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# C R_Ju 7% & ( hypersensitive C-reactive protein, HsCRP) & v ;& # CD40 &4k (sCD40L) &9 %
W, XI R 160 RE A R TR 21 ARG HMNE, Iy R4 A, BaANEL,F
MNEF 10 R, 5 AHR 0-6/w-3 PUFA 6] 4 3:1.6:1.9:1 1211 #9454, 55 4 % T 42 .56 .70
B ¥ A 247 R e Fe e R SF AR AT R M E . 4R KU :56.70 B ¥, 0-6/0-3 PUFA b4 % 6:1 4
M K64 o E P A A ARG B H ik =85 (TG) (P <0.05) B2 B 8 (TC) (P <0.05) F=1& & FE 1%
&®B(LDL)(P<0.05), BHizey &% Efs%&ka (HDL) £ 4 4% &% & (P <0.05), HSCRP 2
SCDAOL 7K F B4k L 0-6/w-3 PUFA tuAs 6438 An 2 3L E SH48 45 K K #R0A 301 28 A&, 12 & 4L
G EFSREZ(P>0.05), % LA, w-6/0-3 PUFA 11 4 6:1 4074 434F 44 Ak fo % 44
B, A& 0-6/w-3 PUFA Yot (3:1) 442 A BA% 4% 1 #5 HsCRP F= sCDAOL 945 %4,

X4 0-6/w-3 PUFA 4 ; 3% M 48 ; f2 i ; HsCRP ; sSCD40L
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REPMA T mmEEZ """ At
Pl CDA0 Je HA] 75 P e /& sCDAOL J2& 4 4iE 2
H 2 SR 0 — X 1 0 RN, A ELAE
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i} \HsCRP A1 sCDAOL Y50 , 1M oAy A= 7 52 ek o il
Ji T A A 5 BT P DA B AR M R b 491 A =X ) F
FrIE I — LEILR TR

1 #MR57A%
1.1 Rz S5HEFEE

PN I 477 M 368 5% B A b 2k % 160 U [R] it
A AR R R E [ (0.407 £0.023) kg 4]
FRAE B — 2 21 H R MR, BP0 M4 4L, B
HANPEE, HIERLZLI0 AR5 1/2) . 4

ZH IR K 43 ) 1A I 0-6/w-3 PUFA @]y 12:1
9:1.6:1 .3:1 ik Ba Al ke o A LA S AEHT 0
DR I N T D N A /N1 BN [
99.9% ) R (I AL T AR, i >99% )
PEAT PUFA 2546 A R T, LA ol 45 20 f KR AR AN B R
LN Z2 A1 FIR U B2 A L R 2 10101, 9 HL
w-6/w-3 PUFA L {5 B A< 35 3 B3t 19 4 A L fil,
TR AR BC ) 2 25 R 6 2 N 38 38 5% B BIF 9 R 56 [
NRC (1994 ) #5 #E, 12t 5 i) 4 41 B B 38 5% 7K OF I
#*1,

F1 REARERKREFRKE

Table 1 Composition and nutrient levels of experimental diets %
BNE| »-6/0-3 PUFA b6 0-6/0w-3 PUFA ratios
Items A (3:1) B (6:1) C (9:1) D (12:1)
JERECX T 2R Ingredients (air-dry basis)
%>k Corn 66. 20 66.20 66. 20 66.20
.H1 Soybean meal 17.30 17.30 17.30 17.30
H 45 5K Alfalfa powder 10.70 10.70 10.70 10.70
4 Peanut oil 1.06 1.16 1.28 1.30
FEAE KA Sunflower seed oil 0.08 0.16 0.15 0.16
MV kKM Linseed oil 0.32 0.19 0.13 0.10
17 HE B2 Palmitic acid 0.40 0.38 0.37 0.37
W& Oleic acid 0.14 0.11 0.07 0.07
IR %45 CaHPO, 1.20 1.20 1.20 1.20
£1%; Limestone 0.60 0.60 0.60 0.60
L - i@ iR et L-Lys - HCI 0.35 0.35 0.35 0.35
HHETR Met 0.15 0.15 0.15 0.15
frih NaCl 0.50 0.50 0.50 0.50
iRk Premix" 1.00 1.00 1.00 1.00
411 Total 100. 00 100. 00 100. 00 100. 00
EBFKE(FY FEER) Nutrdent levels (DM basis ) >
HEH R CP 14. 34 14. 34 14. 34 14. 34
fRigHHE ME/(MI/kg) 11.70 11.70 11.70 11.70
M4k CF 5.27 5.27 5.27 5.27
4E Ca 0.78 0.78 0.78 0.78
B AP 0.40 0.40 0.40 0.40
A iR SFA 0.66 0.66 0.67 0.67
R FIAR R MUFA 0.68 0.68 0.67 0.67
AW TR PUFA 0.66 0.65 0.67 0.66
WiHER LA 0.50 0.56 0.60 0.60
W RkER LNA 0.16 0.09 0.07 0.05
0-6/»-3 PUFA [f ©-6/»-3 PUFA ratio 3.12:1 6.22:1 8.57:1 12:1

