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Effects of Enterococcus faecium B,; Yielding Bacteriocin on Growth Performance,

Nutrient Digestibility, Serum Immune Indexes and Fecal Microbiota of Weaned Piglets

DING Shuang, GUO Chun-hua, ZHANG Zheng-fan, BAI Xue, WEI Jie,
ZHANG Ming, LUO Fan”*
(College of Life Science and Technology , Southwest Minzu University, Chengdu 610041, China)

Abstract; This study was conducted to evaluate the effects of dietary Enterococcus faecium B; on
growth performance, nutrient digestibility, serum immune parameters and fecal microbiota in
weaned piglets. A total of 56 healthy crossbred “DurocX Landrace X Yorkshire” weaned piglets
at 28 days of age with an average body weight of (7. 89 4 1. 37) kg were allotted to 4 treatments:
group A (antibiotic group), group B (without antibiotic group), group C (compound bacteria
group), group D (test group: Enterococcus faecium By;) ., according to the complete randomized
block design. The experiment lasted for 42 d. The result showed that: 1) The ADG and the ap-
parent digestibility of Ca were improved in group C and D compared with group B(P<C0. 05).
The level of IgG in group D was increased by 19. 72 % (P<C0. 05) compared with group B. 2) De-
naturing gradient gel electrophoresis (DGGE) showed that the application of E. faecium B,

changed the bacterial community in fecal. 3) Real-time PCR results showed that, compared with
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group B, the number of Lactobacillus and E. faecium were increased (P<C0. 05) and the number

of Escherichia coli had decreasing tendency (P = 0.07) in group C and D. Therefore, under the

condition of this experiment, the dietary of E. faecium B,; supplementation can improve the

growth performance, digestibility of crude protein and calcium and enhance immune responses in

weaned piglets. It can maintain the stability of digestive tract microflora of piglets and prevent

the growth of pathogenic microorganisms.

Key words: Enterococcus faecium; piglets; growth performance; nutrient digestibility; serum

immune indexes; fecal microbiota
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Table 1 Composition and nutrient levels of basal diets

(air-dry basis) %
WiH Item 1t Content
JR B} Ingredient
E 2k Corn 63.05
H K (43% CP) Soybean meal 15.61
KIS K (48% CP) Fermented soybean 3. 04
Ak K 5 (38% CP) Extruded soybean 3.04
¥ Dried whey 3.04
#43(60% CP) Fish meal 2.03
58 Milk powder 1.01
il Soybean oil 2.52
% B Glucose 2.03
I8 White sugar 1.01
£ ¥ Limestone 0. 65
Wiz 2 55 CaHPO, 1. 44
AR LR £E (98%) L-Lysine-HCI 0.38
DL-% % /2 (99 %) DL-Methionine 0.15
WiiE AL Premix” 1. 00
411 Total 100. 00
# 327K ¥ Nutrient level
THILAE/(M] » kg™') DE” 13.52
HMLE BB CP 16. 34
ML EE 5.52
MUK 53 Ash 6.36
HE MR Lys 1. 40
EHAMR Met 0.54
5 Ca 1.24
B P 1.78

VLOBUHE R A ET e mAR R AL VA 12 800 TU, VD, 4 000
1U, VK, 2.6 IU, VE 52 IU, VB, 4.0 mg, VB; 10. 5 mg,
VB; 5.0 mg, VB, 37.5 pg. Z# 20.0 mg, AR 40. 0 mg,
HYIE 36.5 pg, HBE 500 mg, Cu 50 mg, Fe 150 mg, Mn
50 mg, Zn 120 mg, 10.55 mg, Se 0.4 mg.”. {HiLEE M1
A AR S

Y. Premix provides following per kg of diet: VA 12 800 IU,
VD; 4 000 IU, VK; 2.6 IU, VE 52 IU, VB, 4.0 mg, VB,
10.5 mg, VB; 5.0 mg, VB;; 37.5 pg, D-pantothenic acid
20. 0 mg, Niacin 40. 0 mg, Biotin 36. 5 pg, Choline 500 mg,
Cu 50 mg, Fe 150 mg, Mn 50 mg, Zn 120 mg, 1 0. 55 mg.,
Se 0.4 mg.?. DE is calculated value and others are meas-

ured values

1.5 HmXE
15,1 FpBHRE i R 4 PLEE 52 0 B, IR B0 A5 R
BIFESE AR 3 d 45100 41 AT 44 TRk . B ALl 4R 100
g d RSEBMTEES T, —20 CHRARN.
1.5.2 ZEFRE S0 PLE S Ry B, i e 4
HUR S SR FHAS 58 4 050 3% 1 R 4 0 B O 3% % S U4k
3 d A 107 BRI 10 mL iR A 5] i+ — 20
CUKFR & PRORATE o FE A & T AR AR 48 s

