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1 #MR5FZE
1.1 Rz

PEH 64 S 1 PR A7) 2L L {5 1) A A Ak R A
A A H O — SR BEBL A B 4 4, B 16 Sk,
16 7 HIRHE 2 B4R 22 AN B3 (P>0.05) ,
SEHA AR M (38.6+0.3) kg,
1.2 REEIT 5 RR

RECR B R Z R KBt L3 MY EA
[RGB HE A (SPL) KRR EE H (RP) /N4
KEEE (WPH) ] MFLIE R FE I AREL 5 1 A
FRUR , Be il 4 A W) 3 IR A A AR EL A
BHRFAT P EARBHEGUWT A 4H,30%FL IR
BEH+T70% KRG B8 ;B H,30% FL & H +
40% KT BB +20% KoK B E I +10% /N2
KR C 41,30% FLIRHE F+10% K 557 8 5
F+20% KA 5T B 8 FH +40% /N2 K S B ;D 41,
30% FLIREE F1+10% K 543 B 8 1 +40% KK 7 B
BEEA+20% /N2 KA, ARFLa b & E P i
3 o R TR B DL 1, AR L B 3R K
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KL 3, IR 63 d.

F1 RIAMPEEARES S ZEQRMLE (FHHRER)

Table 1 Proportions of different protein components to total protein in milk replacer ( DM basis) %

Wi [ 205 Groups

Items A B C D
FLE H + AR E FAR Lactoprotein+crystal amino acid 29 28 29 28
B Globulin 55 34 13 13
%5 % H Prolamin 4 11 7
#+ 4 1 Glutelin 18 25 35
W M Albumin 9 17 11
HAZE I Other proteins 7 5 5

®2 KEIMBEFRKTE(FYREM)

Table 2 Nutrient levels of milk replacers (DM basis) %

BT 205 Groups

Nutrient levels A B C D
T (A THEAE) DM (air-dry basis) 94.46 94.53 94.76 94.90
HE AT CP 26.49 26.22 26.39 26.16
W1k BE DE/(MJ/kg) 13.75 13.36 12.79 13.67
MR EE 12.68 12.46 12.74 13.12
MUK 4) Ash 4.95 4.87 4.59 4.57
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KR #H %) Groups

Nutrient levels A B C D
45 Ca 0.92 1.02 1.13 1.03
WP 1.92 1.96 1.89 1.87
HHZBR Lys 1.57 1.38 1.51 1.41
B &R Thr 1.28 1.26 1.31 1.24
EHAMR Met 0.88 0.90 0.96 0.92
WA IR EAA 10.29 10.44 10.46 10.79
JENTE EFER NEAA 14.11 15.53 16.45 16.95

BRI AL RE S 2 BN i i A AR B SR R o 2R, 3% 3 ],

DE was calculated according to Liu'®’ | while the other nutrient levels were measured values. The same as Table 3.

®3 ARBARKRERKE(THRERM)
Table 3 Nutrient levels and composition of

the starter (DM basis)

Ui H Items
JE Bl Ingredients

% & Content

Z8IKJE A E K Steam-flaked corn 20.0
EK Corn 30.0
=M1 Soybean meal 20.0
%k ]2 Wheat bran 14.0
% Molasses 3.2
K2} Soybean hull 4.8
O TR S H AT %) Imported DDGS 4.0
TR Premix 4.0
A 11 Total 100.0
E 77K Nutrient levels

TFH)5 (TR ) DM (air-dry basis) 89.59
HER CP 18.90
1k fE DE/(MI/kg) 12.51
HLAg i EE 3.39
KK Ash 5.78
5 Ca 1.25
WP 1.93
TP VR 4T 4 NDF 16.11
R PEVR I 4F 4 ADF 8.32