V4T IR B 4 One kg of premix contains: VA 10 000 TU, VD, 3 000 IU, VE 30 mg, VK, 2 mg, VB, 5 mg, VB,
7 mg, VB, 5 mg,VB,, 20 ug, {HER nicotinic acid 38 mg, 7 & pantothenic acid 9 mg, -#& folic acid 1 mg, 44 % biotin 35 ug,
S ALJHEK choline chloride 6 g,Cu 5 mg,10.9 mg,Fe 100 mg,Zn 110 mg,Mn 100 mg,Se 0.15 mg,Co 0.5 mg,

2 IMER W RRER & 0-6/w-3 PUFA ¥ 528 , HAth #8647 A2 (., LA, LNA and 0-6/0-3 PUFA ratio are all meas-

ured values, while others are calculated values.
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TR LR AR 28 7 d 33 (22 ~24 H B,
B 1/3 FEflia b ;25 ~26 H %, B 1/2 Fehliq
H527 ~28 H i, 24 2/3 JEREIAAR ) i gn im AR
29 H I im0 5 . 4 Al 88 55 1 T IRl 5,
PLVH A Ry B oy B T AR [l i /N B AR | 5 A B
B2 R TR E A A R R D R
(5] P AT 22 R ey e A
1.2 HmRESLE

IR RS 1R 5% 2 42 56 F1 70 H % isp 441 43 il
BEBLHC 8 H &G, 25 I8 24 h J5 SR i, I 57 B 25 0
(4 000 r/min,30 min) i & & L7 , #4728 H =
g (TG) | G JH & f (TC) K% FE R & H (LDL) |
% BEJIE 25 1 (HDL ) \HsCRP il sCD40L 4545 #r
I E
1.3 $5HRNE A %

LY FE i 28 95 A BE e, W S8 AH iz 8 i 7
R H L 7150 4 3 8 AL A A AL e . H AR
YEX S MUt k17
1.3.1 TG.TC

PR 0 TR 1500 2 w7 &, 6 G 3k )
€ ,500 nm FL{a
1.3.2 LDL HDL

(a7 N W /AN % W i o | B R
PR - BEUTIETS IR E ,546 nm [,
1.3.3 HsCRP

TR AR IR w1 R &, R A
PE Ly, L EE AL B R] PN T S SR TR B
FET RN 658 B, 5 R HEY) L 3R 15 HsCRP
R
1.3.4  sCDAOL [yl 5
P4 #i F| Bender Medsystems /4 7| sCD40L
ELISA 57 & (F il R 8EE 4 0. 062 ng/mL) , XL
PUAAR I o il 3K A 958 W B 7% (enzyme-linked immu-
nosorbent assay , ELISA) il 58 , B AR ERAEHGAT &
UL HEAT, EZ DBy AR dESL i 100 WL FR
ait B B WK, sSCDAOL #5 #fE il 2 A% L F& B (10. 00,
5.00.2.50 .1.25.0.63.0.31.0.16 ng/mL) , }- il
AFRUESL s B 5 L0 80 L #F i Wi B AN 20 pL
FE o BB B B AL 100 WL BRAR 2o 41k ) i
(HRP) i — 9t , 2 AR # (100 r/min) 5237 2 h,
FEALNYVER 3 s, &L m 100 uL 3,3,5,
5-POH FLEE R e (TMB) XY, & IR E R %
10 minJi5 il 100 wL 2 1B, T 8§ AR 40 B 4L -

