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Effect of different lipid source in diet on the reproductive performance
and larval quality of tongue sole Cynoglossus semilaevis

LU Qing-kai''* LIANG Meng-qing®® ZHENG Ke-ke* WANG Xin-xing”
(! Qingdao Agricultural University, 266109)
(*Yellow Sea Fisheries Research Institute,Chinese Academy of Fishery Sciences, Qingdao 266071)

ABSTRACT Three experimental diets with fish oil, soybean oil and olive oil as different lipid
source and a commercial diet as control were used to feed broodstock of tongue sole Cynoglossus
semilaevis for 8 weeks to investigate the effects of different fat source on spawning perform-
ance, fatty acids composition in eggs and quality of larvae. Results showed that in terms of the
relative fecundity, the control was the highest, followed by olive oil treatment, fish oil treat-
ment, and soybean oil treatment as the lowest. The abnormal egg ratio of control was the low-

est follwed by, fish oil treatment, olive oil treatment, and soybean oil treatment as the highest
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(9.77% 4 14.53%, 19.4% and 17. 35% respectively) (P<C0. 05). Abnormal larva ratio among
treatments was significantly different (P<Z0.05) (3.34%, 3.12%, 8.85% and 17. 35% respec-
tively). Hatching rate of control was the highest, followed by fish oil treatment, olive oil treat-
ment, and soybean oil treatment as the lowest (P<C0.05) (95.49%, 84.88%, 79.57% and
74.27% respectively). It indicated that during spawning period, a certain amount of n-3 HUFA
in diet, especially docosahexenoic acid (DHA) needs to maintain egg development and larval
growth. Oleic acid and linoleic acid (LA) were selectively retained and played an important
roles in tongue sole egg development process. We conclude that soybean oil or olive oil or fish
oil as a single lipid source of diets can not provide sufficient fatty acids for tongue sole C. sem-
tlaevis.
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2000; Watanabe er al. 1984) . AR R 7K 7™ sh ) A= K I s g 1 3222k H T8 W . I 07 o £ 44 i A3k 55 I
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AMRCREESE  1988), AR, KEEETHATEFTHEARGA 7KL R TR & 8k 0 E 57
T R W TR A 2 A DL 3 75 85 5 X 42 WF ST 1 AN [R) Iy 905 %o JH: S 8 P BB S A i #00 J5 1) 52 ), LAY
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Table 1 Diet formulation and proximate composition( %)

G 4R o 20 ERCIE IR 3l 20 Xf HR2H
Ingredients Fish oil treatment Soybean oil treatment  Olive oil treatment Control
¥y Fishmeal 65 65 65
fi 1 Casein 2 2 2
BEURFy  Krill meal 5 5 5
E ¥ Wheat gluten meal 15.5 15.5 15.5
Wil Phospholipid 2 2 2
fiBfE  Choline 1 1 1
iR — %45 Monocalcium phosphate 1.5 1.5 1.5
HEYEAFR  Vitamin mix 0.5 0.5 0.5
HAWYHE Mineral mix 0.5 0.5 0.5
44 % C Vitamin C 0.5 0.5 0.5
it iyl Fish oil 6.5 0 0
K Soybean oil 0 6.5 0
HEih  Olive oil 0 0 6.5
B4 Proximate composition
HEE Protein 52.7 51.9 52.9 55.8
HEHWF  Lipid 11.5 11.9 11.7 12.5
K4y Ash 20.8 20. 3 20.9 13.5
fief Energy(MJ/kg) 18.3 18.9 18.5 20.3

2 AR (mg/ ke 5 g/ke WRD B ER  25mg; BB R, 45mg; EhAR ML B, 20mg; 4E4E R Bz, 0. 1mg; 4E4E R Ky, 10mg; JLEE, 800mg;
Z R - 60mg; MR » 200mg; M1 R, 20mg s A2 K 1. 20mg; 4 AR A, 32me; 44K D, Smes 44K E. 120 mg; Kk 18.67 g. B AT # B (mg/kg or
g/ke TAED FALEN  2mg s L HT 0. 8mgs SAAL Al » 50me s i R 4 » 10mg s B AR B » 80mg s i B ¥, 50mg; fit BR B, 1 200me; B R — %045 .3 000mg;
AAL . 100mg;; YA K, 15. 51g

