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WE: SRR T =R F 8 (Portunus trituberculatus) N 8 G i FE R (T —VIDHAL EF. KiHE R4
&, PreECIERe T e 8 br AR AR, 3E— DR T R R A N R S E RS PR AR
KR, GRFH: (1)IRE K F HE, 90 EHEB(GSI)E E W INP<0.05), MR B(HST) B K 2T 5 BRI
s NI (a*) EAN T B (O TR A S BE (L) E M E ) B 3BTRS, EIN L pLE 2 N F
. QENEEELRES, OWEP LK MR IFE R, HEEAB-HE M RSB NETERIE
IR R R IV IR S PR IS RS 82 LA, M-8 MRS R NEE TS NERK
PSR EIHE MR, IFE R, HEER. BIHGERAR-HE MRS EWEI P&, MARALTEHE b

CHEME, NRETIFERSERm. WEAMFERNGLMES BKHE MRS EEEE UG, INEM
a*ERpHEIH BT &R IFE R, MR BHGEEAR-HE PRSEEEE EMK. RN
a*H 5 % KHE P RGTELEFMME, pENSIFEF R SR 2 REIEML. QMRS I —VIHT-AOCE
BE NEEH(P<0.05), TISOD. CATHIGPX A G N s, bk s T-AOC 2 B« K- -1 1)
Ak, M SODMGPX NS LT T B #a %, CATHIMDA N “MK-F-Mik-fm A L ke % Ok & il 2 b AT
JEARFACP. ALPRINOBEfA 2 NS, MMMk E R ACP. ALPRIHCE [ —IVHA N LF- %%, VIS HE R
M. OV R, RIS 58 5T-AOCE R E MK, HEESE SGPXE R E EMK
(P<0.01), KR MRS ESHAIIBRI LR EM M. &0, E=R TRINE LR F S, gpfid
MR MR IFERMB-HHE MRS ENINEERAEL NIV, WRE PR KHE NRERET
s, FFAR AU S R 2 LT Es.
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16, DRk, VISR R 1A B SR R B B =
W TR SRR R R R E R R R —.

TE RS2 E 00 R & I R, 8 4 7 O S
SUh KB BRE NE. WEE AR,
B EL AR BRI P E R EAEIE R, EX
WE . WNEEAR-IE h 2T, mREs N
SR B B AAT AR s AL A
G RE, FLFT DASCRE 0 S, HE— bR R o
HPEZ BRI SR SRR TR, Ak
HR NS N AT UL S IR T = e R 3R
SR RIS p R Dk, B R
SRR TR T R R D E R
Ak RS AR AL U, ot T B FF S5 B 4 O R B
B F UL VAR R R 5 U 4
AHEBESENE.

SRR R IR =P TR AE O SR B 1 A o,
AAX G S5 BRI A AL B 1, LU S R
I3 B - L, 1 - T 0 A7 5 (A 40 £ (R A A 0
A R R B R R N
FRAIE SRR R T BB . 124 ik, A
TR SPR TR R A R R B OES
B KA N RALRA S RIS A . KT UL,
RS LAV T = AR TSR A Ry S e bR,
Sl T HWHERE LR EEAL N EES
B, REAE MBS R, B RER T IR
T S B B R L3 B B A A % B A
PRI, BRI T IR A S R
HUE AT A b, B0 45 AL AT LU E— 25
B 7 P 5 B0 9 SR B WL RN R AR 4R i
vk, FLAT LAk = T8 08 7 R 42 0 A B 72 5
SR SRR ST AR

