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ABSTRACT 

The effect of incubation temperature, bacterial proportion and inoculum 

size on goat milk fermented by probiotic culture containing Bifidobactrium 

bifidum was investigated by measuring the acidity, pH value, and viable 

counts during fermentation. Incubation temperature was 35℃, 37℃, 39℃, 

41℃and 43℃, the ratio of B. bifidum to common starter cultures was 1:2, 

1:1, 2:1, 3:1, 4:1, the inoculum size was 1%, 3%, 5%, 7% and 9%, 

respectively. The results showed that incubation temperature, bacterial 

proportion and inoculum size had significant impact on fermentation of 

goat milk. The optimum temperature was 39℃, the acidity, pH, the viable 

counts of B. bifidum and the total viable counts were 98.40T, 4.03, 

7.60×107cfu/ml and 1.40×109cfu/ml, respectively. The optimum bacterial 

proportion of B. bifidum to common starter cultures was 4:1, the acidity, 

pH, the viable counts of B. bifidum and the total viable counts were 950T, 

4.3, 7.40×107cfu/ml and 2.30×109cfu/ml respectively. The optimum 

inoculum size was 5%, the acidity, pH, the viable counts of B. bifidum and 

the total viable counts were 860T, 4.6, 1.61×10 8cfu/ml and 1.32×109cfu/ml 

respectively. 
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1. Introduction 

Goat milk contains various nutrients needed 

by human body. Because of its peculiar taste 

and nutritional properties and its recognition as 

a healthy food, goat milk has received special 

attention by researchers and dairy industry. 

Some properties of goat’s milk are known to be 

advantageous compared with those of cow’s 

milk, such as higher tolerance by allergic 

children, which is related to the amount of and 

structural differences in whey proteins (α-

lactalbumin and β-lactalbumin) and the high 

proportion of small fat globules (1.5 mm), 

which provide better digestibility (Albenzio 

and Santillo, 2011; Haenlein, 2004; Raynal-

Ljutovac et al. 2005; Sheehan et al. 2009).In  

 

addition, the clotting behavior of goat milk was 

also different from cow milk. (Alloggio et al., 

2000). In term of causing allergy, goat milk has 

been reported to have less allergenicity than 

cow milk (Sanz Ceballos et al., 2009). 

Dairy foods are the main types of food 

matrices supplemented with probiotic bacteria 

and they have a positive reputation among 

consumers (Granato et al., 2010). Among the 

dairy products, yogurt/fermented milks have 

been the subject of several studies all over the 

world and different benefits for human health 

have been reported after their ingestion (Wang 

et al., 2012). According to FAO/WHO (2002), 

probiotics are live microorganisms which, 
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when administered in adequate amounts, confer 

health benefits on the host. Available evidence 

indicates that ingestion of probiotic bacteria 

may reduce the severity and frequency of 

diarrheal diseases and improve lactose 

digestibility among lactose-intolerant 

individuals (Mattila-Sandholm et al., 2002).  

Yogurts containing probiotics are claimed to 

provide several health benefits such as improve 

lactose utilization (De Vrese et al., 2001), 

prevent cancer (Rafter, 2003), maintain 

intestinal microflora balance (Mainville et al., 

2005) and reduce serum cholesterol level 

(Baroutkoub et al., 2010). These therapeutic 

effects are the reason for which most probiotics 

are used in yogurts, fermented milks, ice 

creams and nutraceutical products (Cruz et al., 

2010; De Oliveira and Jurkiewicz, 2009). 

Bifidobacteria are natural habitants of human 

gastrointestinal tract and can exert several 

beneficial effects to the host (Julio et al.,2010). 

They have been incorporated into a variety of 

food products,mainly daily, such as fermented 

milk and yogurts (Sanchez,de los et al.,2009) 

In our previous study, the process of 

fermentation set-style goat yogurts was 

optimized by S. thermophilus and L. bulgaricus 

(Chen et al., 2010), the effect of inoculum and 

temperature on the fermentation of goat yogurt 

by L. bulgaricus and S. thermophilus (Shu et 

al., 2014) was investigated, The effect of the 

total inoculum size containing L. acidophilus or 

L.casei on he fermentation of goat milk was 

studied on the basis of S. thermophilus and 

L.bulgaricus as starter cultures (Chen et al., 

2015). The purpose of this study was to study 

the effect of incubation temperature, bacterial 

proportion and inoculum size on the goat 

yogurt fermented by B. bifidum on the basis of 

S. thermophilus and L. bulgaricus as common 

starter cultures. 

