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FE: AR ER B INAE AL DU R (arachidonic acid, ARA)XT 12 (Apostichopus japonicus)d: K68 . HTEIL#E
KNG WA s2 i, 2 P AR A T R (10.78+0.06) g RYHIZ MARGE T4, DI ARG EEE AR, /D
N Ry E TR A E SRR, 38 2 e SE R RDRE TR A IOR TR LL A ARA-ZEAR T, i ARA S iS58 0.02% (R
MR41). 0.17%. 0.36%. 0.51%. 0.59%7F1 0.98% (i falkt T 5 6 4155 R AFNRAY S IImDR}, 705 IR K IRAH R 5t
AT 56 d FRFE LS . 45 R W], W& ARA S EMFHE, HISH HE % (weight gain rate, WGR) 255 [ F+
JE AR RS 0.36%F1 0.51% ARA HEIAHIZ WGR 125 T HAbAL B (P<0.05), #1234 E 4 K F(specific
growth rate, SGR)FIABIEK (feed efficiency, FE)5 WGR EA HH[F AR {La 3, IS 1ARENR D5 & S 1R 8 ARA
DT RIS TR A, 1R 0.51% ARA FARHA S ERAR, HRFMTARAY 0.98% ARA k4L (P<
0.05); [FIHY, BEMEIF ARA SRS, HISREEH ARA Il n-6 ZANMFIIE I FR (n-6 polyunsaturated fatty acids,
n-6 PUFA)& 2 B35 FIFHE#, 1 — 18k 704 R (eicosapentaenioc acid, EPA), .- —_#&/NHifR (docosahexaenoic
acid, DHA)FI n-3 Z M FIJE IR (n-3 polyunsaturated fatty acids, n-3 PUFA) & & 8 R AL (P<0.05); HiiEfbae 1y
I, 0.36%7F1 0.51%ARA fr}2H 31 2 I 3 v S 4k 9 157 L il (superoxide dismutase, SOD) ., it 42 fk & i (catalase, CAT)
BT AL HE 1 W (total antioxidant capacity enzyme, T-AOC)iG ML B 2 7 T 3T HR4H5 0.98% ARA Tk 4 (P<0.05),
i B 18 7 [ (malondialdehyde, MDA)& 2 5 A1 & i A8 4L #4#(P<0.05); #3: B7 18 I8 15 BR & Wi (fatty acid syn-
thase, FAS)MI Z WE4iifilE A AL (acetyl-CoA carboxylase, ACC)VEMEBATARI ARA &t 1T &2 i 35 FR A 4 3
(P<0.05); #5518 A 2 0 B R L% 7% 8- 1 (carnitine  palmitoyltransferase-1, CPT-1)7% PEREIA R ARA & ThE 2
e THE JE BEAR A 2 (P>0.05) WFFE R, TEARSLIAMET, PR B IIE 5 ARA (0.36%~0.51%)RERE XTI 2/ 1K |
YLEALRE il B — 2 AR HEE L, RIRTES R BR, Tk ARA & 2% il 2 138 N Bg I ER A ) 7= A= — a2 52 i

K@ S AN, B JUEEE T BR TR
FESHES: S963 XRRARARRS: A XEHS: 1005-8737-(2018)03-0555-12

EJLAEK, n-6 = AR D R (n-6 highly
unsaturated fatty acid, n-6 HUFA), JUH &4 DY
%R (20: 4n-6, arachidonic acid, ARA)TEFHshY)
A E AR B TR B2 O . 4IRS ARA
P EYTE LA PR ETR, SRR A Ak
1R, EEAUFETTS R Z (prostaglandins, PGs) ., [fil 14
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}1 2 (Apostichopus japonicus)/E T HL 7 1) i
WR, IR EE K IR AT R . T,
XIS 1 R IR 2 SR B 5T AL T2 A v B, K
TR W R 5 5 A WF o 4 2 B /D UL, R DG iR
FEAEPTX n-3 HAWHARITFR (n-3 highly
unsaturated fatty acid, HUFA)IIBFSE . 4250
SERW, B SHES DR IR 7 038 B N
3%~5%; B2 id R SR A, 1AM n-3
HUFA /KK 0.22%~0.38% 1)1 44 fil % fili i) 2 2.
A AR A KRR & B SR E, W, A
ORGP FTARGE, R I 0.60% 1 DHA i,
2 WS R R e P T ARA VR —Fhifg K
AT RE IR, A BB IR S 6 HoAth i K 3
KA — R, (BFEEES oA WA CHRIE .
L, ALt st iael ARA & X248
K YA LR R A2, BYEIRST ARA

FERZ DR B TS ELAS K-, B)20 iR ARA X
HIZ N5 MR A 1 2, AN AT LATE 4 b 52 35 ]
ZEFRESHOBARE, [R5 R 2 s R
FRHR Bt —5E B BRI AR

1 HESHE

1.1 sEIEfAs

SRR LA Aok TR I UM R 3R A,
INZE Ry R . 3 R B AR A s
0, 0.5%. 1.0%. 1.5%. 2.0%Fl 2.5%H9 ARA-4li
EIM(ARA 205 SRR 48.70%), HIE AR
iR H vl = BRI S, IAL 6 ZHAFE RS AR A iR R
(E 1) &SAMEESHr, £k ARA 95
AR 0.02%CH IRZH) L 0.17% . 0.36% . 0.51% .
0.59%F1 0.98% (flkt1 ), 1REHAE I IR 4 B W
%2,

