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Abstract: The study aimed to explore the effects of Pediococcus pentosaceus 368 on Archaea and
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metabolites in feces of DurocX Saba pig. Twenty DurocX Saba pigs which body weight were about
77 kg were randomly divided into 2 groups with 10 pigs per group. The pigs in experimental group
drinked water added with Pediococcus pentosaceus 368 (10" CFU-L™"). The experiment lasted for
28 days. On the day at the end of the experiment, slaughterings were conducted. The effects of
Pediococcus pentosaceus 368 on Duroc X Saba pig were analyzed through the Archaea in feces and the
fecal metabolites. The results showed as follows: 1) PCoA (Principal Coordinates Analysis) analysis
found that samples in the experimental group and control group could not be completely separated,
and species similarity in the experimental group became consistent after the addition of Pediococcus
pentosus 368.2) At the phylum level, the highest relative abundance of the two groups was the
Candidatus_Thorarchaeota and at the genus level, the highest relative abundance of the two groups
was Methanobrevibacter. When the Linear Discriminant Analysis value was highter than 3.0, the
two groups obtained 14 biomarkers. Among them, 14 biomarkers were in the experimental group,
and the largest LDA value in the experimental group was the Thermoplasmata_unclassified. 3) KEEG
metabolic pathway analysis found that when the LDA value was highter than 3.0, the functions of
4 genes were screened out: Folding_sorting_and_degradation, membrane transport, Cell motility and
Signal transduction ; Analysis of the level function of CAZy (Carbohydrate Active enzyme Database)
showed that when the LDA value was highter than 3. 0, a total of 21 biomarkers were obtained in the
two groups, of which 13 were in the experimental group. The biomarker with the largest LDA value
in the experimental group was CBM20. In the control group, the biomarker with the largest LDA
value was GT2.4) Fecal short-chain fatty acid analysis showed that the contents of Butyric acid and
Isovaleric acid in the experimental group were significantly decreased (P<C0.05). 5) KEGG pathway
enrichment analysis of differential metabolites found that there were 12 significantly different terms,
which were as follows: Degradation of flavonoids, Linoleic acid metabolism, Cutin, suberine and wax
biosynthesis, Arginine biosynthesis, Valine, leucine and isoleucine biosynthesis, Retrograde
endocannabinoid signaling, Biosynthesis of phenylpropanoids, Biosynthesis of unsaturated fatty acids,
Autophagy-animal, Fatty acid biosynthesis, Kaposi sarcoma-associated herpesvirus infection; Gene
Set Enrichment Analysis (GSEA) identified three significant genes: Glycerophosphates metabolism
Glycine, serine and threonine metabolism; and Biosynthesis of unsaturated fatty acids. (Conclusion)
In summary, the addition of Pediococcus pentosaceus 368 can make the species similarity become
consistent in the fecal Archaea of DurocX Saba pigs. Improve the relative abundance of microbial
functional genes related to Signal transduction, Cell motility, amino acid and fat metabolism in feces,
and improve the probiotic function of bacteria and enzymes related to amino acid and fat metabolism.
Keywords: Duroc X Saba pig; Pediococcus pentosaceus; Archaea; LC-MS

* Corresponding author: LLIU Shaona, E-mail: liushaonal23@163. com

it 2B B 5 S 0 o i 32 EA B A A A AR
AR g AR R R i AR K
Jo AR R G g 0t A B T A RE T AR . AR
KA TE K B, 4 A T I e B A S S R
AT 400 ) R s B 38 ek G R o, A T T R S e
B THT A 6 PR 9 48 1 T S T B At ok A0 T A 3
) 7 G 7E A AN g5 A TR A R A K 4R

e PR AR B T A R RE R . L A
FLFT B ok 8 1 i 38 PN ) ek 4 TR R A K R
R AR 2% 1 BOW W B2 B R BE AR T e & i ok
M PERE " . 25 A B AT MEAT R A L RS R
WA BELS ZE AT B R FLAT T L B2 L
FT T F0 I TR LT TR A5 TR 6 5 28 T AT 0 R 1 R
F TR o T B B i fEE R . OB R BR B (Pediococcus



