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2. P EREBERS,JE AT 100039 ;3 i m AL FE A Y RHE A BRA R L K 410125)

B E. KRB EARARE G AR PR M A A bk & BE B AL AT B IR g B DU AR e B 18 4R
AR, IR 18 kAR K E[ (63.53+0.40) kg | MM Z AL R (HE AxKkaxk
G) BN RS A 3A(HFE6K): 1) EFEGRVAMBRM(MEANSRBA ARAESGREE
H16%);2)KEARFABREA(FARBEZTEREEHN 13%);3) MM AR LB A (AR
10% M A AR  AEGRAETA13%), KREHAA5d, 2RBF. 5 EFEGRAR
A KRB O RAREE M T RIEEF IR FRIRT 40 7 Lo Ao R 8K E (P<0.05) {24
K G RAAAL P R R A B A E B T IRE G RARG IR, MABRSITRT,F
e he ET 5 &M P LRARRGKREZZF RMX(P<0.05), I, 5KE G RIAMRA
Yo AR G AR A AR ARk R B AR B & AR T 45 P Be s A& kAR = K B 9 mRNA &
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R FAARAILAAR I i DR i FLA A 2 400 5 1 B f
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K, Brifig bk Z LR AL, HE ) AR BT R (G0 2% A2
) A PR HORL A P B i e (18% ~22% ) FE SR B
i T AT K 2L A
40 ZF B AP PU AR BT R DI HE M 2 1l
WAy o L oA U S B R R T #E
TR/ F 1 0, 2 W LA PR s OB OGS
SR, AR EE 11 J5 ) R v U4 00 A A 4 ok i T Al ek ok
ML B B DR A 52 ) S PR P ML o AN 5 28 H 4R
SN 7B R et /I BRI EN 1 TR AN L = R (N 3
U, B TR W AT G il IR 1 48 4 L) A R s
1% ( short-chain fatty acids, SCFAs)"'"' SCFAs AJ f
RAE FEHAUE 5 40 10 AE ok VR, TR i T A
Yoy G B 5 18 FAR N RE R AR R R
U RAN R R TR K4 R A A
IR, FAREE (R & (B A K R AR A 4
i1 3%) thmE A REETE AL, RT, A
T DU B 1 T AR S I A AR 4 bk T AR
X E RE S Re i o i R 0 A 5 R i A 4 AR
[R5 e R AT A5, DA BT A # R 4 ik A T 1) BHAE B
JESE A= 7 i R BRI S

1 #MR5FZE
1.1 Rt

VERER IR R T [ (63.53+0.40) kg ] AH T Y {2
B = I028 28 (KR e x K IR ) AR 18 3k | Bl
PLorh 3 2 (B4 6 Sk < 1E# 8 1 IR R A (A
2 AR IR R AR B B i 16% ) RER
FIB AL (B 41, R AOHL 8 1 & o8 13% ) M
PR 4 bk 2 AR B2 (C 21, TR & 10% B W 4o bk
KRR A MO R I BT N 13%) o 5 1
45 d., TR Ak A T e ek pR I TR R A AR 7l kTR
IR F AL, Ho R W T2 D R B 28 37 o &
LK DLAE P G o A AR AL R R 3R KT
LA R 2 IR g
1.2 FAXRBEEEERXE

PRI A 0], T A A T 3 b A =0 IR 1 o
PSR, H B AROK, HBRE, B R 3 ), it
SRS AR 12 h, S ORI 5K I R R
S PRBUA R IO Sk CORET IR B
1.3 $BHRIE
1.3.1 I iE A fedibs

MEFES T 4 € .3 500 r/min 554 F &0
10 min PAARAS LY , 4556 i 1] CX—4 4 H 341k 53

M4 ( Beckman, 3 [E ) AR N 12857 & (b 50 F) 4 2
AR AT BR 2 B ) A 0l v s % R R A
(high density lipoprotein, HDL ) | Ik % J& i & H
(low density lipoprotein, LDL) | H il =[5 ( triacylg-
lycerol, TG ) A1 H [& % ( cholesterol, CHOL ) ¥ J&
1.3.2 FF AR AR A A G mRNA £k &

