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Abstract: This research aimed to investigate the effects of oat (Avena sativa) cubes, compared to oat hay, on rumen
fermentation and microbial composition in sheep. Twelve one year old ram lambs with similar body weight were
randomly divided into two treatment groups. One group was fed unprocessed oat hay (OH) , and the other group
was fed oat cubes (OC). The two groups were fed the same quantity of the respective commercial feeds at the same
quality. The duration the experiment was 60 days, comprising a feed adaptation period of 10 days and a formal
experiment period of 50 days. The results were as follows: 1) The intakes of dry matter, crude protein, neutral and
acidic detergent fibers in the OC group were significantly higher than the OH group (P<<0.05). 2) There were no
significant differences in rumen pH, total volatile fatty acid, acetic acid and propionic acid contents; nor in the ratio of
acetic acid to propionic acid and ammonia nitrogen concentration between the two groups (P=>0.05). 3) There was
no significant difference in the OTU number and Chaol index of rumen bacteria between the two groups (P>>0.05),
but the Shannon index and Simpson index of rumen bacteria were significantly higher in the OC group than in the OH
group (P<<0.05). 4) Bacteroidetes and Firmicutes were the dominant phyla of rumen bacteria in both treatment
groups. However, the relative abundances of unidentified-bacteria, Verrucomicobacteria, Planctomycetes,
Kiritimaitiellaeota, Acidobacteria, Chloroflexi, Lentiphaerae, and Actinobacteria in the OC group were significantly
higher than in the OH group (P<<0.05). The relative abundance of Bacteroidetes tended to be significantly increased
(P=0.075) and the relative abundance of Fibrobacteres tended to be significantly reduced in the OC group (P=
0.096). At the genus level for the OC group, there was a tendency to have significantly increased relative abundance
(P=0.071) of unidentified taxa from the phylum Lentiphaerae and to have significantly decreased Fibrobacter
relative abundance (P=0.069) ; at the species level, compared with the OH group, the relative abundance of
Prevotella_sp. _1c2012 in the OC group showed an significantly increasing trend (P=0.065). 5) The total volatile
fatty acids were significantly positively correlated with the relative abundance of the unidentified-bacteria species (r=
0.660, P=0.027) and Bacterium_P3 (r=0. 638, P=0.035). There was a significant positive correlation between
acetic acid and the relative abundance of unnamed Prevotellaceae (r=0.627, P=0.039) and Prevotellaceae
bacterium _MNG60 (r=0.752, P=0.008) , but acetic acid was significantly negatively correlated with the relative
abundance of Bacterium_P3 (r=—0. 642, P=0.033). Propionic acid was significantly positively correlated with
the relative abundance of Bacterium_P3 (r=0.647, P=0.031) , acetic acid: propionic acid was significantly
positively correlated with the relative abundance of Prevotellaceae_bacterium MN60 (r=0. 699, P=0.017) ; and
the concentration of ammonia nitrogen was significantly negatively correlated with the relative abundance of A/istipes
(r=—0.752, P=0.008). In summary, feeding oat cubes had no adverse effect on rumen fermentation of sheep,
and increased the diversity of rumen microbiota and the relative abundance of beneficial bacteria, optimized rumen
microbial composition. These results are applicable to both sheep and cattle rearing.

Key words: oat; hay; cube; sheep; fermentation parameter; rumen microorganism

M (Avena sativa) J& RAF}HEL J{ —4F A TR Y , 2 3% [ 5 58 b X 2L AR R 3 AR Y, A Gl N PR ok
T IR G A R A SRR R T G R Al 5 P R A R R R A R A A DG OO S it LA R Ol
PR i ot A B ) A T R e A7 Pl R B R R R o B G R | T e A A e AR R
K, N 2013 4F 11 19 7 hm B £ 2020 45 (1 52. 577 hm”, [A] i 6 22 7= 5 )L 23. 577 e 3§ #) 62. 575 ¢ {H B 25 36 [
e A2 R T BRI R R O, M R A AR 0 TRR A R AR . R, 3R M S DA S R D ] ¢ G
R TR A 7 R IR R OUR A AR R 28 K, I A7 AE N 5 2R B SR T e R T
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B il M R SR o S N S R AR IO 2SR B A A I K E T (Medicago sativa) T 5O T H T8 0 00RL
0 10 4 5 1) SR £ RV S IR IR T AR X B VE SRR (Urtica tibetica) U 47 298 B A W) 2 R 1
WD R R R R PERR R S B G L A R e RS TR RN T AR R e T R e T
H 347 i Mgl g =217 AR 55 A BA J 3R, 36 22 T 50 T HE 22 R Bl i 08 408 2 A0 SR 120 et ] 4 35 0 2 i ol R
SR H B R0 R B A PR AR R Y SR, A O 4 SR T R IR I A ) A A R R
WA TEAE o A G O ), AR SR 56 DL 4R 2 SR O BT G TR S e v T AR S R Ry X R S A
Az FEYOX R R S B W A ) L Ay g R G A P A TR FH R AR Al
1 MR5R%E
1.1 X 5.

