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ABSTRACT ARTICLE HISTORY
This study was aimed to screen a high-efficient strain for degrading Received 24 July 2017
antigenic protein in soybean meal (SBM) and evaluate the effect of =~ Accepted 24 July 2017
fermented soybean meal (FSBM) on growth performance of piglets.

A Bacillus subtilis strain BS12 was selected through plate and Bacillus subtilis: fermented
fermentation experiment, which reduced 92.36% less glycinin and soybean meal;’piglets;
88.44% less B-conglycinin in SBM. A total of 192 piglets were inflammation
assigned to receive either a diet of SBM with antibiotics (the

control group) or a diet containing 10% FSBM without antibiotics.

The average daily gain and feed intake of pigs fed FSBM were

superior (p <.10) to those fed the control diet. Reduced (p < .05)

mRNA expression of pro-inflammatory cytokines was detected in

the jejunum and ileum of pigs fed FSBM. These results

demonstrated that a diet containing BS12 FSBM improved growth

performance by reducing dietary inflammation in piglets.
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Introduction

Soybean meal (SBM) is the most widely used plant protein source in the food and feed
industries. Glycinin and B-conglycinin account for about 30% and 40%, respectively, of
the total proteins in SBM (Maruyama et al., 1999). Soybean allergens (mainly glycinin
and B-conglycinin) in the diets of weaned pigs provoked transient hypersensitivity and
inflammation associated with abnormal morphology of the small intestine (Li et al,
1990; Sun, Li, Dong, Qiao, & Ma, 2008). These morphological changes can cause
animal malabsorption syndrome, growth depression, and diarrhea (Sun, Li, Dong, et al.,
2008; Sun, Li, Li, Dong, & Wang, 2008). In addition, B-conglycinin was reported to
reduce feed intake in younger animals (Hao, Zhan, Guo, Piao, & Li, 2009; Nishi, Hara,
& Tomita, 2003; Xu, Zhou, Wang, & Ai, 2010).
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Microbial fermentation of animal feed can improve its nutritional quality by eliminating
anti-nutritional factors and increasing nutrient bioavailability. Fermented SBM (FSBM) is
produced by the addition of various microorganisms to SBM, including Rhizopus oligos-
porus, Aspergillus oryzae, Lactobacillus brevis, and Bacillus subtilis (Egounlety & Aworh,
2003; Feng, Liu, Xu, Lu, & Liu, 2007; Hong, Lee & Kim, 2004; Refstie, Erland, Grete, &
Per, 2005). A previous study by Feng et al. (2007) showed that FSBM with a low concen-
tration of glycinin and B-conglycinin could improve feed intake and average daily weight
in piglets. However, a diet containing only 9% FSBM with a 40% reduction in glycinin and
B-conglycinin did not improve the growth performance of weaned pigs (Kim, Van
Heugten, Ji, Lee, & Mateo, 2010). Thus, highly efficient allergen degradation strains are
essential in the creation of FSBM, in order to improve animal growth performance.

This study was designed to isolate a strain with relatively higher capacity to degrade
protein and cellulose and to apply it in the fermentation of SBM. An animal feeding
trial was conducted to evaluate the growth performance and immune status in piglets
fed a diet based on FSBM.

Materials and methods
SBM and Bacillus strains

In the present study, SBM was obtained from the Cofine Bio-tech Co. Ltd. (Jiaxing,
China). Bacillus spp. utilized as the fermentation organism were isolated from preserved
vegetables obtained from a local market (Shaoxing, China). The control strains B. subtilis
CICC10088, B. subtilis CICC20030, B. subtilis CICC20076, B. subtilis CICC21076, and
B. subtilis CICC23741 were obtained from the China Center of Industrial Culture Collec-
tion (CICC, Beijing, China). The bacteria were activated twice by culturing in Luria-
Bertani medium (1% tryptone, 0.5% yeast extract, and 1% NaCl) at 37°C and 150 rpm
for 12 h. The activated culture (i.e. cell pellets at a viable population of 10"~ CFU/mL)
was used as the inoculum for SBM fermentation.

