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TR A ] s B AT KT A S R . SRR E BOR E MR
R 2 B2 A T MY F A Wi T AHE
(LA AN R E MR AR 2B, 22 M 73007052, [ A MV Aok 2 B A R 72 BT, A L s e
FEIER RS %, AL B 10008153 5218 37 270 5t i 9288 = AL 5T 1000815 4.1 7R 4R
AR B BR A =], 74400)
2 AR BERBIT R PR EE B AP 4E (NDF) K-TXid B 2 tERe . 4R
WEEBRENEMN, EAVIAE] (42.0£2.5) kg, FARELEEVIAN 1~3 Hikd E
AR 60 Sk, HPABAE 36 3k, BEEIAR 24 ko BENLAY N 4 4, A 9 KA, 6
S BRI, 70 HESK Y. 15 HiEFF48 AL B C Fl D 41AWE NDF /KF43 i 29.74%- 31.37%-
34.28%A1 36.53% M Eokl. XEG ) 112d. 2SR LY BARFARMEEZESGT CMDA
(P<0.05); B EERAFREREE ST DA (P<0.05), FAE. K. Bk E RS
T HAR 3 4, HERAREE (P>0.05):; ANEBERERE, BAKEHE LS EAHLGM
MEESEESERHEERTT DA (P<0.05), DAMEEHEELERHIEEST A
(P<0.05); AR B4R HE T pH B HT C M D4 (P<0.05). AEARKZM T, 15~112
H& 421 Bk NDF 7K-Foh 31.37%0, A Bh T 52 s - vk 08 s R g =2 PE e, Rt P IR 2
B EHERRE
OB ATHTEARA s BRI R Rl SRR BN BEELL EER
"
Iy S823!
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SRS PR AL I B4, SR R R e m R [ A B AR RRE
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24 SR R R E SR MORIR B BEGE BT R S0P B FUUER, TEIF Rk n— e Ll R
25 FRLAT ARG AR R, SRR E A IR, (R AL AR B A SUR B AN LR
26 A, EPHREAERST. BRSNS KR AT A RLER 4 1 I BRI TR B RE X
27 RMIESL, RIHUR B R RER B R (HEAR A YRS B S ORI R BRARET 4 T AL
28 FIH, MEREACHRRIER B R, ERCR AR, SAP RS, MR EA
29 AEMMHEBEE R TR BRI E KA. AT, R RN, e
30 AERRIE. YEUE ANy AN, TR EORE R R Y A 2 D KRR 2T 440 A B R T
31 BAFAKKRERESEANEE. WL, ARGPUES R IRk o aRE CE 7RI R
32 KSRGS AR R SRR AT 4E (NDE) KT, BERE A g v b . S E TR E
33 BHREMEN, A RS B NDF KT E SRR R, R R S
34 T AR AR IR A B AR R R KR -
35 1 MRSEITE
36 1.1 RGN A] A
37 BE T 2017 4F 4 H & 2017 48 9 HAE L ARREHATBR A F 58 8t .
38 1.2 KBt
39 EHAIAE R (42.0£2.5) kg WRGEEYIFLM 1~3 HIE UK 1 HES) A E w7 i
40 B 60 3k, MRS 36 3k, BEEAR 24 k. RASEABENLX 418, BEHLON 4 41 (AL
41 B. CHID4D, #4L o KABA, 6 KB, Wik 1. 3 HEJTLS, Ba N
42 MEERRE 4D 2 K (06:30 F117:00), 3~28 HEGANE 5 L/d, 29~65 HidwME 8 L/d, 66
43 HEJEIRE 4L/, 70 HESW .15 HERITAR, 4 2173 715" NDF 7K-F-73 518 29.74%.31.37%-
44 34.28%M 36.53% I ERE, A HAME 2 7k (07:00 A116:30), {RIERHESE HAREL, HHIX
45 K, kB 112 do
46 #1 Rt
47 Tablel The experiment design

it NDF K SiRees! AR K

Groups NDF levels Starter Number of dairy calves per group

A 29.74% 100% ¥k 15

B 31.37% 86% 47 Tl k14904 Tk 15

C 34.28% 729K T RL+28 % AL Tl L 15

D 36.53% 58%Hi Al AI+-42% i fa K} 15
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1.3 SRR
R T BB R E 7K 3 2. IR SR AR (BN 6 mm)ANE, 41 &
H KPR R R AR — 3

