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Effect of diets with high- or low-level nutrient on colonic microbial
community structure and metabolites in Huanjiang mini-pigs

JIYu-Jiao' ZHU Qian' GENG Mei-Mei' CHEN Wen' YIN Yu-Long'
KONG Xiang-Feng"*"

(1. Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese
Academy of Sciences, Changsha, Hunan 410125, China)
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(2. Research Center of Mini-Pig, Huanjiang Observation and Research Station for Karst Ecosystems Chinese Academy of

Sciences, Huanjiang, Guangxi 547100, China)

Abstract: [Objective] We studied the effect of two diets on colonic microbial community structure
and metabolites in Huanjiang mini-pigs. [Methods] Ten Huanjiang mini-pigs (initial body weight
33.5+8.1 kg) were randomly assigned into 2 groups with 5 pigs each, of which one group was fed with
a diet with high-level nutrient (crude protein 13.11%, digestible energy 14.73 MlJ/kg), and the other
with low-level nutrient (crude protein 9.77%, digestible energy 12.24 MJ/kg). After 75 d, all animals
were killed and the samples of colonic content were collected. Total bacterial DNA of three samples of
pigs per group was extracted, and used to amplify PCR for 16S rRNA gene V4 tag fragment and
sequence using high-throughput MiSeq technique. Based on the QIIME platform, the microbial
community diversity in colonic content was compared. The contents of short-chain fatty acid,
ammonia, bioamine, indole, and skatole in colonic contents from five pigs per group were also
analyzed using gas chromatography or liquid chromatography. [Results] Firmicutes, Bacteroidetes,
Spirochaetes, and Tenericutes were the dominant phyla in colonic content of Huanjiang mini-pigs;
dietary nutrient components did not affect the microbial community diversity in colonic content of
Huanjiang mini-pigs. The relative abundance of Euryarchaeota was lower in colonic content of pigs fed
diet with high-level nutrient, whereas Ruminococcus and Pseudobutyrivibrio were higher than those fed
diet with the low-level nutrient. The contents of acetate and propionate were lower in colonic content of
pigs fed diet with high-level nutrient, but ammonia and cadaverine were higher than those fed diet with
the low-level nutrient. [Conclusion] Firmicutes, Bacteroidetes, Spirochaetes, and Tenericutes were the
dominant phyla in colonic content of Huanjiang mini-pigs; diet with high-level nutrient in short
feeding-period altered the contents of several colonic bacteria and their metabolic properties.

Keywords: Huanjiang mini-pig, Dietary components, Colon, Microbial community, Metabolites
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J99.77%, THALREH 12.24 MI/kg). TR T 5%
FEAKTWFE 1, & HEMEE 2 ¥(08:30 F1 17:00),
SIRVLAE R B I HAT IR R Y 2.5% , 17357
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RIS HO 22 RERE BRI O R 12 LR RAMEE S DNA
1 BRI AP 3 IR I B

% H QIAamp DNA Stool Mini Kit (% QIAGEN A
DB A Y15 DNA, FIH NanoDrop® ND1000

1.1 R, SESRFEEE
SR AE b E R E IR IR R B R S

F1 AMERER SEFRKFRTFHAER, %)

Table 1 The components and nutrient level of the two experiment diets (air-dry basis, %)

R IR KPR 1&%’2‘?7&”@*&5 FE KPR RE TR R

Bt Ingredients High nut?ient level Low nutr}ent level N’iri%erjljt(l\e/v:lb High nut.rient Low nutr.ient level
diet diet ‘ level diet diet
K Com 58.20 57.20 LAk DE (MJ/kg) 14.73 12.24
541 Soybean meal 11.00 0.00 HLE S CP 13.11 9.77
5% Wheat bran 11.50 11.00 R4 CF 456 6.86
B Rice bran 4.00 13.00 HLBSIT EE 934 5.00
B H Alfalfa meal 3.00 14.00 4 Ca 0.62 0.58
AR Lys 0.88 0.88 m;‘; TP 0.52 0.44
B Met 0.27 027 AR Lys 111 0.83
HE Thr 033 0.33 MM E R 0.65 0.52
EMet+Cys

