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Yy 2H A DL AT S 3] 75% T SR FH O LB 35 2%
TR FBE R AT A B R 3R 00 4 SR AT B, T
X 2SR MR 16S rRNA HE17 8 2 I E 5
JEER W b X T A B A 0 AT 0 2 S, DT i
i T B A 0 ) LS A RGRD BT AN, BT A
P SR T R AR DR | R T T2 R AT R T
H % 55 1Y AN [R), HC A W 0% A 6 ) R v 7 0 R
RE] -2, L, AW 58 o 6 R A 6] 5 E k
T 2R ] AR ) BT W5 45 A 26 {8 34T Tlumina MiSeq
o 1 U SR A T RORA X W 4 AT i 3 Tk
A= D20 R B AR I T RE B B, R A 9 A T R TE
A6 R R Hh %) A B FE DA % i T R R ) E 1L B
WA,

1 #MR5FZE
1.1 iRy

KT R A R A FL R TR Ol Kk
AL TSRS P B DA 28 FELAT TR A i B DR R Y 2 R
WA, H BB 5% B Pl i AT 2% P U R i
1.2 Rt

BEHT 36 H & 18« Fhx 4 xR ™ = 0 2% 52 il B W
WA5% 80 3k, KL R 4 4, 0 %4 A B.C.D
H, Bl 21 ELE, BHHEKE 10 L, D 4R
20, FRIME LRI AR R ; A VB L C 21 MR I 4, 40 A
TR TP RN 5% 10% 15% () K B A . Tk
TR -ERR AR, HA B TR K LR 1, S
NY/T 65—2004( ¥ 1 55 br ) B 1 .

R1 ARARREFRKTE(KRFEA)

Table 1 Composition and nutrient levels of diets ( DM basis) %
i H 2H 5] Groups
Items A B C D
JEUK} Ingredients
E K Corn 52.00 52.00 52.00 50.00
M1 Soybean meal 11.00 13.00 8.00 13.00
B2 AL 5k Puffed soybean meal 8.00 10.00
% % 51 Fermented soybean meal 5.00 10.00 15.00
FLiE#) Dried whey 11.00 11.00 11.00 14.00
¥} Fish meal 5.00 5.00 5.00 5.00
/NZE %k Wheat middling 3.50 4.50 4.50 2.50
Tl Soybean oil 0.50 0.50 0.50 1.50
TRk} Premix" 4.00 4.00 4.00 4.00
41t Total 100.00 100.00 100.00 100.00
32K Nutrient levels?
TH 5t DM 88.10 88.10 88.20 88.10
HEH T CP 18.90 18.90 19.20 18.60
ML 4E CF 2.30 2.30 2.30 2.30
MUK 43 Ash 3.40 3.40 3.40 3.40
45 Ca 0.80 0.82 0.84 0.81
B TP 0.66 0.70 0.71 0.65
£k NaCl 0.35 0.35 0.35 0.35
MR Lys 1.95 1.94 1.98 1.95
ER IR Met 0.59 0.60 0.63 0.58
ERAR+F AR Met+Cys 0.82 0.84 0.85 0.82
1Ri5HRE ME/ (MI/kg) 12.87 12.90 12.90 12.90

VIR A BT 58 4R MR A The premix provided the following per kg of diets; Zn 90 mg, Fe 120 mg, Mn 45 mg, Cu
85 mg,Se 0.3 mg,10.5 mg, VA 11 000 TU, VD, 4 000 TU, VE 55 TU, VK, 3.5 mg, VB, 10 mg, VB, 12 mg, D—Z {2 4% D-calci-
um pantothenate 40 mg, fA#& niacin 45 mg, VB, 12 mg, VB,, 0.06 mg, "2 folic acid 0.62 mg, 4% biotin 0.50 mg, FALIH

i choline chloride 500 mg,

2R T ES A A I E (i, Hofl A3 {E . CP, Ca and TP were measured values, while the others were calculated

values.
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1.3 {AFEHE EHHEATEIE, #2682k H PICRUSt 314,

A A58 W 5 )5 AR R N R
HREFFRAERE IR L, B R ERYOK, 5 HEA
ZEMH | FLAth i) 55 A R W LR S iR AT, B
Wk 3 d, IEEIh 28 d.

