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AT RZ A, DARG 2 55 Y % 6 4 £0 1) el b 0 3 (938 BLIAS IR, 3% P W0 46 74 E.(8.34£0.12) gt 3 I 8 i )y £
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1.1 RS

RIS M8 L PN L) . PhiE800 R HikE —
B, AR, P IR EE DN (8.3440.12) g iR £,
BE AL 7 A 5 AN AbHE2H, ) 5 PR 3 it Rk o s
OCFHEZ) . 3%(FO34H). 6%(FO64H). 9%(FO94H)
F12%(FO 1240 fa g (R IR vk, FEdHaAN B,
ANEFA0EM. REWI56d.
1.2 REFANSEAFERE

SRR R A A R IR YRR R PR A J AL PR
Fr g ARl 2 BUE IR A 147.60% FH
RENT5.60%- FHAK4312.90% M 21 4£0.40% . ff13H
T T4 M TF R DX v R S A PR A 7] o 36 7 AR 2
IEJEARRHE BRA B 775 5256 = 3E 1T, 12002 A5
BEHL 2 21204NPVCFFFE L (/K 250 L, BEiL
602) & 7728 5, B RS H2 R 11800 H T
FRVEARYG, BEELA40/E . I EDE T at A 2R K
HEW 1.2 A HE R AR AR R . X
(52 LN I 7 RN TR ID S SR | KSR A
BIE 0% 3% 6% 9%F112%K) 1, Kbkl &
T 1205 22 A B K — R VR A 48 20 ) R T R e e 4
MR, AR A MR 2R (5: 00F118: 00), HEYE ik
H, BN R RE . BE30min J5, ¥
BRAEIR Y, U FF i R I . 7550 B a), & H
R K BT KRR E SR RS A (B 1 LA, IR FE
Kim26—28°C, W EAWE>T.6 mg/L, pHN
7.8—8.2, WAL <0.25 mg/L.
1.3 HRRESHEARENIE

ARG L5 R, SEIMN B2 R %)) .25 fr24h, K ARG
MRS E IO KRR, T &ML K O R
EL 451 1 470 B 550 mg/L TR A MR EE Smin e 44,
HLBENLE 6 B 1, FH 2b A ik AR R 7K 7o FEUK
W I JC B Y T A 43 S P TE ORI, A R
RN K R A S, WECER TR, RAFET
—80°CUKHH - FH -l 52 Fy ¥ Ao B R U g s 4 14
BEFEAR I HT o« K5 ARAT-T—80°C UK F v SE P 8 fifi 4/ £
Jip T8 AT BE B M, fEOK B . A E(g) 5
0.86% 4= #E /K (mL) AR L 11910 mL & O
Wi, 2 2R BE A (Tissuelyser-24, g5 b &
A R A, F ED)TEVK I 2 F T 51 2K (51 K ]
30s/IK, 18] B20s, & 4:3—5K), K il & U i 41235
3% 4 CEOALE (3000 r/min, 10min), BL_FIE WK
SRR E R . RREL S BEHLELS B (2 B
AT 2 AN AR 20 4 5 B 48, B F-20°C 47, H
TR I E
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520 N 12t o G 5 IS U it =1 AN s /A

1 8 % (Weight gain rate, WGR, %)=100%x
(W=Wo) Wy

#HZ* (Feeding rate, FR, %)=100%xFC/[Wy+
w,2)/t

TR (Feed efficiency, FE, %)=100%x (W~
Wo)/FC

35 % (Survival rate, SR, %)=100%xN{/N;
A, Wy (@) - V5 R AaAIIRIA =, W, (g) N T
R R ARME, FC (g) N5 R affk gkl &
(RTFHEE); £ () AT RE NoAYIIR t R A NN
R 2R 0 AL

PAEEKEENE EERAN. EniEM
JAg 77 P )3 A2 25 A Y o e A A ) AR R S T A
P2 IR S EAT I E , R A8 BRI I AT

akgs  REASEERESTER
FAAOAC! 7 iR, B Ko Bl
K FH105°C b fE 532, KH 2 F 5T 2 &l 2 SR
4 38 BAL(K]eltec8400, FOSS/A &), HLAR I &
B E R R R, MK 5 & &0 E R
550°C 5 s Kbeis

