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Effects of mannanoligosaccharides on in vitro fermentation
characteristics and composition of intestinal microbiota in
weaned piglets

LIAN Kaifeng, YE Yanxin, ZHU Weiyun, YU Kaifan"

Laboratory of Gastrointestinal Microbiology, Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal Health,
National Center for International Research on Animal Gut Nutrition, Nanjing Agricultural University, Nanjing,

Jiangsu, China

Abstract: [Objective] To investigate the effects of mannanoligosaccharides (MOS) on the in vitro
fermentation characteristics and composition of intestinal microbiota in weaned piglets by using an
in vitro microbial fermentation technique, with fructooligosaccharides (FOS) taken as the control.
[Methods] Using microbial inocula derived from the jejunal and colonic chyme of piglets, with
FOS and MOS as respective substrates, this study measured microbial gas production and
fermentation broth pH at five time points (0, 6, 12, 24, and 48 h), and collected fermentation broth
samples at each time point for subsequent microbial analysis. [Results] In the in vitro jejunal
microbial fermentation system, both the fermentation broth pH and gas production in the MOS
group were significantly higher than those in the FOS group (£<0.05). At 24 h of fermentation,
compared with FOS, MOS significantly increased the concentrations of acetate, propionate, and
total short-chain fatty acids (SCFAs) (P<0.01). The formate production in the MOS group was
significantly lower than that in the FOS group (P<0.01). At 48 h of fermentation, the lactate
concentration in the MOS group was significantly lower than that in the FOS group (P<0.01). In
the in vitro colonic microbial fermentation system, gas production in the MOS group was
significantly higher than that in the FOS group (P<0.05). At 48 h of fermentation, the production of
formate, acetate, butyrate, SCFAs, and lactate in the MOS group was significantly higher than that
in the FOS group (P<0.01). The 16S rRNA gene sequencing results of the jejunal fermentation
broth revealed that at 48 h of fermentation, both the Shannon and Simpson indices in the MOS
group were significantly higher than those in the FOS group (P<0.01). Furthermore, the microbiota
composition exhibited disparity between the MOS and FOS groups. Moreover, the relative
abundances of Bifidobacterium, Limosilactobacillus, and Megasphaera were significantly higher in
the MOS group than in the FOS group (P<0.05). [Conclusion] Compared to FOS, MOS enabled
the microbiota in the small intestine of piglets to significantly improve the microbial community
structure, increase the abundance of beneficial bacteria such as Bifidobacterium, enhance gas
production, and promote the generation of acetate and other SCFAs. These findings suggested that
MOS held potential for modulating microecology in the small intestine of weaned piglets.
Keywords: mannanoligosaccharides; fructooligosaccharides; weaned piglets; intestinal microbiota;
in vitro fermentation
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C: =pH; D: #ilpH. A)/ING FRER R[] 22 57 i35 (P<0.05)

Figure 1

Changes in pH and gas production during in vitro fermentation by jejunal and colonic microbiota at

different time points. A: Gas production of the jejunum; B: Gas production of the colon; C: pH of the jejunum; D:

pH of the colon. Different lowercase letters indicate significant differences between groups (P<0.05).
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#=1 THHEMERINLEEFSCFAR ERNTEST
Table 1

Temporal changes in SCFA production during in vitro fermentation by jejunal microbiota

Item t/h Blank MOS FOS P-value
Acetate (mmol/L) 0 0.00 0.00 0.00
6 3.17+0.05b 7.9942.07a 4.49+0.62ab 0.06
12 4.35+0.20b 8.30+0.97a 9.42+1.09a <0.01
24 4.53+0.12b 8.94+1.37a 7.09+1.41ab 0.06
48 6.27+0.29b 15.35+2.11a 6.64+0.35b <0.01
Propionate (mmol/L) 0 0.00 0.00 0.00
6 0.23+0.02a 0.08+0.03b 0.00c <0.01
12 0.18+0.06b 0.37+0.04a 0.38+0.07a 0.07
24 0.50+0.04a 0.59+0.03a 0.34+0.06b 0.01
48 0.90+0.13b 11.67+3.62a 0.45+0.14b <0.01
Butyrate (mmol/L) 0 0.00 0.00 0.00
6 0.00 0.29+0.18 0.14+0.06 0.25
12 0.00 0.10+0.07 0.10+0.03 0.26
24 0.00 0.20+0.11 0.03+0.03 0.14
48 0.03+0.01 0.42+0.26 0.01+0.01 0.15
Total SCFAs (mmol/L) 0 0.00 0.00 0.00
6 3.424+0.07b 8.3742.09a 4.63+0.67ab 0.05
12 4.53+0.24b 8.77+1.01a 9.90+1.15a <0.01
24 5.04+0.11b 9.73+1.45a 7.47+1.50ab 0.06
48 7.19+0.41b 27.45+3.86a 7.09+0.49b <0.01

Data are presented as mean+SEM. Groups with different lowercase letters within a row differ significantly (P<0.05; n=4).

