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B O E ARIRPREMARRN TN &R AT A KM RS R BSR4 8 & mRNA & &
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A K I A o I KA. AR B R ROBEAR Rl E vl 250~500 mg/kg R Ak,
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Effect of dietary chitosan on growth performance,serum lipid and
the expression of genes related to lipid metabolism in geese

SHENG Dongfeng'?, ZHAO Yue', XU Lei', YANG Haiming', WANG Xinglong' . WANG Zhiyue'"
(1. College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, China;
2. School of Life Science and Agronomy, Zhoukou Normal University, Zhoukou 466001, China)

Abstract The objective of this study was to investigate the effect of dietary chitosan (CTS) levels on the growth
performance and mechanism of dietary CTS levels on the hepatic lipid metabolism of geese. Three hundred and sixty 14-
day-old healthy Yangzhou male geese were randomly divided into five groups with 6 replicates per group and 12 geese
each. Geese were respectively fed with basal diet (control group),normal diet + 250 mg/kg CTS diet (group I ),
normal diet+ 500 mg/kg CTS diet (groupIl ) .normal diet+ 1 000 mg/kg CTS diet (groupIll) and normal diet +2 000
mg/kg CTS diet (group IV) for fifty and six days.respectively. The results showed that: 1) Supplement of 250 — 500
mg/kg CTS significantly increased ADFI and ADG and 70-day-old body weight (P<C0.05);2) Compared with the
control group,serum TC and LDL concentrations significantly decreased with supplement of CTS within 250 — 1 000 mg/kg
range (P<C0.05).Serum TG and HDL-C concentration had no significant difference among five groups;3) Supplement
of 250 — 500 mg/kg CTS reduced ACC activity and the mRNA expression of ACC and FAS. The expression of PPAR-«
was up-regulated with the increasing of CTS dose;4) The CTS dose had no significant effect on FAS and LPL activity in
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the liver (P>>0.05). The HL activities of 500 and 1 000 mg/kg CTS groups were significantly decreased. In conclusion,

supplemental CTS increased ADFI and ADG, decreased serum TC and LDL levels, affected liver lipid metabolism

enzyme activity and related genes expression. The optimal dietary of 250 — 500 mg/kg chitosan in diet was

recommended.

Keywords chitosan; goose; growth performance; serum lipid; gene expression

i R R 2R . &=k IE
A R T4 1w 3h W B e R AT L 38 & 7 i XU R
FEMAE . (ARIR L 22 5 5 1 R 3R A
JE R T T R R BRSSO RS AL A R L
o 675 Y i B B T A 2 BUIRE Bl 19 kR T
L SR R T e R 2B 2 Bk S AR R —
Fiis IE HLfar 1) AR W5 40 F 206 . LA Z R B 20
P W BE BT AL L B R R g AR 1R
— T AL GRDRHAR N ) L 5% SO LA B B (2 2k sh 4
AR R T L R R D L 2 R g T B
PEPUAARTIRES . B & IR D e v )
R N U B 5 BB R i AR Y D B H 2
FvE . 5o BB T /D g 308 X R 7 B4 W A 18 o 2
FR I 0 0 HE H U0 AR R TR I AR ARG ot 37 A IR
(TC) AL % g 2 (A AB [ #E (LDL-C) K . H
A E AN gy EEE P ER LY B & rm
(R BIF 5 A X A 2 308 ) fe A 23 . AT o 40 1o
BT AERE GRDRE R I8 IR [R) 2K ST 1 7 3RO XA KR e
MLE B A8 E Ag 7 B 95 1 S PPAR-o, FAS,
ACC 5N mRNA 3k 195 0, 47 40 45 38 52 B bl
PE G 1 g AL

1 #MHE5RIE

] 5 AR 47 N R S S B R I AT
1.1 RIe s #

SCRBE, TR A DAY TR A BR A A
Bt a7 (CoHL NOD L JF 4, 0 .
eifs B Ky R AR, KL BE 0. 178 mm, it & W B >
95.38% K 50 mPa - s,
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$% A 4 i PCR W 519 h Bl s a9 T/
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A T 725 3 20 HL (Kaltis390) L it vl L 43k
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B &% (Eppendorf) | 1 3K B & W & & 4t (BIO-
RAD) . # )% PCR {¢ (Applied Biosystems) .4 H 3}
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1.2 REHYREFEE

e HTTR]— b 4 ] 5 4 B — B R A Y
14 H i3 M #E A 7R 360 H, Hed 37 MRS 35 48 R
AR )(DB32/T 1184-—2008) ., % F A 4R 6 MR, M |
VIR, e 56 d. B HSR B G — HE IV TE T IR
K8 I B L R R T A
1.3 KA