BFAE RS AR XM BRK LA M IR & &
fif(Fatty acid synthase, FAS)F Z Bt 4 il A PR AL T
(Acetyl CoA carboxylase, ACC)¥H FFVTL3EAY)
A BR 2 =) A2 7 il ) & D 5 i R R
(Lipoprotein lipase, LPL) 1 i i JE B (Hepatic
lipase, HL)¥ P2k F B 5 i AR AR L B A= 7
AR S AT I E, B D BRI 4R U] B kAT .
1.5 ¥EZITSS

BRI 4 1) DL S (B 5 1 72 (Mean+SD) R s,
FISPSS 22.075 #r # A4 3EAT B4 K 38 75 %2 73 11 (One-
way ANOVA, LSD), £ f#1E .2 7 57, JI>K F{ Duncan
AT 2 LR, P<0.0SKRREFEE . WGR.
FE5 Rl #0078 i 7K ~F- 18] 1 ¢ 22 K H] Linear Re-
gressionfHLEAT Z IR BV 73 7, 22 /K- J9P<0.05,

2 %

2.1 EARHRINARE) 7K xS 3 a2 e 4 & A4
KRR RN

FH R0, PRDR Hh s 0 £ 5 5 5 ) 5 Y 68
lifi %) 5 WGR. FRMFE(P<0.05). K% b inK
SEIRE N, WGR. FRMFES 248 ETV G T #
N, FOOU FiRTebrEftis N . ¥WGR. FES
TR AN KT R AT R A A, £ H Bt
WGR. FER TR 8 0 3 K- 20 93 286,78 % A1
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556 SN BR A 1)) £ LAk b £ 3 038 LA N/ KF-BF 5 1217

6.43% (B LFIA 2), M 68 IR TC & 1A R AR Bl 2K P
G 11.59%F111.30% . 150 3 [A], 45 2H 65 55 1) Fi
2 9100%
2.2 ERLURINANE] £ ik X 38 M 68 B 4h € B
EHLERE MRV

1 2700 &, TRDRE b B HAS N K T R 56 I 6 il
4yt g R N I U TR W 1 AR
FMA(P<0.05) kLA NN g, Al 5 2 AR iE
B BRI A B (P<0.05), AN [F] £ 3t 75 n 2 18]
PR P B 14 T 2 35 22 e (P>0.05); TR E R g iE
JIig 107 B 4 (P<0.05), FO64H . FO9ZHRIFO124H 1]
JIE 7 B 14 42235 (P>0.05) o
2.3 AR AN € R 7K X 58 N 68 B 4 & R BR 53
AN

HH 2 3T 01, PRDAR rh s in e ik 2 255 5 M S I 6
fij 2 #11 x fr oA B 3 AL W 5 B(P<0.05) . i

F 1 FECIRLE XM B LN & 4 K e

Tab. 1 Growth performance of juvenile American eels in
different treatment groups (mean+SD, n=4)

2H 5 Group
WTHEZH FO3Z4H FO64L FO94H FO124H
VIR EIBW (g) 697+ 6.67 693 7.03 677+
065 032 015 021 040
ZORPREFBW (g) 1036+ 1043+ 1543+ 1278+ 1118+
145" 076" 1.14° 1110 141
4836+ 5646+ 12236+ 81.58+ 64.78+
822" 10.14" 11.48° 1235 11.60°
BHAEFR (%) 077+ 0.83+ 1.02+ 094+ 0.94+

0.02" 006" 0.11° 006" 005"
TRHRFE (%) 5037+ 53.04x 7472+ 6136+ 5220+
586"  7.65° 516 265 936"
G ZRSR (%) 100 100 100 100 100
e FAT SR R PR EANE RS T T RS E R AR E
(P>0.05), A A/NE FBER R 7 7 B3 (P<0.05). T [F)
Note: In the same row, vales with the same superscripts or no
superscripts mean no significant difference (P>0.05), while vales

with different superscripts mean significant difference (P<0.05).
The same applies below

15 H Item

WEEWGR (%)

140 r y=—1.2418x*+16.8340x+40.7610
120 | *  R=0.6050
100 f
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R
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Fish oil supplementation level (%)

1 SEYHRA 4 16 T A4 5 AR v 2 A AT 55 &
Fig. 1 Relationship between WGR and dietary fish oil supplemen-
tation level of juvenile American eels

TRPARL R Y AR I KT PR N, S5 PN B i 4 e R A
JR ) B RN PR, FO1240 M B el 4=
HOM G D& 2 2R EAE S, FO1248E i
T o LR AR N T et 4 A 7K 43 FURL K 43 ) 52
AN EE(P>0.05).
2.4 AR RN K S X 3E M 88 65 4 & BT ik AR
FRAX 8B E 14 B9 52 M

