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5 B_ 5 (2)
, SOD T-AOC GSH-Px AKP ACP B-
«“ ” , B- 100~200 mg/kg
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, B-
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5 > B'

(Qiu et al, 2011) (Long et al, 2017,

Jiang et al, 2020) ,

( ,2013) , B
) B_
> (Siems et al, 2005)
(Wei et al, 2016) B-
p- ’ ,
A ,
B-
(Gul et al, 2015) B-
) B'
B B_ 1
(Madhumathi et al, 2011; Medina Félix 11
et al, 2017) , B- ' B.
’ (11.75%, )
b 5 , B_
. 50 100 200 300 mg/k Diet 2, Diet 3, Diet
(Boonyaratpalin et al, 2001) s me/ke ( € © e
B- 4  Diet5), B-

(Martin et al, 2008) ( Dietl) CUN

B- , 25% ,

3.0 mm 10 mm s
p- - :

-20 °C

1

#1 RREANES. EHEARRENRE MERE

Tab.l1 The formulation, proximate composition, and actual carotenoid concentration of experimental diets

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
1%
19.90 19.90 19.90 19.90 19.90
8.00 8.00 8.00 8.00 8.00
8.00 8.00 8.00 8.00 8.00
22.00 22.00 22.00 22.00 22.00
2.00 2.00 2.00 2.00 2.00
16.55 16.55 16.55 16.55 16.55
8.00 8.00 8.00 8.00 8.00
2.00 2.00 2.00 2.00 2.00
4.00 4.00 4.00 4.00 4.00
1.50 1.50 1.50 1.50 1.50
1.50 1.50 1.50 1.50 1.50

