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PART 1 INTRODUCTION



E INTRODUCTION

Weaned stress 1s often accompanied
by intestinal dysbiosis with some
abrupt changes 1n the gut
microbiota composition of young
animals (including infants),
resulting in diarrhea, growth
retardation, and even mortality.
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C.butyricum resides in the gastrointestinal tract and has a protective role against
pathogenic bacteria and intestinal injury by modulating gut microbial metabolites,
such as short-chain fatty acids (SCFAs).
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The oral approach of C. butyricum to affect intestinal microbial composition
and butyrate production in weanling animals remains unclear and whether it acts

like butyrate to modulate the intestinal dysbacteriosis in vivo 1s unknown.
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Table 1. Nutrient Components of Experimental Diets (Dry Matter Basis)“

nutrient type control (%) C. butyricum (%) nutrient level control C. butyricum
corn 55.02 55.02 digestive energy, MJ/kg 14.50 14.50
DSM 15.70 15.70 crude protein, % 18.50 18.50
EFFSB 5.00 5.00 neutral detergent fiber, % 11.75 11.75
soybean protein concentrate 4.00 4.00 acid detergent fiber, % 4.25 4.25
fish meal 4.00 4.00 Ca, % 0.80 0.80
whey powder 8.00 8.00 P, % 0.60 0.60
sucrose 3.00 3.00 SID Lys, % 1.30 1.30
zinc oxide 0.28 0.28 SID Met + Cystine, % 0.80 0.80
soybean oil 1.30 L.30 SID Thr, % 0.90 0.90
calcium hydrophosphate 1.20 1.20 SID Trp, % 0.30 0.30
limestone 0.50 0.50
salt 0.30 0.30
L-lysine (Lys) 0.30 0.30 . .
o methionine (Met) 020 020 Control group: Basic diet
threonine (Thr) 0.15 0.15 . . .
tryptophan (Trp) 010 010 Experimental group: Basic diet+10
valine (Val) 0.20 0.20
chomic il 025 025 g/kg C. butyricum (1 X 108CFU/g)
premix 0.50 0.50
C. butyricum 0.00 1.00
total 100 101

“Values of nutrient level in this table are calculated values. Abbreviations: C. butyricum, Clostridium butyricum; SID, standard ileal digestibility; DSM,
dehulled soybean meal; EFFSB, extruded full fat soybean. PPremix contained the following per kg: vitamin A, 12,000 IU; vitamin Dy, 2,500 IU;
vitamin E, 30 [U; vitamin K;, 3 mg; vitamin B,,, 0.012 mg; riboflavin (VB,), 4 mg; niacinamide (VB;), 40 mg; p-calcium pantothenate (VB;), 15 mg;
choline chloride, 400 mg; folacin, 0.7 mg; vitamin B, 1.5 mg; vitamin Bg, 3 mg; biotin, 0.1 mg; Zn, 100 mg; Mn, 40 mg; Fe, 90 mg; Cu, 200 mg; I,
0.35 mg; Se, 0.3 mg.
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Animals and Experimental Design
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Flora analysis

[1lumina MiSeq Sequencing

Extraction of Fecal DNA PCR Amplification

Tissue DNA Kit (200)
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Detection of Plasma Hormones

The concentrations of hormones (PYY, GLP-1, and 5-HT) in porcine
plasma samples were detected using the porcine PY'Y, GLP-1, and 5-
HT ELISA assay kits (Nanjing Jiancheng Bioengineering Institute,
China) according to the manufacturer’s protocols
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Table 2. Effect of Dietary C. bufyricum on Growth
Performance in Weaned Piglets”

Dietary C. butyricum Improved Feed Efficiency growth performance

variable control C. butyricum P-value

BW, kg
1d 838 + 021 7.98 + 027 >0.05
14 d 1276 + 043 12.18 + 0.50 >0.05

N7 = N/ =N

ADFI: q::[;/)j El &Kgi 28 d 17.87 + 0.60 17.60 + 0.56 >0.05

0-14d
— T ADFI, g/d 51875 + 27.55 46131 + 47.49 >0.05

M/

ADG: iéj H ig B ADG, g/d 312.50 + 22.48 307.25 + 37.79 50.05
F/G 1.67 + 0.08 151 + 005 >0.05

F/G: TR = 14-28 4
ADFI, g/d 71479 + 39.09 664.79 + 31.19 >0.05
ADG, g/d 42625 + 1695 45125 + 13.06 >0.05
Dietary supplementation with C. butyricum for 28 F/G o8 £ “‘“Z - 147 > 006 <005
days improved the feed efficiency by dramatically ADFL g/¢ S 1389 05
ADG gh‘l A9 3R 4+ 1661 37925 + M 69 =005
reducing the ratio of F/G (P <0.05) with no F/G 165 & 0.04 146 + 0.03 <0.05

“Values are means + SEM (n = 24). Abbreviations: ADFI, average
signiﬁcant effect on ADG or ADFI . daily feed intake; ADG, average daily weight gain; C. butyricum,

Clostridium butyricum; F/G, feed conversion ratio, the ratio of ADFI to
ADG.
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Dietary C. butyricum Had No Effects on Three Kinds of Intestinal Hormones in Plasma