450 nmisEL, A bRl £, k5 RS B AR A 1Y
SCDAOL ¥ (.
1.4 Zitoh

K Excel B {44k B , £t DhF-2ME = 45
#E2 (mean = SD) F/~, % F SPSS 16. 0 4k {4
Compare Mean ) One way-ANOVA 1} # 47
BRI R J7 2293 M, IR 64T Tukey ZHE ILEL, 2R
BEIKF-H P<0.05, % BEKFH P<0.01,

2 ZRELSMW
2.1 ®-6/w-3 PUFA Lt 3t M #8 1iF TG FA
TC 7K F By 20

FEE2 AT, b HO& A 38 m, 441 TG ik
AL AT, 301 455 FTHE T a3y
6:1.9:1 ] R FREEHA12:1 0N 2 EF @, 4k
PRI R A B, 42 H I 3:1 F0 1201 2B B EAIG
T 914 (P<0.01),6:1 B E(LT 9:1 (P <
0.05) ;56 HtAT3:1 4lig &/ F 6:1.9:1 .12:1 44
(P<0.05),6:1.9:1 12:1 4{[a] 2 F R B 2%, % 70
HEE B L 6:1 415 9:1 AHEA%,2 HEF AW
(P>0.05) , HHEZEALT 3:1 F12:1 (P <
0.05)

K20 TC Y 2Bl H i 3 K AR A — (R
2), 3:1.12:1 R TG EFHEH, 91 4158
FHE TR 6:1 AN TR B, dHIm) A & B,
42 HIEHE 6:1 41 TC 25 F 3:1 41(P <0.05)
5ol fI12:1 R AEE(P>0.05);56 A
I 6:1 2H BT 9:1 f112:1 4 (P <0.05) ;70
Hidt DL 6:1 4 eIk, B #8THAth 3 4 (P <
0.05) .
2.2 ®-6/0w-3 PUFA Lt %t37 M %8 I 75 LDL #n
HDL 7Kk 3 i 5 Mg

Hi 2% 3 A Bk 9:1 414k, HoAth 45 41 LDL ¥k Ji
Bl H 1% 1 385 i HE AR A b S5 A A [A], 5t B 5 AT
R L TR e (R AR AR B AR AN K. 4L E] L
ORI A2 HIEIE 3:1.9:1 R EMT 6:1 41(P<
0.05),512:1 HEHAEE(P>0.05);56 H
f,3:1.6:1 FI2: 140 5 24 F 9:1 41 (P <0.05) ;
70 HiRBF,3:1 fl6:1 g EMLT 91 H(P<
0.05) 1 12:1 41 5 H Ath 21 A8 Lk 22 7 #5 A 1o 2%
(P>0.05)
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Table 2  Effect of »-6/w-3 PUFA ratio on TG and TC concentrations in serum of Yangzhou geese mmol/L
W H ER 0-6/w-3 PUFA H.ff| »-6/w-3 PUFA ratio
Items Days of age A (3:1) B (6:1) C (9:1) D (12:1)
IRTE— 42 H % 42 days of age 1.62 £0.11°% 2.50 £0.23%  2.96 +0.43" 1.61 +0.21%
B HH =
T“G 8 56 H# 56 days of age 3.54 £0.61" 1.46 +0.07° 1.59 +0.34° 1.62 +£0.42°
70 H#% 70 days of age 1.86 £0.25° 1.09 £0.13° 1.21 £0.11° 1.88 £0.21°
o4 42 H % 42 days of age 5.27 £0.40° 5.91 £0.16" 5.54 £0.64" 5.52 +0.31%
T“C* 56 H % 56 days of age 5.09 £0.26™ 4.60 +0.71° 5.73 0. 24" 5.25 +0.40*
70 H#% 70 days of age 5.80 £0.21° 4.31+0.37° 5.59 0. 38" 5.71 £0.15°

[T 888 AR A NG F R 2255 B2 (P <0.05) , RA R E SRR 2 il B35 (P <0.01) . TR,
In the same row, values with different small letter superscripts mean significant difference (P <0.05), and with different

capital superscripts mean significant difference (P <0.01). The same as below.

