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Effects of adding Saccharomyces cerevisiae culture from distiller’s grains
in diet on growth, intestinal structure and function of weaned piglets

ZHANG Dacheng'®, HONG Lingling'?, LIU Bifan'?, SU Yun'?,
LIBin*, CAO Lihong*, FENG Zemeng'", YIN Yulong'

(1.Institute of Subtropical Agricultural Ecology, Chinese Academy of Sciences, Changsha, Hunan 410125, China;
2.College of Animal Science and Technology, Hunan Agricultural University, Changsha, Hunan 410128, China; 3.College
of Life Sciences, Hunan Normal University, Changsha, Hunan 410081; 4.Anhui Dongfang Xinxin Biotechnology Co.
Ltd, Bozhou, Anhui 236800, China; 5.College of Advanced Agriculture Sciences, University of Chinese Academy of
Sciences, Beijing 100049, China)

Abstract: Twelve healthy weaned piglets with similar body weight were randomly divided into two groups, the control
group(CON group) and the experimental group(SDGS group), and fed with an isonitrogenous isoenergetic basal diet
formulated according to the NRC(2012) nutritional requirements standard for piglets and the 4% distiller’s grains
Saccharomyces cerevisiae culture-supplemented diet, respectively, with six replicates in each group, the last time of the
experiment was conducted for 28 days after 7 days of pre-feeding. The effects of dietary supplementation of
Saccharomyces cerevisiae culture containing distiller’s grains on growth performance, organ index, serum biochemical
indexes, intestinal morphology, and relative mRNA expression levels of intestinal mucosa tight junction(TJ) proteins and
cytokines of weaned piglets were collected to comprehensively evaluate the feeding effects of dietary supplementation of
Saccharomyces cerevisiae culture containing distiller’s grains on weaned piglets. The results showed that the average
daily gain weight of the SDGS group was significant(P<0.05) higher than that of the CON group, and the average daily
feed intake and feed/weight ratio had no significant(P>0.05) changes. The liver index of the SDGS group was
significantly(P<0.05) lower than that of the CON group, while the organ indexes of spleen, heart, pancreas and kidney
showed no significant(P>0.05) changes. The differences of serum biochemical indexes(total protein, urea, glucose,
immunoglobulin M and immunoglobulin G) between the two groups were not statistically significant(P>0.05). Compared
with CON group, the intestinal morphology of the SDGS group was more complete and aligned, but the jejunal and ileal
crypt depth were significantly(P<0.05) increased, and the jejunal villus height was significantly(P<0.05) decreased. The
ratios of jejunal and ileal villus height to crypt depth were all significantly(P<0.05) decreased, while the duodenal crypt
depth showed an increasing trend(P=0.081), but the duodenal villus height, crypt depth and the ratio of villus height to
crypt depth showed no significant(P>0.05) changes. In the SDGS group, the mRNA relative expression levels of
Claudin-3 in the TJ protein of jejunal mucosa were decreased(P=0.091), while the relative mRNA expression levels of
closed small loop protein-1(ZO-1) and occludin in the jejunal mucosa TJ protein and the mRNA expression levels of
Claudin-3, occludin and ZO-1 in the duodenal and ileal mucosa TJ proteins were not significantly changed(P>0.05). In
the SDGS group, the mRNA relative expression levels of cytokine IL-6(IL-6) in duodenal and ileal mucosa were
significantly(P<0.05) decreased, while the mRNA relative expression level of cytokine IL-10 in ileal mucosa was
decreased(P=0.068), the mRNA relative expression levels of cytokine IL-1B(IL-1p), IL-10, IL-6, IL-1p, IL-10 and IL-1B
in jejunum and IL-1f in ileal mucosa were not significant(P>0.05). In conclusion, according to the NRC(2012) nutritional
requirements standard for piglets, the isonitrogenous isoenergetic diet prepared with the addition of 4% distiller’s grains
Saccharomyces cerevisiae culture could significantly improve the average daily gain weight of weaned piglets,
significantly reduce liver index, improve intestinal immune function without the intestinal barrier structure damage and
showing more complete intestinal mucosa structure, while the intestinal morphology development showed a trend
towards the reduction of digestion and absorption capacity. It could be seen that the Saccharomyces cerevisiae culture
from distiller’s grains could be used as the raw material for the diets of weaned piglets, but attention should be paid to the

protection of intestinal health during its usage.

