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Changes Induced by Probiotic, Enterococcus faecium , in Gut Microbiota of
Post-weaning Piglet
CHEN Xi, LI Ying-ying, SONG Tie-ying”

(Biotechnology Institute , Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350003, China)
Abstract; Using the 16S rRNA gene high through-put sequencing technique, the microbial composition of the gut
microbiota in post-weaning piglets was characterized. The compositional alterations induced by two strains of
Enterococcus faecium were studied. The resulting dominant species in the guts were found to be of Firmicutes and
Bacteroidetes phyla with contribution rates of 50.5% and 42. 2%, respectively. The richness and diversity of the
bacterial community increased after the E. faecium administration. The populations of 6 phyla (i. e., Firmicutes,
Proteobacteria, Tenericutes, Actidobacteria, Gemmatimonadetes, and Actinobacteria) were increased, while that of
Bacteroidetes significantly declined. A low abundance of Enterococcus spp. was detected in the piglet guts.
However, the increase was merely 0. 07 % over control and 0. 12 over the treatment group, SF1. and 0. 14 % over
group SF2 after the feeding. Consequently., the primary effects induced by the probiotics. E. faecium strains., were
contributed mainly to the changes on the richness and diversity, or the composition, of the gut microbes. It appeared
that the positive results observed on the growth performances of the post-weaning piglets in the field experiment due
to the introduction of the probiotics warned further attention.
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Table 1 Descriptions on piglet groups

SF1 16 W 6. 86--0. 23 2
SF2 16 I 7.3840. 31 I
SF3(CK) 16 i 7.1140.28 =

T AR BRI BR T b A SR 7 TR R 20 L 1 A T S A
e AR R L (CGMCO) %8 5 R AR A7 4 5 CGMCC 82965 » A
DR Jn R T SR 8 1l It 5% ) R RHE A BRZ AT

F2 100 K AMEMBERARSEFRKE

Table 2 Composition and nutrient contents of basal feed,
100K

H B TE | ke it
Xk 55.0 WHALRE/ (M » kg™ 1) 12.85
R | 24. 1 HLIEE/ % 20. 00
# 5k 8.6 5/ % 0. 70
14} 4.0 /% 0. 50
TR R 4.0 WERmR/ % 1. 20
M2 A 2.0 BRI/ % 0.75
LizE7/ Rl 2.3

TE: ke HIRPEHFMREL 11 g P b 0.2 e ZRE%E 0.4 g,
Bigesl 1.0 g B3 3 g Hlf bk 0. 6 g AR 0. 5 g &M 2. 3 g )
Z2 0.5 g B W8k 500 mg B AR 100 mg. Hi R ¥ 450 mg. i iR
% 20 mg 1% WANEZ S 5 mg. 120 BULER 2. 75 mg.
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FEdh B DNA SR I ZE6E DNA 2 B0 & (b
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510 5 DNA 58 3 B B 8 15 ri oKk A58 Sh 0 ot Ol
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FH T e 8 005 i DNAAE i R DL D B
By e W R FE . RA R MR S E
Caporaso™ B 77 . DL 3| ¥ 515{/806r ¥ #4 16S
rDNA EH By VAP, Hhn A B — barcode, 4 —#FE
AR R 30 pl, OB P AL FE 15 pl of
Phusion ® High-Fidelity PCR Master Mix (New
England Biolabs), 0.2 pmol « L' 5[4, & 10 ng
it DNA. PCR™“#j2id ks, 2R 4100~450
bp 1 7 Bk AT I A i .

L NEB Next ® Ultra™ DNA Library Prep
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Lactobacillates
8.2%

Coprococcus
Lachno
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100%
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3.5%
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31.6% .
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9%

Veillonellaceae
1.4

Phascoiarctobacterium
1.2%
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Pl ° 2% o P-75-a5
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Bl ETHENFEFEENEHBNFERERRS XM
Fig. 1 Taxon tree of microbial groups in gut microbiota of
post-weaning piglets based on their relative
abundances
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Alpha Z#£0% F T B B AFE 10 TR HE 3 FE f 2 4%
PR O, H 3 A~ MR {H observed species,
Chaol .and Shannon-Weaver 0] LLF ), i 5 4 SF1
M SF2 (1) Alpha ZBEVE 5 Tt BE 41 SF3(5E 3).

