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 ARTICLE INFO    ABSTRACT 
 

 

Background: Soybean meal was used as substrate to evaluate effects of three microorganisms, Bacillus 
sublitis (B), Saccharomyces sp. (S) and Lactococcus lactis (L), on peptide production by solid-state 
fermentation (SSF) with a shorter fermentation time (such as 36h or less), and the corresponding 
mechanism, under the condition of liquid soybean meal dextrose medium as culture medium and 
soybean meal as solid substrate without other supplements, thus forming a environment of limited 
living condition, enhance microbial competition. 
Results: Some synergistic effects and appropriate inoculation ratio of starter culture were found to 
increase peptide yield and protease activity, reduce the pH of system to acidity and shorten the 
fermentation time to 36h or less in soybean meal SSF. The highest peptide content was achieved at the 
inoculation ratio of 2:1:1 of microorganism combination of B+S+L, also with the highest protease 
activity and quick growth characteristics of these three microorganisms, indicating that the peptide 
production was associated with the protease activity and various microbial growths. 
Conclusions: So appropriate inoculation ratio of starter culture speeded up the SSF of soybean meal 
and the mechanism of microorganism improvement of peptide production in SSF of soybean meal 
could be inferred reasonably, demonstrating the potential for the high peptide production of soybean 
meal SSF in the industry. 
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INTRODUCTION 
 

As a main protein source for animal feedstuffs, soybean meal 
often has several antinutritional factors including 
carbohydrates, such as galactosyl derivatives of sucrose and 
non-starch polysaccharides (Choct et al., 2010), and antigenic 
proteins, such as glycinin and β-conglycinin (Song et al., 
2010), which might cause hypersensitivity. Some 
antinutritional factors of soybean meal may be inactivated 
through heat treatment or extrusion (Maenz et al., 1999), but 
heating excessively or insufficiently will cause the reduced 
nutrition potency and biological activity (Peres et al., 2003). 
Chemical inactivation was reported earlier (Sessa and Nelsen, 
1991), but is often accompanied by the residual reagent, 
therefore causing the adverse effect on animals. As to enzyme 
treatment for soybean meal (Graham et al., 2002), the higher 
cost may be the main reason for the limited application in 
industry. Microbial fermentation (Hong et al., 2004; Refstie et 
al., 2005) is a more economical approach to reduce the 
antinutritional factors of soybean meal, and the use of different 
strains for soybean meal fermentation, not only can produce 
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microbial enzymes to reduce anti-nutritional factors in 
soybean meal, but also can accumulate some other beneficial 
metabolites such as peptides. Solid-State Fermentation (SSF) 
is often used to process soybean meal for the lower cost of 
production, and the commonly used microorganisms are 
Bacillus subtilis (Teng et al., 2012), Lactobacillus (Gao et al., 
2013), yeast (Mo C-w and Huang, 2007), koji 
(Chantasartrasamee et al., 2005), Aspergillus niger (Hong et 
al., 2004) and so on, which are thought of the main factor that 
affect the quality of fermented soybean meal. So, selection of 
single or mixed culture in SSF will have a major influence on 
the composition of product. Now mixed-culture SSF tends to 
be applied in practice due to the synergistic effect usually 
existing among the most microorganisms. Based on the 
characteristics of strains chosen, soybean meal SSF can be 
divided into three types of fermentation, including aerobic 
fermentation (Teng et al., 2012), anaerobic fermentation (Gao 
et al., 2012), and two-stage aerobic-anaerobic fermentation 
(Wei et al., 2013), and the latter was usually used in some 
industries, which contained aerobic fermentation such as 
Bacillus subtilis at the early stage to produce a large amount of 
active substances such as protease, amylase, cellulase 
enzymes, digestive enzymes, and peptide etc, and anaerobic 
fermentation such as Lactobacillus at the later stage to secrete 
acidic substances that make the fermented product with sour 
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flour and improve the proteolysis to produce small protein, 
peptide and free amino acid etc. So, through SSF, 
microorganism can remove the anti-nutritional factors, and 
cause protein (macromolecule) degradation to produce small 
protein and peptide that contributes to the animal absorption. 
Therefore, peptide, especially small peptide (< 10 kDa), 
produced in the SSF of soybean meal, is the important index to 
judge the quality of fermented product. Furthermore, now 
efficient improvement of peptide in soybean meal SSF is 
interesting more and more researchers. Although, fermented 
soybean meal has been found with great potential for 
application of livestock, poultry and aquaculture, there are still 
many inadequacies or problems in the process, especially in 
the large-scale SSF, such as longer fermentation time (> 2 d) 
(Gao et al., 2013; Chantasartrasamee et al., 2005), substrates 
becoming tacky and clumping together, high temperature (40-
50 ˚C or more) inside substrates, and ammonia-like smell 
produced (Allagheny et al., 1996), which usually stem from 
excessive aerobic fermentation or deep solid substrate without 
good breathability or a longer fermentation time etc, and also 
make a greater impact on the product quality and profit. Since 
SSF occurs when microorganisms grow on the solid 
substrates, the interaction among different microorganisms is 
believed necessary to solve these problems.  
 
