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B 5T PR b 25 SRR 7K T %o B A T AR AL AT R AR KPR RE L B IR B AL 1152 T 1
M Gk EFYW REE IME Tk F AR FEl

LA ELN R =B R =AU, FEMET s TAMFERE AR, K& 130112)
W B AR B ERE TR AR SRR (Thr) 7% R4 AT BAMAE B AT 8 2 K ik
BE. EIRVIHE AR . R 20 R{ERE. 6 H IS HEMEMILRE, BEHLY N 4 41, A4S
Ho 4 HAGAERE IR 1R 4 PR [RIPAR, sdad #h 70 8 B i . s B R A 8 15 7%
AR, SHRBEAR (Lys). EZRMet)/K-FHIF, %17 0.63%- 0.18%, Thr /KF4>
AN 0.55% CT 2D, 0.47% CIT4H). 0.53% (IITZH). 0.58% (IV4H). ptah, T4H (4D
TARRA B AR KA 15.15% 00 i 2 AR, 3RE041 (TT41. TMALRIVAD 1R N E A
KPR 13.46% MR AR R AR . TGRSR 15d, 1B 45d. SR ER: 1D WRAMITA
RERZERTIVH (P<0.05: WAHATHHIGE (ADG) RBEFMT HAH (P<0.0D); IV
AREL (F/G) HEEmTHAad (P<0.01), IT4NEEMETXEAAIL (P<0.01),
2) IVALHLARW AR B Z KT T4l (P<0.01). EEM T4 (P<0.05); X4k
BRAT4E (NDF) AL R 2K T T4 (P<0.05); ) BRZH BB &7 A3 A B 3K T 1T 4H (P<0.01);
IT 25 W Ak el B 2 v T At 4 (P<0.01), IV 2 AR B 2 T 5 FR AL ANTITA. (P<0.01); IT4H
BEHAL R R E & TIVA (P<0.0D). B3E&E TX A (P<0.05). 3) THEZAKLAM
TR R R 2w T RHBALAIVA (P<0.01). B E T4 (P<0.05); [THARLAR
TR T AN (P<0.05); X RRZH 22 R TH AL AR 2 I T Hofh 4 (P<0.01); X

AR AR W R B ZE & T TAAIIA (P<0.01); XIAMARE LR EMRT TH

Wk H: 2018-01-24

FETH: BB I(20140203018NY); KFT “XH TR + T 40203; RHEHBOR
I (20170204041NY)

EF TN 2048 (1991-), 5, MmN, WEoiRd, NFRSEME5shE 7= 5mFE
W9t . E-mali: 1432846608@qq.com

EGEE: EIl9E, EIWFFtR, MR, E-mali: teswky@126.com
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(P<0.05); X HRAH AR AR B E T T4 (P<0.01). BE(K T4 (P<0.05).
I3, FETEAR Lys Met ZKFAHIE ) 26 2F T, AMER 15K P2 13.46%- Thr 7K T4 0.47%
(B 2 1 AR PR Mg A AT RE TR AR KM RE L B FR AT A 26 5 1 M2 1 /K P 15.15%
Thr 7KF24 0.55% 1] e 2 1 J5 GaDAR RO HE A6 JEE A7 R AH 24

B M REAT R R AEKMERE: BIRVIBUEME: RE AR
2. S825 SCHRbRIRAD: A CEST:

FERE, MIERE IR A AR I8, = 5 B s 2 M E R . BE
TR A A, AATERSRER DR B R R 3 B TRL A ) B . BRI
TR AR 11 K ST At R Dbk F AR e PO 000842, T AR B PO AR v W R o) P e RS PR ek
D E AR R R AR, A= ERR T RS U=, KEm iRy, R4
MR SO R b N 0 I 88 1 G R T DA 8 R T it s e R 4R B A D R A 1

AR, BEEEPNUAFIH, REERAH RS, R RS EK K E IR BA

&E

AR . SR TR A SR e S, AT R IR B R IR A SR T IR
BT E, B FARERO0, A R A SRR I8 R, BT
FRA MG AL REAT e AL ACPERE L B TR B AR B 2 s, 9t H AR B 1 o PR b e o8 18 O
FRMEERINE, IMEERE R R E FRAT FU S (s SCHF
1. MRS IE
L1 k5eahty 5 ulie it

HEHL 20 SRR 6 F W HEVEMEIEREAT i, MR EE (38.55+1.44) kg, RHE Rk RIEIRZ

ANEZEP>0.05), BEHL AN 44, B S5 . A6 AR IR 2 B K HE Hill ZE0081 £

3m

R AT ARUAR S BB R 5 95 Z R ELF1 D 100: 77 Ko E AR IR K P T e - 4 247

JEAAVE 4 FhASTE AR, Horp T 20 WP RRZH) FaME AR (A B 7K PN 15.15% 1 /5 2 A 5 4R,

gl CIL. IIATIVALD AF REGIR R 5K TN 13.46% I 0 INAS R KT 8 1 75 2R (I



43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

EERER. SHERP ARG KT H 0.55% (T 4H). 0.47% (T4 0.53% (T112H).