%2 TR E TR KT (T B

Table 2 Composition and nutrient levels of experimental starters (DM basis) %
2051 Groups

Wi H Ttems A B C D
J5 Kl Ingredients
%k Corn 60.00 48.70 38.00 26.50
T Soybean meal 27.70 25.30 22.20 20.13
#kH Wheat bran 8.00 8.00 8.00 8.00
7% Alfalfa hay 6.90 16.00 21.80
HMEFE Oat grass 7.00 12.00 20.00
A¥r Limestone 222 2.00 1.67 1.45
MR EAS CaHPO4 0.73 0.75 0.78 0.77
ik NaCl 0.35 0.35 0.35 0.35
ikl Premix" 1.00 1.00 1.00 1.00
41t Total 100.00 100.00 100.00 100.00
E 2K F Nutrient levels?
FEHP CP 18.40 18.46 18.87 18.97
FAEWT EE 4.60 3.28 3.21 3.50
FK 4 Ash 7.58 7.77 8.59 9.19
H BRI 4E NDF 29.74 31.37 34.28 36.53
BEPELRR £ 48 ADF 6.30 10.50 12.75 16.42
T¥5 DM 88.30 86.83 88.72 88.69
55 Ca 1.15 1.09 1.15 1.10
% P 0.50 0.49 0.53 0.48
Rt ME/ (MJ/kg) 273 2.61 2.48 2.36

VIR R A AT 55 T & Bt The premix provided the following per kg of starters: VA 15 000 IU, VD 5
000 IU, VE50mg, Fe90mg, Cu12.5mg, Mn30mg, Zn90mg, Se0.3mg, 16.0mg, Co 0.5 mg.

YA EE T, HAthE R K8 SZ{E . ME was a calculated value, while the other nutrient levels
were measured values.
1.4 GFREH

TG I 48 B A AT B4 B 2 R AT A be i 5, W2 e A o P ke e A=

A JE AT IE T AT, T B R R . B 1S R AN S A Bkl RIERE B
TG . BRI B R IHTE R K.
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1.5 I5E$8bR Tk
1.5.1 R EAURE Al e
15~112 Hi&, FACRERE LB EARELE, THETMICREE (DMD,
FET 1R 112 R AT IE I 8 RS AR, A NI E AR, IR SRR E
152 BbREsErEaedats
WRIGGE A E, EHEREAE, SAERAEELGH PR ER 6 kA4, BFmy
BER ORI, RSk B R . AT OREE BRI B BN AE5H2S B R (A
XA S AR B SRR E AN E . BRER AR AR AR e SR
EZ R EREN, AT
JBSE%R (%) =100k E (kg) /FHITEE (kg) ;
HRE (%) =100x#RE (kg) /ZATEE (kg) ;
M RIZE (%) =100<FRIE (kg) /MifAE (kg ;
WHEH (%) =100x/#NE (kg) /EHEE (kg) ;
WHIFHLSREILE (%) =100 N IFAHASEEE (kg) /AAE (kgo
153 /A 2 B A S i Fie b 1R
BebEsefa, SCENZEALTETT, BUHBEA B ipiE, BaLs BT iemss eIt B
i, EBRBIEANRYIEARE. KR E . NE . B E B, R E A AT BEE RRE
PR AR E, BN SR R R I TE R N e EE 02,
1.5.4 BB ipiE pH HJE
Bk fa i), K& BmEs . 44, SRR MICE B = R GIE N AR EI
15 mL .04, SCRIH] PHB-2 AUEHE pH MR E . 48 . T2, =k, FEiE
% A 25 (1) pH.e
1.6 Giitsrr
HE SR ) SAS 9.1 B i B K 3K J5 22 73 - Cone-way ANOVA), 72 53t i 2% ¥ H]
Duncan [GiEHEIT 2 B HE . BL P<0.05 J925 5 35 1 3 I 4 3
2 BRET
2.1 FFERh AR TR NDF /KP4 A R R £ 5 1 5 0