B R Ry K- TR A A HORE L IR A
Z: M NRC(1994) F % 52 56 %8 AH G 1 78 5% 2% 1 58 B
RO IR A K E BB BE R RS . Al
H AR B o3 20 i 88 SR KO L3R 1,
1.4 A&t

360 H A HE AT L ok A BB 7 58 4 Bl AL 3
BS BT He W) G AR R 25 AN 3 0 I BE B4 B 5
MABA B 6 ANEHEE . BANER 12 B, 5650
AL ERL R 2,
1.5 #HmRESERNE
1.5.1 #Haoikf

70 HEEE,F 08 = 00 (LRI AIEE & 12 h, H H
WA L EEAEE (12 HD N ¥f L RE, B0 ERE
HREHLEE IR 2 A5 T2 R E Y 06 5 L JC T K
I 5 mL, EIE &M F#E 30 min,4 °C .3 000 r/min
R B 15 min, B g5 /0% T 1.5 m FF R4
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Table 1  Composition and nutrient levels of basal diets (air-dry basis)

HiH 14~28 Ay 29~70 HiE
Item Day 14-28 Day 29-70
JF Bl Material ingredient
Fk/% Corn 61.55 63. 00
TH1/ % Soybean 29.55 25.25
&7/ % Rice hull 4. 95 8.10
TMR245/ % Limestone 1. 25 1. 00
Wilig 2455/ % Calcium hydrogen hosphate 1. 25 1. 25
dh/% Salt 0. 30 0. 30
DL-#HZ M /% DL-methionine 0.15 0.10
WiiRE/ % Premix?” 1. 00 1.00
41t Total 100. 00 100. 00
B F2 K Nutrient level®
fRieE/ (MJ/kg) ME 11. 20 11. 14
MEH /% CP 18.71 16.91
FL£F 4t/ % CF 4. 89 6.02
#5/% Ca 0.95 0.86
B/ % TP 0.64 0.63
L-#i & 8/ % L-lysine 0.97 0. 89
ER IR/ Y% Methionine 0.43 0. 36

E:Of T BHR A Q8 IR NI EHE.

Note: (D In one kilogram of premix;@ Calculated values.

x2 HEHWIERLE

Table 2 Grouping and disposition of trial geese

21 5 ik 2
Group Disposition
Xt g CK F oK - TR Y it e AR

1 EL Rl iR M 4250 mg/ kg 76 R B
Il KAl K 4500 mg/kg 75 BB
Il FERIR R 1 000 mg/kg 72 BB
I\ FERMAR R+ 2 000 mg/kg 75 BB

1.5.3 PPAR.FAS ACC & B mRNA £ ik % 69 &
K TR AE At DA DA BB TR B 2y 50 ~
100 mg, % ] Invitrogen 2\ &) [ Trizol reagent $&H
25 Ab B2 R S0 A RINA 38 2o Byt g W 068 e P Uk A
I RNA SE#ME A [A]AS RAH [6] Ak 2R 8 RNA R

M & RT-PCR J5 ik A W 1 E 40 21 b PPARG,
ACC Fl FAS B FRIRE ML . 48 36 [ [ 57 A4 ) 4%
ARAF B A0 (NCBD 23 1 i 59 18 40 5 1 X 3 5 1
Premier 5. 0 it 514, L gL 3 & H1 (B
actin) S N2 5L KL K 45 RNA AE 5 19 58 5 P Fl
BERROR, HB9EE mRNA SHER N 2 2 Hi
S, 51 H R AR YRR 2 A A 5 R
W3 3,