BER Try 0.08 0.08 '

KEiH Soybean oil 7.50 0.00

R 45 Dicalcium phosphate 1.15 1.15

fi#} Limestone 0.79 0.79

Bh Salt 0.30 0.30

Tl Premix® 1.00 1.00

.t BURKON AT wiasRgt. VA 1204010, VDs;2 11210, VE29.71U, VK;2.8mg, VB, 1.2mg, VB,7.1 mg, VBs 1.3 mg,
VB2 0.03 mg, NAMR 42.9 mg, 7ZM 21.6 mg, MR 0.44 mg, EHE 0.12 mg, JAHH 320 mg, Fe 80 mg, Cu40 mg, Zn 140 mg,
Mn 52 mg, 10.56 mg, Co1.4mg, Se0.33mg; °: IHILAE. FHFIEBE MG, HA N SSE.

Note: *: The premix provides the following per kg of diet: VA 12 040 IU, VDs 2 112 IU, VE 29.7 IU, VK; 2.8 mg, VB, 1.2 mg, VB, 7.1 mg,
VB¢ 1.3 mg, VB, 0.03 mg, nicotinic acid 42.9 mg, pantothenic acid 21.6 mg, folic acid 0.44 mg, biotin 0.12 mg, choline 320 mg, Fe 80 mg,

Cu 40 mg, Zn 140 mg, Mn 52 mg, I 0.56 mg, Co 1.4 mg, Se 0.33 mg; ": Digestive energy, Ca, and TP were calculated values, and others
were measured values.
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T-3', Xf 16S rRNA F:[H V4 Xl v BeifidT PCR
W, PHERZR (30 pl): 2xMaster Mix (NEB, JE[H)
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H(10 mg/L) 0.25 pL, itk 10 uL, dd H,O L £
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30s, 72°C30s, 35 MMEH; 72 °C 5min; 4°C {#
Fro SN ARG R ARERL = IT 2% BB e
FLPKIEA TR , {f F Gene JET (Thermo Scientific 2%
AR IR & O™ 1 . Ak S 1) 16S TRNA
KL V4 X[ PCR 43k AL Ui RBURA )15 B
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M| B B i S R A s A
e eI 52 2 VP LA Y i, 3 P R AR
BRI
1.5 AMERFEEEREZHNA

P42 PE reads B JCHE 4 Overlap & R it
Frofde, [ R 9 B R AT Bz fnad vk, A
Uparse 3X14F(v7.0.1001)7E 97%AHMUE T RIS, 153
OTU R Z&EF51 , 3-F]H RDP Classifier (version 2.2,
http://sourceforge.net/projects/rdp-classifier/)!'? 5
GreenGene % J% (http://greengenes.lbl.gov/cgi-bin/
nph-index.cgi) " k47 8 B 1 B0 B (% E B A
0.8-1.0), MK EE 55 FFH MR EAIC M2 . JE TR U
PR OTU B &5 2R, g QUME 4K F

alpha_diversity.py #i&HTHEAIY) Alpha ZFE4E
#, Hl OTU, ACE. Chaol. Shannon A Simpson
4 O S P TS R oy O R s W e = N 7 S
FE, TR EI.

{871} SAS 8.2 GLM procedure F&/¥ #1478 A 7
¥ (Factorial anova), f#iF Duncan’s multiple range
test FEIFIEATERE Alpha ZFEME T FET TRIUEK
S AT BRI, X AAE 2 R0 8 SR
Y117 Spearman FHICHESMT, &L R HEXHE>0.5
BHFAEMIDEE . DL P<0.05 Ry B8R

2 ZR545M
2.1 FMIEARMEHAETMNENFTIEEMN
EZ =k 0bA

X 12 45 AR P RE il A A
503 398 Z5)¥ 4N, EEAEEMFEIAE 41 950 4%, H
F OTU XI5 FHEE 475 059 4, T RAFEGR
39 588 k. 4 NMHMMBLINZ BoR, 1E<3 155 /7
G, A AR (FT S B OTU % )b 75
B INHE I, 7620 9 445 F5)7 BRI H 1
YRR gEIsm, ZEB T E 1),