88 3 i, SAMELEEERT (P>0.05), WIS AHET. B 4K
89  EAAMEE R, 5 A C A D 4L, B AKESHIIER T 3.37 (P>0.05). 10.86 (P<0.05)
90  A1110.94 kg (P<0.05), /KB 543 4R T 4.53 (P>0.05) 11.54 (P<0.05) F1 11.72 kg (P<0.05) .
91 B4l DMI 5% A. C #1 D 425 0.25. 0.06 F10.02 kg/d, HERAEZE (P>0.05),
92 3 TFERAIR NDF KP4 A A 3 MR & R 52 0
93 Table 3  Effects of starters with different NDF levels on body weight and DMI of dairy calves
i H 205 Groups P
Items A B C D SEM P-value
YA Initial weight/kg 42.73 4158 4225 4235 0.50 0.97
KE Final weight/kg 121.32% 124.69* 113.83> 113.75° 1.50 0.01
A3 # Body weight gain/kg 78.59®  83.12*  71.58®  71.40° 1.66 0.02
THFKERE DMI (kg/d) 1.50 1.75 1.69 1.73 0.036 0.35
94 [l AT 0808 JE bR AN [N 5 7 BER R 22 37 W35 (P<<0.05), A A8 RER R 2 F AN (P>0.05). TR .
95 In the same row, values with different small letter superscripts mean significant difference (P<<0.05), while
96 with the same or no letter superscripts mean no significant difference (P>0.05). The same as below.
97 22 JFERIHRE NDF /KT 5B B 2 M A 52
98 H# 4 W50, 5 D4, AMBHEFRENFRNEYEZRE (P<0.05). B 4H#E
99  H., {FRE. WEH. IEERNESHA I ALREEZR (P>0.05), HARWHHEL ST
100 A. CHIDH.
101 # 4 FFERHAE NDF KP4 BB s YRR 52
102 Table 4 Effects of starters with different NDF levels on slaughter traits of dairy calves
= ZH5 Groups P1E
Items A B C D SEM P-value
fi{A&EE Carcass weight/kg 63.66 64.61 62.44 59.11 1.09 0.32
1#PIE Net meat weight/kg 47.30 48.49 46.75 4432 081 0.33
& # Bone weight/kg 16.37 16.13 15.69 14.79 0.28 0.30
A'E Lt Ratio of meat to bone 2.89 3.02 2.98 3.00 0.02 0.16
J&SE% Dressing percentage/% 51.532 52.812 48.95%® 47.17°  0.63 <0.01
1§ P Net meat percentage/% 38.272 39.66° 36.65%® 3537° 047 <0.01
HEA& H I# Meat percentage of carcass/% 74.26 75.09 74.86 74.99 0.14 0.17
103 2.3 FFEREAAIE NDF KPS 88 B Hia B s
104 HIZ% 5 AT, A B 4L IESR BBt 8 B & /T C A1 D A (P<0.05). B 4LH i+
105 #HEZH&ET CHMDA (P<0.05). BAEBRHEIMNE AL CH D HIEE T 9.32%. 8.50%



