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Abstract: [ Objective]l Effects of rutin supplementation in forage on the rumen microbial community diversity and
composition of Hu sheep were studied. [ Method] Thirty-six healthy 3-month-old Hu sheep of similar body weight were
randomly divided into 3 groups of 12 animals (half male and female) each for the treatments. The sheep in the control group
(CON) were fed a basal diet, while those in two treatment groups on a daily diet supplemented with rutin at a rate of 50 mg
(R50) or 100 mg (R100) per kg of animal body weight. The feeding test lasted for 70 d that included 14 d of pre-test and 56 d of
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actual test. [Result] (1) Of the 446 OTUs collected in the sheep rumens, 396 (constituted 88.79% of total) were commonly

shared by the sheep in the 3 groups that annotated into 14 phyla, 18 classes, 21 orders, 34 families, and 99 genera. (2) The
ACE, Shannon, and Chaol indices of the sheep in the R100 group were significantly lower than those of CON (P<<0.05), while

the alpha diversity not significantly different between CON and R50 groups (P> 0.05). (3) The results of the principal co-

ordinates analysis (PCoA), the non-metric multi-dimensional scaling analysis (NMDS), the unweighted pair group method with

arithmetic mean clustering analysis (UPGMA), and the anosim analysis showed that the microbial community was significantly

altered by the R100 treatment (P<< 0.05). (4) Bacteroidetes and Firmicutes were two dominant phyla. R100 significantly

increased the relative abundance of Patescibacteria but decreased that of Elusimicrobia (P<<0.05). On the other hand, R50

significantly raised the relative abundance of Elusimicrobia over CON or R100 (P<<0.05). (5) At genus level, the dominant

microbes were Prevotella 1. The relative abundance of Selenomonas 1 and Succiniclasticum in the sheep fed with R100 were

significantly lower than CON (P<<0.05) but not significantly different from R50 (P>0.05). [Conclusion] Addition of rutin

to forage at a rate of 100 mgAkgfl of sheep body weight significantly affected the rumen microbial diversity in Hu sheep .
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Table 1 Alpha diversity analysis on microbial community in

rumen fluid
T H CON4L RS04 R1002H
Items CON Group R50 group R100 group
ACE 5%
¢ ?H%ﬂz 405.40+7.47a  395.08+334a 372.51+9.07b
ACE index
X [
t EHE?& 409.07+7.63a 398.95+4.10ab 377.80+12.46b
Chaol index
.
ﬁﬁ*aﬁ, 6.52+0.17a 6.69+0.14a 5.924+0.23b
Shannon index
=7 3tz s He W
FHAREL 0.9740.01 ab 0.98+0.00 a 0.95+0.01 b

Simpson index

T FATHERE IR S FRIARE R ZRMEE (P<0.01), NGFEE
ARAEREZEREE (P<0.05), MHARLFERRERFALE
(P>0.05). .

Note: Different uppercase letters on the same line indicate extremely

significant differences (P<<0.01), lowercase letters indicate significant differences
(P<<0.05), while the same or no letters mean no significant difference
(P>0.05). The same as below.
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Fig. 6 Anosim analysis on microbial community structure in

rumen of Hu sheep
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F CON 41 M R100 41 (P<<0.05), HAth#AbH4 2
F7ET AP 25 (P>0.05). fE@AKF I,
H1%% 3 A1, CON 41, RS0 411 R100 £ {08 24
NEFIREE 1 (Prevotella 1) FIFEAFEER RC9 gut
group ( Rikenellaceae RC9_gut group ), #£ CON ZH/4y
5 i 20.28% I 12.16%, 1 R50 41535l 1 26.34% Fl
11.05%, fE R100 ZH 53 5l i 26.79% FI 18.60%. £ L.
YE LRI 30 RREE T, HARAB IS T RE S
W AL R 8 1 (Selenomonas 1), %3
"R W JE ( Succiniclasticum ) . f Bacteroidales RF 16
group Unclassified M1 f Lachnospiraceae Unclassified
M AR X E B2 . ek, 5 CONZLAR LE, R100 41
f__Bacteroidales RF 16 _group
Unclassified . Succiniclasticum(¥) #l %+ 3= & i 3% B fi%

(P<0.05), {45 R50 A122 5% ABFE (P>0.05). [{
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8T RS0 41 ( P <0.01). HAb#SALHRAL 2 [A]1E J& /K
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Table 2 Effect of rutin on microbial relative abundance in

rumen of Hu sheep (at phylum level) (AL %)

