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# OE: [86] KA FHIKER R (fructo-oligosaccharides, FOS) T T xt vl FLAT 5 45 M 40 AL 68
1 45 FETE Th RevA B I i A A R AR ey . [ i1 I 6 FALE LxKAxK
AFAEATE, HF 10k, RAZASLE, HRSZEITHTFHKREEL, FEFTHENS AT
B8 40 (Con) 5 X35 20 (Fos), B4 5k, AMFHEBEARH 2 RA&L, KB4AH B ERIKERBRR,
FRIFHA B REA 3 gd, ARAFERFEALEAR, R 21d. [£R] FHRREEETF
B kol LT f vh B IR B BE KR (P<0.05), FEERZhFAER. LEORFAOEG LT
(P<0.05); £ F % Z @i & 4L A AL FE 7 (total antioxidant capacity, T-AOC) A= 2 ik H Ik i A b 4 Bl
(glutathione peroxidase, GSH-Px) & 4 (P<0.05), % % 41K fo 7 # — B (malondialdehyde, MDA) 4 &
(P<0.05); B FIR 3 % W4k id A4k 2B (catalase, CAT) & 14 (P<0.05), X & AKX M R50E 7 — B
4% (P<0.05); B %A% = M A4 B4 (diamine oxidase, DAO)4 % (P<0.05), B XL 54 ML
DAO #= D- 3L B2 (D-lactic acid, D-LA)4~ & (P<0.05), 2 % L4 M 515 3 4648 % A& B (Claudin-1 -
ZO-1. Occludin. MUCI. MUC2 #= MUC4)#) mRNA & ik K-F(P<0.05); RFRZLEMMEA o %
IS H(P<0.05), 1% 14 b5 21 AEMTR L MR EMAYEEZ R F 5 5 (P<0.05), RHEREL
MR FE A A A 1T KR Fo B KR BB 40 R (P<0.05), FF 2 53R 5 4 M UBR Ao 4 4% B8 I BR K B (P<
0.05). [4#] FHRERETRTRGHIFHILAAE S, LALLM AT 448 KK A4
mRNA 35 % KT, RELMHRABLR, RN REE.
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Effects of early fructo-oligosaccharide intervention on
antioxidant capacity, mRNA transcription of colonic barrier
function-related genes, and colonic microbiota in suckling piglets

GAO Yajun, HAO Zhuang, WANG Jing’, ZHU Weiyun

National Center for International Research on Animal Gut Nutrition, College of Animal Science and Technology,

Nanjing Agricultural University, Nanjing, Jiangsu, China

Abstract: [Objectives] To investigate the effects of early fructo-oligosaccharide (FOS)
intervention on the antioxidant capacity, colonic barrier function, and colonic microbiota and
metabolites in suckling piglets. [Methods] A total of six litters (10 piglets per litter) of Durocx
LandracexYorkshire newborn piglets were selected. Within-litter grouping was adopted with equal
average body weight per group: five piglets from each litter were assigned to the control group
(CON), and the other five formed the experimental group (Fos). From the second day after birth,
the Fos group received daily oral administration of a FOS solution at an effective dose of 3 g/d per
piglet, while the control group received an equal volume of normal saline. The trial lasted for
21 days. [Results] Early FOS intervention reduced the total cholesterol level and increased the
concentrations of urea nitrogen, total protein, and albumin in the serum samples of suckling piglets
(P<0.05). Early FOS intervention enhanced the total antioxidant capacity and glutathione
peroxidase activity (P<0.05), while reducing the malondialdehyde content (P<0.05) in the serum.
In addition, it enhanced the catalase activity and decreased the malondialdehyde content in the
colonic mucosa (P<0.05). Early FOS intervention decreased the diamine oxidase (DAO) level in
the serum (P<0.05), increased the DAO and D-lactic acid levels in the colonic mucosa (P<0.05),
and up-regulated the expression of colonic barrier function-related genes (Claudin-1, ZO-1,
Occludin, MUCI, MUC2, and MUC4) (P<0.05). Early FOS intervention improved the alpha
diversity indexes of colonic bacteria (P<0.05) and induced separation of microbiota in colonic
chyme of 14- and 21-day-old piglets (P<0.05). It altered the composition of colonic chyme
microbiota at both phylum and genus levels (P<0.05). Furthermore, early FOS intervention
increased the concentrations of lactic acid and short-chain fatty acids in the colon of suckling
piglets (P<0.05). [Conclusions] Early FOS intervention enhances the antioxidant capacity,
upregulates the mRNA levels of colonic barrier function-related genes, modulates the colonic
microbiota, and promotes the production of lactic acid and short-chain fatty acids in suckling
piglets.