Screening and identify of strains

The protein degradation capacity of the strains was determined using protein plates, in
which the protein was extracted from the SBM, as described previously (Liu et al.,
2007). Measurements of the cellulase and amylase activity were performed with a carbox-
ymethylcellulose plate (Hankin & Anagnostakis, 1977; Teather & Wood, 1982) and a
starch plate (Wang et al.,, 2006), respectively. Strains were selected by comparing the
ratio of the hydrolysis diameter and strain colony diameter (Wang et al.,, 2006). The
strain was purified and cryopreserved at —80°C until sent to CICC and identified with
16S ribosomal RNA gene partial sequencing and gryB sequencing.

SBM fermentation

The SBM was fermented with B. subtilis according to the procedures described by Seo and
Cho (2016). Initially, the substrate was sterilized at 105°C for 20 min. After cooling, the SBM
was added to 50% (w/v) sterile water and inoculated with 5% (w/v) inoculums at 37°C for
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24 h. After fermentation, the SBM was dried by a freeze-dryer and grounded to pass through
a 60-mesh screen. The grounded samples were stored at —20°C until further analysis.

Multiple fluorescence labeling and confocal laser scanning microscopy (CLSM)

Proteins were labeled with fluorescein isothiocyanate (FITC), cellulose was labeled with cal-
cofluor white (CW), and starch was labeled with Con A (Chen, Lee, & Tay, 2007; Adav et al.,
2010; Wang, Shen, Yu, Ran, & Xu, 2012). First, 0.1 M sodium bicarbonate buffer was added
to the FSBM sample to keep the amine group in a non-protonated form, after which 10 g/L
of the FITC solution was added to the sample for 1 h at room temperature. The mixtures
were washed with phosphate-buffered saline twice to remove excess stain and 250 mg/L
Con A solution was added and incubated for 30 min. Finally, 300 mg/L CW solution was
incubated with the sample and washed with phosphate-buffered saline after 30 min incu-
bation. The stained samples were embedded in Tissue-Tek O.C.T. Compound (Sakura,
Finetek USA, Torrance, CA) for observation and frozen at —20°C. Samples were cut into
30-pm sections with cryomicrotome (Cyrotome E, Thermo Shandon Limited, UK),
imaged using a x20 objective, and analyzed with Zen 2010 software (Carl Zeiss, Germany).

Feed experimental design, animals, and diets

All animal procedures were approved by the Institutional Animal Care and Use Commit-
tee of Zhejiang University. A 24-d experiment was carried out with 192 pigs (Duroc x
Large white x Yorkshire) with body weights of 9.35 + 0.65 kg. The experiment was a ran-
domized complete block design with 2 dietary treatments, and each treatment was repli-
cated with 6 pens, containing 16 pigs per pen. Pigs were weighed individually and assigned
randomly to pens. All pigs were given ad libitum access to feed and water. Room temp-
erature was controlled to about 32°C. Average daily gain and average daily feed intake
were measured on day 24; feed gain and diarrhea incidence were also calculated.

The two diets were (1) corn-SBM with 100 mg/kg olaquindox and 50 mg/kg kitasamy-
cin (control, CON); and (2) 10% replacement of protein from SBM in the control diet by
protein from FSBM (Table 1). All diets were formulated to have similar nutrient content
and met or exceeded the nutrient requirements estimated by NRC (2012).

Chemical analysis

Dry matter (DM), crude protein (CP), calcium, phosphorus, ether extract, ash, and amino
acid composition of SBM, FSBM, and the two diets were analyzed according to AOAC
(2000). The trichloroacetic acid-soluble protein (TCA-SP) of the sample was determined
using the methods described by Ovissipour et al. (2009). Amounts of 3-conglycinin and
glycinin were analyzed using an indirect ELISA kit (Longzhoufangke Bio Co., Beijing,
China) according to the manufacturer’s protocol.

