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Abstract: Development of synbiotic yogurt having multiple health benefits has become a new trend. The 

purpose of this study was to obtain the optimum stachyose concentration of the goat yogurt fermented by 

probiotics including Lactobacillus acidophilus (LA) or Lactobacillus casei (LC) besides Streptococcus 

thermophilus and Lactobacillus bulgaricus by measuring pH, acidity, viable counts and the change of stachyose 

content. The optimal stachyose concentration of goat LA-yogurt and goat LC-yogurt were 0.4% and 0.8%. 

Under the above concentrations, the total bacteria number and the viable counts of LA were 2.02×109cfu/mL, 

3×107cfu/mL, respectively; the total bacteria number and the viable counts of LC were 2.55×109cfu/mL, 

2.53×108cfu/mL, respectively. The results indicate that stachyose can effectively improve the vitality and the 

viable counts of strains in goat yogurt. 

 

Keywords: stachyose; synbiotic yogurt; goat milk; viable counts; Lactobacillus acidophilus; Lactobacillus 

casei. 

 
INTRODUCTION 
 
Probiotic milk is very popular among 
consumers for the delicate taste, high nutritional 
value, easy to digest and other characteristics. 
There has been an increased interest in the role 
of probiotic bacteria in human health. This is 
due to the probiotics with strong vitality can 
improve digestion, promote appetite, to 
alleviate the symptoms of lactose malabsorption, 
increase the natural resistance to infectious 
diseases of the intestinal tract, which is 
beneficial to the health of the human body.  
Goat milk has been proved by modern 
nutritional science to have a more similar 
nutritional composition and function to breast 
milk (Marion et al., 2015). In addition, the 
improvement of flavor and variety of products 
also make it more and more popular. Nowadays, 
the production of goat milk products has been 
emerging as a possible alternative to dairy 
products due to their nutritional and functional 
properties. Goat yogurt, which is fermented by 
probiotics with fresh goat milk as raw material, 
has better nutritional ingredients than fresh goat 
milk and has that above function. Therefore, 
probiotic goat yogurt has been popular by 

people at home and abroad in recent years. 
However, lactobacilli in goat yogurt are 
sensitive to acid or oxygen, and the viable 
bacteria is low during their Passage through the 
gastrointestinal tract and their processing and 
storage period, thus affecting the quality and 
health function of goat yogurt (Zhang et al., 
2014). A study found that stachyose could 
promote the growth of S. thermophilus and L. 
bulgaricus in yogurt (Wang et al., 2012). Other 
researchers also found that prebiotics such as 
stachyose have superior lactobacillus and 
bifidobacteria proliferative function 
(García-Rebollar et al., 2016). Inulin and 
fructooligosaccharides have an significant 
effect on the growth of B. bifidum BB01 (Chen 
et al., 2016). Meanwhile, stachyose can not 
only increase probiotics, protection of intestinal 
and enhance the body immunity (Huang et al., 
2010). It also has other beneficial effects on the 
body, such as anti-aging, detoxification, 
prevention of constipation, anti-senile dementia, 
reduction of cholesterol after meals, protection 
of the liver and adjuvant therapy for patients 
using antibiotics, (Hu, 2005; García-Rebollar et 
al., 2016; Li et al., 2006; Roberfroide et al., 
2010). Based on that, it is commonly used in 
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functional health foods and is very popular in 
many countries such as Japan and Europe. For 
example, it can partly or completely replace 
sucrose to develop suitable health food and 
regulate human function (Liang et al., 2009). 
Stachyose can prevent the formation of dental 
caries and is increasingly used in children's 
food (Duan, 2016).  
In recent years, demand on food quality and 
diversification has increased, and the 
development of multi-health benefits of 
synbiotic yogurt has become a new trend. 
Synbiotics consists of probiotics and prebiotics, 
so it has the dual function of both probiotics 
and prebiotics. Gustaw et al. (2011) found that 
adding inulin during yogurt fermentation can 
promote the growth of lactobacilli. Studies have 
shown that, stachyose can increase the growth 
speed of bifidobacteria to 40 times, far superior 
to the growth-promoting effect of isomalto- and 
fructooligosaccharides (Li et al., 2016). 
However, there are few studies in China and 
there is a lack of related products in the market 
at present. 