R T 2021 4F 10— 12 H 76 VG 8 36 Xhr 5% it AR R 2 B RS b 2 35 35 e i R &l & /E 41 (297537057 NL91°
06'10" E,#34 3920 m) 47 .
1.2 Xkt 5Aikee

MR —E 3 B 1% 2 A7 AR B0 LA A9 28 26 3 12 L $5 1 2 1] % 2 A3 — oy JEU) |, BE AL 23 A 2 4> 4k B
M, A6 KA P ¥ RE K (20.2540.62) kg, — AR M E T % (oat hay, OH) , I3 &b — 41 1] M2 3 22 B3 (oat
cube,OC) . E 12 60 d, H b HUA I 10 d, IE I 50 d, M2 WP iy i 2 T RE ok i e il g e, B A% 32
mm B 830 kg-m o MEAZ T E ME A7 FEHORURE RDRHRD TR SR U B IR 48 RO T R R I 2 A R A R
SEAE LTI R LA RO .
1.3 BERRESH &

IR R G — KR, A6 ST B 2 10 2o A rp S 4 BT A U0 2 0 R B VROREAS . A LR 2B 50 mL K
P B A B . BTN B A 4R AT v D RE pHL SRR A 2 mL AR ARG A B
TS EE — 80 CYKAR IR AF , T80 18 W R T 2 50 a2 B e ¥ Tk W % S AL
1.4 MEI/AFLEF &
1.4.1 FHRESH  WEBpH, R pHS-3H BR B 1 (b AL RF 22 1088 i A BR 2 7)) I 598 B W
24 4 2 (ammonium nitrogen, NH,-N) ¥ Ji , 2 B 52 28 45 19 Jr 1 00 5 5 90 T V06 5 & M i 17 R (total volatile
fatty acid, TVFA) (% 5 & ] GC-14B AU & 8 A 55 A CH A B 8220 w)) W& |, 0 7 I A R 19 988 B W 28 10000 e
min "B5.0 10 min, BB 1 mL, iTA 20% & 60 mmol- L ' [VE AR (IARYD) B IR B R 0. 2 mL, TR AT, 5 3 B0 B
LW 2 pL, BT @iE A CP-WAX B 414 # (30. 00 m X 0. 53 mm X 1. 00 um) , S Ak = A& K G T
R &% (FID, H AR B 828 20) W 35 2 200 °C L, ) 4 A2 TR S 100 °C, R AR )3 T 25 7 i & 150 °C, THR S &
2°C+min ',
1.4.2 928 5 e Wy 22 FL P 400 ) B B e 45 b & H Tllumina & 77 £ (Kapa Biosciences, Woburn, MA , 3% [# ) X}
124N FEA 98 B 2E 9 22 3 N 41 DNA JE 4T paired end SCIEFIEE . R M8 75 0K 22 3L I 41 DNA R BEfk . DNA K
BER/IN) 350 bp, fdi i Fastp v 0. 23. 2% DNA J Bt 37 1 5" i Ji 125, SCIE UK A 4% )5, FH NovaSeq 6000 747 = i &
W R 2 PELS0. B I 45 3 1 Ji 6 %48 ] Cutadapt v 1. 9 #4722 853k (Fqtrim v 0. 94 2K i i )5 51, 18
| clean reads J¥ 71|, ] Megahit v 1. 2. 9 42 BEFE A 53 51 3517 4 %6 5 2H 2% 47 19 contigs ] Metagenemark v 3. 26 #E47
CDS #il (J7 51, & =100 bp) , F Cd-hit v 4. 6. 1 XF U 45 F 847 R 22 704y CHHALLJE =0. 90, 7 75 8 =0. 90) ;
I M Bowtie2 v 2. 2. 08¢ 4N FEAS (1 read L XS 2] CDS JE#E4T TPM £ 1158 (AL =0. 95) s i IR R B 5
5 unigenes, #f unigenes 5 NR_mate FE#EAT HoxF, 2845 #) Fh I R {5 . o 38 H] Mothur v 1. 30 X #E A #E47 Alpha 2
FEVE ST BT, iz F Qiime v 1. 8. O X R AR HEAT Beta Z £ M0 #7 L 3 3 LEfSe 730 7 (P<<0. 05, LDA>2) X #E A k47 22
S 0 35 20 TR i % L 32 F Origin v. 2024 %18 8 & B2 805 HE4 10 10 %0 198 8 B8 2F 4T Pearson A e M43 H7 .
1.4.3 FARPEFRSS SRR R O 20 R P R T R LB P M R R R R TR AT A
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1.5 HKFELE