Animal sampling procedure

At the end of the feeding trial, 12 pigs (6 piglets from each treatment) were selected and
humanely killed. Jejunum and ileum samples (0.5x 0.5 cm) were taken immediately,
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Table 1. Ingredient and composition of experiment basal diet.

ltem CON FSBM
Ingredient

Corn, % 36.00 36.00
Extruded corn, % 15.00 15.00
SBM, % 24.00 14.00
FSBM by BS12, % - 8.84
Wheat flour, % 12.00 12.00
Fish meal, % 2.50 2.50
Soybean oil, % 2.50 2.50
Sucrose, % 2.00 2.00
Calcium carbon, % 1.00 1.00
Calcium perphosphate, % 1.00 1.00
Premix?, % 4.00 4.00
Proximate composition

DM, % 88.85 88.63
CP, % 21.08 20.31
Ether extract, % 833 8.26
Total AA, % 14.09 14.07
Ca, % 0.93 0.85
P, % 0.49 0.63
Glycinin,mg/kg 37.52 20.03
B-Conglycinin, mg/kg 40.89 19.43

Premix provided per kilogram of complete diet: vitamin A, 6000 IU; vitamin D3, 900 IU; vitamin E, 3 mg; vitamin B12,
30 pg; vitamin K3, 0.75 mg, b-pantothenic acid, 18 mg; niacin, 30 mg; iron, 80 mg; iodine, 0.45 mg; copper, 20 mg; sel-
enium, 0.1 mg; zinc, 100 mg.

rinsed in physiological saline, and stored immediately at —20°C until analysis. Digesta
samples from the jejunum were collected by massaging the tract from both ends. The
digesta samples were stored immediately at —20°C until analysis.

Quantitative real-time PCR

Total RNA of the jejunum and ileum were extracted using TRIzol reagent (Invitrogen,
USA). After visualization with the NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, MA, USA), 2 ug mRNA were used in reverse transcription to cDNA. Real-
time polymerase chain reaction (PCR) was performed with the StepOne Plus TM
system (Applied Biosystems, CA, USA). The primers used for real-time PCR are listed
in Table 2. Each reaction included 5 pL FastStart Universal SYBR Green Master Mix
(Roche, Switzerland). The thermocycler protocol consisted of 10 min at 95°C and 40
cycles of 10 s at 95°C and 35 s at 60°C, and melt curves were added. 18S were used as
housekeeping genes. mRNA relative expression was calculated using the 27**" method
as described by Yi et al. (2016).

Table 2. List of primers used in this study for real-time PCR.

Gene Primer sequence (5 — 3') Product size (bp) GenBank no.

Interleukin 4 Forward CTCCCAACTGATCCCAACCC 134 NM_214123.1
Reverse TGCACGAGTTCTTTCTCGCT

Interleukin 6 Forward AGGGAAATGTCGAGGCTGTG 147 NM_214399.1
Reverse TCCACTCGTTCTGTGACTGC

Interleukin 10 Forward CCAGCTCAGCACTGCTCTAT 147 NM_214041.1
Reverse AGAAACTCTTCACTGGGCCG

18S ribosomal RNA Forward GCCCTCGGTCGAGTTGTC 113 NR_046261.1

Reverse CTTGCAGGGCGGTGACAG
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Western blotting

Total protein of the jejunum and ileum were extracted using a protein extraction kit
(KeyGEN, Nanjing, China) and estimated using a BCA kit (KeyGEN, Nanjing, China).
Protein supernatant was separated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred onto a nitrocellulose membrane. After
blocking with 5% skimmed milk powder, the membrane was incubated with the appropri-
ate primary antibodies overnight at 4°C, followed by incubation with a horseradish per-
oxidase-conjugated secondary antibody for 1 h. Bands were detected using ECL (CliNX,
Shanghai, China). Band intensity was quantified using Image J software. Primary anti-
bodies for P-actin (Abcam, MA, USA), phos-p65-Nuclear Factor-kB (NF-kB) (Santa
Cruz, CA, USA), phos-p38 Mitogen Activated Protein Kinase (MAPK) (Abcam, MA,
USA), and phos-IkB-a (Abcam, MA, USA) were used.

