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3 000 r/min{ 0> 15 min XA, T 4 T 4K
FAPAAT, 7 L = 5, T -80 C MK IR VK46 £
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B 1 AT, F AR CP A EE & 3
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Table 1 Common nutrition contents of forage grass in different phenological periods ( air-dry basis) %
53] Phenological periods
R H il e )
Items P-value
Regreen period Grassy period Withering period

¥ DM 94.24+0.33" 94.60+0.30" 95.20+0.25" 0.015
KL H & CP 6.32£0.50" 12.13%0.36" 5.18+0.14°¢ <0.001
KRN EE 0.91+0.03" 1.84+0.14" 0.51£0.14¢ <0.001
MR PEVE V27 4 ADF 29.82+0.92" 24.52+0.73° 30.21+0.65" 0.004
HPk PR 4T 4 NDF 48.31£1.49° 53.01£1.24" 57.13+1.68" 0.003

[ 45 KAl A A AN ] G 7 B R OR 2257 AN 13 (P>0.05)  ANA 7 RER R 2257+ 35 (P<0.05) o T 3RIA]

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

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

22 AEAYEHHENHEBASFEMFTEN
FEFR A BT

B3R 2 AT, AN (R BT R 4 F I v
TG .LDL fl GH % &t &2k (P>0.05) , 7
W & 47 °F 1M % GLO.GLU . HDL . TC & & M
ALT AST {f % & 2 /& TR & W A G 5 (P<
0.05) . ULAk, M FHI M ALB & & Al AST % 14
i AR T H A 510 ( P<0.05)

23 AEYEBHENHHUBERFEEE LB
SH K

H12 3 AT, AR 40 9 18 W pH 76 7 U A
ARG A A B I TR E 225 (P>0.05);F
B NH,-N S LTI NIBR (TVFA) (R 5% T
fig T W2 SR S TR T RO, B (P<
0.05);fEREFHHNMREEE EMTHFRED (P<
0.05) ; 53R 7 WA 75 SO AR L, A R 2 L B
WEBIN(P<0.05), R L6 B & AL (P<
0.05) , LR/ NIR B E 1IN (P<0.05) s H AR T
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Table 2 Effects of forage grass in different phenological periods on serum biochemical

indexes of natural grazing Tibetan sheep

Y] Phenological periods

i H P
Items BT LR Hife 4] P-value
Regreen period Grassy period Withering period
BHEH TP/ (g/L) 67.73+2.00" 72.03+1.28" 61.22+1.77° 0.001
H&EH ALB/(g/L) 30.64+0.83° 29.82+0.69° 25.52+0.80" <0.001
BREH GLO/(g/L) 37.09+1.97° 42.20£1.04° 35.70£2.02° 0.041
% B GLU/(g/L) 2.91+0.16° 3.48+0.12° 2.39+0.16° 0.005
BN M ALT/(U/L) 23.71£5.25° 33.00£3.56" 14.70+1.73° 0.003
HEHBHE AST/(U/L) 98.20+5.85° 213.13+9.36" 128.71+11.02° <0.001
MHFEEE TC/ (mmol/L) 1.43+0.06" 2.03+0.12° 1.79+0.12° 0.007
Hih =85 TG/ (mmol/L) 0.21+0.02 0.21+0.03 0.28+0.02 0.063
%R ® 1 HDL/ ( mmol/L) 0.80%0.05° 1.37£0.06" 1.0420.06" <0.001
%% J5 % 19 LDL/ ( mmol/L) 0.41+0.04 0.49+0.05 0.43+0.04 0.450
K #%E GH/(ng/mL) 27.98+1.46 29.06+1.95 27.95+1.05 0.256
x3 AEAMEHAHENHAEAEEBELESHNEN
Table 3 Effects of forage grass in different phenological periods on rumen fermentation
parameters of natural grazing Tibetan sheep
)1 4] Phenological periods
| P{H
Items BT ERRY i 0] P-value
Regreen period Grassy period Withering period
pH 6.55+0.09 6.49+0.04 6.58+0.05 0.519
H AR NH,-N/(mg/dL) 6.82+0.51° 10.90+0.75" 4.15+0.51°¢ <0.001
Z.W2 Acetate/( mmol/ L) 30.39+3.01° 41.87+2.39° 38.75+3.22° 0.026
N Propionate/ ( mmol/L) 6.20+0.69° 8.69+0.73" 7.27+0.59® 0.046
TR Isobutyric/ ( mmol/L) 0.55+0.05" 1.01+0.09* 0.41+0.03" <0.001
TB2 Butyrate/ ( mmol/L) 3.15+0.37° 5.08+0.64° 3.52+0.33° 0.017
J% Valeric/ ( mmol/L) 0.29+0.04" 0.49+0.04" 0.25+0.02° <0.001
B MRS R TVFA/ ( mmol/L) 40.57+4.14° 57.14+3.47° 50.21+4.14° 0.023
ZTR L) Acetate percentage/% 75.04%0.29" 73.58+0.01° 77.14%0.32° 0.006
A2 L 5] Propionate percentage/% 15.18+0.27° 15.13+0.01° 14.49+0.21° 0.003
S THER L] Isobutyric acid percentage/% 1.36+0.03° 1.78+0.01% 0.84%0.04¢ <0.001
T PR Eb 4] Butyric acid percentage/% 7.71+0.32° 8.64+0.57" 7.02+0.26" 0.038
TR B Valerric acid percentage/ % 0.71+0.03° 0.86+0.05" 0.52+0.01° <0.001
L TR/TAR Acetic acid/propionic acid 4.95+0.10" 4.54+0.09° 5.34+0.09" 0.017