*1 SSWEMEEHTFEFEAR

Tab.1 Formulation and nutrient compositions of the experimental diets

%

TR AE A DU R % /% dietary arachidonic acid level

JEBl ingredient

0.02 0.17 0.36 0.51 0.59 0.98
fa#) fish meal 8.00 8.00 8.00 8.00 8.00 8.00
K MEG M fermented soybean meal 17.00 17.00 17.00 17.00 17.00 17.00
/NFEHS wheat meal 14.00 14.00 14.00 14.00 14.00 14.00
Ky algae powder 20.00 20.00 20.00 20.00 20.00 20.00
7 sea mud 35.50 35.50 35.50 35.50 35.50 35.50
WiRKE premix® 2.00 2.00 2.00 2.00 2.00 2.00
KEIIHENE soy lecithin 1.00 1.00 1.00 1.00 1.00 1.00
ARA 4lifkiih ® ARA-enrich oil 0 0.50 1.00 1.50 2.00 2.50
TEAR IR H M =8 tristearin 2.50 2.00 1.50 1.00 0.50 0
A1t total 100.00 100.00 100.00 100.00 100.00 100.00
8534347 proximate analysis
H % F1/% crude protein 19.90 20.18 19.70 19.94 19.87 19.69
HLIE W7/% ether extract 4.93 4.95 4.97 4.98 5.01 5.02
K3 1% ash 45.92 45.90 4571 45.60 45.63 4538
A VUG R /% ARA 0.02 0.17 0.36 0.51 0.59 0.98

T * BUREMITE 1% W BTHUR B 1%4EE RBURE, W H LA THR @ ERAT S B G. 5 Y BTHUR B me/kg WkH: $F 35.00 mg;
£ 21.00 mg; 4 8.30 mg; £k 23.00 mg; & 1.20 mg; Al 1.00 mg; A 0.30 mg. 44 EFIRE (mg/keg or IUkg kD: 4iEE A
7500.00 1U; 442 D 1500.00 1U; 424 % E 60.00 mg; 4E2E 2 K; 18.00 mg; 4E4: % B, 12.00 mg; 4E4:E B, 12.00 mg; 4E4E % By,
0.10 mg; ¥ZFR 48.00 mg; XHAEME 90.00 mg; MHAA 3.70 mg; D-ZEH#E 0.20 mg; MEWEEE 60.00 mg; 4i/E# C 310.00 mg. ° ARA Zifki:
ARA (5 SR FR (4 L 0Ky 48.70%, a0t A: P A RRIO B3 A A 7.

Note: * Premix includes 1% mineral premix and 1% vitamin premix which are purchased from Shandong Fishery Feed Research Center.
Mineral premix (mg/kg diet): Zn 35.00 mg, Mn 21.00 mg, Cu 8.30 mg, Fe 23.00 mg, Co 1.20 mg, I 1.00 mg, Se 0.30 mg. Vitamin premix
(mg/kg or IU/kg diet): Vitamin A 7500.00 IU, vitamin D 1500.00 IU, vitamin E 60.00 mg, vitamin K; 18.00 mg, vitamin B; 12.00 mg; vitamin

B, 12.00 mg, vitamin B, 0.10 mg, pantothenate acid 48.00 mg, niacin 90.00 mg, folic acid 3.70 mg, D-biotin 0.20 mg, pyridoxine 60.00 mg,
vitamin C 310.00 mg. ® ARA-enriched oil: ARA content, 48%; Cabio Biotech (Wuhan) Co. Ltd.
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Tab. 2 Thekey fatty acid compositions of the experimental diets

%

e s i fatty acid ARA gy{ggm ' TREHE A DU TR & 5/ % dietary arachidonic acid level

ARA-enriched oil 0.02 0.17 0.36 0.51 0.59 0.98
Cisane 6.80 12.69 14.18 15.98 17.27 16.28 20.17
Cao:ane 48.70 0.36 4.07 8.69 12.98 17.12 2433
Cigna - 1.35 1.37 1.52 1.51 1.39 1.68
Cao:sn3 - 0.99 1.01 1.04 1.11 1.01 1.20
Caaisns - 0.26 0.28 0.32 0.42 0.34 0.50
Caons - 0.97 1.01 1.03 1.03 0.95 1.12

TR A R R AL 0, 2 5 R A ol R
BoIRA, Pl ARA-4ib il 5 IR A 1 B9 JFOR 72
SRS, BRIE I ATE 0 K i A, PR B 9
HREAILEA TR, A A DRI E T 45°C A Y
BEA LT, ZJEORAE TR T RAL, 2.

12 FEEE

S b, SR LU AR A VR B R PRI A Y B AR
AL S, FEAEIA 56 d, FEA T R AE R
KFRIE, TEHN S LI S EF R —HS
o B IA SR HSCE ToREMTD,
Rl B R 15 d, A HE N S5 e R SR A A%
o BIRGHRE, PREEARE MR . /N —
Z[WIURE M(10.78+0.06) glFEHLSE] 18 A FFEAH
(HAE 75 cm, R 80 cm)H, A FRIHMEHCE 40
L2, BAEKA 3 ANER, BMNRE 2
A SO 2R HEE, #EHIKIRHR 50 em,
S A R AE L E I E] (07:00) 45 M, $EME B g i 2
REN 2%, HARBH & ZAR 0 S0
ATV, SC ], KR HIAE 17~19°C, #hJE
K 24~26, ME>T me/L, A ISR A<
0.05 mg/L, % 2 R4e/K 1K, [FBFHEFTMIG .
1.3 HmEESHH

56 d PSR SEIGAS RAT, KR S G
48 h, SRJ5 X REASFRGE AR P A0 S AT T EORIRR
., 2, NEBAFREMA TR 10 k2,
BT UK AT IR, o B W . W
RARRE N gy 38 R BE B 5 2 B R A7 T80 C i
IR VKA TR s XA s R 47850 (3000 r/min,
4°C, 10 min), W VG AR ERLE T, ZEH
P HARAE T—80°C MK IR VKAE