1 MRERE

1.1 #&EKR
SEIG FH = PR T BEMEAR T-20204E8 H 2220214F
AHHUE T KPR TR S AR B b ) = AR R

Bt 37 5 B 3 ) = B 8 MR A Rk (T Y R A 1]
B R AT HaAERER, H SR E 58k E
(1 %—5%, A 45 W 2 AR 4 /K TR o VLA D 3t 47
VRRE . FRFEIIE, KB FEAR AN R : KA R N22%0—
26%0, HRIKIEN5—28°C, pHNT.4—9.2, HE>
3 mg/L, " &<0.5 mg/L, WAHER £:<0.15 mg/L.
H b A BEAL PR 10—20 H R A i 4= . 35 1800 e
BRI ARESRAGON S . AFBRAR A AR DAL 2, S
Che5 ™7 36 = JE MR 788 ) 5L R & IR AT 2 301
(T —V ), @50 5 FORE i 21 URATAE—40°C Uk A
FIE8 oM. BT IR — PR 7 M (0 9P 5k
G IR MR, & H KA MER AT BB AL T AN [ 01 5k
B, Nk, A B0 E Ok B I RORE S AT AR R B AN ]
KFEH o ARSI 50 5Lk B BRI RE SR AR RS
M) R B s R T HRE SOk B 8 H (A W 5% A,
1650, HIRERREIH R, MRS R E9AH
QFEYFIT0H (6 X)), IVEARE R E 11 HGF)AI12H
@R, VIIRERSREZH G R4 GR), &R 5
R HE A ERILE 1.
1.2 HAERIRRE

FRE T B e T B T T AR R K 4y, ARSI
EMREE TRV RHCP R R AR,
B N0.01 g). F AT B8 (s R ik 6 &
B, FE#E N0.01 mm), $255 FH 0 B 1 S 2% 4 Y
IR EL2—3 mL, 28 N B0 R AT B i 78 UK A
PIECH 4 EB 0 5L IR 58 N 2R B, P LT R
SR R R ECESE L A ) B SR AN B PR AR i, A
Ji 3 B G ST=100x Y £ 34 5 /8 4 3 7 AT AT f A 5 4
HSI=100x i ve 25/ B8RV 81 . BT A R S 3kl
TR T 40 CUKFEH T Ja 82052
1.3 @FEMAEHE MNEANE

F 1 Z 4 (CR400, Konica Minolta, Tokyo, Ja-
pan) I & G 5L R ARAE B I S UL a*b*).,
R H B T 46 S 36 45 SR, O LAY b VR T S O S TR
G5, e B SR HER, SR % T 5 50
HURE I 2 S50 BFRRIRAE 5 B T AR & =4

x1 ZHERTFEARIIELEMROERESR

Tab. 1 Samples of female P. tritubrculatus at different ovarian stages

e hrIndex I 11 111 \Y \%
A E Body weight (g) 107.24+3.03° 144.84+9.24° 203.65+13.78" 198.52+6.27" 191.18+9.09"
K Carapace length (mm) 60.16+0.83° 68.10+1.53° 75.01£1.56" 74.69+0.55" 73.55+1.25"
Ffl & Carapace width (mm) 94.9242.22° 117.79+10.39" 120.20+2.86" 117.69+1.13" 117.06+2.51°
i = Number 16 8 8 7 10

T R Bl AT S E AR R R FATEURE AR R T RN 22 57 B 2 (P<0.05), A

Note: Data are presented as mean+SE. Values in the same row with different letters mean significant difference (P<0.05), the same

applies below
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S, T EASIREGHE, HETERES TR
TREAE )RS R & & TR 2, WU IR &
K EEREN E B S50, O SR g Bl 52 6 %
fabs g, HEATREAE DRI E . P, T
AR IR P9 2% 12 P 0 K8 S AR S % Long 2"
J7 i, & R MEREE0.3—0.5 gBF K TFE. 0.3—0.5¢g
JF R AR VB A A1 0.05—0.1 g PN 3R B2 i T RE I N I B,
HE I E Y Smin g, B0 BIETR, SR 5 R AR
HERPA—SK, BERIE L OEARAASHH
BAEE SR, G 9F RIS F IR 2 A 215 mLAFl
o KIS Todrt e, Jb i Al
RIS A R 51482 w5 E 25 )5 1R BUR Y ODAA,
T P K 9470 nm™ e SRECRI i AR ) 7 8
M sE . LA L IR T & (4l 95.2%, Dr.
ehrenstorfer) AFRAE L, il 8 b5 #E ih 2, AR br ik ih
A EAE R R MRS R