R B IR H PO SRR 2 2255, T BT ML v P AR M R A AT R R R B S AR
B AT . R SAS v. 9. 25T FEAS 46 50 X R £ 1 R 1 K& BE S HGHAT 40 B, 24 P<<0. 05 i IA
F SR E 0. 05<<P<<0. 10BN A 22 5 a3, 22 5 W IR M Tukey s R #EfT 2 H LA, Gt 4 RV
{8 (mean) F1 3 {8 #5 #i % (standard error of mean, SEM) FE/n . KRB AW = F 4 (www. omicstudio. cn) I
Origin v. 2024 #4217 i
2 HRE5SW
2.1 REATEFRXRLERABFETORRAR TN A

OCHM TR REE HEHIRERE PHMRMERGRS4EREEY B E S T OHHA(P<0.05,%1),
2.2 MAETEREEX IR FH B AHLLG Y0

OHHMOC A E pH UL, 439 7. 09 F1 7. 04598 B BAE L MERR IR . LR \INFR . LR /TN R 1 NH.-N
TE T 2H (8] ¥ TE . % 22 5+ (P=>0. 05,4 2) .

1 BRETENRZERNEERRENZM(THREM)
Table 1 Effects of oat hay and oat cube on feed intake of sheep (dry matter basis, kg-d™)

KB Kb HE 4 Treatment YA (E b o 5% Py

Intake T %4l Oat hay (OH) F 2 Oat cube (OC) Standard error of mean (SEM)  P-value
T J% Dry matter (DM) 0.95b 1.22a 0.01 0.001
HLEE 115t Crude protein (CP) 0.08b 0. 10a 0.01 0.001
rfbE Pk % 41 4E Neutral detergent fiber (NDF) 0.50b 0. 69a 0.01 0.001
iR 1 Uk % 45 4k Acid detergent fiber (ADF) 0. 30b 0. 39 0.01 0.001

AT RE/NEG FHh £ R 27 8% (P<0.05). F[l. Inthe same line, the different lowercase letters indicate significant difference (P<<0.05). The

same below.

K2 RETEMRZERNEBRESHHZN

Table 2 Effects of oat hay and oat cube on rumen fermentation parameters

it H Qb FRZ Treatment I AR 15 Standard Py

Item FH 20 Oat hay (OH)  HH4] Oat cube (OC) error of mean (SEM) P-value
pH 7.09a 7.04a 0.05 0.339
SAE R VENR TR Total volatile fatty acid (TVFA, mmol-L™") 23. 44a 23.33a 4.50 0.981
Z TR Acetic acid (%) 71. 35a 71.20a 2.28 0. 950
i Propionic acid (%) 18.70a 19.45a 2.10 0.728
2% /TN R Acetic acid/propionic acid 3. 95a 3. 80a 0.57 0.798
&A% Ammonium nitrogen (NH,-N, mg-dLL ") 6. 15a 7.12a 0.97 0.344

2.3 HATFERAEEERTRERTRAESD S HILG YR
2.3.1 X Alpha ZHPERm W IE 124098 B A AN P 09 8 55 R YK T 99. 9%, B8 B 5 e B 18 1k
YA (32 3) o PHZL A998 B 4 A OTU % H Al Chaol 45 81 22 5 K i 3 (P=>0. 05) ,{H OC 4194 H 41 1A Shannon il
Simpson 5 5 # = T OH 4 (P=0. 043 #10.014) .

