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Table 1 Composition and nutrient levels of diets (DM basis) %
S| X} HRZH A -REETRack L k|
Items Control group AMR group PC group
J5 B} Ingredients
ZE¥ Chinese wildrye 32.00 32.00 32.00
HTE Alfalfa 17.60 17.60 17.60
FE K Corn 25.00 25.00 25.00
/NAZ %k Wheat bran 2.88 2.88 2.88
] H2&8{=%f Sunflower seed meal 17.23 17.23 17.23
PiF ZEM Pea stalk 2.77 2.77 2.77
BEER S 45 CaHPO, 0.79 0.79 0.79
fr#E NaCl 0.73 0.73 0.73
TR R Premix"” 1.00 1.00 1.00
411 Total 100.00 100.00 100.00
WINF Additives
B4 %54 H i 7] PC preparation 4.35
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Yt H Xif B2 jay ¥l BhmAErmA
Items Control group AMR group PC group
YhA Ky AMR powder 0.46

27K Nutrient levels?

H1kfE DE/(MJ/kg) 16.58 16.65 16.69
HE A CP 16.48 16.05 15.22
MRS 7 EE 3.16 2.96 3.12
MK Ash 7.13 7.55 9.75
PR U £F 4E NDF 33.14 31.82 36.63

TR Mk i 41 4 ADF 21.11 19.52 25.20
5 Ca 0.77 0.89 1.22
P 0.50 0.48 0.47

DR R AT R H2 4t Premix provided the following per kg of diets: ZnSO, 30 mg,FeSO, 26 mg, CuSO, 7.9 mg,
MnSO, 30 mg,CoSO, 0.1 mg,KI 5.4 mg,VA 3 500 IU,VE 25 IU, VD, 1 100 IU,

2 I ACRE T EAE (VD N A 2 A TR T AL BE 430 9 18.51 1 3.06 MI/kg) , HoAX SEMI{E ., DE was a calculated
value (according to the digestible energy of AMR and PC preparation was 18.51 and 3.06 MJ/kg, respectively) , while the others

were measured values.

1.2 HRHRE

T 90 d J , 4 KT R L Vb 24 Fn iR & 2%
A= 2 BE ML B B A BT R AL FE R AR A 4 ]
S 12 HOMERRFEXT S . B 52 )5 S R JC R #RAE
R AR 1R B A A, — B 4 2K
LA UE S UE R, 7326 T 10 mL (9 8.0 48
(B 24, BRE 20 CAAF, T &
R S B 0 R N S RO B S R 2 A R
TEIRE N AW T AR AT, TR WO R
ZREE RN E
1.3 EEABSHMESREHSHEENKEN
1.3.1 8 LKW H R

Tel AR A R ARG R D o 6 45 i
PR o 98 R A P TR U T A R P A TR

TSR Ty vkl i S A (GC-9A, H A
Sy R, (A5 R g pH H(CT-6022, th
Pl Al 3t 8 ) A6 TN 9EE S W pHL,
1.3.2 L[4 DNA AY#EEURT PCR §7 38

K 7S b ik = W B A B2 (CTAB) J7 %
FEA YL 2H DNA #4748 50, 2 J5 R FH 3 A i s
JEE FBL UK AN DNA Y 20 52 Ak B | B0 & 19 FF T
BB AR BERESE 1 ng/pL, LI
BEJ 0 R 20 DNA 528, AR 4 0 3 IX 38 1 326
P&, 77 Barcode 45 55(4, New England Bio-
labs /A ] % Phusion® High-Fidelity PCR Master Mix
with GC Buffer 1= % & & EL g #E1T PCR, B fi 4"
AR AMERR . W 51 ) X B 16S rDNA 2
V4 X, 595G B Lk 2,

x2 WEFLHRANBSIMER

Table 2

Information of primer for sequencing analysis

i H Items

ZH A Bacterial

L%%514) Forward primer
TU#514% Downward primer
iR KR J¥ Annealing temperature/ C

GTGCCAGCMGCCGCGGTAA
GGACTACHVGGGTWTCTAAT
50

1.3.3 PCR F=¥) iR EE f4lifk
PCR 7= {di FH 2% ¥ & 1) B Big A 558 Jiss 17
VKR ; B8 PCR =Wk B iE A 7 45 IR A, 72001

A58 1XTAE He B 2% F) Bt JIE 4 6 Jie el vk 464k
PCR /=49, 5y Y] [nlyic H b5 4547 . {8 Thermo Fish-
er Scientific 2% ® 4 F=HY GeneJET B¢ [ 5377 &5 [l
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1.3.4  SCPERGE A EHLIN Y

