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Table 1 Composition and nutrient levels of the experimental diets (DM basis) %
Ui H Items A B C D
JEURl Ingredients
FAKFEFF Maize straw 60.0 60.0 60.0 60.0
%>k Corn 20.0 13.4 6.6
K #¥ Wheat middling 5.0 5.3 5.7 6.0
FEFFH1 Cottonseed meal 6.7 13.3 20.0
K E 4 Soybean meal 3.3 6.7 10.0
%k 2 Wheat bran 11.0 7.3 3.7 0.0
£rh NaCl 1.0 1.0 1.0 1.0
FAHr CaCO, 1.0 1.0 1.0 1.0
R A 55 CaHPO, 1.0 1.0 1.0 1.0
Wikl Premix" 1.0 1.0 1.0 1.0
411 Total 100.0 100.0 100.0 100.0
# /K F Nutrient levels”
HEE R CP 8.98 12.36 15.32 18.12
1R ifiE ME/(MJ/kg) 22.0 22.1 22.2 22.1
EHLE OM 90.0 39.6 89.4 89.2
AE2F i pm K LA 9 NFC 24.8 20.7 18.8 16.9
FR P v 4 27 4 NDF 55.2 55.2 54.0 53.0
Wig P P 27 4k ADF 30.7 28.7 29.0 29.5
KN EE 1.0 1.1 1.2 1.2
JKAY Ash 10.0 10. 4 10.6 10.8
ATk 34> TDN/ (kg/d) 1.46 1.46 1.47 1.46
R LT 4EPEfR K AL G 8/ T TE AORLER 1 R .
NFC/DCP 2.34 1.36 0.90 0.66
AR LR YEPEBR K AL G W/ P R VR AT 4 . .
NFC/NDF 0.34 0.38 0.35 0.32

D IR 4 T s A B #E 4t The premix provides the following per kg of diets: Cu 84 g,Zn 260 g,Fe 250 g, Mn 250 g, 1
230 mg,Se 120 mg, VA 1 650 000 IU, VE 620 1U, VD, 286 000 IU,VB,, 1.2 mg, VB, 360 mg, VK, 120 mg, -/ folic acid 12 mg,
P ARHTEE =82% x WALAE, B 1LAE =18. 455 MI/kg x B AL LIRSy, BT L3R4 = AR (AR + FEA PR UR IR £F
Ut + ALK AL A + (2,25 x SRACKLAR T ) -, Fofth 5 3% K 715 {H . ME =82% x DE, DE =18.455 MJ/kg x
TDN, TDN = CP intake + NDF intake + NFC intake + (2. 25 X EE intake) [12] , and the other nutrient levels are measured values.
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Table 2 Experimental design

i H Items 154 No.1 cow

2 54~ No.2 cow

3 54 No.3 cow 4 54 No. 4 cow

51 1] Period | A
%5 2 1] Period 11 B
5 3 3 Period I C
%5 4 Hj Period IV D

B C D
A D C
D B A
C A B

1.4 HEXESHH

EIRIAESE 5 d B R AE R0 1R FH 2 il 383
SRAEFEFERNRAE T A2 B, PRAF I L RS2 A 9
BHAER A 50% Bz (V/V) % pH <3.0, fF
T A0 58 56 J5 BOCRE HPRFE I 1% FIZERER) 3% 43
BT R AR, BT —20 CTIAFAIESEE = 4347
[FIEE, 7545 1 8 H IRAE, 76 B 10 £i5 (2 mL JRAE
8 mL ZEIR/K) 5 F —20 CTHRAF, DAL 2 bR £
A (Urea-N) FIEMTAEY (PD) o £E57 21 KR 1H
HIAL4A M f5 2.4.6.8 h (HJ 08:00 Hi, 10: 00,
12:00,14:00,16:00) 43 5| F & 4 il B 29 200 mL
M9 B O, B2 E pH Z 05, B2 (1
10 mL) 9 B W A WA W R AR, TS A
—80 CUKFEIA-AE , 45 K M5 Wi & ( volatile fat-
ty acid, VEA) [l o fakHL 5> 2 B R BT 5
Y b R 5 2R SRR R RUR 22
HILEG A R R 5 e A R W B A A A
Broderick 45" {7 4 UEAT 40T 5 SR 2 A I E B
% E k5O 75 5 L PD kT A
TR0 7 5 SR S RO €538 (HPLC) 31
N 7 PRASE e I 4 437 A= 4 S LR T 5 #2 2% M g i 1R
0 5 25 B8 Brwin 251 (07 B 0EAT .
1.5 #HiFaE