2.3.2 X Beta Z R 5200 X8 A0 T B 95 UE AT 3 43 43 BT (principal component analysis, PCoA) , OH Al
OC 4143 5ITE £ AL 4r 1(PCoA D) il F il 43 2(PCoA2) AL ,PCoAL FI PCoA2 1 5Tk % 43 5l -y 32. 05 % 1 22. 54 %
(K1), #—2#H17099E & £ 48 R % 4 1 (non-metric multidimensional scaling, NMDS) H i 77 & % (Stress=
0.12)<0. 200K 1), S Bl 1 9 20098 15 11 HF 45 A0 A7 76 ) 1 25 e o
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x3 HRETEMREERINETHEE Alpha ZH TN

Table 3 Effects of oat hay and oat cube on rumen bacterial Alpha diversity

it H A FRZH Treatment IR 15 P
Ttem F %41 Oat hay (OH) P4 Oat cube (OC) Standard error of mean (SEM) P-value
OTU#OTU number 11037.17a 11184.33a 445.21 0.773
Chaol #§#{ Chaol index 11414. 80a 11419.42a 432.62 0.993
Shannon #§ ${ Shannon index 5. 85b 6.39 0.23 0.043
Simpson #§ %% Simpson index 0. 86b 0.91a 0.01 0.014
% 7% % Coverage (%) 99. 997 99. 997 — —
— : B4 No data.

[5]OC [5]OC

0.2 OH 0.1 S ol
9
= (9]
) n 0
Q ol %
N Z
3 &
£ v 0.1
o~ a4
<R Y
;5 “(\%‘
H 02

-0.1

02  -0.1 0 0.1 0.2 0.3 -0.2 0 0.2
F 71 PCoAl (32.05%) Z Y R %1 NMDSI1 (Stress=0.12)

E1 BEEHAEMENESSSHNEEEZERESN
Fig.1 Principal component analysis and non-metric multidimensional scaling (NDMS) of rumen bacteria composition
OH: T % 4] Oat hay group; OC: HHt4] Oat cube group; Stress: i JJ &4 .

20 RETHEFREZZRNBFBFTHRAEDARG IR

ARG S 141N BE 1] 2668 41 B JE L 13299 A4 B, 326 IBURH X =F BE T 20 %6 A 40 B8 UE AT SR T e T
HAR A R FHA . ETTKF B (F4) BT A 28415 1] (bacteria_unclassified ) , B3 4135 LA B 1] (Bacteroidetes)
FJEBE R ] (Firmicutes) 2 55 — MU ZRAUCE G T, EATHIART £ 5 7090 4 18. 1606 .21, 2300 F14. 4600 6. 2874,
HP OCHRMMITHEMNIMY EER B ES T OH 4 A # # (P=0.075) . OC 41 K £ fir 4 90 & 1]
(bacteria_noname) JE 1 i '] (Verrucomicrobia) | 1% % B | ] (Planctomycetes) | 2& %t & £ 1 ] (Kiritimatiellaeota) .
PR #5171 ( Acidobacteria) £ 45 1 [ ] ( Chloroflexi) 55 i Bk JE 1 1] (Lentisphaerae ) Fll i 28 1 | ] ( Actinobacteria) £ X}
FREERERS T OHA(P<0.05), i H 22 RFFH '] (Fibrobacteres) M %t 4 B A 2 I8 OH AL 1Y 4 3 (P=0. 096) .

TEJB A (R 5) BT KA JE (bacteria_unclassified ) 5k , Wi 4131 DL 55 IR [ & (Prevotella) FHELFT
1 J& (Bacteroides) Jy 55 — FVH5 — R AU S G JE , & NTH9R X425 73900 o 28. 9206 31,0304 F16.22%.6.06%0 . 5
OH A AH %, OC 2H B 5K iy 44 40 B @ (bacteria noname) #H % 35 B W F W (P=0.031) , Ky & Zh IR R IE H )8
(Lentisphaerae_noname ) #1%5 B2 W 3 7 m i 35 (P=0. 071) , 17 H 22 R ¥ 11 J& (Fibrobacter) KX+ A 1 %
FEAR A3 (P=0.069) o HAYH & 76 Wi 4L 10] 22 57 A 2.2 (P>0. 05)

TEFKTE F(F26), 8 T 4K (Unclassified Bacteria) A, W 40 359 DLW B 3% 35 1% G & ( Prevotella_
ruminicola) Fl A 43 25 3% & K [ B (Prevotella_unclassified) A 358 F, FoAXF £ BE 0500 7.71% 7. 36 %
3.96% .4.25% . OC 4H L FHIRICHE _sp. _1c2012( Prevotella_sp. 1c2012) #1 %t 4= A W3 5 T OH 4 iy #a 3
(P=0.065),
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x4 HRETEMREERINIEE R TKEENFEEN I