850 R

SR S 57 %

pentosaceus) J& T 2= VB E DTSR AL BRI
S5 J7 T ¥ B B AE ] . Zeng B SE K BB
FBR B BN R AR AR R AR R 22 7R i A T
FRRYY . Yu SRR & B, OB F R T RE % 2% i 04
AR5 19 I T G B U M 9% (NAFLD) 7 R
BRI NAFLD #FJ# o Yang Z"W8F 58 & B, IR F
BK T 0% e 36 W7 405 4 4% 10 % b it 423 R 1 38 A i
S AR T 38 . Wang ™55 W) & B, 8B REK B RE 0%
i PR AS 1 S TR U TR KT o XY TR XU I 38 n
i W RE 2 REYE . H AT E & R 06T OB Bk
MBI FT, B AR TP AR DU L T R 95 M 3 4N T TR R
(5% M), DG T st 2 S 4B, R 50 3h 4 22 ol X RN
B4, A 12 T 6 R R T o R A R 58 B 4, B
IR 1) v TR AL R 35 R T B S i 1) AT 5 G A D
OIS Ry 2 48 b 5 4 R, ELAT PR O R T R
o) ) PR A AL L AR 2 b SR AN v 1 R s BR A T LA
kR, PRIk, o 54 BF 58 AR T 2= B 4 5 5%
Ffr, iF — 25 WY R SCOME R R B A B A P 3 58
S AT T 1 FH A OIS I 2% 50 %0 B b 5 R 2SS R
iR e Xt 4, 3 1 AR T 4 2 2 AT 4 O vk T A OBE
BR A A AR SR Ay T A 4 A R AR 4 £ B
iy JEC X s 5 5 2% 5 0 W5 i, LA 3T Sk ISR e Bk R Y
JO7 FH 45 A BRI AR

1 #RE5FZE
1.1 R

A B o W R BR B 368 (LR 8 T o [
T2 0y TR R R AT B R 0 PR AE S : CGMCC 18709)
P AT 6 25 DA 38 D JEORE T Ak 3B T (B M ) 43 85 B s
1.2 K&t

K 2h Y AR E 28 77 kg 1 20 Sk AL OB B
HE S (5 AL 5 50 %0 FIURUIURE 50 %6 B I % , 28 B4
22 BEHL A R 2 H (B2 FA AT FC) , AR5
P BHAER BAEE S, H b A R
77,25+ 4.61 kg, YLLK TE A 77. 05+ 3. 15 kg,
V2L ] R (] 1) 5 Al AR, SR R S5 A IR B A
T FE bR E (NY /T 65—2004) BEAT IC 97 %31, i 5 41
TR s s BBk B 368 (10" CFU-L™Y) , X
YLK R TE RN, B 0 22w A s iy
Ry < e BRI 15 T U R R ORI IV FHK AR O TR
ik s R BR 368 M (10 CFU-L 1) L ik 46 0] 4
28 d. B L H = B & R R R e s P fe B

BUas e S YNASVIO1-2023011,

1.3 ARRAFERE

BBl ) M 2 B K SR KO S 2 AR R A T
WEE ", sl i) 77 0 78 R 3h N R 3R 5 BB A R A
Al NH#EAT R IR RT EfT E HITH S HE B R
FRE 5 405, i 3% B R A BOR &R B oK,
HL A A5 3 e R A B P R AT
1.4 HmXE

R0 45 A5 1 AL B L BEBF 6 Sk 5, R 4B i A
ZEAE B W HE T A 2 I TR IORE 5 IO A ]
H 43 B A, A A P TR L AR A 2
G307
1.5 REFHAZSTMEEIH

FEAH (0 A 8 ) AR 2 2 2 R ) AR A 2 A B
P ATC P06 )1 A= ) B AR TR A A R 2 ) 56 i o

S I 15 R I 2 43 A 7 v ERR FR i 50~100 mg
FEMEREA, A 1 mL 80% H 5K Al 2 FUAIF % Bk I A
P IR IE , il V4 VR 0 ML (Eppedforf 5424R , 7 [
WA ) B0 (20 000X g, 4 °C)15 min, B 20 pL | ¥
WE1L.5mL EPE P, A 20 pl. 3-NPH(3-fi§ 3 7
JE) #1020 uL EDC (K 35 4 f — S e ) 50, i A
40 ‘C/K ¥ 30 min, JITAHI 46 i 3 AH % WK 2 500 pl,
TR ETR 2], B 200wl 3E FE /N 1 980 £0 335 £ B
J % B A AY (LC-MS/MS: Thermo Scientific TSQ
Altis 4%, Bic Vanquish A @350 .

