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FEE N3 R M 4 JUB 4 (Cephalopholis sonnerati) 7 8] 4 K W B AL 1A B9 & e A0 AL & 2 41
RN, RFARSLLARFERL BT AR, I, T, VAVEALA S E SRR H#ATT
AT, R H AERIF(AAS). LFIF L (CS)fr il T A KB 38 BR(EAADF 354074 T H AL
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M, HETE NS C LU i R i B >, %
A5 e H 7 O R B AR X B Y (Mohan et al, 2024)
VA K s or 1) g A 7K ST 1 26 PR 2H 2H 25€ (L et al, 2024),

KRN E S S AU, HREA. £
Yy E A oe R, W2 KIHE &k, itk
W, LR E SR R B2 2Rl L R B BB AR
PEG . SR T N TE R SME K 2R (9520 (Zhang et al,
2020; Zhang et al, 2022; Nichols et al, 2023), HTi, 1E
AN TR A BRE £ LR 7 LR (R 52 52 4%, 2018) L &L
BEA A B0 5 2% 58 S5 AL AL S BT 3 A (AR 5
2023) ., Lk AR KT X AL AL il 0 1 5 ) (X 1 FHE 5
2017)4E 7 T TT & 1 IS, (B A B Aa UL IR /Y3 55 Ay
Bl B B 1 B A AR AL ARRAE 6 R WL ARGE o MR R B
ARG S A TLL LRSS N T B F W3Rl 15 SR
53] R TH S S AR BT O RS = 45 T o AT S A X 2T
JUBR A [R) 1 i 5 & B VLA 8 38 o 1Y 23 B, X
WLIAL it AR R AR DG PEAS , FRFE AR A= K B BOUL A 1)
=R ER AR E 45 0T C S XS S EADII T S G N
7] & B B 100 FC A5 e ek ) A0F o) 05 S A (T 2 AL AR
SRR, I R — A R AT U A TR AL 3R A S
R BE S PRSI

1 #MRl5F%®
1.1 Lt REREYHIERUE

S0 FH A0 R AS TR A K B B O M 2T U A5
FA T T AMRZK A BRAF(110°26'E,  18°43'N)fH)
T R IR, FRIEIAEE SR A A i s XA ) .
2023 4E 3 A, ALZLILET 90 Hitik, 4% 30~60 d it
TTREARIBENLR S, SR ARSI IER , Ui
D fo R R R AR R 5, il fadds, BEPERREGE |
FREE . TR MR A B RE(GSD=(PE I & &/ Sk &
H)x100%; FFEGER A PEMRAE S TR . WA . HE
Getr, WHPERR B B ST ISR 43 301 (43 )kt
MR AEE L. . 0. VMV, Hbkpes
VI 2r Ui B B 91 3R 2~3 4R Ef . Z A, H
SIS T) BRI A LA 43 B IR, B TR AU
FRIFORATE T80 CREM . A 5 >R FH 4 R & 8 [R] st 09
aouRE N, 1 IBERLE 12 4%, 4 KIREFR N 1
OykEdh; 10, I, VATV IEEHLE 3 4%, B4l 1
T FE i BEASBHA3Y h 3 ANFAT B 20 150 g 247,
FHF % RS FE 005 & IETR MR TR DL S B e &
IS o L0 LB I ERE H . R IR PEAR
Hw, ERAT R, RS ERYITE 1,

R 1 FEMEREE MR A RRETH &Y FIR RN E

Tab.1 Basic information of female C. sonnerati at different gonadal development stages

KA (8] H i {LNCE (LSS PR E R MEIRRE R PERR & B R
Sampling time  Age/months Body weight/g Body length/cm Gonad weight/g GSI/% Gonad development stage

2023-06-18 3 21.2443.59 8.64+0.71 0~0.05 0~0.04 I

2023-07-18 4 50.77+9.68 12.10+1.47 0.05+0.01 0.10+0.03 I

2023-08-16 5 98.04+11.14 16.36+3.27 0.10+0.02 0.11+0.02 I

2023-10-24 7 266.96+40.32 20.394+2.13 0.29+0.10 0.11+0.04 II

2023-12-14 9 343.95+20.61 22.82+1.85 0.44+0.13 0.13+0.03 II

2024-01-23 10 470.64+45.60 25.60+2.88 0.50+£0.09 0.11+0.02 I

2024-03-16 12 594.70+29.75 28.73+3.21 0.70+0.12 0.12+0.03 I

2024-04-16 13 650.06+49.54 30.75+3.45 1.07£0.15 0.12+0.03 v

2024-04-20  ¥fh Parent fish 1 363.16+160.25 36.21+4.06 4.22+0.99 0.31+0.04 A
12 4 R %%Gwagyama@méﬁﬂﬁﬁﬁﬁﬁuﬁl

7. L-8900) ATl E 5 AR TR & i 2 I GB 5009.168-

121 EhRe e BRI A ET 2016, G (Agilent7890A ) HEFFI4E

R HL AR A AR T, AR s B SR A A T 4G
o PR K A3 B R A I AP B AV R TR A 2 R GB
5009.3-2016(FL4 THR L)1 T 5 KK 435 it 000 2 fff
MR =950 CrilibeZ M GB 5009.4-2016 i
115 AR S RANES ] GB 5009.5-2016(HL [T
FE R ) s KRR D Bk % I 1 4 1 Bl i e A
Z M8 GB 5009.6-2016(K [0 T; MR & &

WL R &S GB 5009.268-2016, ffi ] H A< &
JE WA 6T (AA6800 B )iEF T E .