Hiff£ T FOS 41(P<0.01). 24 h £ 48 h if MOS 4
TR S M= T FOS 4H(P<0.01), 48 h iif
MOS # SCFAs 1Y & 5T FOS 41(P<0.01),
23 HERRIABR~E

F35 25 B A W &% 18 MOS Fl FOS 7 45 it
) ™= R A ZLIR TG I AN 3 FroR . 7E 0. 12,
24 h i} MOS 2H H R &ttt & Hb (IR T FOS 4
(P<0.01), TifE 6 hif MOS WM& E & T
FOS £ (P<0.01), {H 48 h W} M40 2 ] ¢ b & %
5o AN, 0h 148 h Bf MOS 2H B2 & i ik
FZHALT FOS 41(P<0.01).

FF 35 45 B A W % 18 MOS Il FOS 7 45 it
B S IR AN FLER G L W3R 4 T 7 . 48 h I
MOS A H e & it . FLIR & ¥ o 2 & T
FOS 41(P<0.01).
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T FOS #H(P<0.01). i EHW B ZAEE T AR AT
(PCoAYIT/R(IE 2), Bt & BEmHH A 4ER: , MOS
415 FOS A Z MU E YR REALNAE 12 h B IFTE
W@ X 4%, {HATE 48 h A BB IX 4.
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P36 25 I A W & 8 MOS 5 FOS 7 45 it
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Table 2 Temporal changes in SCFA production during in vitro fermentation by colonic microbiota

Item t/h Blank MOS FOS P-value
Acetate (mmol/L) 0 3.86+0.34 3.86+0.34 3.86+0.34
6 3.30+0.57b 19.59+0.76a 20.38+0.51a <0.01
12 6.06+0.34b 64.84+1.91a 59.22+4.84a <0.01
24 15.46+0.18¢ 84.70+2.52a 73.88+1.13b <0.01
48 18.64+0.51c 86.78+2.85a 48.52+8.86b <0.01
Propionate (mmol/L) 0 0.00 0.00 0.00
6 0.00b 7.54+3.04a 11.89+0.17a <0.01
12 2.49+0.19¢ 32.40+1.06b 46.15+4.14a <0.01
24 3.19+0.13¢ 45.98+3.80b 66.35+2.20a <0.01
48 3.63+0.19¢ 51.93+2.04b 67.21£3.95a <0.01
Butyrate (mmol/L) 0 0.00 0.00 0.00
6 0.00b 7.49+1.94a 9.814+2.82ab 0.02
12 2.76+0.09b 17.37+0.75a 15.08+1.80a <0.01
24 3.52+0.06¢ 28.74+1.54a 18.96+2.72b <0.01
48 4.37+0.40¢ 35.60+2.49a 29.02+1.07b <0.01
Total SCFAs (mmol/L) 0 3.86+0.34 3.86+0.34 3.86:+0.34
6 3.30+0.57b 34.61+4.63a 42.08+3.15a 0.05
12 11.30+0.49b 114.64+3.63a 120.45+1.58a <0.01
24 22.17+0.26b 159.41+5.11a 159.20+2.85a <0.01
48 26.65+1.00c 174.3142.25a 144.74+13.59b <0.01

Data are presented as mean+SEM. Groups with different lowercase letters within a row differ significantly (P<0.05; n=4).

®3  =HMEMIRIN A B R 2 BRI TEN

Table 3 Temporal changes in formate and lactate production during in vitro fermentation by jejunal microbiota

Item t/h Blank MOS FOS P-value
Formate (mmol/L) 0 0.01+0.00b 0.01+0.00b 0.04+0.00a <0.01
6 16.72+0.31b 35.95+3.48a 21.41+2.54b <0.01
12 17.55+4.13¢ 29.48+0.41b 43.21+1.30a <0.01
24 18.20+2.50b 19.57+0.84b 34.77+3.17a <0.01
48 6.96+0.29b 25.03+3.24a 25.79+1.32a <0.01
Lactate (mmol/L) 0 3.83+0.03¢ 4.13+0.03b 4.38+0.03a <0.01
6 4.51+0.09b 22.71+3.78a 11.79+6.67ab 0.02
12 5.59+0.49b 59.48+4.71a 68.70+4.83a <0.01
24 3.70+1.29¢ 61.62+3.35a 70.25+8.55a <0.01
48 2.54+0.16¢ 45.09+10.95b 79.11+0.90a <0.01