PCR #1444 .95 C Wik 30 s,45 4~ PCR 1§
WG R 95 °C A8 15 s.55~60 CiR &k
30 5,72 ‘CHEAH 30~40 s, M EEHREH 1. 5% /Y
B NG W e I b L KA I DNA 4571 3 18 48 4h 23 B
A AT HL UK AR 3 BT o BB il Y R R
5 NS5 R A L RD R A S BRI m RNA |
AEXT PR
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*3 BMWERRL pactin K5 ¥ F 5l

Table 3 Primers of targeted genes and B-actin

7B /bp

Product size

2K IRy s

Name Primer sequence
Bractin-F 5" CAACGAGCGGTTCAGGTGT 3’ 96
Bractin-R 5" ATGATGGAGTTGAAGGTGGTCT 3’
FAS-F 5" TGGGAGTAACACTGATGGCTTT 3’ 109
FAS-R 5" TCCAGGCTTGATACCACATTCT 3’
ACC-F 5" ATGCCTCCGAGAACCCTAAACTA 3’ 166
ACC-R 5" CGAAGACCACTGCCACTCCA 3’
PPRA-a-F 5" TGTTGAAATACGGAGTTTATGAAGC 3’ 229
PPPA-a-R 5" CAAATGATGGCAGCGACAAA 3’

1.6 HFEHITHH

R EE H Excel 2003 #) 258 3, F§ SPSS 17. 0
it # A ONE-WAY ANOVA 87 #E47 5 K R 7
2000, IR LSD skt T 2 H H g, L P<C0. 05
VE 22 5 W 2 PRI Wb e . 30 5000 35 LA SA 8 = 4
W (Mean+SD) FE R,

2 HBRESH

2.1 ZEBENAFBEETLHNIIE

Fo RN R A K MR RE A R e L 3R 4, 5T OB
REfE iR m il RS 70 H ik E ., b I 4l 50 5
TR 2 Tk BRZH R e e 4% 4 (P<<0. 05)
AXT BB AL, T A1 1 4 ADG fil ADFI 43 51 g 2%

(P<<0.05) fI BE(P<<0. 0 mE, MA. VA
MIXFHEZH 22 R W (P>0.05), #F— 40 i
7o 12 3 36 ) R AR i 5 R B R L (F/G)
BEMT HE A4 (P<<0.05),
2.2 FEBEXAFREMERRIEERAOZE

AN TR K58 BRI 0 349 e 5% ) 3 50 969 1fi i 7 et
L5, Horp T O I I 20 afi 35 A E [ % (TC) /K SF
5K T BB ZH (P<C0. 05) 5 1T B 40 AH L1, 3 36 2
%% B B8 B 11 (LDL) fg 3 (P<C0. 05) s Ak I 3 A%
(P<<0. 01>, 5% 4 i 3E H il =g (TG) Bl 52 b
I G S R AR T (H A A B4 ] 25 7 OR
BE(P>>0.05), {54 &% R & (1 (HDL) Xt
MEZH R DL g 2% 22 % (P=>0. 05)

x4 TEKFEERE 14~70 BRFMBERKEENZ T

Table 4 Effects of different chitosan levels on the growth performance of geese g

i { ZH 5 Group

Item CK 1 I} I v
VIR E /g 413.47+7.33 413.69+8.98 413.19412. 20 412.50=+10. 87 413.89+9. 44
Initial body weight
KikH /g 3399.83+£61.02a 3471.83+£66.92b 3 530.50+£62.58 ¢ 3 410.83+60.25a 3 409.83+61.61 a
Final body weight
Y H K E/ (g/d 53.49+0.15 a 54.604+0.34 b 55.6740.19 ¢ 53.54%+0.29 a 53.5040.31 a
ADG
T HRER/(g/d) 219.06+2.22a  222.27+2.22b  225.09%£1.10 ¢ 219.44+0.98a  218.70%1.3 a
ADFI
A LT AR /S 1 4.104+0.05 b 4.07%0.03 ab 4.0440.03 a 4.1040.04 b 4.09£0.02 b
hH#E F/G

1« AT B S AR AS ) B 6% 22 5 1 3 (P<<0. 05) JAH R F B KR B R AR E (P>0.05), FHEFA.