122 FhHROMEFH  AREKEERE LA
(FAO) A AL T3 4= 2H 21 (WHO) 3 (1) 22 B R TP 4 =X
(Pellet et al, 1980)Fl XY & 1 Bt Y 2SR (0,
1991), UL T ARG R AR T3 (AAS) . L2
PEIH(CS)FIbits ZILMRTEEU(EAAL) (Biel et al, 2009), X
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PERR & B A RIRHAZ U ILR A T E SR
FEIN A 24 LR & 1 /(mg/g N)=
WA R A2 B R %
WA EE S &/ %
RllE AR ERS &

x6.25x1 000 (1)

/(mg/gN)

T REE AR TR R IR A & (mg/ gN) )
AAS=
FENE A Z IR &5 / (mg/ gN) 3)
FAO/ WHOVF /3 hrdERsE A [RIF 5L 5 &/ (mg / gN)
EAAI=
Uj@§§E§EXIOOX2§€§g§EXIOOx ...... TRRBR 100 )
FUERNIGS SRAMRS GRS

AP n LD JUIRE LA P DA 0 00 7 S SRR AP R K
t LU TILPA 3 R T R R R [(me/g N5
s A X8 AR T 00 75 2R 1% 1 [(mg/g'N) ]

1.3 #HyEabiE

A B S T Y l 3 AN B, %] SPSS 27 X
B AT IR, I SR AT B R J7 22 53 BT (one-way
ANOVA)FI Turkey Z 5 LM, 455 LISF B {E+brR
WEZE(MeantSD)FrR, P<0.05 F/nfAqE i S EES

2 HR

21 ARMREE MBI AR EYFRERNE
M ARYIEL

MR T 524 45 R & 2 850H ) X 21 L o' P i &
B, ARWEIT X RAE B LT JUBR S T IR AT 1 A 41 2L
SEWEE, S WA BTt U0 BE 20 i s R R 0 B v X 42 22
&, 2003) AT, SERILE 1. LB TAE wI
3MHMREBTREE, N4 ARG, HiREE=R
Bk, —EE 13 HREERIVE), HIRAE R
(GSDHEEFEE , AT 0.10~0.12 Z[0]; A GSI &
BUR RN, UL R A PR R R R

22 AEMEREEHBHNIARGAINEREFN
S5

ENGIP-a- 1 EAwIN S NS AR = 5
BT IR 2 AEANTR & T BB, £0 LI LR R 7K 4
WAy B VRO AR 7 & b kA o 2 AR Ak, Hod,
KTBER PR B 2 PR, 15 1A b 2%
TRE(P<0.05), #EAPERRIIIS , 20 Julkss LA i
JRAY S AR E , SR BELIA A IR 53 2 s T
AR, MHEAEEREE 1~V L
B, PERR T~V KA R, SRR B i RLER
FI AP AR T ~IV I i 2542 5 (P<0.05) . K 43 A 5
TS, BRIV T, K —
MEAT R, W TRE(P<0.05); A, MR SA R
TREEaR, [FRE, TEVERR VAN, HLAE DT & & B —
A2 B TR A, T A R & 51 (P<0.05),
PR,

23 AEMBRESHENIAKRSINASERAK

545

FELT U A LA LRI 16 Fha( bR, H
7 AT R IERR, 2 Rl IR A 7 FhAE
T E IR (R 3)o FELL LIRS I IR & B BN TRI A1
LA P E LR S (TAA) . AT B IR (EAA) .
P TR ILTR(NEAA) . JEN T Z LR (NEAA) A IR
HHETR(DAA) T HMEEREZ TR LTHES, 54
AR & B R A AR LS —3, H TAA STRE
VI 2 i T AR 8 (P<0.05) . 25 & B IR ZL L
Rt LA SRR A AR — B, SRR AR S &R
(Glu) & it , ELJUMB IR ER [~V KA
XEE, VIR #E EIH(P<0.05), EAA/TAA FI
EAA/NEAA WETEVEMR AT 1~V B A B & 1
Ak, RN 39.34~40.49 Fl 75.98~80.33, K| T
FAO/WHO i ¥ BEAH 2R (AR E(EAA/TAA 5 40%

£2 TRAMBREZENRAARFIAERERE S SELE, n=3)

Tab.2 Comparison of nutritional components in muscles of C. sonnerati at different gonad development stages (wet weight, n=3)

AR & & B Koy HLK 53 HE N FHBE Wi
Gonad development stage Moisture/% Ash/% Crude protein/% Crude fat/%
I 70.80+0.20¢ 2.60+0.00° 19.13+0.15¢ 5.10+0.10°
I 72.87+0.23° 1.47+0.06° 19.47+0.15° 5.10+0.00°
I 73.67+0.57° 1.30+0.00° 19.83+0.21° 4.63+0.06°
\Y 69.07+0.15° 1.30+0.10° 19.93+0.21° 9.40+0.10°
\% 75.10£0.26° 1.20+0.00° 21.27+0.21° 2.33£0.12°

TE: TRAVEE FARR Rl B 3R A 3 22 5 (P<0.05), A A I 5= B (1 O 22 53K 1 3 (P>0.05). R,
Note: In the same row, values with different letter superscripts are significantly different (P<0.05), values with same letter
superscripts are no significant difference (P>0.05). The same below.
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Tab.3 The amino acid components in muscles of C. sonnerati at different gonadal development stages