1.4 FREEEERRE

TR G5 28 K, A EEBEPLRE 2 AT
FERBTEETC TS Y 2 B A 2 mL WA, IFbRiC
IR g5, R AR TP IR, X Il S &
Jo BB RE B AE T -80 T KA PRAFE LAY
1.5 SEENFESH

A R UR AR U AR R R A R
() Hlumina MiSeq ~F- 5 X 2 i v (% S0 A= 1) 1 A ik
T 16S rRNA {3l 5l ¥
1.6 H|IHEMFRITHE

A FLASH B4 Ji iy 0 7 $500 3047 D 42
QIIME #R A #E 47 1 U Fn 2 B it & 1 )5 15 B A FF
A A RCEE . B S 9 A UCLUST J¥ 41 L X T
B 1 IR 97% 1 Jp 51 A Bl BE AT #R AR 3 2 BT
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X TTRUE K 094 OTU 78 41 8] 1) 26 %5 = B

ST PR LR S, 75 3 P, SR 5 A Ben-
jamini and Hochberg False Discovery Rate 7775 %] P

P 7 s S5 A0 T BE B AT Greengenes 18 /&
AH L, S BT A B AT 2 g Y S 43

2 H#RE5SW
2.1 16S rRNA EENFEREFEEF SN
2.1.1  ZE(EFES 16S rRNA FE R J3° 4%

KM Tlumina MiSeq M ¥ & X 4 21 26 fd k¢
AT, 45 30 19 B 1h BOHE 28 00 ot W 0 L BF
e BT ARG U85 158 755 484 S i E A
BOFH) A FEAR reads BOH 47 218, reads 1F
B BEh 397 bp, /MR 181 bp , £ K H476 bp,
2.1.2  OTUs 3 Hr My 1

i 1R 97 % 1 7 S AL BE A 2 OTUSs 1Y %] 43 15
18,4 4 ZFE o 1A R807 F0 B AT SRS, 315 3
3 5811 OTUs, 4 #1 OUTs %t H 7 %} 2 623,
2 465.2 335.2 218 1>, S HFFA ) OUTs ¥t H 4
4 195,208,102 101 4>, 4 #HILH 1 178 4
OUTs,

PEHCEES OTUs H 3= B2 B i 9 P 94 R iZ 26
OTUs MK 3R ¥ 41, 55 Greengenes i 45 ¢ i 17 L
X OUTs (BRI 40 H B @ FFK-F iy
HORE (R L), i s R T 12 407 .21 4
44 .33 A~ H .64 NEF 111 ANE RN 137 AF
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A Sample

Phylunm ;] ; Class: ¥ ; Order: H ; Family ; & ; Genus; J& ; Species ; #' ; Unclassified : K432,
Al~A4 B1~B4 .C1~C4.D1~D4 5514 A B.C.DArFEA, B 3. 4, Al to A4,B1 to B4,C1 to C4,D1 to D4
were the samples of groups A, B, C, D, respectively. The same as Fig.3 and Fig.4.

E1

HRERSLEKFE LR OUTs BB

Fig.1 Number of OUTs at each classification level of all samples
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2.1.3  HBEE o RS

o ZFEME T R i I E RIS Y E
ERZ RN, B, ol LU R £ R Bt
2 B A G Bk D B AR A B R R
R LU W L & i AR 2 AR, 4 REAR Y
R4 (F 2) GBS A B4 —BUW P& ¥, &
BAREAS Y 22 06 1 O 322 30 10 F0 , 4 82 34 Jon 0 7 %
B JCEE ARG I ) i 1 R & BLRYB OTUs, NI, %
DN 235 S T DA e 288 4 v B A ) R 43 1 3 52

=3
H./&yo

4 W EREZ RO 2, o ACE
Fl Chaol FE%U S W T 2 rh I 2B W B V% £ 8 B2
Chaol #& %5 {6 o] T F0MAR 4= B2 A9 ¥ Rl . ACE 95 %
BRI FE N HE 10 LLR A9 OUTSs #B R TTHRE
M9 Fh £, Simpson FI Shannon 5 %% ¥ fE S i A=
YRR Z R0 R AT E I E T35 B 5 & 45
BHIETHEW RS MY E, B 4% Shan-
non FRACE T HA 3 4, VLR FEAR I £ 5 A