Note: Vitamin premix (mg/kg or g/kg diet) : Thiamine 25mg, Riboflavin 45mg, Pyridoxine 20mg, Vitamin B, 0. Img, Menadione 10mg,
Inositol 800mg, Pantothenate 60mg, Tocopherol acetate 200mg, Folic acid 20mg, Biotin 1. 2mg, Vitamin A 32mg, Vitamin D 5mg, Vitamin E
120 mg, Wheat flour 18. 67g; Mineral premix (mg/kg or g/kg) diet: NaF 2mg; KI 0. 8mg; CoCl, » 6H,0O 50mg; CuSO, » 5H,0O 10mg; FeSO, *
7H, 0 80g; ZnSO; + 7H>0O 50mg; MnSO, » 4H;0 1 200 mg; Ca (H,PO,) 5 » H;O 3 000g; NaCl 100g ; Mordenzeo 15. 51g

1.3 WUUERHERKE

£ FLRID 1~2 U G A 72 00 o 507000 5 0 0 58 4 722 0 00 5o 277 L 9 FL 41 B HLIRG
10 KB T B2 . 472 H B 5 THOA 2 000 ml BT A 2/3 5K 5 0 B8 20 min . 1= 5 0 1 59 3
SRAT . T R L BT O 46 S IR B 50 g IPAE T — 20 °C vk o T TR B T

6T 1 B0 T T R A K 8 10~ 15 min 9T 1 F 4025 » B L 7 50 A ok 8 of 54
A e AL . 0 A R T K 6 7 2 24 b 3% 25 90 S, K R R 6 22~ 24 °C, $hJE 30~ 33, pH i 8.0~8. 2,
DO 5 mg/L W |, & B INH] J<0. 1 mg/L, S 6 12 b e 1 U 35 BRUTI .32~ 34 h 5 BEAR 4k i
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JRECH 2 J5 45 2005)

10 K U0 % 7 30h I 45 1R A WA B 100ml 32 K5 B A A 4 A~ 5 30 8 T o o 7 9. IO 9
HL H A2 180em . 5 125cm, BEAL IS R EFAK IR 100em, A, Zid 3~4h J5 A f 4 SR Y D 5 4% 4 99 1k
FLIRIEBENLER 20 00 W4T fa il g H 44K, IF WL EEW) AT f0 2 5 TR 8 v AT B R fEfg— b
P 000 B IE # W BFAF i A 3 > SORHAR , R 155 55 B 2% 10 — 250, AR I E 25 A7 £ 7d 30 . TR F AT
fapt B A 2d B 20 BIE AT A K. 5o A4 100 B IE 8 ®1 W4T fic A 3 A BUBH ik
SLoBERHIK 1/3 AN AW 8 B RIE T80, 5 3 i A A 2P AE T, H 5 SATCEFE IR 138 80O H
(Mohammad et al. 2011),

1.4 HWAE

L4, 1 A4F Mo H7

TEPBHRE S AR 105 °C b1 20 1E L 5f ) A FR DN T T A i AR R AT A AR e . ML AR PR L IR E AU
(VELP, UDK142 automatic distillation unit) ; ¥ Jg i % F 2 ECHh 3 5 LU vl B oy il 328 W 30k 47 00 28 (P} 22
FOSS Jig il £ 4 SOXTEC 2050) 5 JK 43 7F Hy 47 Jr vh 550°CHR%e 3h, e 8kl 2 . fig & 1 I a2 7 ¥ ok 1 36 [
PARR % # it #{L (PARR 6100)
1.4.2 R W BR 4 #7