SSF of soybean meal with three individual and combined 
microorganisms, Bacillus sublitis, Saccharomyces sp. and 
Lactococcus lactis, was previously investigated by some 
researcher at the small scale with a longer fermentation time 
(Refstie et al., 2005; Teng et al., 2012; Gao et al., 2013; Mo 
and Huang, 2007; Wang et al., 2011), mostly due to the 
synergistic effects among them under the appropriate 
conditions in mixed-culture SSF, but up to now little is known 
about the effect of various combinations of these 
microorganisms inoculated at different ratio for the 
improvement of peptide production. Thus, the objectives of the 
present study were to systematically investigate if any 
synergistic effect exists among the three microorganisms 
based on the peptide production with a shorter fermentation 
time (such as 36h or less), and the corresponding mechanism, 
under the condition of liquid soybean meal dextrose medium 
as culture medium and soybean meal as solid substrate without 
other supplements, thus forming a environment of limited 
living condition, enhance microbial competition. In addition 
the compositions of culture medium and solid substrate 
concerned in this study have been not reported by other 
researchers until now. 
 

RESULTS AND DISCUSSION 
 
Preliminary experiments 
 
In this study, Bacillus sublitis (B), Saccharomyces sp. (S) and 
Lactococcus lactis (L) were chosen as the starter cultures, 
owing to their physiological, enzymological and biochemical 
properties and possible existence of the reciprocity and 
synergistic effect between strains (Soccol et al., 2010). In 
order to improve the microorganism adaptation of SSF 
condition (only soybean meal of solid substrate), the liquid 
culture medium for these three microorganisms before their 
inoculation, was only mixed with soybean-meal powder and 
dextrose, without other additives, thus leading to relatively 
limited nutrition for the microorganisms, entering the 

logarithmic growth phase earlier, and so decreasing the 
incubation time of cultures to 8 h compared to often 18-24 h 
reported (Wang et al., 2011). The peptide content of 
unfermented soybean meal assayed was 1.1% (dwb) as 
control, and after SSF, soybean meal had a significantly higher 
peptide content (P<0.05), no matter single-culture or mixed-
culture SSF, with the time to the highest peptide content for 
each treatment at 36h or less, from the preliminary experiment 
seen in Figure 1. Through further analysis, it was found that 
soybean meal with mixed inoculation had significantly higher 
peptide content (P < 0.05) than that with single inoculation 
except the treatment of B+S(1:1), and triple microorganism 
combination SSF also had significantly higher peptide content 
(P < 0.05) than SSF with dual microorganism combination. 
Moreover, for dual microorganism combination SSF, no 
significant difference (P>0.05) between B+L(1:1) and 
S+L(1:1) was found, but both treatments had higher content of 
peptide (P<0.05) compared to B+S(1:1); for single 
microorganism SSF, soybean meal with Bacillus sublitis 
inoculation alone had significantly higher content of peptide (P 
< 0.05) than the other treatments of S and L. 
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Figure 1. Time profiles of peptide content at different 

microorganisms and combinations during SSF of soybean meal. 
Different letters represent significant differences at P = 5%. 