)

0.58% (IV4L). i bR Id 8 B g . W B R, 43 4 PR gt = R AN 2 2R K
SERE, B H08 0.63%. 0.18%. [« 11+ . IVZH ka2 BE 5 75 2 R 1 Eb 451 20 il N
100.00:86.50- 100.00:74.24. 100.00:83.48. 100.00:92.87. iX4&HAA 60 d, FHHHUIXHIHA 154,
1EBUY 45 do
1.2 TG PR R ) 3

SPRAE % 2H P AR R A A [ PR R R LR 2 RO AR T B e, % AL DR SR R S R B 7
AR EHRIG R I 4 A2 58 H A IRSEIZHTRE, pH. A (NH:-N) KR
PR R & B AE— e Yo ik 8h, DRI AR 56 R 1 S B I o e B S BRI . AT A TRl S
Y (DDGS) Tk Gl ToKRRZEMI. EfE 5. F5. g, TURRSEARF L
1 2 o Bl B s 2R R AR CHLER A B & B0 15.15%) FIIRER (A BRI CRLEE (R & &

N 13.46%), ARE A BARES M INAS RT3 B 75 iR 1

i

B AL

B
I8
i
i)

B2 CRA i e PEBOREAT B, 1 B RAE 90% LA L, BB sUEAE 95%LL b)), CikF

WIS E TR &R R A B R o S ALV S E TR R 1, 2R IR

WREGT 2016 4F 11 H 12 HE 2017 4 1 A 11 HAE A E A B 22 B e = i 58 i 5 e R 56

FeMhdktT, FH 2K (08: 30 F115: 00) EEFEME, HHK.

R SRR E TR T34

Table I Composition and nutrient levels of diets in different groups (air-dry basis)

=] 215 Groups
Items I I il v
JZ Kl Ingredients
T4 IR K FLRT
5.50 6.40 6.41 6.07
¥l DDGS
EXk Corn 31.44 37.16 37.29 38.04
HiE Alfalfa 45.00 45.00 45.00 45.00

%k Wheat bran 4.10 4.02 3.94 3.69
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M1 Soybean meal
FRIEZEH Corn germ
meal

TR EL Premix

IR B AR RPL
R EHER RPM
B I E R RPT
fr#h NaCl

4t Total

E /K Nutrient levels
T4 DM

AHA OM

FEHPB CP

MBE GE/ (MJ/kg)
HHIEWT EE

5 Ca

P

R PEBEIR 4T 4 NDF

R TR 2T 4E ADF

+ % T VR kBl & A One kilogram of premix contained the following: MgO 0.076 g,
ZnS04 * H20 0.036 g, MnSO4 * HO 0.043 g, FeSO4 * H>O 0.053 g, NaSeO; 0.031 g, VA 484
IU, VD3496.8 U, VE 0.828 IU, VK30.23 mg, VB;0.092 mg, VB:0.69 mg, VBi2 0.001 38

mg, M folic acid 0.023 mg, MHER niacin 1.62 mg, 7ZER calcium pantothenate 1.15 mg,

9.85

2.88

0.82

0.41
100.00

88.83
80.33
15.15

15.98

2.23
0.78
0.46

55.48

28.99

CaHPO45.17 g, CaCO34.57 g

*2

4.96

0.83

0.82
0.35
0.05

0.41
100.00

88.79
80.73
13.46

15.88

2.40
0.77
0.49

60.24

28.24

FHRAIL IR & & OTA56)D

4.35

1.06

0.82
0.39
0.05
0.28
0.41
100.00

88.83
82.99
13.46

15.88

2.40
0.77
0.49

59.66

27.64

4.10

0.83

0.82
0.41
0.06
0.57
0.41
100.00

88.85
80.86
13.46

15.88

2.40
0.77
0.49

60.13

28.37

Table 2 Amino acid contents of diets in different groups (air-dry basis)

0.63
0.18
0.55

1.27

0.66
2.29
0.59
0.77

0.63
0.18
0.47

1.06

0.57
1.94
0.50
0.70

ZH71 Groups

I
0.63
0.18
0.53

1.06

0.57
1.94
0.50
0.70

v

0.63
0.18
0.58

1.06

0.57
1.94
0.50
0.69
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FBERR Cys 0.15 0.13 0.13 0.12