i F Agilent 7890 A TS AH 0 1% {3 43 A1 I 52 J 105 R 119 2 i FN &5 £ . (B35 4 2% DB-FFAP (30m X 0. 32mm
X0. 25pm) BYNGE A5, /0 ok AR P AR 6 . 70°CHIER 4L 3 min, 2RJ5 LA 3°C /min 9 3B £ 7+ 5] 220°C,
PRAF 33min, il 45 A9 TR BE B E Sy 280°C L K E AR IR B2 220°C . AR ARMENE W7 ER (W8 F Supelco, Lot No.
LA-98232) { B s [A] B 2 A it g JU 1 28, U T AR — 3k e A7 o s D o &85 SR 3R S B g i 2 43 o0 o5 5L g
I R Y F1 43 L

L5 HEAXKRHESN

AT 7= B = B 7 B i/ SR R T

B W T 23 = W B9 7450/ 9 1 8 < 100 %
07 Ak, 23 = ) AT £ 500/ 32 K5 I AR < 100 2%

7d B R =T AT AT B/ AT REK 1002
1 £ 0 JE %6 = W JE AT (850 / A7 #0580 100 %%

k
SAT (H1E7E F138 %k Survival Activity Index) = 2 (N—h;) Xi/N
i=1

N Sy 5250 F B A P65 K86 ¢ R T B T BBUBCHE kA 17 RN 0 I KL
B L A 25 7 R SPSS 16. 0 B4 b FECH » WO B 2 97 2% 40 (One-Way ANOVA) L
5B E T Tukey £ 1A . 3k FY P<0. 05,

2 #HXR

2.1 AREEREREMFESHFEEAEMENZME

2 R AN TR I D7 5K 2 e T 68 5 £ BN R A R 0 Xk IR R O B R R R O 1. 29 X107 RE kg, HIOHE
MR Z 0 119X 1074 ke AWML F K. Dy 7. 86 X 10" KL/ ke, i3l 21 7 T MOHE i 41 5 b 41 2 ]
KN 1.01X 10k /kg,

S G v A S 36 S 008 AR Y T P AR e (Ll T e R O SR R 3R T S s B R U
IOF » Y BRAE T B0+ S92 6 45 SR £ 3k 20 15 529k 2 5% £ A 0 3 80 V0 L AHOME Tl 2H 5 0 IR 2H S £ AR TR Rk 86. 70
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Table 2 The spawning performance of Cynoglossus semilaevis female broodstock

£l 40 =R RO il 26 X B
Fish oil treatment  Soybean oil treatment  Olive oil treatment Control
FEAE () Number 4 6 7 5
JBE (%) Survival rate 80% 80% 86.7% 86.7%
X 7= B A (10° ki /kg) Relative fecundity 1.0140. 14 0.792£0. 10¢ 1.1940. 12% 1.2940. 132

T < [ —47 H 8 i B A AN TR 5 R R 28 5 35 (P<<0. 05)

Note: Values with different superscripts in the same row are significantly different (P<Z0. 05)
22 AEBEHEXNFBEESMEFERENFN

