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i E. KKEBEEAEA A 16S IDNA i@ 20 FHE AR LK EZ BRSNS TR AR AKFH
FEFEAE(MOS) x5 B AALE MW e, IR REAE 30.5 kg £46 T BB F73
F20 R MM A A, M5 R, L CK-3 WA, 48 s 44k, Y1-3 48, Y2-3 41,
Y3-3 204K, 5 A 4R e R AR A R E R e 1% 2% 3% MOS #X B4, KA

Y3-3 28 (P<0.05) %P, BB B A BA LM LR FE 2 F (P>0.05), 2)Alpha $ A HE 5 2
a,Y1-3 48 Y2-3 40 Y3-3484 CK-3 LB B AR S FMEm, RESHE®,5 CK3 AR H
BRI RARI £ F i K B 09X IEZBAR K h Y2-3 48 Y1-3 4 Y3-3 48, 3)AETTKF L, Y2-3
MR RERZTEREAI DA GMENFE(P<0.01), MR EEFEKT EHEAN
8 AR X F E (P<0.01) , L% E ¥ 17 Kiritimatiellacota A= £ X 3k B ) 11483 F B AR b 5, 4)
B JE K F B ARt A e 2% MOS Ak FE R A AL M BraRk K, LM AR T RATH
B LERKARE BARAE3ARLABENGOFABG N FERITER T HE(P<
0.01), BARMm T, RERAFIFR PR A0 MOS TR ik £ 95 B AR S 41, 1P 20MOS #F
WFRE AL aR K, LA A TR F AR R R

KR, HHEEE,16S IDNA; £, B HmH
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P DIE SR R U R AN - S C RN D C RN 3
Gt AR R 2 B R B A W D T Y 5
AP A AT SR 2 R T A O A
AR A B R R Ak SR, AT 9T K

75 H#1:2020-09-14
EE&WE AR A G T (R T H (201503134)

X EHE.1006-267X(2021)04-2365-13

P, AR INAS R KB MOS 78 AS 52 0 45 26 %t 4 K %
BUEFRYI RIS AR A7 R DL S R R
PEST ML —FAL A (NO) ¥ B Al — E AL /A BT
PERTE B0 T 3 = T £F 4 9 5 0 2 LT Ak R
KT MOS W] #1255 45 2 £ 4 W) o 3 W T 1k R A
FEMLEA T E 4w LR, L, AR T 16S
rDNA (=38 1 7 5 AR 53 B 55 22 RS AR 55 1
BINASE] K SF- MOS X Mt 90 B 240 B B E 25 4 5
ZREMER R, A E— 25 W5 MOS X EF 2 ) i 1Y
AR i PR R ST

EZERA: BFHAE(1995—) %, [0k, TR RGN BB A R 7 0 0 I 2 80078 37 . E-mail: 2095602677 @ qq.com

= B MkIEE

s BASIEE B &, 2047, 1414 R0, E-mail . zhyxzhww @ 163.com



2366 3 o H

S 33 &

1 #MRlEFRZE
1.1 R ERRAK

AR T 2019 4F 5—9 A7 T H AR R 2
A2 (R A BR2S wIF R iR g 1 4 H T
2 O S B AR

VEHUE R KT AE 30.5 kg A4 B9 T B W 5
FFEF 20 HOBENLIY A 4 41, HH 5 H B SR,
FERE R AR = B8 (N 2E R 3R bR ME) (NY/T 816—
2004 ) F 45 A 7 B B 35 SR UEA T A, Al
B TR UL 1, AR RL L 30:70, 4tk
TR HFREZFEFFLL 60:40 RA1E J MR, H
S ERFRIEE S 0.1 % T 4 X 1.0% 5k IR
G KB 30 d, XFIR4L (CK-3 41) W
) R it ] R 5 6 20 OV = ] R A R Al AR i
AN 1% (Y1-3 4H) 2% (Y2-3 4) F1 3%
(Y3-3 41)MOS ( 4 J#>99% ) Ak 5 1A H , MOS 5
FERHE A5, LIRIIE 438 MOS #2F HoR &, i
¥k 75 d, Herp #0015 d, 1B 60 d, &K
TRME 2 R (07:30 F1 17.30) , e KRG RS B,
A H R ERTOK
1.2 HmRiE&E