®3 SHEMFEBEMES Alpha ZHME
Table 3 Alpha indices on 3 groups of gut microbiota in post-

weaning piglets

415 e Cheot Shanpon
B EEE EiE
SF1 1196 1463. 259 7.631
SF2 1133 1349. 505 7.33
SE3 1062 1336. 809 7.028
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_TIZJ: , HEI%J}:'K%}*E 747 E"Jﬁ HPLT E% {6} Table 4 Relative microbe abundances at phylum level in
N 3 groups
FREEARA, Ho 6 AN T R ETE 2 R EE srofp
] Firmicutes. 28 JE W ] Proteobacteria. JGB¥ . 415
r . Ly —H N . . e I
W) Tenericutes. TR & ] Acidobacteria, Zf B SF1/%  SF2/%  SF3/%
e » ~ . . ) Q s N
2 Il Gemmatimonadetes. i £k I JELEER ] Firmicutes 62.1 48.7 42.2
Actinobacteria; XA LK & ] Bacteroidetes 1) 3
T = %4 T IE% ’ﬁz yﬂ ’ﬁ[: 3%*\4 ”ET ﬁ E’:J ?u *:F IPJ AT 1] Bacteroidetes 27.6 41.7 50.5
Bacteroidetes ﬂ?ﬂg@% I‘j Firmicutes , /E\:E'EE/E/H: I B Proteobacteria 4.5 4.9 2.9
JUABIE (R4, JERERT] Firmicutes WRTFEE  re ] Tenericutes 2.8 1.9 1.7
A F A EAEF R E B Lactobacillus MR H H T _ _ _
N R . B FF 1] Acidobacteria 1.5 1.1 1.0
Clostridiales W) 7 & » T3 17 HY 2840 32 28 %
iﬁj&&% Prevotella (%:2 5) TR 1] Actinobacteria 0.58 0.42 0. 31
Jﬂ’ﬁ’l\ ’ )FH ﬁjﬁ- ﬁg\ zﬂ (SF3 zﬂ) ﬂéﬁé , SF1 gﬂ EI/‘J TERNITEE T Gemmatimonadetes 0. 38 0.33 0. 26
JHA A LR B T SF2 AL (R 4Ly e ve o
5) s ULHIASFR I I LR I 3K T . X T W AT 4%
) o 3 TR 1 5 W R BE A AR 22 5
x5 ARABBEKFEHEMNEERLE
Table 5 Relative microbe abundances at genus level in 3 groups
21 51
I H B )&
SF1/% SF2/% SF3/%
JERER ] A H W [CHE Bl Prevotellaceae G B Prevotella 14.0 28.1 35.7
Bacteroidetes  Bacteroidales
S24-7 S24-7 RBP4 R 7.5 8.0 9.1
Mﬂml ! LI W H FLAFE B Lactobacillaceae  FLFF#J& Lactobacillus 13.6 11.0 7.3
Firmicutes  Lactobacillales
%W H 95 H W R Ruminococcaceae  J81 5 Wi J® Ruminococcus 6.3 4.5 3.9
Clostridiales
8 H P} Ruminococcaceae Wi KAy 44 & 6.0 3.4 4.3
Ja H H B Ruminococcaceae 21 (2] 5.0 3.4 3.1
R SR S R
i R J& Oscillospira 5.5 4.4 3.5
B E B Lachnospiraceae  TIERFEF} Lachnospiraceae i 3.1 2.0 1.8
WA 2 T Y oK fim 4
B G B Roseburia 3.0 3.1 3.5
W Rl Clostridiaceae B E Clostridiaceae H Ry 4 )& 2.9 2.2 3.0
HoAt HoAt HoAth HoAt 33.0 29.9 24. 8

T BB AR A% R A X = BE AR

Hoftly 5 AN ARBO B BT, HR B AA
AR, Hodp o BE B ] Tenericutes. TR FF B 1]
Acidobacteria, TUEZRH ] Actinobacteria ¥4 %5 &
R RE R AL H = AR i B K (GR6), s
iz "] Proteobacteria Hl ZF A Jfg ]
Gemmatimonadete TE LLF WK B R EHE 5
FOT W] AR . MBS TE R RS
RN 33K T A 5 7 T TR R X B ROAR ARG, HE

JRAEW KR/ Enterococcus B i FAGIA W &5 T X%F
M4 (SF34) (D,
2.3 {FEEKMERTK

T W R i BR R A P ZELAT A . AR H I E Dy A
e, TR ARG R A TR, M, 51
R SF1 20 1 T BF 72 728 Ak I B B 4 T SF2 40 i #1L
A XN 9 S SF1 41 AT 5 76 A K 1 AR T 3%
BEHE (8,
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Table 6 Relative abundances of OTUs showing distributions at genus level of Tenericutes, Acidobacteria and Actinobacteria

45
I &

SF1/% SF2/% SF3/ %

TCRETE ] Tenericutes RF39 Bl kK an 4 )@ 2.7 1.8 1.7
A TG RE T 1) 20 78 0. 034 0.011 0.011

BRAF ] Acidobacteria Candidatus Koribacter & 0.17 0.16 0.07
Candidatus Solibacter J& 0.22 0.12 0. 06

AR T G ) A 1 1.12 0. 84 0.92

L] Actinobacteria OCS155 Bl ok fiy 44 )& 0.11 0.03 0. 045
WA E R Actinomycetaceae 1 R Ay 4 & 0.18 0.23 0. 079