LSD0.05 = 0.5187. All different microorganism combinations are 
described in Table 1 

 

These results obtained from the preliminary study suggested 
that there was some synergistic effect among the three 
microorganisms, especially for the combinations of B+L, S+L 
and B+S+L, but no synergistic effect was found in SSF with 
B+S combination at inoculation ration at 1:1. It was true that 
under the condition of culture incubation in present study, the 
microorganisms should naturally make full use of soybean 
meal in SSF so that the higher content of peptide was 
produced, possibly because protein is the main composition of 
soybean meal with the content of 46%, resulting in the higher 
chance of its access to microorganisms. Similarly, only 
soybean meal as the solid substrate in SSF, would be the 
relative homogeneity and also used fully and rapidly and 
therefore reduce the incubation time of SSF to 36 h or less, 
compared to 48-72 h reported (Refstie et al., 2005; Teng et al., 
2012; Gao et al., 2013; Mo and Huang, 2007; Wang et al., 
2011).  
 

Microorganism combination 
 

Effect of different inoculation ratios of microorganism 
combinations on the peptide contents of fermented soybean 
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meals were shown in Figure 2. For B+S combination (Figure 
2a), the highest content of peptide was obtained in treatment of 
B+S(2:1), which was not significant difference (P > 0.05) with 
single-culture treatment of B, and the lowest content of peptide 
was found in treatment of B+S(1:2), which was even 
significantly lower (P < 0.05) than single-culture treatment of 
S, and at 1:1 inoculation ratio of B+S, the content of peptide 
was similar to the single-culture treatment of S. For B+L 
combination (Figure 2b), appropriate inoculation ratio of B+L 
could improve the content of peptide: treatments of B+L(2:1) 
and B+L(1:1) had significantly higher (P<0.05) peptide 
content than the single-culture treatments, and the highest 
value was found in treatment of B+L(2:1), but the lowest value 
(P<0.05) was found in treatment of B+L(1:2), even lower than 
that of treatments of B and L. For S+L combination (Figure 
2c), though the highest numerical value of peptide content was 
obtained in treatment of S+L(1:1), there was no significant 
difference (P>0.05) with S+L(2:1). And for B+S+L 
combination (Figure 2d), treatment of B+S+L(2:1:1) had the 
highest level of peptide (P<0.05), followed by the treatments 
of B+S+L(1:1:1) and B+S+L(2:2:1), between which there was 
not significant difference (P>0.05), and next followed by 
B+S+L(1:2:1) and B+S+L(2:1:2) that had also no significant 
difference (P>0.05) in the level of peptide, but treatments of 
B+S+L(1:1:2) and B+S+L(1:2:2) had significantly lower 
(P<0.05) content of peptide than single-culture treatment of B, 
and had no significant different (P > 0.05) with the single-
culture treatments of S and L.  
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Figure 2. Effect of inoculation ratios of dual microorganism 
combinations of B+S (a), B+L (b), S+L (c) and B+S+L (d) on 

peptide contents of soybean meal, with incubating for 36h. Means 
followed by the same letter are not significantly different at P = 
5%. LSD0.05 = 0.6692 for B+S (a), LSD0.05 = 0.7154 for B+L (b), 
LSD0.05 = 0.7284 for S+L (c) and LSD0.05 = 0.7726. All different 