JoE R AR TR IR U 56 60 K R 4 Bl AL IE£F
3HFENEEFEERERE MW 50 mL, T-80 C
BRI CRAE , RN B R S BRI RS54
1.3 IERE
1.3.1 WHEAKMSH

fifi I pHS—2 HUR B THIN 2 9 B WY pH, S I
R ER AR A E A S A (NH,-N) B 35 R
FHACHR €338 10 00 2 45 R M M R 5 i
1.3.2  16S rDNA il JF

MAEA rh B [ 41 DNA J& |, JHA7 A barcode
IR SS9 1% 16S rDNA 1 V3+V4 X fif 1 5]
Y X 51 ¥ ¥ % k. 341F, 5/ = CCTACGGGNGGC-
WGCAG - 3’; 806R, 5 — GGACTACHVGGG-
TATCTAAT-3', #XJ5 PCR §" 44 ;=9 ¥ it [n1 g,
H QuantiFluor™ 7 i1k 47 & B, W alifb iy i
PRI AT A IR A, 3 Y Sk, A I S
J% | L) HiSeq 2500 1 PE250 = F AL F, )%
153 raw reads 2 J&5 , ¥ Ik i i reads #E47 L€, SR
Jo AT A 2 RN g, DA AR UE I B A R B e 2R 2k
BLHERAE 73 2B 5T (OTUSs)

&1 ERARAMRERKE(THRERM)
Table 1 Composition and nutrient levels of the

basal diet ( DM basis) %

i H Items 1 Content

JEB} Ingredients

FEEFEFF Buck wheat straw 28.00
2PEERFI Whole corn silage 42.00
E K Corn 10.20
EtH Soybean meal 9.50
%k {2 Bran 4.00
HIFRYF Flax cake 4.00
WM =45 CaHPO, 0.50
24k NaCl 0.80
Bk Premix" 1.00
41T Total 100.00
EF5KF Nutrient levels®

e ME/(MI/kg) 12.47
HEEHE CP 14.08
5 Ca 0.62
WP 0.29

1) H TR EHEH Contained the following per kg of
premix; VA 1 600 000 IU, VE 1 200 IU, VD, 100 000 IU, 4
% niacin 200 mg, 4249 % biotin 20 mg, Fe (as iron sulfate)
600 mg,Cu (as copper sulfate) 160 mg,Zn (as zinc sulfate)
900 mg,Mn (as manganese sulfate) 800 mg, Se ( as selenium
sulfate) 0.6 mg,I (as iodine sulfate) 16 mg,

2) ARFRE T FAE, HoAR ) SEI{H . ME was a calcu-

lated value, while the others were measured values.

1.4 BESITESH

FH Excel 2010 X 2t 56 %5 8 F 47 7 B Ak 2, Jf:
FE SAS 8.2 A #1743 A, B4 F <7 B {E £ 45
2" Fom

2 #ER595W
2.1 EBEAESH

M 2 AL TEAS RIS 20T, B AR v s iR
[F]7K - 1) MOS X ik 55 - 19 9% B W pH S NH,-N
SRILEELM(P>0.05), L Y2-3 HEH &,
Tk AR I S [ 7K S 9 MOS I 38 5% i 9 B iR 2
MR & (P<0.05) , MM Y1-3 4 . Y2-3 4B & 5
T Y3-3 4 (P<0.05), Hotp LA Y2-3 4 80{H fc v
AR EBRAREETL R EZS (P>0.05),
Y2-3 B IR TR 5 TR IR 5 R % &
K LR/ IR Y i T HA 4, (H 25 5 3k B 3 /K
(P>0.05) .
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Table 2 Rumen fermentation parameters

i H 20 %) Groups P14
Items CK-3 Y1-3 Y2-3 Y3-3 P-value
pH 6.45+0.30 6.58+0.38 6.86x0.66 6.68+0.25 0.602
A% NH,-N/(mg/dL) 14.67+5.12 13.33+4.08 14.85+5.42 13.72+5.25 0.967
KM E D7 ER VFA/ (mmol/L)