Keywords: weaned piglet; Saccharomyces cerevisiae culture from distillers grain; growth performance; serum

biochemistry index; organ index; intestinal morphology; tight junction protein; cytokine
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Table 1 The composition and nutrient levels of experimental diets(air-dry basis) %
HH JEORL e S JEURH L B S JEOR BB TR o L
CON  SDGS CON  SDGS CON SDGS
ESP/S 39.00 32,50 || FEALAEGE(50%) 0.10 0.10 GiERlil 0.02 0.02
[ Y NE 13.00  11.50 || Jo/KATPEER 1.00 1.00 Afesr 0.30 0.30
INE Ky 1400  16.00 || L-&#2(98%) 0.32 0.36 T e T AT P 0.01 0.01
M 4.00 3.00 || ALY 0.14 0.16 A% B i 0.10 0.10
PR BRIS R RE S R 0.00 400 || LA 0.08 0.11 M B 2 AT 0.02 0.02
FLIEH 12.00  12.00 || L-(A%& 0.03 0.04 T RSN 0.10 0.10
kit ) 6.00 6.00 BrAA AL 0.03 0.03 V-C(90%) 0.03 0.03
pNGR( 3.00 4.00 A4 0.03 0.03 V-E(50%) 0.01 0.01
THH 0.00 2.00 || fEICETURR 0.15 0.15 YR (2%) 0.01 0.01
1M 325 A3 (70%) 5.00 5.00 || L-A2m 0.05 0.05 HEN 19.27 19.26
Yag i) 0.64 0.54 M A T (50%) 0.03 0.03 FHREWT 7.47 8.16
T 0.15 0.15 || BMELFI(50%) 0.02 0.02 M4 2.20 2.36
ivEk 0.60 0.60 || &EERQ20%) 0.03 0.03 IRy 5.84 6.08

24l kg HHRHEZEEE 12 mg., AR 40 mg. {2 25 mg. A% 0.25 mg, M2 1.6 mg. HiEE 3.0 mg. V-Bs2.25 mg, V-A
10000 IU, V-D51000IU, V-E 801U, V-K;2.0mg. V-By,0.03 mg; fmICETRE I kg HHARHE Fe (FeSO4) 150 mg. Zn (ZnO)
100 mg. Mn (MnSOy) 30 mg, Cu (CuSO4) 25 mg, I(KIOs) 0.5 mg, Co (CoSO4) 0.3 mg, Se (Na,SeOs) 0.3 mg, PréA L 4.0 mg; CON

F1 SDGS 41 HALAYTHILAE 510 15 073.4, 15 105.33 kl/kg(GH5E1H) o

1.3 MEIFRNGE
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i ADG 1 ADFI (1 Fe {13545 H .
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Iy, RGBS BRI, 45O EamE
E;E&O
1.3.3 A bdgAregn 2

MR RG 1| HEAEd R, HFESRYSH
08:00 LA HEFR KR ML 5 R MLAE 10 mL, &
FNBTEE, 4 CHPE I, RS04 °C L3000 g 10 min)
BB WA T-20 CHAF, 5, ik &
(Roche) Uit FHF A 38, R4 A sh 4 L4 B Y
(Cobas, C311)Kui ifiL# &5 F1(TP). JRZ (Urea).
HZEME(GLU) , sk EH GUgG). ERkE M
M(IgM)IFHREE .