106 #117.93%, HERALZE (P>0.05).
107 RS JFEREHFAE NDF KSR 28 B A f2
108 Table 5 Effects of starters with different NDF levels on organ indexes of dairy calves
i H 3| Groups P
Items A B C D SEM P-value
LEFEEL Heart index 0.66° 0.62° 0.56° 0.55° 0.015 0.02
JHHEFE %L Hepatic index 2.03 2.01 1.94 1.87 0.033 0.31
JEAFFEEL Spleen index 0.23 0.23 0.21 0.24 0.008 0.59
filifE+64% Lungs index 1.26 1.04° 0.96" 0.95° 0.045 0.04
"B AE$E % Kidney index 0.48% 0.522 0.44> 0.42° 0.012 0.01
5 H¥8% Stomachus compositus index 3.97 434 4.00 3.68 0.091 0.08
+ 4% 4E% Duodenum index 0.12 0.11 0.11 0.10 0.007 0.10
7 784 Jejunum index 1.57 1.90 1.64 1.70 0.064 0.30
[ f7 484X Tleum index 0.25 0.31 0.27 0.27 0.010 0.21
109 2.4 JFERFFAE NDF KP4 B2 B A H 50
110 HZ 6 \TLLAEH, AL BMCAMEE N EHLERFEE ST D4l (P<0.05), HHE
111 KON B A>A H>C A>D 4, [HAFZERALZE (P>0.05). B NDF K FH)#m, MEE
112 ARIRFEAR, W EMYE BRI, HERAERE (P>0.05), HP DAREEEEEA
113 HEHIEEST A (P<0.05).
114 # 6 JFEEAE NDF KPS B K E s m
115 Table 6 Effects of starters with different NDF levels on development of stomachus compositue of dairy calves
i H ZH%) Groups
Items A B C D SEM
& B &E Stomachus compositue weight/kg 5.12 5.32 5.12 4.65
J& &5 E Rumen weight/kg 3.44 3.65 3.40 2.73 0.13
JRAEEEE EHSEEH] Rumen weight percentage of total weight of
Stomachus compositue/% 67.45% 68.442 66.26* 58.81° 1.00
M & Reticulum weight/kg 0.41 0.37 0.36 0.33 0.01
WS E 5 E B R EIS] Reticulum weight percentage of total weight
of stomachus compositue/% 8.00 6.97 6.42 7.89 0.27
M E E Omasum weight/kg 0.60 0.68 0.73 0.88 0.05
MWHEELHEEHSFELF Omasum weight percentage of total weight
of stomachus compositue/% 12.28>  12.86®  14.24®  18.49*  0.76
4% &5 B Abomasum weight/kg 0.61 0.62 0.66 0.68 0.02
4 EE5E EH S EEH] Abomasum weight percentage of total
weight of stomachus compositue/% 12.45 11.73 13.09 14.81 0.52
116 2.5 PRI ASE NDF K354 B il pH 520
117 H1Z 7 A %0, A I B 408 b pH 3 T C A D 4 (P<0.05), Hli% pH N C 4H>A

P

P-value
0.51
0.49

<0.01
0.14

0.11
0.18

0.01
0.65

0.19
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# 7 FFERHRIA NDF KT8 B %iE pH 52

Table 7 Effects of starters with different NDF levels on gastrointestinal pH of dairy calves

e H3 Groups P1H
Items A B C D SEM P-value
J% B Rumen 6.22° 6.25° 5.83° 5.55¢ 0.08 <0.01
4%H Abomasum 3.61 4.10 4.05 3.54 0.22 0.76
+—%8/% Duodenum 6.21 6.39 6.15 6.28 0.09 0.80
2% Jejunum 6.79 6.63 6.69 6.35 0.08 0.27
B % Neum 7.49 7.51 7.63 7.54 0.05 0.77
B Cecum 6.88 6.82 6.90 6.68 0.67 0.07
300 i

3.1 JFE RN NDF KSR A (50

32 A SR A e 1 [ A TR P DA RS 18 10 R S T 0 s A (A R, R TR g S
B AR ), KRR, [ W AT AR HERLARDR T DU 2 [ A FRD LR B U314
EIS) KA Rk T [ A e R RN (R AR AR A P R B PR 1 e RRE K R A e,
Coverdale 25 i ILIE I [a) 224 @ 41— 52 NDF 7K-F (DR} et B N 3R EE,  $2 DML,
[F B PR NDF 7K S A Ay S ma s A AR R MR RE I e B L R 3 2 — 07181, I HAA A Fe A0
LI 05 B4 (1 DMINS), 5 R e — 8, AR5 3 s NDF /K880 7 DML, H
H1 31.37%NDF 4 T HoAth 3 41, HZERARZE. nlagR & e A e 00 8]t 152 K%
SRS RN, DML BB AA —E 2R, B4 —E G v iR 2 i oR i &
AR . 31.37%NDF 4 112 HR R E AR 5 8 2% 5T 29.74%NDF 41, 34.28%NDF
411 36.53%NDF 41, i 112 HEE AR EHR S 3.37. 10.86 F1 10.94 kg, 7A3E F 43742 5= 4.53
11.54 F1 11.72 kg ] 82 F N B3R A0E B 10 NDF KCFRGE 79 8 NS, ad kit —
BRI TR, e TR, B, TERRA 15~112 HESBT B, JF kL NDF /K
31.37%Em N, AR TRt EMgE,
3.2 JFE RN NDF K5t L2 F 52 1 Ak 5

J& SE ORI 1§ TR R 1l & sl W A K T B R S I RE I EE B4R AR . 29.74%NDF 4l
31.37%NDF 40 1) J& 52 F15 A R 12 2% = T 36.53%NDF 41, 29.74%NDF 215514 51.53%.

