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¥ OTU BESH, 12 MEREIKF 10364 OTU, EAH 1741123 AW 37 A8 67 M4 199 B
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Effect of Pediococcus pentosaceus 368 on grow performance, fecal
microbiota and metabolite in pigs

LIU Shaona” ZHANG Bin XIANG Decai ZHAO Zhiyong ZHAO Yanguang’
Yunnan Academy of Animal Husbandry and Veterinary Sciences, Kunming, Yunnan 650224, China

Abstract: [Background] With the carrying out of the antibiotics prohibition order, it is urgent to find a
safe substitute for antibiotics. [Objective] The study aimed to explore the effects of the Pediococcus
pentosaceus in finishing pigs. [Methods] 20 pigs were randomly divided into 2 groups with 2 replicates
in each group and 5 pigs in each replicate. The pigs in control group were fed a basal diet, and the pigs in
experimental group were fed with basal diet and Pediococcus pentosaceus (10'° CFU/kg), respectively.
The experimental period was 28 days. [Results] The result data shows as follows: 1) There was no
significant difference during two groups in the average daily gain (ADG), feed/gain(F/G) and average
daily feed intake (ADFI) (P>0.05) during the experimental period. 2) It gained 1 036 OTUs by OTU
cluster analysis, and they were clustered to 17 phyla, 23 classes, 37 orders, 67 families, 199 genus, 350
species. There was significant difference during two groups by principal co-ordinates analysis (PCoA)
(P<0.05). At the phylum level, the relative abundance of Spirochaetes in group P was significantly higher
than the group C (P<0.05). At the genus level, the relative abundance of Clostridium_sensu_stricto_1 and
Terrisporobacter (P<0.05) in group P was higher than group C, Streptococcus (P<0.01),
Lachnospiraceae_ XPB1014_group (P<0.05), Norank f p-251-05(P<0.01) and
Ruminococcaceae NK4A214-group (P<0.05) was significantly lower than group C. The LEfSe (LDA
effect size) results showed that 60 biomarkers were obtained when the LDA value was higher than 2.0,
while 31 biomarkers were due to group P. The largest LDA value of bacteria in group P was Clostridiales,
and that of group C was Streptococcus. 3) There was significant difference in positive and negative model
by partial least squares discrimination analysis (PLS-DA) analysis (P<0.05), the two groups were divided
completely. The metabolite analysis showed that the diphthamide, 2-hydroxymyristic acid, furanofukinin,
dopaquinone, avocadene, N-(1-deoxy-l-fructosyl) proline and N-(I1-deoxy-1-fructosyl) glycine
up-regulated significantly (P<0.05) or extremely significantly (P<0.01) in group P, 24-dehydropro
vitamin D3, Artonin U and lalpha, 25-dihydroxy-9,11-didehydro-3-deoxy-vitamin Ds, all down-regulated
significantly (P<0.05) or extremely significantly (P<0.01). [Conclusion] In summary, the addition of
Pediococcus pentosaceus can optimize the structure of fecal microbiota in finishing pigs, improve the
relative abundance of Clostridium_sensu_ stricto 1 and Terrisporobacter which due to disease-resistant,
reduce the relative abundance of Streptococcus which is the opportunistic pathogen, improve the relative
content of flavoring substance precursor (N-(1-Deoxy-1-fructosyl) proline, N-(1-deoxy-1-fructosyl)
glycine), reduce the relative content of Vitamin D; (24-dehydropro vitamin D; and lalpha,25-
dihydroxy-9,11-didehydro-3-deoxy-vitamin Ds). It has the potential function of growth-promoting and
reducing disease.

Keywords: finishing pig, Pediococcus pentosaceus, fecal microbiota, flora structure, metabolite,
Streptococcus
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RIS TEIR THISCHESE, LA IOHE R B it 1
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1 MRS %
1.1 REs 5T

i B o AR A T SO0 DA 2 B A R R R
Bh¥bin EAEHRA D, B XHRE . KE
(91.50+7.0) kg BEAEHE(E RWARE 25% . i B
50%FIFEIE BEIMZE 25%) 20 Sk, i B 58 RENL 2
Weitarh 2 4, A4 10 3k, FERL H AR NS BTG
TRE G FE AT HE (NY/T65-2004) Vi il 1 ok 1) Uk )
ko IRUGLHL(P 41)IAMESEALIAAR+10"0 CFU/Kg JRHE
FERTE 368, XFHRLH(C 2H)fRIMEIERE AR . b A
BRTA 368 DRyel T rf 135 38 (A W R P DR o, IR
45 CGMCC 18709,
1.2 EAFEE
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214,
1.3 iRIENE
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DNA #2BGRAF] &, Omega 2375 HEMKE AL
785, Axygen Biosciences /A 1] ; A &, Bioo
Scientific 2y F) 5 MR &,

