2025, 65(9): 4075-4087 G =i
CSTR: 32112.14.j.,AMS.20250153 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20250153 http://journals.im.ac.cn/actamicrocn

Research Article Bt &

MR AN 6'-ME /B FLHE XS 7 JE AAIE M £ P IR S A& B2
ek A

X, FH, RER, FRE, BRERE, ZEH, BEk, Az, BE

MR R SRR, IHALERUEINGE S, VLR THAIE S I S ah R R S %, sk feiE
BIREPRRS T, TR B

XUIGESE, Z5F, SOGSE, VRS, BRI, T, 5508, KMo, e, MR AR 6'- MR R FLII X (156 W TE A A= R SN R T
RUSZIR[T]. A 9224M, 2025, 65(9): 4075-4087.

LIU Xiaoying, LI Xuan, WU Haiqin, XU Laipeng, ZHAO Dehui, MA Jixiang, MU Chunlong, ZHU Weiyun, PAN Long. Effects of
sialic acid and 6'-sialyllactose on in vitro fermentation characteristics of gut microbiota in weaned piglets[J]. Acta Microbiologica
Sinica, 2025, 65(9): 4075-4087.

B E: 6-rERMILIE(6-sialyllactose, 6'-SL) A K FL A P 649 F Z40 4, *EIR B (sialic acid, SIA)
A ERBACILEAE G AR, EMBTREAGE MM AEDEN. B AT X T SIA #= 6'-SL E RSt
154 45 Ik A ) 9 LR An R B AT M e e SRR ARE . (B 491 R4 SIA A= 6'-SL xF v JUAT 3% 42 M
B IR PR B K BB G Bt , A SIA A 6-SL A LT R M R A E, [FE] vA3 R
0 AT 0945 iR R R A A DA M, AR K SIA A= 6'-SL AT v FUIT 5 45 M ik A 4y 20 iR BOR B 4
M Fom ., RIH 4 40 R AR (no carbon, NCB). #L#Z(lactose, LAC). SIA #= 6'-SL, %4834 4
ANER ., [4R] A8 Z24h 8, 6-SL 206 pH 2% 5 F LAC 28(P<0.05); X B Z 12h#224h
B, SIA A= 6-SL 4084 7 5.8 ¥ %K F LAC Z1(P<0.05); A8 % 24h i, SIA #= 6'-SL 4084 LB S
THRE G T LAC 44(P<0.05), ABfT RS EH¥ 2 EKT LAC £2(P<0.05), %48 % T Chaol 48
%A= ACE 454£(P<0.05); LAC 8. SIA 284 6'-SL 2R 2649 P S AL A B 5 E (P<0.05); MAEX
BEutla st K, 5 LAC 40481k, SIA AR FHR &G T F AT & 11 (Bacillota). REINE B (Anaerovibrio)
Fo K AB AT B (Faecalibacterium)@y4ast £ B, BT REICH 11(Pseudomonadota). %A K H# -
&R K H (Escherichia-Shigella). * R # /& (Mitsuokella)F=4£ 3% H /& (Streptococcus) 8948 3+ ¥ & (P<
0.05); 6'-SL 282 %48 & 7 #4F & Il (Bacteroidetes) L& ;X K # /& Prevotella. 14T & /& Bacteroides
F2 % K& B Roseburia, BARTARERA . FRAFAFHI. ELIHA B(Megamonas). %47 KA -EK
K& KRR HBEA-EE KK E A NK3B31 28 (Prevotellaceae NK3B31 group) ) 48 % F & (P<0.05).

BN H « K E SR RI(2022YFD1300403); [ 5K [ 4R R 2 3 42(31902166)

This work was supported by the National Key Research and Development Program of China (2022YFD1300403) and the National
Natural Science Foundation of China (31902166).

*Corresponding author. E-mail: panlong@njau.edu.cn

Received: 2025-02-27; Accepted: 2025-03-28; Published online: 2025-06-05



4076 LIU Xiaoying et al. | Acta Microbiologica Sinica, 2025, 65(9)

[44£] 6'-SL #= SIA ¥ 7T A AT ME A AALEMN, 6-SLERJGIATAINTUARETRAKA B
Fa AT By Aaxt £ E, M SIA #8385 F AT F ITVA R R EURE B oayaxt F &, 2 # R
SALHATH 4 R M R B, 4R 54845 M8 W B2 (short chain fatty acids, SCFAs) /= &, L HL& T,

KHRIA): EIRBR, 6-ERBRILIE;, KN ABE, MEMAEYD

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
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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
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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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