 

2. Materials and methods 

Raw materials and reagents Fresh goat 

milk was purchased from local farmers (Xi'an 

Weiyang, China)，All chemicals used were of 

analytical grade unless otherwise specified. 

Microorganism, S. thermophilus, L. 

Bulgaricus and Bifidobactrium bifidum(BB) 

were provided by School of Food and 

Biological Engineering, shaanxi university of 

science and technology, they were inoculated 

three successive times with rehydrated de 

Mann Rogosa Sharpe (MRS) broth (Haibo 

media, Qindao, China) for L. bulgaricus , MRS 

broth with 0.5% Cys-HCl for B. bifidum and 

M17 broth (Haibo media, Qindao, China) for S. 

thermophilus to obtain fresh culture. The 

activated, B. bifidum were inoculated 

respectively into sterilized goat milk at 5% 

inoculum size, mixed and cultivated at 42°C for 

S. thermophilus and L. bulgaricus (37°C for B. 

bifidum) until coagulation. They would be used 

for the production of goat yogurt containing B. 

bifidum. 

Fermentation process of goat yogurt The 

fresh goat milk was pasteurized at 95℃ for 10 

minutes, cooled, then goat milk was fermented 

with different temperature, different ratio of B. 

bifidum and common starter cultures or 

inoculated different inoculum size, The acidity, 

pH value, viable counts of B. bifidum and total 

viable bacteria were determined every other 

1.5h, then gave a sensory evaluation after 12h.  

Analysis method Plate coating method was 

used to determine the viable counts. The total 

viable counts were determinate by modified 

Tomato Juice medium, determination of B. 

bifidum by MRS agar containing 0.10% LiCl 

(Chen et al, 2011). The process was as follows: 

the agar medium packed in 250ml flask was 

sterilized, and15-20ml poured onto the plates in 

a clean bench after cooling to 50℃ , 0.1ml 

aliquot bacteria dilutions were coated on it after 

coagulation, and then inoculated anaerobic 2-

3d at 37℃ , plates containing 30-300cfu/ml 

colonies were counted and the results expressed 

as colony-forming units per ml of sample. 

The variation of pH was evaluated using a 

pH-meter （ pHS-3c) at room temperature. 

Acidity of BB-goat milk was determined by 

sodium hydroxide titration and expressed in Jill 

Nieer degrees (0T). The sensory evaluation of 

samples including color, smell, taste, texture 
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were organoleptically assessed by five panelists, 

who was trained on the basis of normal sensory 

acuity and consistency. 

3. Results and discussions 

Effect of temperature on the 

fermentation of BB-goat yogurt 

The starter culture of 5% inoculum size 

was inoculated in the goat yogurt; the ratio of 

B. bifidum to common starter cultures was 1:1. 

Inocubation temperature was 35℃, 37℃, 39℃, 

41℃ and 43℃ respectively. The results were 

shown in Figure1 and table 1. 
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Figure 1(a,b,c,d).  Effect of temperature on viable counts of B. bifidum, total viable bacteria, pH 

and acidity in BB-goat yogurt 

Figure 1 (a) showed the viable counts of B. 

bifidum increased slowly at 35℃, 37℃and 43℃, 

but when the fermentation temperature was 39℃

and 43 ℃ , the viable counts of B. bifidum 

increased rapidly within 4.5h,then presented a 

gradual decrease, that is because the acidity 

resistance of B. bifidum is not very well. Among 

then, the viable counts of B. bifidum at 39℃ 

Figure 1 (a) Figure 1 (b) 

Figure 1 (c) Figure 1 (d) 
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reached the maximum, 7.60×107cfu/ml, the 

viable counts of B. bifidum at 35℃  was the 

lowest,4.40×107cfu/ml. 

From figure 1 (b), each temperature of the 

total viable counts of goat yogurt had a fast 

growth within 3h, and increased slowly during 3-

4.5h, then tended to be stable. Among then, the 

total viable counts of goat yogurt at 39℃, 41℃ 

and 43 ℃  were higher then that at other 

temperatures, the total viable counts of goat 

yogurt for 4.5h at 39℃ , 41℃ , 43℃  were 

1.40×109cfu/ml,1.45×109cfu/ml and 1.49×109 

cfu/ml respectively, that is because the common 

strains of goat yogurt was in the highest flight, 

the total viable counts of goat yogurt at 35℃ was 

the lowest, 1.01×109cfu/ml. From figure1(c) and 

1(d), each temperature of the acidity and the total 

viable counts were basically same, that is 

because the Lactobacillus bulgaricus and 

Lactobacillus acidophilus were important acid 

producing bacteria. Among then, the acidity and 

pH value of the goat yogurt at 39℃, 41℃ and 43

℃ for 4.5h were 98.40T, 4.03, 990T, 4.02, 99.60T 

and 4.00 respectively, the acidity and pH value 

of goat yogurt at 35℃ for 4.5h were 64.40T and 

4.81.  