LR Acetate 51.19+2.26"  56.83+7.87°  58.45+8.67°  43.37+3.80" 0.021
i Propionate 10.98+1.94 10.99+2.22 10.21+0.65 9.28+1.61 0.469
LR/ TSR Acetate/propionate 4.76£0.76 5.25+0.83 5.70+0.49 4.84+1.29 0.447
TR Butyrate 4.92+1.20 5.41+0.86 6.64%+2.10 5.12+1.27 0.362
5 THR Tsobutyrate 0.47+0.13 0.55+0.19 0.62+0.16 0.53+0.15 0.580
JX R Valerate 0.43+0.06 0.51+0.14 0.53+0.12 0.47+0.15 0.700
SRR Tsovalerate 0.57+0.07 0.74%0.29 0.67+0.11 0.59+0.08 0.448

[l A 800 R A T - B NS R RR 2 AN B35 (P>0.05) , RIR/NG FRER IR 24 7 8.3 (P<0.05) , ARl KE F

BN 2 F 0 3 (P<0.01) . T,

Values in the same row with no letter or the same small letter superscripts mean no significant difference ( P>0.05), while

with different 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.

22 NMEFEE£RREEGEMN
2.2.1 JFEE R OTUs $&

Wy 45 888 992 A #)F 1], H Uparse #X
PEXT BT AR AR B 2 T 5 R 26, DL 97% 1 —
W B2 M OTUs, 45 58 BoR 12 MEEA
= 4104 4~ OTUs, & 1 WA, CK-3 A
979 4~ OTUs, Y1-3 4145 943 > OTUs, Y2-3 414 1
184 > OTUs, Y3-3 24 998 > OTUs, 4 #H3t=
372 /4~ OTUs, Y1-3 41 OTUs A%} CK-3 44 fif ik
T Y2-3 41 Y3-3 41 OTUs MIXF CK-3 24 fir 4
i, BEBH A [ 387K SF B9 MOS X6 3 2 8 B 1 B =F
JE 15 M AN ]

Y2-3

CK-3 Y3-3

CK-3:CK-3 £ CK-3 group;Y1-3:Y1-3 41 Y1-3 group;
Y2-3:Y2-3 4 Y2-3 group; Y3-3:Y3-3 4 Y3-3 group, Kl

[d] the same as below,

E1 EBEES OTUs &

Fig.1 Number of rumen bacterial OTUs

2.2.2 ki
FEAH B 2 an & 2 B, Bl 5 3k 56 00 R
FE RN, £ 2 M 42 T 2%, R 3 R B A
THREAR i R A AR W, RE S T S5 R il R A
B 3, 2SI 7R B 5 50 000 reads B, 7 55 )% >
0.99, & E M APIRAS , FBHA S I e 1 A0,
o SO R R A L 2SR D e R 8 AT R R
LR AT
» CK-3
"Y1-3

mYy2-3
mY3-3
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e

B2 HAFEFEHL

Fig.2 Sample dilution curve

2.3 Alpha LS
N2 3 AT, Y1-3 4H . Y2-3 41 .Y3-3 A4
Alpha ZHEH IR S XA LB FH E 5 (P>
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0.05) , fHJE B AR B al 0 Y1-3 20 Y2-3 41.Y3-3
ZH TR B B CK-3 44w, H 2 REdERE i, it
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2.4 Beta ML
2.4.1  FEAR[EIYFP LRS5BT
WG AR L 2 WG ITa5 R BTkl

FRBSRE B, SR MR N A 2H °F- 341 125 (unweighted pair
group method with arithmetic mean, UPGMA ) X
ARHATREHT . HEA B SEIE , BCRK BE, BEE 2
MFEAR YR A AR L, &l 4 AT, 5 CK-3
YREA T80 1 TR T AL AR BL 22 5 R BV A
Y2-3 40 . Y1-3 41.Y3-3 41, Ui BH Ja] AR i i A [
K1) MOS X =98 15 R 4 A A [ B 52 il
TR FP AR N 2% MOS B E 988 B 1R R 4 5 ) A
AU MOS B 2 R /K,
2.4.2  FHFR5HT (PCoA)