{fi Fl Thermo Fisher Scientific 2> &) [Y) Ion Plus
Fragment Library Kit 48 rxns & 4 3057 & i 17 30%
PR ), ) R B 118 SC %R 48 1k Quibsie S 8 1 ST A
E4% J5 , {d F] Thermo Fisher Scientific 23 & [ Ton
S5TM XL RGE#E4T EALIF .
1.4 HEEFEIT 5SS

TR B B bR R RN, T A B R Y
KHI SAS 9.0 Geit B A/F ) ANOVA i Fe gt 47
KIZR 7 22500 , 22 5% 1. 35 35 % ] Duncan [G%3E 17
ZHEILE, LN P<0.05 25 13 ,0.05<P<0.10

HEFBETRE,

2 FEREHMH
2.1 EBRESH

12 3 R, 50k IRAH AR LG, ARDRRL TS b 2800
W =R e o B BRSO o e o =
pH TR BE , AR TR B I S Wk H 22 5
PR IK K (P>0.05) 5 AR AS I & £ 4 22 1
il P T AL TR S B W LR (P<
0.05) ; TR N0 BB AR T AL S 2 52 208 B
SN, MRS ARG ARG TRERINTL,
{H 28 S ¥R IK B (P>0.05)

®3 ARPHFEMDPERAESHERAFFNMELLZFEERBES BN

Table 3 Effects of dietary AMR powder or PC preparation on ruminal fermentation parameters of

Dorperxthin-tailed Han crossed sheep

i A Xf R 2H TR HatmtE P{H
Items Control group AMR group PC group P-value
pH 6.12+0.04 6.21+0.19 6.21+0.07 0.402
HAS % NH,-N/(mg/dL) 7.73x0.19 7.59+0.33 7.42+0.36 0.775
L% Acetate/ ( mmol/L) 24.77+0.91° 26.06+1.78" 34.10£2.41° 0.021
N Propionate/ ( mmol/L) 9.63+0.08 11.13+1.49 12.13+0.08 0.273
T2 Butyrate/ (mmol/L) 9.00+0.13 8.91+0.40 9.12+0.24 0.881
LN H Acetate/propionate 2.57+0.08 2.38+0.19 2.81£0.08 0.130

RS B A ) T 7 4R 9 5 B (P>0.05) | R IR FRE 3 2 5 i 35 (P<0.05) . T,

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

ent letter superscripts mean significant difference ( P<0.05). The same as below.

2.2 EERER PCR ¥

W 1 FroR R T A AR AL DNA 17
16S rDNA FEH V4 X P34 15 5] 25 300 bp W H K
Fr B 4R S U B, R AR B A — R
alifb )5 55 N 41 DNA s JeHii] PCR K 4% 5, AT
DAEAT e 38 e 5 DR 43 A ek € 24 22 98 1 T P
23 BERWMEDRES LRI (0TUs) Bl
S

2.3.1 R 1 VAN TR e I R B A R A5 R
ZAEVETR AL

ARG FERE 5 Ry 12 A4S, B A R b B 1 43%
K4 253 bp, HFE 4 AT, KA LR EGIKZE
Y Clean reads (43l Jy: X HE 4 | 81 597 4%; Vb &
41,82 952 %; B A i B 41,93 805 %, H A
AT ZH 1P Clean reads £ 2 3 = T Xt FE 4L Ay 4 41