A3 ) A3 4 2 4 A I S 5 MR BRI 50~
100 mg Z&fHAEAS , A 1 mL 80% HI /K F1 2 i BF
JEE Bk 5 AF S L A — 20 “CUK 4 8 30 min, UL 3E &
F OBl ¥ %R B 0 Bl (Eppedforf 5424R , 78 [ 3
A ) B0 (20 000X g, 4 °C) 15 min, B 500 pl.
Z1.5mLEPEW K LERAGHMTE,MA
100 pLL 50% K HY B W &2 % . 20 000X g B L
15 min & , B3 T4 UPLC-HRMS K . 43 #r
1 #% A = A & 48 (Vanquish Flex UPLC,
Thermo /A &), J2 ), I FH A9 €655 20 B A 255 HLA%
ACQUITY UPLC T3(100 mm*2.1 mm, 1.8 pm,
Waters, UK) . Xt T #LJ& 4 95 F JH Proteowizard
) MSConvert 3% £ #F 17 % 3 i nl 132 2088 mzXML .
FIH XCMS B 47 W B2 B, I IS 0d 4 BT 455 . X
PR A9 W A CAMERA JE47 0 FES 5 1 %%
SRJG R metaX FRAF AT — R4 o F3 B o 3
— A7 B AT S MBS 205 25 in-house FR#fE
i & il U TV (77 S e 7/ i | I 1 D
HMDB . KEGG %5 $ 48 2 28 47 A0 9 1 R, i AR



2 SR R < T Bk 368 Mo A HORE S rh ohy B B AR 0 1 5 ) 851

W AL M T A IRE . R metaX B
Xf 25 S A HEA T i 25 A T O
1.6 EEBHEDW

FE & B DNA BEER DL K 72 FE PR 2 I e e B
JAE D) H AR e A3 BR 2> B 58 B, >R FH Tllumina 23 &) 1
NovaSeq 6000 Wl ¢ Al /7>, #5508 PE150.

D O R AT I A K A UE A8 BA REK
5 A5 BE & B 95 5 0 A SOBCHE 1 kK T R
() reads CAE — R HEATIR G 418, DU & BLEE
AR =E 2P Rl A5 B MR A 415 )5 119 Scaffold %
K I prodigal #F 47 56 B #0917 2 704y, 0
gene catalogue, Z5 & £ FF i 00 A7 RCECHE T 349
gene catalogue 7E £ F£ &b o 0y F B fF B 5 M
MicroNR B #E AT b, 815 B4 LR (R TURTE ) 1)
Prdh e R AE B R4 A R B 3R IR AN R 43 26
JZ G R R R EATARHE B (KEGG) , ik 5
P (CARD) 43 7 A5k 7K 4k & Pl (CAZy) 1) B fiE T
R F o #r o

®1 ETEKENeZHEEELS T
Table 1 Analysis of alpha diversity at level genus

1.7 HIEHH
K HISPSS 17. 0 G it H A 4 7 B F 3= 07 22 70 #r
(one-way ANOVA),P<<0.05 N %% ¥ ,P<0.01
R 2 TR . B DL I AR ME 22RO .
JIT A 2 e PR 2R P 5 AN A 2 S D A
I I AE BTN BN A= e R AR A RS W AW =7
TR i 5

2 &F B
2.1 HEMNFER

B 12 4~ #0268 9517 Tllumina Novaseq 6000
W, 4 A He bty B A5 S, 4% BB 97 Y0 iy A LB R 2
a2 RS BRI 23417 ,40 40,574 H L 87 A4
B 191N E 770 Fh
2.2 HEZHEMEMAR
2.2.1 «ZHMESH Yy o 22 FE PR SR E0 o B DL
1o RAK AN b BBk B 368 )5 , H: Shannon $4
¥ Simpson FEH Al Chaol 5 LR E £ H .