Statistical analysis

Statistical analysis was performed using the Student t-test with SPSS 19.0 software (SPSS
Inc., Chicago, IL, USA). Differences were considered significant at p < .05. The results were
expressed as the means and standard error.

Results
Screening Bacillus spp. for FSBM production

The results of the Bacillus spp. screening showed that three strains (BS9, BS12, and BS21)
had larger hydrolysis diameters on the protein plate, and BS21 and BS9 showed weaker
cellulase degradation than did BS12 (Table 3). We chose five control strains, belonging
to B. subtilis, to compare enzyme activity and fermentation efficiency. As shown in
Figure 1(A), BS12 and the control strain CICC20076 showed similar protein degradation

Table 3. Size of the hydrolysis zone formed by the action of enzymes by Bacillus spp.

Protease Cellulase Amylase
Isolates HD? (tm) (CDP(cm) HD:CD HD?(cm) (CDP(cm) HD:CD HD?(cm) CDP(cm) HD:CD
BM1 25 1.0 25 03 0.1 30 2.0 0.7 2.9
BM2 23 0.6 3.8 0.2 0.1 2.0 2.0 0.5 40
BA1 2.7 12 23 0.6 0.2 30 1.8 0.4 45
BA6 22 0.5 44 0.5 0.1 5.0 16 0.4 40
BA9 24 0.7 34 03 0.1 3.0 15 03 5.0
BS1 2.8 0.6 47 0.2 0.2 1.0 1.8 0.4 45
BS7 23 0.8 2.9 0.0 0.2 0.0 14 0.4 35
BS11 25 0.7 36 0.2 0.2 1.0 16 04 40
BS12 28 0.6 47 14 0.2 7.0 1.8 0.4 45
BS14 2.0 1.0 2.0 0.5 0.2 25 14 0.4 35
BS17 30 1.0 3.0 0.8 0.2 40 2.1 0.7 3.0
BS22 25 0.8 3.1 03 0.2 15 2.0 0.5 40
CICC10080 23 0.7 33 03 0.1 3.0 12 03 40
CICC20030 23 03 76 0.2 0.1 2.0 0.8 0.4 2.0
CICC20076 30 0.6 5.0 0.5 0.1 5.0 2.0 0.4 5.0
CICC21076 2.1 0.3 3.0 0.5 0.1 45 16 0.4 40
CICC23741 0.7 0.4 18 0.1 0.1 1.0 0.4 0.1 40

®Represents hydrolysis zone diameter.
PRepresents colony diameter.
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Figure 1. Strain screening with plate assay and identified with hyligenetic tree assay. Note: (A) SBM
protein plate; (B) carboxymethylcellulose sodium plate; (C) starch plate; (D) hyligenetic tree of
the16S rRNA region of BS12; (F) hyligenetic tree of the gryB region of BS12.

activity, but BS12 showed greater cellulase degradation capacity than any of the control
strains (Figure 1(B)). BS12 had starch degradation activity similar to CICC10088 and
CICC20076 (Figure 1(C)). The 16S rDNA sequencing indicated BS12 was close to Bacillus
tequilensis KCTC 136227 (AYTO01000043) with 100% identity (Figure 1(D)), and gryB
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Figure 2. The resolved proteins from SBM fermented by different strains of Bacillus spp. separated on
SDS-PAGE gels. Notes: Proteins were separated on 12% SDS-PAGE gels. The resolved proteins were
visualized by Coomassie Brilliant Blue (CBB) staining. Lane 1, nonfermented SBM; Lane 2, BS12 FSBM
protein; Lane 3, B. subtilis CICC10088 FSBM protein; Lane 4, B. subtilis CICC20030 FSBM protein; Lane
5, B. subtilis CICC20076 FSBM protein; Lane 6, B. subtilis CICC21076 FSBM protein; and Lane 7, B. subtilis
CICC23741 FSBM protein. Molecular weight markers are indicated in kDa.

sequencing indicated BS12 was close to B. subtilis subsp. subtilis BCRC 10255"
(DQ309293) with 99% identity (Figure 1(F)). Thus, BS12 was found to be B. subtilis.