& 3 N N U VR T 45 S 56 21 B - AT f0 5 Y R 45 R . TR R R i R RS T A 38 54. 606, X R
YN AL YR 2 WA [E) TG S 3 1 25 57 (P =>0. 05), 43 Jll oA 38. 46 26 il 39. 33 %%, S AN A9 J& &l 41 (35. 15%0) .
T AL R BR B R S R oA 35. 17 Y0 . B A 21 Sk X BB AL (9. 77 Do) . A Il 4 RN AR St 41 43 ) R 14, 53 % A
19. 4 % (P<C0. 05) {1 4 FTxT R 2 1) B9 A% 22 1] G I 35 1 22 5 (P=>0. 05)  BECHE i1 28 R 59k 4 194 B 48 22 (1]
EPE 2 T (P>0.05) , Wi iM4 5 25 T Uil 4 (P<<0.05), W4k % 5 & 2 X B4, 4 A S0 ue 4l 2 M A2 7 b
FME 2 (P<<0. 05) fH & & H AL RAR TR AE 70 % LA b0 X IR0 Y 7d BLTE BB m . o 67. 34 %, Mk o
HIRZ o 58. 48% A4 g 45. 57 % Gl fe ik, A 34. 85% . 54 A4 ] 22 5 3 (P<<0. 05) . fftamIE
R e B R LA 17. 35 % I 4k 22 s o8 8. 85 %0 s BRI A S fra il 41 HL 5 % B 41 O B PR 25 5 (P>>0. 05),
B A £ 4 R R K Y S X BRZH (2. 76mm) , Bl 2H Oy 2. 64mm, 3 8] T & 3 Pk 25 S (P=>0. 05) , 5Lyl 4 AT
AW WEAT a4 K 4350 2. 56 F 2. 50mm, 5 il 4] J6 i 25 F (P>>0. 05) , 8 K T X IR 4] (P<C0. 05),
SAT 855085 = 1 Ry % BERAL, il 4R 22 i 2 AT T 4 b o I L =B Z R e B 3 22 R (P>>0.05), 3%
i 2 3d 50d BYRE T 2 B A0 S M B R A A0 2 X R 4, LR o S 4 RO A, R PR 25 Y ik 4

F3 RERG TR 58 68 00 A F & R B 0 M

Table 3 Effect of different lipid source on the quality of egg and larvae of tongue sole

RERTIESE SR RS il 26 XJ HR 20

Fish oil treatment Soybean oil treatment  Olive oil treatment Control
F U8 Buoyant egg ratio( %) 39.34+0. 93" 35.1540,97¢ 54.6040. 61 38. 4640, 54°
BU W5 % Abnormal egg ratio (%) 14.5340.92¢ 35.17+1. 48 19.440. 56 9.77+1.014
§i1%& Egg diameter(mm) 1.28£0.03% 1.2340.01" 1.2540. 05" 1.31£0.01*
4k % Hatching rate (%) 84.88+1.27° 74.2740. 624 79.5740.81¢ 95.4940. 68*
7d W% Survival rate at 7dph(%6) 58.48+1.11° 34.85£0. 569 15.5740. 86¢ 67.34£0.73¢
ff % Abnormal larva ratio (%) 3.124+0. 29¢ 17.354+0. 25 8.85+0. 36" 3.3440.15¢
WM {T a4 K Larval length(mm) 2.6440.16% 2.5640. 15" 2.50%£0. 10" 2.761+0.14°
17 H#2fF 14K Larval length at 17 dph(mm) 8.2340.67* 6.2340.23" 7.63+0.56" 9.0941. 06
H A2 S48 80 SAI 24,2842, 14" 14.99+0. 58¢ 16.56+1.55¢ 32.4341.55%

TE « 7] —47 o Bl o B AN R 5 B R 22 5 3 (P<<0. 05)

Note: Values with different superscripts in the same row are significantly different (P<Z0. 05)
2.3 ¥BEHZFEIMIEREBRS

e A RS 23 39 g~ T T 05 O R 0 TR L SR S 6 AR Y IR T R AL . ph R 4 T L Sk 2 AR
AL 7 rf s — o RS IR (DHAD 5 — i oM R (EPAD (9 75 8 A1 LE £ i 20 -5 08 I8 4 A0 3k 2 2% £ By
F2BN T DHA & i fed% . R DT B B 1. 5700, @i 4 Ak 5 al A Db Y n-3HUFA 35 4t 5 10 5
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T n-3HUFA & Bk, )2 WK . 0 30 BR 7F 53 20 01 7 B 3% v T LA 4 41, o R 7 ARE Tk o 5 i i
o T A A5 2 1 I I R T JRR R 3 R B TR AR Y S AR AR AR Ak . 2 5 SR f0 i 2 R X R 4
Tk h n-3HUFA #l n-3PUFA £ 5 5, 90 24 5 8088 il 41 b 09 & S B ar & 1%, (B2 Bl 4L Ol h iR 5 0 iR R
B T A A5 4 RS Tl 2 P R et T A A 4