2 HIRENE RS, ACEMO64 /A+]; PCR
. WEIOLE R RS . WO, Promega 22
w5 WRORH RS BT R AN L M O A O B T
NanoDrop2000, Thermo Fisher Scientific 2\ ;
[lumina MiSeq #llJ74%, Illumina 23 ],
1.5 SEBENFSH

JH DNA $2 5] S 42 O it Hh 2 DNA I
NanoDrop2000 #5:illl DNA i & vk, % H5149)
338F  (5'-ACTCCTACGGGAGGCAGCAG-3") #i
806R (5-GGACTACHVGGGTWTCTAAT-3")%} 16S
rRNA LA V3-V4 0] 48 X 17 PCR ¥4 . PCR X
A Z . 5xBuffer 4 uL, dNTPs (2.5 mmol/L) 2 uL,
519 338F Fl 806R (5 pumol/L)4% 0.8 pL, 2xFastPfu
Polymerase 0.4 pL, BSA 0.2 pL, DNA #i#z 10 ng,
4 ddH,0 % 20 pL. PCR W 25F: 95 °C 3 min;
95°C30s, 55°C30s, 72°C45s, 3£ 27 PMEIR;
72 °C 10 min; 10 °C #47. PCR F=¥fdi ] 2% fg
BEEERE LUK AN , FF7E Ak 5 PO 2O G il
i, A Tllumina 2 7] A9 MiSeq PE300 ~F 5 #4710
¥ o SRR P A AP, AR e Tllumina
MiSeq “F-E 4 E PE300 WIS, 1E 97%MIAHUEE
KR X E 91 B 4T $ 4E 43 25 B JT (Operational
Taxonomic Unit, OTU)%RZS, it I-Sanger = F &
B PE A TR R TR
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Progenesis QI (Waters Corporation, Milford, USA)
ARSI, ST R . Bl miAb PRAE SR
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P £ /N = 3¢ F1) 1) 43 A1 3£ (Partial Least Squares
Discrimination Analysis, PLS-DA)Z3#%E i ] 22
5, 256 ¢ K6 D i B Pk (Variable Importance,
VIP)fii 5 H X AR 7Y 5 ik K ) 22 AR, ik — 2
XF A A5 B T2 48
1.7 HEHH

K SPSS 17.0 et R 7 FL R 2R 5 25 40 A
(One-Way ANOVA)HI LSD ZH 4L, P<0.05 W2
SRE, P<0.01 NZESWEE . BdELOEAE R
WEEFR
2 HRE4H
2.1 JKEERIRKE 368 FIBEE K MERERIS T

HHER 1 AR, BSInSonE R BR T 368 o, 42 T
REE LR R . P HREEMTY HISE,
A2 F A 52 (P>0.05)0
2.2 JRHEEIKE 368 X E BB SN0
221 FEESH

HAE oTU R0, AR 1036 1~ OTU,
REHM 1711 23 4049 37 1 H 67 MFF 199 &
350 M.

MK 1 HRTH, FEEAKE |, 2 A AR
166 1>, P AXAEWFIN 22 4, ¢ AFAYFN
11 o WSO R BKTE 368 Jo, e TJE/AKF E
BHIEFEEE T A R B .

£ 1 KHERIRE 368 xtIEE K MHAERI I
Table 1 Effective of Pediococcus pentosaceus on growth
performance of pig

It H P4 Cc4

Items Group P Group C

WIE A 91.50+7.08 91.38+3.34
Initial Body Weight (kg)

BRI 103.41+8.37 101.73+£2.65
Final Body Weight (kg)

SEHHREE 2 819.58+292.32 2 727.38+545.54
ADFI (g/d)

S H 3 533.33£112.61  470.91 £119.49
ADG (g/d)