K FH 2 RAM €3 (HPLC) V2% K i v 2 1) 8
I BEAT 20 B A e B, BT P RO i T
A Agilent 1260 (Agilent Technologies Inc., CA,
USA), B il N YMCE IS N &0 5 & @
WAL (%5 YMC-carotenoid ', YMC Co., Ltd.,
Kyoto, Japan), 3K H &AM 25 X4 A SR BH 2 b &
BEAT 2 B . RH0.02 mol/L NaOH- H B 75 ¥t B £
FIA R B 1) 2R AR S kT KR, BARSH A
a5k BT A SR S R, =R T
S IR R AR TE R A R S 2R, DR R R 1
MBS DR IRBURZA0.22 pm LI g 5 B
Be BT SR B (A) RN 0T ZE R (B) B3 A
BN AHIREAT 2 20 Pk, WE 1.0 mL/min, AN
25°C, HEFEE 20 pLo RAOMAILI RIS b &
Bt i ORE A il TR A B N 3R AT E T A AT,
H iR & (Cat. No. A9335). T K % (Cat. No.
1733119) %5 #E 54 H Sigma-Aldrich(USA); M35 2
PR % H ChromaDex Inc.(Cat. No. ASB-00012453-
010, Irvine, CA, USA), ffi 5 & brfE il (Cat. No. CA
11045800)H1B-#H=EE | ZhrifE it (Cat. No. CA1094
7000)%4 H Dr. Ehrenstorfer GmbH(Augsburg, Ger-
many), & JH 47l (Cat. No. 0283)I1 H Clearsynth(In-
dia).
1.4 MELFEERFNE

258 A S O T Y T R R L3 R AT
AT AL TR, 3145 _E 7 WRE S B R AFAE—40°C VKA vh 5
Mo BPLEAEE S1(T-AOC). #BEAY B AL
(SOD). TEMNEABH(CAT). &M H L AL il
(GPX). N _M(MDA). BMHEBIREF(ACP) Bl
WEFRERF(ALP). A 1 B (LZM) A1 — &L B (NO)K

FA L R AR ) AR B A BT AR T )R S AT
SE o LY PRI 2R A (He) & & 58 2 % Nicker-
sonff77vE"") F Tris-Ca%8 ¥ (50 mmol/L Tris-
HCI1+10 mmol/L CaCl,, pH=8.0)* IfiL & i 20—
10015 J7 (W0 B Bl M ), 7£335 nm¥ K I E
ODMH a1t HHe & &, 1FH A X AHe (mg/mL)=
3. 717 A< T BEAEHL
1.5 HEHH

AT B 5 R B R R R . K
FLeveneiZ: Xt Fr A £ 317 7 Z 5 HEAR I8, AN
JEFFPETT I A LB AT IR ESL . CF T AR
BCE R AR B . BRI 2 S T =R, SR
ANOVAX} 5256 25 Jik 47 77 2250 M7, K H Tukey’s-b
(K)VEEAT 2 5 LU, 2 3000 i e Js 10 AN W 2 55 1k
T ZF, X HAKruskal-WallisIE 2 Hi ks 56, %
Games-HowelliZ 17T 2 5 HLEL, BUP<0.05 W E R &
o A IR TR SPSS 24.08 4 TSt 1t
3T, K F PearsoniZ k6 56 A MR 2 [a] R AR O ME . BR
£ B FExcel 201344

2 #£R

2.1 DREEH. ®IFMEPE NRER

SR T BN E B SRR GSTE 1
(P<0.05), 34 hniie B B Rk A= 8 59 55 11—,
GSIHGIN 1 4.164%; 908 & & BARHSTE WS -7t
Ja FEEass, MIEANIVIAHSIE E & T H AR E
H(P<0.05; & 1) =R TEEUNSE K B W B, U
T R MR A B AL R 8 3 2 5000 Tl DL I 212 2.