3t PCoA , AT AL B A4 B8 5 Ak =2 [] 119
#Z5 ., PCol N5 1 R, K Bk 66.39%
77 25 PCo2 5% 2 F 4, R /0 B M i
17.92% 7 2, W 5 7] A1, 5 CK-3 444 L,
Y2-32 | Y3-3 AR SR A B AR, T Y1-3 Y
AN B AL B AR, 18 B A AR Th BRI 2% 5% 3% MOS
IR (o 20 P9 A A B U AR AR T S, Y2-3 A
2 PN TR R 2H SRR M B v L A A ) 22 S A
K, UL AR AR TR IR I 2% MOS X i 29 B I RESS
FRZ WA f5e K

%3 Alpha SHMEIEH
Table 3  Alpha diversity indexes

WiH 251 Groups P

Items CK-3 Y1-3 Y2-3 Y3-3 P-value
Shannon #§%% Shannon index 4.83+0.15 5.00+0.39 5.36+0.57 4.81+0.17 0.289
Simpson #§%{ Simpson index 0.88+0.02 0.88+0.04 0.85+0.06 0.90+0.00 0.696
Chaol #§%% Chaol index 1926.95+54.34 1 986.29+121.05 1911.82+61.54 1 990.30+47.45 0.845
Ace $5%X Ace index 2 017.87+38.89 2 068.53+130.52 2 024.95+50.98 2 075.64+38.14 0.924

2.5 BESEESHN

2.5.1 MOS X ¥ =F 9 B W& BEAE T K LA XS
e A

B 5045 2 09 A7 30T 50 FE A [R) 43 22K F b ik
FroFh e ke S T Ge it o e, &l 6 s 75 17]
K FARERAR R 12 AT, AR EEHAE 0.1%
I E . ZFFE R ] ( Proteobacteria) . 5 B% & [ ] ( Firm-
icutes) FIHLLFT 7 '] ( Bacteroidetes ) A 4 ZH ¥ 050 B
BREP R Hob BB W T & CK-3 4 |
Y1-3 4R Y3-3 23X 3 4l s g R T i 5
BERR ] AUFTF I T Y2-3 P RO eb 1], Y2-3
Y A 2 B S B TR RE T ) AT R T Y
FEXT 2B (P<0.01) , W 5 35 B AR T A8 B4 11 A9 4

YR (P<0.01) , H L4 1% % 5 ] ( Planctomy-
cetes) . Kiritimatiellaeota . f i Bk JE & ] ( Lentispha-
erae) MAHXT FBEMAHMMA R (£ 4), ks
VB AR P S 0 AN [R] 7K SF MOS X =99 B R
H AR T T AR AE A [R] B 52 ), B 0 2% MOS 42
fen T IEERETRIT AT BRI 1T A9 A X 3= B2 i R Ak 1 A
AT REUE RO SY:

