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B E: KRB S AETIRT AR T BRKF AT ~ 15 B A A& KM AL e 7 A AL IR AT e B S
BRI F K w9 R vt 8RS R B (MTHFR) AR R X S0 Hvm , AR E LR EH(L ~4 FE) 7
AR5 ~15 ¥ ) #4AL T et BR 093 AR AR T, KIEE A 1 B AR KM 360 X, AL A
6 N, FFHOANEL, HANAEL10 REE, R A FARAELBPR P R O(3RBM) 1.2,
4.8.16 mg/kg »TBR 09X B4k, XIe 49 15 Bl R AW 1) MR et R 2 F M B F R
Bl ~4 A4 FH AR E(P<0.05 3 P<0.01), ZEKAK] ~4 BB EIL(P<0.05),%
IR A R, 2) ARt BRAE R EAIK ] ~4 BB F R HHEE2(P<0.05) , 2 FRGH 1 ~
4 JE) e 45 e i Z B A2 (P <0.05) . #ARAIm 8 mg/kg vHBR T B & AKX 1 ~4 5 48 o i
BERAZ(P<0.05) ;%4 16 mg/kg vt BR T 2% BI85 ~ 15 Bl #hiF k ZREZ(P <
0.05), 4#Am2 ~16 mg/kg *FER T 2 F A 1 ~4 Fl#Ae 5 ~ 15 & 46 f 7 F) AL ¥ ph & B2
42 (P<0.05), 3)4MiAIm 1.2 mg/kg vHEBR T 2542 & 1 ~4 B# 4% i 75 MTHFR F M (P <
0.05) , % 3 MK e 7 — £ »T BR 2 R B (DHFR ) 7E M (P <0.01,P <0.05) , #/m 2 mg/kg »H B8R 7T
% B AR K B A R AR LB B AR B (P <0.05) . AR 2 my/kg TR T RERF
5 ~15 B ##5 f 7 MTHFR & (P <0.05), 4)1 ~4 B# ,MTHFR % B % ik %5 MTHFR 7% %
2 FIEMA(P<0.05),5 DHFR &M 2% fi 4% (P <0.05);5 ~15 BA# ,MTHFR X A Xk &
5 MTHFR Ao R 505 R 2 F 14842 (P<0.05), WA L& R T4 1) ARE AR MIES
W) A, A SRR P F S T B e K P A 2,45 mg/kg, B OR A A K F A
2.08 mg/kg; FAavt BT MARIE ) & 52 ) vt BROK P Ad 48 e iR A AL I AT A0 B S R E R0y R R 1E
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TIMZK -5 K4 0. 55 mg/kg, NRC (1994 ) #i¥
S GRS N KF- 24 0. 55 mg/kg, Lk
(BASF) 74w 2 H /) 4 39 0 iR 7 2 & 1
0.60 mg/kg, fHix$#E H R H LT 2, DLG R
ORI B = 5 O UE, SE PR AR O TIBSR R
MBI A 77 L 5%, 4 L 2R TS KT LA 1 2
WARZ . Abas 252 HE £ W], MR W] B iR 2
SEN T 7 & ME M, El-Hussein 267
FERIL, iR AT I 2 R AR A 9 5% 2 i ( ALT) Fil4s
L R (AST) 36 M, 5 3R S R i AR KM fE
Whitehead 25" BIF 58 6 1, A XS 4K £ Hh 9 38 BL VS
K- 2.5 ~3.0 mg/kg, #6555 B 58 &
Y, A7 TR0 RE o I R 3 EC S N /K A 2.5 mg/kg,
RN B v AR S i sh Y AR KRR R
PRIE N R 2 i & AT TIRAWE ST, WA KRG
AR RE AR C A IRE, (H R AR LT
()5 ) 1) A LA o AR U0 B 7 38 3 A R el A
RIS TR 7K (4 I R, AR I TR G B S T 7K -
OENCE R RS R € T S X T
TR ARTC 7 B oG 0 i R S R AR AL F S AR 4

1 #Me57E%
1.1 e 5kt

VT 1 H e R AU AL AT A G R 0 £ B 1)
JFHIZY s A3 360 JL, BEHL Y4 6 41, B4l 6
A RAER 10 B, AR5 12, 54100
B IR AE LR RDR P S i 0 C 1T 41, XFIRZE) (1 (I
41) 2(1I4l) 4(IV4l) 8( V) A1 16 mg/kg( VI
) IR AR I AR . KR 15 JH o KRR h
IR ML AR AR 28 7 ol gy 5 L T 1 A S L
AR A PR a6 T BRI 8 R N TR S 2
T HARABRA R, HA UL 79 95% .
1.2 Et{aR

S 17 MR 2 B NRC (1994) 3 B 875 SR
SR AP E R SOE SRR B, e
N~ A S CF AR A5 ~ 15 JE (7 U8) 2
AR B B, FEAb R AR 2 S SR KE LR 1
1.3 fmHFEHE

U6 2R FH M - 7 07 20, 2 A ok A
KRB F IR HLRE AT G B L TH R M 3R R L
KAC KM , WG Y R R DL

&1 EREARAMREFKT (KTEM)

Table 1 Composition and nutrient levels of
basal diets ( air-dry basis) %
% & Content
i H 1~4 A 5~15 Fis
Items 1 to4 5to 15

weeks of age weeks of age

JEK} Ingredients

F >k Comn 57.09 62.10
¥ Soybean meal 15. 80 16.06
EHH) Chinese wildrye powder 9.60
/NFE %k Wheat bran 11.00