HE R Val 0.62 0.54 0.54 0.53
RERR e 0.50 0.42 0.42 0.41
=AM Leu 1.10 0.99 0.99 0.99
BREMR Tyr 0.45 0.39 0.39 0.38
KNEMR Phe 0.63 0.54 0.54 0.53
HE R His 0.29 0.25 0.25 0.24
FEEME Arg 0.71 0.57 0.57 0.56
Jifi%# Pro 0.76 0.69 0.69 0.69

1.3 FEFEREE HIRARIE

ERIEG 4d, BRIESWEIEE, BK 09:00—10:00 7EEEAFERE PN & 5 A s
BEIEH, FEANE RUREEFERE 100 g iy, $RIRIRANEKMEER, REHIBRIRT . IR
FET 65 CHURHLT, BiF)5id 0.425 mm . RARAE SIAEh M A, MR . ik
VR4 BRVEVRBRAT4E. 45, B S22 (TR 2R E AR ) BIE, &2
LWL & BT H S L8900 4 H B & FE IR A AT AX I 7E « SR 2 mol /L ERFRANE K318, 2753
BRI14]HITH S A S BB SR BUR A, Bk

FE TV FUHAE(%)=100—100x [ TR A EL B AN K 732 1 (Yo)/ 2608 1 ER R ANIE I 7
(%) ] x LIPS YIS B (%) R R E TR S (%) 1

BE R R 6% (%)=100—100x [TafR ATA & F(%)/ZFE T AIA 5 (%) ] x[FEFE

=HE (MJ/kg) /AR Efe (MIkg) o
1.4 A KAR BRI E

FEIRIR 5 60 KA RXS 16 A1 REREAT 25 BEBRIE, PRI = 136 FH it o F i L T FE (AR
150 kg, KN 0.01 kg) =S MEFRE, d®ARE, HEFTFE T8 HIEEADG); id3%8 KHK
i, EFHHRXEREADF) SR EIF/G). MUEN (E. K. Bl e
BGRB8
1.5 giitirik

Bl K SAS 9.3 BAE ) ANOVA F2JF#E4T 815041, K Duncan [Kikit4T £ E L



87 B, A ZEREENE, P<0.05 NEREZE, P<0.0l NERKEZE. BT HEE
88  PRAEZERIRN.

89 2 AR5

90 2.1 ARER ARG h R R R AT A R AT TR A K B A R

91 FHER 3 A1, XTHRA A TR E B35 T IVA (P<<0.05), FITIIAH ZE S AR (P>0.05).

92 IV V35 H 4 A% B K T HAb 4 (P<<0.01), HAhZH 2 A% F AL EP>0.05). [VARIE

93 W EFETHAMA (P<<0.01), IHNEZFLTXBAFIIAE (P<0.01).

94 3 AR BB b I3 SR KT R AR AT JEE AR A PR B O 52
95 Table 3 Effects of theronine level in a low protein diet on growth performance of sika deer fawns

2H3] Groups

96

97

98

99

100

101

102

WiH Items P fH
I 1l 11 v

P-value
Y]E IBW/kg 38.05+0.91 38.63+2.29 38.46+1.68 39.33+£0.39 0.854 2
KE FBW/kg 44.68+1.77°  45851+1.43*  44.05+£2.30® 40.8340.04° 0.082 3
A% BH/cm 87.67+1.53 92.00+6.08 85.00+3.83 88.504+0.71 0.218 6
£ BL/cm 123.334+4.73  132.00+4.36  127.75+7.09 128.50+6.36 0.401 2
faE BS/cm 88.3340.58 85.00+2.65 84.50+6.56 81.50+0.71 0.408 5
P H 8 E ADG/(kg/d) 0.1140.02%  0.1240.0222  0.094-0.01142 0.0340.008° 0.000 2
T HREE ADFl/(kg/d) 1.04+0.07 1.0240.09 0.9840.08 0.9340.03 0.290 8
] <0.000

BELW F/G 10.28+1.488 856+1.89°  10.14+1.068° 30.95+£2.094

[ 47 $E B bR AN /NS B R R 2 57 B3 (P<0.05), AFAKEFRRREFRESEP<

0.01), LFHRRERFAEEZP>0.05). FEFAE.

1

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), while with no letter superscripts mean no significant difference (P>0.05). The same as

below.