B L 5.91+0.83 6.37+0.67

F/G

C

P 22 166 11 C

188 177
150
100
50
O L 1 I
P C

1 EFRAKFEHFEELSF

Figure 1 Analysis of Venn based on genus

1 P AR F2E R IEREN Paraprevotella; Norank f
norank o T2WKI15B57; Alistipes: T3 AW J& ; Staphylococcus
WHERE ; Bilophila: VEHWJE; Syntrophomonas: H. &
[ B W R
pectinophilus_group: HUNFIEJE pectinophilus #f; Chlamydia:
RIFMRE ; 2205 Actinobacillus: AT H)E ; Pediococcus:
k BR B J& ; Norank f Family XIII ; Unclassified f
Desulfovibrionaceae: KArHBIBEINEFE; Rhodococcus: 4L
BRI )& ; Unclassified f Erysipelotrichaceae: RK/rJEH 5 7 EK
& B} 3 Acidaminococcus : % K W2 BR 18 J& ; [Eubacterium]_
ventriosum_group : 1 J§ B ¥ I ; Lachnoclostridium_10 ;

Helicobacter : [Bacteroides]

Norank f Paracaedibacteraceae; Howardella; Parasutterella:
RIB*REIC I E C Am/K V- I ZE S AREN Enterorhabdus: 1
¥ )& ; Roseburia: K& ; Bifidobacterium: X UFFFTA ;
Norank_f T34; Anaerofustis: AWM # )& ; Norank_f F082;
oA Bl _UCG-001 ;
Ruminococcaceae V9D2013 group: J& B A VOD2013 ¥f;
Cerasicoccus; Prevotella_7: ¥ [KE)E _7; Tyzzerella 3

Note: Differences between the flora of group P on the genus level
as follow: Paraprevotella; Norank f norank o  T2WKI15B57;
Alistipes; Staphylococcus;  Bilophila; ~ Syntrophomonas;
Helicobacter; [Bacteroides] pectinophilus _group; Chlamydia;
Z20; Actinobacillus; Pediococcus; Norank f Family XIII;
Unclassified f Desulfovibrionaceae; Rhodococcus;
Unclassified_f Erysipelotrichaceae; Acidaminococcus;
[Eubacterium]_ventriosum_group; Lachnoclostridium_10;
Norank f Paracaedibacteraceae; Howardella; Parasutterella
Differences between the flora of group ¢ on the genus level as
follow: Enterorhabdus; Roseburia; Bifidobacterium; norank f
T34; Anaerofustis; Norank f FO082; Ruminococcaceae UCG-001;
Ruminococcaceae V9D2013_group; Cerasicoccus; Prevotella 7,
Tyzzerella 3

Ruminococcaceae UCG-001
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T, WMEBHEARMEZSH, KFRET
Unweighted UniFrac F1 Weighted UniFrac A =S
F AR ARSI (Proncipal Co-Ordinates Analysis, PCoA)
2 RESL, ZERINE 2 FR, 2 MR ROTT, 24
FESH T RELL AR o S0 SO R TRT 368 5, FEdL
FRTRTERE T A R AR
223 EFIIKEMRBERE

2 2 AL AR F R T 1% BT T4 3 4,
SR IEREG ] AT T I AR R[] 2 AN
HhJEERE TR TR RN 32 B B 8 (P>0.05) , HA O HUAF
T o USIN T OB BKTR 368 J5, M B =4 T
i PR TR R T T AR XS 32 2 (P<0.01), AR T JERER
I TAUFF T 1A HE AR
224 ETREKTEMRBERE

J& KA b BP0 S TR S5 A8 0 by AR S B R
T 1%RA LR 3, 1A IR A
15 B BRI 0 5310 R LA TR T AN BR TR I o 45 I SOws A
BRTA 368 Ji, 4 TR R FLA R R IR 1
Norank f Muribaculaceae . 55K FRH#F NK3B31
BE L RO BB A IREAR 2 WA

A 025
0.20 |
0.15
0.10
0.05

[} —— Pl

-0.05
-0.10
-0.15
-0.20
-0.25
-0.30
-0.35

PC2 (15.59%)

|
-0.20 -0.10 0

PC1 (30.16%)