FPANERT A5 RRB, TE 97% (RIFh/KF- 3kt Y
OTU 73, kit 785 AR R RIELIES L 1],
XN, H. B, BEAF), Alpha ZHEEHTEERE,
IIRZE A N AP T A P OTU Bt /b Tim v o
M oRE, AP RAR A PR LA R w2 W Lk
Uit A B I TR G A 22 . (BTG R IR A
[Blif 27 BelR], OTU. Chaol . Shannon F1 Simpson
BRI E 2= 5(P>0.05, £ 2).
22 AMERMINIERERRNESYIIKER
B EMRY S

X H] RDP I BLAST [R]J544: 551 LR 2EAH
G0, MITARTIEE R 39 M. Siit
AT — B FPAE T 7 >0, 1% 9 12 4N TAY R
Kk B ORE BE B[] (Firmicutes) . 4 #F ]
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Figure 1 Rarefaction curve of bacteria in colonic content of Huanjiang mini-pigs
PE: HD: FEEFOKFERG LD: REFOKFR: PC: R4 DC: . =3, TR
Note: HD: High nutrient-level diet; LD: Low nutrient-level diet; PC: Proximal colonic content; DC: Distal colonic content. n=3, the same as
belows.

R2 INIBREEHATMNEY OTU 2K Alpha Z it

Table 2 OTU number and alpha diversity of microbes of colonic content in Huanjiang mini-pigs

5iA R EFKEFER HD B IR LD P1{H P values
oA}
N il Nl N g Ny SEM B AV N AN
Items blinoead 7] Y45 bliwEes 7 B ITES 7] Tl HBAL T M <AL
PC DC PC DC Diet Location DietxLocation

OTUs 1250 1333 1362 1341 6.769 0.469 0.706 0.533
Chaol 1293 1362 1357 1326 6.466 0.856 0.796 0.508
Shannon 7.110 7.799 7.026 7.456 0.482 0.610 0.201 0.756
Simpson 0.960 0.981 0.936 0.969 0.116 0.424 0.295 0.773
ACE 1311 1373 1374 1329 6.385 0.902 0.907 0.472
B Il (Verrucomicrobia) . = i 4 F [] NI oA A B AT AR, BT sst i N 2

(Euryarchaeota) . £F-#4EAT £ [ ] (Fibrobacteres) . i 4fl
& [](Cyanobacteria) . i 2kFT i [ ] (Deferribacteres)
FIF AT ] (Planctomycetes) 4l B Y 7 SRR (R 3).
P AT S B R —— AR T, AR
O RO S O 0.23% , Ho 4 A v LR
0.01%-0.54%, (=& KPR AZ NS h)
R NEINE s T I R = S |
(P<0.05).

TEME PR RAR SR T, st A w4t

YU BE T . SRR T REE G T TR AR IR T T Y
AR Er 4 T vm s i, A B R ] RN ZF AEAT I
I TP B AR K TR s 2E i (P>0.05) . =i
TRV MR R RE TR ] . JRBETR ] L AR T RET
AEAT TR A5 20 R 1 AR 6 = B AR TR TRk AR iR
ZH(P>0.05),
23 AREARMINIEREHRNRYEXKER
B MRS

X 12 G5 NSRS IS B 4R TR OTU
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R3 NIBEEHRBYPRIIKTE LBEBEXFE

Table 3 Bacteria relative abundance on phylum level of colonic content in Huanjiang mini-pigs

i R EFRKCTRR HD fREFIRFE LD P{H P values
Items GG mWAE  ERS el O ER W R
PC (%) DC (%) PC (%) DC (%) Diet Location  DietxLocation