FHEE 4T 50, Talkk o i o £ 3 5 ) 5 Y fig
fi4h AT AFFAS. LPLATHLIE M (P<0.05). B T
L A3 AR KT 1R 8 T S5 1 62 i 4)) €8 IEFA'S
T 2 R S, FOOYLRFO1241FA ST P &% %
ik (P<0.05); LPLAHLEPE 2 F+ =i, (NFO124
P A B S PR AR (P<0.05) . FRDR) A 37 n £ gk o

80 r y=—0.4661x>+5.9937x+47.5
®  R=0.6409

20

| x=6.43

0 3 6 9 12
A kP

Fish oil supplementation level (%)
2 SEYNERGL) PR R SRR s A IR 95 &R

Fig. 2 Relationship between FE and dietary fish oil supplement-
ation level of juvenile American eels

k2 TEIACIRLA EMN B R4 & YRR E L BEE S
Tab. 2 Intestinal digestive enzyme activities of juvenile American
eels in different treatment groups (mean+SD, n=4; U/mg prot)

#2053 Group
151 H Item
WHEZH FO34H  FO64 FO94H  FOI24
B 72.50& 4828+ 4699+ 41.55+  40.45+

Protease 9.42 436" 3.77° 6.24" 5.60"
fEWil 2557+ 35.70+ 4034+ 41.61+  43.02+
Lipase 3.80" 2.30° 3.21° 1.37° 2.33°
VER T 0.82+ 056+ 055+  0.40+ 0.38+

Amylase  0.07°  0.09°  0.19°  0.12° 0.08"

&3 TEIALIRLA E M EB L & Rk 5>
Tab. 3 Body composition of juvenile American eels in different
treatment groups (mean+SD, n=4; %)

i H 207 Group
Item SHHBZL FO34L FO641 FO941 FO1240
/K% Moisture 7142+ 71.89+ 71.48% 71.25+ 71.56%

0.19 038 033 029 037
H1 8 Ff Crude protein  17.63% 17.76+ 16.59+ 16.53+ 15.864

0.89° 026" 0.89° 030 0.66°
$H W7 Crude lipid 6.61= 6.62+ 842+ 843+ 852+
0.56° 032" 0.077 0.18" 0.43
K43 Ash 278+ 267+ 2.57+ 256+ 2.65+

009 010 0.05 0.04 0.04
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Tab. 4 Levels or activities of enzymes related to lipid metabolism
in liver of juvenile American eels in different treatment groups
(mean+SD, n=4)

2H 3 Group

T H Item
STHEZH FO34H FO64H FO94H FOI124H

NEWitR& G 39.42+ 38.80+ 39.77+ 3242+ 3226+
FAS (ng/mgprot)  0.61° 0.78° 0.73° 022" 0.64°
CBHBEAFRILEE 027+ 028+ 029+ 028+ 0.26+
ACC (ng/mg prot) 0.05 0.02 0.01 0.01 0.03

R H A BSRE 0.67+ 0.76t 0.88+ 091+ 0.93+
LPL (U/mg prot) 0.11 0.10° 0.19" 015" 0.18
Jiymils- 0.72+ 0.74+ 0.89+ 0.89+ 1.14+
HL (U/mg prot) 0.15°  0.12° 0.08° 0.09° 029

ACCTE TG 2.2 5210 (P>0.05) .
3 it
3.1 AR AR N X SN BB 4 & K
REAY 2T

FI A 340 80 D, A [7] £ 3 735 00 7K ¥ 56 8 il A A
REFZMA HOARIE . AEAREG by, W B 78 i 2 2% 32
RN B4 8 WGR. FRAIFE, AR}
WINKSERE N, WGR. FRFIFE STt 5 T
FEE72 TN e 1B o 7 =< R =i e 5 S U =R 7y 11 <
A K 1 I G AEBEAL W8 (Oplegnathus punctatus)
H i (Monopterus albus)'”\ ¥ F 8 Cynoglossus
semilaevis)[m\ < A (Furong crucian carp)m]\
KL BE . (Epinephelus coioides)'” . 5 & A6l
(Carassius auratus gibelio)[m]\ Je # %' 4k £ (Oreo-
chromis niloticus)" A1 & fifi(Sebastiscus marmo-
ratus) " FE AR A AN RIE . T AEAE AR
AR Oncorhynchus mykiss)'™ . 2258 B i fa
(Peltebagrus fulvidraco xP. vachelli)[zo]\ TR E
(Puntius gonionotus)[m\ T Ui 1 (Nibea albiﬂora)[zz]
F K (Larimichthys croceus)” SR 5, %5
T IR N KE T, SR AR BB
Fo FHIXLLZE R B R B AT e 0 38
R N <1 71 N N 2195 AN 1
BHIRWT K FRIAM S T7 TH ) 22 2 0%, BARN
DUICA Rt — B AW . IR AN [F) 40 S 7 n 3
AT 78 b T DU H, el o odi v n e gk AT ik
AR, AT RE S AR 0 B0 R Dy SRR A
A H s R se R, b 8 B s RE RO TH AR, A A% IR
i 4 2R R A