Note: Values with different lowercase letters within same row represent significant differences at P<C0. 05. The same below.
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Table 5 Effects of different chitosan levels on serum lipid of 70 days geese mmol/L
miH 21 5] Group
Item C 1 II I v
TC 3.79£0.18 ce 3.33%0.20a 3.3640.24a 3.484+0.15ad 3.6540.33 bde
TG 1.23+0.11 1.16+0. 10 1.08+0. 10 1.13+0.18 1.15+0. 21
LDL 1.1940.14 ¢ 0.88+0.11a 0.89+0.15a 1.0940.14 bd 1.00=40.17 ad
HDL 1.5840.29 1.4840.27 1.7440. 25 1.56+0. 33 1.6440.27

2.3 SEIRHEX (T HS AT AR BE A5 X KSR BB ER TR IY
A

FCRBEXS 70 H i 12X 56 6 T U A 0 1364 G Bt i
EPERIRE M WL 6. WA P ES I 250 F1 500 mg/kg

KV 7€ B OHE RE 05 I 35 4 0 K T IE ACC g T 4

(P<C0.01), T [0 A1 IV 25 A1 xf B2 oK UL e 2 2 5
(P>>0.05), Fx; AL, 1T 24 3 AR B CHL)
B ERIR(P<<0.05), T MINEZR AR EHE P>
0.05) Al s in 52 M X I IE FAS F1 LPL 7%
P52 I R B 3% (P=>0.05)

R6 AEIKFEZREEER 70 B 45 M 35 5B X 2 B 5 iE B9 %1

Table 6 Effects of different chitosan levels on lipid metabolism related enzyme activities in liver of 70 days geese
U/mg
i H 21 5] Group
Ttem CK I ii Il v
FAS 345.45+20.12 343.23+44.,62 351.92+12.18 347.82+57. 36 350.39+22.28
ACC 5240.91+631.55 ad 4 563.37+421.73a 4 997.794607.90 ab 5412.614171.89 bd 5 742. 454295, 02 cd
LPL 339.23+23. 40 333.48+14. 32 341.64+21.52 348.59+19.54 338.41+23.82
HL 64.93+4.61 bd 64.5740. 44 bed 58.59+5.41 ac 57.714+4.03 a 62.15+1.87 ad
2.4 ERENAFIREFEERARHXBERERZE 0.0, I 1413 T (P<C0.05), R &N

s
STRBEXS 70 H i 12 56 G JIT JIE Jig 105 1 155 A1 O JE
PR I 2 UL 7. KRS I 52 SR A BE 15 52 i ik 40
I b FAS,ACCmRNA By A% i85, Fix I
HAH L FAS/mRNA A X ik i [ 41 i 8 3% (P<

xT ARKFEZREMEX 70 BRGNS R HEXERREZ

250 fi1 500 mg/kg 7¢ F WH fE 48 W F Ml ACC/
mRNA /%35 (P<C0. 05) , B [l F1 1V 28 F1 %5 B 25 2%
SR E(P>0.05), HRAE T RMGE®E L iH
PPAR-« ) mRNA Fik/KF LIV A &S T X7
R4 (P<C0.05),

oAl

Table 7 Effects of different chitosan levels on the expression of genes related to

lipid metabolism of liver of 70 days geese

g E| 215 Group

Ttem CK I I Il I\
FAS 1.0940.12 ¢ 0.77£0.07 b 0.57%+0.05 a 0.76+£0.01 b 1.15+0.04 ¢
ACC 0.84+0.11 cd 0.67+0.05 ab 0.56+0.02 a 0.7340.08 bd 0.8740.05 cd
PPAR-a 0.394+0.05 a 0.46+0.02 ad 0.4940.03 ad 0.572£0.0.08 bde 0.67£0.06 ce
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3 Wi54%n

3.1 RREXAFBERKEENZR

VE R —Fh Bl My 7 2 3%, 7 SO nT 4 1 Ak B 50 1
W45 B A 35 T DR R R T R I 0 B G gk
. It FHEE A NHY 574 3% BRI B 5
oy BRI G5 A o 50 BB AT P L L O AR 0 o B R
BT B s W G s 1 AR ST R L R R
RE 0% 398 Jin i 50 0 1) 38 B L 4R e LA e R RE
HRM 120 mg/kg R B F . WHHFRER,
W 1.2 g/kg B8 R M AE 2 IR A 4R A K Rk
UYL ORI S5 B B R R 250 ~ 2 000
mg/kg Y7 B B AT 42 55 i 56 % ADFI. ADG F1 70
HB A, sk R 2L 250~500 mg/kg FAL .