Keywords: fructo-oligosaccharide; suckling piglet; colon; antioxidant capacity; barrier function
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MRBMARTE, HZINAREHNREmW, F
B REZFELL, Ak, WFL S b AL
75 40 22 40 4 15 1M & (reactive oxygen species, ROS)
HERAE AR, Bl Z A AR A i, Rk,
PRE AR E SR T 10T B LA ele st i L A7
6 W 18 f B © LR Bl W8 7 2 S ) T A Y
J7 1

AR, AR ERTHEHR ZX
o KR H B (fructo-oligosaccharides, FOS)J2:
1 AR oT AR S, i B-Q—)KEF
SRR 12 2-8 AR WH L ITIE 1 A0 2 1 S B
HB1 FOS pyfkaity e T HAREBFL s
AN AR L RO (E AT ol T e AR
FIR, SEm=A SR . PIER AT R 4 J B fig I
% (short-chain fatty acids, SCFAs) "™, it 4b ,
SCFAs C#UESE nl 20l i 1E DI RE . Anh o iz i
FrEEIRE e R R I s Rk w UM WS
KB, RPN FOS Rl A reaE =K
¥ (enterotoxigenic Escherichia coli, ETEC)X ¥
LR BT kY N TN 7o =10 /B L= K= Y
e i BRI e AR, WL
PR Is 12 d 4 H H Al FOS #E A7, T
T 14 TMELRN/NATCE DL L & o 2 A8
b, 55 25 KSR/ Mg A YA e 2 e B 2
AR

Br Ut =z Ah, JH A AT 2R b A 1% 2R AHE (xylo-
oligosaccharides, XOS)7E M FLAT44 (1 i FH .37
Bz e, YERIE, XOS W] RE IR AT 35
HE . RA B RS, DT )1 5
AR, SR, HATOE T XOS Xz
B B AR 1 M R B ) e Y VR VR R
B, H R A R T S R S AT 5 i — 2D 4R
5. MHILZ T, FOS fEN Huf o i) iz /Y
KIRNAEEMC R Z —, O REM s IEsc B
A R 25 RN ORIEAE S XOS MY
M BT, BAEMCERIEEES . EiHA mw
B N R ¥ B 18 T e 45 T R B M RO
R RS i 1 B AL o R T Sy AR

AR TSR JFET o, AW 5T DL LAY O ik
Xt 4, i R FE FOS FROTHXT ML AE Ak
fabr . PUAMLRE ST . 45 R B HRIA
45 o A= T AL A ™ Wy R R, B
W ELI] FOS + UR A7 4 45 1 { BR B R 42 ROR
VA 0 S8 A1 4 AV E IR A O 58 L I B 37
(P s e SEIOYIIS R

1 AR

1.1 #E

AHIE 5T T A AL 50 <K <R U FLAT A
HH 0] i 48 1R T 2 i N AR UK T A BR A mI 4R AL
WIS FT R A ) A TR EYRE A
PR FIEEAL B 4 B 1 2, LURERE R R
Bh, MM BRI B R L . 7
SRR IR >95% (TH&11), Horp g = p
(GF,, DP=3) 5 35%-45%, Fif 4 PUBH(GF;, DP=4)
hi 40%-50%, FESR T (GF,, DP=5) 5%-15%,
RETE=6 ML5r<5%.
1.2 B sh R RSt