Table 4 Effects of oat hay and oat cube on the relative abundance of rumen microflora at phylum level ( %)

it H A FRZH Treatment A1 A7 o 15 P

Item T# 4 Oat hay (OH) B HZH Oat cube (OC) Standard error of mean (SEM) P-value
A SrF AN ] Bacteria_unclassified 71.78a 66. 26b 2.32 0.038
T B 1] Bacteroidetes 18. 16a 21.23a 1.55 0.075
JEEEBE ] Firmicutes 4. 46a 6.28a 1.18 0.152
AEJE T 1] Proteobacteria 1.38a 1.47a 0.22 0.676
A A £ 4 7] Bacteria_noname 0.95b 1.53a 0.16 0.004
22 IR FT B '] Fibrobacteres 1.53a 0.53a 0.54 0.096
I ERE 1] Lentisphaerae 0.35b 0.67a 0.14 0. 050
PEfM B 1] Verrucomicrobia 0. 24b 0.41a 0.05 0.010
B 1] Actinobacteria 0.17b 0.22a 0.02 0.050
IR JiE 14 7] Spirochaetes 0.15a 0. 20a 0.03 0.165
TF# ] Planctomycetes 0.13b 0.22a 0.03 0.018
FZEET ] Tenericutes 0.09a 0.19a 0.06 0.122
Candidatus Melainabacteria 0. 10a 0.07a 0.03 0.379
Candidatus Saccharibacteria 0. 06a 0.07a 0.03 0.652
S 5 #1171 Kiritimatiellaeota 0. 04b 0.08a 0.01 0.019
T B 1] Fusobacteria 0.05a 0.05a 0.02 0.919
R T B 1] Acidobacteria 0. 04b 0. 06a 0.01 0.030
LA W 1] Chloroflexi 0.04b 0.06a 0.01 0.031
K JFEART] Chlamydiae 0.03a 0. 04a 0.01 0.485
% ¥ Cyanobacteria 0.03a 0.03a 0.01 0. 360
HAth Others 0.22a 0. 33a 0.05 0. 057

it K7 AH R B HE 44 T 1000 19 25 S B 3 B A b (18 2) , OH 4 19 K 73 28 22 R 16 & (Fibrobacter
unclassified) 22 IR AT W 8 _sp. _UWB7(Fibrobacter_sp. UWB7) . 2 MR ¥T # J& _sp. _UWDB16 (Fibrobacter_sp. _
UWBI16) 2R AT JE _sp. _UWB3(Fibrobacter_sp. UWB3) | [ A IR & sp. _.CAG: 260 (Azospirillum _sp.
CAG:260) M HKKEE sp. _P3-120( Prevotella_sp. _P3-120) AL 2E fIFT B (B. cereus) % 5 T OC 4 (P<<
0.05) ; OC & 19 Oribacterium_sp. _C9. Armatimonadetes_bacterium _C---G2_30_66_41., Uncultured_bacterium _
Sfosmid pIB102C1 \ZE ¥ BIH IR (E. luteus) J& B AT E _sp. _RMS87(Ruminobacter_sp. _RMS87) | Pseudoclostridium
thermosuccinogenes MR ZEHUFT B & _sp. _.CAG:524(Clostridium _sp. _CAG:524) AR ZEMFTF# & _sp. _CAG:
1000 (Clostridium_sp. _CAG: 1000) . Armatimonadetes_bacterium_C---G2_30_59_28. A.  axanthum,
Firmicutes_bacterium_CAG : 460 .uncultured _bacterium _fosmid _pJB16B1 AR L IR MR E (G, rubicundum) .35
= OH 4 (P<<0.05)
2.5 A ABEAIE A A0 BT AR AT HE LT 100 B # AR R K A

B R R 7 R 5 K i 44 4 IR (.=0. 660, P=0. 027) AL 18 _P3(r=0. 638, P=0. 035) A X 3= £ & . 3 1

7|‘H3€ MRS KAy 4 E KK E R (r=0.627, P=0.039) fl Prevotellaceae_bacterium MNG60 (r=0. 752, P=
0. 008) AHXF = FiF 5 I 35 sl 2 3 IEAH R 5 4l _P3(r=—0. 642, P=0. 033) A%} F= 5 52 B 3F A ¢, N R 5 20
I _P3(r=0.647,P=0.031) A X} = B 5 W F IEAH G, LR /TN IR 5 Prevotellaceae bacterium MN60(r=0. 699,
P=0.017) M Xt £ % 2 W 3F LM X, AE A5 7 w8 (r=—0.752, P=0.008) I Xt 4= & & e I 3 12 Al
K (E3).
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x5 HRETEMREERNEBERBBEKTEENFEENRIT