10 a

—HSI -GSl a 4
& =
i .
8 b
=

b
e c
< 6k r=E ¢ /
5
<
S
K 4r ;
Jm
gz
2,
d d
0 L 1 I I I
I I 1 I\ \'%

YR L% FH B Ovarian stage

Bl =uke 7R N SR w72 o O SL48 80 GSD R Bl 6 2
(HSDHIAEAL

Fig. 1 Changes in GSI and HSI in P. tritubrculatus during ova-
rian development

Bl P S E AR R R R RIIR R B B8 A AR - B R
H % 5 W3 (P<0.05)

Data are presented as mean+SE. Values for the same indices with
different letters mean significant difference (P<0.05)
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Stage I Stage I

Stage II Stage I

StageIll Stage Il
StageIV i StagelV

Stage V Stage V

I Mg 2

Wet hepatopancreas

YL THE

Freeze-dried ovaries

Bl 2 ZohR 7 B[R] 9N SR A N S0 I Tt Sl R e ) 0 B (-
EBIBEID

Fig. 2 Visual appearance of hepatopancreas and ovaries of P.
tritubrculatus at different ovarian stages

R2 ZHERTENELEIRPIPECETHMABERCE
FHEEFESY

Tab.2 Color parameters of ovaries (freeze-dried) and hepatopancreas
(wet sample) of P. tritubrculatus during ovarian development

E#rIndex I 1I I v \4
5P §iOvary
I 81.67£ 83.49+ 79.10£ 76.21t 75.67+

091" 085" 072" 033 045

. 076+ 151 1424x 17.76x 17.11
0.07 0.14 1.06 0.60 0.72

b 1115+ 1248+ 2454+ 2676+  26.90+
0.57 0.39 0.81 0.41 0.26

JHF i Hepatopancreas
L 45.85b:t 46.87bi 53.68} 58.833:E 57‘63?
0.97 1.37 1.87 0.85 1.60
a* 4.98? 4.89:; 5.65:at 5.94:;: 3.00:bt
0.23 0.25 0.24 0.42 0.18
b* 16.llci 15.98C:E 17.18b:ct 18.24‘5 19.79ai
0.33 0.33 0.32 0.27 1.07

TEUNER R B ISR, ON S (L) (A 2 R R, 4
B (a*)EMFJEb*)EY R B E BT, gif
a* (H AN b {E 1) 55 i B 20 ) BRAE IV A AT V B . 78
U B R Bk R, BFREARL*(E Fp* 1 2 5 2% ET)
i, IV—V B IR a* (E 5.2 F F%(P<0.05).
SRR T EROVE R B ISR O AR A
W RS MRS ERREN R 3. B EK
BV, opEf RIS MR, IFE R, W
FHB-HHE N X E BRI A LG R
HBONMHFRSEENVEE S, MTHEER. EXH
F O ARAEE AB-EA R N RS = AT & & o
TEON SR B fErh, iR h 2R PR AR
BEZR(P>0.05), IFF R & E 2 EAHER, mp-
S MRS EREEE TRER, TERSEETY
JFREIR A . BEH RN R MRS P RE R

MaE, WHEKE SR NRE PR ERAE bR
IR R, MR, WIHGEEAB- 515 RS 240
S TFEBEE . EHE FRETEMS, SR
RN S R A B, B-HY PRI .
22 BF5FEPE MEPEXM

SR TR A FE SRR DR
SHTIER 4. SREERE (LY S5 EKHE MR, NS
. IHAEFIB-TA % N RS B R B AR
(P<0.05), {H 535 2 1K 38 K& BI85 F o
PE(P>0.05); G0 ELLTFE (a*) N8 5 (b*) 5 S 2R 3 B
. IFE R, WHEER. WBIHEGEAR-HE hRE
BHE T E EMXP<0.05), HES T AERLEE
FHKME(P>0.05) . RFRRARCE SREAS N R AHE
PEOM L 5. BFEARL* 5 SRE RS E
2B EAMKP<0.05), SIFEF R SR 25 EH
K(P<0.05), 5HARKHE PERSELEEF MK
(P>0.05). BRATHEAR P * RIS RSB IEM%
Ah, FEEIR o  fp* SRS MR EEW LR
FEHFKMEP>0.05).
23 mMEKHMEEERR