AR IR LI 6 55 #1350 <K < K U AR AT
W, B 10 k. RHBENLA, TR drsE
TR E R, B R AT S B AL A Rk R
(Con) FX 55 2H (Fos), H4H 5 k. HMARES
2 K, I AIE AR H ENEICR AT, B
SEATREHEME B Ky 3 g/d, N PRZE AT A TE ML S A
PERK, MEMMRZE R 21 K, AT 4
Wrs., 5 F5 7. 14 F121 K, MEEEER
Xof HEZH R 5 20 v 4% B AL BE R 1 Sk S0 48 PR K
g, RAESHEEE . SHENERESHAaLs
FEAS, Wl 8 FRA PR R, &H. AR
ST B S BRI F AR R 2E LI S 1S
PR At 45 NJAU.N020251027228.
1.3 MBS LiEtrE

JBSEMH, RAERT 1 h SR M2 10 mL,
BT ICPUERE R LA SR A 5 TR R
HAREERE G, T 4°C. 1160xg &0 15 min, 5%
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B R AR A g, R T UK R A T R AT
KR A RS BERE . R A SR
PG sE s S . HEE . #WaR. KR
£ S Y1 E N E PN S [ ==
1.4 MEFEMEFFIRIE LR INE

AR 0.1 g G5 ARG IEAEM , % SR
FREE 1:9 A A BEER K, FE3 213005 T 4 °C .
1 520xg 5.0 10 min, M BV E TIOHE 804
T ORAE B T o I3 S 235 1 60 B rh 45 I H ikt 4
AL YT (glutathione peroxidase, GSH-Px). ol %A
1k ¥y 15 AL i (total superoxide dismutase, T-SOD).,
i AL S (catalase, CAT) TG M, DL i 481k
fi£ 71 (total antioxidant capacity, T-AOC) 1 A — i
(malondialdehyde, MDA) 7 44 ™ A% 4 1R 3 52
BCAE W) TR A B2 A bz 150 & il B
HEATINAE .
1.5 MFMEHFIR_EREINEL D-F
B 2

RImfPRIL 0.1 g Z5IAREEER, FILA 900 uL
A B K, T BT A AL S0, T4 °C,
600xg .0 10 min, MWW HRAT
=20 °CYKFE A MG FEA IR, R o8 MRS
K HI ELISA 328057 &5 I 2 i i 0 86 58— i S L 1l
(diamine oxidase, DAO)H &, [A]HsF >R F Hb (232630
i€ D-FLMR (D-lactic acid, D-LA) &, Fr A A 5%
87 7 S T AR ) TR SR A R
R & U AT .
1.6 FEBFERREEMRELEXE
mRNA &ix