2.2 ARE A BRI QIR ACT XL AT FEE

PN=R

He B2

LB TR AR R 5
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HIZE 4 0, EREABRRFE T, BAERRKTFRIEN, T2 mREitid 2% E R~y

J AR ) BB T RS . XHRARE R AR EZM T A (P<0.01), A2 1A

FFRANEZE (P>0.05) o IV R 7 A M5 2K T 1124 (P<0.01) . & K T 1114H (P<0.05),

XA TERALE (P>0.05). XA PIEBES A 4EE R BZRT ITH (P<0.05), A

sl = AR E (P>0.05). THSHERRE E ST HAad (P<0.01), IVHANEZHLTHR

XFRRZH AN (P<0.01), XTHRHANIIH 2 Bl 27 A RZE (P>0.05), 11 AHBEHEN T Z 5

FIVA (P<0.01). &3 mE X RAAIIZA (P<0.05).

R4 AR A PR IR QIR ACT R R AT RS TR0 BE B AL 52

Table 4 Effects of theronine level in a low protein diet on

TiH Items

fies Energy
HER CP
&M EE

H VRV 4T 4E NDF
PR DRI 4T 4 ADF

i Ca
i P

sika deer fawns

I
57.77£2.045°
46.65+3.95
62.92 £ 8.74AB
57.56+£4.14°
37.74+391

55.63+5.808°

86.8113.31480

%

3 Groups

II
67.30£5.874
49.77+1.07
70.58 £6.084
63.48+3.55°
38.83+1.57

68.43£1.584

93.04£2.2842

m
62.26+4.624B®
48.24+5.17
65.55+7.624B2
62.11£5.22
38.50+2.38

51.04+3.605°

85.9414.8348b

2.3 ARER A B AR P IR R KT XL E REAT R 2 B R A R A R

v
61.69+1.904B2
47.58+3.93
55.87+11.685
61.67£0.94%
38.461+4.41

38.5316.00¢

84.22+£2.708°

energy and nutrient digestibility of

Pia
P-value
0.029 3
0.665 4
0.0516
0.056 2
0.939 6
<0.000
1
0.027 7

i 550, [HAERBRM R RREZ S T3 RAMNVA (P<0.01). E2&FE T

H (P<0.05). MHARKXRARHEMREZE ST HMAE (P<0.05), HAMH 2 HERALEZE

(P>0.05). X820 22 S FR v AL R 0 K T HiAth 4 (P<0.01), HAthdH > =R AE

*

(P>0.05) . X} HRZH A G R A R % 2. 25 v T TL AT ZH (P<0.01), AV F AR B2 (P>0.05).
SR AR AR AR B E KT T4 (P<0.05), HAhHZ MERAEE (P>0.05). X} HEZH
IR AR ZR T T (P<0.01) B K T4 (P<0.05), AV A % 5 A .3 (P>0.05),

RS5O RE A PR IR 2B KT X E A R R IR IR T AL R K52
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Table5 Effects of theronine level in a low protein diet on amino acid digestibility of sika deer

fawns %
ZH 5| Groups P B
IiH Items P
I Il 11 v P-value
FHER Lys 55.70+4.81 58.3943.86 56.83+7.44 56.75+5.36 0.900 1
EEE Met  72.09+£2.2080 79.93+4 374 74.51+3.19485 7393443780 0.002 0
HERE Thr 50.11+4.208° 62.62+3.594 55.61+8.14AB> 5133435480 0.003 6
HEME Val 96.71+1.47 98.03+0.40 95.27+5.02 95.35+3.58 0.595 4
BESEWR e 55.72+3.00 58.97+1.55 56.26+3.84 52.62+6.81 0.307 8
=SS Leu  71.31+3.04 72.90+4.04 71.73+6.66 70.91+5.43 0.9212
A A B
- 63.871+4.08 66.334+2.70 65.80+6.89 65.25+4.89 0.783 0
()
HE R His 35.28+3.06 35.27+3.07 34.76+2.16 34.67+2.96 0.9725
WHER Arg 64.36+3.64 63.79+3.82 65.61+2.76 64.64+6.47 0.813 8
K A& H B ,
N 63.42+3.46° 68.0442.842 63.71+4.03° 63.49+4.23b 0.063 1
sp
25 1R Ser 64.5942.968b 71.55+2.294a 70.95+3.234a 69.93+5.314 0.000 3
HKEFE Glu 72.3642.465b 78.02+2.154 77.67+3.134 73.87+4.82ABb 0.000 7
HER Gly 58.184+6.75 61.19+6.11 59.334+7.53 56.35+4.97 0.642 3
HER Ala 55.40+2.03 55.45+3.06 56.02+4.03 54.70+4.22 0.907 5
o H OB’
. 50.28+2.18 52.15+4.07 52.05+2.72 49.86+2.34 0.3353
ys
P& Z R Tyr 64.19+3.72b 69.52+1.39 67.06745.22% 66.48+3.73% 0.0817
&% Pro 67.51+2.888¢ 75.16+3.24M 71.89+4.904Bab 70 364 1.67ABbe 0.001 2
30w