38.27%, 31.37%NDF 443 5H 52.81%- 39.66%, S5XFFU0, sRff <2005 3~4 A #4544
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J&E RN R EEA— B XA TT kb NDF Kl st 4 i B vk ae g — e i
Wi o A 5 P AE 2] 3~6 J1 i o [ 4y 7 4E IR 05 2 e 28 23 il el 4 RS R EE O 75:25. 70:30.
65:35 1 60:40 (¥4 JUkL b bk, i A A AR Fg 2 PERRTE B 5, SRR A4 A —58, T
BER B ATE TR KB F A 1~4 A BB, AFEZEE BUB:F X NDF M EZE AR A
I, 31.37%NDF A IRE . FRE . PR Hifd R 5 T Hoft
3 4. XULHIEF M NDF KT, AR TR mmBdn e,

3.3 JFE RN NDF K52 28 5 H 5 s

YIRS B EOE — A AR R AR, BRI OR/INME — BRI _EYUE 7LD RER 5
551221, Webster WA Ay Py JIT 418 £ 5 T R A A0 2 15 A R AR KR &R - Johnson %5241
W, A AN AR A TR PV AR R TR AT B R o REARAE S5 RSIR 5 R
I, TARRRE AR LS AT BT E A 2 28 B B — S MU, ks SRR B B8 2k 2R O A
JRIE . BERES E ST RS, CHEERMER SREIG . ARG R, R
i [ 29.74%NDF 24 Al 31.37%NDF 4 Jii JIF 15 % F0 0 I 47 %5 2 2% %= T 34.28%NDF 21 Al
36.53%NDF 4, 31.37%NDF 1'% JE 4580525 & T 34.28%NDF 411 36.53%NDF 4, 5 ik
T T4 R A — B MR T AN A G e 2 8, MRS e — e R B rT DU B D R I 3R 55
FEARRIG T, (ANEANE NDF /KT (R A= IR IE R 2000 B35 50 m,  F e B ARk
(K] NDF 7K~ X 4524 (¥ G 28 Tl e TC AN

NI R R B R E SRS AR B EEAEH . ARG b, B4R [F NDF
ICPIF R+ R 4RE S TR B [ i fe B0 B 35 m, (HHh 31.37%NDF 47
[ RN [ i 48 sy e T Hofth 3 2H o AIRIG 45 R 5 T W7 5 BRIz I — 3, EFF BBk iR
— KA R i NDF KV R TR R F -

BEAh, AR 34.28%NDF 411 36.53%NDF 41EE4 [IF 25 F5 509K T 29.74%NDF 4141
31.37%NDF 4, "] /2 34.28%NDF 4171 36.53%NDF Z1Jf &%} NDF /K- Fii i, BERHEHE
FitE v RS B, S AT ML ARLF SRR KA A RHLER (15T K e i 258 3R R K T AL
HPEARRT, I R HL B EH IR E
3.4 JFERIHRFE NDF KSFRHEA-E B R A 12

RIS E B R B IR BRI B RS IR B A AR T, PR B IR
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BROAEZE, KE RGN ERRANY 7S KIEA R, R A ROR IR 28],
TURLEH KR PR A R8O AT AR, T A AL 2428 B o O A S LU ER AT R e
BV R IR I B A R MR, Sudrez 200 TR B, B2 1AM NDF /KT BARIIIT kL,
AT A8 B A AED) X R KT, (22t B 2 RER R TR I (2t B R
Ho AR, 29.74%NDF 41, 31.37%NDF 411 34.28%NDF 4158 H = /5 & 5 & H= L &
F T 36.53%NDF H. tbhh, AR & rgnS 2 8 AR B =8 InEA 2.
31.37%NDF 415 B E % 29.74%NDF 41.34.28%NDF 411 36.53%NDF 414K X2 0.20.0.20
F10.67 kg: I8 H EARIRE 0.21. 0.25 11 0.92 kg. AJRESR: 31.37%NDF 413& B ff) NDF 4141
MEAFUKFRETRBERENHENE DI, @3 7TIEEMEE NS, #=£& 7 DML,
R EKE . AR, BT R NDF /Kt e, & 498 H SRS Eauain, 3t
1 36.53%NDF 41l B # 5 5 S E LU 5 T 29.74%NDF 4. 3X ] e KA BE A A=K
5 NDF /K38, 76 B i b it R e B s, AR Aas e BRI R &, 38
T B pEEER, AR R S S 3~6 AR 14 REEA B L, 1E
B F R A I B AR RL, B2 NDF /KCF, R R G RE, miHik
RGN RIFR B AR T EIRV AR, AT R i B AR K
3.5 JFERARFE NDF /KPR B IS pH 52