In our previous study, L. bulgaricus and S. 
thermophilus were screened out to ferment goat 
yogurt and the optimal conditions were 
optimized (Chen et al., 2010). Then new types 
of fermented goat yogurt were studied by 
adding probiotics including L. acidophilus and 
L. casei to the goat yogurt prepared above. On 
the basis of S. thermophilus or L. bulgaricus as 
starter cultures, the effect of the total inoculum 
size and bacteria proportion containing L. 
acidophilus and L. casei on the fermentation of 
goat milk was studied (Chen et al., 2015; Shu et 
al., 2015). Based on it, we further added 
stachyose to increase the functionality of 
fermented goat milk and the aim of the present 
work was to study the effects of stachyose on 
goat milk fermented by probiotics including L. 
acidophilus or L. casei besides S. thermophilus 
and L. bulgaricus for developing goat yogurt 
containing L. acidophilus (goat LA-yogurt) and 
L. casei (goat LC-yogurt), which lays a 
foundation for the development of the future 
synbiotic products.

  
 
MATERIALS AND METHODS 
 
Microorganism and cultivate preparation: S. 
thermophilus (ST), L. bulgaricus (LB), L. 
acidophilus (LA) and L. casei (LC) were 
supplied by School of Food and Biological 
Engineering, Shaanxi University of Science and 
Technology. Goat milk powder supplied from 
Xi’an Baiyue Gaot Milk Corp., Ltd. (Shaanxi, 
China) was used. 
The above freeze-dried bacteria powder was 
inoculated in an anaerobic tube filled with 
sterilized skim milk and grown at 37 ℃ until 
the curd (24 h), and a viable strain was obtained 
after repeated activation three times, 3%-5% 
(v/v) inoculum was inserted into a flask 
containing sterilized whole goat milk after the 
curd was vigorously crumbled and incubated at 
37 ℃  until the curd, and then stored at 4 
degrees until use. 
 
Preparation of synbiotic goat yogurts: 
Various amounts of stachyose were added in 
the whole condensed milk and the stachyose 
concentration of 0%, 2.5%, 5%, 7.5% and 10% 
w/w was obtained. Then 7% mixture bacteria 
was inoculated into goat milk and cultured at 37 
ºC in triplicate. The ordinary yogurt starter 
was consisted of L. bulgaricus (LB) and S. 
thermophilus (ST). Goat LA-yogurt 
was fermented by starter and L. acidophilus 
(LA) with a ratio of LA:(LB:ST=2:1)=1:1, the 
bacteria proportion (v/v) of starter and L. casei 

(LC) for goat LC-yogurt was the same as goat 
LA-yogurt. Acidity, pH and viable bacteria of 
all samples were measured at 1.5h intervals, 
and the content of stachyose was measured 
before and after the fermentation process. Each 
sample was measured by triplicate and the 
results are the average. 
 
Determination of viable counts: Plate coating 
method and top agar method were used to 
obtain the viable counts. Among the various 
media developed for the selective counting of 
probiotics, the total viable counts were 
determinate by using modified Tomato Juice 
medium (TJA), MRS agar medium (containing 
0.06% bile salt or 0.10% LiCl) was used to 
obtain viable counts of LA and LC (Shu et al., 
2011; Chen et al., 2011). 
 
Determination of acidity and pH: The pH of 
each sample was directly measured using a 
pH-meter (pHs-3c) at the room temperature (Lv 
et al., 1999), acidity (oT) was measured by the 
method of sodium hydroxide titration (Zhao et 
al., 2009). 
 