Biodegradation of soybean antigenic proteins

BS12 and control strains were subsequently cultured on solid-state fermentation using
SBM as a sole substrate. The result, shown in Figure 2, reveals that five subunits of
soybean antigenic proteins in SBM, including three bases of P-conglycinin and two
bases of glycinin, were separated. Most of o, a and [ base of B-conglycinin and acidic
base of glycinin in SBM had been degraded after BS12 fermentation (Fig.2 Lane.2).
However subunits of 3-conglycinin and glycinin were still remained in other five strains
fermentated SBM (Fig. 2 Lane 3 to Lane 7). ELISA analysis indicated that BS12 FSBM
had the lowest amounts of glycinin and B-conglycinin (23.36 and 17.26 mg/g, respectively)
(Table 4).

Morphology analysis of SBM

The CLSM images of SBM and FSBM are presented in Figure 3(A,B), respectively. In SBM,
cellulose (CW) formed an intact network-like structure, with starch (Con A) combined

Table 4. ELISA analysis of glycinin and B-conglycinin after fermentation.

Glycinin (mg/q) B-Conglycinin (mg/q)
[tem Mean SEMm? Mean SEm?
SBM 153.42 7.30 133.56 5.97
FSBM (BS12) 23.36 1.03 17.26 133
FSBM (CICC10088) 48.96 3.13 40.29 271
FSBM (CICC20030) 61.64 245 4537 2.90
FSBM (CICC20076) 45.45 2.13 55.23 247
FSBM (CICC21076) 29.73 1.36 4332 2.7
FSBM (CICC23741) 85.43 533 72.68 3.72

Standard error of mean.
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Figure 3. The CLSM images of SBM before and after 24 h of BS12 fermentation. Notes: (a) B-polysac-
charides (CW), blue; (b) proteins (FITC), green; (c) a-polysaccharides (Con A), pink; (d) merged image of
(a)—(c). Bar =50 pm.

with the protein body of SBM, and proteins (FITC) embedded in the core of this structure
(Figure 3(A)). After 24 h of fermentation with BS12, the fluorescence intensity of cellulose,
protein, and starch decreased and the boundary between cellulose and protein became
blurred (Figure 3(B)).

Chemical analysis of FSBM with BS12

Chemical compositions of SBM and FSBM are shown in Table 5. Compared with SBM,
FSBM had more CP, ash, and total P. The amount of TCA-SP (<10 kDa) in FSBM was
11.83%; this amount was 4.8-fold higher than SBM. Glycinin decreased from 133.42 in
SBM to 10.19 mg/g in FSBM, and B-conglycinin decreased from 113.56 to 13.13 mg/g.
Trypsin inhibitor was also decreased after BS12 fermentation. However, there was no
obvious difference at lysine and threonine between SBM and FSBM.

Table 5. Analyzed nutrient composition of FSBM.

Item SBM FSBM
DM, % 88.76 923

CP, % 45.53 52.58
TCA-SP, % 2.11 11.83
Fat, % 2.79 1.86
Ash, % 6.23 6.17
Lysine, % 245 2.51
Methionine, % 0.57 0.69
Threonine, % 1.57 1.56
Ca, % 0.34 0.41
Total P, % 0.62 0.73
Glycinin, mg/g 133.42 10.19

B-Conglycinin, mg/g 113.56 13.13




FOOD AND AGRICULTURAL IMMUNOLOGY 141

Table 6. Effects of FSBM on growth performance of piglets.