IR EHE R F Excel #{F #1701 20 Ab B 4611
MEZ2%1, ) SPSS 17. 0 88 it 44: 1% Mixed Model
B 725 5 B (P <0.05) 23T A2 2 LA

2 #F R
2.1 EHEERERFE
2.1.1 JEH W pH 13421
AT 1 Al 7 4R R 4 Fb A [ 50K 1 B AR

J& L HEA R E N pH 2B o VT AL RIR B S
pH B T K, 48 3 ~ 4 h [ 2 5, b5 32 0 B 7
2 12:00 IR A e IR R H s UK G AR A HE 2
HoR H pH AR T ) R A s 0K P 1R R ) 4
A=, H DA PR A I K P R B AR 2R 1 9 ' N pH
BIKHAHRZRARE(P>0.05), Hithi
W, 2R B HP AR EUK PR 4 2R, 700 E R T 7R
HEE 1200 AR R PENR IR vl fEfe £ o AN W]
ROKFHTEA W E] SR E pH 257848 B 3%
(P>0.05),
2.1.2 FHWT VFA K281

MR 3 RN, )RR S 7K X S5 4 1 g D5 TR
(total volatile fatty acid, TVFA) f5 i Z W (P <
0.05) . BEAKFITHE, CR NIRRT IR .5+
PR RR ) & B TR (P <0..05) 71 T PR & i
FARFEAL(P>0.05) . LR/ NIR HLEIER R
KFEPFZERAREF(P>0.05), Al WA fE
1 NDF A [l s, K% 2 B/ A R EL AR B 5% R
(P>0.05),
2.2 {RARIE ISR
2.2.1  FAREFRY R

H1% 4 [0, DM A HLBE (OM) Al 25 4 1 i
IKAEE ) (NFC) | P 3k 3% 2T 4 (NDF ) 1R M vk
VLT Yt ( ADF) JH AL 3R Z AR UK - 520 (P >
0.05), RE /Y CP i b B & 18 T HiAth 3 241
(P<0.05), "hm &5 5 A CP ik H 2% 57
AEE(P>0.05), AR (EE) MR LMRAA
AL, SRAHAEREE(P<0.05), 5 HRA2H
BIWFEER(P>0.05) , KIFTHAAR LKA L
AL, BER TS AAME AL (P <0.05) 1
J5 2 Al ZERAEE(P>0.05),
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' 3.1 EARARERKENEFEERXBIFMLEN
5 % =AU
" " wooon 3.1.1 SEE M pH mhAs Ak

= Jo P pH e MR E BV E R
SR TR e oK L & Y TERE N
o5l P 2 e = A A HLRR BUE pH T [, bt 25 A HLAR Bk
o H NI RAE Y A T A BCE Y & B i (MCP) K
» WOKCR T T R AL A R 0 4T BLRR B, pH L

07:30 10:00 12:00 14:00 16:00
I} 18] Time

ns /i [F)— I (A R 4524 pH 227 A B3 (P>0.05) ¢

ns means no significant difference was observed among
the four groups at the same time (P >0.05).

07 :30 Ay 5 MR i SRA IF 18], oA oAy 7] M J SR A R 1]

Samples were collected at 07:30 pre-feeding and at the

other time post-feeding.

B1 {AREIEES RN pH 35X
Fig.1 Dynamic changes of ruminal pH pre- and post-feeding

2.2.2  EVfF

H1 2% 5 A H, BE G 4 ] R BE A [ (NFC/
DCP) {EHK IR B ARG L EUK PR T, R HE =
FWIN(P<0.05), KAMELEHELZR(P >
0.05) . W I AL KLEE F1 )5 ( DCP) [ 1 A 2 7K F- T
w1 It m (P <0.05) , H IR & K - i, NFC/NDF
4 B (0.38)  IREARR 5 DCP ) L {H fe ik
(52.88), A M UL B & 5 DCP [ b {H & &
(47.36) . AFRWIHAR AT E L FE NFC/
DCP (1% B AR 107 T e, 5 R0 9 22 00 3 Ak 2% B (IR
(P<0.05) W EHAAMERAHALRANLE (P>
0.05) ; RAH M ATTRFEWHRAR(P <0.05) . 1E
HRZEUKF T, 8 B MCP ™ i di e (226. 39 g/d,
P <0.05), PRAPIRER A T E K- Th s i I
HZEREFH(P<0.05) ; JRPASA G EBEH SR
RAME L MAHASHAHALERBFH(P<0.05),
HAh2 HIC R F 25 (P >0.05) . 4 41 5]k
241 (total digestible nutrient, TDN) X EAHIA , FF&
P ) ] AR P 388 B A [ ) S0