F 68 =M TR N S I AR A R R A
ME PRI PRSI BRI S, T-
AOCTE | —V I 2 I 3 K FE#a#(P<0.05), 11—
[ITHA R AR B K, 7568.75%; SOD. CATFIGPX
YIRS BT E RS, H SODAMCATLEITHA
IR B, GPXTE 11 1A e KA FFEAR MDA
B 1 IV E# %2 R%(P>0.05), V& ER
o UMtk HTA LB PR 1T &, T-AOC 2 I 15 -
K-E -1 48 k%, SODFIGPXIE J1 s It G
TR A%, Horh SODZEII i =1, GPXAEIV % =,
CATHIMDAYY N ik -(%- 1= (AR AL 35, By
Sy SIAE TL3H . TSR V 30

SRR TR O ELRF Tk R R B R of Ak B2
ERE R M S R bR AR LR 7. FFREIR T HAFNTITHA
ACPTE /1B B T H AR S, RS2 [
B 3E % 5 (P>0.05); 1EUN SR Bk 2, IR
ALPJE I 2 B fE R R pE, 11T HALPTE
TR E T HR &I E L E W(P<0.05); 5
[ —VHILZM % &6 8.3 2 7:(P>0.05), NOF; fE 8
NSNS =R AR Y A S Bu o el R A RTiY
FEAR T &, ACPRIALPYE /3728 4k 45 5 i A
&, T BARTHACP KX ALPYE 1% T H 4 & M,
H O % W 8 06 2 2 22 % (P>0.05); MLk
LZM & 2 TR fE LA s, Kl s &
B AR (P<0.05); 7E 90 & B2, ik = He AR
e Ny cm-G-m -1, KA IVIHHe S & & =,
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1T 18 2% I (P<0.05)
24 FFERBRPEPE NERFMEUIEIRAIE XS
T

AR TR S Ik A R 2
NS PR TR PR PE BT WA 8. FFIRRAR
SR MR, HER. BKERMB-AY MR
)2 & 5 W E 1R 5N HU AL 38 B 2 T Y2 35 A SR
(P>0.05), (NIFHF RS E5T-AOCE B3 ik
(n=23, P<0.01, & 3A), H i R &2 5GPXE & IE
FIZ(n=17, P<0.01, & 3B).

3 g
31 SIELEIRESTEEFENLHE NESENT
R

AHIFCAE KK W], =Hek T BRIV SR 7 il AR
i, T—IVH, G0 S i SR S R AR E RS
B ERN, I, op S s, FOKHE
2 ARG ERAN-TE RS B B, X
W = PERR T BEME AR AR B 7 i, BN RS MR
KERRMIN RSB INIEARF L . IV—V ],

R3 ZHERTEINELEIETIVE, FRENMARKTLXAEL MRS E(mg/ke BE)

Tab.3 Carotenoid composition and contents in ovaries, hepatopancreas and epithelium of P. trituberculatus during ovarian development

(mg/kg wet weight)