Determination of stachyose content: 
ELSD-HPLC was used to obtain the stachyose 
content. Stachyose was separated on a Hypersil 
NH2 column at ambient temperature with 
methanol: water (80:20) as mobile phase. The 
flow rate was 1.0 mL/min. The parameters of 
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ELSD were set as follows: drift tube 
temperature was 85℃, Gas pressure was 30Psi.  
Take 1.5 mL of synbiotic goat yogurt and 
centrifuge it at 15,000 rpm for 30 min,  then 
take the supernatant and continue centrifugation 
until it is clear. Take 1 mL to 10 mL with 

ultra-pure water and the sample was obtained 
after over 0.45 μm filter. 20 μl sample was 
injected to measure peak area, then substitute it 
into a linear regression equation 
(y=12.204x-47.478，R2=0.9918) to calculate the 
stachyose content (Song et al., 2012). 

 
 

RESULTS AND ANALYSIS 
 
Effects of stachyose on fermentation of goat 
LA-yogurt 
Under the optimal fermentation conditions of 
goat LA-yogurt, stachyose (0.4%, 0.6%, 0.8% 
and 1.0%) was added to explore the effect of 
stachyose on the fermentation of goat 
LA-yogurt. The results are shown in Figure 1.  
Figure 1(a) shows different concentrations of 
stachyose almost all have a positive effect on 
the growth of L. acidophilus (LA) throughout 
the fermentation period. In the concentration 
range from 0.4% to 0.6%, the viable counts of 
LA increased significantly, but the stachyose 
concentration had no significant influence on 

the viable counts of LA in the range of 
0.8%-1.0%. The optimal fermentation time for 
goat LA-yogurt was 4.5h. At this time, 0.4% 
stachyose had the best enriching effect on LA, 
and the viable counts of LA reached the 
maximum (3.00×107 cfu/mL). With the 
increasing concentration of stachyose, the 
viable counts of LA decreased from 2.20×107 
cfu/mL at stachyose 0.6% to 1.70×107 cfu/mL 
at stachyose 0.8%, then dropped to 1.61×107 
cfu/mL at 1.0%, which was very close to the 
viable counts of control sample (1.59×107 
cfu/mL) at 4.5h. The above data indicated that a 
lower concentration of stachyose has a better 
enriching effect on LA. The stachyose 
concentration is appropriate to be 0.4%~0.6%. 

Time(h)

1.5 3.0 4.5

V
ia

b
le

 c
o
u
n
ts

 o
f 
L
A

/1
0

7
(c

fu
/m

L
)

0.0

0.5

1.0

1.5

2.0

2.5

3.0
0% 

0.4% 

0.6% 

0.8% 

1.0% 

          Time(h)

1.5 3.0 4.5

V
ia

b
le

 c
o
u
n
ts

/1
0

9
(c

fu
/m

L
)

0.8

1.0

1.2

1.4

1.6

1.8

2.0

0% 

0.4% 

0.6% 

0.8% 

1.0% 

 

 Time(h)

1.5 3.0 4.5

p
H

4.4

4.6

4.8

5.0

5.2

5.4

0% 

0.4% 

0.6% 

0.8% 

1.0% 

        Time(h)

1.5 3.0 4.5

A
ci

di
ty

(0
T)

40

60

80

100

120

0% 

0.4% 

0.6% 

0.8% 

1.0% 

 