2.5.2  MOS X ¥ =F 0 B W B AR 8 K F LA X
e A

N T LR RAF BB MOS Xt
IR R L M R B 25 5, R A5 A R R AT T
JE K LB 25 5 o0 A, B RS ] 56 SRR ()2
AT AR 2 HAR X 2 B/, A0 HE 44 /i 20 /9
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BT o007, B 7 R IR S o B R AR 3R A
RN, AR R MW R, 456
K 7 fZ 5 vl 41, CK-3 40 Rummeliibacillus JHERTE
J& ( Enterococcus) ‘5% ¥R 16 J& ( Streptococcus) W)
Kb = BE M i 2 K F A 4 ( P<0.01) , AT 1 8
( Acinetobacter ) [ FHXT £ FEM B 25 KT Y1-3 4L M
Y2-3 41(P<0.01), Y1-3 41\ E 5l 14 J& ( Co-
mamonas) 3% 7 [C B J& — & B B & ( Escherichia-
Shigella) 537 ¥}l 7 J& ( Stenotrophomonas) 5%,
BT 1 & ( Sphingobacterium ) B A XS = # i 2 K
FHABL (P<0.01) . Y2-3 41 & R 25 Al FF 5 s
( Lysinibacillus) 3% % K [KTE & 1 ( Prevotella_1) |
EEFT T & (Acetobacter) PR A B B RCO iy 18
( Rikenellaceae_RC9_gut_group) . ¢ B 17 B 7% 16 Bl
R-7 #f ( Christensenellaceae_R-7_group) . FLEK i J&
( Lactococcus) | fift 3% ¥ 1R B J& ( Succiniclasticum) |
2 H Bk B Bl NK4A214 #f ( Ruminococcaceae _
NK4A214_group) . J& § BR & J& ( Ruminococcus) .
/NAUIE & ( Pirellula ) B9 A X 4 % 2 3% KT
CK-3 4 (P<0.01), Y3-3 4 XK HJE 1( Clos-
tridium_sensu_stricto_1) WA X 32 BE A i 35 K T
filiH ( P<0.01) . p-1088-a5_gut_group . FH ¢ 4 T
T J& ( Methanobrevibacter) B AR X F BEFE 4 2H 2Z [
ZRANEE(P>0.05),
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0.5
304 1
0.3
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04% g % e B a0 e o N
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CK-3-1,CK-3-2 .CK-3-3 2 CK-3 401y 3 MHEA, Y1-3-
1.Y1-3-2.Y1-3-3 & Y1-3 419 3 AR, Y2-3-1,Y2-3-2,
Y2-3-3 24 Y2-3 410 3 ASMEAS, Y3-3-1,Y3-3-2,Y3-3-3
Y3-3 4119 3 PREAR,

Three samples in CK-3 group were CK-3-1, CK-3-2,
CK-3-3, in Y1-3 group were Y1-3-1, Y1-3-2, Y1-3-3, in
Y2-3 group were Y2-3-1, Y2-3-2, Y2-3-3, and in Y3-3
group were Y3-3-1, Y3-3-2, Y3-3-3.
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Fig.4 Cluster analysis of species

composition among samples
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FFFEF R B W vl AR R R v ) B
W V0 30 G R R SRR LE T D 2 b R A Ak
TR IEER ' . AE MOS [ 1 i A v, xR
B R AR 3 2 7 A 5 0 T 384 I PR R A 7 i, A
S8 HAE T JR A AR R R R+ L SRR | SRR R
R+ 22 22 A W) 4 BT R Atk A R+ LR BE BR K 4
PR 20 SE s, 45 R, S TR A
BLYD KR 11 P O VA T 2 AR i v 30 % £F 4 1)
HALRALL, SEME A A R LS R s, OR
Fri AR, R & i Y IR B A T
KU B2 T B RS R B A4k, B
W ANTE X — R IR = A LB
3.1 MOS MM¥EBLXBESHHHIT

Jed ' W pH AT BV WUIRE B N R B A IR R
Hodm s R AR TR E M A A K
Y ARG 4 SR R pH AR BVE LA
6.45~6.86, 19 B W pH M IEH G H (5.5~7.5)
7 R A0 N NG 7.0 28 N7 NI 1 7 | | =
MOS X #ff 9% B W pH JC B F W, X 5 ik 5k
A2 g2k B H MOS B 7K ST 4% B ] %
PSR E R R pH A 77 A i RS, o BT R
AT g2 MOS W 7K~ (i m s K24 2% )
KA, B W NH,-N &80 75— e R R I e
S B A S A B AR NH-N RO R H
MTEAL, NH,-N & 2 &, &3 s E 2006 20
RE MRS T NH,-N &5 1%, W) 2R 27 4k £
OYFR T O AT AR R A ROR T AR L4 4
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PSR W NH,-N & 3 7F 13.33 ~ 14.85 mg/dL,
TERZ W5 E WAL (10~ 50 mg/dL) Z 4™,
AR T, N [R)AS I0AK - B9 MOS X e S 98 1 Wi
NH,-N & & JC i 5, Kb Y2-3 44 NH,-N &
R, XA RESE B R, BN 2% MOS X £F 4 %
3 ifk DAL 53 ik 2T A ) S 1 2803 1) 5 T B G A )N
NI FE PRIE T 28 747 A 1 A G 58, P RE 2 2%
MOS 23T 43 & B A Wi A& 5.
R TR T e M i T TR 7 8 55 ) M 11 28 7Y