5] B i, B 2 R e e 5 (R, AR Y OTUs
R AT A 2 BRI A LA B A AR 3 BE b R
Z, AARR RN TR E M 2ER (P>
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Fig.2 Dilution curves of all samples

x2 EHSHEMEEHY

Table 2 Microbial diversity indexes

W H

215 Groups

Items A

B C D

ACE #5%{ ACE index

Chaol #5%% Chaol index
Simpson ¥§%{ Simpson index
Shannon #§%{ Shannon index

1 466.97+£187.25

1 455.90+£196.46
0.94+0.08
7.39x1.10

1 269.00£170.03
1 268.75+£169.84

1 133.09+£512.20 1247.07£299.87

1 132.75+£511.54 1233.52+£299.33
0.98+0.01 0.98+0.01
7.25%x0.79 7.35x0.51

0.98+0.01
7.58+0.43

)5BSl T8 Ao ] - BE B OE 7B ROR 22 7 N 3 (P>0.05) A [F/NG FhE R IR 22 57 3 (P<0.05) , AR KRE F %R

TR B E (P<0.01) , T,

In the same row, values with the same or no letter superscripts mean no significant difference ( P>0.05) , while with differ-

ent small letter superscripts mean significant difference ( P<0.05), and with different capital letter superscripts mean significant

difference ( P<0.01). The same as below.

2.1.4 W B ZHEED T

B ZREIE o M 35 202 HE A [l R A 18] ol 2 4
AL , # H 36T UniFrac 5 85 3R & 2 48 R
JE (NMDS) 7 fif 3 B AR 19 70 A1 5 E, FL45 2R WL
Bl 3. X T AR 0 0B % e A BE G T 5 4 2R
HRRE . K 2 L RGO, 3R] 2 A
Z 16 BB A v S R AR DL B Ay, 22 e, 4
AR AL RERB AR W] 2 A9 X 70 0T, A (B D 41 N AR []
RELRR, 25BN, B E . C AREAR T 2
MER, Z 58K, 5 B 4MLEL, A il D 4R r#RE

ABE BB 2 LAT I FE (01 W B I 45 F A oL
e HAth A

T /N —. 3 H) 5 ( PLS-DA) 43 #7388 3o -4k 9
Fofr = B B F0RE A 43 A B4 415 B S K
25, WX REA SE AT HE T R o 4 0] 22 S+ .
K4 A1, B 45 A D A IMFEA I B 440, H 4%
H A NI 2808, Uil A B D 411043 414K
R, WM C HMEA S HAD 3 AFEAMAES,
THE CHEE T BAAM 4 FEAR, L 2 4
T2 SN
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1o NMDS ot W23 500 o JERBE TR 7] ( Firmicutes, 81.7% ) 22 16
A3 I"]( Proteobacteria, 6.1% ) . JG%E 4 ] ( Tenericutes,
05| % Ghe D2 . 4.6%) . ¥ 1 '] ( Cyanobacteria, 2.8% ) | Jill 2k i |']
% . N ‘ S it crous ( Actinobacteria, 2.4% ) ., #T & '] ( Bacteroidetes,
* | ‘ n % 1.8%) M2JE A B ] ( Spirochaetes) \ TM7 i [], &K
s . JE4K ( Chlamydiae ) i 2k #T &1 [ ] ( Deferribacteres ) ,
LA o LRI TT 99.0% L 1
e B2
o o . 10{
NMDS1 “ )
3 UniFrac EER S %R ESHE o a
Fig.3 Analysis figure of UniFrac NMDS & os C3 B2 H5H Groups
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Fig.4 Analysis figure of PLS-DA
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TM7 1] ; Spirochaetes ; B2 iE {4 ] ; Bacteroidetes : #{#T %[ ] ; Actinobacteria ; it 2k B |'] ; Cyanobacteria; #% & | ] ; Tenericutes : JCEE

25 ; Proteobacteria ; A8 JE B 1] ; Firmicutes ; JEBE R[],

5 IIKFLEFEMEDENEE

Fig.5 Relative abundance of faecal microbiota at phylum level

W FEREEFWETTAERERET]
TR AT T (£ 3) . B AR JERER ]
X EE R ER T DA (P<0.05), MLHE].
WA TR T T RADFF R T AR X = BE AR e IR T D 4 (P<
0.01),

2.2.2 FERMK LA

&l 6 AT A7 A% 2 1 v HE 44 | 10 B9 PE 3R
Bl 51 >~ FL R 1§ L ( Lactobacillaceae , 20.4% ) %2
T F ( Clostridiaceae, 17.3% ) .78 &5 & #} ( Rumino-
coccaceae, 12.8% ) .5 2% BRI Fl ( Erysipelotrichace-
ae,9.6% ) . T M2 1§ B ( Lachnospiraceae, 7.9% ) . fi&
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¥ty i Bl ( Pseudomonadaceae , 3.4% ) | £1 W 1 B}
( Coriobacteriaceae, 2. 4%). %= i X & Fl
( Moraxellaceae,2.3% ) #EBR A} ( Streptococcaceae,

