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i OE. ARKB G AR T R R R K68 K AT AT A A KRR A A& K E (GH)
Al A KR F-1 (IGF-1)4F EFRfEEHANYrh, LBRKTMEL MEY 1
H# T d G #4360 R, AR5 A, FHANTEL, HAAETHL 12 R, STRA(A W) FR
A AA R R A K B AR R B P 5 AR A 0.06% (B 41) .0.12% (C #41) .0.18% (D 1) #=
0.24% (E #8) 8 ¥ 8, X34 63 d, &R AW 1)42 B #F 48K F 1 F 3 K 8H R T 64 38 Im
2 &M LI (P<0.05);C.D.E 2163 B#T#AE 2 FIKT A B 4 (P<0.05), 43~63 H#&AT
#-F3¥BERKES(ADFI) T3 B3 T (ADG) M & & EMF MK F 938 2L M T B (P<
0.05) , A& b (F/G) M &3 58 A KT 6938 e 2 25004 L FF(P<0.05) . 2)42 B #1748 o &
GH #= IGF- | 4% 1 &8 ¥ MR m R T o938 im 2 &M LA (P<0.05), 3)63 B #1745 69 LIg &
Fo g B & 8 35 AR Am K T 09 38 e 2 T I (P<0.05) . 4)63 B #1548 69 T Ik 35 201 &
R AR T 03 m 2 M LI (P<0.05) . @3T8 B A K E- B A P 7 e 8 3 BT 4
AREAER, 1~42 B PR E BT 2 R HF480 42 K H4AE;43~63 B #4581 b 7Kk e
AT T E A M B AR, BETRAR SR i, B 1 ~42 B #AT RS 48 4 P B R AR E WA e KR

A 0.18% ,43 ~63 B #AT G4 AR F 8 X WE R R AKF A 0.12%
KB HESFE AR AR LT, BHEZHAKRRF-1 B, R4

hE 5255835 X HkFRIZAD A

FIT 2% B ( betaine ) J& — Flt JC ¥ Y 24 JE R 177 A=
Y VR 2 S AW RO W b iR S AR A,
FRENE /N PR A T HE S 4 B AL
B s ke R s B R A S gk
MRS % 5 AR BRI A8, 1 EL7E B 7 A8 2 72
RHEREAERA ) BHAT, B R E LA
£ TP T 2% i DR X R PR R B 0 R TR 3R Bl B
ARAS AR5 | R 00 7 38 s g A S B 5T
SEL SR, AR IO AR R, RS AR
0.15% BRI SEBAE 42 H #1451 F1 R £ 5 43 500 42 5
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IGF- I 54 | J& 52 M RE F0UE 25 45 KO 2 i, o it S
BRCTE R £E 77 v A 1O 32 B AR 8

1 #MR5FZE
1.1 R s A

TR H A W s 750, 14 [ bt R
RIBABR A, AN R 0 2 3 8 00k 2R 5l i
WORL, LT, 4 =75%
1.2 RS R AR

T[] — ik b Af AR E AR Y 1 H IR
A1 360 W, IS 4nic, BENLST 1 5 41, B4 6
NEE BN ER 12 HRG, XTI (A 4H) m
it ) AR 1k 2 7 5 Al )RR v 43 A 0. 06 % (B

) .0.12% (C 4) .0.18% (D #H) #10.24% (E 41)
AIEmd, i ] 63 d. I Hb A5 R 45 M R A AR
Yo A S NN e R = [ vl N B 5 B N TP
2019 4E 9 H % 2019 4E 11 H , iR T4 M
PR, BHCREFKOK, PRirENE R AT
JE KR AF ., B H UL ES 0 SR R B R O, AN
sk,

FERVEAR L EFE S B AR E L LT
RGBSR R AR A 2 O L ER K
R R A TR T A0 A A A ORI e A
FURHLAR BT HL2F 445 & i, A R AR 20 i S8
FEAEILF 1,

®1 ERAMRARREFKT (KT EM)