K FH 55 B 2% ot o 1 ¥ % 5 PCR (real-time
reverse transcription quantitative PCR, RT-qPCR)
g B e R UM DG LR (ZO-1 . Claudin-1
Occludin) . Zh&E HAH I F (MUCI. MUC2 i
MUC4) Je Nrf2 {5538 B AHSECIE N (Nif2 . NQOIL
HO-1. SODI 1 GPX4)IAHX mRNA Fik/KF-,
P B-WLsh 5 1 3 R (B-actin) W NS . KR
FEUNR « 1 96K TRIzol i3 (VT 98 B4k 40 4
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WIRHE A D FRIRES A R 215 RNA, R
15 436G T (ThermoFisher Scientific 23 F) )k il
RNA W2 S48 B 1 pg & RNA #4775 5%
SV 45 il cDNA, B F-80 °CI#47 % . RT-
gqPCR 2 i % H SYBR Green Pro Tag HS iR !
qPCR 371 65 (51 p 3B A= 4 TR AT PR A w1 58
Ao 4iRE Wi AR T AR TR IR B A PR
AW AR 1) IR ZR (20 pl): 2xChamQ
SYBR qPCR Master Mix 10 L, . TSI
(10 pmol/L)%% 0.4 uL, 50xROX Reference Dye 1
0.4 uL, cDNA 2 uL, ddH,0 6.8 pL. R
Py HE . 95 °CHIAE T 30 s; 95 °CAEE 10 s,
60 °CiR k 30's, 340 ME ., PR E T
YRR AT, 4. 95°C 15s, 60°C 60s,
95 °C 15 s, FEPRIARXFFRK R R A 27 E A
P B-actin WNZFEN TR, AC=C (HFr
FEPD-C, (B-actin). ABFFELLES 7 KX AL 50
—Z M, AAC=AC, (MEFZH)-AC, (55 7 R4}HIE
), PR PR mRNA FIXF £ AR,
1.7 B RBEMES 16S rRNA E E
pl)=2

WAL G5 I B BEFEA L, T 4 °C
AR, WERIAREZY 0.5 g S5 N A WIRE &,
K A b 7S e B = B B IR Ak B (cetyl trimethyl
ammonium bromide, CTAB)72: £ B f3 A= 9y kR 41
& DNA, # B 58 % J5 A ] ThermoFisher
Scientific 22 A {7 EGEETHR I DNA MR B K
4fifiE, A% DNA FEARE T-80 cCRKEILRAE, H
TG 22y 5 Fr o ok A 91 ¥ 319F (5'-
ACTCCTACGGGAGGCAGCAG-3" )Fl 806R (5'-
GGACTACHVGGGTWTCTAAT-3" ) X} 40 1# 16S
rRNA &K V3-V4 X {7 PCR 73 . PCR )/
R ZR (50 uL): 5xQ5 fa P FL I W 2% vl 10 pL,
5xQ5 & GC & 5 10 L, dINTP IR 5 W
(2.5 mmol/L) 1.5 uL, IE. S 514(10 umol/L)
% 1.5uL, Q5 M E DNA R4&7##(2 UML) 0.2 L,
Bk DNA 50 ng, JC 8 4 K #h £ 2 50 pl.
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=1 SRR HEEPCRIIFIFS)