(P<0.05) . b T WFFTEE & B9 P Fb 21 1% 22 1, X
A #E M ) Clean reads #E47 538, L 97% 1Y — 35X
Ve B FE 5 B 25 1) OTUs, % BREA Vb 20 4 F 42 & 25
ALY OTUs B4 8 622 616 Fl 842 1~ , B &
ta AR TR AL S T IR AVD 4 (P<0.05) , U
¥ 7 55 248 0.998 3,3 2 a2 T, 5 X
WM, A WA F R E TS (P<
0.05) , V0 2 20 F A8 B = T4 R4 (H 2 57
ANEE(P>0.05) , FARIEEU W E R 25
PE AR, RN ZRE MR & i 3
22 8] T A HE R L B UE W Vb A 20 R A 25 A T
qUEE A A EEREWEBEZ R, WA, A2
4= T 2H Chaol #REUW. % = T X AL FI VD 2 4H (P<
0.05) . 7E B W A0 B v A I B 4R ) S R
mh ZREVERR B 2 A 25 A W 4L RY Clean reads %% .
OTUs ¥ & K $55UF1 Chaol $8%0y W % & T Bg
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HAVP AL (P<0.05) , 1M 70 28 41 st B8 20 27 [6] 4%
R AR E (P>0.05)

55 1.2.3 F 4 fLIE VD A AL B AL 5 5.6.7 M1 8
FLJ 52 4 AR T AL BN, 26 9010 11 A 12 LS X IR
ZHL 978 ' WRORE i s M CK 4351 Sk B YK marker Fl1ZS EH X ER

Lanes 1, 2, 3 and 4 were the rumen fluid samples from
AMR group; lanes 5, 6, 7 and 8 were the rumen fluid sam-
ples from PC group; lanes 9, 10, 11 and 12 were the rumen
fluid samples from control group; M1 and CK were the elec-

trophoresis marker and blank control.

1 IRBE¥ERERL Rk PCR 455

Fig.1 Result of agarose gel electrophoresis for PCR

2.3.2 Venn K
) FH 0 T 7 o G R 0 e 1 AT R R X 4%

H AL FEAAS I I E M AT A, W 2 R,
TE 97 % MR K T, 12 HAE 8232 =R B it
7242 1628 > OTUs, Hh X BRZH Vb 40 FE & 2
ATRALR) OTU 04331k 971,934 Al 1 317 4>, Xt
W2 Vb AR G i A 4L Y OTUSs %73 %l
5 OTUs BB 4.79% .5.04% Fl1 29.05% .,
24 BEEREBESEXZSM

A5 AR B IR T A TP A 2 RORIAR X =
BE L% 5, 83T Ton SSTM XL ¥ & |, F) B
IR #9705 M/ i B SCE R R 9 16S tDNA
FE VA X P A AT BLm I T S A B, & AR
HEIHT 10 R T, AR X R >90% 1 51
J& T LA JUAS B 1] - 48T 1 1] ( Bacteroidetes ) | 7%
JE i ] ( Proteobacteria) | J& B B | ] ( Firmicates ) Al
B JEART] ( Spirochaetes) , H13% 5 A, AT
ICTE T FERE G T 102 3 RS0, 4 441
& '] ( Fibrobacteres) \YJEf## ] ( Verrucomicrobia) |
1% % 41 B8 ] ( Cyanobacteria ) |, ¢ BE 14 ] ( Teneri-
cates) . H.F% [ [ ] ( Synergistetes ) F1 %k i BK JE 1 ']
(lentisphaerae ) 225 41 B R BRI TE , VD 44 B
A T AL AN B 2 A 0.68% . 1.05% Al
0.68% [ )7 A T2

R4 BAEERAERREENFREEHNSHERSHFERELY

Table 4 Microbial high throughput sequencing quality control and sample diversity in

dexes in rumen fluid of different groups

i H Xf IR 20

Items Control group

Clean reads %% Clean reads No./%%
AR X2 I8 OTUs No./A>

7 35 % Coverage

¢ F8 40 Shannon index

Chaol #8%% Chaol index

81 597+1 109"
621.50+41.29"
0.998 3+0.000 3
4.98+0.28"
609.50+49.39"

TR =RE g ey | P{H
AMR group PC group P-value
82 952+3 185" 93 805x1 995° 0.008
616.25+24.43" 841.75+69.40" 0.014
0.998 3+0.000 3 0.998 3+0.000 3 1.000
5.07£0.15° 6.40+0.36" 0.009
601.04+18.79" 828.53+68.21" 0.017