BIHERZ HILER PP PEIR & B BBt Gonad development stage
Amino acid category Amino acid species 1 11 1 I\ \Y4
WTHFHILRR EAA/% TLE R Leu 1.46+0.04°  1.57+0.06°  1.58+0.05%  1.61+0.02%®  1.66+0.03°
SRR Tle 0.81£0.02°  0.87+0.04°  0.88+0.02°  0.89+0.02%°  0.93+0.02°
AR Met 0.56+0.01°  0.60+£0.02°  0.61£0.02*  0.63+0.04*  0.64+0.01°
RN AR Phe 0.82+0.02°  0.87+0.02°  0.89+0.03*  0.87+0.02°  0.87+0.01°
AR Thr 0.88+0.00°  0.93+£0.02°  0.93+0.02a  0.93+0.05°  0.97+0.00°
B R Val 0.90£0.03°  0.94£0.05  0.94+0.03"  0.95+0.02*  0.98+0.01°
HE R Lys 1.73£0.03°  1.90+0.04°  1.91+0.04°  1.92+0.03®  1.99+0.02°
B TEE KRR HEAA/Y%  41E R His 0.44+0.01°  0.46+0.01°  0.46+0.01°  0.46+0.05  0.51+0.01°
BRIR Arg 1.18£0.01  1.20£0.02%¢  1.23£0.03*  1.25£0.01®  1.30+0.03"
LT EIEIR NEAA/% AR Glu* 2.74+0.05°  2.93+0.10°  2.98+0.06°  2.99+0.06°  3.14+0.06"
KA F PR Asp* 1.97+0.02°  2.11£0.05°  2.12+0.05°  2.13+£0.07°  2.18+0.00"
225 R Ser 0.76+0.01°  0.78+0.03*  0.78+0.02°  0.79+0.04*  0.80+0.01°
H &/ Gly* 1.1940.01*°  1.01£0.41°  1.15+0.04™  1.10+0.03°  0.96+0.06°
&R Ala* 1.28+0.04™  1.22+0.06°°  1.28+0.01%°  1.21£0.02°  1.27+0.02%°
1% (B2 Tyr 0.66£0.03°  0.71£0.03°>  0.73£0.03*®  0.76£0.03*  0.78+0.02"
Jfi& 2 Pro 0.81+0.04"  0.88+0.03°  0.78+0.04*  0.85+0.03%®  0.89+0.02°
16 W FE0R 5 1 TAA/ % 18.20+0.26°  19.00+0.50° 19.27+0.32®  19.28+0.07°  19.63+0.06
BT R IR EAA/% 7.16£0.15°  7.68+0.21°  7.75+0.17°  7.77+0.12°  8.04+0.05%
AT HHEEER HEAA/ % 1.62+0.01°  1.66+0.03%  1.69+0.04°  1.71+0.04°  1.81+0.04"
b T5 H IR NEAA/ % 9.42+0.14°  9.65+0.27"  9.83+0.10®  9.83+0.14™ 10.01£0.09"
LEREHT DAA/Y% 7.19£0.07%  7.2840.18°  7.5440.07°  7.00£0.04°  7.55£0.07"
EAA/TAA 39.34+0.34°  40.40£0.35°  40.22+0.19°  40.24£0.56"  40.49+0.24°
EAA/NEAA 75.9840.74°  79.56£1.00° 78.83£0.86° 79.09+2.26°  80.33+0.85"
Heo* EREHER.

Note: *: Flavor amino acids.

ik, EAA/NEAA 3K 60%V) 1), HEE 4 nJH, Ui
AR, BREERR | E 2R+ R B FAO WAHIK,
HAREIR & /5T FAO Wy, Hi, 7EPERA
BI~VUBARSEEES TYEEATS, BHX
BT BELRAEVE IR B IS, & BAe A LB
WA . AR RT3 (AAS) AL - 43 (CS) T3
SWIUIEAWIN 23 2 e a= N ] = i N R A v =N
(Met) FIBE 2R (Cys) A 2 — PR 2 3L 1R, 25124 1R (Val)
R BRI 2R . AAS Fil CS B Rl 21 JUBR G PR iR &
BRI R MR T~ R s, 78
PERRIIT I8 B B KA, PERRIV .V IZ 8 T R (R 5)-
YERBY T E B USSR B E iRz —, PRI 1
~IVIEHI LT LS L EAAL 7E 82.59~87.60 Z JA] .

24 AEMEREZERPNILARGINT MRS E
S

LU LN BA £ E R 5, 5 R R0

P

wEP). BEMg). FI(K). #I(Na). F5(Ca)fil 3 Fifdiiz
JCESRE(Mn), 5% (Zn). fili(Se)I1EANTR K& & Br B4
Jumi sy LA HP g A (R 6)0 BEAD, fE JC R (Cu)
FEPERR T BIRZ LB LA rhAs i, SR ST R Bk (Fe)
FEPERR T IR I b i o FEMER R B A RIBTH, 21
I B LA TSR IT RS EA R EES
(P<0.05), B& K4, P, Mg, Na fl Ca & H HILE S
HE AR T AP AR IV B T b
(P<0.05), WIfEH FrERR T 30909 iR 50k LA G x
WLRFE S PIR A& i, WA TEE RS, M K
e T~V KM e, VIHEE LIt
(P<0.05), 7EffFEICE S, Zn FI Se 7EVEMRE L & A
AR . Zn WS ER R, EMIR T Ma
TRETHLA S e, HERRIVIIRZ; Se M &EAE
PR T W, BEE iR R B REAL, fEvERRIIT b
NEE/ME, Bl TR, JRAEMER VIR E S
(P<0.05).
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Tab.4 Comparison of essential amino acids in muscles of C. sonnerati at different gonad development stages
to FAO/WHO standard evaluation mode and Whole egg scoring mode

