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Effects of sialic acid and 6'-sialyllactose on in vitro fermentation
characteristics of gut microbiota in weaned piglets

LIU Xiaoying, LI Xuan, WU Haiqin, XU Laipeng, ZHAQO Dehui, MA Jixiang, MU Chunlong,
ZHU Weiyun, PAN Long’

Laboratory of Gastrointestinal Microbiology, Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal Health,
National Center for International Research on Animal Gut Nutrition, College of Animal Science and Technology,

Nanjing Agricultural University, Nanjing, Jiangsu, China

Abstract: 6'-sialyllactose (6’-SL) is an important component of porcine breast milk
oligosaccharides, and sialic acid (SIA) is the monomer of sialylated breast milk oligosaccharides.
Both can regulate the structure of human colonic microbiota. However, there are few reports
regarding the effects of SIA and 6'-SL on the composition and fermentation characteristics of piglet
colonic microbiota in vitro. [Objective] To investigate the effects of SIA and 6'-SL on the
composition and fermentation characteristics of colonic microbiota in suckling piglets, aiming to
provide a reference for using these substances to regulate gut health in piglets.[Methods] We used
mixed colonic chyme from three suckling piglets as the microbial inoculum. The experiment was
conducted with four groups: no carbon (NCB), lactose (LAC), SIA, and 6'-SL, each with four
replicates. [Results] After 24 h of fermentation, the pH in the 6’-SL group was higher than that in
the LAC group (P<0.05). After fermentation for 12 h and 24 h, the gas production in the SIA and
6'-SL groups was lower than that in the LAC group (P<0.05). At the time point of 24 h, the SIA and
6'-SL groups had higher acetic acid content and lower propionic acid and butyric acid content than
the LAC group (P<0.05). Moreover, the SIA and 6'-SL groups had higher Chaol and ACE indices
than the LAC group (P<0.05). Beta diversity of the microbial community in the LAC, SIA, and
6'-SL groups changed (P<0.05). As fermentation progressed, compared with LAC, SIA increased
the relative abundance of Bacillota, Anaerovibrio, and Faecalibacterium and decreased that of
Pseudomonadota, Escherichia-Shigella, Mitsuokella, and Streptococcus (P<0.05); 6’-SL increased
the relative abundance of Bacteroidetes, Prevotella, Bacteroides, and Roseburia and decreased
that of Pseudomonadota, Bacillota, Megamonas, Escherichia-Shigella, Mitsuokella, and
Prevotellaceae NK3B31 group (P<0.05). [Conclusion] Both 6'-SL and SIA can -effectively
regulate the gut microbiota structure in piglets. Specifically, 6’-SL increases the relative abundance
of Bacteroidetes, Prevotella, and Bacteroides, while SIA increases that of Bacillota and
Anaerovibrio. Both substances promote colonic microbial fermentation in piglets to increase the
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production of short-chain fatty acids (SCFAs), especially acetic acid.
Keywords: sialic acid; 6'-sialyllactose; in vitro fermentation; gut microbiota

WAL T EAFEAER LT LR EZMa
FOLSy, BRI EY . EEE. IRE. %
E AN M AN A= 1 v IR AU LS R
HER =R BRIy, — el 3-10 Sl A b
TFEE MG, 2R ZLEEME 1) S 3 25A p-
WA, D-FILRE . N-ZBEESLAAE . LA
BERIE I BR S SAE R, BEFLSEREE M 25
JCHIVE R #3256, W98 3 WA A B L 320 mT 3
AT B AR . YR B e RS L
K AP fmiE LR gl

e Y 182 (sialic acid, SIA)J&— il N-Z ik
il 22 % IR (N-Acetylneuraminic acid, NeuAc)7E A
(1 JUT R TR AR Y A FR, B MR T
BE, Wndheafeus . PomaEn e | Uk i T g
8 37 WU LA B s R I A A & e
6'- M Y 17 FL W (6'-sialyllactose, 6'-SL) 21} 3|, SLA
W EE A 5y, A EEFLERERY 5%, B NeuAc
WAt o-(2,6) 48 8 4 1% B FLAE R SIA A
6'-SL A Sy 2 A= 0 15 i 1 1o 2 A A O 1 A
TR AN AR SIA M4 T 45 M
AL, BT PR R TR AT R T
JiE SO (o P A i T O AR AE STA X i
AR 7 3 50 0 A 6 4 R 35 0 £ 52 g
K, SIA PR T 45 i i T e A i 4 4
[T AR | N ¢ N < W G e S S | /N T2 B
6'-SL £ 5 Wi Jo7 8 IR 75 5 14 445 P i A W i 7 4
B AE P I 2 5 1E B M REE s U HE
LI RN B B R e & B, 6'-SL it ik T 32
L2 o U T BT A A T 2 T W A0 Hp
Ft 6'-SL Al LAV 5 AR AT 38 09 S5 I AR )
BEUY S B E BLE Y SIA T 6'-SL 1 LAHESL
A3 1k 5 i {3 o T Bl A AR A R, 08 T O
W B E Y A S5 . SR, HHETE T SIA
A 6"-SL it Ml L4156 45 i i A4 0 B AR 1) 3
M A8 6 i 38