TERT 10 FRE 1], Y AL UAF B8 1] L AR I 1
U] T4 TR ) RNDE SR B 1) B A X B v T R AL
TR EAA ] JERE TR ] WS PR v ) VRBE TR ] B
FEEE RN B e BRIE B 1) A AR X o B ARG BR A
HZERHREE(P>0.05) ;7 4 254 W& 4 B
T PRI TR B SR B 1T A AR 6 3 8 I 2 8 X
M2 (P<0.05) A8 TR 1] B9 A 6 3= B o 351K T X
B4 (P<0.05),

252198 15 VA A AR R KT b 8 4 s AN A X 3

FEUWLF 6, TERMKE L 98 B W 240 0 A 7 IR IR
Al ( Prevotellaceae ) A1 3% ¥ ik 3 & & ( Succinivibri-
onaceae) N ¥, HHIKKEHA X FEKHZ
[6] 22 5% AN 225 (P>0.05) & 45 4 4 T 4L 38 AR N
A BN & 5L R BK 7 B ( Acidaminococcaceae ) ) Al
Xf = B g AR T4 R4 (P<0.05) M b, B & 4%
AT H LA B B RF16 4H ( Bacteroidales_ RF16 _
group ) Fll BEAJF 58 Bl ( Rikenellaceae ) [ AH X} = & I
R T AR (P<0.05) 5 Vb 20 21 2 JE 1R 1K v B
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AR 3 B R S T X IR 4 ( P<0.05) ; V0 28 20 il
524 25 A TR AL AT 2 A B R G AR S R Y i T ) R
4, HERAREE(P>0.05),

RS1 _ RS2

A 10%
82 473

78

RS3
RS1: 70 Z 4 AMR group; RS2: & & 25 4 W 41 PC
group; RS3: XF HR 20 control group, & 3 [f] The same as
Fig.3,
B2 HFAMEFEBRERHZHM Venn B
Fig.2 Venn diagram of microbial diversity in rumen

fluid of Dorperxthin-tailed Han crossed sheep in

different groups

25 EEREBEERS S (PCA)

PCA J&— i F 7 2 3 B, b 22 4 55040 ik 47
R4, DA 4 BB R i v B 32 0 T 3 N E5 R 1Y)
J7¥%, W PCA RE % £ B e K 2 B i e A i
] 25 S 1 2 A Ae bl AT R 22 48 B8 19 25 = R
WeAE e A bR I | 48 78 5 2 8008 3 S T Y 1R R
U, FE S 09 B T 41 B8R AR L, W) fTTFE PCA
B A IR s Mz T, A0 3 TR, 55 1 RS A
55 2 F L 1 5T kR 4 i R 25.08% A 15.41%
X HEZE RNV 20 2045 19 TR AE 465 A R (DL BE 5 o, R o
] ] AAR B M SR 7E — kS, 1 &2 G 25 AE T 40 T A 4G
FaREARLRE AR G o 2 gl B 22, Bk &, 3 4l Ht
FEIE B W R R A A 22 S I I 4 I ) AT DAAR B
oI,

3 it i
3.1 EBEAESH

2489 S W pH J I W S AR AR
SRR LA K BRI 28 A e ARz — L B IE R
22 UR Murphy 45 B 5% 4GE 4 sh R E TR
pH 75 & 5.50 ~ 6.80, i i&i pH T8 [l /& 6.00 ~
6.30, [F] A A7 A 52 R B B W pH (1 IR — 2 72
R R R B A M T, Mould 25 BIF ST & R

