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HEZE LA 1 348 T £ 3 75 4 1% — AR fRDREAL (B
15 R A O 12. 5% JHL 41) |, Ff3E i 76 HL 2407
B0, 02% (v BRI R 4K 45 =i g + JR T iR Ak B 4
(HLBA &) . Ak 4% F S 06 2 b o A P 1 4 2
SERUHAE S o SLU6 DR P 9206 % /N BT
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TRHIR D R ZE A o0 0l W6 1 R 5% 20 3l el X gl
i F0 B AL S 4D 3 A 2 0, Ak e L R 8 5 o ko
C16:0.C20:0 } C16: 1n-7 HAG— & IFRIRRL N
1 5, HBA 41 B SRR T — 28 n-3 R 50 i 15 R 40
C18:4n-3 .C20:5n-3 J% C22:6n-3 45 .

®1 ZTHRAMARREFKE(%THR)

Tab.1 Formulation and proximate composition of the experimental diets ( % dry matter basis)

P Y Ty R
Diet C Diet BA Diet HBA Diet HL Diet HLBA

a4 Fish meal' 40.00 40.00 40.00 40.00 40.00
M Soybean meal' 25.00 25.00 25.00 25.00 25.00
JNZZ ¥ Wheat meal' 15.88 15.86 15.78 10. 88 10. 86
[ % [ Casein' 8.00 8.00 8.00 8.00 8.00
Ak A Z IR Vitamin premix2 0.20 0.20 0.20 0.20 0.20
B TRk Mineral premix? 0.50 0.50 0.50 0.50 0.50
4g4: % C Vitamin C 0.50 0.50 0.50 0.50 0.50
SALARF, Choline chloride 0.50 0.50 0.50 0.50 0.50
TlZ — %45 Monocalcium phosphate 1.00 1.00 1.00 1.00 1.00
LA KM Ethoxyquin 0.02 0.02 0.02 0.02 0.02
HSEH8 Betaine 0.30 0.30 0.30 0.30 0.30
NBZ4S Calcium propionate 0.10 0.10 0.10 0.10 0.10
DRI Soya lecithin 1.00 1.00 1.00 1.00 1.00
£ 7l Fish oil 7.00 7.00 7.00 12.00 12.00
1% Bile acid® 0.00 0.02 0.10 0.00 0.02
FHL 4> Proximate composition

H2E H Crude protein 51.58 51.37 51.24 51.25 50.57
HLIEM Crude lipid 8.38 8.54 8.66 12.46 12.40
JK4) Ash 11.39 12.17 11.92 11.49 11.64

e 1 AR SO VN FIBS SR 0 B B I MY LA IRA T,

HEO S R0 69.3% 49.1% 15.0% F1 84. 5% (5 TH)J5

L), DRI & 205300 8. 8% (1.5% \1.6% F1 015 T BRAGLLG) 5 2. 4EA4E ZR -G WA M ik & W0 B 75 5 3930k A YR AT BR
AFECPE,F S, R AL ; 3. BB MR 321G A B i fr il A FRA W (R IEGE R ) 424885 4l 99% 5% 69.9%

B B8 AR L 18. 9% AT 25 S IHER AN 7. 8% RYAH R

Notes: 1. Fish meal, soybean meal, wheat meal, and casein were purchased from Qingdao Green Biological Engineering Co. , Ltd. The protein
content of them was 69.3% , 49.1% , 15.0% , and 84.5% (of dry matter) , respectively. The lipid content was 8.8% , 1.5% , 1.6% , and
0.0% (of dry matter) , respectively; 2. Vitamin premix and mineral premix, designed for marine fish, were purchased from Qingdao Master

Biotech Co. ,

Ltd, Qingdao, China; 3. Extraced from porcine bile; Provided by Shandong Longchang Animal Health Product Co. , Ltd. (Jinan,

China) ; Purity 99% ; Containing 69.9% hyodeoxycholic acid, 18.9% chenodeoxycholic acid and 7.8% hyocholic acid
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®2 SERAMBIAERERER( % BAEMHE)
Tab.2 Fatty acid compositions of the experimental diets ( % total fatty acids)