i H Ttem Shannon 35 %% Simpson #§ % Chaol #5 %%
X ER 4] Control Group 4.60+0. 35 0.86+0.029 651.334+27.28
i % 4 Experimental Group 5.0440.24 0.90+0.018 643.40+28. 89
PA{H P-value 0.065 0.093 0.70

[] 50 5088 J s S BE A 22 57 18 3 (P<<0. 05) , b FBE AR [F] 8 o 7 B 3ROR 22 A 3% (P=>>0.05) . R[]
Different letters on the data in the same column means significant difference between the treatments (P<Z0.05), same letter or no
letter means not significant difference between treatments (P=>0.05). The same as below

2.2.2 BZEZMMEDW F A A5 2 B PCoA
(Principal Coordinates Analysis) /L& 1. W41 /Y k¢
TV = N SR o £ = SIS O I =T O 2 ) 11 95°0
B R BR B 368 Ji , P2 B i BE A AR LR 43, A AR
TRy, TN S e BR 368 ), MO 2R TPl R
PR ARLPE T — 30, 25 il , R op s i s R
BRTE 368 J , M MY S vl T — BT .
2.2.3 YA o Yoo R AL R AT 23 4
17,40 4049,574~H ,87 ™ FF, 191 A& A1 770 A~ Ff
WE 2A s K B %A FC ANl 5
2 F A AHXT 35 BE S5 v 1 00 35 b 35 o B b
R R E R _ R TR R .
& 2B Fr 7~ , 76 J&@ K b, X R 2l Ak g6 21 AR X 5

om0 BOkE AT B, H Wk A Candidatus_

Methanomethylophilus F1 W Bt /\ & SR & |, 75 0 s

R TR 368 Ji 1250 20 P9 HH e S AT TR RE X F BE T B
(P<<0.05),

R A AR S 0 SCOHE K TR 368 X AL U ZE A o TR
(4 5% R, SR 3T LDA M BF 9% 41 0 22 5 o i
(E2C), S LDAME KT 3. OB, g 4L 3145 14 A 4E
Witnidl . Hooi e 4 3015 14 M AEWin &Y il 5
FA ZH M LDA {8 5 K 12 A 43 2 0 A AR 44, 407K
S F FA 20 v Candidatus_Poseidoniia, #4448 1 # 24
FHRER T AR X B & T FC 4L HAKRE b, Rk
) T AR K, B ke N & Bk B H Ml Candidatus_
Poseidoniales A%} % B 5 T FC 4 B KF L FA L
o' Thermoplasmata_unclassified , B %¢ /\ & BR 18 B Fl
Candidatus_Poseidoniales_unclassified A1 % 3 B & F
FC Al ; J@ /K b, FA 4l v ok 40 25 i 44 R 1R 49

Candidatus_Poseidoniales_unclassified F1 B 4 W £5 B



852 R

57 &

Principal Component Analysis

0.5

PCA2 (3.19%)
0
oyl
>

!
o
o

0.25 0.27 0.31

0.29
PCAL (94.53%)
FC X BRALRE f s FA SRS 4LRE . R
FC means the samples in control group; FA means the

samples in experimental group. The same as below
El1 FLIRSH(PCoA)