CON FSBM SEM P-value
Initial weight, kg 8.90 8.96 0.20 .87
Final weight, kg 17.78 18.95 0.39 11
Average daily feed intake, kg 0.39 0.44 11.29 .08
Average daily gain, kg 0.60 0.64 13.24 .02
Gain for feed (G:F) 0.65 0.68 0.03 15
Diarrhea incidence, % 7.24 7.56 0.25 54

Note: Values are presented as means; n=6

Pig performance

The growth performance of the piglets is presented in Table 6. Over the entire 24-d growth
trial, feed intake of piglets fed FSBM was higher than that of piglets fed the CON diet. The
average daily gain of piglets in the FSBM group was superior (p <.05). However, there was
no difference in feed gain ratio and diarrhea rate.

Small intestine inflammation

The pigs fed FSBM showed a significantly lower mRNA level of the pro-inflammatory
cytokines IL-4 and IL-6 (p < .05) than did pigs in the control group (Figure 4). In addition,
the mRNA level of the cytokine synthesis inhibitory factor IL-10 was significantly higher
in the FSBM group (p <.05). The western-blot results indicated that phosphorylation of
p38 MAPK, IkB-a, and p65 NF-kB decreased in the jejunum and ileum of pigs fed FSBM.
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Figure 4. Reduced inflammation in jejunum and ileum due to diet of FSBM with BS12. Notes: (A-C)
Relative mRNA levels of IL-4, IL-6, and IL10 in jejunum of piglets. (D) The phosphorylation of p38
MAPK, IkB-0, and p65 NF-k B protein in the jejunum of piglets. (E-G) Relative mRNA levels of IL-4,
IL-6, and IL10 in the ileum of piglets. (H) The phosphorylation of p38 MAPK, IkB-a, and p65 NF-kB
protein in the ileum of piglets. Comparisons were made between the control group, fed nonfermented
SBM with antibiotics, and the experimental group, fed a diet that contained 10% FSBM and no anti-
biotics. Differences were determined by Student t-test. CON, control. Mean + SEM,*p < .05, n =6.
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Discussion

In the present study, B. subtilis BS12 was screened using protein, cellulose, and starch plate
tests. And BS12 was more efficient than five other strains at degrading the antigenic pro-
teins during SBM fermentation. The SBM fermentation with B. subtilis was usually
allowed to proceed for 48 or 72 h (Bi et al., 2015; Feng et al., 2007; Teng et al., 2012; Upad-
haya & Kim, 2015), whereas BS12 fermentation spanned only 24 h in this study. Seo and
Cho (2016) investigated changes in the SBM protein profile during B. subtilis
KCCM11438P fermentation. And only 50% of trypsin inhibitors were removed and
58% glycinin subunit remaining after 24 h fermentation. Compared to KCCM11438P,
BS12 degraded 82.52% less trypsin inhibitors and 92.36% less glycinin in SBM. The
CLSM images showed that cellulose, protein, and starch of SBM were degraded during
the BS12 fermentation process (Figure 3(B)). In particular, the cellulose structure of
SBM, which protects proteins and starches from enzymatic attack (Wang et al., 2012),
was destroyed by BS12 fermentation. With the degradation of cellulose, the protein and
starch would be degraded easily by protease and amylase of BS12.

FSBM showed increased amounts of DM, CP, Ca, and P in the present study, con-
sistent with previous research on FSBM (Feng et al., 2007). This could be explained by
the consumption of sucrose and oligosaccharides in SBM during fermentation (Rojas &
Stein, 2013). TCA-SP consists of small peptides with 2-20 residues. Di- and tripeptides
in TCA-SP can be directly absorbed by the animal gut, and AA in the form of small
peptides is transported more quickly than constituent AAs in free form (Gilbert,
Wong, & Webb, 2008). In Bi et al. (2015) research, the soybean peptides were increased
50% after 48 h fermentation by B. subtilis XZI125 had high protease activity. However,
the amount of TCA-SP in SBM increased 4.6-fold after 24 h BS12 fermentation in the
present study. The result also proved that BS12 exhibited high efficiency in SBM
fermentation.