microorganism combinations are described in Table 1 
 

In mixed-culture fermentation, competition between 
microorganisms for living space can improve the nutrient 
utilization (Hibbing et al., 2010) and thus leads to some 
substances produced including peptide etc. Obviously, there 
were synergistic effects in some duial/triple microorganism 
combinationsn soybean meal SSF, including B+L(1:1), 
S+L(1:1), B+S+L(2:1:1), B+S+L(1:1:1), B+S+L(2:2:1), 
B+S+L(1:2:1) and B+S+L(2:1:2). And adjusting the ratio of 
B+S could not effectively improving the content of fermented 
soybean meal. But, it could be seen, a synergistic effect was 
found in the treatment of B+L(1:1), and the increasing ratio 
(2:1) of B+L also was able to enhance that effect, while the 
falling ratio (such as 1:2) weakened the synergistic effect. As 
opposed to SSF with B+L combination, increasing the ratio of 
S+L inoculation (such as 2:1) did not improve their synergistic 
effect, but weakened it to some extent. Results showed that 
microbial competition was associated with inoculation ratio of 
starter culture. If the ratio of inoculation was not inappropriate, 
some microorganism would consume a lot of nutrients and 
become dominant, resulting in the inhibition of growth of the 
other microorganisms. When Bacillus sublitis, as an aerobe, 
had a higher proportion (such as B+L(2:1), B+S+L(2:1:1)) in 
mixed microorganisms inoculated, it could rapidly consume 
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oxygen in environment of SSF to produce lots of metabolins 
and gradually form a good environment that could promote 
growth of Saccharomyces sp. and Lactococcus lactis. On the 
contrary, as a facultative anaerobe, Lactococcus lactis with the 
higher proportion (such as B+L(1:2), S+L(1:2), B+S+L(1:1:2)) 
in mixed-culture SSF, could multiply quickly so as to form an 
anaerobic and high-acidity environment, thus leading to 
restraining the growth of the other microorganisms. Similar 
effect also happened to Saccharomyces sp. with the higher 
proportion (such as B+S(1:2)) in mixed culture. 
 
Protease activity 

 
Further study on the relation of inoculation ratio and peptide 
yield was conducted by determining the protease activity 
during the course of SSF. Selection of microorganism 
combination was according to the peptide production based on 
the previous batehes. As can be seen in Figure 3a, total 
protease activity in single-culture SSF was not higher than that 
in optimal mixed-culture SSF, especially for treatments of S 
and L, and treatment of B+S+L(2:1:1) had the highest total 
protease activity (P<0.05), followed by B+L(2:1). For the 
developing trend, it was related to the microorganisms used, 
and for example, similar trend was found among B, S and 
B+S(2:1), and as the fermentation was in progress, the total 
protease activity increased slowly in the first 9h, quickly for 
B+ L(2:1), S+L(1:1) and B+S+L(2:1:1) in the followed time, 
quickly for B and B+S (2:1) in the following 15h and 
decreased slowly for B and B+S (2:1) in the last 12h, and for S 
and L, it increased slowly in the course of SSF, compared to 
the other treatments. These results indicated that SSF with the 
optimal combination of starter cultures for the higher yield of 
peptide also could produced higher total protease activity and 
mixed-culture SSF helped to produce higher activity than 
single-culture SSF.  
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Figure 3. Time profiles of total protease activity at different 
microorganisms and combinations (a), and various protease 

activities and pH of substrates for B+S+L(b) and B+S(c) during 
SSF of soybean meal. Different letters represent significant 

differences at P = 5%. LSD0.05 = 119.87. All different 
microorganism combinations are described in Table 1. 