3.1 ARER F B AR IR R R KT R AL AT e AR A RE AR 2

Pt 45 R, AR L GR  R KT X RA T I RE AF RE )T I B B R

BUAT AW 5 25 00, O R B AT R 25 R o A T S5 S5V SITE FE R AR 2B B AR AR A R TR R b 7

BT HIE IR . AR 7R R R AT Ik B A R v B SRR R AR ROR o BB U A B

HYYE R AR LE T R A A 36 Hh 48 BRAE AR E 11 o AR R kb 78 38 B /KT (1 I 8 R

A PR R AT AR5 e B R TR 2 I AR RE, 1 LG RENS T A TR A . 555

7

UOVPE P A R 50 TP AT 25 BUR I .- Socha 25201 Broderick 45 2WR ILAEH AR b AR 2

B T G A R AL AR SRR R . Kidd ZEPAE RS R R IR N R R, AR AR
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146

147

148

149

150

151

152

153

154

JFKT AR 1.0%~1.5 %6 Ja % PSR 48 S MDA 3R ™ A2 B2 50 . 5 BE 231 5 A
A6 K pih IR I PSS A I, AL TR R KT R IE B 75 IR i i 2 B A, B 2R
AP R, PR ERN; AR KT SN UA T B, BRI T R, T
PJH GRS N R WIFERIRIL, FEAH R BT T, A T35 H 1 R TR
SRR TN 2T S5 F R . Chee 25201, Maroufyan %5127 Habte-Tsion %%
CRILE T FE Hh 420 5 B L /KT PR 75 e R W0 A 2 i T 8 2 1 1) 20 A R Y SR 0 I AR AL, AT 2
rr RIS A P R RE A B R DO o FEARER A BTIAR AR AF T , ~1 28 4 B B 75 2 BR K T 14

THm R B, R LRSS KT I T T R R R AT RE R I R L i A A

>
i)

AR
ANTA, TG F A e RV FER R T RS R 5 SRR I B T T A P A S R 1 TR
WoRFI A . B, ERRACHTI, TAARER FLBTKT 13.46%I0 ,  ARIHR A3l B K 5 KT
0.47%, MIAFREAEKYERER (R, I SERE A BUKE N 15.15%. 7R IR7KTH4 0.55%1)
B 1 SBR[ e R LA 2
3.2 ARER TR P R R R K ST R AL R A B R S SR T AL R T S

AR HH O L PR A 1 KT AP I BB RR A > B ) R R AL IR AR KM B AN TR 5
TR, 3o e B AR 2 T P PR PR 2l A i B 0 1) HE 0321 ARG o, o BRZELAF
JEB AR WL 1) e 2 LB PR AR R KT 15.15%, 5 T IR 33145 Y 10 A BT MEE A o 18 L 2 1
JRKF N 15.09% 45 AR . TT LK AR 07V A 2 Al S22 v T IV AR, B Bl 7 2 R /K7 18
5 BEAR R B 3, U0 B O s K P 1 5 B R 2 B AT RE X T AR b IR Iy i Ak R A, X
Westermeier 55134175 1 117 5 2 R AR 9% (2 1k Jig 5 1) 3 R0 OR FH (K0 2508 S AR A, mT R PR AR
b, VAR IR SR &, sm 1 AF X E TR BRTE AR, NI e BORLIR 1y
ARG, XTI A5, BRERI B BUEE LT 141, . [MIRIVASS. Bt
I E IR R R G 0N B R A, R RRAR AR (UK AT AR iR e L 45 B

AR, EEK TR R = R E . PRI, 5. BERHRBOE N,
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160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

BN g AP EBR R 4R B2 m T A, HEHMmAERARE, &

B P AR PR A BT /KT 7T AR DR P PR e AT R AV AL 2, (H SRR 5 R K TE 5%

PRI 3 . P PR R 75 R K T RE M (e AT JRE X R IR 17 mER. 45 BRAOVHALRIN, J45.