14 HREARENSH

S GRDRE AR S R BE (1 7K 20 R 105°CHET
{5 53 I 5E (GB/T 6435-2006); HLZE H R HELK
SEZE D SE (GB/T 6432-2006); fal Bl Y 4L 1 2%
FHH 7 5 Bl 28 [QHh S vk 0 2, 2 8URE ot 1) KL RS T
oK F 2 FC A 42 75 T %8 (GB/T  6433-2006); ALK 43
KIS Jh 4 550°C 2% Hj: 0 7 (GB/T 6438-2007); 4]
BRI 2R BE R 7 1R &5 5 I 22 J7 152 % Mourente
U0 S A g, IERIEE . B 100 mg ZE 47
RURTEG WA, BT 15 mL TS #E
BRI, WA IN KOH-H BAW 3 mL, JfE
75°CARE A 20 min, BHIEFERIE, A 2N
HCL-F B 3 mL, JHCAE 75°CoRIE H A 20 min,
BHIZIEIMA 1.5 mL IE S he(a %), =%,
FRE T2 o /N W 2 IE O e AN R 197 R HH g Y
REY, MR SRR 1 pL J AR R AT
(HP5890I1, &), >R KM Bkl 2% o i),
MR 4 B o Al 10 R 0 D B () 2 R o vh BR T PR 288,
3 o 0 T AR — & AT I E o

3B T ST AL BE J1 ¥ (total antioxidant ca-
pacity enzyme, T-AOC) . il %A 1k & i (catalase,
CAT) . M5 1k ¥ I 1k il (superoxide dismutase,
SOD). N [ (malondialdehyde, MDA)® & . g
iR & i (fatty acid synthase, FAS) . [N 7 Hf kA
k4% # it - 1 (carnitine palmitoyltransferase-1, CPT-1)
MO TEsEmE A 2 LB (acetyl-CoA carboxylase,
ACC) Y H| I RS ot a8 i AR ) TREWF 98 T A 7 B A
I a5 & A
15 HEARXESZIHSH

14 H K (weight gain rate, WGR, %)=100x
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CRIZ R IR EHE-FIS PR E)/ IS0 A E
i A K & (specific growth rate, SGR, %/d)=100x
[InCRI 2 A R H )~ In (Gl S04 ) )/ 52 560 R AL
115 2 (survival rate, SR, %)=100x
T2 AR B S0 80
Ta R (feed efficiency, FE, %)= 100x
CRIZ AR T - SR ) AR B AR &
S0 KO S 2 65 R (X £SE) K F R,
Fi SPSS19.0 2 Hr 447 5. K 28 5 2243 BT (One-
Way ANOVA), H4MH Tukey’s 3 HEfT2 8 AL,
2 P<0.05 Bt RN B BE 2R

2 ERESW

2.1 fARH ARA EEXMRSERKEEN I
23 BoR Tk ARA &80l S A4 K EfE

*3 ARAREE N GE

5, SEURZE IR, il S 0 AE 1 RS R Ab 3
20 [0 T i ME 2 F(P>0.05), ¥ITE 87.50%~94.17%
ZI); Yk ARA F g mnt, filZ WGR £
7o ETHERRARE S, 0.36%F1 0.51% ARA flk}
= WGR i 2 = T HAlh & 4 340 (P<0.05), H
I H 2 | JC . 3 ME 25 5 (P>0.05). #ilZ:1 SGR 5
WGR EA MR AE L 24 ARA 55 M 0.02%
HOm#E] 0.51%H}, HSHEEERFE)N 57.93%TF
E 5] 111.64%, 7E 0.51%ARA FalRE2H B e i,
H 58 E 5 THMAH(P<0.05), Bi# ARA &8
#E—FHE, FE 29002 T BRI H(P<0.05), il
S XFHIZ WGR(Y) I ARA & (X4 — 3k (A
MR 1), B8 g Y=—71.831X+
73.387X+30.194 (R*=0.6968), #|Z WGR #t it
XFINE ) ARA i 0.51%

LR BRI SE KM

Tab. 3 Effectsof different dietary arachidonic acid levels on growth performance of Apostichopus japonicus

n=3; X +SE
$647 parameter TR AE A DU R % 5 /% dietary arachidonic acid level
0.02 0.17 0.36 0.51 0.59 0.98
WA K /g initial body weigh 10.78+0.07 10.78+0.13 10.79+0.08 10.79+0.09 10.81%0.05 10.79+0.05
LKA T /g final body weigh 14.03+£0.07° 15.24£0.21° 16.11£0.17° 16.76£0.20"  15.06+0.17° 14.50+0.16"
TE1E R /% survival 89.17+2.20 89.17+0.83 94.17+3.63 93.33+1.67 87.50+1.44 90.83:+1.44
34 E R /% WGR 30.16+1.45° 41.37+0.66° 49.40+2.42° 55.39+2.15*  39.39+1.55" 34.37+0.98"
FEE A K F/(%/d) SGR 0.47+0.02° 0.62+0.01° 0.72+0.03" 0.79+0.02° 0.59+0.02° 0.53+0.02"
TRk R /% FE 57.93+2.56" 79.58+2.42°  100.48+7.03°  111.64+5.67°  74.42+2.08° 67.39+2.33¢

T8 =78 EARAN R 51 7R 22 53 1.3 (P<0.05).

Note: Values with different superscripts in the same row are significantly different (P<0.05).

60
$ Y=-71.831x2+ 73.387X + 30.194
& 50l R2=0.6968
& 50
=2
N
S 40t
M
i
AT 30
20

0 0.2 0.4 0.6 0.8 1.0 1.2
1B ARA S /% dietary arachidonic acid level
K1 RO R AE DO R & 5 5 2=
8 S 0 1 1 4347
Fig. 1 Regression analysis between dietary ARA level and
weight gain rate (WGR) of Apostichopus japonicus

22 fAFHR ARA EEXRISEELFHMAR N
H12¢ 4 AT L, FADEH ARA B o % il S RE 11

ARGy AR BT DA ROIR 43 5 5 F4 TG Wik 2 VS e (P>
0.05), HfSABEFHE T &N 46.15%~
46.89%( T H), K3 &N 31.06%~32.46%; Fifi
B IR ARA B (S, RIS REEH O AR T &
RSERUE TR I, 7E 0.51%ARA fREH
KB ARAE (S 8K 3.71%), H B3 T % B4
0.17%7F1 0.98%ARA fl¥}4 (P<0.05), 5 0.36%7F
0.59%ARA il Bl G i 35 1 22 5 (P>0.05)
23 ARH ARA FEXRISAEERERTERAE KM
Al