Wi H & R340, 45 2 HDL 4 B2 A8 4l fa #5oR
AR (K 3) o 3:1 2 TR RN H i
[ KR,6:1 12:1 AT EJF, 1M 9:1 4
WL E T AR R B, 42 H g, 601,

AT ,3:1 .6:1.9:1 4] HDL ¥ FF B 25 F 12:1 41
(P<0.05);70 H# W ,6:1 240 HDL ¥ B & 5=, 2
EZET 31 M12:1 4(P<0.05),59:1 HERAN
BZE(P>0.05),

3:14] HDL ¥ FE g 35 F 9:1 41 (P <0.05) ;56 H

R3 w6/03 PUFA LGB MESNEREEREEANETERERSENTM

Table 3  Effect of w-6/w-3 PUFA ratio on LDL and HDL concentrations in serum of Yangzhou geese mmol/L
39 { H i w-6/0-3 PUFA i ©-6/w-3 PUFA ratio
Ttems Days of age A (3:1) B (6:1) C (9:1) D (12:1)
. 42 H i 42 days of age 2.00 +0.05" 2.22+0.11* 2.00 +0.04° 2.11 £0.06™
1152 i g 2 1 N \ , ) ,
DL 56 H i 56 days of age 1.83 £0.09 1.95 £0.20 2.45 +0.24 2.01 +0.25
70 H#A 70 days of age 2.15 £0.05" 2.17 £0.21° 2.38 0. 19" 2.32 £0.20"
I 42 H i 42 days of age 1.74 £0.07° 1.73 £0.10° 1.38£0.11° 1.69 +0.19®
B NEE . . . .
HDL 56 H#% 56 days of age 1.63 +0.26° 1.56 £0.10 1.53 £0.06 1.14 £0.12
70 H#4 70 days of age 1.62 £0.08" 1.98 £0.20° 1.83 £0.12* 1.61 +0.08"

2.3  -6/w-3 PUFA Lt %137 M %81 75 HsCRP #n
sCD40L 7k 3 84 i

% 4 F W], HsCRP YJ{H7E 0. 625 ~ 1. 955 mg/L
TEEN. B H R 38 hn, HsCRP JEASHR &2 | F+
RIS L 911 4R 12:1 AR fLiig A K. 4
] Fe 5 & B, 76 56 F1 70 H ¥ B, HsCRP L) 3:1 4]
AL, B 0-6/w-3 PUFA {38 in 2 8l | F+ it
POFET0 HIBEF,6:1 205 12:1 4 (0] 22 7k 5 i 2
K- (P <0.05),

sCDA0OL PJ{E7E 1. 040 ~1.895 ng/mL i [H
(F£4), BEE H BRI, sCDA0L FEAER 5 [
Ffass, L 911 1201 AR R B A k. 4Inl kb
BRI, BR 56 HiR 3:1 45 9:1 4LBUEAM R A1, %%
R B0 DL 301 A ik B AR A 3L ] 25 S

B#F(P>0.05),fH &k [ sCDAOL i 0-6/w-3
PUFA U 3] i 386 Tt S B b T

3 3 it
3.1 -6/w-3 PUFA Lt i X3 4% Ml %3 i A5 4 41 59
A

w-3 PUFA BB 40 il JIg 17 1R 5 JL T ( fatty acid
synthetase , FAS) | H i — fig #% ik B ( acyl CoA .
diacylgycerol acyltransferase, DGAT ) Z& i} 19 7% 14,
P2t i 105 1R 1 48 Ak 20 i T 0 i TG 1Y & il A BF
FRY], R —E K P B ©-3 PUFA REFEAR L7
TG KV, AR B SRR R AL IR e — & A
R EROE R 5 -3 PUFA I£ B A% 40 i 0
[E6] e 8 O B Tl —— PP I R PR TR A T A
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(HMG-CoA ) it Ji il F) 1 1 , 2 JEL ] 152 ) B2 WA
St O A S T W IR L 9 TC K
T RGBT T 06/03 PUFA 1
WA LS BT L 5 SR R BAE 56,70 FLi , w6/
w-3 PUFA [k 6:1 5 TG Fil TC /KB, 2R
w-3 PUFA [EJIi5 D BE 1) 4 4% 55 IR Wi BR i 25 0 A —
FEIMLR, L 0-6/0-3 PUFA HM % 6:1 I 3R 4