The higher nutritional value of FSBM resulted in better growth performance (feed
intake and gain) of piglets, compared with the piglets in the control group, which received
nonfermented SBM and antibiotics. Although previous research has shown that pigs fed a
diet containing FSBM had a greater average daily gain than control, the fermentation
strains and times were different. Feng et al. (2007) FSBM with B. subtilis WB117 only.
In the research of Jones et al. (2010), the FSBM was fermented with both B. subtilis and
A. oryza. And Yuan et al. (2017) FSBM with Lactobacillus casei (CGMCCL1.62), B. subtilis
(CGMCCI1.504), and Hansenula anomala (CGMCC2.881). All of the FSBM above were
fermented for 48 h more than BS12 FSBM for 24 h. Furthermore, the control diet was
added with kitasamycin and olaquindox in the present research. Both two antibiotics
could limit pathogen proliferation in the gastrointestinal tract of pigets (Ding, Wang,
Zhu, & Yuan, 2006; Jordan & Knight, 1984). The better growth performance of piglets
in FSBM group proved fermented feed could contribute to compensate the use of anti-
biotics in pig production.

The higher feed intake of piglets in this study might due to the low content of B-con-
glycinin in FSBM diets. B-conglycinin is proved to suppress food intake and gastric emp-
tying by its direct action on mucosal cells and stimulation of cholecystokin release (Nishi
et al., 2003). It appeared to be more resistant to digestion than glycinin in piglets, leading
to lower average daily gain and higher feed-to-gain ratio in piglets (Zhao et al., 2008). Low
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content of B-conglycinin in FSBM contribute to the higher feed intake, which results in
better average daily gain.

Moreover, glycinin and p-conglycinin are well-known major causes for immune
responses and allergic reactions in piglets (Hao et al., 2009; Wu et al,, 2016). Intestinal
mucosal immune responses to glycinin were enhanced by high levels of IL-4 and IL-6
(Sun, Li, Dong, et al., 2008). Glycinin and p-conglycinin in SBM induced mouse intestinal
epithelial cells to express inflammation factors such as IL-2, IL-6, and IL-8 (Xu et al,
2010). In the present study, piglets fed with FSBM exhibited lower mRNA expression of
inflammatory cytokines of IL-4 and IL-6 in both the jejunum and ileum than did
piglets fed a diet that contained antibiotics. The result indicated that a low content of aller-
gic protein in BS12 FSBM might contribute to a decline in mucosal immune responses.

The MAPK/NF-kB pathway played an important role in regulating inflammatory genes
(Fan et al., 2011). p38 MAPK was a control factor upstream of the posttranscription and
translation of pro-inflammatory cytokines (Newton & Holden, 2003).. Phosphorylated
IkB-a lead p65 NF-kB activated the transcription of inflammatory cytokine genes (Schot-
telius & Baldwin, 1999). The anti-inflammatory cytokine IL-10 was reported to target the
p38 MAPK, causing mRNA destabilization and translational repression (Hao et al.,
2009). In this research, the decreased phosphorylation of key factor p38 MAPK, IkB-a,
and p65 NF-kB may explain the decline in the mRNA level of IL-4 and IL-6. Anti-inflam-
matory factor IL-10 mRNA was up-regulated in the jejunum and ileum, further confirming
that FSBM using BS12 reduced the hypersensitivity caused by antigenic proteins in the diet.

In conclusion, a highly efficient Bacillus strain BS12 was selected to eliminate glycinin
and B-conglycinin in SBM through fermentation. The FSBM using BS12 had 92.36% less
glycinin and 88.44% less B-conglycinin than did the original SBM. Piglets fed a diet con-
taining 10% FSBM showed improved performance due to reduced levels of gut inflam-
mation. The FSBM exhibited application potential for reduce of antibiotics in feed.
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