Table 1 Primers used for quantitative real-time PCR

Gene Primer sequences (5'—3) GenBank accession number

f-actin F: CTGGAACGGTGAAGGTGA NM_001444420.1
R: TTTGGAAAGGCAGGGACT

Z0-1 F: GAGGATGGTCACACCGTGGT NM_001444400.1
R: GGAGGATGCTGTTGTCTCGG

Claudin-1 F: GCCCTACTTTGCTGCTCCTG NM_001244539.1
R: TTTCTGGTTGTTCCCACACG

Occludin F: ATGCTTTCTCAGCCAGCGTA XM _005672522.3
R: AAGGTTCCATAGCCTCGGTC

MUCI F: GTGCCGCTGCCCACAACCTG XM _021089728.1
R: AGCCGGGTACCCCAGACCCA

MuUC2 F: CTGCTCCGGGTCCTGTGGGA XM 021082584.1
R: CCCGCTGGCTGGTGCGATAC

MUC4 F: GATGCCCTGGCCACAGAA XM _021068273.1
R: TGATTCAAGGTAGCATTCATTTGC

Nrf2 F: GGGACGGTGACACAGGAACAAC XM 021075133.1
R: TCCACAGCGGGAAATCAGAAAGATC

NQOI F: GATCATACTGGCCCACTCCG NM_001159613.1
R: GAGCAGTCTCGGCAGGATAC

HO-1 F: CAAGCAGAAAATCCTCGAAG NM_001004027.1
R: GCTGAGTGTCAGGACCCATC

SOD1 F: GGTCATCCACTTCCAGCAGCAG NM_001190422.1
R: AAGCCATGATCTCCATCAGACAAGC

GPX4 F: GCTGTGGAAGTGGCTGAAGGAG XM _001928493.6

R: TTGGCCCTCACGGTTGATAAGAAAC

p-actin: Beta-actin gene; ZO-1: Zonula occludens-1 gene; Claudin-1: Zonula occludens protein-1 gene; Occludin: Zonula occludens
gene; MUCI: Mucin 1 gene; MUC2: Mucin 2 gene; MUC4: Mucin 4 gene; Nrf2: Nuclear factor erythroid-2 related factor-2 gene;
NQOI: NAD(P)H quinone oxidoreductase 1 gene; HO-I1: Heme oxygenase 1 gene; SODI: Superoxide dismutase 1 gene; GPX4:

Glutathione peroxidase 4 gene.

PCR §#4#2 )% : 95 °CHUZEYE 5 min; 95 °CAEHE
1 min, 60 °CiE kK 1 min, 72 °C#Ef# 1 min, 3k
30 KAEFR; 72 CCASE 7 min, § W2 2%
i E WE e FL Uk R, A Qubit 2.0 286 E
A E RS . >R Hlumina MiSeq V- 15 58 i 3C
JP e A R v B W . A UCLUST 595 %)

97% #H L B 7Y 4 1E 7 25 B JC (operational
taxonomic unit, OTU)C 3 781l #4740 222 4047,
Z: MR Silva 138.1 ¥4 e 58 iU i ke . iz M
Mothur v1.21.1 #4314 Chaol. ACE. Shannon

K Simpson 850, TEUY 45 176 BE A W REVE 1)
Yo+ S 2. 2R T OTU 4k, R
Bray-Curtis I 2§ 5. 1538 1 Mothur #0417 324
F5 43 #1 (principal coordinates analysis, PCoA);
[ 42 A AE T 3= B 22 55K FH Kruskal-Wallis JE 24
G TG L . RIS R A R A
s 4 AL IR A7 T NCBI B9 T 91 132 BBy 48
(sequence read archive, SRA) 1 , & 3¢ 5 K
PRINA1393001,

http://journals.im.ac.cn/actamicrocn
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1.8 AR ESMEMRIE 2L ER A0
SCFAs S =E

FEORFREL 0.1 ¢ Z5 A BEREA,, A 0.9 mL
WZEIK, WTER IS, #il4 10% 21 . T
4°C, 14 000xg &5.0> 10 min, B VST THLIR
P, A B LR R (R o A
T AR A BR S B UL 8. SFkE 0.1 ¢
SEEBERE S, A 1000 uL £5 1K, iR
JRIRE), T 4°C. 14 000xg B.0> 10 min, H
700 pL V5 S 140 pL fRiERR I O RIS I 5540
RA, BT-20°CHESKR. WHIBGEBAER, 1R
HWT 4°C. 14 000xg FEKE L 15 min, £
0.22 um £F=0UE RS 08, WCERIEM I . D8
L B 1R T R 1) e 5 R ) Shimadzua 23 ]S AH (3%
W e, FESEHRT: Bk A Agilent
Technologies 2~ F] & 4l 4 # (30 mx0.32 mmx
0.25 um); A 130 °C; AL EIRE S E G
TALAG I 28Ry 180 °C; A NAS, &
71 60 kPa; RS HEAEII53HIH 50 kPa.
1.9 HEGiIt5oth

RSB 28 Excel 235, K SPSS 26.0
A 1T g1t 43 M, A GraphPad Prism il
Excel Ml . SitAIG S HE, HE ., &
HAE LA A RBENL 1 22 109 [ 2 R0 . 25 5 LA
“HIMELPRAER B I EHApE 2 KR, B4
WG n=6. VABRESLATHE i ge sy, SR
PR R SO R T 25 BT PEAY . P<0.05 R
ZSHAGIT R X . ST H RO 5%
HIRS B igsc B, REMBEZE T 200
254 Duncan Z 8 LR TR R . P<0.05 3
RERBE, 005<P<0.10 R EFHLEH
FEE