1.3.4 i SR A FGAT 09 M2

iR e R A8 . 2 | i,
FESr B AR /R AR R e, T i)
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B, AT E SREREE0/C).
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PCR R &R 95 CHASYE 30 s; 95 “CARE
10s, 60 ‘CiR KHEfH 30 s, HeibfT 40 IRTEIA . Jofi

2 py iV A% R IRZEE E 7 PCR {Y(Roche 480 1T)

ARV B AT . L IR E NS

(B-actin), S1WHNTH 2, 5197 N E ERAEY)
HAR(E B i (Bethesda, MD) F#kJf-m1 FiEAE TAE
YT R R A RS R

*2 SMMIFIIER

Table 2 Primer sequence information

HH WS IHITE(5-3") TSI HTE (53" T K/ M bp GenBank /5
p-actin - GGATGCAGAAGGAGATCACG ATCTGCTGGAAGGTGGACAG 130 XM _021086047.1
1IL-1p AGTGGAGAAGCCGATGAAGA CATTGCACGTTTCAAGGATG 113 NM_214055.1
IL-6 CCTCTCCGGACAAAACTGAA  TCTGCCAGTACCTCCTTGCT 118 NM 214399.1
IL-10 CTGCCTCCCACTTTCTCTTG ~ TCAAAGGGGCTCCCTAGTTT 95 NM_214041.1
Claudin-3 CCTACGACCGCAAGGACTAC  GACTGGTCTCGGATGCAAGG 111 NM._001160075.1
Occludin ~ ATGCTTTCTCAGCCAGCGTA ~ AAGGTTCCATAGCCTCGGTC 176 XM _005672522.3
Z0-1 GAGGATGGTCACACCGTGGT ~GGAGGATGCTGTTGTCTCGG 169 XM_021098856.1

1.4 HEFHITELIE

KM Excel 2016 X BT A R0 A 261 710 4 B
B, jzH] SPSS 22.0 thpy i~ HEA ¢ Ko driF AT 53T
538

2 HER55%

21 HBREREESEFIIE N EEKERE
oA

H# 3 A1, SDGS AW ADG 3

(P<0.05)m T CON #111y; ADFI #l F/G PigH [H] % 2%

SIS #E L (P>0.05), {H5 CON 414tk , SDGS

HIBT 36 %) ADFL38IN, F/G MM, 7T, SDGS

W55 1 R PR RER B4 T
*3 IR E K IERE

Table 3 Growth performance of testing weaned piglets

215 ADFl/g ADG/g FIG

CON 459.80+17.23 208.33+14.32  2.28+0.21

SDGS 484.17+13.31 246.44+6.41 1.98+0.07
P 0.290 0.036 0.148

22 BEERERESEFYN T ESE SR
ppAl)
H# 4 A[H1T, SDGS W3 ) I8 £
FE(P<0.05)fIKF CON 41iy; MMEFEEL. A%
B EFEE . TS B0 C 35 (P>0.05) 28 4k

x4 HREINFRENSRERY

Table 4 Organ indexes of testing weaned piglets

51 IS 2 W % CNEFEEL ELIEER JBRIVEE %

CON 29.16+0.50 1.98+0.18 5.87+0.16 6.39+0.42 2.11£0.19

SDGS 27.5940.36 1.94+0.14 5.92+0.29 6.310.42 1.83£0.19
P 0.029 0.871 0.894 0.893 0.337

2.3 HBEMEEREE SRR IEE &
it opAL
H2e 5 A, Wil 41034 Urea, GLU ¥RJE

TP, IgG. IgM ek B A ) 22 5305
P2 L (P>0.05),

*5 HIKETFRER MBS LIER

Table5 Serum biochemical indexes of testing weaned piglets

25 BIEA(gL) JRF/(mmol- L") 45/ (mmol-L ™) SyEERM 11 G/(g L) Sy ek 1 M/(g' L)
CON 48.53+1.38 3.5020.35 2.58+0.45 1.15+0.13 0.47+0.06
SDGS 50.82+0.98 3.27+0.51 2.27+0.33 1.36+0.08 0.48+0.05

P 0.208 0.716 0.580 0.191 0.915
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% SDGS AMWHATSCHE, HFges, whnm  COOTE AR (P-0.09) 5L
£, & 6 Al '3CON A, SDGS éﬁﬂéﬁﬁ)ﬁﬁ
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Fig.1 Intestinal morphology of testing weaned piglets
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Table 6 Intestinal morphology indexes of testing weaned piglets
S4B B /um P e VR /um viC
RRtis 7] 7] [l iz Rt} &Y m)i7] iz 7 7] @)
CON 346.52421.85 298.72+17.44 278.43+16.49  367.47+17.32 268.20+16.71 162.50£10.50 0.995+0.082 1.139+0.080 1.825+0.135

