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Table 1 Composition and nutrient levels of the concentrate (DM basis) %

JE A} Ingredients & & Content 3K Nutrient levels? %1 Content
Tk Corn 52.00 H1LAE DE/(MI/kg) 13.39
%%k Wheat bran 8.00 HIEF 5 CP 20.06
M Soybean meal 30.40 F PR IR £ 4E NDF 23.24
AL Eh NaCl 0.50 MR PEVE T 4t ADF 13.78
BRIREG CaCO, 1.00 5 Ca 0.66
A} Premix " 5.00 W P 0.45
164 & Peanut vine 1.60

g ¥} Fat powder 1.50
&1t Total 100.00

1) #i i Bk & 4 T 5 K KL $2 44t Premix provided the following per kilogram of the concentrate; VA 100 000 IU, VD,
15 000 IU, VE 125 IU, #H R niacin 250 mg, i BR pantothenic acid 75 mg, 4= #) & biotin 5.0 mg, Cu 50 mg, Zn 500 mg, Se

3.75 mg,Fe 600 mg,I 8.75 mg,Mn 500 mg,Co 3.75 mg,

2) AL RE i, HoAs A 5E{l . DE was a calculated value, while others were measured values.

1.3 HRIXESERNE
1.3.1  AEKPERERY I E
FEIRIE T 46 B LK E 3R 956 1435 Fi1 56 K
R EH T EARE , B R KD R B8 i, iR
ZiREiH AP H R B & (ADFI) P34 H 1
(ADG) FIEIE I (F/G) .
1.3.2 I A AL A8 A5 FI R 7K B9 I
EE R RS 14 .35 il 56 KR I, 4 e £
8 HAFE(AB N 1/2) , 2 IEHTHH KR 1ML 5 mL, Il
WHE 2 h J5 A EOHL 3 500 t/min .0 10 min
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(TC) Hith =M (TG) . # BEAR & 11 (HDL ) A1
W NEH#E A (LDL) &,
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Table 2 Primer of rumen bacteria

H N 4 B

Gene names

ek 2]

Primer sequence (5'—3")

PR
Product length/bp

A4

F:CGGCAACGAGCGCAACCC

General bacteria R.CCATTGTAGCACGTGTGTAGCC 130
TR B F.CGAACGGAGATAATTTGAGTTTACTTAGG 139
Ruminococcus flavefaciens R:CGGTCTCTGTATGTTATGAGGTATTACC

AL YE T FRINTE F:ACCGCATAAGCGCACGGA o
Butyrivibrio fibrisolvens R:CGGGTCCATCTTGTACCGATAAAT

W& VE MR 1 A TR F.CTGGGGAGCTGCCTGAAT 100
Ruminobacter amylophilus R:CATCTGAATGCGACTGGTTG

R L R IR TR F.GCGAAAGTCGGATTAATGCTCTATG -
Prevotella ruminicola R.CCCATCCTATAGCGGTAAACCTTTG

FLIRFT e F.AGCAGTAGGGAATCTTCCA 245
Lactobacillus spp. R:ATTCCACCGCTACACATG o
FEBRIAMR 22 RAT TR F.GGAGCGTAGGCGGAGATTCA o7
Fibrobacter succinogenes R.:GCCTGCCCCTGAACTATCCA

[EREREA=E2 ) F.CCCTAAAAGCAGTCTTAGTTCG 176

Ruminococcus albus

R:CCTCCTTGCGGTTAGAACA

1.4 HESHITESH

I E s S H Excel 2016 AL B, 75 H SPSS
21.0 BT B R 2 Oy 22438, 3T FH LDS ik AT
ZEWK, RV E R ERE IR, P<0.01
FREFW B FH,P<0.05 FmEFTFH,P>0.05
FREFRARE,

2 & B

2.1 fARABFRMAET XN HFEEREROZE I
M3 Fra] g ERIH A 1~14 K5 T 4

WIEF 38 H 3G o 2 T Al 2 4 (P<0.05) {5

B LN 3w T H M 2 4 (P<0.05) , Hiflds b

KM TR ELEF(P>0.05), FiXMIH 1~35 K

M 1~56 K, T 411273 0 3 S 351 1
il 2 41, TR b T A 2 2 {H A% A R 25 R
BE(P>0.05),
2.2 AARAPERINAT X E M E LIS FRAI R0
MR 4 el IR A 14 KR T 41
L5 # A Tl D4 (P<0.05) , 3k
55 TI1 2 3800 2 035 v %% BE B B 11 & i o 3 o Tk
12 ( P<0.05) , HAth 458 b 45 41 18] JC 18 3% 22 5+ ( P>
0.05) , RIS 35 K, 105 120 ) 2 1l 35 6. 56 1
i B EAR TR I AR B TIZ ( P<0.05) | T I3 H
TH P o ) g o 2 e T LA A T4
(P<0.05 B¢ P<0.01) , H At 45 b5 #5 21 7] G i 35 22 5%
(P>0.05) , 1ERIIZE 56 K, 1 56 I ZH 3 = 1l 35 H i
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R3 EARPRMET I EERK SR
Table 3 Effects of diet added with rutin on growth performance of Hu sheep