TiH CON4l R5041 R1004H

Items CON group R50 group R100 group
UHT 1] Bacteroidetes 52.84+3.03  59.18+3.02 62.76+6.39
JEBEFA ] Firmicutes 3547+1.87  31.56%1.39 29.67+5.23
A Hi 1] Proteobacteria 5.8042.10 1.97+1.22 1.6740.75
I Synergistetes 1.68£0.97 270153 0.77+0.53
][] Euryarchacota 143£1.15 0.67+0.13 2.12+1.52
Y2EAAT] Spirochaetes 0.54+0.21 1.65£0.70 1.08+0.41
LTI Actinobacteria 133£1.32 0.6140.29 0.85+0.42
Z4EFF I ) Fibrobacteres 0.3640.09 0.3140.06 0.3740.14
i E 401 7] Patescibacteria 0.17£0.06b  030£0.06ab  0.56+0.18a
JEEEH 1] Elusimicrobia 0.06£0.04b  080£040a  0.00£0.00 ¢
BEEH ] Tenericutes 0.2740.14 0.22+0.11 0.07£0.03
Kiritimatiellaeota 0.05£0.01 0.03£0.01 0.03+0.01
W] Cyanobacteria 0.00£0.00 0.010.00 0.05+0.04
k_ Bacteria_Unclassified 0.02£0.02 0.010.01 0.02£0.02
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Table 3 Effect of rutin on microbial relative abundance in rumen of Hu sheep (at genus level) CHAL: %)

TiH CON# RS04 RI004

Items CON group R50 group R100 group
WHIKHEE_1 Prevotella 1 20.2845.92 26.34+3.35 26.7947.98
HWREFL_RC9_gut group Rikenellaceae_RC9_gut_group 12.16+2.99 11.05+2.13 18.60+4.48
f_F082_Unclassified 3.4740.41 5.8311.64 5.09+1.07
f Muribaculaceae Unclassified 4.83+1.60 5.55+1.93 1.98+1.35
B H B8 Selenomonas 1 5.10%£1.40a 2.56+0.40 ab 1.51£0.52b
f_Prevotellaceae_Unclassified 2.67£0.53 2.611+0.52 3.65+1.55
I8 B ER B B _2 Ruminococcus 2 0.80£0.19 2.11£1.31 5.11£3.26
f_Veillonellaceae_Unclassified 2.53+0.81 3.14£0.98 2.10£0.77
Ruminococcaceae NK4A214_group 2.73+0.73 2.14+0.42 2.26+0.63
Christensenellaceae R-7_group 1.954+0.11 1.66+0.31 2.89+1.99
Quinella 1.861+0.78 2.17+0.86 2.46+1.05
[Eubacterium)] coprostanoligenes_group 3.99+3.71 0.561+0.16 1.941+1.02
BEIRRINE B Succinivibrio 3.46+1.52 0.81£0.52 1.21£1.02
fBacteroidales RF16_group Unclassified 3.11+087a 0.89+0.27b 1.32+0.29b
Prevotellaceae UCG-003 2.29+0.97 1.48+0.39 1.45+0.21
Fretibacterium 1.54£0.97 2.55+1.52 0.724+0.52
Prevotellaceae UCG-001 1.304+0.43 1.91+0.79 1.4940.46
Lachnospiraceae_ ND3007_group 0.94+0.54 1.3740.49 2.15+0.95
HGE I 14 )& Methanobrevibacter 1.38%1.16 0.61£0.13 2.11£1.52
f Lachnospiraceae_Unclassified 121£0.15 AB 1.87+£0.42 A 0.52+0.14B
I8 B ERE B 1 Ruminococcus 1 1.15£0.37 1.41£0.28 0.78+0.14
EAZHER)E 2 Treponema 2 0.53+0.21 1.65+0.70 1.08+0.41
Veillonellaceae UCG-001 1.431+0.52 1.041+0.24 0.4940.15
f_ Bifidobacteriaceae_Unclassified 1.324+1.32 0.61£0.30 0.85+0.42
IR & Succiniclasticum 1.67+0.61 a 0.7340.25 ab 0.26+0.12b
f_Bacteroidales BS11_gut group Unclassified 0.50+0.21 1.00+0.39 0.78+0.54
Succinivibrionaceae_ UCG-002 1.58+0.71 0.61+0.52 0.00£0.00
RGN & Anaerovibrio 0.98+0.27 0.73£0.23 0.484+0.28
Ruminococcaceae UCG-002 0.42+0.19 0.661+0.13 0.651+0.17
Lachnospiraceae_NK3A420_group 0.58+0.18 0.61+0.06 0.55+0.09