5 R TR ARA X2 4 BE B i g 41
BURSENR . SEER 25 R, BEE R ARA i



%5 3 4]

TR AT RDRE R AR AR DU R 5 i X S A R PERE . BURALEE ST IR D RR A R

559

=4

£ Lo

TR B 1L & T M5 S

&
S

EXR SRR FHERE M

Tab. 4 Effects of different dietary arachidonic acid levels on body wall chemical composition of Apostichopus japonicus
n=3; X +SE; % T T (DW)

f845 parameter

TRRHAE A DU TR 5 i /% dietary arachidonic acid level

0.17 0.36 0.51 0.59 0.98
7K 43 1% moisture 90.69+0.17 90.94+0.06 91.02+0.10 91.07+0.23 90.88+0.21 90.58+0.40
HEE )5 /% crude protein 46.67+0.52 46.83+0.62 46.89+0.68 46.65+0.63 46.15+0.92 46.59+1.24
HLAE /% ether extract 4.66+0.10" 4.61£0.15% 3.99+0.15% 3.71+0.14° 4.29+0.26"° 4.88+0.11°
K43 1% ash 31.37+0.67 31.77+0.30 32.46+0.22 32.34+0.41 32.04+0.48 31.06+0.73

e [ —A78E T EARAN R RER R 25 7 3 (P<0.05).

Note: Values with different superscripts in the same row are significantly different (P<0.05).

Fz 5 ANTEE NGRS 23RS B i AR 4 BRI 200 (% 2B BR ER)
Tab.5 Effectsof different dietary arachidonic acid levels on body wall fatty acid composition of
Apostichopus japonicus (% total fatty acids)
n=3; X +SE
Jig i e 4L TRRHAE A DU R & 5 /% dietary arachidonic acid level

fatty acid composition 0.02 0.17 0.36 0.51 0.59 0.98
Ciao 1.10£0.04 1.06+0.03 1.09+0.03 1.08+0.08 1.06+0.08 0.95+0.01
Ciso 7.11£0.51 6.19+0.12 6.52+0.21 6.08+0.10 6.45+0.34 6.86+0.49
Ciso 4.19+0.12 4.20+0.04 4.30+0.02 4.44+0.14 4.28+0.03 4.5240.15
Caoo 1.30+0.05 1.35+0.04 1.32+0.03 1.39+0.02 1.32+0.02 1.40+0.01
SFA® 13.70+0.63 12.80+0.19 13.23+0.27 13.00+0.16 13.11£0.38 13.73+0.66
Ci6:in7 3.17+0.06° 3.09+0.04° 3.33+0.02% 3.49+0.11% 3.31+0.02% 3.69+0.10°
Cigino 6.43£0.21° 5.31+0.26° 5.51+0.22% 4.89+0.16" 5.50£0.24™ 4.98+0.12°
Ciginy 4.45+0.21° 3.95£0.04™ 3.88+0.11% 3.81=0.06° 3.82+0.10° 3.91x0.18%
Ca0:1n.7 3.040.14° 2.89+0.04® 2.79+0.06® 2.56+0.15° 2.75+0.07* 2.68+0.08%
3> MUFA® 17.09+0.41° 15.25+0.28° 15.50+0.06° 14.74+0.33° 15.38+0.29° 15.26+0.24°
Cigans 8.23+0.37" 6.84+0.35™ 5.73£0.26" 5.10£0.19% 5.47£0.40 4.07+0.19°
Cigns 3.50+0.17 3.49+0.05 3.34+0.04 3.69+0.27 3.16+0.14 3.24+0.04
Ca0:4n-6 12.00+0.26° 17.60+0.15¢ 19.51+0.31¢ 20.05+0.45% 21.05+0.35% 21.70+0.25"
> n-6 PUFA® 23.73+0.22° 27.92+40.29° 28.58+0.55" 28.84+0.38" 29.68+0.55° 29.01+0.46°
Cigans 1.43£0.06° 1.28+0.02" 1.22+0.01° 1.2240.01° 1.15+0.02° 1.210.05°
Caosns 4.61£0.16 3.43£0.10° 3.42+0.12° 3.44+0.13° 3.10£0.03° 3.23+0.13°
Cazisns 2.31+0.11 2.43+0.02 2.3240.04 2.40+0.06 2.15+0.06 2.18+0.09
Car6n3 3.00+0.02° 2.57+0.04° 2.55+0.07° 2.53+0.10° 2.17+0.08° 2.37+0.03"
¥ n-3 PUFA! 11.35+0.20° 9.72+0.18° 9.51+0.19° 9.59+0.20° 8.57+0.17° 8.99+0.12%
¥ PUFA 35.08+0.40° 37.64+0.12° 38.09+0.56° 38.43+0.18° 38.26+0.71° 38.000.39°
YSFA/LPUFA 0.39+0.02 0.34+0.01 0.35+0.01 0.34+0.01 0.34+0.02 0.36+0.02
¥n-3/¥n-6 0.48+0.01* 0.35+0.01° 0.33+0.01° 0.33+0.01° 0.29+0.01° 0.31£0.01%

TE ARG © SRR AEIIR; © n-6 RIIZAWMIENR; ¢ n-3 RIOZARWANEHTRR. 7 —47 8008 b FARAR R 7128 22 5

#(P<0.05).

Note: *saturated fatty acids, SFA; ® mono-unsaturated fatty acids, MUFA; °n-6 poly-unsaturated fatty acids, n-6PUFA; “n-3 poly-unsaturated
fatty acid, n-3 PUFA. Values with different superscripts in the same row are significantly different (P<0.05).