FEAS TR 56 v, 56 W 6 i T e} o #2190k 45 ok -
6.78%F116.43%f, WGRRIFEIL i iif . LGkl
i 7K 11.59%F011.30%, 155 RR 91 68 fff 325
g 7 7K 7 920% 7T A 68 6 5 S 9 KT

16% LI 55 0 35 2 7 7K R 15% R B, 35 9
f i 24 £ 35 B U T 7K P RO AL AH v T A B B )
8%id B IR Wi KT IR 4t v AN 7] it o 68 g 1
e e BB 1 KT (AR AL B S T R R GE
250 g+ 500 g AN HIAE A [ ot o i g AL A HHoREL G 7
BRI — B, A i B AR g IR I 162 fi >
A g fif> 56 P g > AL B g . ] A, 4683 i o s o i
H AR WK 5 WA R AR 7 2 23 DA oG .

IeAh, 5538 B A A KA T, R R K
S 4 #8191 (9 % A1 12% ) 3 35 400 1] 5 4 468 B A= A< 1k
fe. XA ElGER A, waE . eyt
gepame, s rpea, ammtt. gw
B A o TR SRR n oL B g i (BT 5
AT RAURIE . AR, R SRS —
NReT, KGR E SRR RS B L 41
BTG 7 K1 T =g, dal R e 2 Bt AH R EG
RS EED, AR T mR I IEX B TR R
THAAIR S R, J0H R ol 2 i e 17 3 30 H
JRR PR R, A K™ It i i f 20)
JE 07 (R R A — 2 B B2, AR M 1 240 8 1 BT iR AR s A
PR 2 13 5T 1) 4 fige 4t e PR AT 380 e I PR EE, T w1
R 1 LAt T R U A T AR,
3.2 TRk & A N K S X 3 0 68 B 4) & BB TH
LEEITE MR R T

FEA BT Hh, VS 0 #2035 I 58 figf 4y £ iz 1 i
Wil P B T . X SR AR A S5k
T itV e e R I AR (5] K ST B e W g 4 R
B BEE A DK T b S P g i 4)) £ fig 1E
T A oA N = e R Ebp vl i 7 B
| BTt (Pangasianodon hypophthalmus)m
M (Brachymystax lenok)™ S kL iR A
[) 7K~ £ 31 S i 38 A 07 i 1 A SR AL AR 4K
T = 3% A T 5ot 2 £ Yokt 28 I 7K ~F- 38 i 3 g Js g
o P M) =1 2 i b B R 2k | S ik iy S
BN V) ) R 1IN )7 =727 3y ot
AT S I v AR KT R U 5% 31 56 Y 168 fif )
81 IR I e v 1 52 B B R A, ] RES AR S R
FAEIRE T A I oK - A 197 75 5K & 55 07 T 1)
750G 0% VAN TN Ry A5 S5 ) i i 4 £ g 1 2 1 il R
VE B BV PR FRAIS, 5 R T U (Siganus guttatus)TE
Bl rhas Ay 5 A i 3 2 RE K e T 9T A5
RIS, A5 0 R R B B B £ T 9% T 12%
01 31 5 6 1K i T U it A R Py 4 ST R
AN (R £8JHES IN K Y- (8] S8 I 6 6 %)) £ 17 38 2 i A0
VER TR A BRI, AL 4 SR 9 590 1 O A 4 2 fie
(Hemibagrus wyckioides)" ik v s in fe Ji iF 52 o
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556 SN BR A 1)) £ LAk b £ 3 038 LA N/ KF-BF 5 1219