I, A B 5T & 9 42 H 1% B w-6/0w-3 PUFA
6:12 TG 5, TC K V- I A & 5 K, 3X AT A 4 B 5
S5OV YA R ph TR X B A Y 5 o
B W B ] BT 80 A AT AR B T A sl 58 1Y
T A B PUFA & AR 51 P, 7 K& PUFA JKF-
528y A X i AR B 5 R TR 2 — 2

£ 4 w6/0-3 PUFA LLGIXTH N ESMEES C RAEAFAIEY CDA0 B4R ER RN
Table 4 Effect of w-6/w-3 PUFA ratio on HsCRP and sCD40L concentrations in serum of Yangzhou geese

Wi H H i 0-6/w-3 PUFA H.f| »-6/w-3 PUFA ratio
Items Days of age A (3:1) B (6:1) C (9:1) D (12:1)
42 Hi 42 days of age  0.730+0.080  0.890 £0.110  0.625 =0.045 0.980 =0. 090
i C RNER N
56 H#& 56 days of age  0.840 £0.090  0.965 =0.065  1.260 =0.110 1.355+0.115
HsCRP/(mg/L) ) b b " .
70 Hi 70 days of age  1.005+0.095° 1.125+0.125° 1.710 £0.120 1.955 +0.175
o 42 H it 42 days of age 1.040 £0.080  1.220+0.090  1.180 +0.090 1.335 +0.095
AIVAE CDAO i A N
56 H% 56 days of age  1.255£0.105  1.335=0.115  1.255 =0.095 1.590 +£0. 120
sCD40L/ (ng/mL) i
70 Hib 70 days of age  1.460 £0.130  1.575+0.125  1.670 £0.130 1.895 +0. 105

EER RN L s E AR X #ETHiE,
LDL H2 JJH [ i I 32 336 31 4 B 21 2717 1 5 i A1)
FH A% B2 B 2 1 I I [ i (LDL-C ) — it 5 TC #H
AT, BT B TC 7K 1T Sk Mg S & B i A 22
BB ; HDL DUDKE £ 25 2101 R[] e 3% o i JOE A 3883
DI B, EE I E REM . Al as RE],
w-6/w-3 PUFA I3 AR M AL, JoHUE 6:1 A AL
FEAIR T TG TC By 7K, [ B i 41 i 3 LDL (1) 7K
LA  #H 52, He HDL 7K B 8 T HAd 4, X
5 HDL %5 Fx TC fy g% UIAH G, el WL, o
TG AR A5 AT DAAE — 8 B b s Ak N g o 4% 1
AR o 15 AT A 3 A 55 1) 4 N 3 1l 7 TC 5
HDL LDL #5453 B AR 5 i 45 S a— 3. A
AHEE [F] B & B LDL 5% HDL 2L B A K, A
LR 22 ST 0F R B8 3 o A8 b3 RS R it (R T
REE PR B A 1 B 0 FefE i ny B BT 3 1 22
SRR E WL S ALK 0-6/0-3 PUFA H. 4
WER VAKX, HTiZS 06/w-3 PUFA &
325 3 LR H X B 2 AR AR IR AN T, RO
e it — 2 I R B A TS
3.2 6/0-3 PUFA Lt 3+37 M #5 M ;% HsCRP F1
sCD40L #4221
gtk /U R 5 B ILAE A8 8 PR A 980 B+ 1
o HSCRP J& H A LML RAEH F 22—, Al il
T 5 i = 14 1 o o6 R ) 42 i W o A B B ) A