Table 3. Effect of Dietary C. butyricum on Intestinal
Hormone Concentrations in the Plasma of Weaned Piglets

id

hormone level control C. butyricum P-value

PYY, ng/mL 1.58 + 0.16 1.20 + 0.05 >0.05 . .. .
GLP-1, ng/L 432.68 + 20.46 450.68 + 20.14 >0.05 Dietary addition of C. butyricum
$-HT, ng/mL 51841 + 55.79 44385 + 27.17 >0.05 had no effects on any of these

hormones.
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Dietary C. butyricum Changed Fecal Microbiota Composition
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Dietary C. butyricum Changed Fecal Microbiota Composition
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diff-NMDS plot analysis (one kind
of B-diversity analysis) showed
that compositions of fecal
microbiota were statistically
different between two groups on
both day 14 (P < 0.05) (Figure 1E)
and day 28 (P <0.01) (Figure 1F)
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Dietary C. butyricum Changed Fecal Microbiota Composition
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RESULTS

Dietary C. butyricum Increased the Proportion of Common Bacteria and the Number of Dominant Bacteria

A Control 28th day C.butyricum 28th day
Control 14th day C.butyricum 14th day

Unique objects: All = 568; S1 = 546; S2 = 534 Unique objects: All = 597; S1 = 590; S2 = 548
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RESULTS
Dietary C. butyricum Modulated the Correlation between Core Bacteria
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Dietary C.
butyricum
Promoted a More
Significant
Change of
Bacteria
Compositional
Proportion 1n the
Early Weaned
Stage

Table 4. Relative Fecal Microbiota Abundances (%) of Significantly Different Common Bacteria on Days 14 and 28 after C.

butyricum Supplementation”

classification levels of bacteria

time phylum order
day 14 Firmicutes Clostridiales
Selenomonadales
day 28 Firmicutes Clostridiales
Selenomonadales
Lactobacillales
Erysipelotrichales
Bacteroidetes Bacteroidales
Actinobacteria Coriobacteriales

Protecbacteria Burkholderiales

family

Lachnospiraceae
Ruminococcaceae

Family XIII
Christensenellaceae
Veillonellaceae

Lachnospiraceae

Veillonellaceae

Acidaminococcaceae
Lactobacillaceae
Erysipelotrichaceae

Prevotellaceae

Bacteroidaceae

Coriobacteriaceae

Oxalobacteraceae

genus control C. butyricum

Lachnospiraceae_ FCS020_group 0333 0.117

Lachnospiraceae_ACZ044_group 570 U00%
Ruminiclostridium_6 0.204 0.021

Ruminococcaceae UCG-003 0.007 0.033

Eubacterium_nodatum_group 0.109 0.056

Christensenellaceae_R-7_group 0.496 0.135

Megasphaera 3.790 11.510 |
Eubacterium_hallii_group 0.00127 0.00246
Incertae_Sedis 0.00005 0.00033
Oribacterium 0.00343 0.00658
Lachnospiraceae_ AC2044_group 0.01271 0.00006
Eisenbergiella 0.00025 0.00004
Coprococeus 1 0.00616 0.00120
Selenomonas_3 0.02203 0.06282
Mitsuokella 0.00039 0.00345
Acidaminocoecus 0.00391 0.01213
Lactobacillus 0.18347 0.07682
Solobacterium 0.00116 0.00263
Prevotellaceae NK3B31_group 0.02795 0.07623
Prevotella 7 0.00008 0.00218
Bacteroides 0.00025 0.00001
Slackia 0.00011 0.00050
Collinsella 0.00109 0.00200
Oxalobacter 0.00013 0.00049

SEM
0.001
0.008
0.001
0.000
0.022
0.009
0.000
0.000
0.000
0.002
0.000
0.010
0.001
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.013
0.005
0.000
0.030

“Only those genera that are significantly different between the control and C. butyricum group are shown. Values are means (n = 8).

P-value

<0.05
<0.05
<0.05
<0.05
<0.05
<0.01
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.01
<0.05
<0.05
<0.05
<0.05
<0.01
<0.05
<0.05
<0.05
<0.05
<0.05
<0.01
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Table 5. Relative Fecal Microbiota Abundances (%) of Significantly Different Bacteria on Days 14 and 28 after C. butyricum

Supplementation”
classification levels of bacteria

time phylum order family genus control C. butyricum SEM P-value
day 14 Firmicutes Selenomonadales Veillonellaceae Veillonella 0.000 1.812 0.001 <0.05
Dialister 0.153 0.000 0.001 <0.01

Proteobacteria Burkholderiales Alcaligenaceae Sutterella 0.000 0.007 0.000 <0.01

day 28 Firmicutes Clostridiales Lachnospiraceae Tyzzerella 0.00007 0.00000 0.000 <0.01
Protecbacteria Burkholderiales Oxalobacteraceae Noviherbaspirillum 0.00005 0.00000 0.000 <0.05
Campylobacterales Helicobacteraceae Helicobacter 0.00004 0.00000 0.001 <0.01

Tenericutes Mycoplasmatales Mycoplasmataceae Mycoplasma 0.00000 0.00003 0.001 <0.05
Anaeroplasmatales Anaeroplasmataceae Anaeroplasma 0.00008 0.00000 0.000 <0.01

“Only those genera that are significantly different between the control and C. butyricum group are shown. Values are means (n = 8).

Dietary C. butyricum Eliminated the Presence of Unbeneficial Bacteria in the Intestine
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Figure 4. Effect of dietary C. butyricum on fecal SCFA concentrations of weaned piglets on days 14 and 28. Each bar represents means + SEM (n=
8). *P < 0.05. Fecal SCFA concentrations of weaned piglets were analyzed on days 14 (A) and 28 (B).

Dietary C. butyricum Decreased the Concentrations of Fecal Acetate
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