2 EREOM

2.1 BRHMERRET XS FELE
H W IEARRIRNE
HESPRUE NI JP NI DO i 1A 16
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2 REBREXNHIAFEIEECIERNE
Table 2

parameters of suckling piglets

Effects of FOS on serum biochemical

Items Con Fos P-
value
Day 7
Glucose/(mmol/L) 6.02+0.25 5.51+0.31 0.042
Blood urea nitrogen/ 1.90+0.74 3.87+0.27 0.002
(mmol/L)

0.96+0.61 1.29+0.25 0.359
4.03+0.17 3.10+0.39 0.005

Triglyceride/(mmol/L)
Total cholesterol/(mmol/L)

Total protein/(g/L) 51.1043.54 54.67+1.02 0.101

Albumin/(g/L) 24.15+3.52 32.87+3.31 0.011

Total bile acids/(umol/L)  25.17+9.54 10.65+2.94 0.027
Day 14

Glucose/(mmol/L) 7.35+0.24 6.94+1.46 0.598

Blood urea nitrogen/ 2.75+0.29 4.52+0.69 0.003

(mmol/L)

0.91+0.41 1.13+0.15 0.337
5.05+0.34 4.38+0.09 0.009

Triglyceride/(mmol/L)
Total cholesterol/(mmol/L)

Total protein/(g/L) 48.70+1.73 57.70+2.12 0.001

Albumin/(g/L) 34.90+3.47 42.00+3.07 0.022

Total bile acids/(umol/L) 16.45+3.59 15.20+3.13 0.619
Day 21

Glucose/(mmol/L) 5.79+0.29 5.60+0.32 0.409

Blood urea nitrogen/ 2.35+0.17 3.12+0.18 0.001

(mmol/L)

0.75+0.18 0.61+0.07 0.196
5.02+0.09 4.31+0.35 0.007
48.97+1.52 53.87+2.32 0.012
32.85+0.72 36.35+2.08 0.019
20.55+5.94 18.72+7.31 0.712

Triglyceride/(mmol/L)
Total cholesterol/(mmol/L)
Total protein/(g/L)
Albumin/(g/L)

Total bile acids/(iumol/L)

Data are presented as mean+SE. n=6. The same below.
RWELH MG # A 0E . SE RSB R
i E PR (P<0.05), JREAMAE M &
T+ (P<0.05).

14K, XML, R
FFH5 LT F 0 A 5 i 2 3 R A (P<0.05),
REFER . SEEE A0SR L E TR (P<
0.05). 5521 K, SXMAMIL, (RRAFELA M
T R IR P i 2 AR (P<0.05), JREA. K
HHAMAE A& 5T (P<0.05). £ LA
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RS R AR O I LA 0T R L dE
b B W E VR, TEGE Y A S
EFRRL, HIAESCR R E R A
22 RHIRERBETINWIFERE
1L ERE Y22

H12¢ 3 I, SXTIRAAAMIEL, 7 HRITRE
BELL IS B PR AL RE A B B K S Ak o g
TR R 5 (P<0.05),  BUH A ALY Ak (T
SOD) i A T ##44(0.05<P<0.10), A &
I EREK(P<0.05); 14 H I 38 S 4H 1l 7
ST RE T A e H IR S A P G 1 4
5 (P<0.05), N R B FR AR (P<0.05);
21 HARZRAUBEZL LI 75 e H st A s 1
FHRE(P<0.05), NS B EREIK(P<0.05),

H12¢ 4 7, SXFRAMLIL, 7 HRRER
Wl 20 235 T 8% T8 ok 4R Ak e P B 3 4R v (<

*3 REBREXMNWEILFEMLERELEEEN

A1)
Table 3  Effects of FOS on antioxidant enzyme
activities in serum of suckling piglets
Items Con Fos P-value
Day 7