Table 1 Composition and nutrient levels of basal diets (air-dry basis) %
i H 1~21 HiE 22~42 HE 43~63 H i
Items 1 to 21 days of age 22 to 42 days of age 43 to 63 days of age
JE Bl Ingredients
T 2K Maize 58.0 59.3 59.5
M Soybean meal 30.2 25.1 23.7
/N %k Wheat bran 4.8 4.4 4.7
FE 7% Rice husk 3.4 7.6 8.5
%) Limestone 0.8 0.8 0.7
WM S 45 CaHPO, 1.4 1.4 1.5
DL-H %% DL-Met 0.1 0.1 0.1
£k NaCl 0.3 0.3 0.3
iRkl Premix" 1.0 1.0 1.0
41t Total 100.0 100.0 100.0
EF27KF Nutrient levels?
1RiRE ME/ (MI/kg) 11.32 11.12 11.06
HE [ CP 19.04 17.02 16.51
ML 4 CF 4.54 6.08 6.42
5 Ca 0.83 0.83 0.82
MW TP 0.71 0.69 0.71
HEHR Met 0.38 0.35 0.34
R AR Lys 0.97 0.83 0.80

1)1~21 H W5 BT 58 R B One kilogram of premix contained the following for 1 to 21 days of age: VA 1 200 000 1U,
VD 400 000 IU,VE 1 800 IU, VK 150 mg, VB, 90 mg, VB, 800 mg, VB, 320 mg, VB, 1.2 mg, MR nicotinic acid 4.5 g, iZ R
pantothenic acid 1 100 mg, & folic acid 65 mg, :¥ & biotin 5 mg, JHHH choline 45 mg,Fe 6 g,Cu 1l g,Mn 9.5 g,Zn 9 g,1
50 mg,Se 30 mg, 22~42 HIRF 43 ~63 H & 4T 7 Wil Bl &% One kilogram of premix contained the following for 22 to 42
days of age and 43 to 63 days of age: VA 1 200 000 IU, VD 400 000 IU,VE 1 800 IU, VK 150 mg, VB, 60 mg, VB, 600 mg,
VB, 200 mg, VB, 1 mg, R nicotinic acid 3 g,7Z Mk pantothenic acid 900 mg, "fi{ folic acid 50 mg, =4 & biotin 4 mg, JAHK
choline 35 mg,Fe 6 g,Cul g,Mn 9.5 g,Zn 9 g,I 50 mg, Se 30 mg,

2) AR RE HLAE A B HLET 4 S seii{E , Hoay hit8{E , ME, CP and CF were measured values, while the others were cal-

culated values.
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1.3 HRXESLE
1.3.1 AR E

ARIXE 21 .42 F1 63 H AR % H 25 I FR &
(WHIEEE 6 h) A FH HRE & (ADFL) P8
H 4 (ADG) MEE L (F/G)

1.3.2  Iil{% GH Ml IGF- | & &

I 2R 21 42 .63 RS HEEE 1 Rk
R E IR IR, S I E KR I 5 mL/ B, £
o BSOS BRIV o R P Tl R i 92 W2 BRF
7€ (ELISA) i 7l & W & 1% o GH A1 IGF- 1 %
&, AR & A LAY R A A,

1.3.3  FBaATERE &

I 63 H WA, A A~ 5 4 1k M 4% i 1%
BB R E R 2 FOl e R 17 B 52 I ik 56 1
)b A L E R ALE R
e T8 B AR IR, 11030 06 e 1 > v i oK A i i
2 ML BRLER ERE R, WE LSRR S
HzpEagy
1.3.4  JEs48 50 2

J& S LS GO IE R (LSRR ) ILE

(ZAEY) BRE BNE IR, 75 M FR i, JOf it
BEERIE R, A AT,
EZSTE (%) = 100x g B H i (g)/
VHEE(g) .