64K Peanut meal 3.00 2.12
Ha¥rH Cottonseed meal 4. 00
KT K LAY

Corn DDGS 5.00 6.00
F KR ZEH Corn germ meal 0.78
IR A E5 CaHPO, 1.60 1.13
£k NaCl 0.24 0.34
1%y Limestone 1.20 1.00
TR TR Z 4N NaHCO, 0.10

AR Lys 0.30 0.26
£ 4 Multi-vitamin"’ 0.30 0.30
14 B 52 Trace elements 0.20 0.20
HHE IR Met 0.17 0.11
411 Total 100. 00 100. 00
/K- Nutrient levels”

HLEE H Bt CP 18.00 16. 00
=R Lys 1.00 0.80
HEAMR + MeA R Met + Cys 0.70 0. 60
4E Ca 0.85 0.70
A% AP 0.42 0.32
i ME/(MJ/kg) 11.30 11.50
frh NaCl 0.30 0.38
E AR Met 0.42 0.35
IrEIR Thr 0.64 0.58
474k CF 3.46 5.00
M-fig Folic acid 0. 60 0.55

VT 2 Y FI R T E 54 One kilogram of multi —
vitamin and trace elements contained the following:1 ~4 J&#%
1 to 4 weeks of age, VD, 200 IU, VA 1 500 mg, VE
12.5 mg, VK, 1.5 mg, VB, 2.2 mg, VB, 5.0 mg, {H & nico-
tinic acid 65 mg,Z i pantothenate 15 mg, VB, 2 mg, =¥ &
biotin 0.2 mg, fHH choline 1 000 mg, Fe 90 mg,Cu 6 mg,
Mn 85 mg, Zn (as zinc sulfate) 85 mg, I 0. 42 mg, Se
0.3 mg,Co 2.5 mg, 5~15 [i#f} 5 to 15 weeks of age, VD,
200 IU, VA 1 500 mg, VE 12. 5 mg, VK, 1. 5 mg, VB,
2.2 mg, VB, 5.0 mg, {lfR nicotinic acid 65 mg,jZ 2 panto-
thenate 15 mg, VB, 2 mg, 4= 4 & biotin 0. 2 mg, HHF cho-
line 1 000 mg, Fe 85 mg,Cu 5 mg,Mn 80 mg,Zn (as zinc
sulfate) 80 mg,I10.42 mg,Se 0.3 mg,Co 2.5 mg,

2B SRAKOT BR IR S R S A, HAl E A

Nutrient levels were calculated values except folic acid content.
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1.4 MEHERRFE
1.4.1 AR MERER R

F 4.8 .15 JA#& A 53 ) DL I & Ok B i AT 8
JEFRE IR 1 ~4 JEi 5 ~ 8 JAkY 9 ~ 15 JA ik 11
SR BE AR OR DL S O BAL, 25 R A
Pl AR U RRHE AR, IR B H R & A
BHE . BRI & IR A IE T 00, 11548
1.4.2  MiEE e bR

15 JE I AR PR E G, R B 2 RS,
KR I 10 mL,3 000 r/min 25,00 il 15 M35 FF i o
I35 H A 0E (GLU ) & 2 R FH #2542k /i 3k )
A MEEE(TP) \HEE (ALB) 3K H (GLB) &
R A% 37 W D 5 R ( CHO) L H i =
Fie (TG) 5 5 >R 75 I 5 ; Hey % & R F ELISA
PRGN s UN 5 5 R DR B0 . B iR dE b
P R i, R & A e e R Y TR
W5
1.4.3 [ 3 BEE PEFE AR

P S Y & R G D i ( MTHER ) Fl & i
fizif J5i iff ( DHER ) 3% o 3% 5% H B B 5 %2 43 #r
(BLISA) i 7 & K 0 ; ALT | AST 1 ZL & il & i
(LDH) {3 5% F H 57 7600 4 [ 3 A= A AU
1.4.4 MTHFR LR ik & MAH Mot

TSR 15 JE IR, AR AL b 43 Sl B 12
SRR B % 47 Y R A i 0 3, i b BB
TR I TF IR, B I, R A R, R R
—80 C 1y vk A N AR FE, Fl F 2ok & it PCR | %
MTHFR FEHR ik,
1.5 HIERBE5SZITHH

F SPSS 17.0 %t 1544 8 57 B3 4% 127 91 4b B 4K
P o I 45 R 1 41 18] 2% 5 H one-way ANOVA i
FEATHRN ZE I 2200, R A LSD LT 2 H L
BRI DL B = AR vfE 27 Fon . [l
A3 A% 700 i — RO 6 R AE R i &L, AR 38
TR R A ERGE R MK, P <0.05 Fll P <
0. 0143 5] Ay 25 57 I 35 A Bt 2 7K

2 HRESN
2.1 {RARAERK X ES A K T BE R R M

HIZE 2 Al 1,1 ~ 4 JA R I AN [R] - BR S i 7K 7
XHEF-2 HR BTG R E R (P >0.05) , 4114
HAFAHERES T IH(P<0.05), 110

M TRIRZE (P <0.01) s B MRS ik
RGN B E R T RS Ea, Hop I
M. V.V VIR ELL R EMTXSRA(P <
0.05), V.V VI4{KkE FHHEE FHHER
B B ERY R EZER(P>0.05), Ui R
MR K- o 4 mg/ke 5, BRI IR P44 H 1
fBlERETER, DL ~VAEREY) FH
HIGE(Y,) BE (Y, FFY HRE & 5
IR S 7K T (X)) AT RIS, A 300 R 2 s
.Y, = - 38. 303X + 187. 739X + 1 447. 920
(R*=0.980,P, =0.020) , iy Jy f& 0] %01, 24 MR %
oK S k2. 45 mg/kg WK R R, Y, =
—1.368X° +6. 705X +51. 711 (R* =0. 980, P, =
0.020), /1 77 F2 0 A0, 4 0F BR U m ook oF R
2.45 mg/kgif F-3 H W i K. Y, =0. 080X> —
0.301X +2.266 (R*=0.946 ,P, =0.054) , i J5 %
ALH, Y BRES K- 1. 88 mg/kg iR} HE f
No SR H R RS IR ES AT 8] i R i 4R
KRR (R <0.700)