TR ALy B T 58 FF B RHE L The premix provided the
following per kg of the starter: VA 15 000 IU,VD 5 000 IU,
VE 50 mg, VK 34 mg,VB, 8 mg, VB, 7.2 mg, VB, 80 mg,
VB, 8 mg,VB,, 0.04 mg, =¥ % biotin 0.6 mg, MR folic
acid 4.0 mg, D-JZ f® D-pantothenic acid 22 mg, 2 nicotin-
ic acid 20 mg,Fe 90 mg,Cu 12.5 mg,Mn 30 mg,Zn 90 mg,
Se 0.3 mg,I 1.0 mg,

1.3 fAxEHE
WFIRE T 2018 4F 9—12 HEWMEA T E

TG AR K 2= B YR 7 5 Bl ) B 2 7 52 e Sk b
HEAT o A HE S AT R A B AT R B A 21
JE S MR, I B bR, B TR S (4.7 mx
1.5 m) N ARSI 57 B B2 A 5 42 A1 T T A0 2K A
FURHE | 3 )8 W0 25 SO B8, 1~7 Hi AAREL
d ik VA R PR L S AR Y A e 103 R
NE) 3.0, B4 7 H R A IR R & AR
FLah, RELR B AREN 1.2% (TW AR
T W | I AR A A5 A A i 1S K R R AR L K KR
W50 CHEA, SRFLAHE 71 ) 1y )
RAI 7 b, 0 LS, 18 T B 2 39 ~
40 CHME BB A, Be4-7F 21 H A7 4: H R 3
W (07:00.12:30,18:00),21 H#)5 4 H i M 2
% (07:00,18:00), 14 H @ HHEE IR, At
KB, AHKOK, BRKIC R EAFER R TR
TY R H (DMI)
14 HRRERAFE
1.4.1  TaRRE i

TR0 0 R) g R SR A AR 2L RO BB RE A AR
mdR 5] G AE T B B4, -20 T ¥ KRR AE,
(SR
1.4.2  FEFERUREE

R TEEL 6 Sk 420012 41 - Y U E L fe R A s
A4 R AW IR IEAE 28~ 34 H IR AN 57~ 63 H i
AT 2 B AR AR5, S WA 3 d, IE
I 3 do TR ¢ B Sk 48 A B R Y HE 2 i A HE
JREE . REEHEZE MR 10%/E MRS RN, KRG
100 g £ 2 fin A 10% () Fi 2 2 10 mL 8 %
RSk 1 R W HE R A 3R IR A )5, 4% 1 H O
Y 1% BURE 48 A RFEI L 10% A s R 1R 1
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& pH<3,-20 CRERAFEM,
1.4.3 HEE

RIS 45 5 A7 R 52 80, A 2 ok A 3 O
PR R 6 K AgtHREEL A, 5 R 25 I8 R 5 S B0 ik
L S B S SR R It R A A e T R E, T
THREAS B AL
1.5 ERNESHE
1.5.1 AR

SRR R 7,28 .56 H & AR E [A] A
R R RRHS R L 5T
HRFE H 4 (ADG) AR L3 (FCR) .
1.5.2 BIRYFE &

T B A i RN RE T T B (DM) KL AR R
(CP) MARNI (EE) MK (Ash) | PR UE U 41 4t
(NDF) \FRVEVE 2T 4E (ADF) (5 (Ca) W (P) By
SRS R AOAC(2010) 7 e &, Hib +
Py 5 B e 3 DR TR S TE 135 °C RO MERS P
2 h 5% ( AOAC Official Method 930.15) , ¥ %
JF &l Kjeltec—8420 FOSS [ 2h 4 14 i il 58
3 7 ( AOAC Official Method 942.05) , ¥ i &
= ANKOM-XTI5i 4= A 3 Jig I 43 At A D
( AOAC Official Method 920.39) , KK 43 & & i
3 4P 5 ( AOAC Official Method 938.08) , H
Ve T 4E ( AOAC Official Method 2002.04) F1Ji&
Ve LT 4k ( AOAC Official Method 973.18) & & i
FHEF 218 22 0 5, 45 & &l TAS—-986S 5
T W Ui 6 i A I % ( AOAC Official Method
927.02) , B & & i Il MA-PADA UV -6100PC %
HhAT UL 43 6O BE I 2 ( AOAC Official Method
965.17) , RFL A P & LR 4 R AR H o))
AFHY (S-433D, SYKAM) 73 5 110
1.5.3 ERYBFRMWIH LR