CMC 3.00 3.00 3.00 3.00 3.00
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Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
0.40 0.40 0.40 0.40 0.40
0.40 0.40 0.40 0.40 0.40
0.20 0.20 0.20 0.20 0.20
C 0.15 0.15 0.15 0.15 0.15
E 0.05 0.05 0.05 0.05 0.05
0.25 0.25 0.25 0.25 0.25
1.20 1.20 1.20 1.20 1.20
0.30 0.30 0.30 0.30 0.30
0.1 0.1 0.1 0.1 0.1
0.50 0.452 0.405 0.310 0.215
B- 0.00 0.048 0.095 0.190 0.285
1%
8.78+0.05 8.96+0.06 9.03+0.07 8.83+0.02 9.24+0.02
40.51£0.05 40.30£0.21 40.47+0.37 40.17+1.64 40.860.18
12.05+0.31 11.98+0.11 12.46+0.06 12.11+0.09 11.24+0.76
9.44+0.04 9.13+0.03 9.27+0.04 9.16+0.02 9.20+0.07
/(mg/kg)
9.30+0.62 67.19+2.99 136.65+0.13 240.95+9.28 366.71+7.95
0.12+0.03 0.26+0.19 0.25+0.05 0.23+0.03 0.28+0.14
B- 3.2940.52 56.56+£0.47 108.88+11.58 207.86+5.92 320.01+17.29
1.2 )
2019 8 15 —40 °C R
PE ( X = 108 cmx120 cm) (WGR) (GSI)
300 (HSI):
( 70~90 g) PE 3~5d WGR(%)=( - x100, (1)
) GSI(%)= / %100, 2)
R HSI(%)= / x100. 3)
16 1.4
, IKA ( )
, 10 000 r/min
50 cm S 3 L/min 4°C 20 min,
24 h , —40 °C
(DO) 5 mg/mL 12h 2 12h 0.1g , 125
3% , , 2 mL IKA
> 10 000 r/min
(pH 7~8.5, <0.4 mg/L, 10 min, —40 °C
<0.05 mg/L) (
1.3 )
35d 70d (SOD) (T-AOC)
3 (GSH-Px) (MDA)
2 mL 2 mL , (AKP) (ACP)
-80 °C (GOT) (GPT)
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1.5 L* a* b*
AOAC (Ledn et al, 2006) 9 (3
(AOAC, 2000) Folch / ) ,
(1957) - 21,V L* ag*  b* ,
, 1.6 RNA qRT-PCR
) R RNAiso Plus (TaKaRa)
) RNA
¢ = T6 , (Q5000, Quawell Technology
) 470 nm (Johnston et al, Inc, ) RNA
2000) . RNA  (ODagonso 1.8~2.2, RIN=8.0)
(Wade et al, 2005), Agilent 1260 <DNA , PrimeScriptTM
HPL Agil Technologies Inc.
(HPLC)  (Agilent Technologies Inc., RT-PCR (TaKaRa)  RNA (2 pg)
), Peng (2008)
. 40 pL SYBR RT-PCR (RR420A,
B- Agilent 1260 HPLC )
YMC™ €30 (4.6x150 mm TaKaRa) ABI PCR (ABI-7500; ThermoFisher,
=3 um, YMC Co., Ltd., ), ) 10 uL,
A B A . 5 uL 2x SYBR Master Mix 1 pL
(32 ’ 0.01, VIVIV) B cDNA 0.2 pL ROX Reference
(100 1 0.04 V/V) B_ DyeII, 3.4 lJ,L Rnase-free-ddeO .
95 °C 30s 95 °C 5s 40 , 60 °C
( A9335) Sigma-Aldrich ( ), B- 345,95°C 15 s, 60 °C 60 s, 95 °C
( CA10947000) Dr. Ehrenstorfer 15s B-
GmbH ( , pAAct 2 EsCAT
(CR400, ) ( ) EsTrx ( ) EsPrx6 (
, ) EsGST ( ) P-Actin
F2 WHAEEPCRAMHSIVIRERXRER
Tab.2 Primers and relative information used for quantitative real-time PCR analysis
/bp
. (F) GCATCCACGAGACCACTTACA .
B-Actin (P) CTCCTGCTTGCTGATCCACATC HMO053699 266 Liuetal, 2018
(F) ATCAAGTGTCATTCCTCTTCTCTG
EsCAT (P) CCTTCCCTTCTTTGTTCACCA GQ361618 105 Wang et al, 2013
(F) TCGAGACTACATCGCTAAGTACAAA
EsTrx (P) AAACTCCACTCCGAGCATCC FJ372908 106 Mu et al, 2009a
(F) GCTCGTGCTGTCTTTGTCAT
EsPrx6 (P) ACAGATGGCACCACCATACA EU626070 188 Mu et al, 2009b
(F) GGCATCCAAGTATGGCAAGG
EsGST (P) CTCTCCACGGAACAATGCTG FJ610337 145 Zhao et al, 2010
1.7 , GraphPad Prism 9
SPSS 19.0 )
+ (SE), Levene
) 2.1
, ANOVA B-
, Tukeys-b(K) ; (WGR) (GSI) (HSI)
R Games- 3 35d R
Howell P<0.05 WGR GSI HSI (P>0.05),
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Tab.3 Effects of dietary B-carotene on the gonad development of adult female E. sinensis
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
35d
WGR/% 5.34+0.62 6.0442.70 5.43+0.47 6.11£2.04 5.81+0.63
GSI1/% 6.69+0.24 6.78+0.54 7.80+0.12 6.96+0.92 7.54+1.32
HS1/% 7.95+0.57 8.28+1.06 7.59+0.55 7.74+£1.98 8.21+£0.70
70 d
WGR/% 5.86+0.73 6.83+£2.61 6.06+0.37 6.56+1.97 6.92+0.61
GSI/% 8.24+0.62 9.04+1.02 9.43+£0.3 9.67+£1.92 8.46+0.68
HS1/% 5.26+0.27 5.51+£0.52 5.48+0.26 4.73+0.89 5.18+1.27
1% 77.08+7.80 81.25+6.25 79.17£7.80 83.33+9.55 81.25+16.54
55% 7% 8% 70 d R 4 R
WGR GSI 35d 0.5% B-
2% R HSI 2.5% R
75%~85% , Diet 1 B- s
., 77.08%, Diet 4 ,  83.33% B- (P<0.05), B-

B-

x4 BREEDRMB-AT MRIIMEINE . FRERANAELERRFIE(%TE)

Tab.4 Effects of dietary B-carotene on the proximate composition in ovary, hepatopancreas, and muscle of adult female E. sinensis (%

wet weight)