WA i [i] jE 0 ol B g 12 156 141

Items Time Trial group 1 Trial group Il Trial group Il
WIE IBW/kg 17.29+0.48 17.33+0.51 17.31+0.33
%5 14 K Day 14 20.67+0.39 21.27+0.56 21.23+0.48
Ei%kg % 35 X Day 35 25.06+0.41 25.68+0.73 25.93+0.65
% 56 K Day 56 29.63+0.63 30.80+0.84 29.93+0.89

Ty % 1~14 K Day 1 to 14 165.63+8.42° 196.25+8.22* 203.13+11.95°
ADG/g % 1~35 K Day 1 to 35 163.54+6.11 172.40+8.20 175.00£8.96
% 1~56 K Day 1 to 56 177.90+6.66 192.75+5.87 183.15+8.02
L % 1~14 X Day 1 to 14 1.29+0.01 1.28+0.01 1.28+0.01
iﬁgkﬁéﬁg % 1~35 K Day 1 to 35 1.39+0.02 1.37+0.02 1.37+0.02
£ % 1~56 K Day 1 to 56 1.51+0.03 1.51+0.03 1.51+0.03
% 1~14 X Day 1 to 14 5.59+0.30" 4.69%0.19" 4.650.27°
f;% e % 1~35 K Day 1 to 35 6.34+0.24 6.04+0.28 5.96£0.28
% 1~56 K Day 1 to 56 7.17+0.28 6.59+0.21 6.99+0.33

[T 8CE R AR AN R/ING TR R R 22 57 .35 (P<0.05) AN ALK E TR RR 22 5 35 (P<0.01) A RVNE TR0 7
FFERLERARF(P>0.05), FERF,

In the same row, values with different small letter superscripts mean significant difference ( P<0.05) , and with different cap-
ital letter superscripts mean significant difference ( P<0.01) , while with the same small letter or no letter superscripts mean no sig-
nificant difference ( P>0.05). The same as below.

R4 ARPHRMET XM FE DS E NIRRT

Table 4 Effects of diet added with rutin on serum biochemical indices of Hu sheep

WiH i [i] R 14 g 1A 56 A
Items Time Trial group 1 Trial group I Trial group Il
BER % 14 K Day 14 62.46+2.04 64.06+6.85 61.69+0.97
TP/ (g/L) % 35 K Day 35 64.89+2.33" 64.08+1.07° 58.82+1.23"
%5 56 X Day 56 67.39+2.45 68.24£1.44 63.69+1.77
o ’Eﬁ 14 K Day 14 2.32+0.12 2.08+0.11 2.06+0.20
TC/( mmol/L) % 35 K Day 35 1.93+0.13 2.30£0.20 1.99+0.39
%5 56 X Day 56 2.69+0.18 2.29+0.15 2.80+0.28
I— % 14 X Day 14 1.11+0.08 1.10+0.06 1.16+0.11
—. A S a
TG/ (mmol/L) ’i 35 K Day 35 1.02+0.04*% 0.96x0.07"" 1.3010.09’*'
% 56 K Day 56 1.23+0.05"° 1.27+0.11%° 6.05+0.47*
L % 14 X Day 14 10.67+0.41 11.69+0.51 11.93+0.95
?jﬁnmom) % 35 K Day 35 8.70+0.53 9.74+0.70 9.71£0.22
% 56 K Day 56 8.04+0.34 8.22+0.46 8.61x0.39
e % 14 X Day 14 21.19£1.96° 13.40%2.65" 14.70£2.79®
fL%?Jf%;mmol/L) % 35 K Day 35 15.50+2.16 13.20+1.58 12.36£2.07
% 56 K Day 56 11.43%1.54 11.59+0.62 12.44+0.99
% 14 X Day 14 0.38+0.06" 0.31+0.08" 0.54+0.04*

R I N

%5 35 % Day 35 0.45+0.05 0.46+0.02 0.45+0.03
HDL/( mmol/L) % 35 X Day

% 56 X Day 56 0.41+0.09 0.46+0.03 0.50+0.05
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WiH i [1] JE 0l N e ol | = 21