B R R AT A R

BRI FRWHERE(%)=100x[ BA

ZEFRY I E(g) - PR ERY R () |/
BAZERYEE ().
1.5.4 JBEEMERE R EIRE

B RS E R E AKX T,

J& S (%) = 100x iR TE (kg) /A HTTE E (kg) ;
PEETER( %)= 100x 28 B i i (kg ) /
SRS E (kg) o

1.6 Zitoth
JH SAS 9.4 Ao Ml S g ds | B IR R0

THALF B 52 R 6 K 1] one-way ANOVA Al
1197225007, 2 5 . & 1) F Duncan [RIL#E1T £ &
LA s AR M e B A A 52 I 3 08 1) MIXED
TEAY | 22 5 ) 2 i DL SR /D B 35 22 80 (LSD) ik i A7
PG L8, Ge i 40 M Ll P<0.05 &S W3, P {8
£ 0.05~0.10 NA 5 B EFEH,

2 &% B
2.1 $E4{KE ADG.DMI #1 FCR

M35 4 AT 76 7 BT, &5 4 e A R E I 7
38 kg ih, BR AR FH(P>0.05); % 28 H R},
B AAE 7R A s T A 3 41, (0 22 7oA 1 3
(P>0.05) ;% 56 HiAHE, B AKE R EES T A4
(P<0.05),5 B .CHZRHAEE(P>0.05) ;1K
WAl (7~56 Hi%) IARE &AM 25 A EE (P>
0.05) fHF7E#H & B 4 A .C.D 4% %l & i
2.4.2.0 f12.1 kg, 52 ADG #5412 1] 2 5F
YRR (P>0.05);29~56 HiE, B 41 ADG
HE LB A C.DANHET 12.8%.3.8% .
4.9% , 5040 DMI 4541 2 (7] 22 3 A 3% (P>
0.05) . IRESHILL M 15~28 Hit 43~56 H i
6], %4 FCR 2% AN B #F (P>0.05) ;29 ~42 H i}
HAME], A 41 FCR &2 & T C 41(P<0.05) .
2.2 HEHERIBRR

t 2 5 Al 1,7 A1 28 H I, &30 A R FE bR Ae
HHZ BT 25 (P>0.05), 56 HiRH,B
H+FHE i EEST A4 (P<0.05),5C.D4#
FARE(P>0.05) A5 C.DHEFUAEE
(P>0.05); BRI EE®T A C.D4(P<
0.05) ,A.C.D i ZH2EFAEE(P>0.05);1k
O REHC A A Z ] 22 5 AR B E (P>0.05) ; [
M H 2R B EHA(P=0.079) B HA T EH
T A 4l 2R R T8 broF (45 4 2 8] 22
SRR E(P>0.05)
23 EEEFRYRKRWHENLE

M 6 M 1,28 H S AF, T4 5 LIS B 45
B RIIE R 22 R A B E (P>0.05) , HE5 1Y
TR A M A 25 B EBEH(P=0.070), L
A A B AR C A EAM M AR Wi
RRIANAHUBERT C.DY(P<0.05),A B
HZ W ZERANRE(P>0.05) ,BHE A B.CHW
ZRHARE(P>0.05), 56 HBE, T9 5 M
BT HLAR D 85 W v VR R AT 4E TR M VR R
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AHMRMFE MRS HZHEZRIIARE (P> ¥ (P=0.065), L1 A diwm, B HEAK,
0.05) , EHLEE F B2 WM L R 4 A7 22 57 35

®4 TEAEARFAGKIARIEFAEE ADG,DMI # FCR BT
Table 4 Effects of different protein source combination milk replacers on body weight,
ADG, DMI and FCR of calves