Table 5 Effects of oat hay and oat cube on the relative abundance of rumen microflora at genus level ( % )

IiH Qb FRZH Treatment Y0 v 152 PH

Ttem T4 Oat hay (OH) 5 o] Oat cube (OC) Standard error of mean (SEM)  P-value

H 5 J U )& Unclassified _Bacteria 36.15a 28.93b 2.58 0.019
IR A Prevotella 28.92a 31.03a 2.82 0.472
AT T )8 Bacteroides 6.22a 6.06a 0.45 0.733
KAy 45 A& & Bacteria_noname 2.95b 4. 85a 0.76 0.031
Ftir & AT H Bacteroidales_noname 2.42a 2.43a 0.77 0.988
KAy 44 3% 75 IR T B} Prevotellaceae _noname 1.75a 2.0la 0.25 0.315
2 IRFF WS Fibrobacter 2.05a 0. 75a 0. 64 0.069
53 KT B Alistipes 1.44a 1. 28a 0.22 0.461
e tir & WAT 1 )8 Bacteroidetes_noname 1.06a 0.76a 0.48 0.538
KAy 4 B ERTE T & Lentisphaerae_noname 0. 64a 1.08a 0.21 0.071
KAy 45 JEBE T J& Firmicutes_noname 0. 60a 0.97a 0.29 0.227
MR 2R IFT 8 I8 Clostridium 0.62a 0. 85a 0.15 0.172
I 75 K [C# 8 Paraprevotella 0. 66a 0.67a 0.21 0.963
F4ULFF B8 & Parabacteroides 0.61a 0. 65a 0.23 0.108
S EH IR ICH R Alloprevotella 0. 50a 0.65a 0.14 0.310
1 44 B YR B} Lachnospiraceae_noname 0. 40a 0. 60a 0.12 0.134
I8 B BR T8 Ruminococcus 0. 40a 0.51a 0.13 0.461
it BE HVRR T B Succiniclasticum 0.40a 0.48a 0.17 0.668
B H WK 8 Succinivibrio 0. 44a 0.42a 0.16 0. 900
KA 44 % B B FF Ruminococcaceae _noname 0.32a 0.52a 0.16 0. 208
HAh Others 11. 44a 14.50a 0.16 0.078

3 iFig
3.1 RETEWMINBERBTLAEAKG YR
AW B kS RO A B I AT R g HER I L B N R AR T Y AR A ﬁqﬂpHﬂuEm
S LR A A BRCR IO L 38 R pH A 5. 0~7. 5, TRMR I BREE R R R pHL. E A AFSE R B 0K A TR A
i (Total mixed ration, TMR) T}tk 3 P IR 45 SF 08 B pH ™, {024 TMR HoRLiR R B2 7E 4~8 cmHﬂLT%Uﬂiﬂ?fFE‘J
o E pH™ . ARE OH 4L M OC 4148 98 B pH T (435128 7. 09 M 7. 04) B FEIE# JE BN o X — 7 i 5 F
T B AR B (3~5 em) R AT 36, D — T TS R B R A SR 1 R A B TR S R O AR A B T
W5 v 38 2 UL 2 2 4T SR B R B A R B e RO i A B TR BECOR B EAE T RLEE N T 14. 7296 (506. 67 vs.
581. 25 min~d )™ DXy B2 2 B IR] A A 250G I A2 20 T MRV 43 0 G 5R TR T R 2B vRRE ), E TR E T E pHL
FH VEA SRR A YR E M R ERRE Y . WIRVESE U R0, B4 T 50K Aok B (2. 36~12. 50 mm)
Xof 25 AR A R BSOS . [FIRE ML, A OH R OC P4 40 298 B R & MR G 10 R S 4% 4 4 ik e i 35
225t R NH-N MR B 76— 8 B2 b S osgs 8 6 B T AL RE L 8 B R AR KO A Bl NH-N R R
6.3~27.5 mg-dL "' AR B AN kb FEAL ) NH,-N W B B 7R IEH N . A B R W98 B NH-N % B 550
BB R BEIE A OCT . FAE LS R R W, OC 415 OH 41 3 4 50 A9 K 1 R0 BE R [R], 43 591 S 24 4 3. 55 1l
36. 24 cm, AW FE A b AL P A 1) NH-N Ve BE 200 1 3% 22 5 (7. 12 vs. 6. 15 mg-dL '), 58 FL 5 A ] g &
OC ZH 45 38 3 R B AR RLEE M1 B8l 35 = T OH 4L,
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Table 6 Effects of oat hay and oat cube on the relative abundance of rumen microflora at species level ( % )

