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Effects of soybean meal fermented by endogenous lactic acid
bacteria in birds and yeast on growth performance ,immune
organ index and intestinal health of broilers

RONG Jing' ,PENG Xiaofeng'*, LI Genghui', GAN Xinyu', YANG Xue',
WEI Weiqun®, WANG Lina', WANG Songho',JIANG Qingyan',SHU Gang"

(1.College of Animal Science/Guangdong Provincial Key Laboratory of Animal Nutrition Regulation , South
China Agricultural University, Guangzhou 510642, China; 2. Jiangxi Tianjia Biological Engineering Co.Ltd.,
Nanchang 330000, China)

Abstract: [ Objective | Soybean meal fermented by probiotics can improve the nutritional value, protein
digestibility and utilization rate of soybean meal.Fermentation strain is the key factor affecting the fermentation
effect of soybean meal. The purpose of this study is to explore the effects of soybean meal fermented by
endogenous lactic acid bacteria in birds on related indexes of yellow—feather broilers, which can provide a
theoretical basis for the development and use of compound bacteria fermented soybean meal in animal
husbandry. [ Method |90 37—day—old yellow—feathered broilers with similar beginning weights were randomly
assigned to three groups, with 15 replicates in each group and 2 broilers in each replicate. The experimental
groups included the control group (fed with the basal diet) , chicken endogenous lactobacillus group (the basal
diet added with 0.5% monoclonal lactobacillus fermented soybean meal ) and the group of compound bacterial
(the basal diet added with 0.5% lactobacillus and yeast combination fermented soybean meal ).The preliminary
test period was 3 days, and the formal test period was 28 days.During the experiment, the growth performance of
all groups was measured.The bursa of fasciola, liver, pancreas, and spleen index, as well as intestinal length,
weight, and pH, were measured for both the control group and the compound bacteria group. HE staining was
performed on the duodenum, then the height of the duodenal villi, the depth of the crypts, as well as the
villus—crypt ratio were compared and analyzed. PCR was used to determine the relative expression of
inflammatory factors mRNA in the cecum mucosa.[ Result](1)Compared with the control group, the average daily
weight gain (ADG ) of broilers in the fermented soybean meal group with compoound bacteria significantly
increased (P<0.05) , the average daily feed intake (ADFI) showed a tendency to increase (P=0.053) , and the
overall effect was better than that of the group using soybean meal fermented by chicken endogenous
Lactobacillus alone., However, there were no significant differences in the feed conversion ratio (F/G) between
the two groups and the control group (P>0.05).(2)Compared with the control group, the group fed with soybean
meal fermented by compound bacteria significantly increased the abdominal fat rate of broiler chickens (P<
0.05) , and there was a tendency to increase the bursa of Fabricius index (P=0.059). However, it had no
significant effects on the liver index, pancreas index and spleen index (P>0.05).(3) The pH of the ileum
contents was decreasing (P=0.081) , and the weight/length of the cecum had the tendency to rise (P=0.084).
There was no significant effects on the length of the cecum, cecum index, colorectal length, duodenal content pH,
or cecal content pH (P>0.05).(4)There was no significant effects on the height of the duodenal villi, the depth of
the crypt, or the villi to crypt ratio (P>0.05).(5)The relative expression level of IL—6 mRNA in the cecal mucosa
was significantly increased (P<0.05) , the relative expression level of IL—10 mRNA was significantly decreased
(P<0.05) , and there was a trend of increased relative expression level of IL-8 mRNA (P=0.064).However, the
relative expression levels of IL-18, IL-2, IL.-4, IFN-a, IFN-, IFN-y and TNF-a were not significantly
affected (P>0.05). [ Conclusion | Adding 0.5% compound bacteria fermented soybean meal to the feed can
significantly increase the average daily weight gain and abdominal fat rate of broilers.It also has the tendency to

lower the pH of ileum contents and increase the bursa index of broilers.
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Tab.l Dietary composition and nutritional level(dry matter basis)

i H g BRI g
Items Contents Nutrition level” Contents
JERFZH /% Ingredients fRi5HiE/ (Keal - kg™ )Metabolic energy 3105.32
T K/% Corn 64.60 HLFE 1/% Crude protein 17.06
TH1/% Soybean meal 28.00 §5/% Calcium 0.73
K iM/% Soybean oil 4.5 H /% Available phosphorus 0.22
£ ¥}/% Limestone powder 1.2 Wi R/ % Lysine 0.91
Wil A 45%5/% Calcium hydrogen phosphate 0.8 5% /% Methionine 0.38
SAL#/% Sodium chloride 0.26 A IR+t 2 12 /% Methionine+cystine 0.68
TIRAL /1% Premix" 0.13 I JR/% Threonine 0.72
L-#i 2 B2 Eh R £k /% 1.-1ysine hydrochloride 0.05
DL-# % [##/% DL-methionine 0.11
SAALNERH/% Choline chloride 0.06
&11% Total 100

