; 

Widodo et al., 2017). The different 

acidification rates and the slow pH decrease 

could be caused due to various factors such 

as the inoculum percentage and the 

incubation temperature (Shu et al., 2014). 

 

Physicochemical and Microbial Qualities 

of the Fermented Goat Milk 

 The results of lactose and protein 

content measurements in the goat milk 

fermented using different starter cultures are 

presented in Table 1. As shown in the table, 

the lactose contents of the goat milk 

fermented using yogurt starter (St/Lb), Lp, 

Pp, and combined Lp/Pp starter cultures 

were 6.19 ± 0.03%, 4.82 ± 0.88%, 5.25 ± 

0.86%, and 5.63 ± 0.67%, respectively. The 

statistical analysis demonstrated that the 

different starter cultures had no significant 

effects (P > 0.05) on the lactose content of 

the fermented goat milk. The average 

lactose content in the fermented goat milk 

was 5.47 ± 0.80%. 

Lactose is the primary carbohydrate in 

milk. LAB produce a β-D-galactosidase 

enzyme to catalyze the breakdown of lactose 

into glucose and galactose and then 

metabolize the simple sugar through 

glycolysis to produce lactic acid (Hui, 

1993). A decrease in lactose content during 

fermentation indicates the breakdown of the 

compound by LAB into lactic acid. The 

average lactose content in the fermented 

goat milk in this study was 5.47 ± 0.80%, 

which is lower than that of fresh goat milk 

(6.56 ± 0.13%). Widodo et al. (2013) 

reported that the lactose contents of goat 

milk fermented using yogurt starter culture 

(St/Lb), L. acidophilus FNCC-0029, and L. 

casei FNCC-0051 starter cultures for 5 h 

were 4.48 ± 0.59%, 4.61 ± 0.49%, and 4.49 

± 0.02%, respectively. The higher lactose 

content observed in the present study 

indicates the slow rate of lactose 

degradation, which is consistent with the 

slow acidification rate and the pH decrease 

as well (Figures 1 and 2). 

The results of this study confirm that 

L. paracasei M104 and P. pentosaceus 

M103 cultures had weak acidifying abilities. 

According to Chandan (2006), 30% of 

lactose reduction during fermentation would 

occur if lactose was the sole energy source 

for LAB, besides the characteristic of the 

production of different lactase enzymes. 

Jiang et al. (1996) reported that lactase 

enzyme production can be increased if 

lactose was the sole energy source and 

significantly decreased when other energy 

sources, such as glucose, were available. 
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Figure 2. The degree of acidity in goat milk during 18 h of fermentation 

 

Table 1. Lactose and protein levels of the fermented goat milk 

Starter cultures Lactose (%)ns Protein (%)ns 

St/Lb 6.19 ± 0.03 6.62 ± 0.93 

Lp 4.82 ± 0.88 6.54 ± 2.39 

Pp 5.25 ± 0.86 6.86 ± 1.98 

Lp/Pp 5.63 ± 0.67 6.76 ± 1.50 

Average 5.47 ± 0.80 6.69 ± 1.52 
ns: no significant 

 

Regarding the protein content of the 

goat milk fermented using yogurt starter 

(St/Lb), single Lp and Pp starter culture, and 

combined Lp/Pp starter cultures, the values 

were 6.62 ± 0.93%, 6.54 ± 2.39%, 6.86 ± 

1.98%, and 6.76 ± 1.50%, respectively 

(Table 1). The different starter cultures had 

no statistically significant effect (P > 0.05) 

on the protein content of the fermented goat 

milk. The average protein content of the 

fermented goat milk in this study was 6.69 ± 

1.52%.  

The protein content of the fermented 

goat milk obtained in this study was higher 

than that reported by Widodo et al. (2013) in 

goat milk fermented using L. acidophilus 

FNCC-0029 (3.43 ± 0.16%) and L. casei 

FNCC-005 (3.98 ± 0.78%). The higher 

protein content in the fermented goat milk 

obtained in this study was caused due to the 

addition of 4% (w/v) skim milk powder. In 

2009, the National Standardization Agency 

of Indonesia (SNI) had set the minimum 

protein content in fermented milk products 

at 2.7%. Hence, the protein content in the 

fermented goat milk in this study fulfills the 

standard value. 