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
52.63+1.92 51.93+0.28 51.60+1.53 52.59+3.72 54.48+2.76
29.81+1.21 28.66+0.50 29.74+1.68 30.56+3.45 29.2242.26
15.57+0.73 15.84+0.76 15.76+0.33 15.21+1.25 15.58+1.24
2.660.12 1.78+0.08 2.29+0.37 1.64+0.05 2.53+0.40
76.25+2.47° 68.94+5.77* 70.30+2.40° 71.63£7.53" 73.71£2.52%
11.68+1.39 10.60+0.69 10.68+0.57 10.33+3.43 9.80+1.04
6.50+2.29* 14.26+2.72° 13.04+0.53° 12.3542.72° 12.83+2.57°
1.5140.49 1.93+0.80 1.80+0.68 1.7240.23 1.2840.26
81.16+0.81 80.31+1.18 80.58+0.68 83.66+4.60 82.57+3.20
15.43+0.39 16.11+0.79 16.19+0.24 16.03+0.23 15.84+0.62
1.0140.02 1.1240.05 1.00+0.22 0.85+0.18 1.01£0.18
1.4440.06 1.77+0.07 1.70+0.01 1.88+0.05 1.55+0.07
(P<0.05)
2.2 5
B- MDA B-
5 113 LT , B'
SOD T-AOC  GSH-Px B- 100 mg/kg
(13 2 B_ B-
100~200 mg/kg 6 AKP ACP
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Tab.5 Effects of dietary B-carotene meal on the antioxidant indices of adult female E. sinensis
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
SOD/(U/pro) 9.71£1.50° 12.90£2.00° 13.12+1.93° 13.78£1.09° 10.71+0.87%
T-AOC/(U/pro) 2.06£0.27° 7.78+0.89¢ 9.90+0.48¢ 7.55+1.38¢ 5.16+0.66"
GSH-Px/(U) 9.98+1.27° 8.98+1.22° 12.50+2.10° 7.48+1.03" 9.62+0.90°
MDA/(nmol/pro) 1.73+0.19° 2.09+0.45° 0.89:0.06 0.89+0.15° 0.99+0.13"
SOD/(U/mL) 42.71%6.51 34.52+4.78 36.63£10.44 42.26+10.31 34.83+4.25
T-AOC/(U/mL) 6.23+0.86° 7.40+0.94™ 8.14+0.94° 7.08+0.92% 5.43+0.86"
GSH-Px/(U) 59.91+2.09 53.02+2.31 58.55+1.67 60.85+2.97 53.86+6.67
MDA/(nmol/mL) 7.76+1.05° 6.890.94™ 6.11£0.54* 6.36+0.42° 6.56+0.53"
F6 BARPIRMB-AE MEX MM E G REHEXEENFIE
Tab.6  Effects of dietary B-carotene on the immune indices of adult female E. sinensis
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
AKP/(U/100 pro) 47.21+6.23" 57.28+10.82% 68.55+7.32" 52.67+13.06° 44.37+8.39°
ACP/(U/100 pro) 4.60+0.82° 5.48+0.75" 6.40+0.72% 7.09+1.24° 4.49+0.58"
GPT/(U/pro) 8.93+0.94° 5.51+0.67° 4.00+0.81° 5.86+0.77° 6.42+1.04°
GOT/(U/pro) 10.09£1.06° 6.47+1.41° 4.07£0.74* 5.16+0.76™ 6.16x1.21°
AKP/(U/100 mL) 1.51£0.20° 1.65+0.14° 2.12+0.12° 1.71£0.10°* 1.66+0.12°
ACP/(U/100 mL) 1.50+0.10* 1.71£0.17% 2.25+0.36° 2.25+0.36" 1.7940.49 *
GPT/(U/mL) 4.19+1.09° 2.08+0.44% 1.74+0.40° 2.86+0.48° 2.46+0.46"
GOT/(U/mL) 10.69+1.68° 9.26+2.25° 5.21£1.15° 10.00+1.51° 9.20+1.37°
B- « 2 L* a* b*
g : p- B- :
100~200 mg/kg , B- ;
GPT GOT B- a* B-
“« » i b* ’
s B- 100 mg/kg (P<0.05); a* b*
p- p- :
1 EsCAT B- L*
EsTrx EsPrx6  EsGST
p- y g p-
, p- 3 p-
100 mg/kg , EsCAT FEsTrx EsPrx6  EsGST 0 mg/kg 100 mg/kg, B-
, (P<0.05), B-
B- 113.64 114.20 98.17 100 mg/kg 300 mg/kg,
98.97 mg/kg EsCAT EsTrx EsPrx6 B-
EsGST , 16.7 1.7 29 mg/kg
2.3 B-
p- p- 0 mg/kg
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Fig.1 Effects of dietary f-carotene on the mRNA expression levels of genes related to antioxidation in the hepatopancreas of juvenile E.
sinensis