5 ~8 JE W B, IR S K X 5 AR K R R}
R E (P >0.05), 42 H M E R E
ST IV.OV VI (P <0.05) , B i 35 15 BR
H(P<0.01); VIH V- H R E & B E = TX A
(P<0.05); 1 . IV.V VIHVH HIEE BEHELY
T E2ZR (P >0.05), Ui B faHR i 2 7K ~F 68 4
2 mg/kgif, X} 88 A 74 8 -2 H 3% E T B
m, DAL ~IVAAE(Y,) P HEEY,) P
H >R & i FURHEE He 5 4R R VS I K (X)) i 47
1111 1/ = O - S (VI S 11> R Y D
—-156.148X"° +44.410X +2 597.478(R* =0.981,
Py =0.019), 1 Jy £ 0] J0, 24 0 B2 9 oK F
1.76 mg/kg i & & iz K., ¥, = — 4. 511X° +
10. 154X +55.005(R* =0.916, P, =0.084) , {1 J5
FEATAL, RS K P2 1,13 mg/kg P15 H
WHERK, P HREEMEE LSRRI oK
S ) ) UK T 28 56 R ORI (R® <0.700)

9 ~15 Jal %, A ) it 2 95 i AP X R P2
H3®E 3 H R AR E A B35
(P>0.05), #id “RMEME  KE P H X
o P H G E OB E 5 R S K - ] Y
TR R AR (R <0.700) ,

5 ~15 JE %, bl iR S i AKCE 3, & 41



988 g

it

Fr

2L
¥

i 25 %

FHHREE BELERARE(P>0.05), I
V- H G E B E S T4 (P <0.05) ; M4k
HEWRBER TXHA(P<0.01); V.V V4K
HOPHHSE P HRE AR E LY TR E
225 (P >0.05) , KUEK I ER 7K P i 4 mg/kg
B, XSRS B R E -3 H 3 H R B R
EHW TR EZW, LT ~VAKEY,) P
HIGHE (Y,) F¥ H R & & FUORHE LG 5 R i iR
WK (X) A7 A& 1 30 &5 2
Y, = —103. 524X> +432. 730X +4 875. 502 (R* =
0.950,P, =0.050) , fy J5F& Al A1, >4 - ER s ik 7
#2.09 mg/kg B AT K, Y, = —0.932X° +

3.871X +48. 965 (R* =0. 906, P, =0.094) , f Jr
FERTHN, 2 BRI /K F-2 2. 08 mg/kg B34 H
WERK P HRE 2 AR E S RISk
S ] ) K 28 56 R ORI (R* <0..700)

B DL 25 R 15 AR e AR K R o A, 18 B A
IR IS BV N KSF Sy 245 mg/kg, B U E
HA K- 2. 08 mg/kg,

FEVRR G5 R BN, ST IR 1 ~ 4 JR I ik F)
2.50% ,5 ~15 JA ik 6. 41% , & T M BR U 4.
Tt B I R X R AR T %A — 22 BV

F2 ARMERKEXEEE KRR RN
Table 2  Effects of dietary folic acid level on growth performance of geese
Jal 2157 {LScid ) H 3G T HRERE R L Y RCES
Weeks of age Groups Body weight/g ADG/(g/d) ADFI/(g/d) F/G Mortality rate/%
I 1442.37 £5.82¢ 51.51 +0.21¢ 116.73 £2.32 2.27 £0.05" 2.50
I 1612.15+10.33° 57.58+0.37" 117.73 £1.32 2.04 £0.03" 2.20
- ] 1 659.09 +4.39° 59.25 +0.16" 117.55 £0. 60 1.98 +£0.01° 2.00
\Y 1 587.88 £8.68° 56.71 +0.31°¢ 112.70 £5.37 1.99 +0.10" 2.00
\ 1581.91 £4.21° 56.50 £0.15¢ 114.13 £1.87 2.02 £0.04° 0.00
VI 1582.56 £12.58°  56.52 £0.45° 114.33 £5.86 2.02 £0.10° 0.00
I 2597.48 £34.71°  55.01 =1.46° 205.42 +10. 44" 3.73 +0.01 2.30
I 2885.74 +12.81*  60.65 =0.20" 214.46 +5.63% 3.54£0.10 2.30
P I 2861.71 £10.11*  57.28 +0.27" 222.12 +8.70% 3.71 £0.07 2.30
v 2789.83 +18.01°  57.24 +1.22" 223.47 +6.36" 3.70 £0.08 3.10
\ 2 786.66 +9. 88" 57.37 £0.67" 225.04 +8.95% 3.69 £0.07 2.10
Vi 2793.72 +11.21°  57.68+1.13° 229.70 +0. 83" 3.58 £0.09 0.00
I 3321.60+£79.64  17.24+1.13 387.53 +18.71 22.49 +0. 42 4.70
II 3520.66 +62.80  15.12+1.23 322.42 +26. 34 21.33 +0.46 3.70
015 m 3625.04+141.31 18.17 +3.13 380.99 +72.42 20.92 +0. 44 2.50
v 3583.00 +136.87 18.89 +3.09 421.39 +£79.70 22.25 +0.59 2.40
\% 3654.43 +119.77  20.66 =3.08 442,56 +55. 74 21.47 +1.06 3.00
VI 3481.02+89.10  16.36 2. 14 355.63 +44. 86 21.74 £0.10 3.10
I 4.859.84 +60.89°  48.82 +0.82" 346. 55 +14. 74 7.10 £0.38 6.41
II 5272.42 £43.63™ 52.29£0.51"  351.11 £9.03 6.71 £0.13 4.70
15 I 5347.46 £12.89°  52.69 £1.77° 364.69 £10. 02 6.92 £0.06 4.41
v 5059.09 £32.56™ 49.59 £0.56"  341.52 £4.78 6.89 £0.14 3.41
\ 5033.77 £111.30% 49.31 +1.65"  341.35+13.87 6.92 £0.08 3.41
\l 5064.41 £182.93™ 49,74 £2.40"  344.77 £14.18 6.94 £0.26 3.45