IR IR IR T 770 2, A AT AT R AR R o TR PP o B 75 R KT 0.47 %

3.3 ARER o AR R R R KT R 1 JEE A 2 IR A R R R

QIR N E ARG AL, ERAFCS T RAEZER . AR R,

THERER. AR L2K. BER HRREARIINRZ & TR, REER. 1%

FRRHN R T E mTRIRA, RUIERARE AU T DR R iR R R R . R 4%

MR BER. AR REAR. BERNEAR. X 5EEEPWEARERR K LI

2o VAR 5 AR SERR AL R 5 s B LA (0 B B AL e, AR s (s, T4 58

S BRI T R IR IR WA NN 089, g5 & ARG 4 A 0 1T AR AR R D& Lt

BT, N % B R R )T A 3 A v o TR P 0 R A 1R R I T B MR s o B 1 i P

AR IRUAR ST FE AL, AEBRDRR b RN R B R R 5 4 2R LA A RE S TR A 36 5

Ji 2 S8 S AL, BEE TR I IR AT T, A RS Met AR 2 S8 T e T %,

A, HEBRAM IR R IR R B TR I3 2 R KCOT T e IR T RS, WiIxt

HEZH AR IIDAN IV A AR IR R R I o T R IR A WL — — AN i B 2 2 A e 2 1

HBEAT A ORI IR, T  IR R IR DL S 75 R d /K I A 5 S PR I PR il M A e A8 e AR

JRELEIR . HAMRSE, BARA I TAT AR, HI b 28R, HEaR. &

RV 5HEAIRMC A R ER R ALK . HEAKR. BEK. REEDARHENL

I BE AR IR R AT AT v i B, tha e B B 2 DA K TR IV LA R rh i s IR I

B2 A HTIIA R IR &R KT 0.47%0, R IR T AR A R K

RN T, REARER (EABKT N 13.46%) T IR KK T3 0.47%0
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190
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194

195

196

197

198

199

200

AU AT FE A BTRER F 2R L E IR AR R BRI AR e, T HLARMRIZ AR

HEAE e AT JE T ASRAS 5 R iy B2 A BB CER A BKOT O 15.15% IR RIRK T4 0.55%)

MR AT FEAH M A KR RE

EEPEIN

[1]

KAMRAN Z,SARWAR M,NISA M U,et al.Effect of low levels of dietary crude protein
with constant metabolizable energy on nitrogen excretion,litter composition and blood
parameters of broilers[J].International Journal of Agriculture and Biology,2010,12:401-405.
LEE C,HRISTOV A N,HEYLER K S.et al.Effects of dietary protein concentration and
coconut oil supplementation on nitrogen utilization and production in dairy cows[J].Journal
of Dairy Science,2011,94(11):5544-5557.

WHELAN S JJMULLIGAN F J,FLYNN B.Effect of forage source and a supplementary
methionine hydroxy analog on nitrogen balance in lactating dairy cows offered a low crude
protein diet[J].Journal of Dairy Science,2011,94(10):5080-5089.

DINN N E,SHELFORD J A,FISHER L J,et al.Use of the Cornell net carbohydrate and
protein system and rumen-protected lysine and methionine to reduce nitrogen excretion
from lactating dairy cows[J].Journal of Dairy Science,1998,81(1):229-237.

LORDELO M M,GASPAR A M,LE BELLEGO L L.t allsoleucine and valine
supplementation of a low-protein corn-wheat-soybean meal-based diet for piglets:growth
performance and nitrogen balance[J].Journal of Animal Science,2008,86(11):2936-2941.
BRI KT, U, TR OB R . AR . SRR (O R W 5 R AR KA
RE U FH 2RI 755 b 1A S [ ] 7 0 B B2 241,201 7,48(4):678-689.

HILL T M,BATEMAN II H G,ALDRICH J M.,et al.Optimal concentrations of

lysine,methionine,and threonine in milk replacersfor calves less than five weeks of



201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

age[J].Journal of Dairy Science,2008,91(6):2433-2442.

[8] BARTLETT K S,MC-KEITH F K,VANDE-HAAR M J,et al. Growth and body composition
of dairy calves fed milk replacers containing different amounts of protein at two feeding
rates[J].Journal of Animal Science,2006,84(6):1454-1467.

[9] HemE ik, W AL, 55 AR5 R AT X AL AR AR RE . ARAA BT . LA
ML PR AR [T]. 308 IR 24 41,2017,29(6):1913-1920.

[10] DANIELS K M,HILL S R,KNOWLTON K F,et al.Effects of milk replacer composition on
selected blood metabolites and hormones in preweaned Holstein heifers[J].Journal of Dairy
Science,2008,91(7):2628-2640.

[11] B, AHE /e E, % HHRR Lys. Met f1 Thr Z8 I 0x) 0-2 H i 4-AE Kk fg . 78
AR5 MF 2 AR AR AR B s D], A R OLAR,2011,44(9):1898-1907.