WA — i &, MR P AR e R A 4
R ORREN ST EESEE T RBE AN R
il . AR Y23 HE EH RO &= B E
T Y3-3 41 . CK-3 4l H & F Y1-3 41, 15 [7 &5 1)
AT, vl BE Y JE R & BN 2% MOS fiE #F T £F
A ik DA ) 1G5, NI AR 52F 1T 2 4 W 5T 1) B A
ST ISR ZKSF MOS #49 ] 4 iF ¥ = 9

NI IEH

;S 100 ‘_‘ Unclassified
3 % ; i Foft
_§ 80 B Other
2 60 Cyanobacterl?
5 BRI ]
£ 50 Lentisphaerae
TS 40 m EFEI]
[~ Synergistetes
w30 m/ HHEl]
# 20 Euryarchaeota
' 10 FERT
= 0 Planctomyetes
CK-3 Y1-3 Y2-3 Y3-3
E6 IIKFEHFERE

Fig.6 Phylogeny

level species annotation
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x4 NAKEENEE
Table 4 Relative abundance at phylum level

i H 4151 Groups P i

Items CK-3 Y1-3 Y2-3 Y3-3 P-value
A5 B 1] Proteobacteria 65.83+2.03%° 76.45%2.56™ 13.40£2.93™ 60.12+2.46 <0.001
JEBETEH ] Firmicutes 22.24+2.27% 9.90+0.86° 53.74%7.44" 25.41£1.02%° <0.001
UFFE ] Bacteroidetes 8.26+0.41"" 10.35%1.76* 25.86+4.92™ 11.60+0.96 <0.001
T B ] Actinobacteria 1.79+0.224% 2.09+0.35* 1.27+0.17" 1.21+0.11%° 0.004
Kiritimatiellacota 0.60+0.20"" 0.51+0.06"" 2.38+0.62* 0.43+0.06"" <0.001
PP 1] Planctomycetes 0.64=0.18 0.21+0.04 1.79£1.34 0.27+0.17 0.071
] #i 1] Euryarchaeota 1.14£0.05 1.12£0.06 0.1620.03 0.52+0.73 0.540
H.FEH 1] Synergistetes 0.05+0.01%" 0.11+0.03" 0.39+0.08" 0.09+0.01"" <0.001
FhEERIE ] Lentisphaerae 0.13+0.06"" 0.07+0.01%" 0.24+0.05* 0.09+0.01"" 0.004
F5%1] Cyanobacteria 0.09+0.01%" 0.08+0.02"™ 0.27+0.02* 0.060.02"¢ <0.001
HAtlh Other 0.15+0.02"" 0.06x0.02"" 0.38+0.11* 0.12+0.01%° <0.001
F432% Unclassified 0.09+0.01** 0.05+0.02"" 0.10+0.01* 0.08+0.02%* 0.036

3.2 MOS X MFHEE HE# S H NI

o MUE YRR S R 2 R E R I LR — B
ST ISR IE LA, 16S rDNA =il i
W72 AR R 92 2 Sl 098 B8 T A W e v 445
(IR S S I e = B | B g A = G D

FE127 ) RRFS AT 16S tDNA & il & il ¥ 3
AR IRFTEIMAFIKE MOS X e -9 15 B RE 2 ke
PRI, 38 T Iy 1S 888 992 A LU
SIH TS 2 NP, & A FEAR B4
BT Z, R T IR B T REA i K4
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& FRAETEAT AR R AE N H 82 SR R