Micrococcaceae H1 KA 44 @ 0. 045 0.06 0.023

Gaiellaceae FH 1 K fn 4 )@ 0. 034 0.023 0.079

Ny e TN 0. 204 0. 079 0.079

T ox ARRERAF I T TR A TR T 0. 0120 BB AR BEF T

x 7 3HEBKERE Enterococcus I EEEILEK

Table 7 Relative abundances of Enterococcus spp. In 3

groups
21 51
J&
SF1/%  SF2/%  SF3/%
Wk J& Enterococcus 0.12 0. 14 0.07

RS UAdHFHBEERERRA

Table 8 Growth performance of piglets during 14-day
experiment
PR Jin 3K T 4
SF3 (CK)
SF1 SF2
Sk ¥ 16 16 16

R/ (gep ted 1) 347.1418.6  299.1420.1 328.1423.1

Higd /(gep ted™!) 231.0420.7  205.4£19.0 197.5+£21.2

TRk AL 5 ) % 1.5040.12  1.46+0.11 1.66+0.15
ICRCE YR/ 2 7 9
3 i %

3.1 BROBF3E BB R A S E R BUE M ST R

0 T 5 A 30 T W WA 1 e e AR A R
WHA AR EEEN . TERKREE Lk 7H#
0 5 A i BRE R AR R PERED Y . L, R ST AT A
AL (14 i TE AR 25 BE R RCE WS o B O
AR i SF3 4l o BE4L) A9 B 547 o 3k 2%
Biw, KA ERETS, WAFET] Bacteroidetes
FMERERR ] Firmicutes 7 48 XL ), x5z
HIRIE AR Z W LW, 45 0 10 38 B AR 0

—ECUTI AR A AR S R, R SR R
JiT . ASWETEAE SRR WV 2 E . AR —
M UE) MBS A 2L 28 5. X S22
SRR TR A AR R AN, S SRR SR B
Bt AL BT A B R KR E B B AR G
SN A N AT VA V) B R A e 2 T 3 & = A
Xof 3 B R B Ak SR BE A5 R T B AL T T S A 38 B
MR =JetF 4 .
3.2 B—u4E (RBKE) S TFEHEME
SHER

ABEFELH ] AL 45 R o fa 7R 1 B — i A T
A BRTRD F T4 o 308 Tl 2B 25 09 52 ) 28 £k 61
e GPRE R, RBEREEMRUE, B r
BHBA T ETE, AHAE AT T & IR IR 23
ANCGR T . SR, AR SR B 4R A 2 A D
KA THBHWA (F4—6). mubHER. RpEK
WX T E A S bR iE s A S e ssh, BHE
(R 5 A i T P R A A R R R AN 2 R
TR 18 £ . AABESESE R n] LA X Fh
EFRPIARAAE . Ho—, BAER R L 7 AT
TR . JULL G 2% 0 2R R BE TR 1] Firmicutes Hl
WAF R 1] Bacteroidetes W) 4 1 % AL i 2. % (&
2). Hrp, 6 NIRRT K, HAF®ET]
Bacteroidetes WA FE LM T RE T (K 2), 54
IT R 20 B XA A E R R AR T B R A (GR
5. 6), B, I d] SF1 09 bk 28 b s B2 & F ik
B2l SF2, FEWRAE PIRK DR I BR BN T 1 18 R 1
W e B2 AN TR] o TS AR AR KRR X IR (GR 8 B
AN IEFPAE AR BE S A PR R Y 1 R B I BLIE AR
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T EREE ] Firmicutes. PIFFE ] Bacteroidetes i
FRFFIR ] Acidobacteria, 7325 (5 B W o H A
Fi g 1 JE AR T B AR e F . MOnT AT SRR A TR Y
VI HEWT . XS TIRREDE ] Firmicutes, AR FE
B R AT B W JR Lactobacillus F1 # W H
Clostridiales . B4 W T = ZLER M #ON 5 B W
W AN HLAR AR BL g B VAR G e A R
ZETRMEM, S5/ EEEBEEMETA
R B, JRERETR T B 0 1 A kS AL
Pt ORI Ml R A R MUY . A R, BLRF BT
Bacteroidetes F1 3 [G B J& Prevotella 040 & E Rl
24 Ky o 5 I R RE A S I R
M G A B2 8 AT T R AR R L A 0 i T g XL 745 3]
T [FRE, BRAFHT] Acidobacteria W R HE FE
A Ak 1) Candidatus Koribacter F Candidatus
Solibacter W] fig 5 R AL FUBEAC A O, i
AT BE AR FEATLAAR () 2 I R AC I OB A8, PR et T B
XFHURRAFIR . M58, LR TFER L
) 210 T R0 2 RE i DX A 2 1% o0 A i A SR IE . R 4
W, ARSI AR SR AT B T 4756 W 18 v T e 4
AR A 43 M 1R GE 1) 20 7 R AE AR 10 B ST
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