(2] AR E,5kE RES®R K250 AEKSHEMERRSE R SD] T E &%
#£,2017,53(7):4-8.

[13] SRR FaAE A A ot e IR [M].2 R AB 5T AR AR R 5 AR, 2003.

[14] EAR B0 R A7 6,55 6 25 KB B TR S AR 0T IR AN VA 2K 70105 DN € 77 0 TH AL & 1) 5%
Wi [J]. 30408 97 441,2015,7(3):811-819.

[15] BEFR A A= 22 M).2 fR A 5T B Al K22 H A, 2010:175-177.

[16] B35, 7v 2 [ B e A KA RRER A RGN R . AR . SRR O EIR
(19 R FE[CL AR IR B U R 2 2 2005 FE2EARE S AR WA BN EEYS
2005:764-768.

[17] B .0 I8 B2 R . AR UM A J0r HE 5 2 A= A= A A BRI & it J5 5% 1) P BF 2 [ D). 5t
AR SRR BT\ — R B K 5,2015.

(18] A7k 15 B R AL 89 B A IR A AR B A v B B 9F 9 [D] A L 22 A7 18 S



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

PR:PURE K 5#,2014.

[19] z 5, -3 H T J e, 55 . R o i IR AN i U IR E o B 9 s 24 A A A e AV A AR ) 52
MR [J]. A AR ML AL 5£2,2011,44(1):133-142.

[20] SOCHA M T,PUTNAM D E,GARTHWAITE B D.,et al.Improving intestinal amino acid
supply of pre-and postpartum dairy cows with rumen-protected methionine and
lysine[J].Journal of Dairy Science,2005,88(3):1113—-1126.

[21] BRODERICK G A,STEVENSON M J,PATTON R A,et al.Effect of supplementing
rumen-protected methionine on production and nitrogen excretion in lactating dairy
cows[J].Journal of Dairy Science,2008,91(3):1092—-1102.

[22] KIDD M T,ZUMWALT C D,CHAMBLEE D W.,et al.Broiler growth and carcass responses
to diets containing L-threonine versus diets containing threonine from intact protein
Sources[J].Journal of Applied Poultry Research,2002,11(1):83-89.

[23] 5KHEFE. IMRIFRIRACT R AERARAER KT RrEfe. M esabs LU E A RAQ
W SENA [D] A L2 A8 S0 Z 22 IR AR R, 2011,

[24] #EIEFE. FURR IR MR ok = 3o 0 RIS A = 1 e K 2E BRI (0 5% W [D] A L 2 AL 18 0.
Mg P9 AL AR MBI KA 2016.

[25] R RWT BRIE AR, 22 6 ) 5 AR RO IREE B o R AT AL R . SRR HIE R . TR
MR (R THr BEAAT FE[0]. 30908 97 541, 2008,20(4):397-403.

[26] CHEE S H,IJI P A,CHOCT M,et al.Functional interactions of manno-oligosaccharides with
dietary threonine in chicken gastrointestinal tract. I .Growth performance and mucin
dynamics[J].British Poultry Science,2010,51(5):658—666.

[27] MAROUFYAN E,KASIM A,HASHEMI S R,et al.The effect of methionine and threonine

supplementations on immune responses of broiler chickens challenged with infectious



247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

bursal disease[J].American Journal of Applied Sciences,2010,7(1):44-20.

[28] HABTE-TSION H M,GE X P,LIU B.,et al.A deficiency or an excess of dietary threonine
level affects weight gain,enzyme activity,immune response and immune-related gene
expression in juvenile blunt snout bream (Megalobrama amblycephala)[J].Fish & Shellfish
Immunology,2015,42(2):439—-446.

(291 XK AR, 25 2 7, 5K 58 3¢ 48 15 6 7L W5 24 RS B 5% 9 1 44 1) B 2 1k S A 0], iR I
Wr,2016,37(18):1-4.

[30] 5K e, H T, 5K Th4, 56 R I RE S LU 8 - 10 A &5 & Wh AR AR Kt REAN 77 40 TH AL
ISz [J]. H RO RF22,2010,43(12):2541-2547.

[31] SKLAN D,PLAVNIK LInteractions between dietary crude protein and essential amino acid
intake on performance in broilers[J].British Poultry Science,2002,43(3):442—449.

[32] ROBBINS K R.Threonine requirement of the broiler chick as affected by protein level and
source[J].Poultry Science,1987,66(9):1531-1534.

[33] R, 200 T AR 29, 55 PR M A B AT R B A ST E & FORRE B 2R 1 B K AT 72 [0
% M 22,2011,38(1):23-26.