T CHA BA 41 HBA 4] HL 41 HLBA 2
Fatty acids Diet C Diet BA Diet HBA Diet HL Diet HLBA
Cl14:0 5.49 4.48 4.54 5.32 4.27
Cl16:0 20.93 20.82 17.86 21.01 16. 88
C18:0 4.28 4.03 4.10 4.72 3.91
C20:0 0.57 0.49 0.45 0.52 0.42
> SFA 31.26 29.82 26.95 31.56 25.48
C16: 1n-7 4.82 3.92 3.93 4.78 3.69
C18:1n-9 13.09 12.20 12.31 12.51 11.43
C18: 1n-7 3.02 2.76 2.717 3.19 2.51
> MUFA 20.93 18.88 19.00 20.49 17.63
C18:2n-6 8.49 8.89 9.04 9.12 8.02
C18:3n-6 0.00 0.00 0.00 0.00 0.00
C20:4n-6 0.31 0.00 0.22 0.23 0.00
> n-6 PUFA 8.79 8.89 9.26 9.35 8.02
C18:3n-3 1.73 1.66 1.72 1.87 1.71
C18:4n-3 1.54 1.38 1.39 1.45 1.34
C20:5n-3 0.64 0.60 0.33 0.73 0.57
C22:6n-3 0.54 0.53 0.45 0.57 0.40
> n-3 PUFA 4.45 4.17 3.89 4.62 4.02
>n-3/¥n-6 0.51 0.47 0.42 0.49 0.50

T SFA. IFIAEIIIR ; MUFA. BAEFINENTR ; n-6 PUFA. n6 RIIZAMHFIRNIIEL; n-3 PUFA. n-3 RIZAMAARNIR
Notes: SFA. saturated fatty acids; MUFA. mono-unsaturated fatty acids; n-6 PUFA. n-6 poly-unsaturated fatty acids; n-3 PUFA. n-3 poly-

unsaturated fatty acid

1.2 IWAEMFEEE

AR LAWK T B 14 g I 4188 7R 7 il
gy (W AT R LSRR K = A BRA D) S 525
XS, T L AR 4G 1 B T BT K A R W) 07
Wik 56 d BIFRIESEE . FFARSLIHT, L5 7E
PEIEET (200 L) 35 7 d, 4R )5 F 4R BB BT 4528
Wik, e HARMC R, B9 F 7 d J5 1E TP IR 58
By SCEOTF U B, 8 SL 0 fa R AL B 15 A4S B3
(200 L) v, A4 3 A 6125 B, RHA
ZRPUEN) A ARG K , FE = NI T I K IR, B R
T B 3 W (B IE] 4353 g 8:00, 14: 00 A
20:00) . FFEFE LI TE 1L AR 48 1 BE 7T 0 H 28 6
WIRIABEIREE T 36T, FRAaFE T, KRy 20 ~
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Xof IR 5 LA TR
1.3 Hmx&E

FI LI ARG L Uik 24 b, 1T
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it FIA T mL A — UM T S 45 DA R A 7 Jik B
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g,4 C B0 10 min) W HR b 35 TR AT M0 75 FE A o
B I S W e f ), OB SR E AL B . T
RS BV E TR A ORAE SR G PG R 31 - 80 °C
VKA AEAE 2 T o AR SEG Hp, SEG £ 1) - B 20K
[t Ay 66.6 g, X GRELR N 0,931
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141 Iy BrE s bR e
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(SOD) Aot H kit S Ak P i ( GPX) A4 e H Ak
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&M 150 2] 200 C LARE4380 15 CREFIHE , A5
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BT I o 7% 8 RNA 4R J5 fd 1] PrimeScript™ RT
reagent Kit with ¢gDNA Eraser i3] & ( TaKaRa) J.
¥l cDNA, MR 4G GenBank HHAH SCHE A Y 51
SRR ERE PCR 51 (% 3) ., WESRN
JEHL B-actin 2 18S RNA ( —# Ct (R EAE
NN ) o FI 4 A5 6 B2 T B L1 0 BT A 51 90 Y
PHRE R 95% ~105% o prefEd LA R
AR F 0.99, f# A SYBR® Premix Ex Tag™
(TaKaRa) & F K& & PCR ¥ ( Roche LightCycler