W FL e, HlZ kB ARA 1 n-6 PUFA & 2!
% FFH#a#s, 1M EPA. DHA Hl n-3 PUFA ¥ &l

FIRAR(P<0.05); [FIAF, 0kl ARA &2 &,
H 2 K BEH PUFA & &8 M 35.08% W & & &
38.00%, 1M Yn-3/Yn-6 HIM 0.48 B L ZE 0.31

(P<0.05).,

HAN, WEE ARA WIS AN, HlSARE
MUFA Fl Cig.0n6 2 PR H(P<0.05), 410k}
HARA I EM 0.02%TF 2 0.98%I}, HiI| 2 {kBE
H1 MUFA 1 Cisone FIF AN 17.09%F% =
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15.26%F1 M\ 8.23%% % 4.07%(P<0.05)., TfiA [F] 5L
5521 [B) H SR BE T SFA (Cra:0. Cr:0 Ciso A1 Cao:0)
oI E 25 7 (P>0.05),
24 fARH ARA SEXNRSHERSLENDN
Al

%6 Won, MEE R ARA FHETHE, Hl
Z: iy 18 4 AL W) L A T (superoxide  dismutase,
SOD){ifi 1 2 B e TH = 5 FRAR I a3, 78 0.51%
ARA T BHA TR B RAE, H 02w T XA
0.17% % 0.98%ARA fa#4 (P<0.05), [F] 0.36%#1
0.59%ARA Tk} 2H T W 35 P 2% 55 (P>0.05); HIZ
i b Pt A AL BE I B (total antioxidant capacity
enzyme, T-AOC)if 1 Filid A fb E i (catalase, CAT)
eI SOD FHL AR L $s, [mlast, 44kt
H1 ARA F it A 0.02% T3] 0.51%HF, HIZiE
H1 MDA & & E A (P>0.05), 12 ARA
SR ETHEE 0.98%H, il H N # (mal-
ondialdehyde, MDA)® & & % FFb#a#, H1E
0.98%ARA fRRHH A B i K ME, W& THi 4 1

AFRLZH (0.02% . 0.17% . 0.36%7F1 0.51%ARA ¥}
2H)(P<0.05), [l 0.59%ARA Tk 40 i F 25 7
(P>0.05).
25 fARH ARA EEXRISIFE FAS, ACC
CPT-1 &M Z MM

3R 7 AT, M4k ARA Bt A 0.02%42
FE] 0.59%HF, il S M 18 b iR R A B (fatty
acid synthase, FAS){if 1 7 £ b 3 4H W] Jg . & P 2=
5(P>0.05), 144kH ARA Sait—HiEmE
0.98%I, i FAS TGPk TR, WEMTH
flh 45 AL 3L (P<0.05); HIZ 7l h L BER G A R
fL i (acetyl-CoA carboxylase, ACC){iEPERE ARA
iR ILE FAS MUk Hs 5i4b, il
Z fip 38 v 1R B RS A 56 4% B2 1§ - 1 (carnitine palm-
itoyltransferase-1, CPT-1){if 4 F 1 ¥} ARA &= F+
o ST BRI A H, 0.36% . 0.51%F11 0.59%
ARA TaPEHH CPT-1 % 1 B 2w TXTHRA . 0.17%
Fl 0.98%ARA iR (P<0.05), H.iXx =4H [a] JC &
T2, FEXIRA . 0.17%F1 0.98% ARA /i

*6 MBARHENBE S EXNRSHENMENLEE DT

Tab. 6 Effectsof different dietary arachidonic acid levels on antioxidant capacity in intestinal tract of Apostichopus japonicus

n=3; X +SE
. TG A DU TR 5 i /% dietary arachidonic acid level
f8 45 parameter
0.02 0.17 0.36 0.51 0.59 0.98
A b ¥ AL % /(U/mL) SOD 46.64+£0.56°  50.46+1.55"  55.18+£0.70°  55.23+1.17% 51.55£0.93  49.44+0.47"
N - /[nmol/mg(prot)] MDA 3.28+0.07°  3.49+0.09° 3.37+0.09" 3.22+0.07° 5.43+0.16" 5.56+0.23"
RPUE AL fE S8/ [U/mg(prot)] T-AOC 1.14+0.04¢ 1.34+0.08cd 1.77£0.04% 1.86£0.05°  1.58+£0.09%°  1.52+0.06"
i %4k & B /[U/mg(prot)] CAT 89.34+£1.91%  98.35+3.35%¢  109.52+3.56" 115.60+4.75° 103.16£3.76™ 85.94+3.71¢
e [ —A78E D EARAN R RER R 25 7 13 (P<0.05).
Note: Values with different superscripts in the same row are significantly different (P<0.05).
R7 ANTEREMNGERSENRESHE 3 MAsEER X HETE NI
Tab. 7 Effectsof different dietary arachidonic acid levels on activities of FAS, ACC and
CPT-1inintestinal tract of Apostichopus japonicus
n=3; X +SE
. Tl RHE A DU R 75 /% dietary arachidonic acid level
F8 PR parameter
0.02 0.17 0.36 0.51 0.59 0.98
& 15 24 )X 8 /(ng/mL) fatty acid synthase, FAS 4.32+0.05°  4.38+£0.05°  4.64+0.11°  4.31£0.09° 4.53+0.08"  2.94+0.07°
LS A R ALRE/ (ng/mL) acetyl-CoA 25.34+£0.07° 24.58+0.31% 25.37+0.61° 25.5140.69° 25.45+0.51° 23.15+0.25"
carboxylase, ACC
== ik Aoz o 47 it s
A B B BEAE B -1/ (ng/mL) carnitine 22.23+0.11°  22.7240.33° 25.32+£0.37° 25.00£0.19° 24.61+0.23* 23.01+0.20°

palmitoyltransferase-1, CPT-1

T =178 b AR R 5 B3R 22 53 1. % (P<0.05).