B 025

(P>0.05) Kbk AR B & (P<0.05) . FEAFICEFF RCO
A RE(P<0.05)H1 + f 1 & (P<0.05) I AHXT F B, &
ik 7 BE Bk & (P<0.01) . BIREFL_XPB1014 Hf
(P<0.05). Norank f p-251-05 (P<0.01)F1J%i & BRE
F}_NK4A214 FE(P<0.05)AYFHRXTFHE o 4520 R XS
HEZH (R BEBR DA AR T 3 B3 5, 3R A T SR FE v m]
RERYLBERRTA, N T SObE R TR 368 J5, i 3
BEEAR T HEBK AT A G = B, O I 25 B i oAy ek
)T R (B SO I I R A B ) B AR 2 5
225 BEAMESSH

KGR T LEfSe J7 BERFFEds s Aok
368 X G 2L DA AFLL A 52, S5 R E 3 TR,
W aE RN 2 HANREHES 22 7 %, LDA {HK
F 2.0 BHHERAT 60 AN AEWbRICY), b P 413Kk4%
31 A EWRRIC Y . C 41 LDA {H 5 K &4 BR
J& (Streptococcus), P 41 LDA {Hix KAJEM A H
(Clostridiales), 1t —F BN F 2 T K227
o TTKF b, P2HRY WPS 2 #HXf £ B &K T
C 4 HWKFL, P A ZERIFT RN (Bacilli) FI A
WIE R WPS_2 MXTFEMT C 4, REHN
(Clostridia) F1F} 7§ 22 18 2N (Erysipelotrichia) V| =5 T
CH; HAK¥ I, FFFH H Lactobacillales) A B
i WPS_2 ik C 41, # Wi H (Clostridiales).

0.20 -
0.15 -
0.10 -
0.05
0k
-0.05
-0.10 -
-0.15
-0.20 -
-0.25
—-0.30

-0.10 0 0.10
PC1 (40.71%)

-0.20 0.20 0.30

2  ETF Unweighted UniFrac (A)F7 Weighted UniFrac (B)ZEE PCoA 71
Figure 2 Analysis of PCoA based on Unweighted UniFrac distance (A) and weighted UniFrac distance (B)
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Table 2 Dominant microflora based on the level of
phylum (%)
] 5! Groups
Phyl

ylum P C
JECRE T T 57.19+1.65 64.10+4.07
Firmicutes
U] 31.40+4.60 30.74+7.69
Bacteroidetes
IETEAART ] 6.91+0.58A 1.67+0.59B

Spirochaetes
JEBERR T AUFF T ] 1.82 2.09

Firmicutes/Bacteroidetes

AT RING FEERIR 25 5 W3 (P<0.05), AFIKRE T8k
FORZE SN (P<0.01), FA

Note: In the same line, different lowercase letters mean
significant difference (P<0.05), different capital letters mean
extremely difference (P<0.01). The same below

B 2 W H (Erysipelotrichales) 1 I ¥ W H
(Enterobacteriales)V =T C 41; JE/KF L, P4
BEERTAJE . RBAMNA WPS 2 J& . RO FF A
H (Unclassified o Lactobacillales) . & 8§ BR &
Bl UCG_002 (Ruminococcaceae UCG_002), A:H{
W Ry Fos82 . @ B Bk @ FF _UCG 014
(Ruminococcaceae_ UCG_014), Tyzzerella 3. 2%
W T J& (Dorea) . A43ZMILIA%TH H (Unclassified
o_Coriobacteriales) . 8 H Bk W # UCG 013
(Ruminococcaceae_ UCG_013). Jii HERHJE gnavus
BE(Ruminococcus_gnavus_group) . BB -5 Tk
K F#F(Norank f  Prevotellaceae). Fournierella .

AR T34 HELHRIEEM Paludibacteraceae
FHXT BT R, B XM 16 & (Clostridium_sensu_
stricto_1) . HOHF K W B RCY9 fm HF
< S S
(Oscillibacter) . 8 & BRI J& (Ruminococcus 1), J
2 ELAF T8 BE (Eubacterium_ruminantium_group) . 3%
N AV J& (Escherichia_Shigella) .

Turicibacter . Ji B R E J&_6 (Ruminiclostridium_6) .
55 B AP B (Eubacterium_brachy _group) . JFFEE 22 1H

(Rikenellaceae RC9_gut group) .

= J& 9
E B TH Bl NK4B4 B
(Lachnospiraceae. NK4B4 group) . & H Bk ¥ &
gauvreauii fif(Ruminococcus_gauvreauii_group). &
12 & Bt ND3007 #f (Lachnospiraceae ND3007
group) . R EEs RE
(Holdemanella)F Papillibacter #1%} 3 & i 2 Tt

Bl (Erysipelotrichaceae)

(Ruminiclostridium 9) .

