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Abstract: [ Objective | To explore the effects of different levels of rumen—protected lysine (RPlys)and ru-
men—protected methionine (RPMet) on the production performance and milk composition of lactating yaks.
[ Method | Forty healthy lactating female yaks with similar body size and weight were divided into four groups.
The control group was fed with basic diet, and the experimental groups were fed with RPlys and RPMet mixed
amino acids 5 g/(d+head) , 10 g/(d-head) , 15 g/(d-head).The pretest period was 7 days and the trial period
was 42 days.The body size index, growth performance, milk yield, milk composition and amino acid composition
in milk of lactating yak were determined.[ Result]1)the addition of 10 g/(d-head) of rumen—protected amino
acid could improve the breast circumference and body displacement index (<0.05) , and had no significant ef-
fects on body height, body length, tube circumference and body length index (P>0.05).2) The total weight gain,
average daily weight gain and material weight ratio (P<0.05) were increased by adding 10 g/(d-head) rumen—
protected amino acids in the diet (P<0.05) , which had no significant effects on the final weight, food intake and
fertilizer index(P>0.05).3) The content of milk protein in Yaks was increased by adding 10 ¢/(d-head) rumen—
protected amino acid (P<0.05) , and had no significant effects on milk yield, milk fat rate, lactose and total solid
(P>0.05).4) The addtion of rumen—protected amino acids to the diet had no effects on the amino acids in the
milk of lactating yaks (P>0.05).[ Conclusion | In conclusion, adding RPlys and RPMet to the diet of lactating
yaks can significantly improve the production performance and milk composition of lactating yaks , and the opti-
mal amount is 10 g/(d-head).

Keywords: rumen—protected lysine ; rumen—protected methionine ; body size index; growth performance;

milk yield ; milk composition
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T b T R PR - I00 S b a5 07 T A L P R H 3 OIS T T (91°127~93°02'E, 30°31'~31°55'N) .
2 DX T O FE A ZE RN A X iR 4 500 m DAL, s gEEAR, ST, 2R RUH
100 d 2245 AE 3R -2.2 °C, B I Al 15 -30~—40 °C, 44F H BRI40 0k 2 886 h LA I, 4E [ /K & 400 mm
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Tab.l Composition and nutritional components of basic diet for experimental cattle %
JioB} Ingredients &4+ Content E 7% /KF Nutrient levels 4 Content
£k Comn 25.00 R4V RE/(MT -kg™) NEmf 4.61
HEFE T Avena sativa 30.00 MR EE CP 12.63
/A %K Wheat bran 10.50 PR IR LT 4 NDF 41.66
K EH Soybean meal 25.00 PRI LT 4E ADF 22.56
FHFH Rapeseed meal 6.00 55 Ca 0.92
W A4S CaHPO, 1.00 M TP 0.77
TR A} Premix 1.00
AT CaCo, 0.50
B4R Nacl 1.00
A1 Total 100.00

TR R 5 T se AR AL . VA 3 000 000 1U, VD 165 000 1U, VE 220 1U, 2E#) % 12 mg, #1524/ 13 000 mg, Cu(as copper
sulfate) 1 200 mg, Fe(as ferrous sulfate)3 000 mg, Mn(as manganese sulfate)2 000 mg, Zn(as zinc sulfate )4 000 mg,I(as potassi-
um iodide) 15 mg, Se(as sodium selenite )20 mg; KA [ J A4S g ST, o5 8 S0P 35 h THRAE

The premix provided the following per kg of diets: VA 3 000 000 IU, VD 165 000 IU, VE 220 IU, biotin 12 mg, lys 13 000 mg,
Cu(as copper sulfate)1 200 mg, Fe(as ferrous sulfate )3 000 mg, Mn(as manganese sulfate)2 000 mg,Zn(as zinc sulfate)4 000 mg,
I(as potassium iodide )15 mg, Se (as sodium selenite)20 mg; CP and Ca were measured values , while the other nutrient levels were
calculated values.
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IR KA E =R RHS AR 5% 100% (2)
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JIES 8 5 = T AR 1R X 100% (3)
223 FE AL FRARME R PUR AN E U A5 S A3 I 1 A R W FLE A
oo 103k B SLIE 3 d, B3 d 7= Wik (9 -2 o DA AR 114 v 350 o7 5 R BBCESE 37 SO mlL il A 2R A
JH, A A% B 30 mg MEAT 7 I AR B, FE IR AT R A 4 CCUKA AR AT, K B i 27 3% 2 R A BN
MEEARA B A X FLB o e br (FLIR % FLEE A FLBE R B R R A S SRR 4 il ) (4 700 2
23 HIESITS S

