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Effects of n-3 HUFA Content in Broodstock Diets on
Reproductive Performance and Seasonal Changes of
Plasma Sex Steroids Levels in Plectorhynchus cinctus

LI Yuan-you™, CHEN Wei-zhou, SUN Ze-wei, CHEN Jie-hui, WU Ke-gang

(Key Laboratory of Marine Biology of Guangdong Province , Shantou University, Shantou 515063, China)

Abstract: In order to study the effects of n-3 highly unsaturated fatty acids (n-3 HUFA) content in broodstock diets
on the reproductive performance and seasonal changes of plasma sex steroids levels, five groups of Plectorhynchus cinctus
female broodstocks were respectively fed a natural diet composed of trash fish (D5) and four artificial formulated diets con-
taining 0.16% (D1), 1.27% (D2), 2.36% (D3) and 3.47% (D4) of n-3 HUFA, during the whole reproductive cy-
cle, Their fecundity, egg and larval quality were evaluated, and the levels of plasma sex steroids were monthly moni-
tored. It was found that the eggs production/kg of female, fertilization rate of eggs. larval survival and length at mouth-
opening stage of both D2 and D3 group were equivalent to those of D5 group; however, those of D1 and D4 group were
significantly lower than D5 group. Dietary n-3 HUFA content showed no obvious influence on the seasonal change pattern
of plasma 173-estradiol (E;) and testosterone (T). However, the plasma E, and T levels in gonad developmental and ma-
ture seasons of D1 and D4 group were significantly lower than those of DS group. Dietary n-3 HUFA content also dis-
played some influence on E; and T production by in vitro ovarian follicles. Little basic E; production was observed by o-
vanian follicles of D4 group. Human chorionic gonadotropin (HCG, 100 IU/mL) stimulated E; and T production by ovari-
an follicles of D2 — DS group; however, ovarian follicles of D1 group had no response to HCG. The resulis suggest that
the optimum n-3 HUFA requirements in broodstock diet of P. cinctus range between 1.27% and 2.36% , deficient or
high dietary n-3 HUFA content may have negative effect on reproductive performance of broodstocks; n-3 HUFA may af-
fect the reproductive performance by influencing the production of sex steroids.
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HWERRBRERAMAHEEZFR D, K
Bt ARE, AMERAATIEENRAHTESFD
BAGEZREMEATRENEETR, wWEHA
MR, R, BRTHIFRAN R LAk et
ZEEVERESER, RS AHRRE AR
B, HAKEMAEE AR RRBNEIR, &
SHREBHIRS R IO ERT. Bk, BflE
BB SEBEEELE, XERWITE &
BHERTREEEN T #.

EXXBHNERNAEIECEREZME
(Izquierdo et al, 2001; Li et al, 2001; Chang et al,
2002; Watanabe & Vassallo-Agius, 2003). SR,
BTSRRI REEE, FaER
AR BRERT VT HRAMEEROHIEHZ —
(Izquierdo et al, 2001), TERBWLFERYT, |
BNE SRR, FFAIE o-3 RIS EAMAIEMR
(n-3 highly unsaturated fatty acids, n-3 HUFA) &
BEZWAFEEE (WTHEARES) HEEE
FE /T Z — (Watanabe et al, 1984; Cerda et al,
1995; Abi-ayad et al, 1997; Rodriguez et al, 1998;
Tzquierdo et al, 2001), HF L H B ARERFT,
TR R R B . G T EAG BR & BT R e R
( Dicentrarchus labrax ) [l % 4 35 [ BE ¥ £ kK F
(Cerda et al, 1995; 1997); n-3 HUFA Wm4 A
BRI R S AR R E RS R E (Wade
et al, 1994; Mercure & van der Kraak, 1995), X
BOEERARIR, n-3 HUFA W BB B0 m R 4 09 i 3
P B R OK PR A T I RE

HANAXEAEFRTHBFFMNR Cai (1997)
X ESESVLIRE: R KA TN EME
FROT (8. ERtiSRR. EAR) KB Em
R, AFRUVUREREHENEERKSRE
FEEA TERR AU ( Plectorhynchus cinctus ) N
BIFExt 4, LA n-3 HUFA & BA R M H A & 3= 4
AN 4 A LR SFEREREE—HE,
3% n-3 HUFA XRS5 . SRAT B & AR
13 2 B AR R K P WA B e, BT
n-3 HUFA ZREZWARERNILE, HEEESF
HEEF A T RN R, NRA RN
n-3 HUFA 8938 B K RS E 50 AR