24 FAEMEHHENHUBREFBEEXRER
TheE & RE A0

H13% 4 Al 0, 7R TOBOR R 40 08 H Ay
20 TR B A T L R O, 205 SRR T0% ,

EEE A5 SR 20% , IS, BBk
HERER B35 ( unassigned ) H & b R AHAEY), 2
HEAEI R 10% , 21 W) 22 55 Pk e A 45 R R
AN TR) 4y A 388 200 g SR TR S P R T R I i 3 2
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5(P>0.05) o 3R T5 IR IS8 A 2 5 8 5 IR
T35 REHAFIAR R (P<0.05) . DIRERRE M G145
SRR BRI RE BR EA R 22 RAT R M U S R
BRA RH X R R e TR W E R (P<

0.05) , WliJRs B B vk EC R Y AR X 32 5 78 1R 75 W 5
1%, 7 B P= 3R A TR 22 AT B B9 A T = A
FHAh 2 M (P<0.05)

x4 FEMERAHENBHABREFEEXZARIGEEFHZMN

Table 4 Effects of forage grass in different phenological periods on rumen flora and functional

flora of natural grazing Tibetan sheep %

Y153l Phenological periods

i - - P
Items BT P A0 it 10 P-value
Regreen period Grassy period Withering period

3§ Kingdom
2N Bacteria 70.07+1.27 69.36+5.32 69.70+3.15 0.171
=N Fungi 20.88+1.33 20.46x2.17 20.63x1.13 0.463
Rk Unassigned 9.05+0.16" 10.17+0.22% 9.70+0.09" 0.020
Y# Species

TG 22 AT
P}E.ﬁ HEL /{kﬁ.[ﬂ 0.08+0.01° 0.05%0.00° 0.16x0.01* <0.001
Fibrobacter succinogenes

e BE Sl A e

iR EH@E.EE.@ 3.29+0.22° 4.74+0.50" 5.74+0.22" 0.001
Prevotella ruminicola

ALY N
ST iﬂ@ﬂ@. 0.62+0.11° 0.97£0.10° 0.3120.01° 0.001
Selenomonas ruminantium

BT EEI}‘ ==
R K 0.23+0.01° 0.16+0.04° 0.28+0.00° <0.001

Ruminococcus albus

3 it
3 AEAYMEHBEEFRD REX BEEK R
BEEBNRES BN

BB R R KRR E R FRERS
PSR R 22— R R WA AR SR 3ROk
BURA R PERE . TR, X R K B0 b AN [R) 49 4 307 44
FUOE IR AT R DU, X B Ol & e A Y
S EN, V20U R, KRB B E 55 0L
Gy REI G AR AR T AR ) R T R T
ROR I R % A R B v, B 2 MRS B
AL BT IR o R B 2 R AR, R R A
HEEVHE B REFMERERERENEK
ok, N S EE B R & AR g R R
W R CP & e A R0 B A1, 75 B 0 9, 43
N 12.13% 1 5.18% , 1% 55K W 261 BiF 5 45 SR M
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NDF & 380, 4 i ;N 25 9k 20, 30 CP % it bl
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RS O N W R T 1 i R = ]
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CP & A HE7E 13% 0], AR BE 498 i E A
Kok, A, HE R CP & 4ife 1
12% ~ 13 % e i O U458 w5 0 S04 0 2 1 BT & B, 1
R WA I A 5 CP S KT 12% , ik —
AU I AR 30 AR 005 kMR B S