R 5 SR AR AR TR NG i OGP B R R 2 R A 3 (P >0..05) MR AITARRR /NG 5800 5l 3R R 22 53 . 3% (P <0.05)

IR 235 (P <0.01) . £ 2.3 M4 [H.

In the same column, values with the same or no small letter superscripts mean no significant difference (P >0.05), while

with the adjacent and alternate small letter superscripts mean significant difference ( P <0.05) and extremely significant difference
(P<0.01), respectively. The same as Table 2, Table 3 and Table 4.
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2.2 (AR ERK R RO I E & IS AR B0 36.606(R* =0.907,Py =0.093) , fiJ5 L 0] 41, TP
3 AT, ~4 5, M4 TP FiBE s & &5 8 & KBE, 8 d ook 53 ok S8
FHO. VA (P<0.05), 1 iE 2@ F X R4 (P < 2.40 mg/kg,
0.01); 11 ~ VI4l GLB & & i 2 5 F X R4l (P < 5~15 J&#, %4 TP.GLB ,ALB . TG ,CHO
0.05); M40 ALB & & 4l &8 3 & T X 4l (P < GLU F ¥R AR % (P >0.05); I UN &
0.01); 11 ~ VI4l GLU fI TG & & B E MK T4 mEEM T4 (P <0.05); 1 ~ VI Hey %%
(P<0.05); %4 CHO i EZ R A RE (P> HPES TXRACP <0.05), LL5~15 &
0.05); V. . VI4] UN & &7 54k B fil B 2w T WAL IR A5 5 1D i BR 48 i K 2647 i & 3
SFHE (P <0.05,P<0.01); T ~ VI4H Hey & WRIIZRE R A B (R* <0.700) .
BERTXHA(P<0.05), T ~NV4 TP & DL b2 B B, K8 7 A 00 4] R 4 i e R AT
i (Yy) SR RS K (X)) #EAT iR BLA, i i b AR 5 R 2SR b e A s £
BRI T % L. Y, = —3.863X" +18. 514X + ARKKE, E A L E RO

K3 AR ER K T X RS M E A L FE AR 0 RS0

Table 3 Effects of dietary folic acid level on serum biochemical parameters of geese

JE % o BEH EREH &M Hi =g JH i o ikahi EELES IRER
Weeks of G’rou . TP/ GLB/ ALB/ TG/ CHO/ GLU/ IR/ UN/
age Ps (pmol/L) (pmol/L) (umol/L) (wmol/L) (mmol/L) (mmol/L)Hcy(umol/L) (mg/L)
. 35.49 16. 67 11.90 0.55 3.34 3.51 12.05 0.16
+2.23° +0. 49* +£0.27¢ +0. 04" +0.20 +0.51° +0.02° +0.05°
I 54.22 17.27 16. 24 0.64 2.79 2.96 11.94 0.15
+2.06™ +0.08° +0.61™ +0.01° +0.54 +1.60° +0.13* +0.01"
I 55.96 17.40 17.11 0. 64 2.97 2.55 10.73 0.12
- +2.31° +£0.05° +0.48* +0.01° +0.59 +1.38° +1.02° +0.01%
v 49. 41 17.42 15.42 0.63 2.77 2.66 10.05 0.13
+0.31° +0.07° +0.22% +0.01° +0.82 +0.35" +0.03" +0.01"
v 50. 67 17.49 15.18 0.62 2.64 2.45 10. 06 0.12
+2.00™ +0.12° +1.63% +0.01° +0.66 +0.56" +0.04° +0. 02"
- 51.41 17.50 14. 59 0.61 2.41 2.56 10. 05 0.09
+0.83" +£0.05° +1.34% +0.02° +0.31 +0.29° +0.02° +0.02¢
| 14. 00 13.95 17.52 0.64 5.81 4. 46 25.57 0.15
+0.49 +£0.33 +£0.22 +0.24 +1.29 +0.43 +£1.02° +0. 05"
I 15.22 14.39 17.67 0.58 2.88 3.50 22.28 0.17
+1.23 +£1.30 +0.06 +0.02 +0.62 +0.15 +2.84" +0.02°
I 15.58 14. 46 18.23 0.61 3.02 3.56 20.92 0.14
5 15 +2.86 +1.70 +0.04 +0.01 +0.95 +0.20 +1.51° +0.06™
‘ W 14. 34 14. 67 18.30 0.57 3.04 3.08 19.21 0.16
+1.59 +1.24 +0.51 +0.03 +0.71 +0.43 +1.65° +0.06™
v 14. 80 15.30 18.36 0.56 2.86 2.98 19.92 0.11
+1.35 +0.66 +1.41 +0.02 +1.11 +0.48 +1.18° +0.02"
VI 14. 21 15. 04 18.36 0.53 3.76 2.87 19.11 0.08
+1.74 +1.42 +1.05 +0.01 +1.00 +0.62 +2.42° +0.04°
2.3 (AR EROK T X RY M E B A R R I W LT X AL (P <0.01) 5 4541 ALT P 2=