M E W pH 7E 6.00 LA N H P £ 4k R
O3 B TG K A2 B S8 P, AT 56 T A kLS
32 IR W pH WALV FITE 6.12~6.21, $7E
il pH Y Bl =2 N, FLIE i 1 &1 2 53 ik v T 1 32 )
SEAEH T2 K 1) pH Y5 1 (pH<6.00) . 8 B &
BEMENE S YA KME A RS B0 EEA
P8, Hok B 5 ECTE L 5.00 ~ 30.00 mg/dL'®! | A
KPP LA ERADSAKE(7.73 ~
7.59 mg/dL) ¥ FEE B E N, R4 sh Pk &1
FR 5, TR Hh 0 R M K A A W 4 AR
AEYEVE T P AR 48 kR IR D R, sh P LR r
ML BE 1Y 70% ~ 80% M 3% ¥ % % M5 I IR 2
(L 2R PR AT AR A AR A A W R )
FEAE B LR AR KR IR TR, 2 R
PERG WG R B8 1 95% 77 IRTE L BR TN ER AN TR
] F) L), Al RER 1 R BT 4 Ol LR T TN R Y
TR, £ TR B F N R A — i 3d of 2 TR Wk B
PR MR BE 1 L9 B0 9 e a2, AR 6 v, AR
TR AR T R RFEREE RSN, &
e IS TRUAG, (i) TR R TR0 8 T ) R 34 5 AR, K 1 250
FEA R TS v 200 BT DL S AR R B
I L, AR 45 AR TR ] g 2 DR 3h 4y i B iR 445 4
FVLZ I IR AR, B A 6 A AL 5 ) 414
o, 320 TR B SN E, K BEE R (7 £ TR AL 5%
AR ) T A T 9 3 B B — ) R oK i B AT
DA R R R T R R DN R A B AR
RUGAT Y 259 AH B2, 7T R Y 5 DR 22 2R A R
AR R BT E T S 25 A AN R Y
A,
32 EEREHEEENFRERFEL
ARG 43 B 12 Rk € 58 2 198 1 Tt
7 e Y, 79 B A RUT 5 4 ad 25 2 FE By
JEAE3RAF 1 033 416 ZMLTTF I, F- 3 BEAFE &
FFIRIE N 86 118 2%, 1 Tk Mg Ay *0) X 24 H 4 2¢
AL R B A B 0 R (OF- 38 4 HAE I iR
J¥ 22 295 %), BEESCUBESE T 2ER RHEC HL AT )
(4 AR R HH S AN (] S — KL R X 78 A 26 208 8 Tk
AW X R B RS, A5 M A% AR AR S R
U 99.80% ., A% iR 5 45 4 BE A I B 5 R IR
99.83% , 5 FAER Y B K 25 AR L, 5 Tk A
)Xok 20 2 0 L SR T I T A RE AR 7 16 R
(98% ~99% ) , 1 A Ji K2 sl A~ 1A 22 55 AS )
KR IBORE I X A8 X R AT T R AT — 3 (A5 )
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Mao %P B gE R RESIN R 5 2 KT 97% %
B0 BORE 7049, 10 A 30 56 A0 A ) 7 78 T R R
99.83% , UEBA A 5698 15 W ORE 70 40, A o o

T e 0 R L STt s e ) R e O b
a2 i A TR Rk i E 2 S T 8 R 2 AR
IR

x5 BAEBSRABEEIIKELWNARMBENEE

Table 5 Bacteria composition and relative abundance at phylum level in rumen fluid of different groups %
WiH popiickicl WAH BhmAErA P{H
Items Control group AMR group PC group P-value
FFEE ] Bacteroidetes 37.32£5.14° 40.44+1.35" 66.75+4.95" 0.001
ASF ] Proteobacteria 37.04+9.54° 39.03+2.81° 12.67+5.73" 0.036
JEBER ] Firmicates 13.86=1.14 9.59+1.55 9.02+1.20 0.054
PRTGE(AR T Spirochaetes 8.64+5.39 5.25+0.46 1.46+0.73 0.320
2 4E T[] Fibrobacteres 0.45+0.27 3.82+2.85 1.59+0.82 0.407
Y] Verrucomicrobia 0.16+0.10" 0.19+0.14° 5.73£1.98° 0.010
W4T T] Cyanobacteria 1.27+0.39 0.52+0.24 0.93+0.23 0.282
X EER ] Tenericates 0.49+0.20 0.24+0.06 0.45+0.20 0.653
HFEH] Synergistetes 0.11£0.04° 0.09+0.03° 0.34%0.10° 0.047
FHICERTE #i1] Lentisphaerae 0.16x0.09 0.15+0.07 0.01+0.01 0.266
HiAth Others 0.68+0.12 0.68+0.14 1.05+0.31 0.324