Table 1. Sensory evaluation of BB-goat 

yogurt under different incubation temperature 
Temperature (℃) Color Smell Taste State CE* 

35 0.98 2.15 1.53 2.11 6.77 

37 0.98 1.92 2.02 2.20 7.12 

39 0.99 2.19 1.98 2.20 7.36 

41 0.99 2.22 2.00 2.14 7.35 

43 0.99 2.28 2.13 2.23 7.63 

*: Comprehensive evaluation 

 

From table 1, when the incubation 

temperature was 35℃-37℃ ,the temperature was 

too low and the coagulation time was long, the 

sour of goat yogurt was slight and can not cover 

the goaty flavor, while the sour and sweet of goat 

yogurt at 39℃-41℃ were moderate and the state 

was well. 

 

 

Effect of bacterial proportion on the 

fermentation of BB-goat yogurt 
The inoculum size of starter culture was 

5%, the ratio of B. bifidum to common starter 

cultures were 1:2, 1:1, 2:1, 3:1 and 4:1, then gave 

a constant temperature fermentation at 39℃, the 

results were shown in figure 2 and table 2. 

Based on the figure 2 (a), the viable counts 

of B. bifidum at the ratio of 1:2 increased slowly 

at the whole fermentation process, maybe 

because much acid and H2O2 produced by L. 

bulgaricus at the common starter culture were 

virulent to B. bifidum. At the ratio of 1:1, 2:1 and 

3:1,the viable counts of B. bifidum increased 

slowly at the first 3h, and came to accelerate 

from 3h to 4.5h,then began to decreased. At the 

ratio of 4:1, the viable counts of B. bifidum 

increased fast at the initial stage of fermentation, 

reached the peak at 4.5h, then tended to be 

stable. Among then, the viable counts of B. 

bifidum at the ratio of 4:1 was the highest, 

7.4×107cfu/ml, while at the ratio of 1:2,the viable 

counts of B. bifidum was the lowest, 

4×107cfu/ml. 

Figure 2(b) presented the variation tendency 

of the total viable counts at the different bacterial 

proportion were almost same, they were all 

increased rapidly at the first 4.5h,then started to 

decreased, among then, the total viable counts at 

the ratio of 4:1 reached the highest, 

2.30×109cfu/ml, followed by the ratio of 1:2, 1:1, 

they were 1.99×109cfu/ml and 1.92×109cfu/ml, 

respectively, the relatively low total viable 

counts were presented at the ratio of 2:1 and 3:1, 

which were 1.74×109cfu/ml and 1.52×109cfu/ml 

respectively. 

From figure2(c)and 2(d), the variation 

tendency of acidity and the total viable counts 

seemed to be same, among then, the acidity and 

pH value at the ratio of 4:1 for 4.5h were 950T 

and 4.3. when the ratio was 1:2 and 1:1,the 

acidity and pH for 4.5h were 94.60T, 4.26, 

94.40T, 4.28, respectively, while the acidity and 

pH value at the ratio of 2:1 and 3:1 for 4.5h were 

103.30T, 4.3, 960T and 4.28 respectively. 
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Figure 2(a,b,c,d). Effect of bacterial proportion on viable counts of B. bifidum, total viable 

bacteria, pH and acidity in BB-goat yogurt 

 

Table 2. Sensory evaluation of BB-goat 

yogurt with different bacteria ratio 
Inoculum 

size (%) Color Smell Taste State CE* 

1:2 0.98 2.28 1.80 2.33 7.38 

1:1 0.98 2.28 1.98 2.35 7.59 

2:1 0.98 2.30 2.17 2.29 7.73 

3:1 0.98 2.23 2.16 2.31 7.67 

4:1 0.98 2.32 2.16 2.32 7.75 

*: Comprehensive evaluation 

Table 2 presented the sensory evaluation 

of BB-goat yogurt, it can be suggested that 

each ratio had no obvious influence on the 

color, smell and the state of goat yogurt, but 

had a significant influence on the taste of goat 

yogurt, among then, the goat yogurt tasted sour 

at the ratio of 1:2, when the ratio was 1:1, 2:1, 

3:1 and 4:1, the sour and sweet of goat yogurt 

were moderate and there was no goaty flavor. 