4 ml %, ~4 s, .14 MTHFR 7% FARE(P>0.05); 14 AST #1 LDH &4 & 3
PR E S T X4 (P <0.05); 11 41 DHFR 7 % RTFX AL (P <0.05)
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5~15 J&#%, 4] MTHFR {GPE R F m T 0.700)

4 (P <0.05) ;4 4] DHFR ALT ,AST #l LDH %
MEFABEE(P>0.05),
DAL ~ 15 Ji] e g% 1 45 b 55 e A ok 1R 74 T vk

DL gE R0 AR R s i 1 mg/kg R AT
$#15 MTHEFR J§ 1, B4k DHFR 35 % , T AR A i
2 mg/kg MR AT AL E 4] AST 1 LDH {54, #&

THEAT IR A, SR IT & X R AR (R < {5 MTHFR {44
F 4 (ARMERKTEX M EEE NG
Table 4 Effects of dietary folic acid level on serum enzyme activities of geese U/L
=
TS 4B O AN GWREE 6 LRI AU
Weeks of age Groups - DHFR ALT AST LDH
MTHFR
I 96.67 +3. 03" 55.69 £9.72° 12.33 +5.13 53.00 £3.00° 837.00 +17. 00"
I 114.85 +1.52° 22.82 £8.01° 8.67 £3.22 51.33 £4.16™ 819.50 +76.01°
- | 119.39 +1.52° 33.01 +4.87™ 8.00 £1.00 37.67 £1.53" 590.83 =81. 66"
\Y 103.23 £3.81° 36.25 4. 17 9.00 +0.00 50.67 £9.71% 828.17 +59. 53"
\Y 101.72 £8.75" 51.53 +1.00% 8.00 +0.00 44.00 +4.00" 680. 50 +24.50%
Vi 96.78 +2.16" 54.31 +1.25% 7.67 £0.58 42.67 +3.51" 714.00 =89.00®
I 113.84 £12.89°  103.84 +2.12 9.00 £2.65 74.00 +15. 72 848. 00 £28. 00
I 125.96 +8. 86" 84.86 £23.57 8.50 £4.50 64.67 £25.50 1 074.00 +373.50
s 15 I} 135.56 +8. 74" 79.77 £7.65 4.67 £0.58 47.67 £14.50 848.00 £159. 00
\% 122.42 £10.60™ 80.12 +£11.56 5.67 +0.58 40.67 £12.50 942. 67 £26. 50
A 120.91 £1.51* 86.99 +15.98 8.00 +1.00 50.67 £11.50 1 120.33 £357.50
VI 117.88 £1.26" 80.05 +13.20 6.00 £0.00 38.00 3. 00 1 026.00 £270. 34
2.4 (ERHEAKFEXNIEAAESR MTHFR EF xR &K,

X E R

H5 AIANL L ~4 JEE, T 41 MTHFR %
Rk i & T IRALAIIV ~ VIZL(P <0.05),
UL Y it R K OF- 88 i 4 mg/kg B IR ORS RE 4R
MTHFR 3R Feikm, DA 1 ~ V41 MTHFR &R 3%
K (Y,) SRR FRES K- (X) JE1T 2640 7
BEI T 4 R Y, = — 0. 224X + 1. 062X +
1.003(R* =0.927,P, =0.073) , fhy Jy #& 0l %1, it
BRUSNIKF-K 2. 37 mg/kg I} MTHFR [ 33k &

x5

5 ~15 ik, I 240 MTHFR 5& [N 33k & B 2% 5
FHARHA(P<0.05)  XfHAMI V.V V4
[ 22 5 A 2 2% (P >0.05), Ui B M 8 7K °F i
4 mg/kgIfANGEPEH MTHFR JER Rk, DL T ~
VA MTHFR SR 323k 5 (Y, ) 5 T AR R 1% i 7K
(X)) ATl A, BB T Y, =
-0.306X° +1. 230X +0. 586 (R* =0. 837, P, =
0.163) , 7 BRI 0, M BRES /KSF-2h 2. 25 mg/kg
if MTHFR 3R 355 1 B e o

TR AR BR 7K T XS HO AT B MTHFR B R RA R0

Table 5 Effects of dietary folic acid level on liver MTHFR gene expression of geese

24 5] Groups

s

Items I I Il v A Vi

1 ~4 JH#% 1 to 4 weeks of age 1.00 £0.10" 1.71+0.32° 1.95+0.38" 1.12+0.21° 1.08+0.35" 0.83 +0.15"
5~15 J&#% 5 to 15 weeks of age  0.69 £0.32° 1.32 0. 71° 2.33 £0.32° 1.19£0.44° 0.73 £0.27° 0.64 +0.37"

[ 45 B JR AR AR TR NG S R BOG 7 B R R 22 5 A B3 (P> 0. 05) | FIARAIARRE /NG 5= B3 53678 22 5 3% (P <0.05)

At % (P <0.01) o

In the same row, values with the same or no small letter superscripts mean no significant difference (P >0.05) , while with
the adjacent and alternate small letter superscripts mean significant difference (P <0.05) and extremely significant difference
(P<0.01), respectively.
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2.5 PHFRHE MTHFR EFA R E 5 M5
AR HE X

26 nl A, 1 ~4 JE#&, MTHFR JEIH 3Rk &
5 MTHFR i 522 IE A4 (P <0.05) , 5 DHFR
TR AA (P <0.05) , MTHFR L[5 45k 5
55 ALT LDH, AST {6 A 5 , E AT S 1 4 R
#(P>0.05),

5 ~15 J# %, MTHFR 3:[F %45 LDH . AST

iEPE ARG, 5 DHFR f& PR IEA G, HAHSCEA 2
Z(P>0.05), MTHFR [N k&5 MTHFR fl
ALT {22 AR (P <0.05) .