Figure 1. Effect of stachyose on viable counts of L. acidophilus, viable counts, pH and acidity in goat LA-yogurt 
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As Figure 1(b) shows, stachyose with different 
concentrations almost have no positive effect 
on the increase of viable counts. During the first 
three hours, stachyose with all concentrations 
inhibited the increase of viable counts in goat 
LA-yogurt, then the inhibitory effect decreased 
with time until 4.5 hours, and at this time, the 
viable counts in goat LA-yogurt with different 
concentrations of stachyose other than 0.4% 
(0.6%, 0.8%, 1.0%) decreased very little, were 
1.80×109 cfu/mL, 1.91×109 cfu/mL and 
1.75×109 cfu/mL, except that, the total number 
of bacteria added with 0.4% stachyose was 
slightly higher (2.02×109 cfu/mL) than that of 
the control group (1.93×109 cfu/mL). These 
indicates the viable count in goat LA-yogurt 
with different concentration stachyose did not 
change much compared with the control sample 
without stachyose. Though high concentrations 
of stachyose still showed the little inhibitory 
effect on the increse of total viable counts, 
stachyose at a lower concentration (0.4%) 
exhibited an enriching effect. 
From Fig.1(c) and (d), the effect of stachyose 
on acidity (pH) and the change of viable counts 
have a correspondence relation in all goat 
LA-yogurt. The acidity were all first increased 

rapidly then began to slow down as total viable 
counts with time increasing, while the variation 
trend of pH in all goat LA-yogurt was opposite 
to acidity. From 0.4% to 0.6%, the pH was 
decresed from 4.59 to 4.57 while the acidity 
increased from 109.2 oT to 111.2 oT as the 
addition of stachyose. Without the addition of 
stachyose, the pH and acidity were 4.62 and 
111.6 oT.  
As shown in Figure 2, the amount of stachyose 
in goat LA-yogurt with different stachyose 
concentration were all reduced at the end of 
fermentation, and the change in stachyose 
content of yogurt increased with the increasing 
additive amount of stachyose. This indicates 
that there is stachyose consumption across the 
whole yogurt fermentation process. Among 
then, the consumption of stachyose at 0.4% was 
the minimum (0.76 mg/mL). 
According to these data above, the optimum 
additive amount of stachyose for goat 
LA-yogurt is 0.4%. At this time, the viable 
counts of LA reached the maximum (3.00×107 
cfu/mL), the total viable bacteria is 2.02×109 
cfu/mL, the pH and acidity were 4.59 and 109.2 
oT, and stachyose consumed at least at the same 
time. 
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Figure 2. Change in stachyose content of goat LA-yogurt 

 
Effect of stachyose on fermentation of goat 
LC-yogurt 
 
As Figure 3(a) shows, the viable counts of L. 
casei (LC) with all concentrations stachyose 
except at 0.8% (0.4%, 0.6%, 1.0%) were 
respectively 2.45×108 cfu/mL, 2.40×108 cfu/mL 
and 2.40×108 cfu/mL, both of which were 
slightly higher than the control group (2.40×108 

cfu/mL) at the end of fermentation. This 
indicated that the effect of stachyose from 0.4% 
to 0.6% had little influence on the increase of 

LC throughout the fermentation period. 
However, the work showed that the effect on 
the growth of LC is more obvious when the 
stachyose at 0.8%, and the viable counts of LC 
reached the maximum (2.53×108 cfu/mL) at the 
end of fermentation. 
As Figure 3(b) shows, the stachyose with all 
concentrations except at 0.4% had significant 
effect on the increase of viable counts in goat 
LC-yogurt. During the first three hours, 
stachyose with concentrations at 0.6%, 0.8%, 
1.0% had a positive effect on the increase of 
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total viable counts in goat LC-yogurt, then the 
enriching effect decreased with time until 4.5 
hours, and at this time, the viable counts were 
respectively 2.50×109 cfu/mL, 2.55×109 cfu/mL 
and 2.50×109 cfu/mL, both of which were 
higher than the control group (1.82×109 cfu/mL) 
at the end of fermentation. However, there was 
not significant difference between the viable 
counts at 0.4% stachyose concentration and the 
control group. The above data indicated that a 
higher concentration of stachyose had a better 

enriching effect. The stachyose concentration is 
appropriate to be between 0.6%~1.0%. 
From Figure 3(c) and (d), the effects of 
stachyose at all concentrations on acidity (pH) 
are corresponded with total number of bacteria 
in goat LC-yogurt. Among them, the 
corresponding pH and acidity at 4.5h were 
respectively 4.53 and 93oT, 4.54 and 90oT, 4.54 
and 89oT, and of control group were 4.59 and 
88.4oT when the concentration of stachyose was 
0.6%, 0.8% and 1.0%.  
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Figure 3 Effect of stachyose on viable counts of L. casei, viable counts, pH and acidity in goat LC-yogurt 