Tho BEFFZE A pH 2 H LB S S
SR, MV 3 Wb VEA K A AT HIL IR A= B W iC A
HE b 45 3R AR 2 B2 i pHL, ) KR 45 44 2 31 )
FIRRAS B [R5 At 3 ] R A B, A A 2 R
TR E R R R e IR B 22, 7E 12:00 B
REUK -0 pH A V7 FRIB ARG, A 4 AR K
F-rft pH R B BER AR . 203 25 iR B 4%
W] E pH T R 3 R0 [ iR B2 R 2 ) A
NFC/NDF AR 38 Kbl =z o, HR R R A 3
BUEM TR E TVFA ¥ Z WdEZL iR, kvl I,
HIREUKF- pH B RS EUR ok
3.1.2 TSR Z AKX B VEA [ 5200
e e RN A= A S e GRS DT
FR A YA 7 1 e R S B R 28 QT I R
Mz — mE WP VFA R & R gt
T, R4S AT I ALRER) 0% ~80% ),
UL, 1kt VEA BV 7 7 i M O R N R AN T
FRIEE /R LB R EE, PR, 5 &
B AT RER) FH T 1) T 8 2 0 AR T T SRR T
BTN R B (R 75 B i, 7 TR S TR ) EL 5] 2% 98, m
RERR ) 2 BR AW DURRAE 1 Y o AR 36 v v Uk
SRV I e s, 1T BE B Ay SR i /U R &
BREESS , TR PN R A= il A LG G I 2 31, 8k T 52 i)
Y AVIREE 1. HIL, B AR RS LR .
PR A B G 81 6 80 28 ) RS2 AR R, o % 2
SEOR ST R IR A R L AR, B HA
T REE . A R, TIRA Z RZ K5
M, H4E+F — A4S E, AR VEA 7= /BB
KT T, A8 & B L. Hristov 2570 BF5E &
P, =98 ] B A 2R B K- (HRDP) 54608 H nf
R fif 2 1 B K - (ARDP) A L, 5 T BRI IR 7%
HHM(P=0.04,P=0.07) , 5ARKEE R,
A I A e B4 1A R A U RE Al NDF {455 A AR 1
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Table 3 Contents of VFA in rumen fluid at different nitrogen levels

T P
H A B C D SE fi
Items P-value
LI . b ab be

.05* . . 93¢ .07 2.92 0.028
Acetate/ ( mmol/L) 44.05 51.50 49.93 55.07
ﬁ\j@ﬁ b b b

. 84° L . 04° .36 0.61 0.031
Propionate/ ( mmol/L) 8.81 10.38 10.04 11.36
= 2y
o TR A B c D

. . . 0.04 0. 000
Isobutyrate/ ( mmol/L) 0.57 0.76 0.92 111
T , . , ,

.80* .09* LT .74° 0.67 0.923
Butyrate/ ( mmol/L) 6.80 709 6.77 6.74
B b g
S IR » >

.59 .70° .83 .99°¢ 0.07 0. 006
Isovalerate/ ( mmol/L) 0.59 0.70 0.83 0.99
R b b

.44 i . 647 .72°¢ .04 . 002
Valerate/ ( mmol/L) 0.44 0.57 0.64 0.72 0.0 0. 00
ST A NENR R IR
Total volatile fatty 61.30% 71.00" 69. 13" 95.09°¢ 4.36 0.001
acids/ ( mmol/L)

VST

LH/ TR . 5.00° 4.98" 4.97° 4. 84" 0.11 0. 406
Acetate/propionate

7 RARARNG FH R 22 57 B35 (P <0.05) AR FARE TR R Z 7R R E (P <0.01) . £ 5[,

In the same row, values with different small letter superscripts mean significant difference (P <0.05), and with different

capital letter superscripts mean extremely significant difference (P <0.01). The same as Table 5.

