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2. TARARNE PR TREREARMI L, 7R T 510663

WE: NBTTIF S Z1EEEE LN EESTER (Litopenaeus vannamei) ¥ R L5 4 fiF (blue body syndrome, BBS)5 |5 H) 4 (4 57
B AERKBRGIETES P AERNLE, AT TR TR, DIURE ZIFIEA 0 me/ke MIRBHE A X R4
(CT), FHAEMIERE_EHIFE T HRH RIFME R 100 mg/kg (AFE F4L, AX)RIEE, FEIEH K IR R G o 51 LA P 4L iR
BHE WA AT 24 (0.77+0.27) g MILEF 60 d, FFXTPILXT ARG | AR IRE 28 & & 2S5 | A K PEfg
YA RE T R ARIERE AT T ARG AT LR, S5 Bon, CT 4G RXTiMAZR R ELHE (A, FIH MR (KL A 1R

FER o T AX G RS IR RS 2 B (B, &b T IEHRE

FroEIE], CT AXFUNIFBNR . H5e. WLA 3 ASHE

BIFE RS BEEINT 21.51%, 1M AX A SIREZ S EIMT 95.17%, HAFBR . Foering £ 58 B E4 S
(P<0.05), SEHRZEAAT, AX 41 BYXFHF AR EL RN 8.67%, /INT CT 41114 76.00%, X 45 R T, SMEMLAIRF K D
AN T X AR R ER T R DO AL, FCE X EMA S, Wb T BIARZE SRR A A . ARSI S, 78 CT 4XTEFRA
[FIL] 5 dr, SRS AR AN A 25 46 28 T2, WLPA LT 4 40 M HE SR A, M 2 20 2 AR L i 40 i 7% S5 B AR 1L
T AX LR HR (145 L LA R WL S8 B R R W, W IR 2 G A 1 ORT AR 224 S B A U 25 A i A3, T AR i 25
T RA BT AR R A LU IE 25 . A KRR I, 5 CT dUA L, AX AUXT IR TRy . I s il R ot 2
FIE G, ARG igf-1, igf2 MM Rk i, A KMERR Y 0 22 42 5 (P<0.05), & W MR 2% 3 3 38 i 6T 0 114 7
PR TG P A HE AR KA DGR R ) 3k, BB RS A RS R M A K Il . e BT EBE e, 5 CT 4, AX 4
YR B TE AR Ty A I A T R S S Ak ST P ) B R 5 (P<0.05), T R i i SRR IR (P<0.05), FHH
W 2R 3 VPR B B M, R R SR A RS R BT R DI RE R . TE SR RE I I, 5 CT 4l L,
AX H N ER G PEAR L H crustin, penaeidin 3a. proPO. relish WARXT 2L B2 FJE(P<0.05), FRHIFEEE S
PR HEGREAH DG P 1 2238, BB IR SR B RS R I S Ml . 25 b, WRF5 Z4R AR 5 R 18 R0 3Bl Ly i
X R AR ZE A A & A BN MR 3R AR R A N A S T A BT R B R S, RPN TR 2L S5
ARG S, BEJE AT IORUE (@, DI B35 0 TR 25 A AR 5 R A 4 (6 5 8 A BT BE 3K L
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AT B (0, i PLANTE TR (Litopenaeus vannamei)
(B 1), WEARXTERRIE A K 18 . BERe I M
FAR 5T R 55 450K, X SRR B S PR W IR LR
fiE(blue body syndrome, BBS)!", A 25 A 1iF e i

K BH: 2025-01-22; f&IiTHHA: 2025-03-20.
E£WB: | AEEHGRITE (2023B1212060023).

XEHS: 1005-8737—(2025)05-0700—18

T 1978—1979 4EAE R A V- VE 3 A i 5 A XE 50 %)
iR (Penaeus monodon) =58 g i, 3 il
it B X e E T B 5 ik B FRon R A e
Howell ZFRFSEHE H, S5 0035 KRB
FIXFUE, HSEHI R N R AR HOE BB G R

fEE RN FHIWE:(1998-), B, Mo, B A YRS TR B-mail: 931802540@qq.com
BIEIEE: EiG07, WL, BRI RIEHE S RIED Y IR . E-mail: 289656637@qq.com



FBSEAE: MR R s FLYY T BRI R 25 AR A T LR 701

Ké blue

I |.¢:l: ' |

JFBEAR hepatopancreas

4R 1A body

=y

B2 T 4541 subcutaneous tissue

P RS IR LA X IR AR . KI5 BT

Fig. 1 The hepatopancreas, body, and subcutaneous tissue of blue and normal Litopenaeus vannamei