1 #REHZE

1.1 ¥ &

HERE GR) LRAMBEES 18308 ($9%
B, 484 ) F20014 1 AlBE—FEMEFRERF,
P FRAE L Sk R R BRI LT h 497 AR, W
AN 2.5mx2.5mx 2 m,

1.2 |/ ®

BB AEATR, Km0 AiE R,
LB . RERM OIS S BEAMEM n-3 HU-
FASERHMN0.16%. 1.27%. 2.36%. 3.47%
WI¥MREL SRR 4 B (D1—D4, £ 1), HBHE
SIERJEAECT - 20 CUkAEH & A RAGEEL (D5)
HrkEEE A, ARTHER S EAYIKEEZ RN
5, BN, i AR B AR KR ki
£, ¥, fMT n-3 HUFA & 8 RS 615 5 R
H—ALEE .

1.3 X¥git

1.3.1 FEamEEXERERKEETHETHN
Bl fE 2001 FEFABLEY 6 AW, HERE.
RNBEH SR 40 BN 5 41, B8 E
(AERFE 2), 5L D1—Ds5 FAHIBEHRERE S
Ao D1—D4 HERIEVHAE 1.5% . D5 Hi%
5% PIER#R; BEaESHERRKMY,
B ARIBIEHRR; ke RaERHMUIRERR, M
20014 6 A% 20024 4 A, BATHAXNIEXRA
EBEUM —IR, BRIMAT, SoHFRBEBAS 1074 -
1075 (W/V) MS-222 (SIGMA /A #]) 5% K & Bk
BE, RIERERSARSIKEUL, mAEEEART
BT 1.5 mL BRELEN, BOERERK
THEBOCES, BEMW 0.5~ 1 4l 1% BHHIE
(thimerosal) BjJE; M AMETHREEFHE - 20
CUKB TR, 0 178 - # — B (17-estradiol,
E,) #1228 (testosterone, T) .

1.3.2 FPENFISRILSCE 72 2002 (R ER B A A
5ATAH, BERE. RERSHBE 0BRSS
4, R 18 B, 445 DI1—Ds BB ERE S
s Kt 60 BEDRIFERNMNFES, H DS
BSE, FERRERR L, o a e KR —
Ko2003F4 7326 , £ 158} 4 M 3 4 P g6 B
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F1 XREANOEAR (EEBSH)
Table 1 Composition of the experimental diets (weight %)
R4 Ingredients DI D2 D3 D4 D5
¥} Fish meal! 74 74 74 74 Bref
a1 iH Fish oil® 0 4.35 8.65 13 Trash fish
¥ Lard® 13 8.65 4.35 0
TEM Starch 9 9 9 9
B4 XHLE Mineral mixture® 2 2 2 2
BA %A E Vitamin mixture? 2 2 2 2
Bit Total (%) 100 100 100 100
HEHIE Crude protein 52.48 52.78 53.10 52.92
HAERS Crude lipid 19.36 19.76 19.87 20.17
BER Energy’ (kJ/100¢g) 2.16 x 10° 2.18 x 10° 2.19x 10° 2.20 x 10°
n-3 HUFAS 0.16 1.27 2.36 3.47
U BB EE (Crude protein): 67.14%; HFERT (Crude lipid): 10.19%; n-3 HUFA: 0.24%,
2 HHAERF (Crude lipid): 93.08%; n-3 HUFA: 25.46%.
3 ¥REHE (Crude lipid): 94.30%.,
4 # Femnandez-Palacios et al (1995) HIfid}y [Referred to Fernandez-Palacios et al (1995)],
S hERPREAR. R RBEKLS DRI REITESR (2% Guan, 1988) (Estimated from the calorie produced
by dietary protein, fat and carbohydrates; Referred to Guan, 1988),
¢ mEMMEAR T n-3 HUFA SEiTEEE (Calculated from n-3 HUFA content in fish oil and meal) o
k2 XRFAUBRUBRBBRRY
Table 2 Body weight and gonadosomatic index of experimental broodstocks
RMEAKE FEONE KT Body wt. for spawning (kg) FE LI For incubation (¥, n=2)
#5 Group Body wt. for blooding (kg)
2 (n=8) (%, n=8) 4 (n=11) K Body wi. (kg) HEBRABERGSI (%)
Dl 2.57+£0.15 2.70+£0.06 2.29+0.12 1.95+0.18 6.60+2.65
D2 2.31£0.11 2.51£0.10 2.15£0.11 1.73+0.26 8.31+0.13
D3 2.41+0.06 2.51£0.13 2.34+0.12 1.67+0.44 9.79+3.89
D4 2.40+0.16 2.70£0.20 2.10£0.09 1.97+0.28 5.25+1.16
D5 2.46+0.13 3.27+£0.12 2.16+0.10 2.40£0.11 12.69 £0.25

SERERBRHMAT IR, REEEA 1LE,
BRE (R2) ERAETRMMAES, iLHARKE
FoBR; PB4 H 27 HFF R, SH 16 HEHE, %
R E0 11~ 124 (3).