CAT activity/(U/mL) 47.13+2.35  48.14+3.71  0.587

T-AOC/(U/mL) 0.96+0.83  5.42+0.49 <0.001
T-SOD activity/(U/mL) 11.83+0.59  12.50+0.67  0.097
GSH-Px activity/(U/mL) 337.59+56.77 458.09+34.95 0.001

MDA content/(nmol/mL)  7.40+0.67 3.74+0.45 <0.001
Day 14

CAT activity/(U/mL) 51.80+12.26 57.41+£8.70  0.382

T-AOC/(U/mL) 4.02+0.59 5.09+0.56  0.009

T-SOD activity/(U/mL) 12.72+0.54  13.14+0.97 0.382
GSH-Px activity/(U/mL) 383.53+43.47 485.61+96.55 0.040

MDA content/(nmol/mL)  6.72+1.46 2.17+0.76  <0.001
Day 21

CAT activity/(U/mL) 40.61£10.91 55.31+6.40  0.170

T-AOC/(U/mL) 3.7740.74  3.76x1.12  0.997

T-SOD activity/(U/mL) 13.70+0.83  13.91+0.58  0.622
GSH-Px activity/(U/mL) 346.37+37.71 448.03+28.56 <0.001

MDA content/(nmol/mL)  16.62+0.31  10.16+2.28 <0.001

x4 REBEREXNSILFEEHFHENE ST

sEAl
Table 4  Effects of FOS on the activities of
antioxidant enzymes in colonic mucosa of suckling
piglets
Items Con Fos P-value
Day 7
CAT activity/(U/mL) 23.58+3.99 28.78+3.29  0.034
T-AOC/(U/mL) 1.22+0.06  1.25¢0.22  0.763
T-SOD activity/(U/mL) ~ 2.09+0.11  2.00+0.16  0.300
GSH-Px activity/(U/mL) 17.27+0.92 16.98+0.86  0.580
MDA content/(nmol/mL)  0.38+0.01  0.33+£0.03  0.017
Day 14
CAT activity/(U/mL) 18.784€3.92 24.05+0.64  0.009
T-AOC/(U/mL) 0.82+0.36  1.26+£0.12 0.018
T-SOD activity/(U/mL)  1.90+0.19  1.67+0.27  0.128
GSH-Px activity/(U/mL)  33.54+1.60 40.36£1.66 <0.001
MDA content/(nmol/mL)  0.54+0.06  0.22+0.09 <0.001
Day 21
CAT activity/(U/mL) 25.0245.32 33.68+5.19  0.017
T-AOC/(U/mL) 0.75+0.30  1.54+0.32  0.001
T-SOD activity/(U/mL)  2.36+0.15 2.24+0.18  0.260
GSH-Px activity/(U/mL) 34.02+1.19 45.99+2.19 <0.001
MDA content/(nmol/mL)  0.57£0.23  0.32+0.08  0.028

0.05), WS WA FINP<0.05); SXTHRA
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Table 5 Effects of FOS on DAO and D-LA in suckling piglets

Items Day 7 Day 14 Day 21 SEM  P-value

Con Fos Con Fos Con Fos Diet Age Dietx

Age

Serum
DAO/(pg/mL) 427.34a 372.02b 363.62bc 319.74d  348.75bc 336.11cd 10.772 0.001 <0.001 0.165
D-LA/(umoL/mL) 2.45 242 2.26 1.90 2.18 1.73 0.231 0.162 0.136 0.640
Colonic mucosa
DAO/(pg/mg protein) 447.44cd 668.02a 399.79d 461.20c  544.03b 618.86a 16.420 <0.001 <0.001 0.001