Fx6 FZAEBRARERKELMWARMBENEE

Table 6 Bacteria composition and relative abundance at family level in rumen fluid of different groups %
i H papitctizl WA M BEmAmaA PiA
Items Control group AMR group PC group P-value
P EIKCHF} Prevotellaceae 33.84+5.45 36.59+1.54 49.39+5.96 0.097
BEFABR YN Bl Succinivibrionaceae 34.87+9.42° 37.87+2.62° 11.37+5.73° 0.036
12 ek P} Spirochaetaceae 8.64+0.05 5.25+0.46 1.46+0.73 0.320
$UFF 1 H_RF16 41 Bacteroidales_RF16_group 0.16£0.08" 0.38+0.28° 7.97+2.09° 0.002
LT 4EFFE B Fibrobacteraceae 0.45+0.27 3.82+2.85 1.59+0.82 0.407
AT H_BS11 i 0 Bacteroidales_BS11_gut_group 1.05%0.26 2.15£0.31 3.11£1.47 0.300
PEAF Rl Rikenellaceae 1.44%0.36° 0.80£0.30° 4.66+0.81° 0.002
PEH T+ Ruminococcaceae 2.15+0.54 2.90+0.92 1.88+0.47 0.565
EY HEF Lachnospiraceae 2.74+0.98 2.28+0.39 0.86+0.12 0.130
I BRE R Acidaminococcaceae 3.14+0.67" 0.98+0.53" 0.68+0.12" 0.013
HAth Others 11.52£0.64™ 6.98+0.60" 17.03£3.07° 0.012
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Effects of Dietary Allium mongolicum Regel Powder or Probiotic
Complex Preparation on Ruminal Fermentation Parameters and
Rumen Fluid Bacterial Diversity of DorperX
Thin-Tailed Han Crossbred Sheep

DING He LIU Wangjing AO Changjin® Khas-Erdene LI Shuyi LI Ying ZHANG Zuozhong
(College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: The aim of this study was to evaluate the effects of dietary Allium mongolicum Regel (AMR) pow-
der or probiotic complex (PC) preparation on ruminal fermentation parameters and rumen fluid bacterial diver-
sity of Dorper X thin-tailed Han crossbred sheep. Thirty Dorper X thin-tailed Han crossbred sheep with similar
body weight were randomly divided into 3 groups and each group had 10 sheep. The diets of the three groups
were as follows: control group, basal diet only; AMR group, basal diet+0.46% AMR powder; PC group,
basal diet+4.35% PC preparation. The adding amounts of AMR powder and PC preparation were according to
the dry matter of the basal diet. After feeding 90 days, four sheep with similar body weight were randomly se-
lected, the rumen fluid of every sheep was sampled after slaughter to detect ruminal fermentation parameters,
and the rumen fluid bacterial diversity was determined high-throughput sequencing method. The results showed
as follows: 1) compared with the control group, the concentration of acetic acid of rumen fluid in PC group
was significantly increased ( P<0.05) , the acetate/propionate of rumen fluid in AMR group was lowed and
that in PC group was increased, but the differences were not significant ( P>0.05). 2) The Shannon index of
rumen fluid in PC group was significantly lower than that in control group ( P<0.05) , and that in AMR group
was higher than that in control group, but the difference was not significant ( P>0.05). 3) Within top 10 bac-
teria at phylum level, there were differences between control and AMR group in the relative abundance of each
bacterial phylum, but the differences were not significant ( P>0.05) ; The relative abundance of Bacteroidetes,
Verrucomicrobia and Synergistetes in PC group were significantly higher than those in control group ( P<
0.05) , however, the relative abundance of Proteobucteria was significantly lower than that in control group
(P<0.05). At family level, the relative abundance of Acidaminococcaceae in AMR group and PC group was
significantly higher than that in control group ( P<0.05). The results indicate that AMR powder and PC prepa-
ration supplementations can change the type of rumen fermentation, and make the rumen fluid bacterial diversi-
ty more abundant at different extents, respectively.[ Chinese Journal of Animal Nutrition, 2019, 31(1) :324-
333]

Key words: Allium mongolicum Regel powder; probiotic complex preparation; DorperXthin-tailed Han cross-

bred sheep; rumen fermentation; bacterial diversity
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