SIS E RS Wk, UL Bl & 1 (B-
actin) Sy N Z: B IR 46 I 5 g v i B 5% JBURE DG 56 K]
[ R Wik %% iz 5 11 1 ( fatty acid transport protein 1,
FATPY) . Ig Wi R %% v T ( fatty acid translocase,
FAT/CD36) MgWid: BiAH G HE I [ & Wt il A R
1L (acetyl-CoA carboxylase ,ACC) | . g i 43 fi# #H
FeFE A [ R SO IR 7 I (hormone-sensitive li-
pase, HSL) . A B A7 Bt 5% 74 [ 1B (carnitine palmi-
toyl transferase 1B, CPT1B) ]  Jg B 1% i AH 5C #% 5
PR~ [ 2o 48 Ak 00 I 0K 34 B ) 803 A2 4K y ( peroxi-
some proliferator-activated receptor vy, PPARy ) .
CCAAT/# a5k T 45 & ¥ H o ( CCAAT/enhancer-
binding protein o, C/EBPa) | £ B 15 TR 45 &

F —1c( sterol regulatory element binding protein-1c,
SREBP-1¢) 1B mRNA ik £ S2mf 2 6 E &
PCR 5|75 W4 1,

1.3.3 &l SCFAs &

Z B AT O BRI 0.5~0.6 g B TR
1S 45 I B BE , (8 1 Agilent 6890 AR (35 {Y
( Agilent Technologies A ] , £ ) #1745 SCFAs
(LR NIRRT 5 TR SRR IR ) W FE D E
1.3.4 i A W

BGE 45 B, 2 BT AR 98 7 ik o™ R
F 16S DNA il 7 73 B i A= ¥ 41 7. DNA A i 2
e LB AT FERE A I PCR  &lifb R | I
Jo R A A i i e AR W E 2 RO TR
NFEISERL, Alpha Z £ 4: 5 %4 ( Shannon | Simpson |
Chaol F ACE 48 %%) F T 73 #7 o 8 1 2B W B 1
ZREERFE R
1.3.5 25 A= e e i

eyl g R THRENSHERE'S 8 mL
0.4 mol/L = M IR A, SR 5 #E-20 C T i
. KRS W LA 8 000 r/min B 0> 10 min (2
W) A8 EER ., K1 mL B S 1 mL NaOH/
NaHCO, ZZ i (pH=10.6) F1 1 mL & T /A B
FH#ES (10 mg/mL) IR G, KRG WAE 40 T
YK 30 min, £ 5 min & EER 1K, FEIRE
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RHEZA,K 1 mL 5% A& m AR A9 It
WiEREG ., MIREYTEERHE, A 1 mL JEK
ik 44 B A= ) e, A 4 e P B L TR e RO e
10 min J&5 , BBEUG/K ZBE)Z LA 3 000 r/min B0 4

&1 ERREE

i, RFE K UTTE Y I M AE 1 mL WP b g3 oo
0.22 pmB OB YE . Fe)m ] Agilent 1260 5 50K
AH 2,15 4% ( Agilent Technologies 23 7], 32 [# ) 4 4=
YR B

E PCR5|¥1F 7%

Table 1 Primer sequences used for quantitative real-time PCR
F A il a7/ NUN
Genes Sequences (5'—3") Product size/bp
N I B B8 AL it F.TGTGGATACTTGGAGGTGGG 1
FAT/CD36 R:TGCTGGTTGGAATACAGTGG
etz A1 F.GGAGTAGAGGGCAAAGCAGG 208
FATP1 R:AGGTCTGGCGTGGGTCAAAG
LG A R ALRE F.ATCCCTCCTTGCCTCTCCTA 208
ACC R:ACTTCCCGTTCAGATTTCCG
R U g 0 it F.GCAGCATCTTCTTCCGCACA 195
HSL R:AGCCCTTGCGTAGAGTGACA
N TRl AE T B R A5 FL B — 1B F:ATGGTGGGCGACTAACT 291
CPT-1B R:TGCCTGCTGTCTGTGAG :
I A ALY B 5 OSSR y F.TGACCATGGTTGACACCG 281
PPARy R:AAGCATGAACTCCATAGTGG )
WAk EA o F.AACAACTGAGCCGCGAACTGGA 170
C/EBPu R:CTTGAGATCTGGAGACCCGAAACC
& B A T TS A A -1 F GCGACGGTGCCTCTGGTAGT 218
SREBP-1¢ R:CGCAAGACGGCGGATTTA
B-Alah&E M F.TGCGGGACATCAAGGAGAAG 216
B-actin R:AGTTGAAGGTGGTCTCGTGG