D-LA/(pmoL/mg protein) 0.21b 0.32a 0.25b

0.33a 0.29a 0.33a

0.013 <0.001 0.010 0.074

In the same row, values with different lowercase letters indicate significant differences (P<0.05), while those with the same or no

letters indicate no significant differences (P>0.05). n=6. The symbol x in DietxAge denotes an interaction effect, specifically a two-

way interaction between the two factors.
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Figure 1

Effects of FOS on the expression of genes related to colonic barrier function in suckling piglets. A—F:

Effect of FOS on the expression of tight junction protein genes (Claudin-1, ZO-1 and Occludin) and mucin genes
(MUCI, MUC2 and MUC4) in colonic mucosa. n=06; Different lowercase letters in the same line indicate
significant differences in the different groups (P<0.05). In DietxAge, the symbolxdenotes the interaction effect,

specifically the two-way interaction between the two factors. The same below.
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Figure 2  Effects of FOS on the expression of Nrf2 pathway related marker genes in the colon of suckling
piglets. A—E: Effect of FOS on the expression of Nrf2 pathway related marker genes (Nrf2, NQOI, HO-1, SOD1

and GPX4) in colonic mucosa.
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Figure 3  Effects of FOS on colonic microbial diversity in suckling piglets. A: Chaol index; B: ACE index; C:

Simpson index; D: Shannon index; E-G: Beta diversity.
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Figure 4 Effects of FOS on the composition of colonic microbiota in suckling piglets at the phylum level. A-C:

The microbial composition at the phylum level among different experimental groups at 7, 14, and 21 days of age;

D-G: The effect of FOS on the relative abundance of Bacillota, Bacteroidota, Pseudomonadota, and Actinobacteria

in the colonic mucosa of piglets at 7, 14, and 21 days of age.
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Figure 5 Effects of FOS on the composition of colonic microbiota in suckling piglets at the genus level. A-C:
The microbial composition at the genus level among different experimental groups at 7, 14, and 21 days of age;
D~-F: The effect of FOS on the relative abundance of Lactobacillus, Limosilactobacillus and Ligilactobacillus in

the colonic mucosa at 7, 14 and 21 days of age.
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Table 6 Effects of FOS on colonic lactate and short-chain fatty acid levels in suckling piglets

Items Day 7 Day 14 Day 21 SEM  P-value
Con Fos Con Fos Con Fos Diet Age  DietxAge

Lactic acid/(mmol/L) 1.19¢ 1.44bc 1.76ab  2.1ab 1.77ab 2.53a 034 0.108 0.017 0.025
Acetate/(umol/g digesta) 20.45¢  34.39a 24.08bc  28.34b 37.29a 3835a 2.05 0.056 0.002 <0.001
Propionate/(umol/g digesta) 10.83ab  8.94b 7.08c  10.56ab 12.23a  11.47a 0.59 0.775 0.014  0.001
Isobutyrate/(umol/g digesta) 1.32¢ 1.72bc 1.77bc  2.60b 2.82b 4752 034 0.077 0.001 <0.001
Butyrate/(umol/g digesta) 2.04b 6.62a 2.28b 2.48b 543a  7.14a 080 0.062 0.014 0.001
Isovalerate/(umol/g digesta) 1.73 2.73 1.28 3.29 2.72 2.04 042 0.077 0966  0.053
Valerate/(umol/g digesta) 0.99b 2.78a 1.25b 2.48a 3.63a 2.80a 0.52 0.163 0.038 0.002
Total SCFAs/(umol/g digesta) 40.71 57.19 37.74 49.77 64.14 6656 692 0.154 0.024  0.056

In the same row, values with different lowercase letters indicate significant differences (P<0.05), while those with the same or no
letters indicate no significant differences (P>0.05). The symbol x in DietxAge denotes an interaction effect, specifically a two-way

interaction between the two factors.
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Figure 6 Correlation analysis between differential
microorganisms and metabolites. *: P<0.05; **: P<
0.01. Values without an asterisk indicate no

significant correlation (n=6).
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