1.4 #HESH

2 56 B PE -% A Excel 2018 #k {F 2 3, )
SPSS 17.0 4t it 4 one-way ANOVA #Ef7 ¥ [H
E I ZMr, X H Duncan [REHIT £ E LK, P<
0.05 1 22 5 10 35 M FI W A o

2 BR55H
2.1 (AR AR R F I A K M RE R
1% 2 AN, TR RR R S AN [R] 2K P i SRk
42 F1 63 H AT ISR E A B & W (P<0.05) , H
H 42 H A7 3G 14 5 RSN K P 2 —
IREMEF R (P<0.05) , Bl 42 H {4 A1 R8 1K 5 B 25 Al
SRS MK 3 2 BT ;63 BB, C|
D E AR E B EMT A B 4 (P<0.05), At
BN NS [) K P i S w47 8 21 H % 4R 5 0 b 3%
0 (P>0.05)

R2 FARPRMMEEIT 1~63 BEFIREAEEH N

Table 2 Effects of dietary betaine on body weight of geese at 1 to 63 days of age g
H % 215! Groups P {H P-value
Days of SEM Ab 3 363 —K

A B C D E

age Treatment  Linear Quadratic
1 85.42 85.49 85.49 85.56 85.58 0.060 0.932 0.389 0.980
21 393.14 932.80 935.68 946.54 970.74 10.293 0.200 0.023 0.784
42 2451.74" 2583.13*  2609.64* 2 663.45" 2 688.35" 23.748 0.015 0.001 0.281
63 39030.88° 3918.07° 3 728.34" 3698.98" 3 663.74° 31.475 0.004 0.488 0.340

FIAT AR B AR/ NG FHFER E R B E (P<0.05) , ME B LEFHFERERRNLE(P>0.05), FEF,

In the same row, values with different small letter superscripts mean significant difference ( P<0.05) , while with the same or

no letter superscripts mean no significant difference ( P>0.05). The same as below.

HH 2% 3 AT, TR o s AN (] 7K P i S B X
43~ 63 H i ADFI,ADG . F/G A & ¥ (P<
0.05), HE B #E —REMEL R (P<0.05) , B 43 ~
63 HiRAF % ADFI, ADG Bfi %5 Hit 3 6 7% fin 7K F 10
W TR RS i B/G b2 RS I K 1y
B B I RIS oK i S s 1~ 21
Hi&F1 22 ~42 H & 17% ADFI,ADG .F/G G it %
0 (P>0.05)

2.2 {RFRHEARMEFEREXFRIME GH FIIGF- |
SENZN

1% 4 AN )RR R S AN [R) 2K P i SR Bk
42 ARSI % GH M1 IGF- 1 & & H B & % m
(P<0.05) , H5 W% — K&K R (P<0.05), B
42 HAFRE M GH M IGF- 1 2 &t [t 5 i Se i s
p)1 b b e A o O N i ) | B i Bl
Xf 21 fl 63 HiRAF#E MY GH M IGF- 1 & &
FER (P>0.05) .
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%3 ARPHRMIEEEI 1~63 BRFRHERKEREAZE
Table 3 Effects of dietary betaine on growth performance of geese at 1 to 63 days of age
H i . ZH %] Groups P {H P-value
Days of Items A B o b . SEM Lb3q s —w%
age Treatment Linear Quadratic
V¥ HRER ADFl/g  74.75  77.46 7744 7959  80.45 1.018 0.456 0.073  0.860
1~21 ¥ H ¥ #E ADG/g 38.46  40.35 40.49 41.01  42.16 0.490 0.200 0.023  0.784
KEIF/G 1.94 1.92 1.91 1.94 1.91  0.009 0.611 0.496  0.831
SEYJHSRE R ADFl/g  226.01  224.57 236.69 232.17 235.77 2.188 0.283 0.085  0.717
22~42 ¥ H % #E ADG/g 78.32  79.62 78.07 8l.76 81.79 1.031 0.684 0.238  0.763
KEI F/G 2.90 2.82 3.05 2.85 2.89  0.035 0.299 0.982  0.510
¥ HRE® ADFI/g  290.76° 287.57° 270.62° 264.52° 261.05° 3.529 0.009 0.001  0.679
43 ~63 ¥ HHE ADG/g 66.33"  62.53™ 54.92" 49.31° 58.92° 1.636 <0.001 <0.001  0.334
BELF/G 4.40°  4.63* 497"  5.41*  5.30° 0.103 0.002 <0.001  0.395
F 4 (ARPRMEEEZEITFHEME GH 1 IGF- 1 2%
Table 4 Effects of dietary betaine on serum contents of GH and IGF- I of geese ng/L
H i . 2 5 Groups P {H P-value
Days of Items SEM s 2 —w
A B C D E . .
age Treatment Linear Quadratic
o1 R ZE GH 18.22 1843 20.77 21.24 2230 0.576 0.083 0.008  0.967
RS EREAE KN T~ TIGF-1 37.28 37.87 38.65 39.34 42.07 1.051 0.642 0.160  0.647
. HKME GH 16.53" 18.87" 19.26™ 20.08" 20.72° 0.459 0.032 0.003  0.388
RS EFARKEF-TIGE-1 32.52° 3554 37.26™ 40.83* 41.59° 1.114 0.044 0.003  0.750
63 HRKIEE GH 18.64 1826 17.65 18.28 17.40  0.636 0.978 0.620  0.968
RS EREAE K T-TIGF-1 38.94 37.11 36.84 36.78 37.13 1.204 0.981 0.674  0.677
23 AR AT 63 H iR IFH B =
T4 BE B9 22 Ml 3 3 g