EIES BN 3 HT Akl agilent zorbax SB-C,
(4.6 mmx150 mm, N4E 3.5 pm) ; fRIHE N agi-
lent zorbax SB-C,; (2.1 mm x 12. 5 mm, N #&
5 wm) AR R 35 C K 1.0 mL/min; 4 &
10 WL MG I &5, K 254 nm; A A N
MG WshAH B S 0.02 mol/L B MR #% /K IE W, Hb
FEVEFLRE 40 o i) = 0 min, [A] B = 0 min, 60%
A,40% B;Hf[E] =3 min, [B]f% =3 min,70% A,30%
B; ] =6 min, 4] f% =3 min, 78% A,22% B; i}
6] =10 min, [@] f% =4 min, 78% A,22% B; i} i =
15 min, [ f% = 5 min, 98% A, 2% B; I [A] =
17 min, [d] f% = 2 min, 98% A, 2% B; i} o] =
18 min, [i] f& = 1 min, 60% A, 40% B; i} ] =
23 min, [A]f% =5 min,60% A,40% B,

1.3.6  Z5lprhmg| e fZE R R EE

FRELZ 0.4 g Ve VR T 1 5 W 45 I B B8, A

10 mLHEE, IR A 85, HIRGWTE 30 TKIF

10 min, 7E-20 C F # & 10 min 5 ¥ 18 & 9 LA
8 000 r/min®.0> 10 min, 3 %] FiE ., 1R
0.22 wm JEREHEATILUE S, i A Agilent 1200 5%
AR 5% ( Agilent Technologies 23 ) , JE [ ) 4T
25 £ JBE 1| e AR 21 R vk I
% Z i T M T 4 zorbax SB-Cy,

(4.6 mmx150 mm, N4E 5 wm) ; H#E K 35 T
4 1.0 mL/min; FEFE 8N 10 pL; WA 60%
FH K VYRR
1.4 HEHH

156 B 5 1 B Excel 2019 HEA740) 45 Ab 3| 4R
Ja H SAS 8.2 B4 k47 B [H K J7 22 43 H1 ( one-way
ANOVA) , 3| Duncan K% #1722 & LK K,
fii 1 SPSS 18.0 K {1 #4714 Big 5 & F1 45 3 SCFAs
W B 22 [R] R AH S o B o T A 330 5080 357 L) P 3
(HAMPIEFREDR (SEM) FR , LL P<0.05 1E N 2557
BT AR
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2 FERE55H
2.1 KEEEE=MMmFEENLIER

R 2 Fros, 5 I1EH & H R AR b, IR E
Jo R8T R 1) 4 i B e 3 B 0 (+20.69%
P<0.05) , T 76 I & P 5 e AR o s Jin R 4k k1
TRk Dl AT 1 44K Bl B St K A2 31 5 0 R 2L AR L
7K (P>0.05) . 5 1E % & AR AH H, IR 8
P )RR 2 B N T F OIS M W CHOL ¥k B

(+16.80% ,P<0.05) ., SR H B MR AH H , 7E 1%
SRR TP AL B 4 ik K T AR S B AR T
R 7% CHOL ¥ J¥ (-7.60% ,P<0.05) , 51E
" EE 0T )RR A B PR AR 1 B AR D R R IR R
iR RR TS AR R A bk A TR R B S N T E
JIE ¥ 1 3% HDL ¥ BE (43038 i 27.40% F1 28.77% ,
P<0.05) ,{BfIREE A o] AR 2H R B 4 bk & e b el 20
Z A BEEF(P>0.05) , AS[EEARAS B B IR
JE L3S TG A1 LDL ¥ B JC I #5200 ( P>0.05) .

*2 ARAERMRERENEIEESMMEELIER
Table 2 Body fat weight and serum biochemical indexes of finishing pigs fed different diets(n=6)

5 H 4153 Groups BB AR Pl
Items A B C SEM P-value
A5 E Body fat weight/kg 8.70° 10.50° 9.40™ 0.41 0.03
Hil =Fs TG/ (mmol/L) 0.63 0.65 0.61 0.15 0.76
fIH [E % CHOL/ ( mmol/L) 2.08¢ 2.50" 2.31° 0.10 <0.01
1= % I§ 8 H HDL/(mmol/L) 0.73"° 0.93° 0.94* 0.15 0.04
K% 8% LDL/ ( mmol/L) 1.38 1.49 1.39 0.19 0.48

RIS 00 A 00 7 B O R 7 B R 22 5 AN 3 (P>0.05) , AR TR RR 2257 i 3 (P<0.05) . KA,

Values in the same row with no letter or the same letter superscripts indicated no significant difference ( P>0.05) , while with

different letter superscripts indicated significant difference ( P<0.05). The same as below.