Fig. 1 Principal coordinates analysis
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Table2 The content of short chain fatty acid in facel samples pmoleg ™!
I H Ttem XA 2H Control group % 2H Experimental group PA{H P-value
4% Acetic acid 65.2148.56 61.584+11.39 0.44
& Propionic acid 27.5845.24 23.9944.54 0.19
5 TR Isobutyric acid 3.12+1.09 1.59+0. 28 0.076
TR Butyric Acid 18.30+6. 10 11.44+2.19 0.022
5 IR Tsovaleric acid 3.57+1.59 1.1540. 34 0.016
J% PR Valeric acid 3.03+1.09 2.53+1.37 0.46
. f® Hexanoic acid 0.04340. 026 0.024+0.013 0.11
*3 RigYHE
Table 3 Number of metabolites
P g TE R HMPB %@EJ?E@ TE R ?EGG i&z?ﬁ:ﬁ?
B 151##&5?5(5 Number of ionic — AR K E' *%&ﬁlﬁi%ﬁ’ﬂﬁ(.ﬁ
Ton mode Number of ionic metabolites Number of metabolites Number of metabolites
metabolites at level 2 annotated to the HMDB annotated to the KEGG
database at level 1 database at level 1
1E Positive 15298 9048 7461 7 045
1 Negative 21318 14 945 13277 11739
4 THT Hb X — ) 8 B Y VR AR T AT AR R L T
% 50 5 45y BT (IR 7) i 5 o #h 58 . 4 INES[> 1,
. NOM. pval<<0. 05, FDR. qval<<0. 25 i , i 1 i} 3 Ff
S —— B (R 4) - H b B AR A, T 2R L 22 &R AR
g5 e S AR A P 0 9 2 9
g - FC
£ .
3

-100

-100 0 100 200

PCI (21.63%)
&5 PLS-DA
Fig. 5 PLS-DA chart

MR A L, RIRZRAE 5 RN R YA LA
0L i 7 TR 1 A= L A W -3 R DT TR 1Y A )
B R IZ I TR 5 25 O 3 7 R AT IE R
) O AE AR 1) 2R W 5 I R R W s T L e - 2E
B - - O M R AT R
JELZEAE T e v A AR AR 5, 95 K 30 286 B A
JIgs 15 TR R 2 TR A B, IV Vil R A 3 4, b Rl
i o Wb 2 14 Sy 28 TR R A

GSEA (Gene Set Enrichment Analysis, 4 [F 4
w423 HT) BT OO B R A AR B AE L R

) B Jig 38 PN R A B L ECRR RR DA RO A
Pk )i 52 2% 04 3l 257 A B8 LR B A A B9 £k
B RGARIE IR RPERN R T R R A B AR
FIS o Sy S AR A e A A5 T A e
RO ARy | E e el € 7781 K QA Bk 7/ Kk S RSB i R N
FRE 2 G AR B PR PR AR
Ko FEERRUEY M A5 A 8 A R T 5
P TE R W B9 F LAY J7 3k A BF 52 TP R TR L 2R 0
SRR AR A TR RO W R R T i ATk A
J& S A 7 A B VL LSRR I (] SRR T e A TN R i
SRR df rP A W 1 A A, TR Bk R 3 T A
BHRRCE R AR . R A RA R AR,
P i BRI R R R AT AR R T LR R
T R N I Y T8 PR, T RE G A K P S P A
Fo . DA T e 20 A BEL R 7K fige Tl W B e R Tl 25 R I
ElENCEN SN R (S AR W
BBOR Y ARTSEE R B, P E R g i



856 FOoMOm OB ¥ W 57 %
FAVSFC
1
1 1
1 1
[ [
1 1
[ °
1 1
[ 4
i1 ®
1 1 -
2
1 1
E %" ! " .: J Significant
G %o | ° o P @ Sig_Up (30)
o :,."'L- 1pe ® NoDiff (551)
2 paeepepes(ass o 1 =0 - PSC 2 A et Al Sie D 25
1 ° ° o.. b ‘:... @ Sig_Down (25)
° 1 e® e
. 1
e
’ I o’ l:. 1 : "
° ° o® .0.0 o
do 1
¢ ¥ L ] 4
[ ] L
1 1
-5.0 -2.5 0.0 2.5 5.0
log,(FC)

Bloe =ZRNEWALE

Fig. 6 Volcano map of differential metabolites
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Table 4 Gene set enrichment analysis

S Ttem ﬁjﬁﬂ;ﬁﬁl\;:;% N()i/[{.ﬁpval FD(IIQ{.Eqval
H B 2 18 1% 18 Glycerophospholipid metabolism 2.14 0. 00 0.00
H &R | 2 &% F 75 & R AL Glycine, serine and threonine metabolism 1.73 0.02 0.17
AN FIRE B R 1 A= 40 A AL Biosynthesis of unsaturated fatty acids 1.66 0.01 0.23
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