5 W pH 2 NH,-N | VFAs 7 2 & 3 & 7
B OR BN B g bR, P IE R E W pH #E 6~ 7,
T 6 ¥ 21 &R h 3, b & AR 798 B oA
P AR ST R B A pH A T 6.4 ~
6.5, HITEIEH 1 pH {5 Bl Z 7, HAS [7] 4 fi% 191
MORLIF IR W FR 40 F 9 H pH 7 A4 PR
BAETT PR H pH BEAK T I Ath 2 A~ 1, JR R ]
ST ) R T oK AL S AR TR R R T
b g E L F BN VEAs WA T H 7 Az 5
i, (i15 VFAs 7698 B R 2 Wi R 4530 pH

MR
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A 5 TR OO R B AR R i - AE
Vo o] R BN AN R AN BE T IR T R R A A il
NH,-N &k FHEANE, Sokh,  E NH,-N & &
F3E BLYE N 5~ 30 mg/dL, G SR H b 3 e ) a3
W% B NH,-N R Ak T2 iR A0 ARBE 5T
W NH,-N f o 555K W 50 B 5T 4 AR IR
I, 20 J5 DA AT AR AR 5638 ok 11 s R 4 R
WRE S R B WP T RE R T D R MR, AT
0w HWOh NH,-N & 2 FEAK, VFAs &1 578 I8
B R B BT, e R 70% ~ 80% I
fig, JE 24 A A 0 h S AR PR T R A Ok
PR Ho R BT RE R A = R BRAE ER A
ATP JH T4 8 1 3% 2 F2H 204 i, o5 HLAA 2 480 Ak
R 25% ~40% " TR & GLU & Bl A9 5 22
B, 1 J2 M — 2 B %) VFAs, Liu 25" F Ellis
SPGB FT R W AR HRORL AR L 31 s R
TR Fe B 45 v, AR RS R HL 81 iR IR DS R B 81 4
1R o ARG S R AR R A, ) R R R R 3
AP O LB R, TR CNTR TR 5
TR N TVFA & A7 50 0 & & T HAh 2 4>t
1, TR AT B T R A O S R, e
Shr MR K AL G Al 2 B AE R S rh R A R
R & B, 7= AR T 2 VFAs, BEAh, A 56 A
TR/ TR AE T R 0 250K 3R 7 B RAR 409, A
Al R SR A A BE I U, 2 TR/ T R 114 I A1 I ke
02 ) R AR R A F T DR, B R A A
FERAYERE, DHE R T GRE WA ) |
38 Y HEATRMA A IR B A T R BR AR
LR/ TR , T £ i T G AL AR
32 AEYMBERHHENSHBERAEENFTEL
FEFR A BT

L7 A AR b s e 5% 7 A BRAIL A B AR gtk
BLI T AR b, 2 HEAT IR R 2 T B2 97 19 EE 24K
W&, 1MW TP & ALB 1 GLO 9 81, & i AFIE&
T, BRAE by 2 15 1003 8 35 V-1 1Y) 78 5% 0 T AR A
Ah MRV A R R Z — T2 g 81

FFIRE AL GLO S AE M I i B BT B
10 75 UL 4L Sz e AL A G AR O O BE LY RRDOE R
SEPIRRgE R, FE R R A M AR T, AL FE 2 58 2 il
HH TP E R SO BRI AL RS HLEL N 55:45 Al
65 :35) b & = TS B M4 (FEHL LL ly 35:65
M 45:55)  ABFGEAT L, PO 2R 46 5 13 TP
B BETEAS R0 B AR TR T AN E R 3R W1
REFAER KR Z R ) B TR E SRR
1% e e w e = S0 MUK X8R 1 AR BOR 2, I
WE 1 TP /D | e 3 B0 FR 4 2 VTR I SRR R
WRETIBEAC, P BL, 7E V8 R 2R 40 56 19 1) 97 o A
HR RS 9 1) B G T A B IO B I
GLU, J&HLIARIE 3h T 0 75 B 0 5, o U5 -4 52 A
R HLAR R AR A B AR, A8
Y+ GLU P2 A 19 2 ANk 42 i B N R 4=
YRR AV B rp 2R R R R SRR AER
KB W Wi I HE RS 7 5 0180 4 SF 1003
GLU 7 i I 2 5 TR 75 W ARG R ik 538 & F
U 4 R — 8, DR R T BB T O R T AR
TR B L A R P R S TN IR K
PR, I L3 e ) ) A 1 Jo ol 45 A 1 J5 i
THERE IS AAER, B GLU =T, i
I AN A S A g B g R S o Al AT R
Y2 D A HIE MY A R SRR LA R
BTk A TN, & i 5 H AL A28 70% ~
80% ., PRI JHF A 32 52 sk, L [ et A RS2 B, % o
R, ARl Ee 25 5 kB0, 8 R 40 °F 76 7 5 W A ol
T TC & i i 2 T A A A5 1, 3 150 BH 8 R
Y SEAETT R RS AR B8 ) o T A 1
GH J2& H B AR 53 W 1) — Pl IR 2SI R | RE 8 42 HF B
AN A A A, B R E R X GH
BIEFE K 22 4 T LE Sl W ) ) i B B, T B AT B B
(5 2 s e #5120 AR5 38 2o X B AT i
MO R 4 2E L T GH & =S, BRIV AR
W I IO 8 95 B K A i 3 A8k H GH & i
St AaE , T AR Ak, o 5 1] AR 0 R R 4
AFEANTR T MV GH & s AR L A o 45 R — 2L,
i Sticker 45 *" A FT £ W], Dl 7 o CH % & b
BAEE T Z /D00 T sl B AL, X 2R 53
AR MR G, BT NS TR — Y,
33 AEMEHRENHBBEEFEEREY
hEEE B R0