Data are presented as mean+SEM. Groups with different lowercase letters within a row differ significantly (P<0.05; n=4).
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Table 4 Temporal changes in formate and lactate production during in vitro fermentation by colonic microbiota

HIEZSEN

Item t/h Blank MOS FOS P-value
Formate (mmol/L) 0 4.21£1.06 5.13+0.06 4.58+0.09 0.59
6 2.90+0.86 5.24+2.44 2.07+£0.26 0.34
12 6.19+0.69 9.66+2.09 6.12+1.34 0.21
24 6.97+0.22a 2.51+0.67b 2.454+0.33b <0.01
48 0.23£0.12b 3.77+0.16a 1.91+0.25b <0.01
Lactate (mmol/L) 0.34+0.06¢ 2.80+0.06a 2.66+0.04a <0.01
6 1.96+0.05 2.24+0.39 1.73+0.03 0.33
12 0.51+0.04b 2.79+0.09a 3.25+0.29a <0.01
24 0.40+0.04b 1.31+0.37a 1.44+0.20a 0.03
48 0.43£0.04¢ 1.304+0.04a 0.86+0.12b <0.01

Data are presented as mean+SEM. Groups with different lowercase letters within a row differ significantly (P<0.05; n=4).

5 MOSFIFOSIHAIN & B = A W A Y B B o B AE M AU 2 M

Table 5 Effects of MOS and FOS on alpha diversity of jejunal microbiota during in vitro fermentation

Item t/h Blank MOS FOS P-value
Coverage (%) 0 99.89+0.02 99.88+0.01 99.88+0.02 0.75
12 99.89+0.01b 99.95+0.01a 99.93+0.01a <0.01
48 99.92+0.01b 99.94+0.01ab 99.95+0.01a 0.09
Diversity indices
Simpson index 0 0.92+0.01 0.89+0.01 0.87+0.03 0.24
12 0.61+0.02 0.67+0.02 0.67+0.03 0.18
48 0.75+0.01a 0.79+0.02a 0.66+0.01b <0.01
Shannon index 0 3.28+0.06a 3.03+0.09b 2.88+0.22b 0.15
12 1.66+0.06 1.56+0.04 1.57+0.06 0.43
48 2.1940.08b 2.09+0.07a 1.60+0.04b <0.01
Richness
Chaol index 0 282.02+8.17 286.03+7.99 265.45+22.28 0.59
12 171.99+14.82a 99.78+2.85b 123.734+20.41b 0.02
48 213.05+13.36a 110.74+5.71b 107.77+£12.72b <0.01
ACE index 0 279.64+9.30 286.55+7.61 270.454+22.02 0.74
12 178.67+14.11a 107.98+2.22b 108.39+4.99b <0.01
48 209.71+14.59a 107.58+2.92b 109.66+13.46b <0.01

Data are presented as mean+SEM. Groups with different lowercase letters within a row differ significantly (P<0.05; n=4).
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Figure 2 Effects of MOS and FOS on beta diversity of jejunal microbiota during in vitro fermentation. A: PCoA

analysis of the microbiota at 0 h; B: PCoA analysis of the microbiota at 12 h; C: PCoA analysis of the microbiota
at 48 h; D: Significant difference analysis of PCoA at 0 h; E: Significant difference analysis of PCoA at 12 h; F:

Significant difference analysis of PCoA at 48 h.
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Figure 3  Effects of MOS and FOS on the relative abundance at phylum level of jejunal microbiota during in

vitro fermentation. A: Bar plot of microbial community composition at the phylum level, B: Comparison of

Bacillota abundance between groups at 12 h; C: Comparison of Pseudomonadota abundance between groups at

12 h; D: Comparison of Actinobacteria abundance between groups at 48 h. *: P<(.05.
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Figure 4 Effects of MOS and FOS on the relative abundance at genus level of jejunal microbiota during in vitro

fermentation. A: Bar plot of microbial community composition at the genus level; B: Comparison of Escherichia-

Shigella abundance between groups at 12 h; C: Comparison of Bifidobacterium abundance between groups at

48 h; D: Comparison of Limosilactobacillus abundance between groups at 48 h; E: Comparison of Megasphaera

abundance between groups at 48 h; F: Comparison of Ligilactobacillus abundance between groups at 48 h; G:

Comparison of Streptococcus abundance between groups at 48 h. *: P<0.05.
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