Firmicutes 59.15 50.16 72.56 61.06 0.184 0.072 0.119 0.836
Bacteroidetes 29.41 34.25 15.65 26.18 0.190 0.119 0.253 0.660
Spirochaetes 7.59 9.63 5.23 6.58 0.114 0.266 0.476 0.882
Tenericutes 1.08 1.64 2.20 2.60 0.052 0.054 0.327 0.858
Proteobacteria 1.19 1.98 1.33 1.58 0.050 0.786 0.268 0.559
Actinobacteria 0.35 0.48 0.95 0.70 0.041 0.189 0.859 0.528
Other bacteria 0.48 0.73 0.64 0.49 0.027 0.770 0.727 0.150
Verrucomicrobia 0.49 0.60 0.54 0.13 0.045 0.564 0.676 0.465
Euryarchaeota 0.07 0.07 0.45 0.37 0.027 0.024 0.724 0.755
Fibrobacteres 0.15 0.10 0.28 0.20 0.020 0.133 0.351 0.848
Cyanobacteria 0.03 0.31 0.07 0.05 0.028 0.429 0.350 0.292
Deferribacteres 0.02 0.05 0.03 0.02 0.011 0.541 0.606 0.326
Planctomycetes 0.00 0.00 0.07 0.03 0.013 0.169 0.538 0.517
Unclassified bacteria 0.00 0.00 0.00 0.02 0.007 0.463 0.281 0.538

R RE, LRGN 344 NJE s X FTARES & i
Z AR EE>0.5% M JE AT T g1t 3k 41 M E (R
4), FEFEKFAA R E BRE & (/[Ruminococcus])
FME T TR N J& (Pseudobutyrivibrio) 41 1 A XS 5 &
WERT . ROFEIEAEARN & B F IR TIVE R
TR AL(P<0.05) 0 IAS[RIEBA A 45 iz N 45 9 4
R AR A, L i 45 W 9 25 4 v Tt s ok 1
(Desulfovibrio) . BR & (Oscillospira) . J8 H PR
J& . Hi % BRI & (Staphylococcus) . LT 8
(Bacteroides) #1515 J& (Corynebacterium) 4 T
) Fr i i 35 i T o 25 W (P<0.05) o T TN AE i
BRI AR (Treponema) (5.05%—26.70%) . FLER
J& (Lactobacillus) (4.44%—12.72%) . J& H K # )@
(Ruminococcus) (4.47%—7.20%) . % J& (Clostridium)
(3.64%-5.05%) . Hii # ER W J® (Twricibacter)
(1.84%-3.98%) . % [N J& (Prevotella) (1.59%—3.67%)
1B AZ i T R (1.85%—4.77%) 40 T4 1) A0 % 5 1 4%
=, HILEBE N AR E

24 BMIERMINIEEEBASY PR~
sylapA

M S T, EEFRAKCE RS I N A b
TR FDITR I 2 5 34 B AR TR E SR A p 2
(P<0.05), SCFA SifRT . 1505 iR (BCFA)
i TS SRR (P>0.05)

& 6 nl L, EE IR AKERR AL I N A b
ZUR N e B i W R TR SR KT R R 4H
(P<0.05), iz vt i FIZE S 235 1 PN 2400 v s e
AR e TS SR AR 4L (P>0.05) 5 )
B IR AT RS N A P R R R A i
i, (H5HAL R JC 3% 22 5(P>0.05).

25 RBATFERARESEFKEIEIHERMY

M2 7 AL, ZFR i) 598 B BK A JE A
B TR i 0 TR P R X S I I A O (P<0.01) 5
PR & i 598 T BR AR | B B R R 5 K v 4
TR AR 5 1 22 B 2 IE AR DG (P<0.05), SR
AT PR RFGS 5 B 2 0 AR DG(P<0.05) 3 2 AR
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R4 INIBREEHRBDPEKT EBREBEXFE

Table 4 Bacteria relative abundance on genus level in colonic content of Huanjiang mini-pigs