P {H P-value
2 %] Groups

WUH ]
ems M mm Rl il

A B C D Treatment Day of age day of age
AT Body weight/kg
7~56 Hi% 7 to 56 days of age 51.9 54.3 52.3 52.2 1.05 0.392 <0.001 0.113
7 Hi% 7 days of age 38.6 38.8 38.8 38.9 0.51 0.834
28 H % 28 days of age 46.8 50.2 47.7 47.7 0.67 0.120
56 Hi%¥ 56 days of age 67.0° 734>  70.0° 69.8" 1.04 0.004
-1 H I E ADG/ (g/d)
7~56 Hi% 7 to 56 days of age 591.8 693.8 644.3 618.8 20.46 0.118 <0.001 0.085
7~28 % 7 to 28 days of age 416.7 513.6  440.5 439.3  23.19 0.263
29~56 H## 29 to 56 days of age 723.2 829.1 7972 783.3 24.36 0.105
TR EE DML/ (g/d)
15~56 H{#% 15 to 60 days of age 1018.0 1050.0 10229 1041.9 33.45 0.196 <0.001 0.452
15~28 H % 15 to 28 days of age 407.5 501.7 4209 356.2  28.73 0.073
29~42 H#% 29 to 42 days of age 759.7 953.3 8249 7542  35.74 0.202
43~56 H#% 43 to 56 days of age 14255 1544.3 1443.8 1468.2 41.04 0.195
kAL 3 FCR
15~56 Hi% 15 to 56 days of age 1.7 1.7 1.6 1.7 0.03 0.578 <0.001 0.887
15~28 H % 15 to 28 days of age 1.2 1.1 1.2 1.2 0.06 0.583
29~42 H## 29 to 42 days of age 2.5" 2.0® 1.8° 2.0 0.16 0.009
43~56 H#% 43 to 56 days of age 2.3 2.1 2.0 2.0 0.10 0.215

[T R8s R AR AN [R/ING TR ROk 22 57 3% (P<0.05) . FEE[A,

Values in the same row with different small letter superscripts mean significant difference ( P<0.05). The same as below.

£S5 FREBREBEASGRKIGNESERERNH R0

Table 5 Effects of different protein source combination milk replacers on body size indices of calves cm
P {H P-value
2H %] Groups
15 n
- SEM  ghy g DExHE
Items N TreatmentX
A B C D Treatment Day of age day of age
y

1A ¥ Withers height

7 Hi 7 days of age 74.9 75.1 75.5 75.2 0.36 0.913
28 H % 28 days of age 78.3 78.8 78.0 77.3 0.27 0.237
56 Hi% 56 days of age 84.7 86.4 85.4 85.6 0.28 0.173
SEYI{E Average 79.2 80.6 79.8 79.7 0.43 0.390 <0.001 0.870

+F#= Hip height
7 Hi% 7 days of age 781 789 786 786  2.48 0.813
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P {H P-value
ZH %) Groups

WiH A
SEM e g B

A B C D Treatment Day of age day of age
28 H i 28 days of age 81.3 82.9  82.1 82.0 1.51 0.138
56 Hif%¥ 56 days of age 89.3°  91.7*  90.1® 90.3" 0.12 0.026
S Average 83.2 84.9 839 83.8  0.47 0.425 <0.001 0.756
A&HE Body length
7 Hi® 7 days of age 75.8 74.9 75.4 74.4 2.37 0.880
28 H % 28 days of age 81.8 82.1 81.6 81.9  2.33 0.081
56 Hi#% 56 days of age 89.6 90.8  89.9 89.7 2.24 0.076
S Average 83.1 83.1 82.7 82.6  0.58 0.908 <0.001 0.929
#E | Abdominal girth
7 H#: 7 days of age 75.4 77.6 78.0 77.1 2.50 0.056
28 H i 28 days of age 88.2 92.4 885 88.2 2.75 0.166
56 H#& 56 days of age 110.1°  115.7* 110.6° 110.2°  2.65 0.028
S Average 91.3 95.2 92.3 91.9 1.22 0.226 <0.001 0.502
J#9FEl Heart girth
7 Hi# 7 days of age 79.7 80.1 79.8 79.5 1.86 0.848
28 H % 28 days of age 85.2 86.5 85.6 859  2.01 0.489
56 Hi#% 56 days of age 98.8  102.1 99.8  100.6 1.95 0.079
SE¥IME Average 87.9 89.5 88.4 88.7 0.761  0.730 <0.001 0.878