 
Therefore, it can be inferred that protease activity seemed to be 
responsible for peptides release (Alexandre et al., 2001), that 
is, peptide was produced by proteolysis in SSF. However, 
different microorganism combination could affect the protease 
activity, such as B+S+L(2:1:1) and B+S (2:1) with different 
trends of total protease activity (Figure 3a). Since total 
protease activity includes acid, alkaline protease activity, 
various protease activities pH were determined for 
B+S+L(2:1:1) (Figure 3b) and B+S (2:1) (Figure 3c) during 
SSF process. For the activities of alkaline and neutral 
proteases and pH, the developing trends of B+S+L(2:1:1) and 
B+S(2:1) were similar, the highest activity at 24h of 
fermentation time and the neutral protease with the higher 
activity. But, for the acid protease activity, B+S+L(2:1:1) had 
an increased value at the later stage (24-36h) (Figure 3b), 
while similar trend was not found in B+S (2:1), with very low 
activity and high pH above acidity (Figure 3c), maybe due to 
no Lactococcus lactis used in B+S(2:1) that could produce 
lactic acid (Cock and Stouvenel, 2006) to adjust the pH of 
substrate to acidity and improve the activity of acid protease 
produced during SSF. Hence it can be also inferred that 
Lactococcus lactis improved the activity of protease in the 
later stage of SSF, enhanced the peptide production and thus 
increased rapidly the yield of peptide for SSF of soybean meal. 
 
Microbial growth 

 
The optimal combination of B+S+L(2:1:1) was investigated on 
the microbial growth profiles and the results were shown in 
Figure 4. In the fermentation time of 0-18h, Bacillus sublitis 
grew more quickly than the other microorganisms, and after 
15h, Saccharomyces sp. and Lactococcus lactis started to grow 
quickly and the degree of increase was greater for the former, 
but after 27h, the growth of Saccharomyces sp. and Bacillus 
sublitis showed a slow decline trend, while until 33h, 
Lactococcus lactis came to grow slowly. Correspondingly, the 
pH of substrate was changed from 6.8 to 5.2, especially for the 
later stage of SSF (>27h) with a sharp decline, due to faster 
growth of Lactococcus lactis. As SSF progresses, 
aerobic/anaerobic fermentation often takes place in the 
early/later stage, and both fermentations happen in the middle 
stage. So, results obtained above suggested that the earlier 
stage of SSF was appropriate for the Bacillus sublitis growth 
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and as the fermentation went on and oxygen was depleted 
among the particles of substrate, the environment was suitable 
for the growth of Saccharomyces sp. and Bacillus sublitis 
more and more. Accordingly, the optimal combination of 
B+S+L(2:1:1) gave full play to growth characteristics of these 
three microorganisms and thereby speeded up the SSF of 
soybean meal. 
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Figure 4. Time profiles of viable cell of various microorganisms 
and pH of substrates for B+S+L(b) during SSF of soybean meal 

 
Mechanism 

 
It is possible that the protease activities that are affected by 
microbial growth conditions manipulate the formation of 
peptides to some extent (Korhonen and Pihlanto, 2006). 
Results showed that the peptide yield was associated with the 
activity of protease produced in the mixed-culture SSF. For the 
microorganisms used in this study, Bacillus sublitis is often 
regarded as aerobe, while both of Saccharomyces sp. and 
Lactococcus lactis are regarded as facultative anaerobe, so 
protease activity in single-culture SSF was lower than that in 
mixed-culture SSF, which might be caused by the synergistic 
effect among the microorganisms, and as a result, the higher 
content of peptide was obtained in mixed-culture SSF in the 
preliminary experiments. And thus, the mechanism of 
microorganism improvement of peptide production in SSF of 
soybean meal could be inferred as follows: 
 
For the optimal microorganism combination of B+S+L(2:1:1), 
in the earlier stage of SSF, Bacillus sublitis grew more rapidly 
to mainly cause the increase of activities of neutral and 
alkaline proteases, and with the fermentation processing, the 
growths of Saccharomyces sp. and Lactococcus lactis were 
speeded up gradually, resulting in the falling pH to acidity and 
therefore the increase of activity of acid protease in the later 
stage of SSF. Under the living environment formed, various 
microbial growths and various activities of proteases that were 
enhanced successively, interacted synergistically with each 
other and thus contributed to the peptide yield by the 
proteolysis. As a result, the shorter fermentation time was 
applied in the soybean meal SSF. 
 