RIS EE I Excel 2010 #7245 28 B, 5K FH SPSS 20.0 B AF 647 7 22404 , X i B e i A 7 22 5 3 35 P AG:
5, Lh P<0.05 25 5 38 iR B0 0 DL P BME AR E R 0K

3 BR50H

3.1 AEKFERPLys #1RPMet ik ZLEE 4K RIEFRAI I

AR ZKAF- RPLys Fil RPMet X 36 L 46 25 (4 RUFE b 9 52 ) L 3% 2, R s 45 SR T, HORR s ik o8 /8
SUIETR XA 0 2 B AN (A 9K 48 B0 LA 0 35 M 52 (P<0.05) , b ARAHE VB Bl IR KIS BOE A
F(P>0.05), H15% 2 A2 00 20 i B RS B e X IR 70 BB 1 2.51% .1.91% . 1.91% , HAF7E i 51
225 (P<0.05) , HoA i 50 2 2 A 40 3 22 5 A8 i3 (P>0.05) 5 45 i o 2 (AR BIR i B8 1 v 1 0 BREH, 4331 4
KT 5.7%.5.7% .4.1% , HAFTE . EPE 22 57 (P<0.05) , Hop il g6 21 2 Fi a8 4 3 22 5 AN 3 (P>0.05) . 45
R FEBUN 0298 B S R R A% Jnd 25 5 i) b 2L A 2 1 e BRI AR DR 8 48, TR SR I AN I 4 10 g/d B
X 3 AR RO
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Tab.2 Effects of different levels of rumen—protected amino acids on body size of lactating yaks

it H 0g/(d-3k) 5¢/(d-3%) 10 g/(d-3%) 15 ¢/(d-3%)

Ttems Control Low Medium High
PR B /em Weight 116.4+1.5 116.2+3.3 116.8+3.9 116.2+4.4
A AHE /em Body length 132.2+4.6 129.6+3.9 128.8+5.2 130.4+4.8
Jig el /cm Bust 167.6+5.6" 171.8+5.2" 170.8+4.6° 170.8+4.8°
& Fl/cm Tube girth 15.5+0.5 15.3+0.4 15.5+0.3 15.6+0.4
RIRIE%/% Body index 126.9+5.3 132.624.6" 132.6+4.8° 131.05.2°
1K A5 %50/% Body length index 113.6+4.5 111.5+4.3 110.35.1 112.2+4.6

()47 B8 I8 A JE 7 B R ) 7 B 3R 22 58 1 35 (P>0.05) , AN R - R 22 57 8. 35 (P<0.05) , 3R]
In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05) , while with dif-

ferent letter superscripts mean significant difference (P<0.05).The same as below.
3.2 AEKFERPLys 1 RPMet Xt ZL4E 4 4 K BRI 200

ANTRIZKSE RPLys F RPMet X b FLAE 4= AE K PERE A 52 0 W36 3, pr sl g 45 SR T 6, HOR A s i aod Jg
B SRR XA L0 A4 BT P H G E Rt EA B M (P<0.05) W R i CRE R IR R AL
FEMA N I 2 (P>0.05) o HH 3R 3 1T 045 1 36 4 %) S 16 =1 34 T X R, 43 i B T 27.57% . 35.51%
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23.83% , HAFAE 1 22 5 (P<0.05) , il 35 41 2 MR 41 3 22 57 A8 i 35 (P>0.05) 5 A& 50 4 1) ~F- 44 H 3
T T IR, A BN T 27.45% . 35.29% . 25.53% HAFAE #5242 FIsE i 4l 3 2 R A
3% (P>0.05) 5 R I UL E 344K T X BR AL, /3 I FRAR T 2.9% .3.6% .2.6% , ik 55 21 2 Fik 56 4 3 22 5+
AN GERFRIE N A SR BE NS B R M FLAE AR 1 S P Y H OISR B L IR A A
PR (RS R 10 g/d B, % AR a5 R e i
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Tab.3 Effects of different levels of rumen—protected amino acids on growth performance of lactating yaks