H % 5 Al 1, T R A a3 AN (5] 7K P S A
63 H& 138 19 E RE R i IR 2 A W& 52 (P<
0.05), HE B #F —IRE&M LR (P<0.05) 01 63 H
W4 A7 3G %) N 23 R B2 i VB Bt 5 1T i 0 % Jin 7K F- 1
N5 R B e A RS N K ST i S 0 S
B AR LA R ILR R A TE TG B
i ( P>0.05) .
2.4 fAFR R AN 0 B SR XY 63 B % 1F BB RBE 23
FEHMEm

H 2% 6 ] 1, T KL H B AN [R] 7K P S A
63 H A3 I IEHE £ W 3 5 ( P<0.05) , H.
BBE—REMEFX R (P<0.05), 0 63 H IR
JH e £ biti o I S B80S i 7K 7 1 3 i 2
Py ANEES KPR 63 H % 4758 H Ath
A EEC B 5 (P>0.05)

3.1 AR EE R TR A K I AR
I SRRk Y 3 S 3R B R B R L R B
K, RENAEER Rk sh Ak B
W BRI L B = R DU AR ) 3k B AR 2 B
PR AR Chen %510 1 AL A1 X8 45 4 v 43 531
AN 0,250,500 F11 000 mg/kg il 32 b, i 46 45 7
FH] UM 500 F1 1 000 meg/keg B SR04 86 20 {4
FREE T R4, F/G BT R RA, R
SOV AR AT XS A R R 4 SR I 0, 400,
800 mg/kgH &0l , IR 45 LB, 7 800 mg/kg
FISRm IR A ARG A KRR B S P R L AR
I A R TE 1~ 21 H A7 R 4R R o 8 it S ok
X 21 HIRRE A B EZm (0A T & a7
22~42 HIBAFIE AR b S ISl 20, 42 H iR
i 5 I S B 1 S K P-4 2 B T #, ADFL,
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ADG HARA T & (H 50 A AN A e i 5 25 5%,
JR R AT RESEAE 1 ~21 H % By Beds in i 32 85 ) 1
FFRG AN B A, ISR B0 e A AR A BT
M 22~42 HEEBYBGE N T 205, B e £2 A4 K
YERBA AP RS A K e LI & . (A7 43 ~63
H % By B, /& & ADFI, ADG & # [% i 7 H F/G
WET o SR AT RE 2 TE A 2 40 ) R 2 RN S 7

KT TE 42~63 H I By B 2 5602 25 1 07 1
WV B, BRAR T RR D5 DR, BT LA fifi ADFI Al
ADG &A%, ARF RS, Ftn] L B SR A7 38 A=
KAERERY R 5 H AT O, /i 3 Fit S A 32F 3h 4
AKERE S5 R SR ma G A 5 e B A ok I 45
EEMRBUIR, Il R — o B E LR AR AE K