R, SXERKERRGN ™, id®
PR, FES TR RAEAE IR LR K E R
R (MG 8~ 10h MFHE), NEMAMMER
7, #TRL LR, SHEIKEAE 3~ 7/, HE
TRERE, BR3INEE, B1EEX 100 ~ 200 K
5, SRIEE 3 IRAE-I9ME . AR ER AR B B
THEMFERME, SHWE 25~ 35 K80, 8
BHESE, FALSSEA 1000 mL BEHRE (24£1)
CTHZREFHT, BR3INER, 8/MEEK 100

B PEGR/800 mL K, YL L:D=13:11, BLRE,
B RS K LR, (FAFERER LK
F3X (BIFOE) M, Foffakksm e
MBI FALH (500 L) P¥Lmira, SHg
30~35%, HHEBHFHHE.

1.3.3 MEEEHETLE FT20034 44 28, 29
Hi#t T SRR T bR iR s A FF /™
SRR, BAR 2 E, AEMERABRK
( gonadosomatic index, GSI) W & 2, ¥ § W&
DMEM/F-12 (Dulbeco’s modified Eagle’s medium Fl
Ham’s nutrient mixture F-12; 1:1, V/V) &M Yueh
& Chang (2000) #y 7 ¥ ABCHl, pH 7.8, & 15
mmol/L Hepes. 100 IU/mL HFEE M 100 pg/mL
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HEXR.

BABMEARBAETHEK ELHEFRLY,
Fi DMEM/F-12 S E WG E. AR RERS
B, EHAREETRIERRE. AREEIRGE
A 24 T FBA/NILA, 100 LAl BRAH
KL 6 Lo AEBEEMHEAREE (human chorion-
ic gonadotropin, HCG) Ab¥H4 H15% & WXt PR AH &5
3NER, BFH, AREELRSIANBRERMN
WA EEIR ML, H4T 45 min WHEEG, BET
MR ERRE, BB E Il BER FTH4A)
B}, HCG ¥ (100 IU/mL B E W) (AhHE4A); 7E
(24+£0.5) CFHEE26h /G, HHEFHERA 1.5mL
BLOEP,E - 20 CKAFEE, FIHEATE &,
1.4 MEAEBARSEUZ

M3ERIBEB M E, A1 T FEKRAI I
HEMEARBIIE T8 By A1 T 05508 0 1K 5700 &
JE, FEFILKFEALRFRZT M. E B T BHRILA]
Mg (0% R R HITEME) H5H S
pg/mL #1 0.1 ng/mL, #ANTERRZREITHH 7.8%
(80 pg/mL, n=6) #16.5% (2ng/mL, n=6),

2 &5 R

2.1 fA¥s n-3 HUFA SR5~0E. BiF&
iy GeEAl
BB EANTRE, WMTAaEEILE 3,

X h kg BERETEORE, D2, D345 D5 i,
B3k | DS AT 90%; D1 1 D4 451k D5 4
#) 41%F 54% . TWMERE, D1 M1 D4 403 DS AR B
FEWKR (1=3.17, df=161, P=8.2x107% 1=
-4.59, df=187, P=1.8x10"%), St¥%X (3t
SR EE), D2, D345 DS HHEER, A DI1
MD4EKRBEIRT DSH (1 =9.69, df =28, P
=1.9x 10", ;= -4.59, df =28, P =8.6x
107%), {FHFEHR, DIHKLEERTFTDSH (1=
4.41, df=16, P=4.4x10"%); FO{rapEL,
DI, DAEHEBEMRT DS A (¢ =2.71, df =179,
P=7.4%x10"% t=-3.05, df=233, P=2.5x
1077),
2.2 fA¥H n-3 HUFA EEXIFAME E, #1 T K

S Be) R A 0p A

B 5 A r=spiase, HAn& AMRARNIMK E,
MTEELE L, FEHNAFANKNE. THE
HEHLHEMARKFETEELNE: E 587
FHRRINESR (2—4 A) BR, BEEETEIRLR
EAEKAEMRBY 3 AH), 768 AmEL, H
A HEAGHARR,; THEZBIINLEMES
(12—4 A) FIRAY, 7EHAb A GEASIA R,