il 0g/(d3k) 5g/(d-3k) 10 g/(d-3k) 15 g/(d-3k)
Items Control Low Medium High
I 5t kg
258.1+£30.5 257.5+3.6 251.3+19.4 255.9+19.9
Beginning weight
KT at/kg
279.5+26.2 284.8+20.6 280.3+25.8 282.4+22.4
Final weight
S kg
21.4+3.2° 27.3+3.5" 29.0+3.3° 26.5+3.1°
Total weight gain
X H I kg ‘ _
0.51+0.06 0.65+0.07" 0.69+0.03¢ 0.63+0.05°
ADG
Kt ht/kg
7.06+0.42 7.12+0.31 7.03+0.46 7.01+0.44
Feed intake
KL LL/% . _
13.8+0.6" 11.0+0.5 10.2+0.6° 11.1+0.4°
Material weight ratio
HE £ 46 £/ %
240.1+25.1 245.1+23.2 240.1+£22.6 243.0+24.3

Fertility index

3.3 A[E7KF RPLys 1 RPMet 31 i FL4E S F= 9 & K FL A 5 HI 521
AN[FZKF RPLys 1 RPMet X #b FLAE A= 7= 05 it K LA A3 (052 ) DL 2% 4, il a5 S ml 0, O rhoas
198 AR R IR A4 FLEE S HA B R (P<0.05) 6 P it FLARSR CFUME R R Wi N
W3 (P>0.05) B 4 A0, 1280 40 1% 7= 0 st RN FL G SR s X0 BRZH L (H 22 A 3 (P>0.05) , FLFEFILEL
I 0 e %k BE A RN a6 ARG 45 b T — 3. S5 AR IIA Il i B 2R re e W & R T i FLE R 3L
FEA SR IRA AT N 10 g/d BF 3 HAR RO e
F4 AEKESESSEBRGIIES=HER IS KN

Tab.4 Effects of rumen—protected amino acids on milk yield and milk composition of lactating yaks

uiH 0g/(d-3k) 5g/(d-3k) 10 g/(d-3k) 15 g/(d-3k)

Ttems Control Low Medium High
FE R kg Milk yield 1.46+0.21 1.63+0.18 1.71+0.17 1.57+0.20
FLE /% Milk protein 4.11+0.21° 4.47+0.28" 4.83+0.16° 4.48+0.31"
FLAE % /% Milk fat percentage 5.18+0.81 5.91+1.32 6.34+0.81 6.12+1.21
FWE/% Lactose 5.27+0.34 5.37+0.10 5.3220.21 5.57+0.14
SETEH)/% Total solids 16.89+1.74 17.09+1.10 17.11%1.25 17.02+0.79

3.4 RPLys 1 RPMet 3t 4E4 2L S BB 5 I F 1

ANl K- RPLys I RPMet WA= FL P 2 B8 o3 152 e DL 26 5, Bl 25 SR T 26, HOR s it Jg
FEERR IR A FLH A T A R FR T A 5 X IR AR — B H 22 7 R 3% (P>0.05) . FREES AT 4E4F
FLA Y F2 AR A3 P R BRI O A3 2R e 2R RN 2R (510 2 e S (BT AR FE AR L I
M AR AR ) E D FEA-FLD Lys F Met (9 FAE R 3.1 (GEiat S0 21 fe s (BT 190D L 31X 5 HOR R s i iy 1o 98
BRI LA — 3 S5 RN IR 8 SRR AF 2L P i Z R R 1 o T B S
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Tab.5 Effects of different levels of rumen—protected amino acids on amino acid composition in yaks milk %

I H Og/(d'%) 5g/(d'5l<) 10 g/(d-3k) 15 g/(d'%)
Ttems Control Low Medium High

KAZER Aspartic acid 0.29+0.01 0.31+0.02 0.33+0.02 0.29+0.02
AR Glutamate 0.80+0.04 0.85+0.08 0.910.07 0.8120.06
2253 % Serine 0.1620.01 0.170.02 0.1920.01 0.1720.01
KEZ R Arginine 0.14+0.01 0.15+0.01 0.16+0.01 0.14+0.01
H & Glycine 0.08+0.004 0.08+0.007 0.08+0.004 0.08+0.005
FRE R Threonine 0.16+0.01 0.18+0.01 0.170.02 0.1620.01
i & M2 Proline 0.38+0.02 0.360.04 0.40+0.02 0.35+0.03
P42 Alanine 0.14+0.01 0.130.01 0.130.01 0.130.01
SRR Valine 0.26+0.02 0.3120.03 0.28+0.02 0.27+0.02
HEHER Met 0.08+0.05 0.12+0.01 0.09+0.01 0.08+0.01
JJEBR Cystine 0 0 0 0
F5EE IR Tsoleucine 0.27+0.12 0.29+0.11 0.39+0.05 0.3220.15
FEAMR Leucine 0.510.12 0.45+0.07 0.5420.07 0.39+0.07
ZE N 2 Phenylalanine 0.16+0.02 0.15+0.04 0.14+0.02 0.15+0.03
4R Histidine 0.2120.01 0.1620.03 0.210.02 0.19+0.01
R Lys 0.35+0.02 0.35+0.04 0.37+0.03 0.36+0.02
LR Tyrosine 0.18+0.03 0.1620.02 0.17£0.02 0.1620.01
BHBRLEA Amino acid ensemble 4.1220.34 4.230.42 4.6620.15 4.3120.46