Cellulosilyticum

®3 ETEKTHABEEE

Table 3 Dominant microflora based on the level of genus (%)

[l P4 CH

Genus Group P Group C
FERR I B 1.14A+0.49 16.98B+1.83
Streptococcus

FUT IR 10.89+5.42  7.66+3.51
Lactobacillus

BIZFER XPB1014 #f 2.01a£0.59 3.61b+0.97

Lachnospiraceae. XPB1014_group

R EE_ 5.69+4.95  3.96+0.94
Prevotella 1

Norank f Muribaculaceae 5.10£1.41  2.90+0.07
T HEREFF UCG-005 3.07£0.34  3.02+0.67
Ruminococcaceae_UCG-005

WE R REA NK3B31 #f 4.84+3.62  3.20+0.45
Prevotellaceae NK3B31 group

RO B IR R 6.67+2.95 3.81+0.39
Unclassified f Lachnospiraceae

B SR 7.13a+2.58  1.01b20.07
Clostridium_sensu_stricto_1

FIRTER 2 4294239  2.86+1.25

Treponema_2

TR 4.85a+2.61 0.55b+0.11
Terrisporobacter
o BT AR AL R-7 B 1.71£0.40  2.77+0.22

Christensenellaceae_R-7_group

Norank f p-251-05 1.67a+0.92 9.30b+2.12

AN H A R R 1.94£1.08  2.18+0.92
Unclassified f Prevotellaceae

PR FCTARE RCY i #F 2.89a+0.49 1.33b+0.20
Rikenellaceae-RC9-gut-group

LK KA UCG-003 2.09£0.24  2.33%0.82

Prevotellaceae UCG-003

PRI HEREFE_NK4A214 fif
Ruminococcaceae_NK4A214 _group
T HERE R _1

Ruminococcus 1

1.34a+0.31 2.48b+0.66

1.33+0.19  1.45+0.52
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o_Clostridiales

¢ Clostridia

g Clostridium_sensu_stricto 1

f Clostridiaceae 1

g Rikenellaceae RC9 gut group
f Rikenellaceae

¢ Erysipelotrichia

t Erysipelotrichaceae
o_Erysipelotrichales

g Oscillibacter

g Turicibacter

g_Ruminococcus_|
g_Eubacterium_ventriosum_group
g_Escherichia_Shigella
o_Enterobacteriales

f Enterobacteriaceae
g_Ruminiclostridium_6
g_Eubacterium_ruminantium_group
g norank_{ Erysipelotrichaceae

g norank_{ Family_XIII

g Ruminiclostridium 9

g Lachnospiraceae NK4AB4 group
g Family Xl UCG 001

g Lachnoclostridium

g Ruminococcus gauvreauii group
g Subdoligranulum

g Lachnospiraceae ND3007 group
g Cellulosilyticum

g Eubacterium_brachy group

g Papillibacter
g Holdemanella

Streptococcus
fiStreptococcaceae
o_Lactobacillales
¢ Bacilli

¢_norank p_ WPS 2
p_WPS_2

o_norank_c_norank_p_WPS_2

g unclassified o Lactobacillales
g Ruminococcaceae UCG 002

f unclassified o Lactobacillales

f FO82

g norank f F082

g Ruminococcaceae UCG 014

g Mailhella

g Tyzzerella 3

g_Dorea

f unclassified o Coriobacteriales
g unclassified o Coriobacteriales
g_Enterorhabdus
g_Ruminococcaceae UCG_013

g Ruminococcus_gnavus_group

g norank f Prevotellaceae

g Fournierella

f T34

g norank f T34

f Paludibacteraceae

— g norank f Paludzbacteraceae

f norank_o_ norank c¢_ norank p_ WPS_2
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Figure 3 Differences of microbiota composition based on LDA
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Figure 4 The PLS-DA chart of positive (A) and negative (B) ion mode
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Table 4 The top 10 significant different metabolites of positive and negative ion mode
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Furanofukinin 1.33 0.042
Z Ml Dopaquinone 1.24 0.038
Avocadene 1.29 0.045

. 2R RRMEE. e 4L R ) 25 5 2384550 (fold change)
Note: FC(P/C): Expression multiples of metabolites between two groups (fold change)
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Figure 5 Correlation analysis
Note: *: P<0.05; **: P<0.01; ***: P<0.001
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