VA TS B 52 i) 2371

A=Y, ELE 35 7 >0.99 , Ui B I ) 2 00 ) 3 )
3, Alpha ZFEE B X HEA T Y Fh 45 £
FEPEHEAT 50 A1, £ ZALHE Chaol 4841, Ace 8%k,
Shannon F5 %% 1 Simpson 844, i 2 48500 L)
WA it AR v 1 S e B 12 B R U T )
Wil AEE MG 2 MERERAENZ
FE4E , Shannon F5 B0 K, Simpson 8§ 4238 1,
T ZREME G Y ARG b 4 R R
Alpha ZHPEFRECTC R & 2 5%  H 2 SR E I
T MOS 411195 5 TR 22 6 1 3ok B4 A e 3
Horbdsn 2% MOS 4 x5 9 B TE R 248 M 52 i i
K, H1 Beta ZFEH: 20 B 0T H1R 0 2% MOS 41 1) 98
BEB R S X UM L 2 R Rk, AHRETE
BT AR R T IS I D et SE R AL A AR R W

— 3, AWFIEHGE , MOS ¥8 1 7 2 % i 7L 4 4 2R
WEEMZREE R AR ERW AR E
B AV SROBE T 3 ok oA S S T 0 5 | R 1 i T TR
75 Ak S B A W 1 A A ok R T 3 1) AR

A . Newman 261 FE A4 I A B R AR I 2 ¢
wmsﬁﬁﬁ@$k%ﬁlﬁ%%ﬁvﬁﬁﬁw
BRI, B2 o A P bR, B e A
A AR A BRI 0.1% F1 0.2% (-9 [ 3Rl
) MOS , 45 5 7R T8 1 0.1 % 4 AE FAR K B #1- 1 F
HEM LR FT AR T A RO IS I IR N 0.2%
PRSI W, AT Y B 5T kB, R s
0.1%5¢ B BE 3510 T % 28 38 7L AT B AR H
FEAR T R R g, DL g Ui i, i i —
SEKFERY MOS Al 7 — s B b 48 WS
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Fig.7 Species annotation at genus level
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Table 5 Relative abundance at genus level
WiH 2H %] Groups Pt
Items CK-3 Y1-3 Y2-3 Y3-3 P-value
AN JE Acinetobacter 52.15+6.77* 31.04+7.93" 0.18+0.02° 48.18+1.39™ 0.001
W R 2F AT W Lysinibacillus 5.24+1.09°¢ 4.51£0.40% 37.90£9.36 17.87+0.99"° 0.001
MNEHEE Comamonas 10.97+4.88% 38.18+7.27™ 0.18+0.02°%¢ 8.88+3.615% 0.001
YRR ICH)E 1 Prevotella_1 5.03+0.28% 6.48+1.37"° 17.5+3.50% 7.16+0.64% <0.001
BT 8 Acetobacter 0.03+0.01°%° 0.10£0.02%° 11.1+3.31™ 0.10£0.01% 0.001
Rummeliibacillus 9.07+1.83* 0.28+0.01%° 0.12+0.04°° 0.17+0.10"° 0.001
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i H 215! Groups P
Ttems CK-3 Y1-3 Y2-3 Y3-3 P-value
AR RCO 718 B

iﬁgﬂ WhiER 1.62+0.06% 1.38+0.26"" 3.52+0.56™ 1.63+0.15™ <0.001
Rikenellaceae_ RC9_gut_group

v LT AR R R-T R ‘
’“E%%M@ﬂ i 2.14+0.18™ 0.80+0.11 2.77+0.36™ 1.23+0.08° 0.001
Christensenellaceae_R-7_group
HLIEREJE Lactococcus 0.08+0.025¢ 0.02+0.00%¢ 4.35+0.46* 0.60+0.045° 0.001
WKk & Enterococcus 1.63+0.36™ 0.64+0.05" 0.80+0.12°" 0.88+0.04"" <0.001
RIEIARE B Succiniclasticum 0.43+0.07"¢ 0.73+0.11%™ 1.67+0.32* 0.77+0.09%° <0.001
I8 B ER R NK4A214 #F ABD c A -
77+0. .35£0.03 .08£0.24 .49+0.045¢ <0.001

