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Table 1 Ratio of each protein component to total protein in vegetable proteins of milk replacers %
4151 HREN B A HEA HHEHA Fofl
Groups Globulin Prolamin Gluten Albumin Others
A 55 9
B 34 4 18 9 7
C 13 11 25 17 5
D 13 7 35 11 5

x2 RIARWEFRKF(RTFEA)
Table 2 Nutrient levels of milk replacers (air-dry basis) %

BHIAKF 211l Groups
Nutrient levels A B C D
+¥15 DM 94.46 94.53 94.76 94.90
HLEE F 5T CP 25.02 24.79 25.01 24.83




3 X e A5 AT AN ) 2 P 5 U 2E 5 00 I LA 8 24 A R B I AE 2088 B9 52 ) 1229

£k 2
H I 4151 Groups
Nutrient levels A B C D
LEAVERE NE, ./ (MI/kg) 9.97 9.51 8.81 9.41
KN EE 12.68 12.46 12.74 13.12
HLK 4 Ash 4.68 4.60 4.35 4.34
£5 Ca 0.87 0.96 1.07 0.98
WP 1.81 1.85 1.78 1.77
R Lys 1.48 1.31 1.43 1.34
IR Thr 1.21 1.20 1.24 1.18
HEHAMR Met 0.83 0.85 0.91 0.87
Wi AR EAA 9.72 9.87 9.91 10.24
T A SR NEAA 13.33 14.68 15.59 16.09
LREVRES BOGER [ 81 1H0T , R il . & 3 A,
NE,, was calculated according to reference[ 8], while the others were measured values. The same as Table 3.
®3 FEMEARREFRKTE(RFERM) ER I EEAL > 4 4, A 16 Sk BRI AR
Table 3 Composition and nutrient levels of the J5 2 h NEE R EPTE, , i F 4 2 ] M ) 2L R i
sarter (air-dry basis) P BLLAE T F R B R, T A A
TH teems Al Comtent  FLfh . BUKHEA R RTE B B (4.5 mx 15 m)
R Ingredients TRIBEAT 1 U BN
ZE15 ) oK Steam-flaked corn 20.0 PR S T S H % 50 ~60 C 1 7K i
SN o LT ST LN (ACFL R TR K PR =107)
52 oybean mea . PN -
’ FRRIEIR T 39.5 C AT imad . ACTL A e
%k % Wheat bran 14.0 .
Wi Molasses 39 AARE Y 1.2% (TH SRR ) 10 4 2 JR 4R
K27 Soybean hulls 4.8 PR L R, B AE 21 HR A H R 3K
TP KY S H AT % %) DDGS 4.0 (07:00.12:30.18:00) ,21 H %54 H W E 2 &k
PHIERY Premix 40 (07:00.18:00) , 7 14 H #0 FITF £ RF, 65 K
A1 N =) N =) —] X W
I Toal 1000 C R BB AR B, B E 63 F . BRI

7K Nutrient levels - N ey
unent feves F PR SR AR K , 4 TR0 T B A IR R A

Ty DM 89.59 X o e
1 4R CP 16.93 T U0 4 i B T SR LA 1
LEAVERE NE, ./ (MJI/kg) 7.62
HAEN EE 3.39 — iR E Maximum temperature
BT A 1 © 8 hmee o
5 Ca 1.12 g 30 ge temp
i P 1.73 g2
ke T 4 NDF 14.44 E 20
Mt 4T 4 ADF 4.71 @ 15
R B R A T 5w FF & L2 {1 The premix provided the 10
following per kg of the starter: VA 15 000 IU,VD 5 000 IU, 5

1 8 15 22 29 36 43 50 57 64
H#& Days of age
1 REEHRERE
1.3 KieshipFniAxEiE Fig.1 Environment temperature during whole period

TR 64 Sk g RR A0 i i S B A SR IR AR —

VE 50 mg,Cu 12.5 mg,Fe 90 mg,Mn 30 mg,Zn 90 mg, Se
0.3 mg,I 1.0 mg,
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R EL a5 2 R AR EL o A F ok, 7
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TR AL, SR PRI Y 1% i R A R, IF
i B R R RS JRAE 1 pH, ZEFEFNIRFE T—20 CIR A7
ERILN
1.4.3 MR R AR