Items Time Trial group 1 Trial group I Trial group Il
Bt

. %5 14 X Day 14 1.31+£0.15 1.23+0.14 1.13+0.11

e B & % 35 K Day 35 1.05+0.13 1.13+£0.09 1.22+0.14

LDL/( mmol/L) Y o=t o= ea=t
% 56 X Day 56 1.53+£0.15 1.33+£0.11 1.40+0.12

2.3 (AMRPERMAT X E M E R E K E RN

M5 HaT A RS 14 K 80 T 4L
I3 = A DR AR T R A 2 K W e Tl e
I 41(P<0.05) i85 T 41192 i v R 5 28 A0z o
P 7K g A TR0 T4 A5 I 41 ( P<0.05)
HA b5 A 4 B TC 2% 22 & (P>0.05) , IEUSE
35 K, a0 41 90 = 1 v HF R i 38 Rk 5% 28 7K
A3 B TR 4L AR Ee 1 4 (P<0.05) , [H]
ik = A R B R R R K B R OK O B R TR

5 T HAHRES T4 (P<0.05) ;i85 T 4030 2 i
R KT B EM TS T4 il mal (P<
0.05) , HoAh 46 bR 4% 41 18] JC 8. 35 25 5+ (P>0.05) . 1
IS 56 K, 50 11 2H 80 5 (i e — Ko7 1 3
TR T AR 4 (P<0.05) , iR 56 T 28 1)
I Y FE DR MR 22 R — A PR R R i 2 R K T B
Tl I AR 1 4 (P<0.05) , 050 I 4% =
M AR R KT B & Tik5 1 41 (P<0.05),

HAb e bR 45 4l 18] 0 B & 2 5 (P>0.05)

RS AIRPERMAT XM F M F R R K FE R0

Table 5 Effects of diet added with rutin on serum hormone levels of Hu sheep

Wi H isf 1]
Items Time
N %% 14 X Day 14
i — i ; Y
% 35 K Day 35
E,/(pg/mL)
% 56 K Day 56
. %% 14 X Day 14
IR %35 K D g 35
T,/(ng/mL) ﬂ? ay
% 56 K Day 56
— . I % 14 K Day 14
B LN Ve 5@35?\;35
T,/(ng/mL) ay
% 56 K Day 56
% 14 K Day 14
HR % 35 X Day 35
LEP/(ng/mL) e e
%5 56 K Day 56
y % 14 X Day 14
AR %5 35 K Day 35
GH/(ng/mL) . .
% 56 K Day 56
% 14 K Day 14
R

% 35 K Day 35
% 56 X Day 56
% 14 X Day 14
%5 35 K Day 35
%5 56 X Day 56

INS/( wIU/mL)

J o it
COR/(ng/mL)

i e ol | L6 I 2H
Trial group 1 Trial group I Trial group Il
41.15+2.29 41.03+2.48 38.49+1.72
43.98+2.08 44.51+1.41 42.49+1.05
42.29+1.71° 49.30+2.77° 40.66+1.42°
56.92+2.60" 65.27+1.38° 63.89+2.15°
67.77+1.80" 63.24+3.29" 72.65+1.58"
46.98+1.96" 48.42+3.23° 58.15+2.15°
0.97+0.04° 1.20+0.08* 1.11+0.07"®
0.91%0.06° 1.11+0.04° 1.60+0.08"
0.78+0.03" 0.80+0.04" 1.21+0.10*
4.82+0.24° 6.05+0.58° 5.50+0.32%
4.13+0.33" 5.16+0.18° 5.94+0.41°
5.39+0.73 5.78+0.57 6.01+0.33
4.06+0.19 4.89+0.23 5.38+0.71
4.62+0.28" 4.67+0.35" 6.69+0.82°
3.91+0.24° 4.32+0.25" 5.00+0.38"
9.09+0.36° 10.78+0.27* 10.39+0.50°
9.11+0.17° 10.49+0.41 11.68+1.24°
9.42+0.21 10.30+0.57 10.04+0.40
58.49+3.15" 72.61+1.71° 69.02+3.95°
59.51+1.80 66.80+3.78 68.05+3.91
60.49+1.93 70.85+4.74 64.98+3.33
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Table 6 Effects of diet added with rutin on rumen fermentation parameters of Hu sheep

R M40 (P<0.05) , B A 45 b5 4% 20 1) Tt 2% 2=
S (P>0.05)