ZY) T N3 B R R AR R L AL R GUR PR IE W ThRE I B R 3R 2 —, R ATk
P S5 R B T 14 R B AR5 14 P SR et % 220 R0 o L e R O I R L 49 AR A
TSR B K E WA I IE S A K B B R B AL (g R 2 G E 2202, 88 1 v pH 521
HRAEHE S VRS WA+ H RV IR U T R P R AL 28 ) I A PR 2 % 5 o A 25 )
(122 P BE )T B E3), IEH AT 5.5~7.5, f#FF pH 7F —ANIE & K70 B2 (b B
IEH KRS, 10 pH 2SI E 1 S T PR A SR B 5 I [R) B4, A
i, AVBLC.D 41178 B pH 23 5N 6.22.6.25.5.58 F1 5.55, Y 7E 1E ¥ 15 Bl 2 N .34.28%NDF
ZH A1 36.53%NDF 4198 B 1 pH F#K 0] GE 1 T K & NDF /K-F s ekl k=4 K E g,
T 298 1 B P R R S 4, R A R R TR 1 BE AR ), 38 pHL RS
IO, AR SR TE pHAR T 6.2 B, FHd PER 22 52 B, AR 27 4 2 (1 78 A At 28331,
A E R E .
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BeaucheminlOVifT 78 & 30, 4 V8 G E KR BORL EEFREL PRDASERIURE R /INKE 52 24 50490 £ EL IS R[]
Jo B pH A BRI . AREerh, 4 AT ianRIT goRbRL B2 R/NEEAR — B, it DAAT HERR AL
FER/NAJE B of pH RIS, 1 W s T BORE NDF JK-F, X B o pH A AR KEE .
ok, B IiEBA — NI E R NI, B —ERgiae it K, &40
A8 B, . BRMAE b pH R =R, U] NDF KT B 2 AN Al
B iE pH AR .
4 4 @

W 15~112 BB FAEK R & HE R, 73X A A F Y BT £k NDF KF g —

NEZER bR, SRR AR BRI E R, BEERWONE. AR, B A
Jed B R R

@ ARIEFAFT, 15~112 HESTT OB NDF HIIE B KA 31.37%.
SEHR:
[1] KERTZL A FEPREWITT L R,EVERETT T PJrAn early weaning calf
program:summarization and review[J].Journal of Dairy Science,1979,62(11):1835-1843.
(2] =, H B BT BBkt 7T R (0] 0 T2k, 2009,30(15):32-34.
[31 AR A S E I 5 M AL TR AR HE,2004:352-354.
[4] KHAN M A,WEARY D M,VON KEYSERLINGK M A G.Hay intake improves performance
and rumen development of calves fed higher quantities of milk[J].Journal of Dairy
Science,2011,94(7):3547-3553.
[5] COVERDALE J A,TYLER H D,QUIGLEY J D,et al.Effect of various levels of forage and
form of diet on rumen development and growth in calves[J].Journal of Dairy
Science,2004,87(8):2554-2562.
[6] SUAREZ B J,VAN REENEN C G,STOCKHOFE N,et al.Effect of roughage source and
roughage to concentrate ratio on animal performance and rumen development in veal
calves[J].Journal of Dairy Science,2007,90(5):2390-2403.
[71 EMAKTABI H,GHASEMI E,KHORVASH M.Effects of substituting grain with forage or

non forage fiber source on growth performance,rumen fermentation,and chewing activity of dairy



221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

calves[J].Animal Feed Science and Technology,2016,221:70-78.

[8] DRACKLEY J K.Calf nutrition from birth to breeding[J].Veterinary Clinics of North
America: Food Animal Practice,2008,24(1):55-86.

[9] MIRZAEI M,KHORVASH M,GHORBANI G R,et al.Effects of supplementation level and
particle size of alfalfa hay on growth characteristics and rumen development in dairy
calves[J].Animal physiology and Animal Nutrition,2015,99(3):553-564.