YER SR A B3 7™ 1, 52 BRI HE I S
H A 2R B T AR AR % VA 56 AR T R )
R BE Ay i K A SR AN TR O K 3h A
FH K B B S 5E BRI KT 1 25 5 R R 5T
SEIRZERIER R BRI 2 %6 (7 BB R
M 3, 56 X0 f) i 1 T RO o LR L HR I 30 Ek 4%
(7 R I X 1Y H R B it L H 3G E R T X A
(P<C0. 05", 5 =AM o 4 AR IG5
(14 55 R BE S ot sh 4 A A A2 E A L s 7 AR
1 IE T PR 22 SR i T MG [, Az 7= 1 e R TR
IR R 2 T HIRHA Rt — 50T
3.2 EEREEX AT MERE RS IR0

Mg TG . TC Zim fg i P A~ | Z g b, H
o S ML G U K IR AR O A G BROE R
L5 B E BE I i B IE B YE TG fn TC 1Y & &
PP L DA R R WA A b Y S
SR B0, 15 0 50 BB RE %tk 3F B AR Y AT R 1L T
S H T R AR R S R (P <20, 05), Li S
KB 0. 75 %43 F 1A 5.50 u (5% R RENS
FREARMBUBE S 113 TC(P<<0. 05) s Hrfr 5 u 52 R b
HimyE TG W EFILTHE A (P<0.05) ., AW
FE R AEBR RN 250~2 000 mg/ kg 7 F M
IR R AR 3K 50 89 110 % TC 7K, H L 250 ~1 000
mg/kg FEARAUR B 2 52 RAEA AL M E TG 1)t
PRI AR I B 22 R (P>0.05), HIL,5%
T X I B 5 W A AURNR 56 Sh W 06 L i 5 Ay
T I KA 2%

HDL 2 iy JFE & I 40 06 i — Fh iR & . 3
EE IR AL K TC 38 2% = R IE

R s LDL 4546 48 5 B8 I IE & BUR TC iz 3% 3
JEAM LU ARG, AR — R B FEIR 259, ¢
RBEXT M LDL . HDL 5% (4 i 5% 32 2248 b 4 i)
B R R oR . 52 R M BE %l i JF m HDL, BEAIK
LDL 7K, /b TC X IFIE 09458 %, 445 Pl TC R
A AR g 45 S R L BRDR RS i 250 ~
2 000 mg/kg 17%c B i ¥ BB 0 3 F& K38 1 7 LDL
IKE HH S HDL 0 A i 2 (P>>0. 05) ,

VB Ry —Fh i 5y T R AW 50 BB 3h W 3 Ak 1B
R Z LAY A e . 38 i H R B L K RN £
B R o SROBH R T i 6% W B R o ) J AR L AL [ R
JIEL i A e B 288 KR D /0 ek i 2 9 A i Y
Bz ik o 1 S DA 2 v ) S T S B D R 3R R
I B 7K Bl 22 B HR S, 5o SO0 I AR 52
(RRIF 2 358 22, AFL 45 5 2 0 e R X R0 A oy, 7
WikE TG fE W &, A TC /E AW W (P>
0.05) s IR & B 250 BEMEME B AL 3 28 d )5,
I RN TC BEK,{H TG & J+ i s Khambualai
AL L0, 01 % ~0. 06 %6 7% hin 42 A 52 mi 328 56 B If
% TC.TG(P>>0. 05); Wang 2557t 3 4 , 72 5
SRR LDL 50 (P=>>0. 05) ; 7E & & W58,
B PH R A L TR 106 5% SRR X IR 58 3 1ft g
T (P>>0.05), AW LM RBEA — & IR
I A 5 o AHURD 5 77 #2404 Bb . 250 ~ 500 mg/kg ¥
Jon 2 90 M SR A AR TC A LDL &R 3 vl B 5¢ 8
VR 2 B 0 ARG R T Wl AL A AL T RE R A
& 7%