TR R R PR % B B Bt Gonad development stage FAO P40 2 W7 E AR
Essential amino acid I I 11 I\% \Y FAO scoring model Whole egg scoring model
N2 R Thr 287.51 293.12 298.54 291.65 285.03 250 292
R Val 294.04 29627 301.75 297.92 287.96 310 410
EAR+IEETR Met+Cys 182.96 189.11 19581 197.57 188.06 220 386
SILER e 264.64 27421 28249 279.10 273.27 250 331
ZHER Leu 477.00 494.83 507.19 504.89 487.78 440 534
WINE IR+ ZE M Phe+Tyr  483.53  497.98 520.03 511.16 484.84 380 565
R MR Lys 565.21 598.84 613.12 602.11 584.74 340 441

R5 AEAUBREAEMEIABKRSSER AASH CSITHRILLER

Tab.5 Comparison of AAS and CS for amino acids in muscles of C. sonnerati at different gonad development stages

AAS CS
1‘\'9?/:‘ %
& ﬁ%%@& ) PR &% B BBt Gonad development stage IR & B Fr B Gonad development stage
Essential amino acid
I 11 I1I v \% I I I1I IV \%
AR Thr 1.15 1.17 1.19 1.16 1.14 0.98 1.00 1.02 1.00 0.98
H 2R Val 0.95 0.96 0.97 0.96 0.93 0.72 0.72 0.74 0.73 0.70
HAIR+ IR Met+Cy 0.83 0.86 0.89 0.90 0.85 0.47 0.49 0.51 0.51 0.49
FEEER e 1.06 1.10 1.13 1.12 1.09 0.80 0.83 0.85 0.84 0.83
R Leu 1.08 1.12 1.15 1.15 1.11 0.89 0.93 0.95 0.95 0.91
KN AR+ E R Phe+Tyr 1.27 1.31 1.37 1.35 1.28 0.86 0.88 0.92 0.90 0.86
Wi Lys 1.66 1.76 1.80 1.77 1.72 1.28 1.36 1.39 1.37 1.33
55 EAAI 82.59 85.22 87.60 86.62 83.65
x6 ARAUEBREAENRIARYEENATYREE
Tab.6 Mineral content in muscles of C. sonnerati at different gonad development stages
N , B UG E & #/(mg /kg, dry weight )
W R R / Ne———
. Pt & & B Bt Gonad development stage
Mineral substance
I 11 [1I vV \Y
WHEILE WP 5090.00+335.10° 2 406.67+372.20° 1 980.00+96.44¢ 4210.00+£96.44° 2 163.33£181.40%¢
Macro B Mg 418.67£12.90* 308.00+£33.51° 306.00£11.36° 360.33+18.58° 317.00+£13.45°

elements gy 3 673.33£166.20° 4 080.00£229.13° 3 960.00+187.30° 3 690.00+0.00° 4 430.00+378.00"

4 Na 924.67+47.48° 403.67+21.13° 424.33+20.60° 669.33+43.41° 286.33+22.94¢
HE Ca  6276.67£519.30°  624.67£386.47°  389.33+184.78° 4 380.00+268.1° 161.67+56.01°
MAEITEE 4 Fe 3.59+0.74° 1.01£1.75% 0 0 0
Trace 52 Mn 0.87+0.07° 0 0.11+0.18° 0.62+0.06" 0
elements gy 7 9.96+0.47* 4.47+0.35° 4.07+0.34% 6.50+0.22° 3.89+0.14%
Ml Cu 0.35+0.30° 0 0 0 0
i Se 0.41+0.04° 0.34+0.04° 0.310.02° 0.34+0.04° 0.57+0.02°

25 AEMBRRERBIARGAARRERSEST

TEVERR T ~IV IR 20 JUBRE L P R 3L AG i 25 Fof
felimge, Hohauss 9 ML FIIRITR . 6 F A ANl
IR L K 10 BhZ AME AR WTRR (R 7). AR B 4L
USRS RILPA H i i R 5 H AN (], (AN TR RIS 17 R 114 8