4 WiIREER
4.1 RPLys#1 RPMet X7 il ZLIE 41k R 5 FR 89 5 M

Lys TEAR N — R 5 Bl AE I S 256 A0 R I, IR0 RT LKA 3 i 7 R e iz 22 BOoRiAR B 7 g 107 1R 1)
B4 Ak, A T A B B B 2R A KR4 BE e Met 1T AR REBRE A% 1R 55 H 30 5 0 9 5 G (L 7%
P RS T IR 45 ) oS A A BB P 2L 8 8 5 ) B o) g 7 A B AT o EE VR FHY, DRk 52 Lys Fl Met
XIHURR A K KT BHA T E BN E . BHEM RIS R R AR HH A8 RPMet 55 RPLys X far #7
THAP5 N A i B 52 ) (8 25 (P<0.05)  AEXH AR B AR RH I G (8 3 52 Ml (P>0.05) o A% BB A 5 45 SR e BH i
P8 ' PR WA KR I A R B 4 R AT B 25 R (P<0.05) , X B AR R bR G 3 520 (P>0.05) o A<
I RIFTEXT G2 R 4.5 5 Jo A7 (R AR BEFE AR | 76 AR 0 1) 7248 RN 70 02 1 38 FR L8 2R 00 X IUAR 2R 1Y
AR AR RIS B A0 S e A A B i e LR R K 5000 6 0% A5 B A J T AR A PR AR B . LA
FEAR PP AR R B, P B R 28 24 e B A (R R AR SR i S0OREH: | BV A A8 A o e 1 8 B 5 {1, a0 285 SR 2R B
T M 9 B SRR L GRS PR TR A IR N I S R T , R BRI A K R T BRI A Y R L A

T2 M B A i FELRNAR B 25, 5 T A BB oE 485 R — 30

4.2 RPLys#1 RPMet 3fib FLAE 4 & K 1 BERI 220

FERDRR HAR I RPLys A1 RPMet 208 & 25 52 =5 /N vl i Ak 2 SR Fic it , S AL g 26 R B AL BT a0 20
(R IETRLL 5y o FRor AL IR (1Y Met | Lys BEAZ 3% 175 B i A A it e S5 i 2R K R T8 8 e
Y (MCP) & B, 75 3 ANz v B9 MCP 340 2 s 3500, A B s A ) 16 2 i 1S s 8 & 1R
B NIRRT E (NDF) (TR VEVRET4E (ADF) S B T AL, 9 B AR A ENR TR (VEA) e 58 T
Hrp iy 2 TR R BN A sh R R AR A K K B AWM HEZNE L, BRE g
(I BIF9E 3R WIFE H AR 75 i RPLys £ RPMet XF faf {30 50 4734 H 34 5 OfH i L34 A 2520 (P<0.05) .
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T S RIS R A TE H OB H S I RPLys A RPMe , 3056 24 - 44 H 3 80 0 3 = T BE 4L (P<0.05) , RE EE L
I AR T X HRAL (P<0.05) o FR T VUK 0 40E 282 35 e Ol i P S O A i R B =X e = R 2R M) R, iz
] SRR S B, P EOG EE A RK A T AR BOHE A98 AL BB . AT AR A 2R R AR T s
1 9E AR , R HAMEE A A e | 2o 5 R i TR | RE S W P T I FLAE AR 1) S E P H
e N R, 3 A b A R IR, i FLAE AR /N P T A SR R I W AR AR N 1 S
PR A , B TR ER B, 3 55 mi A A9 SR — 3K