3 Hi OTU $ H A T U2 T AR g0 2, ¥ T S 80
FEWIZRETERR AR . 1K AT RER R 7 T 7 S B 2 A

TEE Y R B AR AU, O A, WIBIE DNA R RNA BA, I0 d

ok e R T DR O TR REE RN E m, FREOR T R O R R kR e kAR
syt WA o A1 B ZREMEX BUEMIRETR IS i R B K L A 1 R T A G B TR Y £ R
REMEHEATIRAG " AR AT R Z B, WA TSN AR SE & BUE R R N 50 mgkg !
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TN R B T R Y R R N 2 R Y T B MY
0, (HZRAN 100 mg-kg ' B T 0 E AR o 2R
ACE #6#{. Chaol #5%1. Shannon #5%{. i#id PCoA.
NMDS I UPGMA R 2 J5 5 % B 2 B 1 23 #r ol Al
AN 100 mg-kg | BT X E O MRS A B
SN, HOR RN 50 . 100 mgkg | T AN RE RS
BALAERE, X 575 & B S LA R A —
U Mo, WL, S0mgkg ' AT THIMI 100mg kg
J% T 4 v Bacteroidetes I Firmicutes (4 H 5 4 4
AT gt e s g s B A
& Bacteroidetes 1 Firmicutes A9 4% AL, AT 1 1)
BRI, EERR. B, ERRES
HLW ) 5 4 RN AR 41 2 ISR KAk & W0 W R A b R 15 R
el P ERER R A KA R MR
&, EERIEA AR R AR R, B
N 50, 100 mg-kg 7T HE{H B B P Y Firmicutes
5 Bacteroidetes Y Fb {H % X B8 20 43 551 [#E{FR 20.56% Al
37.23%. BILW I I E S, 55 51E RAE S/
TR A B AR, 3 A W B e a2 T
W, BT RTERMRATIE . RIGAT R . S IEFT SF  A:
KEA MR, BB 50 F1 100 mg-kg '
TRE AR TR TR TG R X 35 B A 0 BRI R AR
71.55%, 81.38%, A F| T 45 RER M, HEsR AL
PRIRHT AN B JFUR g AR ARG BT 58 & LR
i 100 mg-kg ' B9 T % 2 %5 Patescibacteria 32 i
F% Ik Elusimicrobia i # X} = & . {H Elusimicrobia
168 o bR, I Re /R F B o8 o e A i 1
it — R

H O R I 50 1 100 mg-kg ' 25 T RS 5200 & AR
W1 2F 98 L ¥ & Prevotella 1 1 Rikenellaceae RC9
gut_group Sy, X 45 5 INERSED BRoR 45
B E R E 45 R — 5. Prevotella Fl
Rikenellaceae RC9_gut_group REMARHEFA RIS,
Prevotella_1 & Prevotella ' EE R, 25 K%
BRI 2 2T 4 22 R 1% % e LA B R 1 o f 22 iR
AR R IR LR > AR ISHT R R, A5 Ab
H Prevotella-1 5 i, X 5 Z i i E 1998 H 1)
O F T S TG R PO B g R — B, TR
50 F1 100 mg-kg ' BW [ T 4 Prevotella-1 43 5%k
HEZH 43 542 55 1 29.39% 1 32.10%, X A3 A T #E 95
BB, AN R, T RERS IR AR o
H, WK CH, P ™ 3k — b Ak Py s e
TR R B KA W) R R R AT S L

EETRRE S, BNz . TR MCP ik ",
DL ESSREN], HARPEms TAF T4 S
B Prevotella 1 BUAHNTFJE, 1R 3E98 H 20 X
X AR AR = 4 0 g s A

4 Zi

TEARMIRAMT, BB RP IS T RedE &
Je VR TP AU IR T T B9 AR T R B, R A B R RE T
IIRIAS T B AR B . BN 100 mgkg BT
RS2 R S A o ZREVER B ZREE, JF B
FEEAI H T A MO B T N BE FATR T8 B A X 22
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