547 Index I I I\ V
B Ovary
JZHHE N ETotal carotenoids 6.28+1.18° 3.03+0.26° 71.01%6.10° 98.41+4.80" 76.1242.61°
IF 7 % Astaxanthin 1.62+0.27° 0.96+0.07° 26.45+2.35° 39.62+2.48" 27.9442.90°
I #K Lutein 0.41+0.15° 0.30+0.02° 3.96+0.66" 3.03+0.19° 1.38+0.11°
K Zeaxanthin 1.12+0.17" 0.99+0.09" 0.62+0.03"
¥ IE B Echinenone 0.04+0.02° 0.01+0.01° 0.95+0.21° 0.89:0.10°" 0.82+0.12°
B-#H | 2£B-carotene 1.83£0.21° 1.58+0.15" 18.96+3.00" 15.67+1.37° 14.67+1.15"
FHEE iR Hepatopancreas
RIS ETotal carotenoids 11.61+1.18° 11.84+1.31° 10.31+1.00° 8.42+0.89" 10.40+2.04°
174 2 Astaxanthin 1.60+0.05" 1.58+0.05" 2.91+0.28" 4.10+0.54° 4.80+1.26"
IH-# % Lutein 0.30+0.01° 0.64+0.09" 0.45+0.03 0.40+0.04° 0.4240.03"
K # K Zeaxanthin — 0.40+0.05" 0.50+0.05" 0.43+0.11°
B-#HH | 2 B-carotene 3.43£0.56" 2.20+0.08° 2.90+0.18" 2.35+0.06° 2.3540.10°
R K Epithelium
KB | ETotal carotenoids 235.55+13.78" 133.04+20.88" 132.8245.01° 109.05+10.42" 87.40+6.29°
174 2 Astaxanthin 75.43+6.44" 34.87+4.92° 39.6243.90° 32.82+1.39° 22.70+3.43°
IH-# % Lutein 11.50+1.16" 6.38+1.18" 5.5620.69" 4.15+0.46" 2.76+0.12°
¥4 B Echinenone 0.32+0.04" 0.20+0.01° 0.07+0.02° 0.07+0.01° 0.05+0.01°
B-#1% b ZB-carotene 27.16+1.84° 19.09::2.00" 17.44+1.33° 18.83+0.98" 14.28+1.43

T R AR E

Note: — indicates not detected

R4 ZHERTEINELEIETIVREFNXNAT MROBEXRY

Tab. 4 Pearson correlation coefficients of color parameters and carotenoid contents in ovaries of P. trituberculatus during ovarian

development
EIEL ISESTEE M-S LI M-3R FAREER T 05 B-% bR
Index Total carotenoids Astaxanthin Lutein Zeaxanthin Echinenone B-carotene
1% r —0.852%* —0.870%* -0.259 0.130 —0.448* —0.535%*
P <0.001 <0.001 0.232 0.607 0.037 0.006
o r 0.967** 0.980** 0.508* 0.104 0.670** 0.730%*
P <0.001 <0.001 0.013 0.682 0.001 <0.001
pe r 0.958** 0.903** 0.592%* —0.066 0.776** 0.813**
P <0.001 <0.001 0.003 0.794 <0.001 <0.001

VE: *RIRLE0.052 59, M B35 (P<0.05); ** KR 1E0.01 45, M B 3 (P<0.01); F[H
Note: * indicates the correlation is significant at the 0.05 level (P<0.05); ** indicates the correlation is significant at the 0.01 level

(P<0.01). The same applies below
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Tab. 5 Pearson correlation coefficients of color parameters and carotenoid contents in hepatopancreas of P. trituberculatus during ovarian