96) #EATH I i PCR L, b R RALEE 2
pl ¢cDNA #4510 pL SYBR® Premix Ex Tag™
(2x),0.8 uL F#EE147 (10 pmol/L), 0.8 uL
U519 (10 wmol/L) Jz 6.4 pL 4fi/k, PCR F2
Fi%E:95 C, 5 min; 40 MEH .95 C, 5 s;
55 °C, 20 s; 72 °C, 10 s, %4l f@ it 26 (A
58 CF| 95 CH4r4PF+ & 1. 85 C) LIHfE PCR
RIS AL 3 A . mRNA [UAEXTER
R 28

*3 SlMFF
Tab.3 Sequences of the primers used in this study
N -
51 Primer J¥H Sequence (5'3") Ger%flj%:fueznce Tm /C Prod}j:f?ejig}i /bp
PRDX1-F TCTCCGCTGTCTTCTGTCGA XM_003975764.2 57.4 134
PRDX1-R ACTGTCCATCTGGCATCACG 57.4
GPX1-F AGCCATTCCATCCATGTTTC XM_011613762. 1 53.4 181
GPX1-R GCTGGTGTTGTTCCGTCTTT 55.4
SODI1-F CCAGCGGAACCGTGTATTT XM_003971323.2 55.2 169
SODI1-R GTCTTGTTGTGGGGGTTGTAGT 57.7
CAT-F AGCTCCAAACTACTATCCCAACA XM_003967472.2 56.0 136
CAT-R GGTGCGAACCTGAGTGACATT 57.6
B-actin-F CCAGAAAGACAGCTACGTTGG U37499. 1 57.6 147
B-actin-R GCAACTCTCAGCTCGTTGTAG 57.6
18SRNA-F ATCAGATACCGTCGTAGTTCC KT718779.1 55.6 158
18SRNA-R CCCTTCCGTCAATTCCTT 52.6

TE:PRDX1. S ALIEJ5AG 15 GPXI. AR H i /L9 15 SOD1. A MLYIBALER 15 CAT. AL nE
Notes ; PRDX1. peroxiredoxin 1; GPX1. glutathione peroxidase 1; SODI. superoxide dismutase 1; CAT. catalase

1.5 SitAiE

JH SPSS 16. 0 {1 X} 52 56 45 b R ZH 1) 45 4 i3k
TTH R R 7 2253 B (ANOVA) |, YR [A] Ab #4H 2
[ AFAE 835 25 55 (P < 0. 05) B, >R | Tukey 323
TT¥ME R Z 50 L, A B 349 (E = bRt
TR,

2 4

2.1 HALRBERERARK
211 JFHENG R A

H175 4 AI1:C16: 0 ,C18: 0 J% W4 S i
TEAS 2 I 6 35 22 57 (P >0.05) 5 C14: 0 F5
76 HLBA 41 W # & T C.BA 1 HBA 41 (P <
0.05) HLAHE % m T C 4 (P <0.05), HAthzH
MAFTERE 25 (P >0.05) , BARE , Mg
B BRAS IR ELA T C14: 0 (i % C20: 0 7
CHRERTHMACP <0.05) , Hrf HBA 4
fik,C18: 1n-9 7E C 4 1 3 & T HAh 4 (P <
0.05);C16: 1n-7 7 HL f1 HLBA 4] i % & T
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HBA 41 (P <0.05) , HA ¥ A B EER (P >
0.05);C18:2n-6 1£ C 21 % & T HL HBA }
HLBA 41, BA 2 i % &% T HL 41 (P <0.05);
C20:4n-67F C 415 3 = T HA L (P <0.05) , H
H HBA ZH i fIX, & MLT BA 4070 C 4.,