WiH W 14 w4 e 4
Items Trial group | Trial group I Trial group Il
pH 6.70+0.12 6.49+0.11 6.61+0.08
L Acetic acid/( mmol/L) 55.48+5.84" 58.07+4.33" 43.41£3.12°
N2 Propionic acid/( mmol/L) 15.46x1.94 16.33+1.62° 10.90£1.13°
5 T2 Isobutyric acid/( mmol/L) 1.24+0.16 1.28+0.24 0.83+0.05
T PR Butyric acid/( mmol/L) 12.96+1.23 13.19+£1.53 9.62+0.44
5. Isopentanoic acid/( mmol/L) 1.92+0.22% 2.55+0.45" 1.49+0.20°
J%. 1/ Pentanoic acid/( mmol/L) 1.05+0.20™ 1.28+0.20" 0.66+0.09"
SR MENR IR TVFA/ (mmol/L) 88.12+8.82" 92.70+7.31° 66.91£4.64"
LR/ TBR Acetic acid/propionic acid 3.62x0.14 3.63x0.33 4.03+0.17
A% Ammoniacal nitrogen/ ( mg/dL) 15.08+1.03 17.60+3.57 14.81+1.35

2.5 (AMRPRMAT X ERES EE LR

ANFE 7 g ARG T 4L PR
EUNCRGEE N T NE - g R R R S
AT 2 35 ot bk 2wl b 2 v T T2 Rk g 1T
#H (P<0.05 B P<0.01) , 11 HAth 2 2H Z [8] JC 1. % 2%
5 (P>0.05) , 5% 1124198 B b @08 B BRIk

PR R X 2 3 o 0 3 B 8 3 v TR T AL AR 56
M4 ( P<0.05 5% P<0.01) , Horigs I 4H fAik, i
5 T ZH95 8 Wb B o9 T Bk TR R 7 B HR 22 R AT
PR 3 PRURE X 2% 38 AR 1 30 T2 Al 56 10 4, i
FLIR T P 35k DA X 2 35 i i 50 T4 A58 T
2 (RS A R 25 AN 3 (P>0.05)

R7 EARPHFEMATHFEEAEERRANME

Table 7 Effects of diet added with rutin on gene expression of rumen bacteria of Hu sheep

WiH 5 1 H g 12 = 2
Items Trial group [ Trial group I Trial group Il
O B Ruminococcus flavefaciens 1.08+0.22 1.36+0.40 1.50+0.24
FLERFT I Lactobacillus spp. 1.01+0.08 0.67+0.12 0.70+0.22
192 B - B IR W Prevotella ruminicola 1.02+0.12" 0.07£0.04" 0.09£0.04"
L4 T IRYNEA Butyrivibrio fibrisolvens 1.02+0.11* 0.15+0.01* 0.13+0.02"
H 6% B 2R Ruminococcus albus 1.00£0.05% 1.93£0.46™ 0.53+0.15%
FEBEIAMR 22 IRFF T Fibrobacter succinogenes 1.01+0.09 1.74+0.37 1.69+0.24
WEE K9 B AT B Ruminobacter amylophilus 1.02+0.13" 0.03+0.01* 0.46+0.21**

AR 8CR  EXOR 0 B, £l
SRR R L, 12 il R R 4 B e 6 2
sbA 1R 2RSS P A Y H RS TR R ROREEE L EOG SR B A
RETCLE LW, R 058 A I, 10 240 3