REFBH n-3 HUFA S EXHM¥E E, F1T KF
MENHETARETHEH N, EX E, 1T 4
NEBERKEMZI12AHBDAE L AKBDLIA

R3 SEAMARENTTR. PNFERE
Table 3 Fecundity, egg and larval quality exhibited by each diet group of broodstocks

DI D2 D3 D4 D5
PR (g/kg HEfR)
168.02 287.0 .54 . .
Fecundity (g/kg fomale) 0 3 302 181.64 335.23
o 5842 Egg diameter (um) 785.00+2.75 789.21 + 1.61 786.15+1.57  784.55:2.13 788.46 +1.21
IR
Oil droplet diameter (um) 230.50 £2.58 222.28+1.03  217.35%£1.28  225.45:1.22 220.73 +0.87
AL
Xﬁ$ . 23.52+1.20™ 63.02+2.21 61.76 +3.00 46.35+2.06™ 67.95+2.93
Fertilization rate (%)
SURE %ﬂﬁ 93.09+1.44 95.37+0.49 95.79+0.62 95.15+1.00 96.76 +0.95
Hatching rate (%)
T 22
341, . . . . . . .
Abnormal rate (%) 8.34+1.30 6.32£1.04 6.45+1.06 8.99£1.01 5.920.76
freafrrs A -
o survival (%) 46.00+6.15 71.00+6.05 78.22+4.81 74.00+5.27 79.11+4.31
fFafRR Frakk
o length (mm) 2.62+0.01 2.66+0.01 2.67£0.01 2.63+0.01 2.67£0.01

RABIEN 3 ~7 RIBPFIE « bdER; " B 5 DS AR ERREE RE, P<0.01),
Data are mean £ SE of 3 — 7 batches of eggs. ™ indicate very significantly different from group D5 (¢ test, P <0.01).
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T (B 1B), Uk 8 AH D44 E & (K
1A) Bsh, HibA G DI, DA E, MIT &5 &
#HEAL (B 1: A, B); 4 A2 D1, D4 413 A%
DIEME, #& (E 1A), A& 4 A4 D1. D2,
D4ZHMI 3 A DIAMT S& (B 1B) HEEMK
TDSH (P<0.05),
2.3 HCG X E&IEE, 1 T 9 iE s H %I

SR AT LR R WE 2, BR D4 44,

HoAth 2% 2H 5 ) BEOS B VR ER RBAS I HE — K SE 84 B,
(E24), BHEBRMT A FE0W E,; BEHKT
BEEFRERMAR T (K 2B), #8 DI—Ds 4
BIEAFXE E4W T 8WAEH, HCG (100 IU/
mL) ACEERIA[EFEE I D2—D5 AP E,
MT; He, DA HABERNE, 58 (B 24), U
KED3I~DSHIBERN T S& (& 2B), H HCG 4
BEHEERTAME (¢t B, P<0.05),

Clor Ml EHo: [Moe Nos
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&
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4
2 \ a
~ | B —— DI q
z - D2 :
E . —— D3 N
= --&-. D4 . 5
5 - w= D5 4
£ } b
I | o looeood /\,% a T
= a -
= 1 E 6 7 8 9 1011 12 1 2 3 4
£ a
= a
e a g 8 T b b
- 3 =
) 1 RN ab
4 % b ] 2b ab b
” N ab @&
= N b
= § b3 ab
) Py
0 I
1 2 3 4
A1 Months

B 1 BREE RIS EA N 178 - B8 (E,) MEH (T) KPS HHEl

Fig.1

Seasonal changes in plasma levels of 173-estradiol (E,) and testosterone (T) in

each diet group of Plectorhynchus cinctus female broodstocks
KBRS E M T MBI HEME, EREREEANARNEE. SHENTHME 38R (n=6~8); F—7
e, REARAFRHERTHELRAEREE (Tukey BPEEHE, P<0.05),
Line figures show the seasonal change pattern of E; and T, and column figures are values comparison. Data are mean + SE (n

=6-8). Columns with different letters in the same month indicate a significantly difference (Tukey’s Parametric Multiple

Comparisons, P<0.05).
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0 X8 Control M HCG %¥ HCG treatment
B P=0323 8 _ P=0.298 04 P=72%10"
e F=0.009 g B P=0014 a
2 ®
= # £ 03
éﬂN | Pl =
<2 g 2o
E = o B
B = 0.
= p=
Pl

Di

D2 D3
K Diet groups

D4 D5

D2

D3
kR Diet groups

D4 DS

B 2 HCG Xtk A MR f B (kOB 173 - EFE (E,) M8 (T) 4WBHEm
Fig.2 Effects of human chorionic gonadotropin (HCG) on 17B-estradiol (E;) and testosterone (T) production by in vitro
ovarian follicles from each diet group of Plectorhynchus cinctus broodstocks
BUERTHE « SRR (n=26); FEMMMN HCC LHNE ERFERE, FRHERAEREE (Tukey ZREERE, P <0.05);

P {ENF R R ER HCG A ERMLE (¢ BE).