D HTR A A kg SRR 4E 4R A 10 000 TU, 4E4E R D, 2 500 [U, 4E4 R E 25 1U, 44 K K, 2 mg, 4624 E B, 1 mg, 4k
H 2 B, 4 mg, i B, 2 mg, 4E4E 2 B, 0.01 mg, M2 20 mg, 72 FRES 8 mg, M1i£ 0.95 mg, £ 0.05 mg, £k 80 mg, 4 8 mg,
£ 100 mg, 5% 75 mg, 2.5 mg, W 0.35 mg. ¥, & IRKF I EEAE

" The premix supplied the following per kg of the feed : vitamin A 10 000 IU, vitamin D, 2 500 TU, vitamin E 25 IU, vitamin K,
2 mg, vitamin B, 1 mg, vitamin B, 4 mg, vitamin B, 2 mg, vitamin B,, 0.01 mg, nicotinic acid 20 mg, calcium pantothenate 8 mg,
folic acid 0.95 mg, biotin 0.05 mg, iron 80 mg, copper 8 mg, manganese 100 mg, zinc 75 mg, iodine 2.5 mg and selenium 0.35 mg

per kg.”Nutrition levels were the calculated values.

14 AERIERE

TR0 PR WL P PRI X Y A AR o 4% B A B S B R A XS SR, i E IR U AR 1R
IS 28 F X8 B3PI ARG EA T FR R, 1 53 0 2P0 YR 900 s 1 5 FIOR R, 115820 P 24 H R £ it (average
daily feed intake , ADFI) *F-¥4 H #4 7 (average daily gain, ADG) FIUEL T LU (feed/gain, F/G) o AR 514 T,
Xf s b BREZH S B, 45 T A T MR 2L PR XS A R P B 1Y S VE e D ., PRI e e O R S5 T Y
REFEATRE G RAE , LAPRIT 8 IR LA T R B TR 0BG 45 242 8% RIS i) PR XE) A4 JC PR RE A T BEMIL AR
L5 #HmRESTE

TEAGREG S 31 K, 430 B KT HRZE S2 45 TR ZE rh R B 10 SPI422 3 32 20 -S4 A o 1 {5 28 2P PRI N, R i i
PRIBUEE 52 5 70 B TP DGUIEE vk TR R IR R B i, THAE SR e 6 B FR BRI IR 3« JIE v R B =
JIE B i () TR AR BT (g) X 100% ; IR i 58 = IR AR R Bt it (o) /G AR BT it (g) X 100%

B Esr st a8 B b S E . N I8 RS 2 B 1 em 2 A B IR T 4%
22 5 W 1 P B A 211 5 W (BLS39A, )M ARHEAE IR FRA R v o RN B 5 I Al B KR .
B+ 480 B ARSI E A BN S pH BT E I, AR BEER K Uk 2~3 3k, MK
AIET IR B AR i TR E R B s =8B (o) A 1A BT i (g) X100 %o 35 —fill
B RN, OB, PR AFT-80 °C.
1.6 +TIEBARKEENE

W20 T 4% 22 5 W s FH A 20 27 18 72 W (BLS39A, T MM EHEAE MR A FRA /D H i+ 5 =
Tk 181 5 24 h, 128 2 DUZELE R AR YR RS AT A S AL DR S HE e @ 7027 8 6lcse () M
B SE R PR 1) LI - 48 1 206 = B2 (VHD) FIB S R EE (CD ), JH Image J BAFGETT 4B HE (VIC)
HEA L (V/C) =5 (pom ) /B335 TR (pum)
1.7 ERFEXEREF mRNABRNRIEE

i F RNA 2 G5 & (R4130-02, 17 N e B A= W RHEAT FRZA W) IS 5 I B RS2 UL RNA L SR
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fift B 20 6 B T (FRER R R B 2 B I A2 A RNA W B . $92 B S 2 s 3570 85 (A0010CGQ, SE [
EZBioscience 23 7] ) BUHAEAL BRHS 1 g RNA KL% 5% 8 cDNA . H 4 2xColor SYBR Green qPCR Master Mix
71l (ROX2 plus) (A0012-R2, 3 [F EZBioscience 23 1] ) (I #RAE UL B cDNA FIRC ] S AR R |, JFZEDEG
iE 18 PCRAY (32 [ Stratagene A 1)) L4895 °C 30 s(1/7MFH) ,95 °C 155,60 °C 10 s f1 72 °C 30 s (404
PEFR) B B 0 A P HEA A . S35 58 F PCR (qPCR) B SUWAKR 22 o0 - B354 FiiF51 4145 0.2 ul,
1 wL ¢DNA,5 wL SYBR Green Master Mix, 4.6 wL ddH,0. 57 & B 55 B30 SR8 DR B0 R 52 1, 58 B
14+ % (Interleukin, IL-1) 3 1 [L-18 IL-2 JL-4 IL—-6 .IL-8 . IL—10, L) }2 T3 % (Interferon , IFN ) 3 K rh
IFN-a IFN-B IFN-y 5 i R FEH F o (Tumor necrosis factor, TNF-a) 55 R AE K 1M e FE K #1775 14 26
JEE & AE A F- mRINA AH X 35 5 BRI = 4% 580 IR AH DG HE K] 19 mRINA AR X 2634 & 244 JH g- L3 &
F1 (B-actin) YE NS L, 274~ YE 3R M B 5 190751 W4 2.
*2 HXERBRGSSIYEER