'ﬂ

2

SDGS 317.43+17.34 250.42+11.33 250.26£16.24  329.83£12.79 329.66+18.06 209.52+10.49 0.996+0.052 0.800+0.045 1.254+0.089

P 0.301 0.025 0.237 0.081 0.015 0.003 0.987 0.001 0.001

25 BEERERS A TTERERE  ESWRIREEEEE N claudin-3 B mRNA X
SEEEEA MRNA B RIAE T AT FEIRAE F(P=0.091) s FLA TN 6 HEL 52 e 432

7

2 7 a1, 5 CON AL, SDGS 4H Wit ERFIHY mRNA IR R G (P>0.05) 24

x=7 T REEFE R R ERELN mMRNA B REE

Table 7 The mRNA relative expression of tight junction proteins in intestinal mucosa of testing weaned piglets

- Claudin-3 ) mRNA AH*fFi58 occludin i mRNA FHX FEik & ZO-1 ) mRNA FixXJ Fik i
) + 16 =W m)7} + 35 = m)i7} + I Ey7) E]7]

CON  0.660£0.197 1.136+0.218 1.062+0.152 0.979+0.194  0.977+0.082 1.120+0.285 1.032+0.127  0.978+0.094 0.993+0.095
SDGS 0.640+0.176 0.679+0.044 0.784+0.029 1.275+0.127  0.979+£0.074 0.962+0.038 0.852+0.000  0.966+0.068 1.035+0.094

P 0.956 0.091 0.186 0.414 0.987 0.602 0.434 0.920 0.772
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2.6 BIEMEIREE ISV INF A IERER
ZHREEF mRNA HEX) FRIEERIF200
H 2 8 I, 5 CON 414 Lk, SDGS ZHWiifT
Wt 38R A A 4R IL-6 1) mRNA

AHXT 35 1 135 (P<0.05)F&AIK s [R1 i 266 I 4 it PR -1
IL-10 /) mRNA HHXF ik A AR 3(P=0.068);
oAl P 5 LA I R 7 mRNA BYAHXT Fe 1k &
JC R (P>0.05)48 1k .

*8 HIXETIFREERIZAMETH mRNA X RIAE

Table 8 The mRNA relative expression of cytokines in intestinal mucosal of testing weaned piglets

IL-1p [ mRNA AHX] Feik i

IL-6 i mRNA A% Fik g

IL-10 /) mRNA FHX| ik

285
T A5 7] )7 + A5 7] m)7] T35 17 m)7]
CON  1.316=0.365 0.978+0.039 1.226+0.107  1.532+0.217 0.882+0.116 0.738+0.119  0.959+0.089  1.181=0.100 1.101%0.128

SDGS 1.418+0.128 1.314+0.181 1.469+0.163

P 0.828 0.124 0.259 0.034

0.627+0.222  0.837+0.122 0.386+0.096  0.690+0.031
0.792 0.044 0.131 0.136 0.068

1.200+0.058 0.791+0.055

3 Fig5ihe

R IEREHCE RS TR T B IH AR, A
FAETC ., A T SR ERR R K
FIAS o, 2 T TSRS (R LT 4 5 1 TR, R
AR . WA S ET e, TAEEENEA
WO B R DDA RE . B R G VR R H 2R SR
I p—IRNE, IR B TS PR, SR IN
Pemg 1410 R R AR R, IAERY HORR
NI 1% P RE I BR3P A] 2 R AR K 1Y
BEE LG, [FIEEE H 3 R A B s AR
Hi, 5 CON ZiAHL, SDGS A KB 3%1%) ADG i
A, ADFI Fl F/IG WGk 2281k, AR IERERS
ST, HR R AT BEJE: TR B R RS R
TG 1) 2T 4k 25 il RN B8 O Ak M 18 B W A R S 4
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