DA b 85 R, i B X RO IE o MTHFR JE[H
(28 A B s 40 MTHFR BEIN 3Rk B
5 MTHFR {5 P4 2 3% 1EAH G, 15 DHFR (¥R 2 2
F MK, 57 Y MTHFR #I ALT 5 1 1 B 3%
FA S o

R 6 HBATAE MTHFR ERRZEE S M EEEEEXHE

Table 6 The correlation between liver MTHFR gene expression and serum enzyme activity of geese

Jl % RIAGEE- UV i S %0 /EY s R S T A N 2 i A i e 2 T BN
Weeks of age MTHFR DHFR GPT GOT LDH
1~4 0.654" -0.595" —-0.046 -0.013 -0.252
5~15 -0.534" 0.157 -0.493" -0.207 -0.067

* RRBHEMHK(P<0.05),

* means the significant correlation (P <0.05).

3 4% i
3.1 (AMRMER K FXTRE £ K AR

IR A 2888 )RR T ) B 3 S i KO-, [ N Ak
DR i R N i P WA R St B
R, B RRAKAE 1.5 mg/kg W, A DLR R PR B2
M B = AT XS SF- 34 H 3 AP H R B &, Dora
SELTURN Ryu 258120 B SE A5 H AE SR A AR
HR N 3. 6 mg/kg MR 2 B dl VS K -, 2 R
WHNZKF 2 1.7 mg/kg B 4HEXE ) A= R R AR
B LR K B oK (8 . El-Husseiny 25 38 i F 58
i, RS MK 12 me/kg BB 4E4E R C i
TS ST XS AR B KB & T3 26 o 1 B FR A
SR AR K A A B 2 Ab T 5 1) B AR I G B
WA W WE 11 00 5 0 Joi RN AT 2880 ) HE R A AT A2 i AL
AR ES . AR P REERKERS N, &
SEIATRR B MK F- Ry 2. 45 mg/kg I {4 F1F- 1Y
H 3 E 5 K, 1. 88 mg/kg IPRER o dse /)y s B 0 it
FRES 7K~ 2. 08 mg/kg I -1 H 1y 5 fe K, X
L AT S R A — B,

AL R ,9 ~ 15 [k 5 1 ~8 Al 4
Kk RE 22 AR, Bl 5 B () A9 4 4, 734 H 3 F
TAR /> T3 H R & & 5 3 3G in, DT (kL E
K IR WL, N TR 25 % R, 1 I BB R
Hid K.

3.2 (AR ERK T XTHE M A L S AR A 20

A BRI 9 R A GLU 4% P 45 41 28 400 it 3% 3
JIr g fE KR 4 ok B GLU, 4n 4t GLU & & [%
%, 6B 3h G R o il B KO RS R B AL 1k
AR AR, R GLU & & Jt & o 1E
B KR 2 5 35 m I0OE FIURE PR s 55 AH DG B e , B
DA I 6 20045 — 22 B 7K S A BE 4t R 1A 9 45 38 B
LT B, e BF T & B, iR vl ok 35
JiR I R A2 R, B v L AURRAE | 34 0 R 5 25 R A0 if
A2 AR B A AR ES G, i 8 26 R 1 GLU , 52
JREAREA I B AR T, BT o A A0 it . AR IR
HE HE R P S 2 me/kg MR S GLU & 4
BERRAL, M E MY GLU S8 L h &£ 5%, i
FH 7 B 4 ST P AR5 A X 37 R e 0 AR A
PR, B BT, BRI i 2R

TG F1 CHO 5 &t nJ LA Sz B4 9 Jig 26 10381 A 1%
o Ak WFSY & B, CHO f1 TG F &M THE S
AR 2 A N BT o I A5 e L e B v 1ML g i AT
RKKFR XRIBITOMAEBRRRM T —E S
%, Eseceli %"/l Wang %' ff 55 e W, nf- iR ]
WAl CHO iy & i, k3t prse e, 4o 5 A
10 mg/kg MR 43 il & 2 AR W 25 Pk T TG &%
Ho AL RE, BB AE BUH CHO & &
Bifi 7 R VS AT R 3 34 2 R Rk . B Ak
wom 2 mg/kg Ph bR T DL E R TG 5 &
M E W TG & A NS AR,
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% 25 %

TP /&1 ALB 1 GLB 4H i, 42 ML 1A 241 Jitd 1) 2
B B, 2 S P A SR R A ) 2 RO
AR A ARAR R S K SE- A 2. 40 mg/kg
B, B4 TP & & i . 1 mg/kg DL bR
Al PR R GLB 5 i, 3% B R ml o 1 8 2
ELR B P, 35 BT % P X 2 £
TSN A K e M B ATE 9T 45 R — B