Tab.2 Related genes and primer information

HE K Bl1YFH(5°-3") PCR =¥ K B /bp RS BKEEIC 7% 30k
Genes Primer sequence PCR product length  Accession numbers T, References

F-AAGATCATTGCCCCACCTGA
B-actin 232 NM_205518.1 60.0 -
R-AAAGCCATGCCAATCTCGTC

F-GCTTCATCTTCTACCGCCTG
IL-1B 161 XM_046931582.1 60.0 [15]
R-ACTTAGCTTGTAGGTGGCGA

F-CAAGAGTCTTACGGGTCTAAATCAC
IL-2 100 NM_204153.2 60.0 [15]
R-GTTGGTCAGTTCATGGAGAAAATC

F-GTGCCCACGCTGTGCTTAC
1L-4 82 NM_001007079.1 60.0 [15]
R-AGGAAACCTCTCCCTGGATGTC

F-AAATCCCTCCTCGCCAATCT
IL-6 106 NM_204628.2 60.0 [15]
R-CCCTCACGGTCTTCTCCATAAA

F-GGCTTGCTAGGGGAAATGA
IL-8 200 NM_205498.2 60.0 [33]
R-AGCTGACTCTGACTAGGAAACTGT

F-CAGACCAGCACCAGTCATCA
IL-10 163 NM_001004414.2 60.0 [34]
R-TCCCGTTCTCATCCATCTTCTC

F-TTCAGCTGCCTCCACACCTT
IFN-a 101 XM_046936231.1 60.0 [15]
R-TTGTGGATGTGCAGGAACCA

F-TGCAACCATCTTCGTCACCA
IFN-B 71 NM_001024836.2 60.0 [35]
R-GGAGGTGGAGCCGTATTCTG

F-ACACTGACAAGTCAAAGCCGC
IFN-y 129 NM_205149.2 60.0 [35]
R-AGTCGTTCATCGGGAGCTTG

F-TGTTCTATGACCGCCCAGTT
I'NF-«a 164 XM_046927265.1 60.0 [15]
R-AGCATCAACGCAAAAGGGAA

1.8 HIEGZITE5HH
TR I8 1 FH Excel 2020 YEA7T#) 25 A0 PR, 43 5] {6 FH SPSS Statistics 26.0 #EA7 70 37 FE A ¢ #4556 | Graph-
Pad prism 8.30 7M1 M AE K] .

2 HERESH

21 BRRAMEARESEBSERARXBEMMERABEREENRME
H13 3 T, S50 HRALAH LU, ¥R 0 0.5% 5245 TR K I 0K RE S0 25 i /o AV XS - 249 H S B (P<0.05) , A $2
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R B A S (P=0.053) , (HAPRHEE TG 35520 (P>0.05) o S0 RRZALAR LE , HOARES N 0.5% X4 N IR 7L
R A T SR 32 2 A XS R B 1 (P=0.051) IS 8 (P=0.102) Ay % (HRFE L2 A R (P>0.05) .
*3 HRAEMENEIMAASHSERSEABEHNEPNNBER TR
Tab.3 Effects of dietary addition of endogenous Lactobacillus in birds and the co—fermentation with yeast of
soybean meal on the growth performance of yellow—feathered broilers

ZH 5] Groups P{H P-value
- X N PR LA B 2 AW s X A P LA P 2 BEWY
i H Ttems - G IRFLAT A AL Hawdl e, MWEITRA Hawdl
Chicken endogenous Composite Chicken endogenous Composite
Control SEM
Lactobacillus group  bacterial group Lactobacillus group  bacterial group

FHHEREE/(g-d")

99.44 105.50 105.50 1.228 0.051 0.053
ADFI
PR E/(g-d )

36.94 39.42 40.28 0.596 0.102 0.028
ADG
B L
. 2.73 2.69 2.63 0.024 0.616 0.121

P<0.05 L7225 W3, 0.05<P<0.1 LA ¥, P>0.05 Fom 257 A 3 .
P<0.05 indicates significant difference ,0.05<P<0.1 indicates a trend ,and P>0.05 indicates no significant difference.