R TR RN U R ) e o RLRTAE UT R E  A

[~V 22 R0 35 e R R VI 2 35 T % (P<0.05).
BACRARL RN B D R B e PR AR T~V #i T, 2

PERRIVIA 2 25 T B 2 5 AlR(P<0.05) . Z AN FI G 1R

WS AR, TEPERE 1T ~IVIHZEW T, FIHEREV

9 3 2 T 3 e (P<0.05) 0
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Tab.7 The fatty acid components in muscles of C. sonnerati at different gonad development stages
NG i s b 2% IR &% B Br Bt Gonad development stage
Fatty acid species I 11 il I\ \%
PR ER SFA
Cl12:0 0.08+0.01° 0.110.04* 0.09:0.00° 0.09+0.00° 0.090.03?
C14:0 5.20+0.03° 5.14+0.02° 5.30+0.21% 5.56+0.02° 3.72+0.02¢
Cl15:0 0.51+0.00° 0.40+0.00°¢ 0.41+0.02¢ 0.38+0.00¢ 0.75+0.01°
C16:0 28.97+0.21° 28.60+0.36° 28.33+0.47° 28.90+0.17° 26.930.15"
C17:0 0.57+0.01° 0.42+0.00% 0.43+0.02° 0.42+0.00% 0.99+0.01°
C18:0 8.27+0.06" 8.27+0.18° 8.42+0.12° 8.35+0.08° 9.70+0.11°
C20:0 0.52+0.00° 0.27+0.01¢ 0.29+0.00° 0.30+0.01° 0.39£0.01°
C21:0 0.07+0.00° 0 0 0 0.09+0.00°
€22:0 0.20+0.01° 0.16+0.01° 0.170.00° 0.16+0.01° 0.22+0.01°
C23:0 0.05+0.00 0 0 0 0.080.02
C24:0 0.17+0.02° 0.17+0.01° 0.15+0.00° 0.14+0.01° 0.21£0.01°
YSFA 44.60+0.26 43.57+0.61° 43.60+0.78° 44.33+0.29° 43.200.20°
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c22:1 0.32+0.01%° 0.34+0.02%° 0.37+£0.01° 0.35+0.03%® 0.20+0.06°
SMUFA 30.60+0.10° 32.40+0.17° 32.73+0.25° 33.73+0.15° 27.13+0.21¢
ZAEHE iR PUFA
C18:2t 0.86+0.01° 1.04+0.03° 0.98+0.01° 0.97+0.02° 0.20+0.02¢
Cl18:2 2.3540.08° 3.24+0.09° 3.33+0.03° 2.95+0.02° 1.600.08¢
C18:3 (GLA) 0.12+0.01° 0.12+0.00° 0.120.00° 0.12+0.00° 0.09+0.01°
C18:3 (ALA) 0.95+0.01° 1.26+0.02% 1.31£0.03° 1.2240.01° 0.54+0.02¢
C20:2 0.18+0.01¢ 0.23+0.01% 0.24+0.01° 0.23+0.00° 0.28+0.00°
C20:3 0.15+0.01° 0.14+0.01%° 0.14+0.00° 0.13+0.00* 0.15+0.01°
C20:4 0.97+0.05° 0.75+0.01° 0.78+0.02° 0.70+0.01° 2.34+0.02°
C20:5 (EPA) 6.77+0.07° 6.72+0.26° 6.41+0.39%° 5.96+0.19° 3.70+0.03¢
C24:1 0.63+0.01% 0.66+0.01° 0.69+0.08° 0.600.01¢ 0.86+0.04%
C22:6 (DHA) 11.47+0.06° 9.500.40° 9.32£0.59° 8.75+0.21° 20.37+0.12°
SPUFA 22.97+0.21° 22.00+0.72° 21.63+1.01° 20.03+0.42° 29.07+0.12°
Sn-3 16.20+5.11° 17.47+0.64° 17.03+1.01° 15.93+0.42° 24.60+0.10°
Yn-6 3.78+0.12° 4.49+0.09* 4.61+0.02° 4.12+0.01° 4.45£0.12°
>n-9 23.53+0.15° 25.17+0.15° 25.40+0.26" 26.20+0.17° 21.27+0.15¢
EPA+DHA 18.23+0.12° 16.22+0.65° 15.73+0.97° 14.72+0.40¢ 24.07+0.10°
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45 2018) . FILSCHEES(0.29) (JU A4, 2014)FEE 5
A1 BEA71(0.20) (EBRIEEE, 2015), Se F48 ARG ST
TUBH O M A5 ARG« BT A A3 M 55 O 1 LA
EHEEMH, AUl IR D EARFEEN Se il
JLE, IHEAEENP. Mg, KE¥HEILE,

B W R AE A A= W A P 2 08 75 B G, X fa 2
K. B MAR AR BA R EEEN . LU
wibEIR R H [ ~V#d, C16:0. C18:0 F1 C14:0 A+
EARRAR DT IR RIS, Hih, C16:0 F1 C14:0 AY 7 bl
KEBBRE D E TG, S5MAE iR S5 SFA
(R A3k, T C18:0 A& F7EPE IR V 3] b 2t
TN S5 RS PRI K AN R I B AR B v X LA A g
5 22 14 75 4 B #— 3 (Huang et al, 2010), 7EZL LR
PERR A B R, ARG R B R R, A
PERE VA R RS, AR VIR E TR, X5
24 K VT RU (Coilia mystus) (#5845, 2021) . #R AR
()4 1 — 3 (Huang et al, 2010), B 7E L0 JUikfofi o B
ARG 195 8 A 2 PG e 9k o i O D IR B R R
RER M EILMRAZE, Hop, C18:1 fE N IR EE R AR
AR R, TELL LB PR IV R AR, etk