Hey J&— Ml 22 IR , B %A 1 B H 5k
AT DARE R AETAE R o IR 2 Hey 1R /2
AR, iR AKCF T A2 3E Hey 1 P H 364k i
o SRt R sk = 2 3 B0 Hey IiLSE , Hey fiff
LS PN B 30 40 F0 ) e S5, I8 It A 1 i JUL 4 e
HaAE B SR ML BEE 1L AN £F 5 R 50, B WL AL F i A4
FICRAS, 112 1 A 40 i P Hey B9 7+ & a] 58S — iR
THEZMR S S - AT Hey By LL{EREAR, fif DNA H
TGRS Z W0, 30 DNA {IGH 364k, mT 3 a4
AR Bt a4 S B BkORE AL | T 0 e S R
o B XL IR R o S U K BRI 3 Hey
FLAE N 2 A K R 7 10 =2 i i & B0, sk vy R e
PRI A 2E A= R B, # RE A A% Hh R AR e o0 g A5 7Y
K EUM Y Hey 7 &, Tactacan 25" Hebert %"
1 Ansari 251" BF 5T S B, iR AT AR 1L W P Hey
i, AR EE R, 7AW A F AU IR U
oK 7 i 2 mg/kg AT 3 B AR O VS Hey
T

UN AR SE R 0 2 7=y, 76 1 Ik N B
A, MY ) UN F2 2228 5 /N ek 5 A F MR P
HEH . EIERIEM T I UN &R EE. H
A 245 DRe A A S R R, 3 UN &4 &
HeEn, T LAIG PR B H & DL UN B i 19 s IRV S
B IhRESZ AR B S bR — . EREESE O RS
BRI, R TS K-Sk 1205 1 25. 0 mg/kg Bif Af
BERRACERZ M UN &, B L ik
HE, S 45 mg/kg |19 I PR RE 2 3 R AR LU S I s
UN &, RIS R, 74 0 BRI sk
7 8 mg/kg B A] i 2 FEAG LYY UN & &, 8 A
WER S IN/KF-2 16 mg/kg B ML UN &R T
K, LR A6 97 1 2 Rk e 1 R ALK 4

ZE L PTIR AR RS N 2 me/kg MR AT i 2
%Ak GLU \ TG I Hey & & o TR ik 2 75 /K S
3 2.40 mg/kg, FAEYIMLE T TP & & icm . MR
WMKF-2h 8 mg/kg B AT I 2 FEAR ML UN & &,
BB ER S I /KF- 2 16 mg/kg I 1L UN & 5

BETH,
3.3 (AR ER K T X3 S 1 i Bl i 1 RO F2

H-WR 75 4 2 2 C ik J5 75 4 1 11 (NADPH)
EAE R MK 5E MTHFR A i — & M 2 75 4 1+ DHFR
VERF AR LU A R & $5/E H . DHFR & LA i
1E NADPH 1y & 5 F J£ i F-DHFR-NADPH = ¢
EAEY, ¥ B o R DNA (RNA DL} &
B AR W 6 BT 0 55 1 DRk, GG AR 4 4R 1 5 B
R B o B ZE R /R A R W Re G I 2
DNA H 54k . DNA &5 DL X BH 1E p53DNA f Bz
2, HAET BESY K& B, DHFR A g 1 SR
YR 25 A G, I ARSI s m 1.2 me/kg
MR S T MTHER 3§ M, mEs i 1 mg/kg i
MR 0 35 I T DHFR 5 M. 53X 4T s 25 ) i 7%
% W % DHFR 1) il 30 j8 Sk Bt B 988 24 90 1) F 55 42
PETEZE N,

ALT F1 AST 2k N5 & A A &%=
(AT, A T AL 10 A A 24 7 S T ) e 4 e ek
(GR35 b5 . LDH J&—FloW B R B, )2 A7 46 T
S LU b, TE RN B0 I 7 /> f LDH,
2 25 2R 40 i 1 R At 0 2% R A ML, 5 G iy v
o LDH {& M3 & . 1Ly LDH JF MR KRB bl
DLW & & LDH 41 j %) 358 78 AR 1 45 A8 9 24 1
Ko MERER = 2 T B0E B T 4 HE4H fE DNA & 5%
W A | R A T I S 2T 40 O IR G . S
MR 2> {f 1 %5 o LDH P& & 2| 1E % K Fo X & =%
aE IR B, MR R 4k K B, IR IT A IS
PEE % 1 d J5 LDH 75 P RIA B B N R A6 45
RRW] Wi 2 mg/kg iHi2 AST F1 LDH i ¥ B 3
REAT, T B B AT T a3 (HRCR AN .

3.4 {AAR M ER K T XY #S BT AE & MTHFR & &
FRiIXEHE N

MTHFR g - R A% 3 o 1 56 4 il =~ — , vl
NADPH {319 5,10 — ¥ BT 5 Py &0 MR i J5 K5 —
LU AR . 5 — 3L DU Ak R 1 oy HH Ik 44
TE W B 2 R A G HE 1L T, Hey F2 Il H 356 38 [T
AR AR, i — S E AR S - R R
W2, Z SR M Z M IR0 RN, X — AR i i 42
I 1E ¥ 18 ¥ 7E 4 3 DNA 1E % FF 3540 F0 4% 15 8 M
LA LL K DNA 55 BB L EEM, A5 K
B, WS AN [R) 7K 7 - R BE 4% 5% il i JJE o MTHFR
FE mRNA B3R iE a0, B & i FR U K7/ B F+
MTHFR [ mRNA [k & 235 FTHE N R
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(8 3, 24 fa) A o iR K T M o 4 mg/kg B
MTHFR % [H mRNA {1 3% ik & /i & B, i B
MTHFR [ mRNA [ 335 & I A & A R i
Tk 2 e hy
3.5 #BRTAE S MTHFR EE k=25 I iE b
R X