Jed 5 X ) Y A 3 AR T b



1402 ST/ = S S

¥ 1R 32 4

Yy, R e A gt o — ER R A s
FEGUE T AL O N A . ARPFRE R R 47
I B A FE R, B HAEYR 10% ,
HRRE WS, B MY 20% . X5 Dehori-
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Effects of Forage Grass in Different Phenological Periods on Serum
Biochemical Indexes, Ruminal Fermentation Parameters and
Rumen Microbial Function Flora of Tibetan Sheep

LIU Hongjin"*? XU Shixiao'** HAN Xueping'>® MA Li"*® HU Linyong'"
ZHAO Na'? XU Tianwei'> KANG Shengping"**
(1. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China; 2. Key Laboratory of
Adaption and Evolution of Plateau Biota, Chinese Academy of Sciences, Xining 810008, China; 3. University of
Chinese Academy of Science, Beijing 100049, China)

Abstract; The aim of this experiment was to study the effects of forage grass in different phenological periods
on serum biochemical indexes, ruminal fermentation parameters and rumen microbial function flora of Tibetan
sheep. The forge grass were collected and the common nutrition contents were determined during the regreen
period, grassy period and withering period, respectively. Ten yearlong range females Tibetan sheep at four
years of age with body weight of (34.08+2.94) kg were selected and marked using ear tags with numbers. Be-
fore free-range with empty stomach in regreen period, grassy period and withering period, the jugular vein
blood and rumen fluids were collected to measure the serum biochemical indexes, ruminal fermentation parame-
ters and rumen microbial function flora, respectively. The results showed as follows: 1) the crude protein and
ether extract contents of forage grass in grassy period were significantly higher than those in regreen and wither-
ing periods ( P<0.05) , whereas the acid detergent fiber content in withering period was remarkably higher than
that in the other periods ( P<0.05), and natural detergent fiber content was remarkably higher than that in re-
green period ( P<0.05). 2) The serum contents of total protein (TP) , albumin ( ALB) and alanine transami-
nase ( ALT) activity in withering period were significantly lower than those in regreen and grassy periods ( P<
0.05) , whereas no significantly different in the contents of triglyceride ( TG) , low density lipoprotein ( LDL)
and growth hormone (GH) (P>0.05). 3) The ruminal fluid contents of ammonia nitrogen, acetate, isobutyr-
ic acid, valeric acid and propionate percentage reached the highest in grassy period, whereas the acetate per-
centage in withering period was the highest, and the ratio of acetate to propionate was significantly higher than
that in regreen and grassy periods ( P<0.05). 4) Metagenomic analysis showed that bacteria which accounted
for about 70% of total microorganisms was the highest in the rumen of Tibetan sheep, followed by fungus
(20% ) and the other unassigned microorganisms (10% ). In addition, the main cellulose decomposition bacte-
ria in rumen fluids were Prevotellla ruminicola, Ruminococcus albus and Fibrobacter succinogenes and their
relative abundance were significantly higher than those in the other two phenological periods ( P<0.05),
whereas the starch decomposition bacteria of Selenomonas ruminantium in grassy period was significantly higher
than that in other phenological period ( P<0.05). In conclusion, the changes of common nutrition of forage
grass change the serum biochemical indexes, rumen fermentation parameters and some functional bacteria of
Tibetan sheep; the analysis of serum biochemical indexes and rumen fermentation parameters showing that Ti-
betan sheep have weak resistance to diseases in cold season ( regreen and withering periods) , therefor, the pas-
toralists should make reasonable supplementary feeding to Tibetan sheep to improve their growth performance.
[ Chinese Journal of Animal Nutrition, 2020, 32(3) :1396-1404 |
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