TR PRI E AN [ MEE £ LRSS L P TR IO B 3 5 PR 77

BV TR FE L R N AL, T ORI M A R
fem . KM KEZ AU R, H
BRMEZENE P EHPE, b, DHA 1 EPA #{4}
SRR <<l 25 4> R IG5 T T R, XA 1 R AT g
KB . FEMARFIE A s A EEAEA, ik
THIR EE A Ay, L AT D B R e A 2 1Y)
ShE P BE uk 25 1 (Montero et al, 2005), BEE L L
frifk it & H , DHA+EPA & & 28 F R IG LIRS,
eI AR NI TF LR BE & PERR 0 & B AT I AE, e
PRI R B R T, OIS R B EL D
BEHLA =T . EYEIR R Bl e, DHA [
PEBEH 11 (Danio rerio) & & H Y B HL i F8 (Zhu et al,
2019), EW Vb fa(Alos asapidissima) e il i &k & i i
Hr, LA KRHH A EPA . DHA il ARA [ BF 815475 (Gao
etal, 2019),

4 it

LR ETIR , AEPERRAN TR K 5 B BOsEPE L LR L
W E SR B Az B 5 5 2R ST 4 B i
i, Ho, BIREER T R A TR 2 BT ES
ARG TR & 2 5, o DHA+EPA & 8,
IFAE VI kB T 5 HA A ARBTG5 2 Fh™ 4 5
JLER, Se WYHRTENEN V e, Ntk 20Uty
S — PR LB A BRI SR PR A (LAY TR K F2E, T
FORPERR VIR 2R 08 IR E N B o BEAh, AATSE
55 Ry 21U AN 5] 2 7 B G G DR A B
T EPPO AL TR KR, I o B — 2T R LR
it N TR IR S B BE5E T BB AL

2 £ X M

TR, WRHE, EENPE, &5 LA BEAILRE IR AT S
B, ol R, 2009, 30(5): 51-57 [CHENG B,
CHEN C, WANG Y G, et al. Nutritional components
analysis and nutritive value evaluation in Epinephelus
septemfasciatus muscles. Progress in Fishery Sciences,
2009, 30(5): 51-57]

wal, BRa, W/MA, 5. ASRAERITR R E B EBR B4R
HEFRI O T, KA 2GR, 2022, 43(2): 108115
[DONG C, LUO A H, CHEN X J, et al. Nutrient
composition analysis of Coreius guichenoti at different ages
and gonad development stages. Journal of Hydroecology,
2022, 43(2): 108-115]

AR, FAIAE, AR, S PERR B ANIR BT A R RUST AL
B TR AT S PPN, KA AR, 2021, 45(4):
790-800 [HU Y, ZHOU C S, ZHU J, et al. Analysis and
evaluation of nutritional composition of wild Coilia mystus

in Oujiang River at different gonadal development stages.
Acta Hydrobiologica Sinica, 2021, 45(4): 790-800]

HOILME, MEIRM, 2R, . REECE AR H LU AR K
JCRETERR R B R . A7 2#4R, 2009, 33(2): 278-287
[HUANG X X, SHI Z H, LI W W, et al. The amino acids in
different tissues of silver pomfret (Pampus argenteus)
broodstock and their change with the gonad development.
Journal of Fisheries of China, 2009, 33(2): 278-287]

J, BT, AR ONEUL H AN B B VLT 8 N R
AR BT, R E SR, 2016, 32(9): 267-274
[TENG J, TAO N P, LI Y Q. Analysis and evaluation of
nutritional composition of Yangtze River coilia meat at
different ovarian development stages. Modern Food Science
and Technology, 2016, 32(9): 267-274]

TOLW. EYRREERRESE T bt ARDAN
oAk, 1991 [WANG G Y. Food composition list (National
representative values) 1st edition. Beijing: People's Medical
Publishing House, 1991]

EPRSE, SKIERG, Dandh, . BERIEIABE AL E IR
oy B 5 A AT TR WA T R, 2015, 37(4): 61-69
[WANG J Y, ZHANG D R, MA J J, et al. Nutritional
components analysis and nutritive value evaluation of @
Epinephelus fuscoguttatus x & E. Lanceolatus muscles.
Transactions of Oceanology and Limnology, 2015, 37(4):
61-69]

T, BB, B, S BEASRILAE IR . 2T
AbRHE, 2016, 37(9): 357-362 [WANG L G, LU Q, ZHAN
W, et al. Analysis of muscle nutrition composition and the
nutrition evaluation of Oplegnathus punctatus. Science and
Technology of Food Industry, 2016, 37(9): 357-362]

AU, M, ZEPRi, % FRaUABEm ., A58 “BIRRE
LB BRI AR L I 70 AT St AR, 7K™ 2241,
2023,47(9): 113-121 [WANG LN, TIANY S,LIZ T, et al.
Analysis and quality evaluation of nutritional components in
the muscle of Epinephelus fuscoguttatus, E. fuscoguttatus?
x E. tukula & and E. fuscoguttatus?®xE. lanceolatusd.
Journal of Fisheries of China, 2023, 47(9): 113—121]

FARIR, HAHE, UL, 5. ZECABE ., Bl ARG R 2es8

o JEBE” LPE IR B R BOE . K AR,
2018, 42(7): 1085-1093 [WANG L N, TIAN Y S, TANG J,
et al. Analysis and quality evaluation of nutritional
components in the muscle of Epinehelus moara, E.
lanceolatus and hybrid “Yunlong grouper”. Journal of
Fisheries of China, 2018, 42(7): 1085-1093]