SrilTEEA 28 56 H IS SRAE KL, A4 1k
B AR E AT Y 6 Sk 48 | =0 Al 25 i ik R
I 10 mL, 1 500 xg & .0 20 min, Y& 4E Ifl ¥ T
—20 CRURIRAERFI
1.4.4  $8b5I05E
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B SR & A FDRL S TF 5T 38 HOBG E E R
b,
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HE B A S IR AOAC(2000) M /7 Bl 2 . F
Yy R T RE S EE 135 CROMEAS Th 482 h
%€ ( AOAC Official Method 930.15) , ¥L#E R &
i ] Kjeltec—8420 FOSS H 3l & 14 5 il 2 43 Iy
& (AOAC Official Method 942.05) , ¥R 7 & & i
F ANKOM - XTI5i 4= H 3h B§ W5 4 #7 1 7 =2
( AOAC Official Method 920.39) , LK 43 & i
g il 5 ( AOAC Official Method 938.08) , Hi 4
PRI 4E ( AOAC Official Method 2002.04.) A1 iR P
PRI AT 4 & B ( AOAC Official Method 973.18) fifi
FHEF 453 28 30 € |, 55 % 24 TAS-986S #Ji
T W 0k O 3 AL M %E ( AOAC Official Method
927.02) , # & & fdi il MA-PADA UV -6100PC %%
AT L 43 56 % BE i %2 ( AOAC Official Method
965.17) , G\HE(GE) \F5HE(FE) FIREE(UE) 2k H]

PARR-6400 4= H 2l % it i G 700 2

AR A I R 4 2 1A (R = 3 R 1
SE) (GB/T 18246—2000) ") i i & 3L % 1 54
Fri% (S—-433D,SYKAM ) #E4TI5E .

K P bR ME R & (R o @A TR IS
JIT ), 3 2k IR G 928 WA A I 5 1k 4 FH 4 E sl gAY
(BHE ST-360) M MLE HAE KR (GH) Ak
A KA -1 (IGFE-1) By /KF,

1.5 itEARK
1.5.1 fefCidstn
WHALAEI MI/ (kg W™ - d) ] =1 A M BE-Z¢6E;
RFEE[ MY/ (kg WP - d) ] =
A BRE-ZERE- IR AR ;
SAETH AL (%) = 100xTH AL RE/ A L
MAETCIHER (%) = 100x1RIHRE /A B
THALREACI % (%) = 100x R e/ T ik
1.5.2 AR
RIHRE (%)= 100x (FEA B A~
L Ve NS
AR (%)= 100x (A BA-FEA -
PR /A A
1.6 SitFHiE

T Excel 2010 X050 Ji 46 £ s 17w 20 8
ARG R SAS 9.4 AT G401 AR E P H
WE FEELREE TR EE AR R
MR K LI 4847 18 MIXED #5543 47 | 9% 1] 5%
/N3 (LSD) #k T 2 & LA, Geit A an ks .
Yy=pu+T+D+TD ;+C(T)  +& .

A AHEFIE; T AL (i=1,2,3,4),
FERON ;D B (j=14,28,42,56,63) , [fl &
WM C MR (k=1,2,3--64) , FHLALY ;¢
B2,

THALAR G BE A B R R R
#Z/5rHr (one-way ANOVA) #4750 07, 22 57 8. 35 i}
% H Duncan [RIE#HIT 2 E LK, P<0.05 £/n 2
S, 0.05<P<0.10 F£ /R A F+ 5 ol B KA
kN

2y 2y
He HE 5
2y 2y
He HE
oy
He

o

2 % B
21 REBFARDEEREAE HABHESF
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2.1.1 M CRE N H M E
M4 LEW, 42 Hit 14 ~63 H LR, B
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HEAAELRFEST A4 (P<0.05),C 4 H1 D 4
HHAKHZR AL E (P>0.05);63 HIERH,B