19 IR KRR IREFRKFRR

P KE IR HD o - P {H P values
Phylum level Genus level Sl RS T ] 17 w17 T 7 R A i8S A
PC (%) DC (%) PC (%) DC (%) Diet Location DietxLocation
Verrucomicrobia  Akkermansia 0.02 0.01 0.27 0.01 0.03 0.373 0.329 0.362
Tenericutes Anaeroplasma 0.13 0.18 0.21 0.16 0.02  0.720 0.973 0.490
Spirochaetes Treponema 7.56 5.05 9.62 26.7 0.26  0.256 0.459 0.905
Proteobacteria Acinetobacter 0.01 0.01 0.12 0.04 0.02 0.227 0.477 0.466
Anaerovibrio 0.17 0.27 0.25 0.20 0.02 0.977 0.623 0.179
Campylobacter 0.09 0.03 0.14 0.04 0.02 0.544 0.181 0.741
Clostridium 4.69 4.15 5.05 3.63 0.07 0918 0.240 0.583
Coprococcus 0.31 0.44 0.52 0.31 0.03 0.746 0.739 0.190
Desulfovibrio 0.11 0.41 0.31 0.48 0.02 0.210 0.037 0.504
Dorea 0.11 0.15 0.06 0.09 0.01 0.059 0.175 0.914
Lactobacillus 10.49 12.72 4.44 6.93 0.13  0.084 0.455 0.966
Megasphaera 0.11 0.38 0.27 0.06 0.03  0.589 0.829 0.108
Oscillospira 2.29 4.76 1.85 4.63 0.07 0.765 0.021 0.872
p-75-a5 0.26 0.42 0.40 0.52 0.02 0.274 0.208 0.840
Phascolarctobacterium 0.34 0.29 0.42 0.30 0.03 0.789 0.599 0.854
Pseudomonas 0.05 0.04 0.09 0.03 0.01 0.414 0.071 0.266
red-4 0.08 0.11 0.09 0.08 0.01 0.826 0.770 0.493
Roseburia 1.70 0.98 1.55 0.92 0.04 0.742 0.055 0.880
Ruminococcus 5.48 7.20 4.47 6.63 0.07 0.397 0.058 0.812
[Ruminococcus]l 0.16 0.22 0.13 0.16 0.01 0.028 0.028 0.286
Staphylococcus 0.08 0.13 0.08 0.13 0.01  1.000 0.034 0.959
Sutterella 0.30 0.23 0.23 0.21 0.03 0.713 0.736 0.846
Turicibacter 3.98 1.83 3.81 2.16 0.08 0.948 0.137 0.833
Veillonella 0.12 0.14 0.12 0.08 0.01 0.342 0.807 0.342
Firmicutes Anaerotruncus 0.04 0.08 0.03 0.04 0.01 0.309 0.351 0.626
Dehalobacterium 0.03 0.07 0.02 0.04 0.01 0375 0.181 0.692
Facklamia 0.09 0.04 0.06 0.07 0.01 0.924 0.529 0.368
Faecalibacterium 0.05 0.05 0.09 0.09 0.01 0.157 0.927 0.956
Lachnospira 0.07 0.06 0.07 0.10 0.01 0.462 0.742 0.423
Mitsuokella 0.02 0.13 0.06 0.02 0.01 0.279 0.251 0.023
Pediococcus 0.08 0.04 0.05 0.03 0.01 0.503 0.367 0.789
Pseudobutyrivibrio 0.06 0.12 0.04 0.03 0.01  0.030 0.334 0.181
Bacteroidetes CF231 1.34 0.47 0.54 0.48 0.05 0.413 0.340 0.403
Prevotella 3.61 1.60 3.66 3.52 0.06 0.138 0.110 0.157
Parabacteroides 0.87 0.71 1.00 0.74 0.03 0.653 0.265 0.775
Actinobacteria Bacteroides 0.95 0.39 0.87 0.46 0.03 0978 0.015 0.641
Bifidobacterium 0.27 0.83 0.32 0.54 0.04 0.675 0.199 0.546
Corynebacterium 0.02 0.07 0.03 0.09 0.01 0.408 0.036 0.754
Paludibacter 1.05 0.41 0.64 0.50 0.05 0.711 0.382 0.565
[Prevotella]2 0.74 0.29 0.70 0.52 0.04 0.673 0.180 0.556
YRC22 0.60 0.42 0.38 0.46 0.03 0.468 0.682 0.296
Ul i 20.22 17.73 2933 24.81 0.13 0021 0249 0.727
bacteria
Other bacteria
(<0.5%) 31.28 31.79 32.17 33.10 0.14 0.765 0.844 0.955

" 'L % [Ruminococcus]5 Ruminococcus, Prevotella 5 /Prevotella]s 5@ TAHRIR T 1A R o F}.