R IR A E A AR Z 0 58 ikl b A5 15 H
TR AT 5T I TR K 58 3% 3l W o A G R
PRI LT e A DR 58 A 98 1 52 2% X 4% i T A A BR
T , B 2 Ry B3 VS 07K T B i s SR T e AE Y
WEHE . ARG S5 R ARY], 76 B 4k MTHFR B[R 3k
ik A1 MTHFER 35 4 52 2 2% 1 A 5¢ , MTHFR %L 1A
735 & F DHFR 3% % &2 W 25 A0 ¢, & B
MTHFR 3 [F] 3% 35 & F1 MTHFR 1 1 5 5 2 74
K,MTHFR B ik & 5 ALT I ¥ 2 2 % A
Ko bR F A WY R S oK T B fE AR
fof MTHFR 35 1 5 5, B8 g 1) A A8 SR 3% b 1) O &
R A HEAE HT, T DHFR i 1k — & it 52 2o 2 AH X A8
18, DAAERF LA AR, AS B 18 B — & 1R 7 1A
WHERR . TTE & MU0 W] B 3h ) & a B 4 2R
ARG A TR I W W S 85 A48 % Y P 1 D S PR
SR > 3 MTHFR 3 X 4% 1] MTHFR 3 1 2
I, HAR A LA 75 o — BT

1% ®

D R Rl 37 0 07 4 1
U RS TV KT 70 2. 45 me/ke, 7
W)y 2,08 me/ke , VA TR ARSE D36

@ {54 RV LK P L A
A T R

@) AR R KT X1 RSP 11 MTHER 35
P42 35 ik A L3 O, MTHFR 3 14 42 3% i 55
MTHFR .DHFR #1 GPT }§ M % P #H ¢ .
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Dietary Folic Acid Level Affects Growth Performance, Serum Biochemical
Parameters, Enzyme Activity and MTHFR
Gene Expression of Geese

MENG Lingfeng WANG Baowei® GE Wenhua ZHANG Ming’ai YUE Bin
WANG Jiao WANG Di CHEN Miaolu
(Institute of High Quality Waterfowl , Qingdao Agricultural University , Qingdao 266109 , China)

Abstract; This experiment was conducted to study the effects of dietary folic acid level on growth perform-
ance, serum biochemical parameters and enzyme activity and methylenetetrahydrofolate reductase ( MTHFR)
gene expression of geese, and to determine the folic acid optimum supplemental level of geese aged 1 to 4
weeks ( brooding period) and 5 to 15 weeks ( finishing period). Three hundred and sixty 1-day-old Qingnong-
hui geese were randomly selected and divided into 6 groups with 6 replicates per group and 10 geese per repli-
cate. Geese in the six groups were fed the basal diet supplemented with 0 (control), 1, 2, 4, 8 and
16 mg/kg folic acid, respectively. The experiment lasted for 15 weeks. The results showed as follows: 1) di-
etary folic acid significantly increased average daily weight gain of geese aged 1 to 4 weeks and 5 to 15 weeks
(P<0.05, P<0.01), significantly decreased feed to gain of geese aged 1 to 4 weeks (P <0.05), and re-
duced mortality rate. 2) Dietary folic acid significantly decreased serum glucose content of geese aged 1 to 4
weeks (P <0.05), and significantly increased serum triglyceride content ( P <0.05), and the supplementa-
tion of 8 mg/kg folic acid significantly decreased serum urea nitrogen content ( P <0.05). The supplementa-
tion of 16 mg/kg folic acid significantly decreased serum urea nitrogen content of geese aged 5 to 15 weeks
(P <0.05). The supplementation of 2 to 16 mg/kg folic acid significantly decreased serum homocysteic acid
content of geese aged 1 to 4 weeks and 5 to 15 weeks (P <0.05). 3) The supplementation of 1 and 2 mg/kg
folic acid significantly increased serum MTHFR activity of geese aged 1 to 4 weeks (P <0.05), and signifi-
cantly decreased serum dihydrofolate reductase ( DHFR) activity (P <0.01 or P <0.05) , and the supplemen-
tation of 2 mg/kg folic acid significantly decreased serum glutamic-oxaloacetic transaminase and lactate dehy-
drogenase activity ( P <0.05). The supplementation of 2 mg/kg folic acid significantly increased serum MTH-
FR activity of geese aged 5 to 15 weeks (P <0.05). 4) In the brooding period, the MTHFR gene expression
was significantly positive correlation with MTHFR activity ( P <0.05), and significantly negative correlation
with DHFR activity (P <0.05). In the finishing period, the MTHFR gene expression was significantly nega-
tive correlation with MTHFR and glutamic pyruvic transaminase activity ( P <0.05). It is conclusion that; 1)
according to the regression equation between growth performance and dietary folic acid level, the suggestion of
optimum dietary folic acid level is 2. 45 mg/kg in brooding period, and 2. 08 mg/kg in finishing period. Diet-
ary folic acid can decrease mortality rate. 2) Dietary folic acid level has an important role in the regulation of
serum biochemical parameters and enzyme activity. 3) Folic acid has a direct impact on MTHFR gene expres-
sion in geese liver, and MTHFR gene expression is closely related to the activities of MTHFR, DHFR and glu-
tamic pyruvic transaminase. [ Chinese Journal of Animal Nutrition, 2013, 25(5) :985-995 ]

Key words: folic acid; geese; growth performance; serum biochemical parameters; enzyme activity; MTHFR

gene expression
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