AR i T HALY] (P<0.05) ,C 4 .D 4]
5 AHZRZERAEE(P>0.05),

x4 REIMPAREBRRASNHARBESEENZ M

Table 4 Effects of different protein source combinations in milk replacer on body weight of sucking calves

P {8 P-value
T
5iH 2151 Groups
Items SEM Kb Hi%x  AbHIxH
A B C D T D TxD
14 H#% 14 days of age 39.78 39.81 39.41 39.81 1.551  0.935
42 H#% 42 days of age 54.54" 59.79° 56.92" 56.50® 1.929  0.019

76.46° 2.193  0.006
57.74™  1.364  0.032

63 Hi% 63 days of age 74.00° 80.11° 76.00"
14~63 Hi#: 14 to 63 days of age 55.73" 59.99* 57.27"

R RS R AR A F/ING PR R OR 2253 3% (P<0.05) . R,

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

<0.001 0.811

H 2% 5 AT, 14~ 63 H B, A [H] 2 1 5 IR 41
AL AN ITERCRE R  TY R RE R
FAA R AL R A B (P>0.05) ;B 44k
(RS2 H B T A 41 (P<0.05) ,C 4451 D

£5 RIMPARZEARRAAMHAPEF THHEEMRRIENFN (14~ 63 BHiR)

Table 5 Effects of different protein source combinations in milk replacer on ADG and

5 HASH2ZE AR E (P>0.05) ,{H CHH D
AR FH H S EAAESE L& T A A, 50l
T 35.72 1 17.50 g/d,

feed intake of sucking calves (14 to 63 days of age)

. 4151 Groups P {H P-value

Items SEM  xbm Hig  AbHixH i
A B C D T D TD

T H#E ADG/(g/d) 721.57°  817.06°  757.29"  739.07" 88.640 0.036  0.001 0.824

JFE B & Starter intake/(g/d)  921.46 1 050.98  950.72 902.54  98.720 0.848  0.001 0.626

T FCREE DM/ (g/d) 1462.31 1578.88 1488.64 144529  65.160 0.640  0.001 0.776

TR # FCR 2.07 1.93 1.99 1.97 0.120 0.274  0.001 0.878

T BCR B AR AL B T BOR R AT R T R B
DMI included the DMI of milk replacer and starter.

2.1.2 {ERAER

FH2 6 AT, 14 ~63 HS T, 25 4184 1 E f
e A ARHE 2 RN E (P>0.05) ;B A4E4
PARE i E R E T A 4 (P<0.05),C4H
1D 5 HAMA A 25 AR E(P>0.05)
22 RISPABEBRBEHE WIS 46
R BRI E

HH 2 7 A0, 28 HREE, C 418 D 413868
FEET AAMB A (P<0.05);C 41 EBEN 1L
AR R AN AL AR R B E LT A 4R

B4 (P<0.05), A D4 EFMT AHP<
0.05), 5BAHAMCHERARE(P>0.05), 56
Hidm, S Az Mg is s 22 R A 8% (P>
0.05) .

