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In vitro fermentation characteristics of
galacto-oligosaccharides and manno-oligosaccharides by
mucosal microbiota from porcine jejunum and ileum

WU Penghui, MU Chunlong, ZHU Weiyun*

Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal Health, Laboratory of Gastrointestinal Microbiology,
Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: [Background] Mucosal microbiota from small intestine is an important part of gut
microbiota. Many studies had shown that galacto-oligosaccharides (GOS) and manno-oligosaccharides
(MOS) can regulate the gut microbiota from large intestine of pigs. However, there are few studies on its
regulation of mucosal microbiota from small intestine. [Objective] This study aimed to explore the in
vitro fermentation characteristics of GOS and MOS by mucosal microbiota from porcine jejunum and
ileum. [Methods] The microbiota samples from the jejunum mucosa and ileum mucosa of growing pigs
were used for the anaerobic fermentation of GOS and MOS. Total bacterial number, pH, ammonia
nitrogen (NH;3-N), microbial crude protein (MCP), and organic acids were measured at 0, 6, 12, and 24 h
during the fermentation. The bacteria were quantified by quantitative PCR after 24 h incubation.
[Results] After 24 h incubation, the concentration of NH3-N in the ileum mucosa group was lower than
that in the jejunum mucosa group, while the concentration of MCP showed an opposite trend (P<0.05).
After 6 h incubation, the pH changed slightly because of the small amount accumulation of organic
acids. After 12 h incubation, lactate, acetate, butyrate, and total short-chain fatty acids in the MOS group
were significantly higher than those in the GOS group (P<0.05), and only a small amount of propionic
acid was produced in the ileum mucosa group. After 24 h incubation, the MOS group with the
microbiota from ileum mucosa showed the highest yield of lactate and the lowest pH (P<0.05). The GOS
group had higher propionate yield than the MOS group (P<0.05). The MOS group had higher yield of
acetate than the GOS group, as well as that of butyrate and total SCFA in the jejunum mucosa group
(P<0.05). After 24 h incubation, Firmicutes showed the close number to total bacteria, being the
dominant phylum. Compared with MOS, GOS increased the number of Bacteroidetes, Streptococcus,
Veillonella, and Faecalibacterium, as well as that of Clostridium cluster IV in the jejunum mucosa
group and Clostridium cluster XIVa in the ileum mucosa group (P<0.05). Compared with GOS, MOS
increased the number of Escherichia coli and Lactobacillus, as well as that of Roseburia in the ileum
mucosa group (P<0.05). [Conclusion] The mucosal microbiota from porcine small intestine had
different fermentation patterns for GOS and MOS, as manifested by the varied production of organic
acids and bacterial proliferation. GOS had an advantage of propionate production and increased the

number of Bacteroidetes and Veillonella. MOS promoted the production of acetate, lactate in the ileum
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mucosa group and butyrate in the jejunum mucosa group, and increased the number of Escherichia coli

and Lactobacillus.

Keywords: pig; mucosal microbiota from

manno-oligosaccharides (MOS); organic acid
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*1 HEZTE= PCRIIYFET

Table 1

Primers used for bacterial quantitative PCR

Bacteria

Forward primer

Reverse primer

Total bacteria
Firmicutes
Bacteroidetes
Escherichia coli
Streptococcus
Lactobacillus
Bifidobacterium
Clostridium cluster [V
Clostridium cluster XIVa
Veillonella

Roseburia

Faecalibacterium prausnitzii

GTGSTGCAYGGYYGTCGTCA
GGAGYATGTGGTTTAATTCGAAGCA
GGARCATGTGGTTTAATTCGATGAT
CATGCCGCGTGTATGAAGAA
ACCAGAAAGGGACGGCTAACTAC
AGCAGTAGGGAATCTTCCA
TCGCGTCYGGTGTGAAAG
GCACAAGCAGTGGAGT
CGGTACCTGACTAAGAAGC
A(C/T)CAACCTGCCCTTCAGA
GCGGTRCGGCAAGTCTGA
GGAGGAAGAAGGTCTTCGG

ACGTCRTCCMCNCCTTCCTC
AGCTGACGACAACCATGCAC
AGCTGACGACAACCATGCAG
CGGGTAACGTCAATGAGCAAA
ATCGTTTACGGCGTGGACTAC
ATTCCACCGCTACACATG
GGTGTTCTTCCCGATATCTACA
CTTCCTCCGTTTTGTCAA
AGTTTYATTCTTGCGAACG
CGTCCCGATTAACAGAGCTT
CCTCCGACACTCTAGTMCGAC
AATTCCGCCTACCTCTGCACT

2 X504

21 ABEPEEHEMpH T

H 1 TN, 25 2R TR B B A e I (]
BN 2 T, 7E 0. 6. 12 h, [EIHEEK
Y B B R B S T I AL (P<0.05); 7E
12 h i}, MOS 49 B A0 & = T GOS 41
TE 24 h W, YR B Z A7 E S BAE
(P<0.01), H: GOS [1]fiz %k B 40 5 D1 50 i 55
(P<0.05), {HY MOS IR 0 B % 25 .