FEIR IG5 42 KRG 4 B AR i 36 R A 2
SR WSO B 4 A4 250, WS B AT 0 T 4 1 B HE
FAVAVIALE § A sEE A LA S (L
Bt 3~5 cm MRS K205 g O TCTA % BH48 T 1
—80 CYVVRIRAT - I LAEAT S8 8 1R BF 3 #7
1.5.3  IMARSELMESR & ERESE 42 K
JRNTATHE AT 23 M6 R AL - 43 30 N 453 56 41 1 B 4
ok 2 S AR At 32 Sk S XTAT RS HEAT B
Jik R AL SR il R 10 mL « Sk, FE 4 000 1. 1
R ZCVER B0 15 min 3¢ 1 2 M40 M 6 2 1m
IR B K E M H EP & R fE T —20 °C,
1.6 MEIEHRFAE
1.6.1 A=K PEfE T 50 0 e B SR AN E R
PR R MER R S8R H PR S L T EA
a8 B B A 7 35 R & s 4 ) TR R A 0021 A
42 R R AR A7 E AT 25 I AR & L AT 58
AN B B2 B B AR R SR B
ORI H O E S R AL R
1.6.2 JEI5=H o F A7 45 8 15 3 5 45 h AE T 1)
JEE 1A PR AR IR 1R A R I R A R
F1 A WL EE A7 445 fie BREAR IO B 38 1 450, 0 S IR T 3k
o WS REn T AKX

BALBRAATHEIRTIE R CO =RIGHE 1 &4 %k
FETS AP A B IR 5 1 R4S AT B A< 100 %%

TR0 AT B P A5 A R AR RS AT R = R A
I REAREBEWATEE RS 2 REHkE
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IrHA R

F o F WAL E (%) =100 — i R b ATA &
/P ATA 8 X (FEHh IR 40 & & /W R 37 4%
&H) X100,
1064 IV o 25 48 A5 B 3% T fE 35 bR (IgA.
IgM IgG) # il 5k A ELISA J5 i, B H I f & /e
Abcam 2 ® A7 HUAE 48 L« &1 R IR F AR
FLOR AR W S 56w AT AR

1.6.5  ZE{H A A Y 0 AR MRS R BE R AL UK
(DGGE) 43 #7 N 40 B AE 518 968F-GC Al

%2 DGGEEFH3I#%
Table 2 Primers used in DGGE

L40IR(FI ¥ e 9] WL 3% 2) 97 3% 16S rRNA JE [ Y
V6-V8 ® 45 X B, 4 T Bk PCR P ¥ 1E
DGGE i Fi v 8 43 8l 56 4 i i . K ok, 76 B3 519
S'HIN—AGC ¥, RN AKFR: BT #ET 9%
1.0 pL,DNA #i#7 2.0 pL,dNTP 4.0 uL,r-Taq fi
0.4 puL,10X Buffer 5. 6 pL, GH K455 % 15 pL.
FE 25 A - 94 “CHASPE 7 mins 94 C A8 30 s.55. 9
CiBk 20 5,72 CHEAH 30 5,35 MERH ;)5 72 C
JEAR 5 min, A 220 Ui BEBER 0 PCR 74 AT HL
VKA P OR

5|# Primer ¥4 (5'-3") Sequence % Wik Reference
968F-GC* AACGCGAAGAACCTTAC-GC*
968F AACGCGAAGAACCTTAC (6]
1401R CGGTGTGTACAAGACCC
* . GC 3£ F.5'-CGCCCGGGGCGCGCCCCGGGCGGCCCGGGGGCACCGGGGG-3!