2.2 TBREPERREHEXERE mRNA RiZE
WKL FroR, 51 & H B AR b, IR E
R T LIS h ACC B mRNA ik &,
BE W T NE T SREBP-1¢ 1) mRNA % ik &
(P<0.05) , 3B & T T+ A5H CPT-1B FYmRNA
Fih it (P<0.05) ; SR A BT AR L, 7EAR AR

JoT AR TS AR AR 4 ek T DR S 3RO T T A
1 ACC ) mRNA ik & (P<0.05) , & m T T i
15+ SREBP-1¢ i) mRNA ik# (P>0.05),
g HSL .FAT/CD36 .FATP1 .C/EBPa 1 PPARy
1) mRNA £ 35 5 AN 52 1] i b B Y 0 35 52 ) (P>
0.05) .

A:A 4 group A;B:B 4 group B;C.C 41 group C, T l[F] the same as below,
E1 ARAEERSEEERERERREEXERN mRNA k&2

Fig.1 mRNA expression levels of lipid metabolism-related genes in dorsal subcutaneous

adipose of finishing pigs fed different diets
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2.3 £5BH SCFAs SR {5 11 R TR 4 bk 2k AR DU A 44

HHERE L5 SCEAs( TR NR TR . % T
PR S RN S R ) vk BE & 2 R, HIEH EE
AR AR e, IR R SRR B SRR T I 4
o R TR TR RN R Mk B (P<0.05) , T 7E

&2

FRAE R R B IBE 45

gilprh LB BRI BE H(P>0.05) , AN[RAE
AL 3T 25 i v S TR R NG R VA B A S Y
i (P>0.05) , A IKIREE S4B N IR
FUT PR v B 5 3 UM G (P<0.05,3R 3) .

B8/
w5

R7th SCFAs ik FF B 22

Fig.2 SCFAs concentrations in colon of finishing pigs fed different diets

®3 KIEEESEED SCFAs REBXMES T

Table 3 Correlation analysis between body fat weight and colonic SCFAs concentrations

i Z®m  mm TR I kR AR
It\ Acetic Propionic ~ Butyric Isobutyric Valeric Isovaleric
ems
acid acid acid acid acid acid
2 25 K S ¥
EZ/J\M*EJ?&%R&. . -0.516" -0.530" -0.557" —-0.169 -0.218 -0.307

L NiERE Pearson correlation coefficient
Body fat weight LM P

Y £ MHORAE P A 0.024 0.020 0.013 0.488 0.369 0.202

P-value of correlation

* FRAHRMETE 0.05 K R

# indicated that the correlation was significant at 0.05 level.

2.4 MERMEYAER

T A A B G RE S P A A ) 22 R P ) R )
UL 3, 5IEH & A SRR AR b AR B e R
A F#% ik Shannon 1 ACE #580 fy fa e (HJE 22 7 A
B3 (P>0.05, 18 3-A) ; SARE F B MRAH L, 1R
R 1 T ARDAR v S ARG AR 4 R e T T R S A
T Shannon HI ACE #6%(( P<0.05,18 3-A) , Al
TR AL FEXT Simpson A1 Chaol #8480 A . 2 52 i
(P>0.05,& 3-A) , Bk, XF FELLFIF B 4 bk A T
Tk 22 18] HL A AR AN TR 9 B R &5 4, AR R
o R R 2L B B RS A S e R AL (I 3-B) .