Note: ', % [Ruminococcus] and Ruminococcus are belong to the same phylum and different families, as well as Prevotella and [Prevotella].
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Table 5 The amount of short-chain fatty acids in colonic content of Huanjiang mini-pigs

E SR HD & TR LD P{H P values

T
e e A A T
PC (mg/g) DC (mg/g) PC (mg/g) DC (mg/g) Diet  Location DietxLocation

Acetate 4.71 4.73 7.67 5.24 0.643 0.042 0.131 0.127
Propionate 1.63 1.88 2.60 2.03 0.364 0.041 0.500 0.109
Butyrate 0.95 1.09 1.14 0.92 0.389 0.980 0.894 0.519
Isobutyrate 0.21 0.31 0.17 0.19 0.194 0.269 0.401 0.569
Valerate 0.35 0.39 0.27 0.23 0.263 0.349 0.977 0.727
Isovalerate 0.22 0.33 0.16 0.19 0.196 0.167 0.343 0.606
Total SCFA 8.08 8.73 12.01 8.80 0.809 0.116 0.291 0.128
A/P 2.91 2.52 2.92 2.68 0.385 0.727 0.252 0.777
Total BCFA 0.44 0.63 0.33 0.38 0.274 0.207 0.465 0.583

e n=5; A/P: ZTR/INTR. TR

Note: n=5; A/P: Acetate/ Propionate. The same as belows.

xo6 INIBREHAZTNPEERENNSE

Table 6 The amount of nitrogen-containing metabolites in colonic content of Huanjiang mini-pigs

BT HD RE SRR LD P{H P values

I
o I I L R ot
PC (ng/g) DC(ug/g) PC(ng/g) DC (ng/g) Diet Location  DietxLocation

NH;-N (mg/g) 17.44 14.83 12.75 14.07 0.790 0.036 0.570 0.106
Indole 9.12 8.83 7.83 7.47 0.335 0.074 0.649 0.959
Skatole 2.42 437 3.03 3.23 0.338 0.691 0.118 0.196
Trytamine 0.51 0.75 1.41 0.52 0.519 0.489 0.509 0.264
Phenylethylamine 1.15 1.24 1.84 1.76 0.461 0.141 0.988 0.817
Putrescine 5.60 2.83 4.92 4.81 1.002 0.717 0.433 0.467
Cadaverine 1.87 2.07 1.19 1.09 0.390 0.014 0.862 0.591
1,7-Heptyl diamine 0.48 0.79 1.15 0.46 0.330 0.395 0.344 0.031
Tyramine 0.86 2.20 2.02 1.93 0.645 0.552 0.411 0.346
Spermidine 12.75 13.02 14.93 8.63 1.160 0.649 0.231 0.196
Spermine 5.47 4.18 3.71 1.79 0.778 0.083 0.166 0.771
Total bioamine 28.68 31.17 27.08 20.99 1.710 0.733 0.280 0.424

R FEBHARMEES FIES RS RMHE X

Table 7 Correlation coefficients between colonic bacterial community and metabolites

Items Ruminococcus  Pseudobutyrivibrio  Desulfovibrio  Oscillospira  Staphylococcus — Bacteroides — Corynebacterium
NH;-N —0.46 -0.28 —0.40 —0.34 —0.41 —0.46 -0.39
Acetate 0.83" 0.21 0.41 0.64" 0.46 -0.48 -0.10
Propionate 0.62° 0.39 0.52 0.59" 0.69 —0.63" 0.11
Cadaverine 0.41 0.37 -0.22 -0.12 -0.21 0.15 -0.20

Note: ™: P<0.01; ": P<0.05.
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(P>0.05).
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