SARE TR A INBEAR T n-3 24810
FIE R (n-3 PUFA) (1945 i HBA 41f#)C18:3n-3
S EMC T C HL, HLBA 41 (P <0.05);
C18:4n-37F HL 41 . 3 = F HBA 41 (P <0.05) ;
C20:5n-3 SHEAEE (P <0.05) 2% .C>HL fl
HLBA >BA #il HBA;(22:5n3 7 C 4l B %5 F
HAth41 (P <0.05) ;C22: 6n-3 7E HBA 41 /Al 2
FART HABALFEZH (P <0.05)

FEIE B g Wi K SF R 4 00 W 0. 02% il
0.10% JIH 31 &, IFE H 9 C20: 0, C16: 1n-7,
C18:1n9 .C18: 2n-6 ,C20: 4n-6 ,C18: 3n-3 . C18:
4n-3 C20: 5n-3 il C22: 6n-3 #ELA7 bt 75 A 1 R
NI B I BAAG A R
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®4 FPEERSRIERAER ( % S ASRAER ,n =3)
Tab.4 Fatty acid compositions in the liver of tiger puffer fed experimental diets ( % total fatty acids, n =3)

Ne iR C4l BA 41 HBA 41 HL 41 HLBA 4
Fatty acids Diet C Diet BA Diet HBA Diet HL Diet HLBA
Cl14:0 2.52 £0.06° 2.90 £0.03" 2.76 £0.13" 3.48 £0.44% 3.69 0. 08"
C16:0 19.06 +0. 44 19.05 +0.39 17.30 +1.08 19.61 +1.67 20.65 +0.40
C18:0 8.51 +0.67 7.32 +£0.19 7.10 £0.54 6.97 £0.56 7.02 £0.14
C20:0 0.74 +0.09° 0.39 +0.02" 0.35 +0.02" 0.46 +0.09" 0.43 £0.01°
Y SFA 30.84 +0.96 29.66 +0.58 27.51+1.75 30.52+2.73 31.80 +0.34
C16: 1n-7 6.07 £0.23% 5.91 +0.02% 5.12 +0. 14" 6.22 +0.60° 6.59 £0.12°
C18:1n-9 21.04 +1.72¢ 16.83 +0.81" 15.32 +1.05" 17.00 +1.54" 16.81 £0.45"
C18:1n-7 3.03 £0.68 3.65 £0.05 3.29 £0.13 3.62 £0.28 3.79 £0.05
Y MUFA 30.14 +1.25° 26.39 +0. 84 23.73 +1.27" 26.84 +2.42% 27.19 +0.52
C18:2n-6 8.88 +0.23" 8.09 +0.15% 6.95 £0.50" 6.84 £0.44¢ 7.03 £0.06"
C18:3n-6 0.19 £0.04 0.23 £0.08 0.30 £0.10 0.36 £0.17 0.22 £0.07
(20:4n-6 0.64 £0.01° 0.42 £0.01" 0.37 £0.01°¢ 0.43 £0.02" 0.39 +0.01%
Y n-6 PUFA 9.71 £0.18* 8.66 +0.19% 7.42 £0.58¢ 7.62 £0.28" 7.65 +0.13"
C18:3n-3 1.75 £0.10* 1.55+0.03% 1.33 +0.08" 1.65+0.13% 1.61 £0.03*
C18:4n-3 1.21 +0.21% 0.98 +0.02% 0.85 +0.06" 1.30 +0. 16° 1.20 +0.05%
C20:5n-3 0.70 0. 08" 0.41 £0.01° 0.36 £0.01° 0.56 £0.05" 0.55 +0.03"
(22:5n3 0.51 £0.05* 0.21 £0.01" 0.19 £0.01" 0.27 £0.01" 0.23 +0.02"
(22:6n-3 0.88 +0.02° 0.59 £0.01% 0.51 £0.01°¢ 0.69 £0.09" 0.70 £0.04*
Y n-3 PUFA 4.82+0.23" 3.74 £0.05" 3.12 £0.22¢ 4.37 £0.51% 4.31 £0.14*
Y n-3/3n6 0.50 £0.03* 0.43 £0.01" 0.42 £0.01" 0.57 £0.05" 0.56 +0.02"