A 5T LLFLBE (lactose, LAC)/E M X HR, K
FHAASN e e () T AR 5E SIA T 6'-SL X I L AT
WA WL W N R B SRR, LU
SIA Hl 6'-SL il 2 L A58 g it g FRE SR I 2%

1 AR

1.1 FERFIFES

FUbE, LA s AR AR A A BR A A
MEVR R, iR YR RAE]; 6-MER
fRLA, igeis R A R AR FLARI
K&, mataEY) TR T,

SAHETEL, EEAE],
1.2 EHFE

PL 10 g/L 89 LAC. SIA 8 6'-SL M —T
P, W E S 2 HE | Katoh ZEMY AT Lou
07 JLRb S FR BLAYEC 7 B % Williams 28
R, IS Li S ek TR R A
RS . BAARERAELIRANT - (1) BC 41
R AR A O b i E= ik s (2 Wi i), A
CO, ZH il (2) /r2<himA 1 g PRk iR
£k, JFH 0.2 mol/L HCI A1 0.2 mol/L NaOH % &
P pHH R 6.8 ifi; (B) #IGFAMEEWL 9:1
Y LLALKE 5.4 mL (Y ERIEE TR0 2 Vs,
TSI ZEIFFT 4055 5 (4) 120 °CK T 15 min;
(5) K 5 M B 2 3 B TR R, SR A
ISP T BRI L A S 0.06 mL ZE Al aw i R £
W GEE)
1.3 FEFH &

¥ 3 Rizlr s, BmEEREE T
R A B8, ek [, RS S =
W gE 3 R LS I MYt i s, H
JCH Y PBS DL 9:1 (W EL il FR BE . SR 5 S BRI
E R, 20U 2 TG 20 A i g A A
FHT S8 H 0.6 mL 2804, 1A 37 °CHEIR

http://journals.im.ac.cn/actamicrocn



4078

LIU Xiaoying et al. | Acta Microbiologica Sinica, 2025, 65(9)

AT A A B R A T i, R A
CO, LIMRFRIRE IR BT . HeMe a4
AR A S N SRR E 0, R
A E T 37 cCHEIRIR G a8 ke . AT A
BN S B AR AT B A KAWL Bl P B B RN
FHZE BLAHIbHE, 45 NJAU.N020240401N06.,
1.4 It

FEIR A R SR 3 v 70 5l in 10 g/L /9 LAC
SIA 1 6" -SL YE A ME—fRiR, SRJ5 53R Tk
Tl & s MY, A 440EE ., K5
HH 4 AN AFEH . TSk I (no carbon, NCB),
LAC. SIA Fl 6'-SL 41 . 2 FhJ5 K & B% 7
37°C. 100 r/min 555 24 h.,

1.5 #HmX&%

FESWREER 0, 6. 12 f1 24 h INF, PrarEix
FERD T B ACE Fok & b, S AR
AR R, B RESE S, AR
[F1) 25 1) 2 T B 3 mL e, JH T sk N Wi
fi% (short chain fatty acids, SCFAs) . FLE& AN L)
SR TR DNA FEEIG Fol Al H T pH 1A,
AT 15 mL B OB P&, RETRE
B R B B T 20 CCUKARRAR
1.6 ABHEHRNE
1.6.1 SCFAs JE

2 M8 Zhang PO i, il A 5
I 72 AT SCFAs MR EE . TEAALBRNT . B
1 mL RBEREES, A 200 uL 25% 1) i B iR/
EERRIRAT, T-20 °CUKFEIR . I Ay =5 T At
% , 12 000 r/min & 0> 10 min, B b 3 &
0.22 um M IC P PEME T 8. 1 pl floE JERE 28
B 0.6 pL 2 S8 AL A 3% SPLT, (o
FEFT FID1 4308 #5210, 140 F1 210 °C;
W 5E 58 W5 F SPLL, A3 AE Al FID1 R ¥
B 50 CCHEAT RIS TN AE
1.6.2 16S rRNA EFSEENF

KR A TR S DNA $2 HOCR 28 L 4
DNA RO G AT i LIS |49 341F

P4 actamicro@im.ac.cn, 78 010-64807516

(5'-CCTAYGGGRBGCASCAG-3") 1 F i 51 ¥
806R (5'-GGACTACNNGGGTATCTAAT-3') 4" 1
YTH 16S rRNA LA ) V3-V4 X, PCR JZ I i
i AR A R A R . P alifh 4
WIS, 7E PE250 - & #ATINY o 45 2 546 B
Je BEAT O e RN BT B, LASRAS & B Y Y fig
SPATE, JRAGEHEE & % NCBI (515
PRINA1229144),,
1.7 BRSS9