Tk " sCDAOL Kl Xof 76 0 I 58 25 114 9 15
S b 5 T A 3 T I R . B
1E i HsCRP ¢ B A5z M 51 AR & 5, G 2%
{18 EF [ 60 ) 300 1 A Ak, il A 8% 1) 186 T n] BB A
(ARG o I PR 9 R 22 B, £ B U HE 1) HSCRP ¥ &
BIE N1 ~2 mg/L, FEARDIFE T, Bidm M5S0 8 1)
- F+ HsCRP @fk 45 i 7t i, He{E 76 0. 730 ~
1.955 mg/L {EFE N4, 5 FiR X T A HsCRP )
Il R 5% A — 2 19— 0Pk 5 53 41, 5 M #8 sCD40L
Y{H 78 1. 040 ~ 1. 895 ng/mL, DI A & IE %
sCD40L 7KV Ry 2 B8, A 50 I o 25 2R & T 1E % A8
PG R DL g R 3 I A IR 6 B AR g B e
P, A 42 78 X 8 5 A\ 1Y HsCRP sCD40L #] fig
HA — @,

Fl (& & w-3 PUFA) 5 -3 PUFA 4T 5 AE
VERMLI Z —J2 , 55 4 1 0 1 I 40 & 1 (LOX) A
5 B 28 0 0 46Ul ( COX) 3 2 2552 il g 1 R A X i
(18305 T T P PR A, P AA I TR 1 12 4% i 400 i
T I o T o-3 PUFA,0-6 PUFA {{ i
AR BE G LA IE A A e i g AR 5Tk 56
i, ARWFITEM, HsCRP BA FA B w-6/w-3 PU-
FA Fhapimi B+ ag a0 BLAE 70 H i i ik 1)
FIKF-;sCDAOL 7E AL BR R 22 5+ AR AN B 35, (H
b w-6/w-3 PUFA ) J+ & T b Fho iX 3= B 4 AR
0-6/w-3 PUFA H.f(3:1) 4 4/ HsCRP sCD40L
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Effect of »-6/w-3 PUFA Ratios on Blood Lipid Metabolism and
Predictive Factors for Coronary Artery Disease in
Growing Yangzhou Geese

WANG Mengzhi'? PAN Xiaohua' WANG Jianfei' YU Lihuai'’ WANG Hongrong' WANG Jiagi’
(1. College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, China;

2. State Key Laboratory of Animal Nutrition, Institute of Animal Sciences, The Chinese

Academy of Agricultural Sciences, Beijing 100193, China)

Abstract; The objective of this trial was to investigate the effect of different w-6/w-3 PUFA ratios on blood
lipid metabolism, and predictive factors for coronary artery disease in growing Yangzhou geese. Hundred and
sixty 21-day-old healthy Yangzhou geese with average body weight of (0.407 0.023) kg were randomly divid-
ed into 4 groups. They were fed diets with different w-6/w-3 PUFA ratios, which were 3:1, 6:1, 9:1 and
12:1, respectively. The blood samples were obtained to determine the blood lipid, hypersensitive C-reactive
protein (HsCRP) , and soluble CD40 ligand (sCD40L) at the age of 42, 56, and 70 days, respectively. The
results showed as follows; the geese fed the diet with the w-6/w-3 PUFA ratio of 6:1 had much lower blood to-
tal triglyceride (TG) (P <0.05), total cholesterol (TC) (P <0.05),
(P <0.05), and the highest high-density lipoprotein (HDL) ( P <0.05) among the 4 groups at the age of 56
It was further observed that blood HsSCRP or sCD40L levels were increased along with the -6/ w-3

low-density lipoprotein ( LDL )

or 70 days.
PUFA ratio increasing, and generally were all the lowest in 3:1 group, although no significant differences were
found among the 4 groups (P >0.05). In conclusion, the diet with w-6/w-3 PUFA ratio of 6:1 can decrease
blood lipid; moreover, the diet with low w-6/w-3 PUFA ratios (3:1) has a tendency to decrease blood HsCRP
and sCD40L levels in Yangzhou geese. [ Chinese Journal of Animal Nutrition , 2011, 23(8) :1289-1295 ]

Key words: w-6/w-3 PUFA ratio; Yangzhou goose; blood lipid; HsCRP; sCD40L
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