iH Qb FRZH Treatment Y08 v 152 P{H

Item T84 Oat hay (OH) &4l Oat cube (OC) Standard error of mean (SEM)  P-value
KM Unclassified _Bacteria 31.58a 24.56b 2.44 0.017
988 1 3 T IR [Q B Prevotella_ruminicola 7.71a 7. 36a 1.89 0.858
For H W IR [ Prevotella_unclassified 3.96a 4.25a 0.34 0.422
K T _sp. _ne3005 Prevotella_sp. ne3005 2.10a 2.70a 0.63 0.359
T E IR R _sp. _tc2-28 Prevotella_sp. _tc2-28 2.05a 2.22a 0. 36 0.639
0 H _P3 Bacterium _P3 1. 34a 2.77a 0.86 0.124

W ERIKIKE sp. _t12-5 Prevotella_sp. _tf2-5 1. 35a 2.03a 0.48 0.191

Bacteroidales_bacterium W CE2004 1. 32a 1.21a 0.74 0.880
Prevotellaceae bacterium MNG60 1.12a 1.15a 0.19 0.839
W E KR sp. _MA2016 Prevotella_sp. MA2016 1.02a 1.00a 0.18 0.934
Prevotellaceae _bacterium HUN156 0. 89a 1.05a 0.12 0.218
KA HAUFT B Bacteroides_unclassified 0.96a 0. 96a 0.09 0.958
L H IR IRE _brevis Prevozella_brevis 0. 90a 1.0la 0.10 0. 287
IR G _sp. _BP1-148 Prevotella_sp. BP1-148 0.87a 0.82a 0.11 0.671
WEKICE sp. _P6B4 Prevotella_sp. _P6B4 0.73a 0.82a 0.23 0.703
W HIK K _sp. _P6B1 Prevotella_sp. _P6B1 0.72a 0.73a 0.20 0.955
Bacterium P201 0. 66a 0.74a 0.11 0. 464
HFEIRICH _sp. _BP1-145 Prevotella_sp. BP1-145 0.74a 0. 64a 0.10 0.314
Bacteroidales_bacterium W CE2008 0.67a 0. 64a 0.16 0. 845
IR ICH _sp. 102012 Prevotella_sp. 1c2012 0.50a 0.74a 0.11 0. 065
HAlh Others 38. 82a 42.59a 2.87 0.218
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Fig. 2 Differential analysis of top 10% highly abundance of rumen microflora at species level
1: RAOPZELARNF B Fibrobacter unclassified; 2: 22K AT W& _sp. _UWBT7 Fibrobacter_sp. UWB7; 3: 22 R FF B J& _sp. UWBI16 Fibrobacter_sp.
_UWBI16; 4: 2RFF W& _sp. UWB3 Fibrobacter_sp. UWB3; 5: [& & I J& _sp. _CAG: 260 Azospirillum_sp. CAG:260; 6: Oribacterium_sp.
_C9; 7: Armatimonadetes_bacterium _C---G2_30_66_41; 8: Uncultured_bacterium _fosmid_pIJB102C1; 9: 5 & B ER1E Ereboglobus luteus; 10: 4
H FF # 8 _sp. _RMS87 Ruminobacter_sp. _RM87; 11: Pseudoclostridium_thermosuccinogenes; 12: #8 IR ZF AT 7 J& _sp. _CAG: 524 Clostridium _sp.
_CAG:524; 13: BORZFMATHE _sp._CAG:1000 Clostridium _sp._CAG:1000; 14: Armatimonadetes_bacterium _C-+-G2_30_59_28; 15: HHIKCH
J& _sp. _P3-120 Prevotella_sp. _P3-120; 16: Acholeplasma axanthum; 17: Firmicutes_bacterium CAG:460; 18 W& #f 2F ¥ B Bacillus cereus; 19:
Uncultured_bacterium_fosmid _pJB16B1; 20: IR HIRZR T Geofilum rubicundum.
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A RORANEHR Unclassified_Bacteria [ | | | 0.500 B A 24N E 8 Unclassified Bacteria l 0.500
WHIRIKEE Prevotella 0 iR B4 5 IR ICH Prevotella_ruminicola 0
AT E )& Bacteroides P iy %’%jati'u:lf [CH Prevotella_unclassified
K % 4R Bacteria noname L =000 WEIRICE sp. ne3005 Prevotella sp. ne3005 B §-0.500
A AT H Bacteroidales noname [l ENNREN WEIRICH sp._tc2-28 Prevotella_sp._tc2-28
Hetir 44 1R ICHI R Prevotellaceae noname || YH1E_ P3 Bacterium_P3
22 RAF & Fibrobacter IR IKE _sp._tf2-5 Prevotella_sp._tf2-5 B B
Tk & Alistipes B Bacteroidales_bacterium_WCE2004 [ |
Kin AT & Bacteroidetes_noname . . ) Prevotellaceae_bacterium MN60 .
KA 2B ERIE i E Lentisphaerae_noname || WHRIKICE sp. MA2016 Prevotella_sp. MA2016 B
T53c%% Tgzes%
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R = 58 S
B 5 & B B
< ENK 2ENW
A A
N & N &
=4 i