development

Eitan ISETELNN LINTE R FKEER B-tHE MR
Index Total carotenoids Astaxanthin Lutein Zeaxanthin B-carotene
L r —0.507%* 0.469%* 0.100 -0.015 —0.051
P 0.004 0.006 0.642 0.949 0.782
- r 0.015 —0.283 —0.173 —0.064 0.010
P 0.938 0.111 0.418 0.787 0.957
" r 0.035 0.415* —0.021 0.104 —0.140
P 0.855 0.016 0.923 0.662 0.446
F 6 IR FEEINEL B EIEHATRRRMMMA B ENIERE K
Tab. 6 Changes of antioxidant indexes in hepatopancreas and haemolymph of P. trituberculatus during ovarian development
FehrIndex I I il 1Y \%
JFJE i Hepatopancreas
BPUEALAE /I T-AOC (mmol/g prot) 1.33+0.13" 0.80+0.09° 0.25+0.05° 0.17+0.01° 0.09+0.01°
FEAA LB AL EFSOD (U/mg prot) 19.73+2.72" 19.11+2.42" 30.75+3.68" 23.85+1.50" 16.02+2.19"
it SH AL A BECAT (U/mg prot) 1.02+0.28" 0.70+0.10° 1.54£0.15" 0.85+0.07° 0.38+0.10°
BRIk H kit A IEEGPX (Ulg prot) 122.04+15.41°  325.09451.56"  154.55+12.51°  105.06+12.65™ 62.93+8.06°
74 —EMDA (nmol/mg prot) 5.57+0.47° 4.30+0.57" 5.41£0.67" 3.48+0.43" 1.63+0.13"
14k . Haemolymphs
RMPUEABET-AOC (mmol/L) 0.64=0.06" 0.28+0.04° 0.4420.03 0.77+0.04" 0.45+0.04"
AR B AL EFSOD (U/mL) 119.65+5.05" 126.49+2.12° 134.93+4.61° 117.8442.17" 99.05+10.67"
AL A EECAT (U/mL) 2.73+0.16" 3.2240.23° 2.36+0.17" 1.70+0.09° 2.35+0.16™
B H K HAEEGPX (U/L) 111.84£14.34"  434.46+64.78°  648.65£18.88°  835.68+38.24" 611.24+82.61
A —BMDA (nmol/mL) 5.56+0.58° 9.16=1.38° 25.40+1.32° 19.87+1.32" 26.26+2.70"

®7 ZHERTFEIVELRBIREDAFRRMMM B R RREREL
Tab. 7 Changes of non-specific immune indexes in hepatopancreas and haemolymphs of P. trituberculatus during ovarian development
fE#rIndex [ Il 111 I\ Vv
JiF J# i Hepatopancreas

R BE R ACP (U/g prot) 1609.09+215.03°

984.09+125.94™

1532.86+201.84" 507.32425.14° 456.97+27.58"

Bk P B ERREALP (U/g prot) 1253.124156.42°  7785.65+575.36" 772.07+79.88"  455.33+52.08"  367.80+49.22°
WHBFLZM (ug/mg prot) 2.30+0.24" 1.73+0.06" 2.25+0.18" 1.94+0.14° 1.61+0.27"
—HAMENO (umol/L) 30.07+2.46% 33.53+2.06" 23.80+£1.99™ 17.39+1.31° 16.53+2.44°
14k 2 Haemolymphs

R R EACP (U/L) 152.15+14.81° 237.23+17.48" 179.78+13.05° 287.90+28.12° 213.05+£36.90"
R PEBEERBEALP (U/L) 19.0641.84° 70.0627.21° 50.34+5.47° 68.5242.92° 55.02+4.41%
VETHESLZM (ng/mL) 6.86+0.51" 4.2240.13° 2.17+0.28° 4.7020.60° 3.58+0.40™
1% & F1He (mg/mL) 23.98+1.67° 14.60+1.30° 46.88+2.84" 67.71+3.18" 452142.03°
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Tab. 8 Correlation analysis between carotenoid contents and

antioxidant parameters in the hepatopancreas of P. trituberculatus
during ovarian development

JH i .
Hepatopa- P r 77 #2Equation R n
ncreas

KA N F Total carotenoids
T-AOC 0.496 0.149 y=0.025x+0.311 0.022 23
SOD 0.256 -0.274 y=-0.575x+27.273  0.075 19
CAT 0.939 —0.019 y=-0.004x+1.018 0.000 19
GPX 0.495 -0.158 y=-5.870x+218.013 0.025 21
MDA 0.367 0.213  y=0.122x+3.290 0.045 20
175 % Astaxanthin
T-AOC 0.001 —0.640** y=—-0.172x+0.966 0.409 23
SOD 0.480 —0.163 y=-0.639x+23.496  0.027 21
CAT 0.556 —0.140 y=-0.041x+1.078 0.020 20
GPX 0.056 —0.404 y=-21.547x+215.537 0.163 23
MDA 0.077 —-0.384 y=-0.490x+5.619 0.148 22
I35 % Lutein
T-AOC 0.939 0.018 y=0.055x+0.617 0.000 20
SOD 0.966 —0.012 y=-0.421x+21.732  0.000 15
CAT 0.991 0.003 y=0.013x+9.69 0.000 16
GPX 0.002  0.701** y=601.460x—82.584  0.482 17
MDA 0.873 —0.042 y=-0.423x+4.803 0.002 17
T K3 K Zeaxanthin
T-AOC 0.484 —0.196 y=-0.129x+0.261 0.038 15
SOD 0.396 —0.257 y=-11.633x+29.049 0.066 13
CAT 0.178 —0.398 y=-1.213x+1.651 0.159 13
GPX 0472 —-0.219 y=-58.140x+145.226 0.048 13
MDA 0.776  0.084 y=1.062x+3.753 0.007 14
B-HHEY | 25 B-carotene