Note: Values with different superscripts in the same row are significantly different (P<0.05).
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BRI CPT-1 3 Mt TG Ik 25 1 2% 5% (P>0.05).
3 itig
31 fARH ARA EEX RS E KRNI
AR BEAE X ARABFRE IR A, REWH5EE
LU ARA XK Sh ) iy AR A TG B S
EH . MR ARA 84 0.5%~1.0%(T 9
OB, K ZE6E(Scophthalmus maximus L.)4f fi B
A AR AR KRR A s R MY, FE 6 (Lateol ab-
rax japonicus) i 5E HifE, T AR PERE AT,
KI5 ARA [ 3538 TR 5 0.37%0; TR FE,
£ 7 6f (Paralichthys olivaceus)!'? . 7 # ffi (Lar-
michthys crocea) V& fF 58 K G B ARA
XPHAE R SR B —E e R . TR,
FWFFRIE SRR ARA 35 id @& ik 24l 44
Fy A K. Xu SR b 4l fRDRL PR R Y
ARA (0.56%~2.12%, T#yJ50)it, ™ =) il HA
K, 51K AH KR AE; Ishizaki %51 i 2
(Xenocypris davidi) 4l fa 1 WF 58 H R B, M4 H
4%ARA JKF- iRl lHE I B R A gl i), X H A
AR, APFEEE R R, J 205G 8 R
TRISCR Y BRI R ARA S 720k 5 I — 2 28
et LSRN ERs, kY ARA
M B G U N A 0.51% (AT 9 ), X 3R B
I ARA XTI Z 04K e A — & e R
Mo FERFRBER, Skt ARA SE&ET
0.51%(falkF Wy )i, il 2 i3 i 3 5 ARk Rl
Yz 2, X 5 E K A R A R — 3K
A AR FZERERA LT RS —2
T ARA il EPA =¥ e /B, 44
B ARA S Bcmit, M TIRN EPA B9AY
ARV S T SR K CRERE SR
ARA 2 S ML= A g 2 BT, B A B g
Rz B, MARK P AEMEE- . 5350, WA
FFEUESE, ARA XA 7K S i) A= KPR B TG 2
Em U v X Rl 22 R RN, T BE S SR A
2 SR 375 07 2 R
MR E LIRSS, ARA ZZ R AEYTETEL
GYRIETR, SRR eRg, Homm h R g
RN & i S i B R . X el S

JEAEsh R N B mE A, BERE T — &5
EEA AR, AR P AR O i A
RS HANTIRE . /MRS . AR TR R
Z RGP, XU ARA Z BT LLUfERS
XK S ) A RIS R B — 2 PR R, E
T R O HAT AR AE A o BT B T ARA 3
s AR WY RP Y R T IR, O BEE RS, FE
TR A NGE . ARA RERS 0 35 3 B v K PR 4
A AU 2 AR ST R, RIS AT R
JEABE ARA SR E AT, WYEFRTE
87.50%~94.17%Z ], /N [F] ik 342 [) TG fb 25 Pk 22
F(P>0.05), X 57EmAEHIIBEE LSRRI >,
T X — 22 5 0 PR A R R R R AR B E B e
JERGURCH, BT B & i ARA R HS 5 HL T
NPRES); MM EBEMZE, T HASEA
R APV BLRE T, i ARA FEIE/IN, 457 sE
U2k Jn] LI, S A% B 0] R 2 — i BT
BOERE, BOR R A B0 ARA TR A TR 50
FhER ), HARSCEEPLIA £ FIRARFSE .
3.2 fA#H ARA SEXNRISEEENAR KIS
R B4 28 X Y 22 i

REWFFE R, TR ARA & & 450 301
NN WA S N ) W S T =Pl e a2 NG R 9 )
ARA REME XA PN AH S AR I il 0 1 7= A AR T )
M, ABFIRZE R Won, BEFE ARA &I,
S (R BERH G I % 2 S e PR AR THms ka3, 7
0.51% ARA AR & s AR (BB 7 : 8.71% 1),
M4 ARA &4 0.02%5% 0.98%MF, HHLIE DT &
HHBERT 0.51% ARA AR, X% E R
ARA W] REARHERI SR I AR D7 40 A i 15 1k, £2 2ERg
i AR, 2 T 2R AR ) 2 (AR B g 0 7K - o 1 v
() ARA FEUREH g 7R E S A sl fm kb oA
BLIR AT i, AH AR AL BB AR G- b F5 B 5 WSO g iy
MR, M TE AR BE Hhods B T U0RY, S BUAREE RS I
R, XA Xu M R AP BT 4 Rk
o MirE K2 E4h v g RF ST 00, Tk
A ARA T3 AR LA ORI 7 6 7 i o R
ik, XA REE PN ARA Sl #0148 5 & 11 B-100
G343 D6 DT 400 SRR AV 2% 5 Rl A 1 T [ s o 24
SRR ARG Wi FE iz, [N b T & 2 ARA BB
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UE I FAS LR IR, 52 m A 7 7E o R AL
PR BT S EGX RP 22 5 10 R AT R DR
Tkl ARA I SE PR & BAFE R R 225, LRI
YT LN ARA 17 2R B FHBE 7 AS 6] 3 W1 o
FEE K A FE 2R BH, TR i R 4
% 5 S AR TN SIS W R 28 220 ARBIFSE
H, BRI ARA S ETHE, (REEH ARA &
A 0 ) $(P<0.05), I 2 IEA R
KR, HHMEMRERIZE, ANFELB b2k
BEMY ARA & & ¥ ezl b & s IR R, X
WHE 7R ARA TERI S ARRE h 5L W 11 7 SE B
X5 Yu %P7 Wen &P R 2 dh g B 5 45 SRAH
—F, MREER Y EPA S HIE AR ARA & &
BEHRAHXKER, XrlaeZHF ARA Al EPA 11K
W= WA 5 4 B E T T 4R Y EPA 1944