[34] WESTERMEIER C,PAULICKS B R,KIRCHGESSNER M.Feed intake and body weights
of suckling sows and piglets in dependence of dietary threonine
supplementation.1.Contribution ~ about the threonine requirement of suckling
sows[J].Journal of Animal Physiology and Animal Nutrition,1998,79(1):33-45.

[35] B85, X5, 7 B A A FURER FI B B IR AT X A KRB 2B P R e SR . IR
WAL R[] & A B 2ER,2011,32(2):69-74.

[36] 4l BB A YA (M4 R AR H B OV R 27 H R #:,2005:211-217.

[37] MO R AL AL, 55 R R T R AR AR P P e« MR ZE A e AR S 25 Ak



270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

SO []. 7P [ B A BE,2015,42(10):2650-2657.
[38] FA . &M AR . ERRA ARG BT EEmMUE D] 22008 S T
P K 22,2008,

[39] ELLHF.0~6 J& S AT XS I3 S IR 75 22 5 (Wt 90 [D )AL - A7 18 SC i PE AL AR MR K

&
=

£,2005.

Effects of Threonine Level in a Low Protein Diet on Growth Performance and Nutrient
Digestibility of Early Wintering Sika Deer2
LIRende ZHANG Tietao CUI Xuezhe SIHuazhe SUN Weili ZHANG Ting LI
Guangyu WANG Kaiying”

(State Key Laboratory of Special Economic Animal Molecular Biology, Institute of Special Animal
And Plant Science, Chinese Academy of Agricultural Sciences, Changchun 130112, China)
Abstract: This experiment was conducted to investigate the effects of threonine (Thr) level in a
low protein diet on growth performance and nutrient digestibility of early wintering sika deer.
Twenty healthy 6-month-old male sika deer were randomly divided into 4 groups with 5 deer per
group. Infant deer in 4 groups restricted feeding 4 different diets with the same lysine (Lys) and
methionine (Met) levels which were 0.63% and 0.18%, respectively, through supplemented
rumen-protected lysine (RPL), rumen-protected methionine (RPM) and rumen-protected threonine
(RPT). The Thr level in 4 diets was 0.54% (group 1), 0.46% (group II), 0.59% (group III) and
0.72% (group IV), respectively. Infant deer in group I (control group) were fed a high protein
diet with 15.46% protein level, and infant deer in test groups (groups II, III and IV) were fed a

low protein diet with 13.46% protein level and different levels of Thr. The pretrial period was 15

prrig == N =
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days, and the formal period was 45 days. The results showed as follows: 1) the final body weight
of control group and group II was significantly higher than that of group IV (P<0.05). The
average daily gain (ADG) of group IV was extremely significantly lower than that of other
groups (P<0.01). The feed/gain (F/G) of group IV was extremely significantly higher than that of
other groups (P<0.01), and it on group II was extremely significantly lower than that of control
group and group III (P<0.01). 2) The ether extract (EE) digestibility of group IV was
extremely significantly lower than that of group II (P<0.01), which was significantly lower than
group III (P<0.05). The neutral detergent fiber (NDF ) digestibility of control group was
significantly lower than that of group II (P<0.05). The energy digestibility of control group was
extremely significantly lower than that of group II (P<0.01). The calcium (Ca) digestibility of
group II was extremely significantly higher than that of other groups (P<0.01), and it in group
IV was extremely significantly lower than that in control group and group III (P<0.01). The
phosphorus  (P) digestibility of group II was extremely significantly higher than that of group
IV (P<0.01), which was significantly higher than that in control group and group III (P<0.05).3)
The digestibility of Met and Thr of group II was extremely significantly lower than that of
control group and group IV (P<0.01) , which was significantly higher than that of group III
(P<0.05). The digestibility of aspartic acid (Asp) of group II was significantly higher than that
of other groups (P<0.05). The digestibility of serine (Ser) of control group was extremely
significantly lower than that of other groups (P<0.01). The digestibility of glutamic acid (Glu)

of control group was extremely significantly higher than that of groups II and III (P<0.01). The
digestibility of tyrosine (Tyr) of control group was significantly lower than that of group I
(P<0.05). The digestibility of proline (Pro) of control group was extremely significantly lower

than that of group II (P<0.01), which was significantly lower than that of group III (P<0.05). It
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can be seen that under the same dietary Lys and Met levels, the growth performance, nutrient

digestibility of sika deer fed the low protein diet with 0.47% Thr and 13.56% protein can be

comparable to those fed the high protein diet with 0.55% Thr and 15.15% protein.

Key words: sika deer; threonine; growth performance; nutrient digestibility; low protein diet