:a. EsCAT; b. EsTrx; c. EsPrx6; d. EsGST

a b c
60
= 60 =
40 40F
II“ - iiﬂ 40 ]I“
i 30 b
i 20 ﬁ apababl  abPab
g g a a W Diet 1
10 25 B Diet 2
[ Diet 3
[ Diet 4
0 | | 20 [ Diet 5
L* a* b* L*
2 B-
Fig.2 Effects of dietary B-carotene on the color parameters of carapace, hepatopancreas, and ovary of adult female E. sinensis
:a. ;b ; C. (P<0.05)
200 mg/kg (P<0.05), B-
200 mg/kg 300 mg/kg
s 2 116 135 mg/kg 3.1
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(P<0.05) (Wade et al, 2017;
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Fig.3 Effects of dietary B-carotene on theliarotenoid contents of carapace, hepatopancreas, and ovary of adult female E. sinensis
s a. ;b ;C.
Angell et al, 2018) B- (2018)
WGR 15% , ,
, , Jiang  (2022)
p- ,
(Penaeus monodon, Boonyaratpalin et al,
2001) (Cherax quadricarinatus, Harpaz et ,
al, 1998) ,
B- 3.2
R Supamattaya (2005) Niu (2014)
p- ,
, Yamada (1990) Chien (1992) (T-AOC)
B- ( , 2009), MDA
p- ,
MDA
B- B- (Devasena et al, 2001) B-
( , 2001; Wade et al, 2017) 0 mg/kg 300 mg/kg,
s T-AOC “ o -7 ,
(GSI) (Shao et al, B- 100 mg/kg  T-AOC
2014) B- , p-
, B- 0 mg/kg 100 mg/kg,
( , MDA , B-
2007), 100 mg/kg 300 mg/kg,
MDA ,
(Shao et al, 2013) , B- (100 mg/kg )
p- : (ROS) :
B- B-
, Niu  (2014) , , Stahl  (2003)
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B- , Diet 5 (Babin ef al, 2019) 100~300 mg/kg B-
(Siems et al, B- B-
2005), 0 mg/kg 100 mg/kg s
; p- ;
B- 100 mg/kg
(Chen et al,2019) AKP  ACP , 200 mg/kg, B-
(Xue et al, 2000) ,
100~200 mg/kg B- ,
AKP  ACP , (Chien et
B- B- al, 1992)
, , 0.5%~2% B- B- B-
(Penaeus ,
monodon) (Madhumathi et al, 2011), , B-
1.5%~3% B-
(Litopenaeus vannamer) ,
(Medina Félix et al, 2017) B-
B- , Boonyaratpalin
, (2001) , 50 mg/kg
B- , 175 mg/kg B-
2 2 (Nrf2) ,
, 200~300 mg/kg B-
(Hayes et al, (Supamattaya et al,
2014) , Nrf2 2005) ,
(NADPH) Trx 200~300 mg/kg B-
GSH )
(Bellezza et al, 2018) Trx , B-
Prx Trx , )
(Mu et al, 2009a, 2009b) GSH B-
, GST GSH ROS , , B-
(Mohankumar et al, 2006)
Prx Trx  GST B- 4
“o. - , Diet 3
, , 50~300 mg/kg
, 100 mg/kg - p-
ROS , p-
33

(50~100 mg/kg)

>
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B- (200~300 mg/kg)
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B- 100 mg/kg
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EFFECT OF DIETARY B-CAROTENE ON OVARY DEVELOPMENT, ANTIOXIDANT
CAPABILITY, IMMUNITY, AND TISSUE COLOR OF ADULT FEMALE CHINESE
MITTEN CRAB, ERIOCHEIR SINENSIS

JIANG Xiao-Dong"?*?, ZHU Ling-Xiang"?*? ~CHENG Yong-Xu"?*?® WU Xu-Gan"*?

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean University,
Shanghai 201306, China; 2. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Shanghai Ocean University,
Shanghai 201306, China; 3. Fish Nutrition and Environmental Ecology Research Center, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China)

Abstract To investigate the effects of dietary supplementation of synthetic B-carotene on weight gain rate (WGR),
gonadosomatic index (GSI), hepatosomatic index (HSI), proximate composition, antioxidant status, color parameters, and
carotenoid content of adult female Chinese mitten crab Eriocheir sinensis, five diets containing 3.3, 56.7, 108.9, 207.9, and
320.0 mg/kg B-carotene (denoted as Diets 1~5, respectively) were formulated to feed E. sinensis that have completed puberty
molting. Results show that: (1) Although the WGR, specific growth rate (SGR) and HSI of adult female E. sinensis was not
affected by dietary p-carotene supplementation, significant promotion of lipid content was observed in the hepatopancreas of
B-carotene supplemented treatments. (2) Indicators of antioxidant capacity (T-AOC, MDA, GSH-Px) and immunity (AKP,
ACP) in the hepatopancreas and hemolymph showed an apparent trend of “low-high-low” with the increase of dietary
B-carotene supplementation, and the highest levels were observed in the 100 to 300 mg/kg treatments. (3) Dietary B-carotene
significantly improved the redness (a¢*) of carapace and hepatopancreas, which agreed with the significantly increased
astaxanthin and total carotenoid concentrations in these tissues from different treatments. Therefore, the supplement of
B-carotene in diet had no effect on WGR and gonad development of adult female E. sinensis, but enhance the antioxidative
capability, non-specific immunity, color and luster, and tissue carotenoid contents. Based on these results, the optimal
B-carotene content in the diets was around 100 mg/kg for adult female E. sinensis. The research findings not only
contribute to understanding the impact of -carotene on the physiological functions of crustaceans but also facilitate the
development of functional feeds for E. sinensis.

Key words Eriocheir sinensis; fattening feed; carotenoid; culture performance; color parameters