R4 FBEETEO0E AR AR G5 R IR YD)

Table 4 Fatty acid composition of buoyant eggs in tongue sole ( %of total fatty acids)

W Fatty acid fr 3 4 SR =) HHOASG it 26 Xf HR 26
Fish oil treatment Soybean oil treatment  Olive oil treatment Control
R g2 Total saturated fatty acid 31.06 26. 87 26. 60 30. 26
PURM IR 2 Total monounsaturated fatty acid 32.57 30. 11 42.22 34.33
MR 18 : 1n-9 20.58 20. 44 32.68 21.70
Wiz 18 2 2n-6 7.87 22.15 9.13 6.88
AU EZ 20 ¢+ 4n-6 1.61 1.22 1.39 1.43
n-6PUFA G Total n-6PUFA 9. 94 23.87 10. 99 8.85
kAR 18 : 3n-3 0.91 2.27 1.02 0. 89
TR TLMER 20 ¢ 5n-3 4.78 1.57 2.61 3.92
T TBONIERR 22 ¢ 603 18.98 14.30 15.30 20.11
n-3PUFA fiie Total n-3PUFA 25.74 18.59 19. 65 25. 86
n-3HUFA 4 Total n-3HUFA 23.76 15. 86 17.91 24.03
n-3/n-6PUFA 2.59 0.78 1.79 2.92
EPA/DHA 0.25 0.11 0.17 0.19
EPA/AA 2.97 1.29 1. 88 2.74

7 :n-3PUFA:18 ¢ 3n-3.16 ¢ 4n-3.18 # 4n-3.20 : 5n-3.22 : 6n-3;n-3HUFA. 20 : 5n-3.22 ¢ 6n-3; n-6PUFA. C18 : 2n-6.C20 : 4n-6

RS ERARMAEREARHIRIRLSEY

Table 5 Fatty acids composition of experimental diets( % of total fatty acids)

W1 Fatty acid 1 i 20 SR RO il 26 Xif B2
Fish oil treatment  Soybean oil treatment  Olive oil treatment Control
AN R Total saturated fatty acid 38.37 29.96 28.76 32.50
PURM AR R Total monounsaturated fatty acid 24.17 20.43 47.74 34. 45
WER C18: 1n-9 12.28 19. 08 47. 60 16.77
Wiz C18 : 2n-6 5.55 30.02 7.16 3.88
A DB C20 ¢ 4n-6 1. 86 1. 06 1. 15 1. 29
n-6PUFA Fiix Total n-6PUFA 7.95 31. 14 8.67 5. 61
W FERZ C18 : 3n-3 1. 30 3.98 1.02 0.93
ToFBRIVEER C20 : 503 12.83 2.37 2.60 7.58
“ TN HEER C22 ¢ 6n-3 10. 96 5.78 6.23 15.58
n-3PUFA g Total n-3PUFA 28.48 12.70 10. 58 26.50
n-3HUFA &4 Total n-3HUFA 23.79 8. 15 8.83 23.16
n-3/n-6PUFA 3.58 0. 40 1.22 4.73
EPA/DHA 1.17 0.41 0.42 0.49
EPA/AA 6.90 2.24 2.28 5. 88