*. GC clamp; 5'-CGCCCGGGGCGCGCCCCGGGCGGCCCGGGGGCACCGGGGG-3'

DGGE £l 45 4 : PO M BERE (37.5 ¢ DNy
6.0% A5 PEBR B 35% ~50%, FAER 0.50 pg
(20 L) - LYk 451k 125 V.8 h (0.5 X TAE ZZ vhifk »
60 ClEM) . HLIKE )G ARG G4 4 20 min 72
o BV BERE LR R GEAT IR

Xof HEBE e IR R Gedt i 1) DGGE 457k |81 X &
T E AR e M SR R AT VDR [ WS . 0 2
55 NCBI $# B2 0 47 X6 b o X 75 31 [ U8 44 55 3 7 A
KJP IV HEAT 5017
1.6.6  ZF&{H i d: My ny 55 I 28t & PCR (Real-
time PCR) 1l K H SYBR-RT-PCR X {1 5% 3%
R Bl A 0 AT 40 BT R R AR R R 15 L
2>XSYBR Premix Ex Taq 7.5 pL.1E 5|4 0. 6
pL,DNA Btz 0.6 pL,ddH,0 6.3 L, B A
SR T 4R BB AR B A R XA i DNA #1474
BB RE SRR DU B X B 3 AN E R 45 R ICE
B

Real-time PCR fif 151 #1404 3 fros . 519 %) 1
FHF R AE 5 b S A0 16S rRNA JE PR 5 D450,
FE 4 A - 95 C HUAE I 3 min; 95 ‘CAEME 15 5,56 °C
Bk 30 s,72 CHEAH 30 s,40 MFIR; 72 °C 1T fif

5 min, S1Y%t 2 TP RS P RLBR B L R A
:95°C A8 4 min; 95 ‘CASPE 15 5,60 “Cil k 35
$,72 CHEfH 30 s, 3k 40 MEH ;72 “CIEM 4 min,
S %F 3 TR IR i o B i BR B A #5 UE L
7494 °C WA P 4 mins 35 NG 94 C Ak
30 5,52 CiB 'k 30 s,72 C #EAf 30 s;72 °C 4E fif
5 min, 1Y% 4 T R ORI FF B R $5 DL
B RN A& 95 °C BUAEPE 4 min; 95 CAEHE 15
$,59 “CiB k 20 s, 4t 40 MEFF;72 CHEH 1 min,
1%t 5 T BRI T TR A5 0L R
N 95 CHASME 5 min; 95 “CARME 45 5,60 “CiB
k35 s, 40 PMEFF ;72 CEEAH 1 min,
1.7 it

FIFH SPSS 18. 0 B4 i — M e P A5 7 (General
linear model, GLM) XJ A7 4 1 A4 K 1 B . 7% 43 1 1k
MLV T BR A S AR bR HEAT R R 5 22 40
Duncan #4725 5 0 3 M 2 8 AL, P<<0. 05 R
ZHRBE P<0.0l RrREFHREE. RARTHE
B ETE AT 401 . B Real-time PCR 13219
TE A TR A O A e AL O BIOE X (Ig- (copies « g 1))
HEAT 43 A7 R EL AL
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#& 3 Real-time PCR 3| 51
Table 3 Primers used in Real-time PCR
i 519 J#51(5'-3D) EEPUN
Number Primer Sequence Reference
) Bact 1369F CGGTGAATACGTTCYCGG [8]
Pork 1492R GGWTACCTTGTTACGACTT
) EF-F GCATCCTGGGGCTGTAGTC (97
EF-R GGACCGAACTGTCTCACGAC
3 Lacl-F GCAGCAGTAGGGAATCTTCCA [10]
Lac2-R GCATTYCACCGCTACACATG
A E. coli-F CAATGGTGATGTCAGCGTT [11]
E. coli-R ACACTCTGTCCGGCTTTTG
. Salm16S-F CGGGGAGGAAGGTGTTGTG [12]
Salm16S-R GAGCCCGGGGATTTCACATC
KE.C.D ¥ EmE T B4 (P<<0.05), {FI471E
2 & R RS TH SRR WG, 205 H I SR B A4y
2.1 EAEEFREA KIS B3R 8. 59 %0 12, 5905158 2 B Br (22~42 )

WA 4 ATLAE A AL AF R ) b ik e s PRI R R BALMRIER G 9. 61001 12. 3800, iX
REEP=0.05), BN & AAFH T RE B0 1 ITBIO~21 & & 414 R b 8] 22 53 39 A
BOHELERELS(P>0.05), fikkamy  RBFP>0.05,