[10] IMANI M,MIRZAEI M,BAGHBANZADEH-NOBARI B,et al.Effects of forage provision
to dairy calves on growth performance and rumen fermentation:a meta-analysis and
meta-regression[J].Journal of Dairy Science,2017,100(2):1136—1150.

[11] AR, 25 R XS 2, 55 A MR 4 LA AR LB 0 /0N B A4 A A A A M R A4 IR B S i [0,
[ & 2k 4,2010,46(1):31-33.

[12] 2 KT 5 SRUERT LT i s A VR AA R 2 B i 45 A 52 i [D]. 1 - 22 7 18
SCAEH EAR AL 7 B, 2008:28-29.

[13] CASTELLS L,BACH A,ARAUJO G,et al.Effect of different forage sources on performance
and feeding behavior of Holstein calves[J].Journal of Dairy Science,2012,95(1):286-293.

[14] EBNALI A,KHORVASH M,GHORBANI G R,et al.Effects of forage offering method on
performance,rumen fermentation,nutrient digestibility,blood metabolites,and nutritional behavior
in  Holstein  dairy  calves[J].Journal = of  Animal  Physiology and  Animal
Nutrition,2016,100(5):820-827.

[15] BEIRANVAND H,GHORBANI G R,KHORVASH M,et al.Interactions of alfalfa hay and
sodium propionate on dairy calf performance and rumen development[J].Journal of Dairy
Science,2014,97(4):2270-2280.

[16] CASTELLS L,BACH A,ARIS A,et al.Effects of forage provision to young calves on rumen
fermentation and development of the gastrointestinal tract[J].Journal of Dairy
Science,2013,96(8):5226-5236.

[17] NEMATI M,AMANLOU H,KHORVASH M,et al.Effect of different alfalfa hay levels on

growth performance,rumen fermentation,and structural growth of Holstein dairy calves[J].Journal


http://www.sciencedirect.com/science/journal/03778401

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

of Animal Science,2016,94(10):1141-1148.

[18] TERRE M,PEDRALS E.DALMAU A,et al. What do preweaned and weaned calves need in
the diet:a  high fiber content or a forage source?[J].Journal of Dairy
Science,2013,96(8):5217-5225.

[19] X&E AT LA R EXS /D EAAA ™ AR5 2 BE 58 (D] A 22 A7 18 3 AL L
HE ALK 22,2006:23-25.

[20] SKERZ Aaf S dH A BEAR A PN E RSOR JFBAS CAST Jk [K] 22 5% 70 [D] A 22 218 3
S ALK E2,2010:6-7.

[21] MR, R A B ik 55 AN [R] NDF 7K P-4 A UKL AaDRL S I 005 23 e 1 8 S PR e AN AL 218
BHOR B P20 [J]. 7 B AR R 2224 ,2015,20(2):124-130.

[22]  BREESDBRACT AR UK S R R W A S AR Kk e L A% B TR0 B i N &4 pH 1)
ST B 7R 4,2015,27(1):238-246.

[23] WEBSTER A J F.Energy costs of digestion and metabolism in the gut{M]//RUCKEBUSCH
Y,THIVEND P.Digestive physiology and metabolism in
ruminants.Dordrecht:Springer,1980:469—484.

[24] JOHNSON D E,JOHNSON K A,BADWIN R L.Changes in liver and gastrointestinal tract
energy demands in response to physiological workload in ruminants[J].Journal of
Nutrition,1990,120(6):649-655.

[25]  REMRA A bRAR, K55 AN R BR R 7K 00 far 7 3H 23 24 0 B R B o B R B AL LE
AR [J]. 30 E 77 541,2009,21(5):792-797.

[26]  F 33 S5 AR AR ARDRE S SO B A T A TE H SR A S A IEZH 2348 B K & IS I (D] A L
SEREVR SC ARG R A 58 RO K °#,2007:24-34.

[27] SRV HEFS, 8 0055 AN A A e I £ 7K P RO A SR A AP BE A B IR i R
MLH AR BT [T]. S0 P08 77511 ,2013,25(2):433-440.

[28]4F 3T, 1 3 6 X FLZR, & ] MR AR Loy e 56 5 AR A 1 B AT A4 2H 23 2 i 52 i [T, 6 R T
\k,2010,31(19):43-46.