TE: SFA. {RIRITER ; MUFA. BURIEFINENTER ; n6 PUFA. n6 RIVZAWHIPENTER; n-3 PUFA. n-3 RINZAMAARINTER ; [ —1714

i PN E AR R OR 22 7 W35 (P <0.05)

Notes:; SFA. saturated fatty acids; MUFA. monounsaturated fatty acids; n-6 PUFA. n-6 polyunsaturated fatty acids; n-3 PUFA. n-3

polyunsaturated fatty acid; Data in the same row not sharing a superscript were significantly (P <0.05) different

2.1.2 JULANR T BRZH AL T Fee A E"Jﬁﬁ' 538 ENR DT 4L AE B, = B 4H

HIZ2 5 AI1:C14: 0 ,C16:0.C18: 0 FIGEA  C18:2n-6 &L HLE n-6 IRITER & R AL, i n-3/

TR S RAE S HZ B ATFAERZE Z R (P> n6 [LHITHRE;C20:4n-6 78 BA A BFMT C 4.

0.05);C 201 C16: 1n-7 Fi1 C18: 1n9 & & B& S C20:5n-3F0 C22:6n-3 Jz & n-3 BN MR & B 1E 4%
T HBA HL 1l HLBA 41 (P <0.05),C16: 1n-7,  IZ B AIFAEREZEF (P >0.05),

C18: In-9F C18: In-7 35 1 43 B A7 WA IH I BRI

Tab.5 Fatty acid compositions in the muscle of tiger puffer fed experlmental diets ( % total fatty acids, n =3)

g5 R CH BA 4 HBA 24 HL 21 HLBA

Fatty acids Diet C Diet BA Diet HBA Diet HL Diet HLBA
Cl14:0 1.00 +0.07 1.03 +0.04 1.14 +0.10 0.97 +0.04 0.97 +0.10
C16:0 19.38 £0.43 19.93 £0.12 18.51 £0.37 19.80 £0. 44 18.89 +0.56
C18:0 10.40 +0.36 10.15 £0.24 9.76 +0.08 10.64 0. 34 10.10 £0. 12
S SFA 30.78 +0.44 30.60 +0.41 29.03 +0.56 30.44 £0.75 29.60 £0.75
C16: 1n-7 1.42 +0.04* 1.35 £0.06* 1.20 +0. 09" 1.03 £0.05° 1.14 £0. 05"
C18: 1n9 12.74 £0.52° 12.17 £0.01* 11.17 £0.29" 11.19 £0.38" 11.42 £0.25"
C18: 1n-7 2.82 0.04% 2.78 £0.01% 2.61 £0.10" 2.97 +0.09° 2.90 +0.08*
S MUFA 16.99 +0.45° 16.30 £0.07% 14.59 £0.41° 15.19 £0.45"™ 15.46 £0. 34"
C18:2n-6 7.86 +0.04% 8.40 +0.99* 7.26 +0.28" 5.55 £0.09¢ 5.63 £0.24°
(20: 4n-6 1.81 £0.08% 1.58 £0.09¢ 1.63 £0.07" 1.83 £0.02% 1.87 £0.04"
S n-6 PUFA 9.67 +0. 13" 9.98 +0.90° .88 +0.35° 7.38 +0.08" 7.50 +0.28"
(20:5n-3 1.90 +0.07 1.93 +0.14 1.83 +0.05 2.03 £0.09 1.99 £0.06
(22:6n-3 4.75+0.25 4.95+0.22 4.80 +0.15 4.63 +0.25 4.74 +0.08
Y n-3 PUFA 6.66 +0.31 6.88 +0.36 6.63 +0.17 6.65 +0.28 6.72 +0.12
Y n-3/ Y n-6 0.69 +0.04" 0.69 +0.03" 0.75 +0.02" 0.90 £0.02* 0.90 +0.02°

TE:SFA. {RFIRNTER ; MUFA. BRIEAINENTER ; n6 PUFA. n6 RIVZAMWHIENIEL; n-3 PUFA. n-3 RIS AMANRNTER ; 7] — 174K
AR AR R PR RN 22 R 3 (P <0.05)