6 AEAEARBEAGRIASNEFEFYRRWELENZM
Table 6 Effects of different protein source combination milk replacers on nutrient
apparent digestibility of calves %
WiH 2H %) Groups P
SEM

Items A B C D P-value
28 H % 28 days of age
T FEFEM N L3R DM apparent digestibility 92.56 93.55 94.16 93.45 0.01 0.610
HME E BRI IL®R CP apparent digestibility 61.55°  50.07"  46.48" 40.82"  2.85 0.011
HLIE B F M4 1k EE apparent digestibility 88.10 87.46 92.23 91.58 0.95 0.190
FEFRWIE L Ca apparent digestibility 65.20 62.23 60.18 61.91 1.41 0.070
W TN /L3 P apparent digestibility 96.58 96.32 93.50 95.74 0.67 0.357
56 Hii% 56 days of age
TH iR M L3 DM apparent digestibility 93.97 93.25 95.94 95.92 5.12 0.139
L TR WAL % CP apparent digestibility 75.04 70.54 71.57 73.63 1.24 0.065
NG 7 25 W75 L% EE apparent digestibility 83.12 75.20 72.52 77.86 2.43 0.501
FEFR WG L FE Ca apparent digestibility 66.98 60.64 56.93 58.46 1.98 0.171
W2 WAL % P apparent digestibility 91.44 91.13 87.75 90.92 0.62 0.113
rfbE PRV £F 4 R LT 1k 2 NDF apparent digestibility 60.06 64.00  55.75 56.37 2.59 0.684
TR MR VA 4T 4 R L3 fb % ADF apparent digestibility 83.93 85.63 81.26 85.90 1.42 0.669
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2.4 BEHEMNEBEEMEZERY
I3 7 AT, 782 A4 W 0 Ik, 5 i A A

BRSBTS Fl, MR Fs k. i A
FEE B RS 5045 A 2 () 300 B 35 2% 57 (P>0.05)

®7 ARAEARBRAGKRIAEMEFEEEERFEIRHNZM

Table 7 Effects of different protein source combination milk replacers on slaughter performance and organ indices of calves

i H 2H %) Groups P
SEM

Items A B C D P-value
SR E Live weight/kg 75.67 80.42 77.10 73.17 1.54 0.436
Jli{& B Carcass weight/kg 41.90 43.38 42.97 41.45 0.90 0.879
J&SEZ Slaughter rate/% 55.33 53.90 55.73 56.74 0.50 0.260
D HEFE R Heart index/ % 1.26 1.15 1.25 1.28 0.03 0.355
FFMEHE %K Liver index/ % 3.71 3.99 3.68 3.74 0.09 0.563
JELEFE %L Spleen index/ % 0.52 0.55 0.52 0.49 0.02 0.785
Jiti E+5 %0 Lung index/% 2.39 2.65 2.53 2.47 0.06 0.450
5 Wi46 %k Kidney index/ % 0.95 1.00 0.95 1.00 0.04 0.940
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AR T I A AR FL A . Reath 261 #7238, 24
KEDEEARM/NE KRR 11 A5E8R