¥ :n-3PUFA:18 : 3n-3.16 : 4n-3.18 : 4n-3.20 : 5n-3.22 ¢ 6n-3 ;n-3HUFA. 20 : 5n-3.22 * 6n-3;n-6PUFA. C18 : 2n-6.C20 : 4n-6
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SASKFE  n-3HUFA & i 1 (0l 28 55 %0 BRZH (9 51 007 4k 2% L 09 1 B9 B 2% 400 AT 0 By JE 238 L ) i A1 £ 4
KDL RAF ) SAT {H45 1L n-3HUFA & &R0 T 40 5 80 ol 48 47, 3 W 4Rk b & n-3HUFA A BB XS 2 3 &
i 3 0 B A I HEAE T L X 5 22 1T E N AR BT Y 45 18— B (Fernandez-Palacios et al.  1995; Furuita et al.
20005 Lietal. 2005; %424 2005), MGG I MK AR K AN ] , HAS 68 48 K R B8 A5 107 2 » 4 I
n-3HUFA Hl n-6 HUFA 7R /K i1 2% 108 557 p o5 A B Z ML (Gegrden e al. 1997, 1995). £ 3 K. Tl
2H 1) O W 28 S e, 0 REZH B A1 L 1T LI PR A B B AR A I R T R T 2 AR ik 2 (P <C0. 05) . F3 4,
Xof FE 2 0 £ 2 ) IR 23 ) v T T 2 RO e 4L 455 3R 5 P A DR T R 43 BT L T LA LI 2 RO
WZH A n-3HUFA & &5 53 53 o g 107 R ik 19 11. 6400 K1 9. 500, 13l 4L A0 X R ZH 1) n-3HUFA % 1 43 51 4
23. 7920 H1 23. 16 %5 BB GEDEF i n-3HUF A 7] 238 00 7 (9 B . 5 SIS AR L SEAE R WM Plectorhynchus
cinctus AR T H) n-3HUFA &M 1. 16 %42 & 2] 3. 15 % )5 B A IEH 50 A9 E 43 FL A 70. 80 %6 fk 2 2 & %
78.54 %, RZAEINAI T 4 LI AN 1. 89 % FF&ES] 0. 85% (Li et al.  2005), 45 KZEWE Scophthalmus maximus
A0 PR S A R K n-3HUFA B 4RDEL, J 7 B8 7 BR42 OK 32 K5 I b 17 38 W A 38 o A7 £ 09 77 3% 7 5
(Z724: 2005),

3.2 AEREHENPFREFERENRIT

A 5T K BRTE U0 R f = O JE MO T 4 X IR g Ak 2 H T Z ) E B E 25 K 2 il 4
(% 3) 5 XF FB 21 10 K 6F 7= B0 o o v o MRS TR ZEL UK =2 o £ 3 20 LU AOAE Toh L WA, S A B MR (3R 2) . X BB B 4 L
HI—SE B9 B 2510 A7 AN R 90 an , > i 8 ECH | OF B L 4 Sk B P i) n-3SHUFA §t = 838 & & A R i), KBS
1EH ORISR AL R WEAL S 3d A7 A A7 6 R AR 3 R [ (Fernandez-Palacios et al.  1995; Furuita et
al. 2000;Watanabe ez al. 1984), KZZHF 30 7E 0 5 4 A M S /K n-3HUFA 0L T 36 fafk &1 KL e
O (Eh 4245 2005) o A 28 4 I ARORSS 1ol 28 17 B9 238 5 R AF O 7 B9 i 0y SRR H T REOME il 4 DR rh i R AR
o £ BB ) [ 6 3] Y i Ao 2 AR L T BB Bl T 0 K YRR T AN AR R IR D R 22 O AR T R 5 A AN
B TR 2 11 B L 461 55 JH Al 20 AS ) e 385, T X — R4 i B JR IRV Rtk — 2B oY

7 2 FIVRORS v 2 A RO B2 B iR R EPA/DHA #2398 (3% 5) , il 4189 EPA/DHA e, o0 117, i
T AT B2 ) EPA/AA %5, 6,90 F1 5. 88, i m FWIMFE W il 4L, Gl 4L A A sE i 4 EPA/AA 323085
X MR 5 f0 0 4 U M OE v EPA/AA B E T AL A, A 5K SR, 7E PUFA (R R vh A2 46 A0 B35 4
fEH, 2 & DHA Ml EPA 5 AA 54 JUHE EPA 5 AA Z R34, LiEx 3 f HUFA (9 2 &5
B2 T 5 T K AT 2R I I R 10 R B IR A IIAE 2007) , ASBIFSE v £ 31 4H 06T BE 2 AT f2 I s T
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