Kl 3-C iR, S A B W i L3 T 138 &
BETH ] ( Firmicutes ) F1#L#T I8 '] ( Bacteroidetes )
FEMKFE L (E=-3D) , 5 1FE % 8 H B AR AE L, A%
o )R LA i R RE TR TR N S R Y
(P>0.05) , &840 T i £ i '] ( Actinobacteria )
IR XT B (P<0.05) , JF b 25 BEAK T 4UAT 18 11 A0
ZEE R ] ( Tenericutes ) [ AH XT3 B ( P<0.05) ;5
AR 5 iR AR L, FE AR B 5T R S A
SR R TR A AR TR RE B TR T T T
FHXT B (P<0.05) , I 88 1 BUFF B 1] Fn AR
JE T 1] ( Proteobacteria ) Y AH X 3 & ( P<0.05)
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B3 (ARARERRE RGBS AR

Fig.3 Gut microbiota composition of finishing pigs fed different diets

2.5 ZphAEYE BIRMERIERE 1% B R R AR A EL, R AR R R R s
WK 4 Fis AN AL B 25 i E e W B etk R BEDRE B RAR T a5 P e R R
NG e RS e s | W o B8 G I E Y (P>0.05) . 5 He i (P<0.05)

4 RIRAERREREEG R LR BIRMERRRE

Fig.4 Biogenic amine, indole and skatole concentrations in colon of finishing pigs fed different diets
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Fa s 4 bk e ADRL A 3R o &, AR H R
A XA A 5 AC T I i i g A AR
06 e BRI B 5 e R RT  E AR  EIEE R E E
AL CHOL ¥ Fi2 | 1y 76 1% 2 11 o2 ) M v s
AR 4 bk & T e} W] o 2 IR A 11 Joi ) R 1 A ) A
JE 2 AL 7 CHOL R B, 38 /s A AR 4 Bk 8 1)
BT 1 SRR S R A R B DR, i —
HARGEA R 4 bk A B ARDRE RS AE FHBLR, FRATT 5t
Kl 1 RE 50 WA R S o g R O R R Y
mRNAR A&, 45 8 Bon , MR 2k & 1Rk iR
Wi 43 f# ( HSL F CPT-1B) il g it 45 HUAH 56 56 A
( FAT/CD36 Fl FATP1) mRNA 235 & 1 5 i A
AR E AL T WA A S (ACC) 1
mRNA FikH Lee 2577 #F 58 £ W, 2 2 A4 1
R Hz B2 B4 T 3 sk U Wl R R T O AL AR VO
( AMPK ) {55538 [ A 700 46 JFF Ok 00 1 41 29w g s
G, AR A5 R, B, FRATTHE DA
B BT ARDRR T s A A A bR R I RS B IR A 1R
i . S AT %) i B R R 55 4 R 4 ke A T DR 410 1)
GIREN iR R SN

ML 0 15 g 3 A 9 4 W B IR AR o0
JERER T TAUAF R T e B IR 45 i B h £ 2L
2 AT 126 FE M B B BF ST R, HLA B B
DUBLIR O 8. 35 52 W) 5 0% B 38 A 0 Al i, R B R
B 7 B b i T AR ) 22 RE PR RIS BE TR 1] Y
FRE 3 5 g, LR B 1T B A AT R AR
FENF/IN B A 5 (R 2 B0 A 10 0 FR %) 38 o il
ERW T M LA O A B SRE IR
FIE, A SRR P di J2 2200 8 % o 22—, Al 0
BUAAC 5 8 5 AT fig 5 L X g 3 sl A 4 1) )
T, Lubbs 457 B 5% 2 B, I 26 14 5T R T R IR
PR ZEA5E TP bR T T R0 K W A B Y B8 i, DA I o3
BTy fe AR T AR, AR R B, B IEHE 2
W AR T T R IR RE B T T A FF B 1], 5 Lk &5
R—3, RE P BRI N T & ICHE W i b R R
BRI T AR R =5 B O B AR T B0 T1 1T % A X 3=
155 i 1A AR AR SR AR B I A A e
ALY CHOL % & (45 FAHIF R, 78 KB
WG, JUFF 5 11 B9 AR 6 3 B 5 1R s 5 2 1R
A SRR T A £ EAR M = 2 2R N
R 3k 2 b SCFASs ¥ B 15 iig W5 T AR IR 52 17 A

Sel1e200 g I SR £ A AR R R A IR
Jig W ORI 0, A2 el MLAA 7 38 o P 435 4 4 A el g
FUUFF TR T D AE X 3= BE RIS, £ IR RPN R vk BE o /D>