®4 FARARKFTRREFUFUEHE

Table 4 Digestibility of dietary nutrients at different nitrogen levels %

; ! AR £ ek Ve ERYEVER \ &,
i LA 1o Y1 S e L A 11 S

KL G 7Yk -4t Ash
Items DM CP OM EE
NFC NDF ADF

A 57.90° 48.114 63.61° 90.18" 57.23° 55.56" 61.51° 6.48°
B 59. 20" 61.42° 64.25" 90. 65* 55. 38" 52.92* 70.10® 15.90*
C 59.57* 67.98¢ 64. 34" 85.53" 56.51" 55.95* 67.66™ 18.83°
D 59.49° 71.31¢ 64.13° 90. 03" 53.90° 52.81° 74.93° 21.24°
SE 0.594 0.773 0.522 1.409 0.558 0.587 1.543 1.587
P {fi P-value 0.743 0.000 0.958 0.575 0.267 0.209 0.101 0.065

B JE R AN 7R R R 22 5 .35 (P <0.05)  ANFRKSE FREROR 257 3% (P <0.01) .

In the same column, values with different small letter superscripts mean significant difference ( P <0.05) , and with different

capital letter superscripts mean extremely significant difference (P <0.01).

3.2 AMABERAETEFNEAREFYR
LA R AT
3.2.1  FARE TR THAR

AW, A K% DM ,OM NFC ,NDF
il ADF 34k % JC 2 3 5 0, X 55 Hristov 251 ff)
RUGLE . —, Hristov 28 B 58 % B0, 45 R 241

2 HRDP Fi1 ARDP 2 Fifa] #2 i, 5% 5 N DM, OM |
NDF Fl1% ) 2 WL 1 A 2 F1F0 A0 A 1 0 18 3% 22
5, BN ALIE A DM OM F1 NDF #y 2 UL fL %
A2 2 Fof G R AL PHLRE W T T RS T AR IE Y
A JH LA, HRDP . % % T ARDP(P =0.02) . fif
FEACER, il MRS [ el AR B K P 9 A AE R
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DM WL A 25 B 4R AR AR 3 BOK P 1 32 A L T

B R A A . Al L DM SR AR A, B AR AR

B HEFRARZ (P>0.05), 1 CP{HALREE  FUKF-X DM ML RE A K,

UK 34 0 5235 T+ (P < 0. 01) ™7 53 5 At

RS ARERKF TEEXRRE A HE LA EHHFHE

Table 5 Digestible and metabolic characterization of dietary nitrogen in yak under different nitrogen level

P {8 P-value
WiH
Ttems A B b SE i Ui
Linear Quadratic
= =}
RAREH . a b c d
. 82° . .07°¢ . 4.1 . .
N intake/ (2/d) 34.82 48.97 61.07 72.09 9 0. 000 0.03
ALY AR . b . ¢
DCP/(g/d) 17.23 30. 26 41.56 51.50 1.09 0. 000 0.08
SHe A= B L
R H
.07 . 64" .81° .45 0.81 .38 .
N in feces/(g/d) 18.07 18. 64 18.81 19.45 0.334 0.86
JREAE & R .
. 247 . 5.79° 32. 1.26 . .
N in urine/(g/d) 10. 24 16. 00 25.79 32.29 0.000 0.63
=y T B
RO & b b :
.51° . 3¢ . .35°¢ 1. 0.001 0.
N retention/ ( 2/d) 6.51 14.. 33 16.47 20.35 08 00 06
PR 2R . . . .
.67 . .23°¢ . 0.45 0. .67
Urinary urea-N/( g/d) 4.67 8.70 14.23 18.56 000 0.63
R EER > b
.13* .31° .34 . 0.08 . .
Urinary ammonia/( g/d) 0.13 0.31 0.34 0.62 0.007 0.56
THAE Y T b b
. 66" .39¢ . . 48" 0. . .
MCP/(2/d) 167. 66 226.39 199.13 189.48 87 0. 650 0.00
REWIH L b
L1717 . .98°¢ .31° 2.09 . .2
Apparent N digestibility/% 48. 11 61.42 67.98 71.31 0.003 0.20
v E] L T A .
RUUR L/ AT I A 2 1 o . . .
38. 42" .36" 38. 71" 38.65" 2.4 0. 73: 0.11
N retention/DCP/% 38.42 47.36 38.71 38.65 5 733
RA/RAH = .
)’T(.EP”T(%R ﬁ(ﬂ.ﬁh} 45.61° 54.38" 55.18" 57.48" 1.43 0.003 0.05
Urinary urea-N/N in urine/ %
R E SR RAH
: .94 .32° .92 0.21 . .
Urinary nia/N in urine/ % 1.27 1.94 1.32 1.92 0.150 0.81
7: E/H A N
JRAHE L/ T LR FUR 59.43" 52.88" 62.05" 62.70" 2.45 0.731 0.11