PIH M E IO 2 BB (22~42 O F¥ H I E

R4 FEEMFHEEREEBZMW

Table 4 Effects of probiotics on growth performance of weaned piglets

205 Group P {H

T H Item SEM
A B C D P value

14 T /kg Initial weight 7.89 7.89 7.89 7.89 0.18 1. 00
% 1 BB Phase 1(0~21 d)
S H R fr & /g ADFI 747 725 760 787 28. 82 0. 24
SEH A B E /g ADG 366 346 373 386 10. 48 0.37
KEWF/G 2.04 2.09 2. 04 2.04 0.03 0.99
%5 2 BBt Phasell (22~42 d)
SEHH R it /g ADFI 1148 1110 1160 1171 43. 84 0.78
e H R E /g ADG 589" 556°¢ 610" 625 15. 56 0.05
BLE L F/G 1.95 1.99 1.90 1.87 0.04 0.63
41 Overall(0~42 d)
V34 H R & /g ADFI 947 917 960 979 35.98 0.55
S H B /g ADG 477 453° 492° 510° 12.61 0.02
BELL F/G 1.98 2.03 1.95 1.92 0.03 0.63

[ A5 B J A 5 B A S 3R 25 57 3 (P<<0..05) . TR I[H

Different letters in the same raw means significant difference between the treatments(P<C0. 05). The same as the following tables
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2.2 HAEBRXMEMFEESZENZMm
R HMNEERWE 1R, DAH<CH<
AYH<BYH . (HESRARFHE(P>0.05),

§¥52/% Diarrhea rate
e
o
o
1

1
I NE
C D

ZH 51 Group

1 BXBANNFENETE

Fig. 1 Diarrhea rate of different groups in weaned piglets

xS DAEMFEEARRURFSEHLENZMW

2.3 HAEBEMTFEFSHEHULENZIG

W 5 s, W IEHZH (B 4D H e, BB it
ERA4DFRBE D 4D 85485 THE AR E
WL AL (P<<0. 05), A.C.D 45541 % 535w
T BAHP<0.05) ., SHAERACOMIL.D HER
HLY) RLEE 5 R A U 65 R 28 08 T4 1k %6 55 T
ERAREE(P>0.05),
2.4 HEFEMNMFEEEKREONHMN

By & 2 AT, S5 TEHU (B 4D . B A H 4 (C
41 AR B 2 (D 4D A HE s TgA R 1gM /K F-J6
2R (P>0.05), FAFH LT 1gG KP4
3% 2% 7 (P<<0. 05) , bl [ 41 (D 4D 7 1eG
K HE et 4L (B 4D #2519, 722 (P<<0.05)

Table 5 Effects of dietary probiotics on apparent digestibility of nutrients of weaned piglets %
55 413 Group s
Item A B C D SEM P value
HHY OM 81.01 79.91 79.70 82.23 0. 60 0.38
HMLEB B CP 75. 81 71.10" 73. 14" 77.49° 0.99 0.03
Mg EE 78. 60 76.22 77.06 79.51 0.61 0.17
45 Ca 49. 65° 39.13° 51.27° 54.76° 2.28 0.02
W P 35.95 30. 21 34. 14 37.10 1. 26 0.15

12004 ab .' ;:gé i 5 A RE & M W B A W (Clostridiaceae bacteri-
00 B miw MR 97V Rl 6 T SO K

e e
SN

Ve (mg -mL")
Concentration
N
(=]

(=)

1

2051 Group

AN R FREFR R 22 7 1B 3 (P<<0. 05)
The different letters means significant difference(P<Z0. 05)
2 ZFRBWAFHEME [gA 12G 1 IgM S 8

Fig.2 IgA, IgG and IgM concentrations in serum in different

groups in weaned piglets

2.5 SmARMFHEEERMEYSEENZI

i X DGGE BE K B 3% b Ay 45 5 0 450 gk 47
veRED T A5 A 3 B R, A& 1.4.7.8.9 B[ fig
BT B IR A ¥ (Uncultured bacterium) , #H 2L )&
K 99% ., ki 2 1l R B Pk B B AF B (Eubacterium
eligens) AHLIE N 97% ., Z57HF 3 A BE & 7= /R I
WM (Clostridium irregulare) s FI{LEE R 96 % . 4%