Lo 3K UL AE — 58 Bl K LGl L 2k SIS
0 2 38 H A WA R B VR AN K. TR T
0 0 RS g T T A S M (R AR AR T DUOR R, AR
Ve R 4 By BUAE R R 78 A2 I, DL A
FiE A A D e AR, e v I A il )3 7 6 A
Xt IS FR T A TR AT 92 B 1 I A R R KA &
YIAE D9 e 5 (R M8, AR L B MR il B B AN E B I

I -
3.3 fER P &R KT X SEOM BSR4 & (A R 5
IS

A 2 A J Bl 28 A FROIR S A 37K
HEFRAR . R BE R R R AR ER 20
AR R = AR . FEARRIGH, I I16% 9%Al
12% .30 2. 35 12 1 5 Y 2 i ) f0 4= oKL ARG G 2 &
MR NN3% 6% F19% i xf 4> fa b & i & & TG
SN, xR ERE P IEm! RKEEaP
o gk e VR K £ R o v 4 A B A B T
I HTE FRACL, d BA LR RDRE A s i — g ZK S 1 £y ]
(i3 4 0 I8 YRR, T S S i £ 4 o 2 1 R BT
o E AR 6 TP A S 0 1 2% PR v 7K ST £ 2
RSE PN gl 2 0 4> f M 1 &, 5 B (Acantho-
pagrus schlegelii) il EL R 110% fi3 J5 4 iU R

B A RIS, AR e e gk v T ek 2
AAREARER.
3.4 TR & RN K T X 38 M 88 & 44 & BT A RS
FRR S ER/K 2 E M A S0

FASTE f 2 JH IE A B3 g 05 R 1) it 72 A e o =
S R, KT LRk IS I 7K S e i R
FEARIG T, TRAN9%A12% 7K ~F i) #1312 2 PR AR 26
BB L) 1 FIEFAS/KSF:, 5 BARTRI110.0% "
1 FCUT #8975 11110.95%F114.09% £ 3“1 JE B 3 1
HIN3.0%. 6.0% 9.0%. 12.0%F115.0% 3" 5
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OPTIMAL LEVEL OF FISH OIL SUPPLEMENTATION IN DIET OF JUVENILE
AMERICAN EELS (ANGUILLA ROSTRATA)

QU Qian, ZHAO Pan-Yue, CAI Guo-He and ZHAI Shao-Wei

(Engineering Research Center of the Modern Industry Technology for Eel, Ministry of Education, Fisheries College of Jimei
University, Xiamen 361021, China)

Abstract: This experiment was conducted to achieve the optimal dietary fish oil supplementation level of juvenile
American eels (Anguilla rostrata) by evaluating the parameters of growth performance, digestive enzymes activities,
body composition, and lipid metabolism enzymes in the liver. 800 juvenile American eels with an average body weight
of (8.34+0.12) g per fish were randomly divided into 4 treatment groups with 5 replicates per group and 40 fish per rep-
licate. The basal diets were supplemented with 0 (control group), 3% (FO3 group), 6% (FO6 group), 9% (FO9 group),
and 12% (FO12 group) fish oil, respectively. The trial lasted for 56 days. Dietary fish oil supplementation significantly
affected the growth performance of juvenile American eels. The weight gain rate, feeding rate, and feed efficiency of
juvenile American eels in FO6 group were significantly higher than those in other groups (£<0.05). Compared with the
control group, intestinal lipase activities increased significantly in fish oil supplementation groups (P<0.05). The acti-
vities of protease and amylase decreased significantly by fish oil supplementation (P<0.05), and there was no significant
difference in the activities of protease and amylase among different fish oil supplementation groups (£>0.05). Com-
pared with the control group, the contents of crude lipid of the whole body increased significantly in FO6 group, FO9
group, and FO12 group (P<0.05). The content of crude protein decreased significantly only in FO12 group (P<0.05).
The contents of moisture and ash were similar among all the fish oil supplementation groups (P>0.05). The activities of
fatty acid synthase decreased significantly only in FO9 and FO12 groups (P<0.05), the activities of lipoprotein esterase
and liver lipase increased significantly only in FO12 group (P<0.05). In conclusion, the adequate supplementation level
of fish oil in diet might improve the growth performance by regulating the intestinal digestive enzymes activities, lipid
content in whole fish and lipid metabolism enzymes levels or activities in the liver. The recommended level of fish oil
supplementation in the diet was 6.43% to 6.78% for the highest weight gain rate and feed efficiency of juvenile Ameri-
can eels.

Key words: Fish oil; Growth performance; Digestive enzymes; Body composition; Lipid metabolism; Anguilla rostrata
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