N in urine/DCP/ %

3.2.2 RV SRR T

J 44 2l 4 % R R 1 R AR SR AR, R
W HE P RCR R m AT 20% Y, BRI,
TRIRE SR /K O X AR R R O R SR B i AR
D N 5 v 7 L SN =k = W ]
Pem, A2 A B SN MR A HE A B
TFE5 (P <0.05) , 557 4 il Marini 25 B¢
ZEHR 5,

TR A S I UL b B AR R Y
A EEA R (P >0.05) o SR, AR 5 45
SRR, B AR B UK B TH e, L T R A

BERN(P <0.01), 7] f8 g1 F i 46 30 9 K 5]
o BV R I, AR R TR 2 R
CP /K5 .3 (P <0.05) , M ia ke CP /K Fh
11.0% i}, 3155 KBTI N 0. 36 g/BW ™ A
B, 4 2 ] R IR SR K S AR RIS (CP 12,36 % )
AT RRADIHZE A7.36% , JR A HE & 5 DCP
(e B B K (52. 88), It Bf NFC/DCP L {H N
1.36, Hoover 25" ff 55 W, 75 pH 3% ¥ il ) i
SR Kk B WE P, NFC 55 1 0l B i ML 2E (1
(RDP) bl 2:1 B 9 A K e dd . o9 ik
Y6 B  P T EEAAR AR R RRAE R LA R )
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Effects of Dietary Nitrogen Level on Ruminal Fermentation,
Digestibility and Metabolism of Nutrients in Yaks

ZHANG Ying'® GUO Xusheng'® LONG Ruijun'**"
ZHOU Jianwei'® ZHU Yuhuan'? MI Jiandui'

(1. International Centre for Tibetan Plateau Ecosystem Management, Lanzhou University, Lanzhou 730000, China;
2. College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, China;
3. Key Laboratory of Arid and Grassland Ecology of Ministry of Education, School of Life Science
Lanzhou University, Lanzhou 730000, China)

Abstract; The experiment was conducted to investigate the effects of dietary nitrogen level on ruminal fermen-
tation, digestibility and metabolism of nutrients in yaks. Four 3-year-old castrated yaks with a similar body
weight of (148.5 +£9.2) kg were used in a 4 x4 Latin square design. The experiment included four periods,
and four different diets [ crude protein ( CP) levels on dry matter ( DM ) basis were 8. 98% , 12. 36% ,
15.32% and 18.12% , respectively | were fed to the animals for 21 days in each period. The results showed
that changes of ruminal pH at different time were similar to a “V” shape after feeding in all of the four dietary
groups. The lowest pH was observed in the 12. 36% CP diet four hours after feeding (08 ;00 in the morning) .
With the increase of dietary nitrogen level, contents of acetate, propionate, isobutyrate, isovalerate and valer-
ate were increased correspondingly ( P <0.05) , but no differences were observed in butyrate content and the
ratio of acetate to propionate ( P >0.05). Dietary nitrogen level did not affect the digestibility of DM, organic
matter ( OM ), nonfibrous carbohydrate ( NFC), neutral detergent fiber ( NDF) and acid detergent fiber
(ADF) (P <0.05). Dietary nitrogen level had no influence on the amount of N excreted in the feces (P >
0.05). In contrast, the amount of N excreted in the urine was increased remarkably with the elevation of dieta-
ry nitrogen level (P <0.05). When the yaks were fed the 12.36% CP diet with the ratio of NFC to NDF at
0.38, the proportion of urinary nitrogen to digestible crude protein ( DCP) was the lowest (52.88% ), and
the ratio of nitrogen retention to DCP was the highest (47.36% ) among the four groups. Meanwhile, the
highest microbial protein production was also obtained when yaks were fed the 12.36% CP diet. All these re-
sults suggest that the most efficiency in nitrogen utilization was obtained in yaks fed the 12.36% CP diet with
the ratio of NFC to DCP at 1. 36. [ Chinese Journal of Animal Nutrition, 2011, 23(6) :956-964 |

Key words: yak; nitrogen metabolism; nitrogen level; ruminal fermentation
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