3.3 EREXAFRSFTATRE IR M EEE MR
RESFHH

Xt & 20T L A W5 AR 32 2 i A 28 Sk B Bk
A Hoh BB A R LR (ACO) FAE 7 R &
B (FAS) 2 & g 107 R & i) 2 A CHERg . ACC
el Wt CoA | =W R B 11 A — Ak ik &5 BN 1R
gt CoA, /2 g 10 R M Sk & A9 565 — A FR 1l
FAS JU 1k 5 R BTk CoA M ZME CoA Mk B
NEmR . PR, FAS.ACC (3% 1 K H mRNA [y 3
ST E g DA AT A WS O
ZE R R FASACC 36 MEFFE K & H mRNA %Kik 7
W LR TG TC YRR AR R s Xk A&
WFoE R W] ARG 52 R4 5 28 d EEAh X ACC
T M mRNA £k 7K B 56 d ACC {F M K&
H mRNA FR KT . A 5025 5 B L 1A
H S AN ) 351 i ) 5 SR B G R IF I FAS 3% o 6
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FHR L {0 250 mg/kg 500 mg/kg H)5T R BEAE I E
) E ACC B35 M (P<<0. 05), il 5¢ % B %t
FAS J ACC Jiff i B 5 Wi AS [A] o 4] K2 o 78 i 250 ~
1 000 mg/kg Y 7¢ M ¥ 68 W 3 T FAS, ACC
mRNA B KK, X570 E 52 & X 5&
JeBERKED (B 5T 25 AR AL . 4% e mT LA 3 L S
JIE FAS 1 ACC i1 1 o B 55 3k P 26 3R 7K S AH X 4b
W R A HAb IR & A

LPL A1 HL ¥4 i 5 K e i o H 3 222 8 J2 i
ALV IR Y i AR R AR L ZE TG K g
s EEE MO, SR REE TR S LPL f1 HL
{18 T 1 Sk R 9 PN U A i A ) AR s AT A AR I 3 D
JERE T TG 1 TC K25 5% BB AT BTG BUI I
HL {6 PE K LPL 3G PE M RE J7 . HLBE % 5% A B[R]
(14 JIE K, 3K g SR s B 00 s BB  HE L AR
Sy F i (Su, 2u) 76 B bE BE W 3 52 v ML BE XS i ik
LPL.HP & (P <C0. 05), X|#& &%) & W,
250~2 000 mg/kg i [l N, 52 T 5 X 4 Fh 4y LPL
TG MR ARG 56 45 R WL TR 250 ~
2 000 mg/kg Y52 R HE XTI 56 RS IFIE LPL JC A &
SR, FIRTE S ARFSE S5 AR AR T s i 500~
1 000 mg/kg 52 F M BE R ARG AT IE HL 364, &
B R E5 SR IR L R RE S AR 56l 1 4 T AR
A K BAR T i 0 5 RWE 25 5 78 H W il 9 T
W R SRR AR 30

PPAR &g B it fE rp iy B N 1, 5
HE AR ZE AL A M W R s 55 22 Pl s 1) & 2B % D) AH
K. WFFEFEM 72 B BEAENS 1858 R IF PPAR-
o I FE R IR Y506 D5 R 1Y) B Ak, B R ) LA
FRUTAEL S i i fE F PPAR-o B2 4 £k,
akimi s HL 8 (2 3k 18] 82 08 2 BURE i 1%t .
TEXS ORI 5 bt A AL 25 R AR ST A R R,
£ 250~2 000 mg/kg fWH A . K& 5¢ AR K F
(4R 7 L R 36 R JIF IF PPAR-o 28 35 7K °F 3 W FF 1
1 000 F1 2 000 mg/kg 41 & & T4 4l . HARJR
KA fe it — L5

g L RTIR S RMERE A% i 4 = H R B AL BN
H 3% & 45 = i 90 R A KMk g L Rl 2 7 HDL, %
it LDL 7K -, BEAR I IE ACC B 3% ¥4, F I FAS,
ACC 1y mRNA K I % PPAR ) mRNA ) 33k 7K
S, A Bk R] 2 5 a6 3 i AR AR . 7R ARG &
R Bt 250~500 mg/ kg RORFAE.
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