PERE

RS AMPHRMBEE 63 AR FREEZEENTM
Table 5 Effects of dietary betaine on slaughter performance of geese at 63 days of age
2151 Groups P {H P-value
JH SEM
Items A B C D E Qb7 etk b/ ¢
Treatment Linear  Quadratic
J& £ Dressing percentage/ % 86.69 87.66 86.94 87.27 88.33 0.234  0.190 0.079 0.526
15 et 2%
SRR . . 70.84 71.65 71.23 71.58 7296 0.239  0.058 0.013 0.328
Percentage of eviscerated yield/ %
B JL3R Percentage of breast muscle/%  7.78 7.29 7.41 7.82 7.37 0.120  0.513 0.730 0.706
iR L% Percentage of leg muscle/% 13.41 13.90 13.60 14.03 13.08  0.194  0.569 0.703 0.196
i g b b b
3.90" 3.94* 3. 3.2f . 0.094 <0.001 0.001 0.875
Percentage of abdominal fat/ % 3.90 3.94 3.26 3.25 2.89 < <
FZ N8 Thickness of sebum/cm 0.76"  0.64®  0.60° 0.56" 0.50" 0.026  0.029 0.002 0.532
g5 ¥ Fat bandwidth/cm 1.45 1.42 1.37 1.35 1.25  0.038  0.568 0.106 0.734
F 6 (AMPFMEBEEIT 63 H R FISARIBH AT M
Table 6 Effects of dietary betaine on organ indexes of geese at 63 days of age %
215! Groups P {i P-value
JH SEM
Items A B C D 6 Ab 2 2Pk K
Treatment Linear  Quadratic
I EFE 4L Heart index 0.64 0.64 0.67 0.62 0.64 0.008  0.271 0.720 0.468
JFMEFE 4L Liver index 1.97° 217 2.24° 225" 2.16® 0.033  0.046  0.046 0.022
JEAE$5 %4 Spleen index 0.11 0.11 0.12 0.11 0.10 0.004  0.738 0.505 0.296
ML #6% Gizzard index 3.02 3.03 316 3.09 3.05 0036 0.768  0.624 0.341
i 1 844 Proventriculus index 0.29 0.29 0.32 0.31 0.31 0.004  0.310 0.130 0.624

3.2 fAMRBRMEMERIFEBME GH FIIGF- 1
SENZN

GH B¢ MEEIEH ERKMERBEZ —, %
T G A A 8 A R U B R O R RN A R T R A
RIWETY . GH XL B 8% B8 7 B8 D7 7 fif A %
FAAT BLHE S ) | 3 38 5 00 O E 43 W IGF- 1 X} 3%
SEIRE PR A R T, Chen 4R A IT 45 R K
B, 7 AR BRR AR s n 500 51 1 000 mg/kg SR
BT LA 4 IGF- T {5 5 38 i, DA T 41 2 a3 A
KT . Lakhani 45V BFSE & B, 7 /NBE A R R R R

TNESE oK 0] DL 35 WO L3 GH M IGF- T 7% &,
A0 25 5 3R B, AE TR O R S me nT LA g
P 42 H R AFREI0 GH F1 IGF- T & &, 7F 21
H it I3 GH F1 IGF- T & & 5 L Jh#a# v 2
SANRZE M 63 HIR ML GH 1 IGE- 1
SR ERmM, 5 LR T AR RS R
—F, FmULAT I, E SRR AR A K MR S
W GH FIGF- 1 % 53 A 2%, it S 087 1if 19
AT DL i 4 A7 RS 1 GH ORI IGE- 1 & 2, {2 9
frigA &
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33 WRABPAMBEEIT 63 HIRFHREE =
14 BE B 22 Mg

AR R B R A T AL I B R bR 2
— R A S AR K B R G R AR
3% B B 4035 A R R AL & 5 BT, Shakeri 251 B
ORI, PR XS AR)R rh s SR A AT DA 2 R
g UL R 5 & . Chen %" #F 98 % BR | 7E Bk
A S ) AR H S I S m T LA S 3 v B LA IR
05 5 i, S 2 BRI R IR R AR IR e, ARl 25 AR
T, AR R TP S o SR AT LA R A R R R
FE RS %, 5 Chen & M F5E 45 R—5, B Lk
P AN R ) 2 , FEAS T 5, )RR b S 0 3 R 0T
HE oy LA RN R L TG i 35 52 m i DR AT BB SR
T S 0 b 288 | B B AN 5 3l 4 A 2R AN TR A OG
P AT L | S0 B 6% b 2 B AIK Rz B JE IR s %2,
/0 I i AR A PR s ) 4% o
3.4  (RAR B AR N K X 63 H i 17 #5 B =25
IEHH