3 7 it
3.1 (ERBPAMAT M EEKMERE
WA S Y e — )T A TR Y AR

SRR IR, & HA 0 4 S ) A e i AR
F o XU 32450 B9 A B, R e 8 3 4 g v
SR I RE A8 £ v B B 4R S AP 2 B R R

RES 4 /N2 J€ 19 H 1 J D H R i PR AIOR)
HM . AU S5 R S B, R R AR I T R A 4
R ERORTE P HEE BRRRE L, 5 R
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ST 25 S AR RL, 150 B ) R v S 0 3 = Y M T AT K
BN FEREREAE
3.2 fRAARFRERNAT X E M E R R &I
I35 A= A T8 bR e 08 e i J2 2 S DLAR 2% B 2
REFEFUEPRA, MESEASTES Y EN
FrE R AR A K PEREA DG . S 1l 3 S Y
eI RERS AR E S e R A KV S IR E A
B SR S WL B 3T AR N 2 R 2 ) S i 1Y
—AH LSRR, 2 R A R AP IR R A
HRFE ) RS A, BB R, RER
J1 100 mg/kg BW 7= T Fa) i (1) 11 5 1 &2 &
I LI PR 3R A e, U AT )
i = AT BE A AR N A A RS AR
i, AR AR RS R B, BT RE A R AR B A
JEJHE R B2 I B K -, FEAS I b, 7R 56 56
14 F1 35 K, a8 1141 Fnia s T 20 380 = il 375 i 25 4
Fr KT T 41, 580l i 2 B g 45 S A AL
I P T A REAR AR A PR T, TR R e 8 fin
TR AR) 25 198 A1) P R ) S 2 A 1 A 7 R T R AR
MBEK . FEA S b, = T BE % e AR IR 7K F
5T B KA G TR H [ B =
Pk A2 19 g D Y 32 B R4y, B AT A R Y AR
2 B i 2 W e AR R R T ) B AR AR, BT
S R, UL B R A Rk B R R
F1 BEAS e iz JIF ] s, o L [ s o A A0, T A1 2%
G 2 P ) A O T A i B 4 B0 PR AR R R
H FEREAS IR IS s T A 1T A A T
ZH ) 109 SB[ B AR AR R AP S =
BURTRW I T e T4, s % R R H
)2 o W s TR S e T R 1 4, i A
FUT AR B T BRALAR I R SR 7E 1E IR
Wiy 58 35 56 K, AEOR W o R A
(100 mg/kg BW) = T fig %t S =& 3 I it 37 H v
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Effects of Diet Added with Rutin on Growth Performance, Serum
Biochemical Indexes and Hormone Levels, and Rumen
Fermentation of Hu Sheep

ZHAN Jinshun'®> HUO Junhong' ZHONG Xiaojun' LEI Xiaowen” CHEN Ronggiang”
WU Yanping'® MA Yuehui®”
(1. Institute of Animal Husbandry and Veterinary, Jiangxi Academy of Agricultural Science, Nanchang 330200, China;
2. Institute of Animal Science, Chinese Academy of Agricultural Sciences, Beijing 100193, China; 3. Ganzhou
Animal Husbandry Research Institute, Gannan Academy of Sciences, Ganzhou 341401, China)

Abstract; To study the effects of diet added with rutin on growth performance, serum biochemical indexes and
hormone levels, and rumen fermentation of Hu sheep, thirty-six healthy sheep with similar weight were ran-
domly divided into 3 groups with 12 sheep per group ( half of male and female). Each group of sheep were fed
a basal diet added with 0 (trial group I , as control group), 50 (trial group II ) and 100 mg/kg BW rutin
(trial group Il ) , respectively. The experimental period was 70 days including 14 days of adaptation period and
56 days of formal period. The results showed as follows: 1) the average daily gain ( ADG) of sheep in trial
group [ was significantly lower than that in other two groups ( P<0.05) , but the feed to gain ratio had the op-
posite result on day 14 of formal period. 2) The serum glucose content of sheep in trial group [ was signifi-
cantly higher than that in trial group II ( P<0.05), and the serum high-density lipoprotein content of sheep in
trial group Il was significantly higher than that in trial group Il on day 14 of formal period ( P<0.05). The se-
rum total protein content of sheep in trial group Il was significantly lower than that in other two groups ( P<
0.05) , but the serum triglyceride content had the opposite result on day 35 of formal period. The serum triglyc-
eride content of sheep in trial group Il was significantly higher than that in other two groups on day 56 of for-
mal period ( P<0.01). 3)The levels of triiodothyronine, tetraiodothyronine, leptin, insulin and cortisol in ser-
um of sheep in trial group II were significantly higher than those in trial group I on day 14 of formal period
(P<0.05). The levels of triiodothyronine, leptin, insulin and growth hormone in serum of sheep in trial group
IT were significantly higher than those in trial group I on day 35 of formal period ( P<0.05). The estradiol
level in serum of sheep in trial group II was significantly higher than that in other two groups ( P<0.05) , and
the levels of triiodothyronine, tetraiodothyronine and growth hormone in serum of sheep in trial group Il were
significantly higher than those of trial group I on day 56 of formal period ( P<0.05). 4) The concentrations of
acetic acid, propionic acid, isovaleric acid, valeric acid and total volatile fatty acids in rumen fluid of sheep in
trial group Il were significantly higher than those in trial group I (P<0.05). The gene relative expression
levels of Prevotella ruminicola, Butyrivibrio fibrisolvens, Ruminobacter amylophilus in rumen fluid of sheep in
trial group [ were significantly higher than those in other two groups ( P<0.05 or P<0.01). The gene relative
expression level of Ruminococcus albus in rumen fluid of sheep in trial group Il was significantly higher than
that in other two groups ( P<0.05 or P<0.01). In conclusion, rutin can regulate hormone secretion and rumen
fermentation, and then increase the growth performance of Hu sheep, and the effect is better when additive a-
mount is 50 mg/kg BW under this experiment conditions. [ Chinese Journal of Animal Nutrition, 2021, 33
(5):2717-2726]
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