RISy, e, sk R, 25 R A SRR AL B SR o)
Mr. KFL, 2008, 29(3): 54-56 [XU D W, XING K Z,
ZHANG S S, et al. Analysis of nutritional components in
muscle of Epinephelus maculatus. Reservoir Fisheries,
2008, 29(3): 54-56]

ez, PhESE, K, % SNSUEERETILA E SRR T S
A BTV, KA, 2014, 38(6): 1168-1172 [YOU



78 ook B

¥ B 547 %

H Z, SUN Z J, ZHANG Q, et al. Nutritional components
analysis and nutritive value evaluation in Plectropomus
leopardus muscles. Acta Hydrobiologica Sinica, 2014,
38(6): 1168-1172]

B, XIWedR, XM, &5 R fstflimon L d S
L P2 I BSERCR B AR S A A2t Il 2 i (AR
BLER), 2003, 42(6): 56-59, 63 [ZHAO H H, LIU X C,
LIU F, et al. Seasonal cycles of ovarian development and
serum sex steroid levels of female grouper Epinephelus
coioides. Acta Scientiarum Naturalium Universitatis
Sunyatseni, 2003, 42(6): 56-59, 63]

A, MORE, EAE, A RFEIEFKEXT 2 RS AR
ARPERE L ML AR AL VLA S BRI 1 T KRR,
2017, 13(4): 87-96 [ZHAO S Y, LIN H Z, HUANG Z, et al.
Effect of dietary protein level on growth performance,
plasma biochemical indices and flesh quality of grouper
(Epinephelus lanceolatus x E. fuscoguttatus) at two growth
stages. South China Fisheries Science, 2017, 13(4): 87-96]

s B, MR, AF. 3 FhIREE A BRI E IR o)
M5 P, HlRA3ERE, 2018, 39(6): 89-96 [ZHAO
T T, ZHANG Y, CHEN C, et al. Analysis of nutrient
components and evaluation of nutritive quality in flesh of
three species of cultured groupers. Progress in Fishery
Sciences, 2018, 39(6): 89—96]

JlitE. Hg i e v A e P R R T AR v B B AR GBI
il BIF 5. A b ROl R A W Y AR 2 AL e S, 2018
[ZHOU H. Studies on the function and the related
mechanism of lipid on gonadal development of female
Chinese sturgeon (Acipenser sinensis). Master’s Thesis of
Huazhong Agricultural University, 2018]

BIEL W, BOBKO K, MACIOROWSKI R. Chemical
composition and nutritive value of husked and naked oats
grain. Journal of Cereal Science, 2009, 49(3): 413-418

DABROWSKI K, ZHANG Y F, KWASEK K, et al. Effects of
protein-, peptide- and free amino acid-based diets in fish
nutrition. Aquaculture Research, 2010, 41(5): 668-683

GAO X Q, FEI F, LIU Z F, et al. Lipid content and fatty acid
composition in female American shad, Alosa sapidissima, at

different stages of ovarian development under reared
conditions. Aquaculture Research, 2019, 50(2): 439448

HUANG X X, YIN Y Q, SHI Z H, et al. Lipid content and fatty
acid composition in wild-caught silver pomfret (Pampus
argenteus) broodstocks: Effects on gonad development.
Aquaculture, 2010, 310(1/2): 192-199

LU S, LIU Y, LI M, et al. Gap-free telomere-to-telomere
haplotype assembly of the tomato hind (Cephalopholis
sonnerati). Scientific Data, 2024, 11(1): 1268

MOHAN P J, ANIL M K, GOPALAKRISHNAN A, et al.
Unraveling the spawning and reproductive patterns of

hind Cephalopholis  sonnerati
(Valenciennes, 1828) from south Kerala waters. Journal of
Fish Biology, 2024, 105(1): 186-200

MONTERO D, BASURCO B, NENGAS I, et al. Mediterranean
fish nutrition. Zaragoza: Ciheam, 2005, 10-11

NICHOLS P D, PETHYBRIDGE H R, ZHANG B W, et al. Fatty
acid profiles of more than 470 marine species from the
Southern Hemisphere. Ecology, 2023, 104(1): e3888

PELLET PL, YOUNG VR. Nutritional evaluation of protein
foods. Food and nutrition. United Nations
University, 1980, 26-29

YUAN H W, GONG S Y, CHU Z J, et al. Effects of low dietary
protein level on serum oestradiol, testosterone and sex
reversal in rice field eel, Monopterus albus (Zuiew).
Aquaculture Research, 2011, 42(12): 1752-1763

ZHANG F R, LIU J H, BI Q Z, et al. Sex difference in fatty acid
composition of six marine teleosts. Journal of Fish Biology,
2022, 101(6): 1606-1610

ZHANG X Y, NING X, HE X X, et al. Fatty acid composition
analyses of commercially important fish species from the
Pearl River estuary, China. PLoS One, 2020, 15(1):
€0228276

ZHU Y H, TAN Q S, ZHANG L S, et al. The migration of
docosahexenoic acid (DHA) to the developing ovary of

tomato grouper,

Tokyo:

female zebrafish (Danio rerio). Comparative Biochemistry
and Physiology Part A: Molecular & Integrative Physiology,
2019, 233: 97-105

(h#E Bk



4] TR PRI E AN [ MEE £ LRSS L P TR IO B 3 5 PR

Analysis and Evaluation of Muscle Nutrientsin Cephalopholis sonnerati
at Different Sexual Gland Development Stages

LI Xue'?, CHEN Zhangfan2’3, LU Sheng2’3, WANG Chongweiz, LI Chaowei’, CHEN Songlinz’w