METHODS 
 

Microorganisms and culture preparation 
 
Bacillus sublitis (ACCC 01746), Saccharomyces sp. (CICIM 
Y0362) and Lactococcus lactis (ACCC 11092) were provided 

by Henan Engineering Laboratory for Collection and Selective 
Breeding of Industrial Microorganisms (Zhengzhou, China). 
The strains were cultured on nutrient agar (peptone beef 
extract agar) plates for Bacillus sublitis, potato dextrose agar 
plates for Saccharomyces sp., and MRS agar plates for 
Lactococcus lactis. The plates were incubated at 30 ˚C for 24 h 
for Bacillus sublitis and Saccharomyces sp. and 7 days for 
Lactococcus lactis until colonies produced, and were kept at 4 
˚C as cultures until use. 
 
Solid substrate and chemicals 

 
Soybean meal was produced by Henan Sunshine Oils and Fats 
Group (Zhengzhou, China) and analysed for protein (46%, 
N×6.25) by Kjedhal method. All chemicals and medium 
ingredients were purchased from Shanghai Chemical Co. 
(Shanghai, China). 
 
Solid-State Fermentation (SSF) 

 
Two culture loops of Bacillus sublitis (B), Saccharomyces sp. 
(S) and Lactococcus lactis (S) were respectively transferred to 
250 mL conical flasks containing 50 mL of liquid soybean 
meal dextrose medium made of 4% soybean-meal powder 
(particle size <0.15mm, passing through 100-mesh screen) and 
1% dextrose, in order to adapt the strains for the solid 
substrate. The flasks were shaken at 150 rpm for Bacillus 
sublitis and statically placed for Lactococcus lactis and 
Saccharomyces sp. at 30 ˚C for 8 h. The solution was used as a 
stock solution for SSF. A 250-mL conical flask, which was 
capped with rubber stopper perforated with a syringe needle 
for gas release, was used for SSF. A total inoculum of 10% 
(v/w) was used to inoculate 50 g of substrate. Solid substrate 
with an original moisture content of 12% was adjusted to a 
moisture content of 50% by using distilled water, and the 
initial pH was maintained at a natural level as reported (Wang 
et al., 2011) and actually tested at 6.8±0.1 in this study. No 
nutrients or minerals were added to the substrate, due to 
soybean meal as the natural medium that contains the organic 
carbon, nitrogen, phosphorus, vitamins and metal ions to allow 
microbial growth, and the case that a supplement such as 
wheat bran might relatively reduce the total content of protein 
in soybean meal owing to the lower content of protein in 
supplement and thus would affect the nutrient value for 
application in animal feed. In addition, for this scheme the 
effect of microorganisms on the SSF of soybean meal could be 
investigated clearly without the interference of the supplement. 
The substrate was sterilized at 121 °C and 103 kPa in an 
autoclave for 20 min. And, SSF was done by statically 
incubating the substrate at 30 °C in a thermostat incubator 
within a water reservoir to maintain the relative humidity and 
moisture level of the substrate, and the samples were 
withdrawn every 3 h. All treatments were repeated three times. 
 
Microorganism combination in SSF 

 
In order to investigate synergistic effect among the 
microorganisms, the solid substrates were inoculated with 
dual/triple microorganism combination in SSF and with a 
single microorganism as a comparison. Inoculation ratios of 
mixed cultures were used and ratios of different starter 
microorganisms were seen in Table 1.  
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Table 1. Inoculation ratios of different starter microorganisms 
 

Microorganism 
combination 

Ratio Expressed 

B+S 
1:1, 1:2, 2:1 

B+S(1:1), B+S(1:2), 
B+S(2:1) 

B+L 
1:1, 1:2, 2:1 

B+L(1:1), B+L(1:2), 
B+L(2:1) 