Fefle, e AL SE P L7 3] T RS 45 S0,

TIIMIFE R B, BRI Creo. Crso AN
G W7 R (saturated fatty acid, SFA) & & S IR EH,
AR SR b = F 1 Er i A AR R EE, [
AP Crgone B SREEH ARA & 8RAZ{LE
PR — 2, X T RE R R S A B B WA
AN G 7 IR AL 0 B B o Yu 5P ) 2 v
LR, BEEEPREREARA & 12%T
Py B0 ) B K K R0 R AR L, A RE
ARA F it IR AR BEREAR, DRt o) 24k 1y AT
REFE7E & B n-6 HUFA ({¥7E i %, HAEUE K
Cigone LTI IEMP AT AR AIVE H A B ARA, [RIES %
R A A HEN R S W T i A ALA & EPA 1Y
T TEBE /1 . Hasegawa 2P IZE I 58 Aot f5 Y T 261
E5TE

Z2 AR RE D5 IR 1) & 1 i R O I 2 Fh g 2%
Horfr A6 JB W R 1 A (A6 fatty acid desaturase,
AGFAD)FI G Wi FR 4= i i 5 (fatty acid elongase,
ELOVLS5)2 N iR & i 7 Hh SC 58 A AR i o Liu
2 0L 3o [R] 5 52 e FI RACE 4% AR #5751l 2 1
AG6FAD HE[H, g 7B LRI Z A M 4
I35, 4559 B8 AGFAD TERIZ M I7iE . K
{RBE | RIS R4 5, H i b3k i s,
IR il S A LA 1 ALA & GLA
M STA WJRES), (H2iE—L &M EPA. ARA FiI

DHA HJfig 71T fig 32 81— 2 B BR il o IR, Li 201
Vi BEARAT I 2 vh Z R R 1D IR AE (g 5 BRI,
MR A S REE | PERR . PRI . i
VI Feik o TR, 8 ek 4% 37 5 1 40 i 52 4631
i, ELOVL5 BA ¥ 18:3n-6 Fl 20:5n-3 435I FiEfi
1 20:3n-6 1 22:5n-3 REMFRE ), IEM] T IS A
AERE AR IIREE T, R, BFRdR
HF il 2 1) S A R ) B o e A 15 Tk s, i
AL 1D R 1Y FCRE ) 7T BE 52 TR Hh AN T A i
0 R 2 L ) 5 0], 3k G v 9 i R R T — 20 A0
FEPU L ARBFgEh, IS AEE T ALA 5 EPA | DHA
B AR R AR A, AT 2 — 25 i s il 2
HA A BE AR iR i 6e 71, B2 H A i6e
J7 )58 55 084 Ff it — 2D TR A

33 fAfldh ARA SEXRISIFERELEE NN
A1)

PR AEAR S 2 A v 2 7 A2 R 1Y 37 M % (ac-
tive oxygen, ROS), #4141 &5+ (superoxide
anion, O%)Flid 481k & (hydrogen peroxide, H,0,),
ROS X S HLIAR ™ H— R F I TR, Al
TR S ALY R g, AR G B 2R, R4
e T 440 i 1 5 PR BH B 4R Ak W I AL il (super-
oxide dismutase, SOD) . izl A fb & if (catalase, CAT)
YT %A AL BE J1 1 (carnitine palmitoyltransferase-
1, T-AOC)Z LA FE P E L, FTLIEERN
ik ROS, LUk iR L i & 4, 1842 ROS 1Y
BEVEVEF, MM REGE ORI A= W oo 32 B Ak i 43, FEAIL
TR E AL 2 S s /R P4 Rk, SOD (CAT
Il T-AOC VR AT DL S Wp LGB S Ak 1 i g
73, FFIRHER UK A S s 1KY o TEAR L
H1, 0.36%F01 0.51%ARA T2 HiE SOD .,
T-AOC F1 CAT %1 2 & T4 R 41(P<0.05),
AR ARA F it — iR m E] S 0.98%mf, =&
ORAPAR RSN SR I iR b A R | Py
HIY ARA BEfE4E Ebt eI 1075 VA B 5 i 2
M A AL RE ) o X 2 R W] Z 1 B 52 45 R AE L
XuZFME B, YAk T ARA 5N 0.56%F,
YL Hh SOD Tk 14 1 35 5 T % IR [a] I A R
RS 5 P T ST 25 R R, Y AaDEHh ARA 75
N 0.37%~0.60%F}, S5 £ 1 1l 75 AU SOD
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WA R AR, R EA B Y B A AL g
H1BL B AN, FE4 i (Ostrea gigas thunberg)™ .k
SEHECOR A LT P AR 2] T MR LE IS

P [ (malondialdehyde, MDA)/2& H 1 3£ 7]
g B 3k ARk S I I A B R e 2 e, H
It ] G B2 S WK AR B P e A R R T A Ak g
F1, Hofr Bl UL LA 2 21 60 0 ™ DT
[FIRHF 5T 48, JR Rt U 9 kA (R AN T A g
WA BV FR . EARBFE T, TRk ARA
T 0.59%Mf, HIZ)iE MDA & & W& T
HAth 4% 4bFHZH (P<0.05), X Ui ARA &t
BF, il 2 0 08 B A Ak B N s, HLR 4T AR
i f1 sz 3 . Tt 1 — 45 U Y AR R
HUFA & &l 45 5 5 R AR BT A AL s v, M
M BALARPLE A R G B BEIR . X [F] Wen S57E
FIZPY | Zuo SR E MY Xu ey
WFFE 25 FARZE AL o
34 fARlH ARA EEXIRISIFE FAS. ACC #n
CPT-1 &A% M