Notes: SFA. saturated fatty acids; MUFA. monounsaturated fatty acids; n-6 PUFA. n-6 polyunsaturated fatty acids; n-3 PUFA. n-3
polyunsaturated fatty acid; Data in the same row not sharing a superscript were significantly (P <0.05) different
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H13% 6 nl 1 N AR A 2 Z AL AN AE B 3%
225t (P >0.05) s 27 e H R S A0 1 Wi T A e
JETFER A e T iy %, B HL 418 % @ T
XL (P <0.05) ;5 8 48 Ak 4 B0 A g% 1 A o i

HPE T A (P <0.05),BA 1 HBA #i It

X HE AT AT 5, {H 22 A8 10 35 5 e KA Dt
FEG PEAEXT HRZH (C) F BA 2 g 2 /& T HBA (HL
1 HLBA Z{(P <0.05)

F6 AEARAEAMERHRELEXIER

Tab.6 Anti-oxidation related parameters in serum of tiger puffer fed experimental diets n=3
EEL7D a4l BA 4 HBA 4 HL 4 HLBA 4
Parameter Diet C Diet BA Diet HBA Diet HL Diet HLBA
P % MDA /(nmol/mlL) 6.58 +0.47 7.42+£1.03 7.61 £1.66 9.12+£0.58 8.74 £0.91
2Bt Mot AL GPX /(U/mL)  138.40 £11.90°  173.50 £1.70*  195.20 +14.90* 219.60 £20.70* 173.50 +15.80"
ALY AL SOD/ (U/mlL) 104.70 +1.0" 107.90 £0.50™  107.20 +0.90*  109.90 =1.00° 109.30 +0.70*
25 W H Bk J5 R GR/(U/L) 6.75 £0.44" 5.49 £0.72" 0.54 +0.03" 0.87 +0. 11" 0.60 +0.06"
1 :MDA. N#E; GPX. AMH Ik WG, SOD. AW ALEE; GR. AW H kit )G
Notes; MDA. malonaldehyde; GPX. glutathione peroxidase; SOD. superoxide dismutase; GR. glutathione reductase
2.3 BFFEEmEMAEXRERRE RAL(P <0.05) ;i S A0 Ul 19 5 DR 2 ik A

NPT B < B rb A e H I S A 4 it 1
(GPX1) i) mRNA ki 7 X] B 40 0 35 e T HiAth
HL(P <0.05) ; iF A S AL 38 J5U it 1 (PRDXT) /Yy

mRNA Rk 7E BA Ay, W& T4 B2 A
3.5
a
3.0

FHXTmRNAR & &
Relative mRNA expression

GPX1 PRDX1

dc

HLBA M, T BA 4L HL 41 (P <
0.05) ; JIFE 48 S Ak P 7 AL il 1 (SOD1) ) mRNA
KBS M B A B EE2ZR (P>
0.05)

Mk

BA

BA # HL I HLBA

SOD1 CAT

PiEALALEE Antioxidative genes
] — 2 U [R) A B A (e A AN AR B R B 25 5 (P <0.05) ; GPX1. A bt H kit & kWi 1; PRDXL. S fbik G 1;

SODL. ALY ALEE 1; CAT. LA b

For each gene, values in bars that do not have the same letter are significantly different (P <0.05). GPX. glutathione peroxidase; PRDXI.

peroxiredoxin 1; SOD. superoxide dismutase; CAT. catalase

E1 {EAReEXFERREUCEXEERE

IR (n =3)

Fig.1 Effects of dietary bile acid supplementation on the relative mRNA expression of
antioxidative proteins in the liver of experimental fish (n =3)