Hi 2 8 Al 1,28 H &I}, £5 2H Z [A] € A I AUH
fh# 25 B 3% (P<0.05) ,C A3 A I, ik 2 D
H B A, A HEAR, ZIHR S IEE S RN NILF
R A Z A DI R 22 5 A2 (P>0.05)
56 H YA, 2 2 22 Bl Z AR br 22 5 A8 W35 (P>
0.05) .
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Table 6 Effects of different protein source combinations in milk replacer on body size of sucking calves cm
i 2% Groups P {4 P-value
Ltems SEM  ghs AUt AbEIxH
A B C D T D TXD
14~63 Hi
1A Wither height 80.98" 82.46" 81.89®  82.18"  0.503  0.041  0.001 0.689
+5#B % Hip height 85.27" 87.20° 86.13"  86.18"  0.570  0.020  0.001 0.953
I £ 55 Hip width 18.60 18.87 18.44 18.71 0.257  0.244  0.001 0.672
Jf il Heart girth 90.98 92.33 91.69 91.98 0.994  0.339  0.001 0.649
58 B Abdominal circumference 96.21 99.48 97.95 96.79 1.316 0.086 0.001 0.760
R #HE Body length 84.55 86.10 85.29 85.12 0.712  0.130  0.001 0.869
®7 RABHFAAEARBASHHAHESF =R IGFHZMT
Table 7 Effects of different protein source combinations in milk replacer on energy metabolism of sucking calves
i H 2 3] Groups Pt
SEM
Items A B C D P-value
28 H#% 28 days of age
% A M fE GE intake/[ MJ/ (kg W™ - d) ] 0.64 0.59 0.63 0.64 0.007 0.090
FHE FE/[MI/ (kg W°P - d) ] 0.06" 0.08" 0.12° 0.10° 0.005 <0.001
JRAE UE/[MJ/ (kg W™ - d) ] 0.39 0.45 0.41 0.34 0.029 0.578
K AETHIL® GE digestibility/ % 88.98° 86.18"°  81.37¢ 83.74" 0.008 0.001
MAEARISTE GE metabolic rate/% 82.48° 79.68"  74.87° 77.24" 0.008 0.001
ML AEIR TR DE metabolic rate/% 92.69° 92.45®  91.99° 92.24" 0.001 0.001
56 H#& 56 days of age
A RBE GE intake/[ MJ/ (kg W*™ - d) ] 1.58 1.53 1.55 1.55 0.026 0.919
Z5RE FE/[MJ/ (kg W™ - d) ] 0.26 0.30 0.32 0.30 0.008 0.157
JREE UE/[ MJ/ (kg W*™ - d) ] 0.18 0.19 0.27 0.20 0.015 0.130
MAETHILZ GE digestibility/ % 83.48 80.56 79.82 80.42 0.006 0.268
AR GE metabolic rate/% 76.98 74.06 72.32 73.92 0.008 0.157
THALREIR ISR DE metabolic rate/% 92.21 91.92 91.41 91.91 0.001 0.168
*8 RIZPAAEARBEASHHIABEFRRIGFHZN
Table 8 Effects of different protein source combinations in milk replacer on nitrogen metabolism of sucking calves
iE| 2151 Groups Pl
Items A B C D SEM P-value
28 H % 28 days of age
%A B TN intake/[ g/ (kg W™ + d) ] 1.30 1.24 1.32 1.31 0.015 0.209
FA FN/[ g/ (kg W™ - d) ] 0.23¢ 0.31°¢ 0.48* 0.39° 0.021 <0.001
JRA UN/[ g/ (kg W™ - d) ] 0.64 0.63 0.53 0.56 0.028 0.456
AIHLH N digestibility/ % 82.36° 75.05" 63.93¢ 70.41° 0.015 <0.001
RUTBZ N retained rate/ % 33.15 24.39 23.41 28.03 0.020 0.331

56 Hi% 56 days of age
A A TN intake/[ g/ (kg W™ - d) ] 3.14 3.01 3.04 3.03 0.048 0.815
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4k 8
WH 205! Groups P{f
SEM
Items A B C D P-value
FA FN/[ g/ (kg W™ - d) ] 0.59 0.63 0.70 0.66 0.018 0.145
JRAE UN/[ g/ (kg WO - d) ] 0.77 0.71 0.74 0.67 0.023 0.474
FIHIER N digestibility/ % 81.18 79.11 76.58 78.30 0.006 0.076
A UUBLR N retained rate/% 56.46 55.45 52.09 56.33 0.010 0.407

23 RIABPABDEARBEAAXN WA RPES
I & =k E R

H2 0 n[%l,28~56 Hi%, B4 .C4lM D4
e A P GHAKE ¥ T A4, b DA W 3%

BT AH(P<0.05), 5BHMCHERARE
(P>0.05), B 4 .C 4 Ml D 444 1 ¥ # IGF-1
KA B =T A 41(P<0.05)