Data are mean + SE (n =6). Columns with different letiers in HCG-trealment groups indicate a significantly difference (Tukey’s Parametric Mul-
tiple Comparisons, P <0,05). P values are the paramelers of comparasion between control and HCG-treatment in each diet group (¢ test).

TE& R 2 E, HCG FIBa b Ey KFE,
D3. DSHBEZT D1. D24 (H 2A); T K¥,
D4. DSHBE®T D1, D24 (B 2B) (Tukey &
WELELE, P<0.05),

3 4t i

3.1 EEVRWRAFREAIEE n-3 HUFA NEESR

ABREERERY, R4 n-3 HUFA ZBAN R
g eUR =1 B - T L A P e R -
(F3)o XENUE (Watanabe et al, 1984). &
3 #8 ( Fernandez-Palacios et al, 1995) KX E #3
(Rodriguez et al, 1998) WBIRGEIEESL B N
IR, AFaRESFEREE (R3), LB
W RUA SE AR R 23 HUFA EEE S BN 1.27%
~2.36%, SF6F. @kMKEESR (1.5% ~
2.0%) (Fernandez-Palacios et al, 1995; Furuita et
al, 2000) ML, HETEHRFEEAN 1% (Lzquier-
do et al, 2001), LAR#F 414 0.5% ~ 0.8%
(Izquierdo, 1996) MIEHSE. Wik, R4 -3

HUFAWMEEHRMKERNMTR, XA KT
i,

3.2 {A8H n-3 HUFA B> #ZHEAEEREHR
7K By R A L )

A SCAAR R R 8 3K A B 7K P ZE 7= B T B9
2—4 AER, 7 8 HREUR, HibH 540N

AE; TRFEEINER 12—4 Aaf LA, 78X

fb Bt EA E AT, X T KF R HHEA,
Ey. TKFHRE B BA B MM MEN AR
Y Cerda et al (1995, 1997) *7R&5 A AT 45 R AH
. HEHNTEREMENERMHARTEE WA
B, EHERIEEARKRATFHRRAKN 2—4 B, A
RABEMMEMNAHETE, X E, KFES;
T E, REFWABMMIERTH THEmMERN, T
ME, MRS RATERERELAREREVERZ

M3 AR E R R KT h R R H A P
7= A R S S HLTE R EH R A R S R R
WEM. n-3 HUFA [ — 8k LB (eicosapen-
taenoic acid, EPA) F1Z+ T 8k/;NHMR (docosahex-
aenoic acid, DHA)] T Rk 0 55 4 5 o A 25 (R
724 (Mercure & van der Kraak, 1995), &7~ n-3
HUFA X4 55 (8 A2 7™ A 0 30 AR T T e R
RN MK E B R e Z — . TERBR
BB E LR D, HCG X4 178 4 3% f1 B3 A 5B
HLOTI B, 70 T BORIBCSCR AR (B 2: A, B), EP
SR HCG B S B BURE AR . ARl b n-3
HUFA 3 B xR K BB i B2 A 1R Fi e e 42 %)
TEKE, B TFHLEREEN=AZ “R—
Teh—YERR” THEEMIBOVAY, MR A M 3% 2
ERE KT BB B FEFRAREEA G
XT R —RNEE IR NI RERIDIRE =4
WS R, X5 TR RIVLRE A ik —25
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Rl
3.3 A% n-3 HUFA SEXWERE NI
TETE R WU 5% fa AR PO AR K R A
B (3~4 A), EHEF 23 HUFA SEAEH DI
AR ERTEH DA, FEME E, F1 T KERE
fis (A1), AmtghEzE (k3). WHEEH
n-3 HUFA &, MRMERERE R KEmAeRY
BB MAEXE. B TRERR, il
n-3 HUFA RIFEERIE (vitellogenin, VTG) Mt
FRANMUAE VIR R BB E ST 2 — (March, 1992), i
VIG A RFEE B, A%, B, HEH n-3 HU-
FA Sa¥wAMERNEETRERA: —HE,
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