[29] FERRELL C L.Energy metabolism[M]/CHURCH D C.The ruminant animal:digestive



275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

physiology and nutrition.Englewood Cliffs:Prentice Hall, 1988:250-268.
[30] SUAREZ B J,VAN REENEN C G,BELDMAN G,et al.Effects of Supplementing
concentrates differing in carbohydrate composition in veal calf diets: [ .Animal performance and
rumen fermentation characteristics[J].Journal of Dairy Science,2006,89(11):4365-4375.
[31]1BAILEY C B.Growth of digestive organs and their contents in Holstein steers:relation to body
weight and diet[J].Canadian Journal of Animal Seienee,1986,66(3):653—661.
32] skifEd&, ER, SR EF RMBEFEEXENR RN 2 E
R,2008(2):86-89.
[33] WILLIAMS P E VFALLON R JINNES G M,et al.Effect on food intake,rumen
development and live weight of calves of replacing barley with sugar beet-citrus pulp in a starter
diet[J].Animal Science,1987,597(4):308-318.
[34] %3k, AT BT 2 AR A F] NFC/NDF X AR 45 2498 B pH. S A RE K& Mg
W2 ) 58 [ 1. Zh 08 97 2#:41,2012,24(6):1047-1055.
[35] GRANT R J,MERTENS D R.Influence of buffer pH and raw corn starch addition on in
vitro fiber digestion kinetics[J].Journal of Dairy Science,1992,75(10):2762-2768.
[36] BEAUCHEMIN K A .Effects of dietary neutral detergent fiber concentration and alfalfa hay
quality on chewing,rumen function,and milk production of dairy cows[J].Journal of Dairy
Science,1991,74(9):3140-3151.
[37] ENEYLFHE S MR E IR E A RE RPN B i pH KL
PRS2 M), 304078 77 27 41,2017,29(8):3004-3013.
Effects of Starters with Different Neutral Detergent Fiber Levels on Slaughter Traits,
Organ Indexes and Development of Stomachus Compositus of Dairy Calves
REN Chunyan'?3  BI Yanliang?® DU Hanchang* YU Bo* TU Yan** GUO
Yanli" DIAO Qiyu>**
(1. College of Animal Science and Technology, Gansu Agricultural University, Lanzhou
730070, China; 2. Key Laboratory of Feed Biotechnology of Ministry of Agriculture, Feed

Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China, 3.



302 Beijing Key Laboratory for Dairy Cow Nutrition, Beijing 100081, China,; 4. Shandong
303 Yinxiangweye Group Co., Ltd., Heze 274400, China)

304  Abstract: The objective of this study was to determine the effects of starters with different
305  neutral detergent fiber (NDF) levels on slaughter traits, organ indexes and development of
306  stomachus compositus of dairy calves. Sixty newborn dairy calves (24 females and 36 males)
307  with similar birth weight [(42.0£2.5) kg] and enough colostrum supplemented were randomly
308  assigned to four groups with 9 male and 6 female calves each group. All calves were weaned
309 at 70 days of age. Groups A, B, C, and D were fed one of the four starters with NDF levels
310 of 29.74%, 31.37%, 34.28%, and 36.53%, respectively. The experiment lasted for 112 days.
311 The results showed as follows: body weight gain in group B was significantly higher than
312 that in groups C and D (P<0.05). Dressing percentage and net meat rate in group B were
313 significantly higher than that in group D (P<0.05). Group B also had higher carcass weight,
314  ratio of meat to bone and meat percentage of carcass compared with the other three groups, but
315  the differences were not significant (P>0.05); about the development of stomachus
316  compositus, rumen weight percentage of stomachus compositus total weight and reticulum
317  weight percentage of stomachus compositus total weight were significantly higher in group B
318  thanin group D (P<0.05) , while omasum weight percentage of stomachus compositus total
319  weight was significantly higher in group D than in group A (P<0.05) ; groups A and B had
320  significantly higher pH in rumen compared with groups C and D (P<0.05) . In conclusion,
321 starter with 31.37% NDF for dairy calves at 15 to 112 days of age can improve the body
322  weight gain, slaughter traits, and promote the development of organs and gastrointestinal
323 tracts.

324 Key words: dairy calf; neutral detergent fiber level; starter; feed intake; slaughter trait; organ

325  index; stomach development of stomachus compositus
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