RELA T 50% M FLUE R F B BRIk & A L6 R R,
P £ R 2R A Le g e, 5 iR B4 H 3
HFNADRL 8 00 T B, 2 WA R LE ) A B AR RN
A5 N T B A AL 2 S oA K T R R
. XAIRERZ Ny . —J7 M, 25 AP & 1 B2 2 1 )
BEAFAEZ S oy — 7 I, AN B 1 4 0 ) V8 1
FIRE B P U Tt T S T A R R BE O R A T R e
HARKMERR, skEOMEERA T EEEA R,
Sy TR AL A, B & A o G, %
JERE AL R e, AR B, Tolk R g
EE RREAMEINERRIN T RO 08 &
FIU2 AR R SR R A R o A, OF B LA
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FKfEARA R B EHN", I Hib &
FUFI A 26 14 A 10 6 45 0 Be W 35 48 FHAF 0 i A
KPERE, BLAh, A AT BE 2 & 1 B4 4 415 LL A
S0 22 51 3 A, B 0L 4y B R 2 R e A R
AR A KPR T H AT G R4
TR AR A R, B e A AL b S AR B
BT 20 53 41 5 I T B 22 ISR R A A
FEARMFFE R & B4 2E () DMI fil ADG 1£4% H
BB Sl e S Az R TR EE R, 7~27
H I, & 214 4F ADG 8%, AT BE 2 i T 16 1%
W B Bk R B i AR DL SR AR b T IR TS
FORE S0 K m) e e . BEE H ORI, ) 44T
R AR TR SR B AW =, O HLBE
ERBAWEE, WA A TR A0 ) 5 R
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BIRYI W LR 2 s e 5 e R 5T
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Effects of Different Protein Source Combination Milk Replacers on
Growth Performance, Nutrient Apparent Digestibility and
Slaughter Performance of Holstein Calves

YANG Lei"* LIU Yunlong® TU Yan® MA Yanxin’® FU Tong® BI Yanliang®
DIAO Qiyu®> CHENG Shuru'”
(1. College of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, China; 2. Beijing Key
Laboratory of Dairy Cow Nutrition, Feed Research Institute, Chinese Academy of Agricultural
Sciences, Beijing 100081, China; 3. College of Animal Husbandry and Veterinary
Science, Henan Agricultural University, Zhengzhou 450002, China)

Abstract; The purpose of this experiment was to study the effects of different protein source combination milk
replacers on growth performance, nutrient apparent digestibility and slaughter performance of Holstein calves.
Sixty newborn Holstein calves were randomly divided into 4 groups, and 16 calves in each group were fed 4
kinds of milk replacer with different protein source combinations. The protein sources were mainly milk protein
(MP) , soybean protein isolate ( SPI) , rice protein isolate ( RPI) and wheat protein hydrolysate ( WPH). The
protein source combinations of milk replacer for 4 groups as follows: group A, 30% MP+70% SPI; group B,
30%MP+40% SP1+20%RPI+10% WPH ; group C, 30% MP+10% SPI+20%RPI+40% WHP; group D, 30%
MP+10% SP1+40% RPI+20% WHP. The test period was 63 days. Calves were measured for body weight and
body size indices before morning feeding at the age of 7, 28 and 56 days. Two digestion and metabolism tests
were carried out at the age of 28 to 34 days and 57 to 63 days. Slaughter tests were carried out at the age of 64
days. The results showed as follows: 1) at 28 days of age, there were no significant differences in body weight
and body size indices among the groups ( P>0.05) ; at 56 days of age, the body weight, hip height and ab-
dominal girth of calves in group B were significantly higher than those in group A ( P<0.05). At the age of 29
to 42 days, the feed conversion ratio in group B was significantly better than that in group A (P<0.05).2) At
28 days of age, the apparent digestibility of crude protein in group A was significantly higher than that in
groups C and D ( P<0.05). At 56 days of age, the apparent digestibility of crude protein in group A was high-
er than that in group B (P=0.065). The apparent digestibility of dry matter and crude protein increased with
age increasing. 3) There were no significant differences in slaughter rate and organ indices among groups ( P>
0.05). To sum up, under the conditions of this experiment, the protein source combination of 30% MP+40%
SPI+20%RPI+10% WPH ( globulin, glutelin, albumin and prolamin account for 34% , 18% , 9% and 4% of
the total protein, respectively) milk replacer has better growth performance than other protein source combina-
tion milk replacer.[ Chinese Journal of Animal Nutrition, 2020, 32(5) .2218-2227 ]

Key words: calf; protein source combination; milk replacer; growth performance; nutrient apparent digestibil-

ity ; slaughter performance
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