EEN i OP S (A = Wi 1 RN IR A e o /S
O TR R A 5 G T 45 W e R B T R AR R
BE A R TN R ok B 1 R A X 5 i i R
FI| BRI 4k e e ARDRH A i B D5 DO R 9 25 2R AH I
N, B AR B 5] AR S A R 4 Ak T ]
B FF AR AR IR DAL, I\ 2k 38 B RE 5 45 W L
AW NS DIRE, $2 5 A £ B AR XS B, I T 4
4 G AMNTR W E , 5N 4 R AL,
T ST IR A B W 52 6 T R T ) ) T 2 o
A KRN 25 W AR W 45+ R SCFAs 4 ™
W5 2B, A= W 1R RE X 3 1) T B T AR W 45+ e el
AT BB R W R O W 1 e i T X, 2 T R
EMEP R ERMAEEY (mmB EREK)H
R BRI IR LR Y, 252 8
A YR AR LR R Y R E RN R TR
R RS R, 25 A G KU AR R, 5 IE
R 5T A R A L IR e R A R IR 4
FERZ MG B i AE AR B R RS A R 4
PR e RN AT g 2 PR E RS S5 b 2 R R
3 A DN Ty N I = e = Wi i e 2 7]
EHAEY S P IR R E ) Wik, &
TN 2 A R 28 A2 ) T I T 25 1 e A AR
J A AR AR R R R T

4 & i

FEAR AR 1B ERDRR T s T 10 %0 #4418 )
BEAT A0 B C R e 5, AR A B 5 A I
CHOL & &, s B U Y

SE k.
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Effects of Low-Protein Diet Supplemented with Fermented
Broussonetia papyrifera Feed on Fat Deposition and Gut
Microbiota Composition of Finishing Pigs

DUAN Geyan'®> SONG Bo'”" CHEN Xiaoan’ ZHENG Changbing' ZHENG Jie'”
ZHANG Shiyu'* GUO Qiuping' LI Fengna' DUAN Yehui'?* YIN Yulong' ™
(1. Key Laboratory of Agro-Ecological Process in Subtropical Region, Institute of Subtropical Agriculture, Chinese
Academy of Sciences, Changsha 410125, China; 2. University of Chinese Academy of Sciences,
Beijing 100039, China; 3. Hunan Lifeng Biological Technology Co., Ltd., Changsha 410125, China)

Abstract.; This study aimed to investigate the effects of low-protein diet supplemented with fermented Brous-
sonetia papyrifera feed on fat deposition and gut microbiota composition of finishing pigs. Eighteen healthy and
similar body weight [ (63.53+0.40) kg] three-way cross-finishing pigs ( DurocxLandracex Yorhshire) were
randomly divided into 3 groups (n=6) : 1) normal protein diet group ( as control group, dietary crude protein
content was 16% ) ; 2) low protein diet group ( dietary crude protein content was 13% ) ; 3) fermented Brous-
sonetia papyrifera feed group (the diet contained 10% fermented Broussonetia papyrifera feed, and dietary
crude protein content was 13% ). The test period was 45 days. The results showed that compared with the nor-
mal protein diet, the low protein diet significantly increased the body fat weight and significantly reduced the
concentration of acetic acid and propionic acid in colon (P<0.05), but diet supplemented with fermented
Broussonetia papyrifera feed could alleviate these effects of low protein diets. The results of correlation analysis
showed that the body fat weight of fattening pigs was significantly negatively correlated with the concentrations
of acetic acid and propionic acid in colon ( P<0.05). In addition, compared with the low protein diet, diet
supplemented with fermented Broussonetia papyrifera feed significantly reduced the mRNA expression levels of
gene related to adipogenesis ( P<0.05) , and significantly increased the relative abundance of Bacteroidetes in
colon ( P<0.05), significantly decreased the relative abundance of Firmicutes in colon ( P<0.05) , while sig-
nificantly reduced the concentrations of cadaverine and skatole in colon ( P<0.05). In summary, adding fer-
mented Broussonetia papyrifera feed to the low protein diet can inhibit the synthesis of dorsal subcutaneous adi-
pose, reduce the body fat weight, improve the composition of intestinal microbes, and increase the concentra-
tions of acetic acid and propionic acid in colon of finishing pigs.[ Chinese Journal of Animal Nutrition, 2022,
34(4) .2186-2195]
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ing pigs

# Contributed equally

##% Corresponding authors: DUAN Yehui, associate professor, E-mail; duanyehui@ isa.ac.cn; YIN Yulong, academician, E-mail; yinyulong @

isa.ac.cn ( ﬁ_”fﬁf—‘?ﬁ] EF %‘%;ﬁ)