25 5 TR T FIV A i U7 PR R R %) AH DGk 43 B
7B 2 43 58 il (www. bioincloud. tech) . LAY
i 2 Excel THA B )5, f#FH SPSS 26.0 #fF
WEATGE T o TRl — B8] 5 P A [) Ah 2R FH B
KR 2500, BEkitfrZE i, il
GraphPad Prism 9 #4174 K. P<0.05 KR 27
e

2 BERE5M

2.1 SIA 0 6'-SL 7E{F B L5 A WU E H 4
IEEETHY pH RS ENES

KB pH H T 48 7 & TP 5E v i) 7™ R 1
o FEMFLATHE 45 M A ) R I fE v, NCB.,
LAC, SIA F1 6'-SL 411 pH {E7E 6 h I} Jo i 2%
S REEZE 12 h I, SIA F1 6'-SL £H 1% pH {E TG
XS, BEERT LAC 4(P<0.05); KHE
24 h B, 6'-SL 411 pH {1 3 % T LAC 41 H ¢
FHET NCB 4H(P<0.05), i 6'-SL 5 SIA 4 K
FEXEF (KA. 2RI K& T B 1) 32 2y
fEZ—. KFBEZE 12 h F1 24 h i, SIA il 6'-SL
A REILRFEER, HWEES T NCB41H
KT LAC 41(P<0.05) (K 1B).
2.2 SIA #1 6'-SL 7E{F¥E 5 RA WU E 41K
IEEETHFERER

KIER 12 h B, SIA 1 LAC 4110 4R & i
TREER, WEERT SLAHREST
NCB 41(P<0.05), &% 24 h B}, SIA F16'-SL
H ORI EES, HEREST LAC



XY 55 | UEEYFR, 2025, 65(9) 4079
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Figure 1 Changes in pH and gas production at different time points in colonic microbial fermentation broth. A:

pH; B: Gas production. All values are presented as mean+SEM, and one-way ANOVA followed by Duncan’s test

for multiple comparisons was performed. Letters indicate significant differences among groups (P<0.05), the
same below.
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Figure 2 Changes in SCFAs and lactic acid in colonic microbial fermentation broth at different time points. A:
Acetate; B: Propionate; C: Butyrate; D: Total SCFAs; E: Lactic acid.
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Figure 3  Alpha diversity of colonic microbiota in SIA and 6'-SL groups at different fermentation time points. A:
Chaol index; B: ACE index; C: Shannon index; D: Simpson index. BLA group represented 0, 6, 12, and 24 h in
the NCB group, 0 h in the LAC group, 0 h in the SIA group, and 0 h in the 6'-SL group; LAC-6, LAC-12, LAC-
24 represent LAC group at 6 h, 12 h, and 24 h, respectively; SIA-6, SIA-12, SIA-24 represent the SIA group at
6 h, 12 h, and 24 h, respectively; 6'-SL-6, 6’-SL-12, 6’-SL-24 represent the 6’-SL group at 6 h, 12 h, and 24 h,

respectively. The same below.
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Figure 4 Effects of SIA and 6’-SL on beta diversity of colonic microbiota. A: Beta diversity of microbiota at 0 h;

B: Beta diversity of microbiota at 6 h; C: Beta diversity of microbiota at 12 h; D: Beta diversity of microbiota at

24 h.
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Figure 5 Differences in relative abundance at the phylum level between SIA and 6’-SL groups at different
fermentation time points. A: Top 5 dominant phyla in colonic chyme fermentation broth at different fermentation
time points; B: Relative abundance of Bacillota; C: Relative abundance of Bacteroidota; D: Relative abundance

of Pseudomonadota; E: Relative abundance of Desulfobacterota.
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Figure 6 Differences in relative abundance at the genus level between SIA and 6'-SL groups at different
fermentation time points. A: Top 15 dominant genera in colonic chyme fermentation broth at different
fermentation time points; B: Relative abundance of Anaerovibrio; C: Relative abundance of Megasphaera; D:
Relative abundance of Prevotella; E: Relative abundance of Bacteroides; F: Relative abundance of Prevotella 9;
G: Relative abundance of Succinivibrio; H: Relative abundance of Escherichia-Shigella; 1: Relative abundance of
Roseburia; J: Relative abundance of Phascolarctobacterium; K: Relative abundance of Mitsuokella; L: Relative
abundance of Streptococcus; M: Relative abundance of Prevotellaceae NK3B31 group; N: Relative abundance of
Faecalibacterium; O: Relative abundance of Alloprevotella; P: Relative abundance of UCG-005. The relative
abundance of any one group is greater than 1%.
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