3 g

3.1 R ARER AN AR i ER X RS A B2 2E AL B 32 A
AT FERE A AR R 4 5 0 7 T s B BOw 52
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PRUA B R 5 AN 5 1 107 IR & A 1 42 R A 2 S i
SHEURDTRR & R A, PRt 0 AE I 0 e
AR AR R 4 R A2 PR A T R 1) LA AR T 52
Me] 173X 8 )i 7 7R 000 7 A iy A B 2o R v RS s R 1)
R, BT A R 1D R X o B R 1 FL A
VERITT B A #5873 A U Ok o R T R TE Y
YA SRR A KA A 00 T 3k A ) 2B fef i
R AT DIRE™ . WFLibE , —F g
IR (JCH R 2 7K A 22 M A B BB DT R ) 1Y 21 /K P
B, BT 1 A A VA i 0 ) A€ B, T e
e R A v B T 14C 1 v A B U7 R
BB N AELR AR S SR A s 7 s v el
T 14C AR WTBRBRUE S , PR UG IZ R 43 B i 2 1
A TEREE A TP R Ok (HHSE A S Eig 17
BRI —FR o B 3 B ) o

TE R S S A TR 1D R 4 b, 8 28 T
FULPY H A i 1 122 200 45 ) 0 A O 242
S BE AR B, LA A SFA & 5 HAH Y, (H
MUFA & & 2K 15 £, B 15 A K K % 6
( Scophthalmus maximus )™ % 3 fa ( Oreochromis
niloticus ) 261 B ( Epinephelus malabaricus) (27]
K RVGEE K I B £ ( Hippoglossus hippoglossus ) >
SEWEIE R B, X st 1) JUL PR R U7 IR Pl S A
i) MUFA , 3B AE A T AR DT R (R Jy 1,
¢1BE ARy il 5 A ST e AR R 22 5

JB IR 2H 2R I TR 2 i 114 52 0 5 HC X ]
BHIR TR & £ 1Y 52 e i H OR A e — B, R
PR L AL A P [RIRE T LA oA fige A8 JIE T 18 XF JHF U
AP AE AR W5 R (L H 2 K BENR TR ) &
REAR A IR o 48R, f A bR S AR R A I 2 B
ANEFNAR 7 R E5 14 A UL mT RE 5 BV R 2k
HE IR AL AL RE 15 A 56 BRI R A o —
PR FRVE GRS R , 7288 5 1 A6 A0S 7 e i
T AR EA AR PERT, A 25 I8 B
Hh =R AR S B T B2 AR 0 LA AE R TR
RAMAA SEga i > . BB %
WY, L AR Jo AN AR R0 T 8 A 32 1) i T S A
FULRCRAS K (HIE XK S AR 52 R 1
NEWTSERIFACSCR 420 W] 8., X By AT AR 73 il
AR S 3oy s o v 7] £ 9 BELT R X €20 Sn-3
C22: 6n-3 S5 HE 22 AN R i 117 2 1 52 i) B Ay 1)
A,

T30, SiE AR AAR L, m AR n-6 JENTRR

Frm P, X FE S A 06 JRIITR &R IA
Ko HNLAAELG, JE TR 0 %8 i %f 2188 25 Oy fif JiF
SIS AR N e s =S S PORAN )
il e 350, ST LA A7 A DT 1 32 289
3.2 {ARHRRMAETEEXT TR BE I

#HRASAEA -EPAMLRG, TLRZEA
B ALY, e LA Sh S A g
ALY AL (SOD) | 45 e H Bkt 4804k 1y i
(GPX) AR H Jikad S5 (GR) 45 SOD fi
T B A G TR0 T 4, 3 o e B A A T ot
AR P SR AR e E AL S B
JIRA R S5 AL (GSH) F AR ALY (GSSG) M FfE =X,
A WEH aE U (GR) al LLKE GSSG ik S i
GSH,, DT Ay 400 i PN 3% M 40 (ROS) 1T B 4 it ik
J 77, GSH 1EAS e H Ik S AL Py il ( GPX) F 4 e
HIKBR LT, A 5 XAy GSSG,
AR R LG 7 30 55 % W Mk e S Akt