LTEHHES A FR1LE (acetyl-CoA carboxylase,
ACC)RE TR & B ih i # h & E-CoA bR
P P-CoA WCHERG . BENTIR & Wi (fatty acid
synthase, FAS)BEMSMEILIN —E-CoA #7474
LR 16 1 18 BRI MAR IR, 4k M 78 ik Mt
-ACP WRFEREFVE AT = A8 IR MR . 1L mT %1, FAS
1 ACC J& R AR A G b i DG B, FIE MY
KNG AR B D IR A MU B2 o 4 SR AH G
WFFTHIE, AR 22 A0 AR D R RE A /E — o A
JE T g R G 1 A S A A R R S ) T
Gk, EARPL I, B R ARA KT
B, BTFIE FAS 1M 5 R AK - 28R E TR
oo ZEREPIEST R, RE@ATE. LA, E
EHT FAS 13 M2 Bt 5 R IR/ IH R (ALA/LA)
FE A 0 18 I T ARG s R, A e OV 5t g
B H AR R Z2 AR IR o R A R A s P o /N RO
H1 FAS I ACC itk XWTfgE K A Z AR
15 B T LA — 22 7K L B 6~ 1 A Sl D S SR
PR I I M, BRI 1 38 I AU S 7 1T (triphosphopyr-
idine nucleotide, NADPH)[¥ 4= /%, MIfif#i5 FAS

T PEZ E I o R R DA B ARDRE 22 AN
i T2 G 8% 100 ) LA 9 RS W AR 1 5 0, R B n-3
PUFA MR 25 F n-6 PUFA, ARSCEG4E5 R
R, W2 i B FAS Il ACC i 1 24 Fiti 25 1Rl k)
ARA 7 B3GR 0 PR, DA — 25 156 ] )
ke B 1 R 4 A (F 2 HUFA) BEAE X ML 1) i
7 R A AR I kS 1) — 52 O I 5 ME T, HUFA &5 2
38 fe BF 24 L B A T 5 A O il T P

TR B8 B T8k 75 B2 i 1(carnitine palmitoyltrans-
ferase-1, CPT-1)/2 1A 17 R iA B AL 1Y At o, H:
T M v AT T LA ) g 0 TR 11 A o i R R [T
ARIEEE R R, YR ARA & &2 m iy, )
ZHHIEN CPT-1 1M 2 e Tk 5 AR A ka3, i
EIGE R ARA RN CPT-1 36 M 2 3
YEFT o AL S SR At i) S 50 bt A HiRaE, T
i CPT-1 L KIBREE AR ARA FETHEBE
S EERAUER, m&Er ARA X CPT-1 {5 %
FE B — 5 AR HIES, [ A K 3t i 5 o
WA, B ER RE A X HLF AT CPT-1 761
P —E RN, X AT BERY /R, PPAR-o LA A
TS T RE NG 05 R 2E R AR ) A 22 5%, 1
B Y PUFA 5 & B 2 (145 3006 A 48 55 51
AN VR, R A AF 5T 2 BH AR AS )
PR 4 B 23 ) 3k 4804k 6 4 3 5E ) T 2 AR«
(PPAR-o) ¥ P 7= A AN [l 52w, il CPT-1 &
PPAR-a 1 —HEIEMH, WO 1 2 32 2008 B s
15 TR 2L ) 5 T

4 i

L5 LTI, ABESTIER T /AR IS B ARA X
RIS EREA —E MR ER. £TERKRSH
SEALREIHR PR MY, SRR ARA & 52K 0.36%~
0.51%HF, HZ B A7 BAEM A KR AALIA BT &
fLRE Sy, WIGTEHRF ARA 5 T34 0,
FIZ A ARA FOG &80 0.51%. [FIE, BF5E
WM, Ak ARA 19 & it 20 0 2 3 v s
17 1R 2 B B g A R 3 B — 2 2 e, R DG AR
BUEIA 8 T — D RAWESE
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Effects of dietary arachidonic acid on the growth performance, anti-
oxidant capacity, and fatty acid metabolism of sea cucumber (Aposti-
chopusjaponicus)
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1. Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and Environ-
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Abstract: A 56-d feeding experiment in an indoor flowing-through water system was conducted to evaluate the
effects of arachidonic acid (ARA) in diets on the growth performance, antioxidant capacity, and body wall fatty
acid composition of sea cucumbers (Apostichopus japonicas) with initial weights of (10.78 + 0.06) g. Six isoni-
trogenous and isoenergetic diets with varying levels of dietary ARA [0.02% (control group), 0.17%, 0.36%, 0.51%,
0.59%, and 0.98%] were formulated. The ARA content had no significant effect on survival rate (87.50%— 94.17%;
P>0.05). However, both growth rate (WGR) and feed efficiency (FE) increased with increasing ARA content until
reaching peak levels at 0.51% dietary ARA, but decreased thereafter (P<0.05). Body wall composition analysis
indicated that the whole-body lipid content initially decreased but then increased with increasing dietary ARA,
whereas the whole-body protein, ash, and moisture contents were unaffected. Superoxide dismutase (SOD), cata-
lase (CAT), and total antioxidant capacity enzyme (T-AOC) activities in the intestinal tract initially increased with
increasing ARA content but then decreased (P<0.05), whereas the malondialdehyde (MDA) content of the intesti-
nal tract exhibited a contrasting pattern (P<0.05). Fatty acid synthase (FAS) and acetyl-COA carboxylase (ACC)
activities in the intestinal tract were unaffected when dietary ARA content decreased from 0.02% to 0.59% but
decreased significantly when the dietary ARA content increased from 0.59% to 0.98% (P<0.05). The ARA and n-6
PUFA contents of the body wall increased with increasing dietary ARA, whereas the EPA and DHA content of the
body wall decreased. Therefore, dietary ARA contents of 0.36%—0.51% could be used to promote the growth per-
formance and intestinal antioxidant capacity of sea cucumbers under experimental conditions. The effects of ARA
level in diet on the activities of fatty acid synthase, acetyl-CoA carboxylase, and carnitine palmitoyltransferase-1
in the intestinal tract of sea cucumber were also observed in the study.

Key words: Apostichopus japonicus; arachidonic acid; growth performance; antioxidant capacity; fatty acid me-
tabolism
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