 
As it is shown in Figure 4, the consumption of 
stachyose is larger in goat LC-yogurt. When the 
stachyose was 0.4%, the consumption of 
stachyose was minimal (1.22 mg/mL), and then 
decreased to 1.74 mg/mL at 0.8%.  

It is clear from that above that the optimum 
additive amount of stachyose for goat 
LC-yogurt was 0.8%. At this time, the total 
viable bacteria and viable counts of LC were 
highest, the pH and acidity were 4.54 and 90 oT, 
and stachyose consumed less at the same time. 
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Figure 4. Change in stachyose content of goat LC-yogurt 

 
DISCUSSION 

 
On the basis of the goat yogurt fermented by 
probiotics including L. acidophilus or L. casei 
besides S. thermophilus and L. bulgaricus, 
stachyose was added to develop several new 
synbiotic goat yogurt products. The 
experimental results show that the proper 
amount of stachyose can effectively increase 
the number of LA in goat LA-yogurt and total 
viable counts in goat LC-yogurt throughout the 
fermentation period.  
In goat LA-yogurt, almost all concentrations of 
stachyose can effectively increased the amount 
of LA, but the enriching effect of LA is reduced 
with the increase of stachyose concentration. At 
this time, the viable counts of LA reached the 
maximum (3.00×107 cfu/mL) at stachyose 0.4%. 
Besides, the total viable counts at the higher 
concentration of stachyose were lower than that 
of the control group, compared with the lower 
concentration of stachyose. It may be related to 
the high osmotic pressure formed by the high 
concentration of stachyose in the culture 
environment. Moreover, our study finds that the 
inhibition of the growth rate of bacteria in goat 

LC-yogurt was weak with the higher 
concentration of stachyose at the end of 
fermentation. The possible reason was that 
stachyose raised the activity of α-galactosidase, 
lactate dehydrogenase, thereby relieving a part 
of inhibition of lactose on the growth of the 
cells (Wei et al., 2013).  
The study found that the optimal additive 
amount of stachyose were 0.4% and 0.8% when 
goat LA (LC)-yogurt was fermented with a 
ratio of LA (LC):LB:ST=1:2:1, which was 
found to be different from other research (Wang 
et al., 2015; Zhang et al., 2014). Wang et al 
found that adding 6% sucrose and 1% stachyose 
to ferment acidophilic goat milk, and the total 
number of bacteria reached the maximum 
(1.39×109 cfu/mL) at 8h. This result is quite 
different from the total number of bacteria we 
have optimized and the possible reason could 
be the differences between the total inoculum 
size and bacteria proportion. 
However, further research is needed on the 
effect of stachyose on the viable count and 
physicochemical properties of goat yogurt, as 
well as the number of bacteria of each yogurt 
during storage.  

 
 

CONCLUSIONS 

 
Additive amount of stachyose were optimized 
by single factor experiments. The results are as 
follow: In goat LA-yogurt, the optimum amount 
of stachyose was 0.4%, the number of LA 
reached the maximum (3.00×107 cfu/mL), the 
acidity and pH were 111.6oT and 4.59. In goat 
LC-yogurt, the optimal additive amount of 

stachyose is 0.8%. Under this amount, the pH, 
acidity, the viable counts of LC, the total viable 
counts were 4.53, 93oT, 2.53×108 cfu/mL, 
2.55×109 cfu/mL. In both types of yogurt, 
stachyose is consumed less and has the health 
effect of synbiotics. This provides a reference 
for the subsequent production of fermented goat 
milk with synbiotics. 
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