it H AR (A 2 BT 45 5 2 B RR FR AR I RPMet 5 RPLys X T4 iR & 5 A S % . Rob-
inson ZEN LA L S RN I L S 2 R AR TE T G, LA Lys R 85— BRI & FE AR (9 TMR H K78 /il RPLys
HEAT A 28 d (R 1A R B8, F 5% 26 WS N RPLys X3 A i Z LI 4= 9 BoR & o . o i
SEAIE 5 45 SR e B SERIARDRR Hh AR I RPMet 1 RPLys X 10528 4 9 R £ 6 W 355 0 (P>0.05) o A
RIS W FE SR B WS IR SRR A T AR, X LR A 1 SR B B TG S S M ) T L R R
FEA IR B T HA G IV AR B, BRI 2 55, BUAR A B0 1 U in 2o 98 ' 2 3k
TR, BB A A R B4 TG 2 A FLAFE A 1 2 BE R -4 R B SRR BN F IR 2 8h B B e KRR BRI 7 L iR
I it 98 1 A SR X B N A 2 S T LR, IR R AR M M LR AR B SR B 6, X S T BB
LR —.
43 HEBEREBMDIVESFIHER IR D KRN

NS 2R W], Lys Fll Met & 5200 7 00 it F1EL o0 0 56— PR PR 20 8, %o 3L AR 1 152 i) LU X 7
W W R SRR FEARR SN RPLys A RPMet fEf% . 25 #2557 b a] T AL LI B0, R TH i 1k
GAIETR T, 12 1m0 IV Y P R SR VR LA Rtk A\ FLRR ) B RV B, S LR Th B A A R AR T
SERIHTRY T, A T FL A A B Y BRACAS AR A ) R e [R] B A i RPLys AT RPMet, A5 1 5L,
PR T 2.56%. XIAISFEPR ST R B, E AR FRDRR S i RPLys AT ARSI 5 4= X0 3 98 B 46 11 BT 9 75
B R A o BR ) A R 1) T A AR R A ) P R LR R . MR R A 5 e I AR
TR B AR S AR E AT U S LR R U AL E AR . AR AW 5T 45 R R B I RPLys Al
RPMet BEN i 35 45 T il PLAE A4 LA (1 3 &, (6] 7™ i g AN 2L 30 S5 LAt 4 A G S 35 M s i), L mT B 14 Ji
BRURFE TR R X AR — B E SO FLR A A4 (A H = 5 e ARAER, AR ity b X R 48], 5 H 3407 0y
UM 1 kg 2247, BEASBE S8 B W 40 BT I0 25 AR SR 2R 4 Lok . R MCP & s 2 LUK AL &4
St , Tl R R LG 252 i (MCP) I & M B E N R Z — . Y H R EESS oK /b &4 (NSC) & i
o v BT BRI v B v R B R O AR S A R B DTS e L e M FLL s, B
Tl N A1 27 2% RPLys Fl RPMet % 7 75 it F1FL A 23 A9 52 0 285 SRS — 350, i AR KA FE R Tl 50 5 )
An R EORRSS R S S S A IR 25 45 2 1 TR R R R

RPLys Fll RPMet X} ZL i H 2 L 2 1 43 149 52 W) 2 DL 41238, /i A 56 T Lys H1 Met B9 /E FIATL B I A i i) B
HSF PRI N EAE L R . AR AYBTIEEE R A B, B Met REASTENLIAR INFE 1L M e R , (B 3L
T PG T 235 R 2 B e PR 1 L A P 1) g O, ) Lys 1 Met 35 bRt TG B 5 RS2 0, 2 75 B A% 0 B i 134
T S DA 200 2 SR (R S I, At TC 5 ) L A S R A IR T B — D TR R . OAMRIETT A
MBI FE LA , AR50 T 75 N9 RPLys AT RPMet (9 LU A 30 1, 3X 5 FL T Lys Bl Met (9 LA BEAR — 3, 3X
HH R B AR LSRR BB 2R A Rt — 2009 .

AR I FE 25 R B, RPLys A RPMet D4 3: 1 Hu (9l 4 TR & R FE TR T M I FLAE 4 |, e AR TR i
10 g/(d-3k) o HARPENN10 g/(d- k) b5 B 2 5L 0R , Be U8 P2 - W FLAE A= Ik BBl AR B H8 %k b ZLAE A B
H P H I E I REAOR L iR SR I FLAE A L S . RSNl R B =R, X FLAE A
FL B 2 B R B TC R
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