2.3%) . 14 1k 5% Bk 7 Bl ( Peptostreptococcaceae ,
2.2%), LA LB B Z R B &R B L e
80.6% ,

*x3 HEAERBEHITWHENEE

Table 3 Relative abundance of bacterial phylum with significant difference among groups

%

Wil 2% Groups

Bacterial phylum A B C D
JHLEH ] Actinobacteria 2.05+0.32%% 1.61+0.43" 2.16x0.58*% 3.75+0.36™
JEBERH ] Firmicutes 83.95+3.17% 87.70+0.98° 79.87+4.08" 75.30+3.69"
WA #i ] Cyanobacteria 1.93+0.62"% 0.74+0.18" 1.99+0.90"" 6.47+2.24*
fUFFE 1] Bacteroidetes 1.61+0.56"™ 0.76+0.30" 1.97+1.15%% 3.02+0.61*
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[ Mogibacteriaceae | : XX MEFT [ F ; Enterobacteriaceae : I #T 18 £

; Spirochaetaceae ; B2 i€ Bl ; Turicibacteraceae : # 22 {H: AT F

Prevotellaceae : 1% 77 ¥k [C B F} ; S24-7 : S24-7 B F} ; Peptostreptococcaceae : 1 1t 5 Bk B F} ; Streptococcaceae : 5% BK 1# £ ; Moraxel-
laceae ; B i [C B Bl ; Coriobacteriaceae ; 41 ¥ & #}; Pseudomonadaceae ; fi% £ iff % %} ; Lachnospiraceae: & 12 B %} ; Erysipe-
lotrichaceae ; 5 2 Bk 18 F} ; Ruminococcaceae : 7 & B £l ; Clostridiaceae : #2 [# £} ; Clostridiaceae ;: #2 [ # ; Lactobacillaceae : FL T

LR

6 BKFLEFREDENFEE

Fig.6 Relative abundance of faecal microbiota at family level

2.2.3  TEJEAKF Lo A 5 B S 2E vk o b
Pl 7 AT, 2 R ET 10 57 0 A g 43 A oA
FLER B )& ( Lactobacillus, 20. 4% ) . X ¥ 0 # @
( Pseudomonas ,3.4% ) 5% BV FT i J& ( Catenibacteri-
um,3.3% ) A5 57 457 K @ ( Blautia ,2.8% ) FEEK A
J& ( Streptococcus ,2.2% ) ML & ( Eubacterium ,
2.2%) \Bulleidia(1.9% ) M[#I % J& ( Collinsella,
1.4%) J8 '8 B3R J& ( Ruminococcus ,1.1%) 15 H

YT )& (Dorea,1.0%) , VL I BB Z M PT 5 B H @
ML BIR 39.7%

4 #H 1812 5 3 W R 4L 16 F, & T
WIBIYA 6 F, BRI JE T &L w14, 1
A5 FEBE TIREERT (R 4), Hb BREE R
JE Ak, B 2 By H A 5 R E B AR FEXE T A
., BROCFFEE A1, B 4Ly At 5 Fh i e i AE X
MR T C . BRILMR WS MO WIE 4, B 4
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(Y HAt 4 B AYHIXT T D 4, B AMEL
PR & EERUAT R JUAT R AR 2 B
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Others ;: FoAth ; SMB53 : SMB53 )& ; [ Ruminococcus | - 5 5 BRI & ; Prevotella . 3% 55 1K W )& ; Roseburia . W2 [RH & ; Fae-
calibacterium ; AT H & ; Oscillospira . BV W J& ; Clostridium . ¥ 8 J& ; p-75-a5 : p-75-a5 W J& ; Coprococcus ; 35 ¥K & J& ; Dorea ;
18 B W B &  Ruminococcus ;T8 5 BR & ; Collinsella ; W M3 B J& ; Bulleidia . 4i 55 {5 J& ; [ Eubacterium | ; AT B )& ; Strepto-
coccus FEFRH B ; Blautia . 11 57 %5 [RH & ; Catenibacterium . 58 BT & ; Pseudomonas R ¥ M0 & ; Lactobacillus : FLIR E & o