22 ENRIMAENBIERAS LB EF RGAEREHNF N
H1 8 4 TR0, 5508 BREEAR LE , T RHAS 0 0.5 90 XS A Y5 LA T R B TR BB 45 24 T 2R B 1 35 442 5 PRI XS 119
JERR 7 (P<0.05) , 43 $i /=5 PRI XS ik [RZE 8 501 #a 34 (P=0.059 ) , (X RALIE 5 450 | J9 B 48 B3O I I 50 i %
20 (P>0.05) .
*4 BRFMESEBKESXEBEZIAXE P AGAEFIEH M
Tab.4 Effects of dietary addition of complex bacteria co—fermented soybean meal

on the organ indexes of yellow—feathered broilers

iH X IRA] R NGEE K fEpRiERR P
[tems Control Composite bacterial group SEM P-value
JHFRE 5 £/ %0
2.29 2.31 0.061 0.833
Liver index
[ F5 %
0.20 0.21 0.008 0.548
Pancreatic index
5 IR B %
0.05 0.10 0.012 0.059
Bursa of fasciola index
TR 80 %
0.33 0.29 0.028 0.504
Spleen index
HE 1%
0.79 1.18 0.098 0.046

Abdominal fat rate

P<0.05 #7822 57 0% ,0.05<P<0.1 /R A H, P>0.05 R ER A%
P<0.05 indicates significant difference ,0.05<P<0.1 indicates a trend ,and P>0.05 indicates no significant difference.
23 BREIHENBEREEKEGABEEIXEIPRBIEIEEFAAEY pH M=
I 5 AT, 550 BREHAR LL , R RHAS TN 0.5% 5265 BRI G A I KA RRATR 181 i PN 4540 pHA(P=0.081) il
e B KR L (P=0.084) X B I K B8 S B KE i8N EY pH BN
W) pH 20 B 520 (P>0.05) .
24 ERNBIAEANBERBESLZBEEMMETARB+ IERSHEN
P T L AT, 500 BRZEAR LL T RS I 0.5 % X A T 2L AT T80 R TR o TR EEK 5 i T R 0T PR XS - — 48 T 48
BT B TR SR T B 5 (P>0.05) .
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®5 BRHAEMESEBKEXEBEZTHXNE T RBGERHFINEY pHH T
Tab.5 Effects of dietary addition of complex bacteria co—fermented soybean meal on intestinal indexes and
pH of contents of yellow—feathered broilers

SgE| Xif HE 2 HEWA K pRiEDR PAE
Ttems Control Composite bacterial group SEM P—value
H K lem
17.01 15.84 0.407 0.158
Cecal length
S5 K fem
5.61 5.39 0.160 0.505
Colorectal length
e ek
SRR/
S 0.36 0.41 0.016 0.131

Cecum index

BB (grem™)

0.19 0.23 0.012 0.084
Cecum weight/length
+ AR N pH
5.60 5.56 0.052 0.742
Duodenal content pH
I1lfiis A 449 pH
P 6.59 6.40 0.055 0.081
[leal content pH
=y 23
o ) pH
A e 5.61 5.39 0.116 0.505

Cecal content pH

P<0.05 7R 2557 W35, 0.05<P<0.1 R A #aHh, P>0.05 R 22 Ak 3 .
P<0.05 indicates significant difference,0.05<P<0.1 indicates a trend ,and P>0.05 indicates no significant difference.

A B C it e 2R
200 150 ¢ " 12r 1 Control
¥ S o EEEA
8= g3 125 | Fan 9 Composite bacterial group
25 = '§ 2
R5 600 [ g 33
X 100 | o & 8
2 = = - K & w & — T
= —T D
O SE L gy 29
g X = g =
X 2 g HEe® |
%3 2 0L x2 ¢
118 200F 1 e 9T =
A 2 a5 F 7=
A S
0 0 0

EEHEA Composite bacterial group

(A) TS IBERE 15 (B) 1 FA RS VRIE (C) -1 A B S VR (D) R4 IRALASE A4 B 4L T — 950 (L )
JL:50 pum)

(A)Duodenum villi height of broilers (B) Duodenum crypt depth of broilers (C) Duodenum villi height/crypt depth of broilers
(D)Duodenum of control group and compound bacteria group (scale:50 pm).
K1 HARRESIN G RIEG A SR 8P A XS+ a8 e S R
Fig.1  Effects of dietary addition of complex bacteria co—fermented soybean meal on duodenal

morphology of yellow—feathered broilers
25 BREIAFENEBESEBESAB ST KIS EMRRKLEREFHEXERE mRNA B3 REEXF N
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