(1. School of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Sate Key Laboratory of
Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071, China; 3. Laboratory of Marine Fisheries and Food Production Processes, Qingdao Marine Science and
Technology Center, Qingdao 266237, China)

Abstract The tomato hind, Cephalopholis sonnerati, a high-value marine species endemic to the
South China Sea, is renowned for its economic importance and market potential. Despite its importance,
research on this species has primarily focused on its spawning behavior, reproductive patterns, and
genome assembly. This study systematically investigated the gonadal development and muscle nutritional
composition of C. sonnerati across its gonadal development stages, aiming to elucidate its biological
characteristics and nutritional value, thereby supporting its aquaculture development. Histological
observations of C. sonnerati gonads revealed distinct gonadal development patterns. During the first three
months, gonadal development progressed slowly. Four months onward, the development rate increased
significantly from 4 to 13 months of age. The gonadal somatic index remained stable during this process
but showed a significant increase in broodstock at the mature gonadal stage (stage V). Mature gonads
exhibited a high degree of development, which supports robust reproductive capability. These findings
established a clear timeline for the reproductive maturation of C. sonnerati and underscored the
importance of tailored aquaculture practices during these critical stages. To further understand the
implications of gonadal development on nutritional status, this study analyzed muscle composition across
five gonadal development stages ( I —V). Key parameters such as water, protein, and lipid content were
evaluated. The results revealed that water and protein content continuously increased from stages [ to
I . Lipid content peaked during stage IV but declined significantly at stage V. This pattern indicates
heightened metabolic activity during the reproductive phase, when lipids are mobilized to support gonadal
development. As primary energy sources, lipids and proteins play a crucial role in sustaining cell growth
and reproductive maturation. At stage V, C. sonnerati achieved its maximum crude protein content
(21.2740.21 g), a value notably higher than that of most other marine fish species (commonly
13.90-21.03 g) and reported groupers. These findings highlight C. sonnerati as a premium high-protein
marine fish with significant implications for its commercial value. The total amino acid (TAA) content in
C. sonnerati muscle ranged from (18.20+£0.26)% to (19.63+£0.06)%, encompassing all seven essential
amino acids (EAAs) required for human health. The EAA index of C. sonnerati exceeded that of most
other economically significant fish species. The ratio of EAAs to TAAs ranged from (39.34+0.34)% to
(40.49+0.24)%, closely aligning with the FAO/WHO ideal value of 40%. Similarly, the ratio of EAAs to
non-EAAs ranged from (75.98+0.74)% to (80.33+0.85)%, significantly higher than the FAO/WHO
recommended standard of 60%. Compared to stages 1 to IV, nutritional quality peaked in the muscle of
stage V broodstock. Furthermore, C. sonnerati contained six flavor-related amino acids, with their total
content ranging from (8.76+0.10)% to (9.24+0.08)%, surpassing levels found in other grouper species.
This indicated that C. sonnerati not only possessed high nutritional value but also offered superior taste
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quality. Using amino acid and chemical scores, methionine and cysteine were identified as the first
limiting amino acids in C. sonnerati, whereas valine was identified as the second limiting amino acid.
These findings suggest that the supplementation of aquaculture feed formulations with these amino acids
can significantly enhance the growth and reproductive performance of C. sonnerati. In addition to amino
acids, 25 fatty acids have been identified in the muscle tissues of C. sonnerati. Palmitic acid (C16:0) and
oleic acid (C18:1) were the most abundant but showed a declining trend during gonadal development,
indicating their mobilization and transfer to support oocyte maturation and reproductive energy
metabolism. Conversely, docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) levels peaked
during stage V', exceeding those reported in most marine fish species. This highlighted their pivotal role
in energy supply during reproduction and their potential health benefits for human consumption. Mineral
composition analysis revealed that C. sonnerati muscle contained five major macro elements: phosphorus,
magnesium, potassium, sodium, and calcium. Among the trace elements, zinc and selenium were found in
significant quantities across all developmental stages. Selenium content, which was particularly high in
stage V broodstock, was superior to that in other groupers. Selenium plays a vital role in enhancing
immune function, preventing cardiovascular diseases, and improving antioxidant activity. The
combination of high levels of selenium and other abundant minerals such as phosphorus and magnesium
positioned C. sonnerati as an excellent dietary source of essential nutrients. A comprehensive nutritional
evaluation of C. sonnerati underscored its value as a high-quality marine fish species. Rich in EAAs, fatty
acids, and minerals, C. sonnerati demonstrated exceptional nutritional and health-promoting properties.
Its superior protein content, coupled with the abundance of DHA, EPA, and selenium, makes it
particularly suitable for human consumption and a promising candidate for aquaculture promotion. The
findings of this study not only emphasize the dietary and economic potential of C. sonnerati but also
provide critical insights for optimizing aquaculture practices. By understanding nutrient mobilization
patterns during gonadal development, aquaculture practitioners can develop stage-specific feeding
strategies to enhance growth, reproductive performance, and overall fish quality. Furthermore, the
identification of limiting amino acids suggests opportunities to improve feed formulations to support
optimal development. In conclusion, C. sonnerati is a highly nutritious and economically valuable species
with immense potential for sustainable aquaculture. Its rich nutritional profile, superior muscle quality,
and protein content make it a promising seafood product. The results of this study serve as a valuable
reference for the formulation of efficient aquaculture feeds tailored to the different developmental stages
of C. sonnerati, contributing to the broader goal of advancing sustainable marine aquaculture.
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