7 BXKELEEREDETEE

Fig.7 Relative abundance of faecal microbiota at genus level

4 AHERBEREMNEXNEE
Table 4 Relative abundance of bacterial genus with significant difference among groups %

HE 45 Groups

Bacterial genus A B C D
FLERW & Lactobacillus 11.54+1.83" 12.18+2.87° 12.42+1.91° 10.57+1.18°
HERIFF )R Catenibacterium 0.30£0.13¢ 1.73+0.24° 5.92+1.02° 5.45+1.84°
i 97 R IR B Blautia 1.59%0.10° 2.14£0.23" 2.99£0.59" 4.38+0.32"
AR Eubacterium 0.71x0.13° 3.24+1.95 2.56+0.90° 2.32+0.29°
FIMET B Collinsella 0.81£0.14° 1.04+0.33" 1.15+0.35" 2.56+0.51"
i B ERW R Ruminococcus 0.70+0.08" 0.23£0.05° 1.13+0.65% 2.52+0.41°

2.3 EFEHRBIIsEHN

¥ 16S tRNA U 77 345 (14 )57 5] i 47 35 (5] 1) fig
T, SR 5« Wbt 31 KEGG B 17w, S Bt % B
TR B, Az %] 139 4~ OUTs 25 T
AR K, 4 21 250 R 2 ] 2 5 1 Ao g 1 2
IR 4 991 A~ 5 30530 25 2H S LR 94.5% LA
L U 4 BT S 5 0 A ) AR A L,

HE S fIAL EREES S Tk &R &
LR AT | BE A A R A R A A R AR
W A9 10.3% 9.5% 5.6% 4.2% F14.0% ,
B T AZRRAC AN, HE Ay 4 R AR I8 E % b RE B A
YEEFERICN B H>C H>A H>D 4, R ICH
RAR T AR IS A 2H>B 4>C 41>D 4, (H44H
AR X = B 22 HIAR /DN
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Xenobiotics biodegradation and metabolism ; #ME 4 i) 4= #7155 % A1 43 ; Nucleotide metabolism : 2% B2 A4 ; Metabolism of
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Effects of Dietary Fermented Soybean Meal on Diversity of Faecal
Microbiota of Weaned Pigs

HE Min DANG Wenging LIANG Xionglong®™ YANG Jinging
ZHANG Jie LIANG Jiyu YU Muhang
(Institute of Animal Husbandry & Veterinary, Sciences of Shanxi Agricultural Academy, Taiyuan 030032, China)

Abstract; This study was conducted to study the effects of dietary fermented soybean meal ( FSM) on the fecal
microbiota diversity of weaned piglets using Illumina high-throughput sequencing technology. A total of 80 pig-
lets were randomly divided into A, B, C and D groups. As the control, the piglets of group D were fed a basal
diet. The piglets of groups A,B and C were fed the basal diet added 5%, 10% and 15% FSM, respectively.
Feces of four groups were collected after the experiment. The V3 to V4 region of the 16S rRNA gene of bacte-
ria in faeces was sequenced using Illumina high-throughput sequencing technology. The results showed as fol-
lows: 1) in all of the samples, the average effective sequence number of bacteria was 47 218 and 3 581 opera-
tional taxonomic unit (OTUs) were produced at a similar level of 97% and 12 phylum, 21 classes, 33 orders,
64 families, 111 genera and 137 species were detected. 2) The alpha diversity indexes of fecal microbiota
showed that there was no significant difference among groups ( P>0.05) , but the Shannon index of group B
was the highest, indicating that the diversity of this group was the best. The beta analysis of diversity showed
that the grouping effect was better, and there were significant differences between groups ( P<0.05). 3) At the
phylum level, the dominant bacteria in feces was Firmicutes. The relative abundance of Firmicutes of group B
was significantly higher than that of group D ( P<0.05). Both the family and genus levels, the dominant bacte-
ria was Lactobacillus and Lactobacillus, respectively. The relative abundance of Lactobacillus of group B was
significantly higher than that of groups A and D ( P<0.05) , but no significant differences between group B and
group C (P>0.05). 4) It was predicted that the bacteria were mainly involved in metabolic pathways of carbo-
hydrate, amino acid, energy, nucleic acid, and cofactors and vitamins. In addition to the nucleic acid metabo-
lism, the relative abundance of bacteria of group B was the greatest and followed by groups C, A and D. In
conclusion, adding 10% FSM to the piglet diets can increase the diversity of the intestinal bacteria, significant-
ly increase the relative abundance of beneficial bacteria such as Firmicutes, Lactobacillus and Lactobacillus
maintain the healthy development and promote the metabolism of nutrients. [ Chinese Journal of Animal Nutri-
tion, 2019, 31(6) :2560-2571 ]
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