#%4H pH (EAERT 6 h WA Thim, Wil b & &
MR AT R T RS 76 12, 24 h B, Y
s B Z RIAFAE S HAEFH(P<0.01); 7E 12 h B},
MOS =5 I BhIEAL ) pH (8 E 8T HAh 3 4
(P<0.05); 7£ 24 h i, MOS [l 724 E) pH {E
B R T A 3 4H(P<0.05); 76 0 h i, [l 7 R
Y pH B E T MR (P<0.01); 7E6 h
5, GOS 1Y pH i 2 & KT MOS 2H(P<0.05).
2.2 A%+ NH3-N F1 MCP B9 ¢

I 2 ATAL, XFF NHs-N R, 454010
NH;-N & JEH RSB E e o 78 24 h if, =5
PAZEE AL NHs-N ¥ B I 2 & F [l i 26 i 4

(P<0.05), X}F MCP i, %41 MCP ¥ ¥ Ff
R RS [B] (38 T2 B F . 7E 12, 24 h B,
RV A B 2 A7 7E 38 HAE F(P<0.05); 7 12 h
W, GOS 2= WA ZhIE4L MCP ¥ B (LT3
i 3 41 (P<0.05); 7E 24 h B, RigELh GOS N
IRk 2 UL MOS MYy, [z RNE 4 i) MCP
W BB S 2 T 28 A R 40 (P<0.05)
23 AEEPEVERRTK

MR 3 AT, Bl & TR R A3, 4541
PAE DL ERTE B AL R, T H 3 A ) 2
FLRM MR, XTI, £ 24 h B, JKY
Bt Z BIAFAE S HAEFH (P<0.01), MOS [al)ig
B FLIR 7 i e = . GOS 25 g Zh 4 Fn
MOS 7 ZH AL IR 2, GOS [0 iz 2 5 41 ) i
fik; 7€ 6. 12 h i}, MOS 4 HFLER = E R T
GOS 4 (P<0.01), 75 B4 () LR ™ &4 = T
A AR ZH (P<0.01), XTF LBV, FE45 ]
R R B A4 28 B AR (P<0.05),
M H% MOS [BIAZREBEL Y 218 7 2 dwe e
GOS = M ZE A ) 412 7™ 5 7 Il (P<0.05) . X T
KL, 7€ 6 h B, SABRGM N ; 7
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Bl 7 ZE AR YD s MI: MOS+HEU ZERE A= 95 18] 2—4 A EL R & 1

Figure 1 Changes of total bacteria numbers (A) and pH (B) during in vitro fermentation of GOS and MOS
by small intestinal mucosal microbiota. Data are shown as mean+SEM; Substrate, segment and their
interaction are sources of variation; In the same time point, values of the columns with different letter
superscripts mean significant difference; GJ: GOS+jejunum mucosal microbiota; MJ: MOS+jejunum mucosal

microbiota; GI: GOS+ileum mucosal microbiota; MI: MOS+ileum mucosal microbiota; The same situation
for figure 2, 3 and 4.

oa) [ MJ (mye) O mi
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2 NAFEMEYIRSNZEE GOS. MOS 32 H NH3-N (A)F1 MCP (B)iKE R T
Figure 2 Changes of ammonia nitrogen (A) and microbial crude protein (B) concentrations during in vitro
fermentation of GOS and MOS by small intestinal mucosal microbiota.
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Figure 3 Changes of organic acid concentrations during in vitro fermentation of GOS and MOS by small

intestinal mucosal microbiota. A: Lactate; B: Acetate; C: Propionate; D: Butyrate; E: Total SCFA; F: The
ratio of individual organic acid concentrations to total organic acid concentrations.
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Figure 4 Changes of bacterial number after 24 h in vitro fermentation of GOS and MOS by small intestinal

mucosal microbiota.
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