Ruminococcaceae_ NK4A214_group 0.77£0.12 0.350.03 1.08+0.24 0.49£0.04
i_l_\ N —H‘):t_;!::ﬁi,}:'

o EE.E'E e AR 0.85+0.16"" 1.46+0.23* 0.05+0.03 0.33+£0.01¢ 0.001
Escherichia-Shigella
5 BRI B Ruminococcus 0.20+0.01°%¢ 0.36+0.025™ 0.97+0.224 0.45+0.02°° <0.001
HEER R Streptococcus 0.88+0.20 0.35+0.04%° 0.24+0.045° 0.30+0.045° <0.001
H MR Stenotrophomonas 0.16+0.01% 1.28+0.214 0.04+0.01"° 0.09+0.00"° 0.001
p-1088-a5_gut_group 0.37+0.12 0.11+0.03 0.85+0.85 0.16+0.13 0.218
OV A AE T 1

Z%X&.@E . 0.12+0.04% 0.24+0.03™ 0.34+0.13*" 0.43+0.06* 0.005
Clostridium_sensu_stricto_1

SR AT B Sphingobacterium 0.00+0.00%° 0.98+0.55™ 0.00+0.00"" 0.00+0.00"" 0.006
F e 55 #T BB Methanobrevibacter 0.14%0.05 0.12+0.06 0.16+0.03 0.51+0.73 0.543
INRYE & Pirellula 0.11£0.04%° 0.050.02"° 0.68+0.39 0.08+0.04"%° 0.013
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Effect of Mannan Oligosaccharides on Rumen Bacterial Flora Structure of
Tan Sheep under Buckwheat Straw Diet Condition

MA Xiuhua GUI Ruigi® JIAO Na YANG Wanzong LI Qingmin ZHOU Yuxiang ™
(Agricultural College of Ningxia University, Yinchuan 750021, China)

Abstract; The purpose of this experiment was to explore the effects of adding different levels of mannose oli-
gosaccharides (MOS) on the rumen bacterial flora structure of Tan sheep under the condition of buckwheat
straw diet using 16S rDNA sequencing technology. Twenty Ningxia weaned Tan wethers, healthy and weighing
about 30.5 kg, were randomly divided into 4 groups and each group had 5 sheep. The sheep CK-3 group ( con-
trol group) was fed a basal diet, and the sheep in test groups were fed the basal diet supplemented with was fed
with 1% (Y1-3 group) , 2% (Y2-3 group) and 3% (Y3-3 group) MOS, respectively. The test period was 75
days, of which the pre-feeding period was 15 days and the normal feeding period was 60 days. The results
showed as follows; 1) only the acetate content in rumen fluid in Y1-3 group and Y2-3 group was significantly
higher than that of Y3-3 group ( P<0.05), adding different levels of MOS had no significant effects on the
other rumen fermentation parameters ( P>0.05). 2) Alpha diversity analysis showed that the diversity of rumen
bacterial flora in Y1-3 group, Y2-3 group and Y3-3 group was increased compared with CK-3 group. Cluster
analysis showed that, Compared with CK-3 group, the differences in the composition of the rumen bacterial
flora in test groups from large to small were Y2-3 group, Y1-3 group, and Y3-3 group. 3) At the phylum lev-
el, the Y2-3 group significantly increased the relative abundances of Firmicutes and Bacteroides ( P<0.01) and
significantly decreased the relative abundance of Proteobacteria compared with other groups ( P<0.01) , and the
relative abundances of Planctomycete, Spirophyta and Glucosphere were also higher than those in other groups.
4) At the genus level, compared with other groups, adding 2% MOS had the greatest impact on the structure
of rumen bacterial flora of Tan sheep, the relative abundances of 9 bacteria genera including three dominant
bacteria genera of Lysinibacillus, Prevotella_1 and Acetobacter were significantly higher than those in other
groups ( P<0.01). In general, adding MOS to the buckwheat straw diet can increase the diversity of rumen
bacterial flora of Tan sheep. Among them, addition of 2% MOS has the greatest impact on the structure of the
rumen bacterial flora of Tan sheep, and it is beneficial to improve the ability of Tan sheep to degrade dietary fi-
ber substances. [ Chinese Journal of Animal Nutrition, 2021, 33(4) :2365-2377 ]
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