Effect of inoculum size on the fermentation 

of BB-goat yogurt 

The mixed liquid starter cultures of 

different inoculum size (1%, 3%, 5%, 7% and 

Figure 2 (c) Figure 2 (d) 

Figure 2 (b) Figure 2 (a) 
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9%) were inoculated in the fresh goat milk, the 

ratio of B. bifidum and common starter cultures 

was 4:1, and then gave constant temperature 

fermentation at 39℃, The results were shown in 

figure 3 and table 3. 
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Figure 3 (a,b,c,d). Effect of inoculum size on viable counts of B. bifidum, total viable bacteria, pH 

and acidity in BB-goat yogurt 

 

Figure 3(a) showed the viable counts of B. 

bifidum had an upward trend at the ratio of 1% 

and 3% at the whole fermentation progress, 

reached the maximum at 6h,when the inoculum 

size was 5%, 7% and 9%,the viable counts of B. 

bifidum increased fast at the initial stage of the 

fermentation progress, reached the peak at 

4.5h,among then, the viable counts of B. bifidum 

at the ratio of 7% reached the highest, 

1.69×108cfu/ml, followed by 5%, 1.61×108 

cfu/ml, when the ratio was 1% and 9%, the 

viable counts of B. bifidum were low, 

1.55×108cfu/ml, 1.53×108cfu/ml. 

From figure 3(b), each inoculum size of the 

total viable counts increased fast within 3h, then 

began to slowed down from 3h to 4.5h, reached 

the peak at 4.5h, then tended to be stable. Among 

then, the total viable counts of goat yogurt at 7% 

Figure 3 (a) Figure 3 (b) 

Figure 3 (c) Figure 3 (d) 
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inoculum size was the highest, 1.35×109cfu/ml, 

followed by 5%, 1.32×109cfu/ml, while the total 

viable counts of goat yogurt at 1% was the 

lowest, 9.30×108cfu/ml.  

From figure 3(c) and 3(d), the acidity of 

goat yogurt at 1% inoculum size had no obvious 

change within 3h, increased slowly during 3h-

4.5h,then tended to be stable, the acidity at 3%, 

5%, 7% and 9% had the same variation trend as 

the total viable counts at the same inoculum size. 

Among then, the acidity and pH value at 5% and 

7% inoculum size for 4.5h were 860T, 4.6, 

90.40T, and 4.5, respectively, while the acidity 

and pH value at 1% inoculum size for 6h were 

700T and 4.62. 

 

Table 3. Sensory evaluation of BB-goat 

yogurt with different inoculum size 
Inoculum 

size (%) Color Smell Taste State CE* 

1:2 0.98 2.28 1.80 2.33 7.38 

1:1 0.98 2.28 1.98 2.35 7.59 

2:1 0.98 2.30 2.17 2.29 7.73 

3:1 0.98 2.23 2.16 2.31 7.67 

4:1 0.98 2.32 2.16 2.32 7.75 

*: Comprehensive evaluation 

 

From table 3, the inoculum size had no 

obvious influence on the color and state of goat 

yogurt, but had significant influence on the taste 

and smell of goat yogurt, among then, the goat 

yogurt at 1% and 3% inoculum size tasted not 

sour, and had slight goaty flavor and a little bit 

astringent and the coagulation was soft, the goat 

yogurt at 7% and 9% inoculum size was sour and 

had slight goaty flavor, when the inoculum size 

was 5%, the sour and sweet of goat yogurt was 

moderate and had no goaty flavor. 

 

4. Conclusions 

Based on the experiments, the temperature, 

Ratio of B. bifidum to common starter cultures, 

inoculum size had significant influence on the 

goat yogurt fermented by B. bifidum. The 

optimum temperature for BB-goat yogurt was 

39℃, the acidity, pH value, the viable counts of 

B. bifidum and the total viable counts were 

98.40T, 4.03, 7.60×107cfu/ml and 1.40×109 

cfu/ml respectively and the score of sensory 

evaluation was 7.36.The optimum ratio of B. 

bifidum to common starter cultures was 4:1, the 

acidity, pH, viable count of B. bifidum and the 

total viable counts were 950T, 4.3, 7.40×107 

cfu/ml and 2.30×109cfu/ml respectively and the 

score of sensory evaluation was 7.36.The 

optimum inoculum size was 5%, the acidity, pH 

value, viable counts of B. bifidum and the total 

viable counts were 860T,4.6,1.61×108cfu/ml, 

1.32×109cfu/ml respectively, and the score of the 

sensory evaluation was 7.91. 
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