L+S 
1:1, 1:2, 2:1 

L+S(1:1), L+S(1:2), 
L+S(2:1) 

B+S+L 
1:1:1, 1:1:2, 1:2:1, 
1:2:2, 2:1:1, 2:2:1, 
2:1:2 

B+S+L(1:1:1), 
B+S+L(1:1:2), 
B+S+L(1:2:1), 
B+S+L(1:2:2), 
B+S+L(2:1:1), 
B+S+L(2:2:1), B+S+L(2:1:2) 

 
Peptide and dry matter assays 

 
The peptide content in sample was determined by Lowry 
method (Lowry et al., 1951). Before analysis, 1 g sample was 
put into 50 mL of 15% (w/w) TCA solution and stirred and 
incubated for 5 min at 25 ˚C, and then the mixture was filtered. 
After the filtrate was centrifuged at 4,000×g for 30 min, the 
obtained supernatant, containing peptide (< 10 kDa) from 
fermented soybean meal, could be analyzed by Lowry method. 
The content of small peptide, expressed as a percentage (dwb), 
was calculated by dividing the weight of TCA-soluble peptide 
by the dry matter mass in the original sample. The dry matter 
mass was determined by weighing after oven-drying at 105 °C 
overnight. 
 

Protease assays 
 
The Folin method (Mcdonald and Chen, 1965) was used for 
the assay of protease. 1 g sample was put into 50 mL of lactic 
acid buffer solution (pH3.0) for acid protease and phosphate 
buffer solution (pH3.0) for neutral protease and borate buffer 
solution (pH10.5) for alkaline protease, stirred and incubated 
for 5 min at 25 ˚C, and then the mixture was filtered by four 
layers of gauze. The filtrate containing protease from 
fermented soybean meal could be analyzed by Folin method. 
The protease activity, expressed as U/g (dwb), was calculated 
by dividing units of protease activity by the dry matter mass in 
the original sample. One unit of protease activity is defined as 
the amount of 1 mL enzyme solution required to produce an 
increase of 1 μg tyrosine under the defined conditions. 
 
Microbiological analysis 

 
The microbiological properties were determined according to 
the pour plate technique (Ustunol et al., 2001). 1 g sample 
yogurt sample was diluted with 90 mL of 0.1%peptone water. 
Further dilutions were made as required. The standard pour 
plate method was employed to determine the viable cell 
counts, and the microbial species were judged by the colony 
morphology. The protease activity, expressed as CFU/g (dwb), 
was calculated by dividing viable counts by the dry matter 
mass in the original sample. 
 
Statistical analysis 

 
Analysis of Variance (ANOVA) and Least Significant 
Difference (LSD) were used in order to determine the 
differences among treatments (P < 0.05) by SAS (version 9.1). 
 

List of abbreviations used   
 
ANOVA: Analysis of variance 
B: Bacillus sublitis 
dwb: Dry weight baisis 
L: Lactococcus lactis 
LSD: Least significant difference 
S: Saccharomyces sp.  
SSF: Solid-state fermentation 
TCA: Trichloroacetic acid 
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Conclusions  

 
In summary, some synergistic effects and appropriate 
inoculation ratio were found to increase peptide yield and 
protease activity, reduce the pH of system to acidity and 
shorten the fermentation time to 36h or less in soybean meal 
SSF. Among treatments, microorganism combination of 
B+S+L(2:1:1) could speed up the microbial growth, have the 
highest protease activity, and thus produce the highest peptide 
yield, indicating that the peptide production was associated 
with the protease activity and quick growth characteristics of 
these three microorganisms, indicating that the peptide 
production was associated with the protease activity and 
various microbial growths. So appropriate inoculation ratio of 
starter culture speeded up the SSF of soybean meal and the 
mechanism of microorganism improvement of peptide 
production in SSF of soybean meal could be inferred 
reasonably, demonstrating the potential for the high peptide 
production of soybean meal SSF in the industry. 
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