T-AOC 0.345 0.197 y=0.187x+0.022 0.039 25
SOD 0.853  0.043  y=0.690x+20.870 0.002 21
CAT 0.160 0.318 y=0.334x+0.130 0.101 21
GPX 0.463 —0.165 y=-31.086x+236.147 0.027 22
MDA 0.127 0.335 y=1.281x+1.174 0.112 22

RGBT, AR R, RE=
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Fig. 3 Regression analysis of carotenoids and antioxidant indexes
in the hepatopancreas of P. tritubrculatus during ovarian develop-
ment
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CHANGES IN CAROTENOID COMPOSITION AND ANTIOXIDANT CAPACITY
OF PORTUNUS TRITUBERCULATUS DURING OVARIAN DEVELOPMENT
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Abstract: Female Portunus trituberculatus at different stages of ovarian development (stage I — V') were investiga-
ted for their color, carotenoids contents, antioxidant and non-specific immune parameters. The results indicated that:
(1) the gonadosomatic index (GSI) increased significantly (P<0.05), while the hepatosomatic index (HSI) rose slightly,
then declined gradually. The redness (a¢*) and yellowness (b*) values in ovaries showed an increasing trend, as did
lightness (L*) and b* values in hepatopancreas, but L* values in ovaries showed a decreasing trend. (2) Total carote-
noids, astaxanthin, zeaxanthin and pB-carotene content in ovaries showed an increasing trend followed by a decreasing
trend, with the highest astaxanthin content in stage V. Astaxanthin content in hepatopancreas was on the rise, while -
carotene was on a significant decline. Regarding the content of carotenoids in different tissues, the epithelium con-
tained the highest amount of astaxanthin. L* values in the ovary and hepatopancreas exhibited a significant negative
correlation with total carotenoids, and a* and b* values in the ovary both showed a significant positive correlation with
total carotenoids, astaxanthin, luteolin, echinenone and -carotene. There was no significant correlation between a* va-
lues and various carotenoids in hepatopancreas, and b* values only showed a significant positive correlation with asta-
xanthin. (3) For antioxidant indexes, T-AOC in hepatopancreas showed a significant decrease in stage [ —V
(P<0.05), while SOD, CAT and GPX showed an “increasing and then decreasing” trend. The T-AOC in hemolymph
showed a trend of “high-low-high-low”. SOD and GPX showed an increasing trend and then decreasing trend, while
CAT and MDA showed a “low-high-low-high” trend. In terms of immune indexes, ACP, ALP and NO in the hepato-
pancreas showed an overall decreasing trend during ovarian development, while ACP, ALP and Hc in the hemolymph
showed an increasing trend in stage [ —IV and a slight decrease in stage V. (4) Correlation analysis showed that as-
taxanthin content in hepatopancreas was significantly negatively correlated with T-AOC, lutein content was signifi-
cantly positively correlated with GPX (P<0.01), and no significant correlation was found between the other carotenoids
content and antioxidant indexes. In conclusion, the increase of total carotenoids, astaxanthin and f-carotene in the ova-
ries of P. trituberculatus occurred mainly in stage I[—IV, while most of the carotenoids in the epithelium showed a
significant decreasing trend and only astaxanthin in the hepatopancreas showed an increasing trend.
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