3 BBEABSHSMAMBKEEANFEFEHZWIOAEHEXXR

Fig. 3 Correlation between rumen fermentation parameters and top 10 highly relative abundances of bacterial community at
genus and species levels

A: JBKF At genus level; B: FliK - At species level. TVFA : S35 & PR IR Total volatile fatty acid. f— X A48 5 22 1] 19 A 558 2 FAS [R) 45 €5 1+ 3%
TN L0 FE R IE M K, i K % A 55 . The correlation strength between each pair of variables was represented by color and *. The red color

represented a positive correlation, and the blue color represented a negative correlation; *: P<0.05, **. P<Z0.01.

P Uk 7 4T 4 (non-fibrous carbohydrate/neutral detergent fiber, NFC/NDF) nf {¢ ¥EJ8 B A 45 # € 5 . Liu 25"
AEPEAR G B R I, 58 K E NFC/NDF (1. 36~2. 20) #H e 488 , ik /K S NFC/NDF (0. 52~0. 92) i ji °F- 987
HHEA Z AR RN . H T W AR G e A R AR T A R A U 2R, — T T R R R R
BLEE RN KT 5590 18 e e i vy R X 2 T AR A R T W A 5y — TR R OC A48 2F 8 A NFC/
NDF 7K V-5 OH 21 45 48 A 1 NFC/NDF F#fI£9. 16 %,

FUFF DA 1 R JRERE B 1] S 2 sh g 8 R 0 PR DR 34 BR 1] o AR IS0 v, M8 52 T 0 L B S o 4 S R
B R T A 7 AR R R, OC A1 OH 273 LASUURT B 1) R0 J52BE B8 1) S 6 X5 DR 34 B 1) (A 5 OH 41 AR Lh 8%
OC AU 4UFF B 1135 57 IR [C T _sp. 12012 AR B BRIY T 171 oK i 24 2 IS BR8] Jad A X = B2 ATt 38 T s 14 b 34, 1
PRI I JAF AT =F B S S B, T2, JRURT TR 1T A o A A TR UK EC R O B 2 s ) o ik A 1 RN ) A R RE 2
A AERR I F B 2 — B A 4 R B EROE B A R 1 2 5 2 R BT RL, e R
FE I T3 i v 2 3o U ) A TR Ak R A5 A 00 A R 45 4 o e IR L ) T RURT B L 280 R BRI TR R Bk R K K

HEAT B A AR FH S B GRS ) (4 (L 205 0 = 3 DR A . 5 75 6 55 Sl ) 7R 37 22 (Fagopyrum esculentum ) F5FF
AR PP R T 5 S O SR SOURT R R S R T D ARG S RN 5 R B AR AR SRR R R R R I B
AL 26 20 T U A TR X T B R R o 2 RAT TR T 2R AT R S R I 2 S R R AR R AT A R A
PR LR A A AR AT A R R AR OC L OR T B e v 00 ) I R 0T 3 A0 22 R B AR T
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THALFIFE , ATHT 3 B OC A 22 ARAT TR 11 22 IR AT 187 J AR KT F B A B AR A A 3 o R B0 o i R TR R AN AF 4 R 2L AT
FEAEH . BRI LR o A BN T OC 4148 198 8 R BRI L A2 0 1 2 TR 465 2F 20 3% 43 e v A 1)
TG S ANIEEE , B LA OC 2SR T T AR R 32 B2 8 OH 43 1 29. 41 %
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