(Eubacterium coprostanoligenes) , YL FE 7 98% .,
£ 10 BT e BB JE B (Lachnospiraceae bacteri-
wm) U R 9900, FcalF 11 AR T W FLAT A
(Lactobacillus reuteri ), AL JFE K 97% ., &5 12
w g At B FLAT W (Lactobacillus kitasatonis) s ¥4
UEESR 9820 . M RATT Al LLA o 330 I 1 1 st A
Wy 25ty KAER S #1 & T A w] B FR AR W 78 2 A A
e gk eh, P AR AR TR T B0 B i AL 3
A 3 AT LA S AR T HAt 4 050 B 20 (D 4D
432 2% 60 B 1 s T LA B R T 4 I U T 2
(D 41 3% 254 (Rl 11.12) B 68 A X 308 S 1t W
TG 2H (D 4D A7 4% 208 v A A B0 D AT i

PR ) 80 B
2.6 mAREMFEERTRENHENR W
2.6. 1 i 2K A9 B L PAAS 7] #5 DU 45 A

Y PO PCR R B ad 7 vt B AEEAE 5 B 00 46 76
PECCCOAE IR 7 A T 0 b v a2 o AL 40 s o T £
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A B ¢ R SRAT ECH FUIR T D BR T R A A ] IR
1234 5 67 8910111213141516 BObE e B 28 5 B, & 7 R g B T & B R? {14 >

|— e om Gem eSessm-omm e 0.99,
2 : 2.6.2 JEREP T LI BRI EREE K TR A
WITIRE R E R RIEARE 2 3 &l e
3 A =l “__ hiis HAFRE ZRE T 1 BB (Total bacteria) . FLER F (Lac-
tobacilli) JRIGER i (Enterococcus faecium) K IGHFH
e (E. coli) TV (Salmonella) HySLURE I 56
B, FESEAE 41 DR R B (g Ccopies = g 1)) ok

o - — 8.

] BT (1~16) 43 AR 3R 4 1 30 4 b 454 38 58 T X 1Y

YK B 22 4 DI A 87 (1~ 12) 43 4% 3 & 30 41 DGGE

PG b s B e e M 2Rty

Numbers (1-16) above the profile stand for channels of repli-

cations in each group; Numbers (1-12) on the left and right

sides of the profile stand for specific bands in each group

3 BHABAEFEEEMEY V6~V8 XK DGGE Eif

Fig.3 DGGE DNA profiles of the V6-V8 region of fecal bac-
terial flora of weaned piglets

W 4a Iz o & 06 2H A A 288 6 v 4 B S
BEZER(P>0.05), WE 4b Al 4c Fr~ . 1 i 45
AR (C AR D 20D 25 b 2L B2 o E0ORT R 1 Bk T
B B T RHH (B 4. P<<0.05), 54k EH
TRFEZF(P>0.05), A Z IR H 27
(P>0.05), WFFERM A0 FIRH4 (B 4D, fn
fi 25 T 4H 2 K AT TR 8O FR AR 3 (P =0. 07),
5504 R A A T 35 22 5% (P>>0. 05) , &% A 5%
AP ZEMErh P T T IR 5 2k 22 oA 3
(P>0.05),

o i 8.00
:51; g gi‘:n 6.00
£ % 400 e £2 400
= § cEeeecs = § ’
ﬁ % 2.00 i 5 200
S0 5 0 e -]
B A B C D
H 51 Group 2H 51 Group
(.
a 8.00 a a a
& 2 6.00 N
ey \
78 4.00 \
= \
5 2.00 \
& N
Sy 0 1 1 AN 1
A B D
2H 51| Group

a. FAAFHEAEAE N B REG b, 5 QLIS 2608 A 7L IR 1 K05 . 25 ALAF 38 260 P9 JR i Bk 1R

a. Total bacteria in faeces of piglets; b. Lactobacilli in faeces of piglets; c. Enterococcus faecium in faeces of piglets

E4 FHEENLE . ABERRMKENEETNK
Fig. 4

RIS
3.1 HmAEBEMFEEFSERENRNE
H i o6 F 48 48 B AT A KRR B 2 sl B

ANREIW AR E . G. R, Ross 281 % L, 4 b 78 n U

Quantity changes of total bacteria, Lactobacilli and Enterococcus faecium in faeces of piglets

For AT TR R 26 i BR TR T S R AR A R
TR % s X, Q. Wang S5 % B, G R i
T FLRF TR AT LA 35 4R P2 B e g A
A o R P S I i R T W A A Y A T 2
HoR B P H O S 0 35 0 . RE R AR R TS R
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