MEASF8 ORI AR W R s b 2 —, BE
IFEE KN, N—E R bl ek K A F W
L AT 2 SR 2 I, A KR e R S e
PR T AT W 45 %5, LB 2 1R R 2 0% 7S i 7K
SRR, R T 02 0 1 i U B R SR A R
AR VAP RS IFAE A & & . Su & G 25 R £ 0,
55X REZL AR EL, ) R b S i R e i K U R A
W, X5ARRKEER -8, AR EN, )
ST — b 45 g 10 PR SE RO AT AR R U I
B T PR R AT LS S A 0 i o
FH LG AT UL 7 ) AR v S I T S B RE A% 12 2E A 38
JIE B B, M AR AT 368 O i 25 2, a2 i 7 A 1
WU,

4 &

ARG 45 S R0, N R AR K B B s i S s
XIS A [GIAE FH i 30 ) R v 5 o i =5 i mT i
FHE AT RS AR KPR RE R ML GH AN IGF- T % i,
Tl I A i AT S 2R KPR RE S i v P GH AN
IGF- T & &G INAE 5% ; 5 HAGRDRR o A8 i S ik mT LA
3 AR A e Rz i JEE R I SR, L X I R 8 R
— B R HEVE T, A2 3 R 17 A, oo 38 A A4 i J5T
U, 25 E DL b 2 AT AR SEBR AR R T A
TR BEREPE S I S0, @ 1~ 42 H A7 RS 1m)
MRS BGE B NOK P 0.18% ,43 ~ 63 H i

08 ) R R SR B LA KPR 0.12%

SE W
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Effects of Dietary Betaine on Growth Performance and Its
Regulating Factors of Geese

YANG Yu' YANG lJingjing' WAN Yu' ZHANG Hang' YANG Zhi*"
YANG Haiming' WANG Zhiyue'*
(1. College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, China; 2. Institutes of
Agricultural Science and Technology Development, Yangzhou University, Yangzhou 225009, China)

Abstract ; This experiment was conducted to study the effects of dietary betaine on growth performance, serum
contents of growth hormone (GH) and insulin-like growth factor- I (IGF-1 ), slaughter performance and or-
gan indexes of geese. A total of 360 one-day-old healthy male Jiangnan geese with similar body weight were
randomly divided into 5 groups with 6 replicates per group and 12 geese per replicate. Geese in the control
group ( group A) were fed a basal diet,and geese in experimental groups were fed the basal diets supplemented
with 0.06% (group B), 0.12% (group C), 0.18% ( group D) and 0.24% betaine ( group E) , respectively.
The experiment lasted for 28 days. The results showed as follows: 1) the body weight increased linearly with
the rise of betaine at 42 days of age ( P<0.05) ; the body weight in groups C, D and E was significantly lower
than that in groups A and B ( P<0.05). The average daily feed intake ( ADFI), average daily gain ( ADG)
decreased linearly with the increase of betaine, however, the feed/gain (F/G) increased linearly with the rise
of betaine at 43 to 63 days of age ( P<0.05). 2) The serum contents of GH and IGF- I increased linearly with
the rise of betaine at 42 days of age ( P<0.05). 3) The percentage of abdominal fat and thickness of the sebum
of geese decreased linearly with the increase of betaine at 63 days of age ( P<0.05). 4) The liver index of
geese increased linearly with the rise of betaine at 63 days of age ( P<0.05). It is concluded that the diets sup-
plemented with betaine in different periods have different effects on geese. At 1 to 42 days of age, diets supple-
mented with betaine can significantly increase growth performance. At 43 to 63 days of age, diets supplemen-
ted with betaine can significantly promote fat metabolism, which in turn contributes to improving carcass quali-
ty. It is suggested that the optimal betaine level in geese should be 0.18% at 1 to 42 days of age, and 0.12% at
43 to 63 days of age.[ Chinese Journal of Animal Nutrition, 2020, 32(9) :4140-4147 ]
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