®9 KRIlMPAREZAREREAESXHARESMFRRKTEHRME

Table 9 Effects of different protein source combinations in milk replacer on serum hormone levels of sucking calves

ng/mL
Wil 215 Groups P {fi P-value
Items SEM  4b3 Hi®  AbHIxH
A B C D T D TXD
AR #FE GH
28 H % 28 days of age 3.48 3.61 3.69 3.62 0.172  0.555
56 Hi%¥ 56 days of age 3.56" 3.89% 3.85% 4.30° 0.156  0.008
28~56 H#% 28 to 56 days of age 3.52° 3.75% 3.77% 3.96" 0.102  0.006  0.001 0.615
JE & A AE K T -1 IGF-1
28 H % 28 days of age 44.50" 46.35° 47.05° 45.46"  1.618  0.036
56 H#% 56 days of age 45.75" 49.05* 48.03" 52.39° 1.591  0.030
28~56 H i 28 to 56 days of age 45.12" 47.70° 47.54* 48.92" 1.063  0.041  0.001 0.537

3 % 8
3 REmPAREERBRAAGX W AELF
KRR

EABE AR NP EENERRZ
—, HOR UMK P B i 2 i L e A i B
FORUY S BT A AREL L B BRI A B
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Effects of Different Protein Source Combinations in Milk Replacer on
Growth Performance, Energy and Nitrogen
Metabolism of Sucking Calves

LIU Yunlong' YANG Lei'"®> MA Yanxin® FU Tong® GUO Jiangpeng' KONG Luxin'
BI Yanliang' DIAO Qiyu' TU Yan'®
(1. Beijing Key Laboratory of Dairy Cow Nutrition, Feed Research Institute, Chinese Academy of Agricultural Sciences,
Beijing 100081, China; 2. College of Animal Science and Technology, Gansu Agricultural University, Lanzhou
730070, China; 3. College of Animal Husbandry and Veterinary Science, Henan Agricultural University ,
Zhengzhou 450002, China; 4. Beijing Municipal Animal Husbandry Station, Beijing 100107, China)

Abstract; The objective of this study was to investigate the effects of different protein source combinations in
milk replacer on growth performance, energy and nitrogen metabolism of sucking calves. In this experiment,
sixty-four newborn Holstein calves were randomly assigned to one of four groups with 16 calves per group,
which were fed with milk replacer whose proteins contained 30% milk protein (MP) and 70% vegetable pro-
tein. Vegetable proteins were soybean protein isolate ( SP) , wheat hydrolyzed protein ( WP) and rice protein i-
solate (RP), respectively. Calves in different groups were fed four replacers, which were as follows: group
A, 30%MP+70%SP; group B, 30% MP+40% SP+10% WP+20%RP; group C, 30% MP+10% SP+40% WP+
20%RP; group D, 30%MP+10% SP+20% WP+40% RP. The trial lasted for 63 days. The results showed as
follows: 1) at 14 to 63 days of age, calves’ body weight and average daily gain of group B were significantly
higher than those of group A ( P<0.05). However, there were no significant effects on starter intake, dry mat-
ter intake and feed conversion ratio among all groups ( P>0.05). 2) At 14 to 63 days of age, calves’ hip
width, heart girth and body length were not significant difference among all groups ( P>0.05), but calves’
wither height and hip height of group B were significantly higher than those of group A (P<0.05). 3) At 28
days of age, calves’ gross energy digestibility, gross energy metabolic rate and digestible energy metabolic rate
of group C were significantly lower than those of groups A and B ( P<0.05). The differences in fecal nitrogen
and nitrogen digestibility among all groups were significant ( P<0.05) , but the difference in nitrogen retained
rate was not significant (P>0.05). At 56 days of age, the differences of energy and nitrogen metabolism a-
mong all groups were not significant ( P>0.05). 4) At 28 to 56 days of age , the growth hormone ( GH) level
in serum of groups B, C and D was higher than that of group A, and the difference was significant between
groups D and A ( P<0.05) ; the insulin-like growth factor-1 (IGF-1) level in serum of groups B, C and D
was significantly higher than that of group A (P<0.05). In summary, feeding the compound vegetable protein
milk replacer can affect the growth performance and nitrogen metabolism of the sucking calves, and the B
group has the best feeding effect.[ Chinese Journal of Animal Nutrition, 2020, 32(3) :1227-1237 ]

Key words: sucking calf; vegetable protein; milk replacer; growth performance; energy and nitrogen metabo-
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