Table 2 shows the results of viscosity 

and total LAB measurement of the 

fermented goat milk in this study. The 

different starter cultures had no statistically 

significant effect (P > 0.05) on the viscosity 

and total LAB content. The viscosities of the 

goat milk fermented using single Lp and Pp 

starter cultures were 1316 ± 603 and 1178 ± 

513 cP, respectively. Furthermore, the goat 

milk fermented using single starter culture 

(Lp and Pp) had a similar viscosity as that of 

the goat milk fermented using the combined 

starter culture (Lp/Pp) and yogurt starter 

(St/Lb), with the viscosities being 1076 ± 

256 and 1299 ± 333 cP, respectively (Table 

2). The increase in acidity during 

fermentation (Figure 2) can induce the 
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coagulation of milk proteins and increase the 

viscosity of the product compared with fresh 

goat milk (1.82 ± 0.12 cP). In a previous 

research, Widodo et al. (2016) reported that 

goat milk fermented using L. paracasei 

M104 and P. pentosaceus M103 starter 

cultures showed viscosities of 1075 ± 25 and 

1475 ± 15 cP, respectively. Viscosity of the 

fermented milk can be highly affected by the 

starter cultures used in the fermentation 

process. In another study conducted by 

Widodo et al. (2017), the viscosities of milk 

fermented using L. casei AP, L. casei AG, 

and P. acidilactici BE were 4035.66 ± 

109.69, 3052.33 ± 15.27, and 3109.00 ± 

40.00 cP, respectively.  

 

Table 2. Viscosity and total LAB content in the fermented goat milk 

Starter cultures Viscosity (cP) ns Total LAB (log CFU/mL) ns 

St/Lb 1299 ± 333   9.02 ± 1.09 

Lp 1316 ± 603   8.87 ± 0.72 

Pp 1178 ± 513   9.71 ± 1.38 

Lp/Pp 1076 ± 256 10.67 ± 2.36 

Average 1217 ± 395   9.57 ± 1.49 

 ns: no significant 

 

Regarding the total LAB content in the 

goat milk fermented using Lp and Pp as a 

single starter culture, combined Lp/Pp 

starter culture, and yogurt starter culture 

(St/Lb) in this study, the values were 8.87 ± 

0.72, 9.71 ± 1.38, 10.67 ± 2.36, and 9.02 ± 

1.09 log CFU/mL, respectively (Table 2).  

Furthermore, results of the statistical 

analysis showed no significant differences 

(P > 0.05) in the average total LAB content 

of the final product (9.57 ± 1.49 log 

CFU/mL). The total LAB content obtained 

in this study was higher than that in the 

previous study (Widodo et al., 2016) on goat 

milk fermented using L. paracasei M104 

(7817 ± 0.05 log CFU/mL) and P. 

pentosaceus M103 (7719 ± 0.159 log 

CFU/mL). In another study, Widodo et al. 

(2013) reported a total LAB content of 7.81 

± 0.67 log CFU/mL in fermented milk. 

Furthermore, the result of the total LAB 

content in this study had fulfilled the 

national standard in Indonesia, which stated 

that the total LAB content of fermented milk 

products should be higher than 107 CFU/mL 

(SNI, 2009), whereas Tamime and Marshall 

(1997) mentioned that the total LAB content 

should be higher than 106 to be used as a 

probiotic. 

 

CONCLUSIONS 

 

The utilization of L. paracasei M104 

and P. pentosaceus M103 whether as a 

single culture or a combined starter culture 

did not have any significant effect (P > 0.05) 

on the physicochemical and microbial 

qualities of fermented goat milk. 

Furthermore, the produced fermented goat 

milk had similar qualities as those of the 

goat milk fermented using yogurt starter 

culture but required a longer fermentation 

time to reach the isoelectric condition. 
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