ARSI 20T, 78 C 4109 2L al b 7
0.02% F1 0. 10% (IR IR , R4 2= 7 A B 2%, (H
L35 A SOD Fi1 GPX {3 PR 4 iy T X% 4L, Xt
HT3E 0 Y IE T R 7K P AT DATE — o R B b 48 s 21
&R J5 il 1) BT SR AR RE T, S BL Y &5 SR A AR ik
(Rana catesbeiana ) '™ {53 Hh th, 75 51 T3 52
R 5 e 9 R R U 0 RT BB A — 2 1 4 i g
PE, B FREALAE , 41 SOD K () 4235 , 52 ML
FULRE S o ABETE TR L SOD A1 GPX LY
BT, FHIRIE 0. 10% Y H T BR VS & 7T A
WA &, IR 04T E A A P 7R At 1 K 7
FEFH YN F T ( Paralichthys olivaceus ) ™ 11
fifi ( Micropterus salmoides )[36] M2 K R
( Macrobrachium rosenbergii ) S AR B T RS,
) PS5 BT 5 % BARD L T S o T )
DA 5 24 e P JIFE 2 6 1R A i T A A AR T i
Bt PR i DT R T RE T, e 2 I 45 R AL S5 BRARAIL A4 1)
et g .

Y5 SOD F1 GPX #H [z, 76 X B 41 o 75
0. 10% [ RHYT BRI 1 43 I H 0 5t it 1 975 1
TESIYIBLIAR I, 23 e H IKGE I il 32 24845 GSH Al
GSSG Z IRl B 25 P-4 ™, & A GR i #E A 1
JEN AT fil S B SR AR S AR, e R SRR 1
WFFE AT AU A B

AN, TR, 5O R A L, A
NRIEIFES R 1 I3 SOD F1 GPX i P4 1) Tt iy , £&
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Effect of dietary bile acid supplementation on fatty acid composition and
anti-oxidative capacity of tiger puffer Takifugu rubripes

BI Qingzhu'?, LIANG Mengqing’”, LIAO Zhangbin’, WEI Yuliang”’, SUN Bo’, JIA Linlin®>, XU
Houguo”

( 1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, Shandong, China; 3. Laboratory for Marine

Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao
266071, Shandong, China)

Abstract: A 56-days feeding trial was conducted with tiger puffer Takifugu rubripes (average initial body of
14 g), in order to investigate the effects of dietary bile acid supplementation on the fatty acid composition and
anti-oxidative capacity. The feeding trial was conducted in indoor flow-through seawater system. Two diets
with suitable (8.5% , diet C) or high lipid level (12.5% , diet HL.) were prepared. BA as porcine bile
extract mainly composed of hyodeoxycholic acid was supplemented into the two diets at the level of 0.02% to
formulate diet BA and diet HLBA | respectively. A fifth diet was prepared by supplementing an excess level of
porcine bile extract (0.10% ) into diet C (diet HBA). Each diet was randomly fed to triplicate tanks. The
results showed that the MUFA contents in liver and muscle were reduced by dietary bile acid supplementation ,
significantly lower in group HBA than in the control group (P <0.05). The n-6 PUFA contents in groups
HLBA and HL were significantly lower compared to other groups. In the groups with moderate lipid level , the
contents of C20:0, C16: 1n-7, C18: 1n9, C18:2n-6, C20:4n-6, C18:3n-3, C18:4n-3, C20: 5n-3 and
C22:6n-3 in the liver tended to decrease with increasing bile acid levels. The serum activities of glutathione
peroxidase and superoxide dismutase tended to increase with increasing bile acid levels, and were significantly
higher in high-lipid groups than in the control group (P <0.05). However, the glutathione reductase activity
showed an opposite pattern. The relative mRNA expression in liver of the control group was significantly
higher than that in other groups, while the gene expression of peroxiredoxin 1 in group BA was significantly
higher than that in the control. The bile acid supplementation in high-lipid diets significantly increased the
hepatic gene expression of catalase. In conclusion, the dietary bile acid supplementation reduced the contents
of a series of long-chain fatty acids in both diet and fish tissues,and the effects of dietary bile acid on serum
activity of anti-oxidative proteins were different from those on the hepatic expression of anti-oxidative genes.
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