KT 73.38%~83.00%, H 58 M {0H IF# %t
WRAY 1/3~1/2., Wade ZEDIBF50 2 B, 28008 K2
XU IE AR B b 75 1 8 Fe P i, 5 HAREIE 1)
UM, MELMIRESE T He ke
YsESht, SECE IR R — | AR
B ELIE PEARRE, AR R N R X —
et e E e =, BEELRE MR
FEIK = SR AR 52 IR A, RS Kk BT R
iz Sk G RS D ZER T, D aE T B
BEEEN, FEi I RARA (prawn type)fQiff i 1254
b 7 7, Menasveta %1% R, IR 30T BR i
BT oAb 78 T M PR R S ) BRE T KPR, A AR
HR RN 50 me/kg BGRRE 28 d JE, HiA®
PRIZ R IEH WA (0, HLAE G R RN o R 0] B2
(P MRIERN AR 7 B2 5 T 3.05%F1 23.01%, [
WS R B, IR REAAR R S5 R XTERR AR
SHESAEKBE, B RIRARERET £ 53X MW
o 2B 3R R B TR R R

HAlT, FLYYEEXT R AL B RE AT 9 R R £
THL 2 K brA el &, Te
ML F T, AR AR S e # S e, H
ARG, FEH B i (blasenzellen,
HIRAH) . R 21l (restzellen, WRUSAHMI) . F 2
(fibrenzellen, ZF4EZAE)FI E Zi/fd(embryonalzellen,
IR REARM 4L Herhr, B 4 o0 1 1L g -
HATHINIE AL, R 40 67 538 32 0 BT Wl 5 it
f£, F 4N 2 58 A G s &Y iz, E 4
AR FE A0 N AT B At LA R P

ek . RS 6e, HIEARRALR A4,
WL ey ARl . BREER, WL Stk S
st SR R U2 i 3 SR R T A A
S, N AR AR AR b B 20 P ) S5 A R AR 2
S AR BE B R R, XHF AR K R
P55 3 A il 35 P R R 5 R AR 1 L (insulin-like
growth factors, IGFs) 3R iE % UIAHIC . € # 1
(amylase, AMS). JEilf(lipase, LPS)., & H M
(trypsin, TPS)i P53 il s e 1 %k MR I Ak 4]k v ik
KACEY . SR KR A TR fE N, e s KR
AR F 1 (AGF-1) 5 S RFEAKE T 2 (IGF-2)
FEHANMuE T | A KR b R R AT, 1
PrAAALHLI T, LA R IR i B R G4
R A S8R0 ST, R4 A A2 A E
% B YA L AE T (total antioxygenic capacity,
T-AOC) )z Wt 1 AL P F8 E Wi 25 Hi A A W ot 5 4t
SEARBEL R R B A kRN R
Yy AL i (superoxide dismutase, SOD)5 g FH AL A
fifi(catalase, CAT)ZPi ARG —IBBIZE, #
i P A 4B F R 3% 4 % (reactive  oxygen  species,
ROS)#4L A7k 7§ % (malondialdehyde, MDA)
e Btk E AR 2, H S AT DA R4 S LA
40 A7 1 14 Ak AR N A S LR O
Xof MR EE S R A B 2 SR AHAEN G S5 A (1 A2 . Drrosal
5 Relish 735152 Toll 8 f#% Al IMD 3 i 19 5% i [H
¥, PR K Penaeidin. Crustin 2555 41 G 3L
Y& 5 Rk, KARE DA SOF B I A= )
FRE PO, T 1 48 fL B (prophenoloxidase, proPO)
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FEIR AR ARG B T 9 S8 AL M (phenoloxidase,
PO), FESRBEMN | 1 A S He il Ak i v 4%
Jr i K AEEEAE P, SR, T R IRLEAE
XTHRTE 1R 45 7 TH 25 S I S4B i =
IFEFRE—MAIEgEAER A IR b
=, BAmPraEfeimrE, nEstK =Sy E @
A, R B AE S FRA SRR A,
M P 2R N R (O . IR R )R
BT LU RO IR R 28 A 1P, Zhang 4512
R, RMRARE R R T % R SR A A
FLABESTUR A B, Zhao 2525V B, FLAN I RHIF
A=A RERE AR PR R AL (0~126.94 me/kg)
RGP T, AR IR B ki ., R
BRGTUR T 20 B W AR ZE G AR RN, A A BA Y
ARSI T HRE R, &3 100 mg/kg
(TR AN K - S e 7 WA AR A 8 5 A R 2O
FEMEHERN b, A5 0 o 2 iR 2= A 25 0 2 L
YHUEXT R AR LR G AR, 255 3 B xR A A |
ANRIER G . ER MR HIL S hUAE b bs
br. AER SR IR RIR B, 5 IRE
F 1A BRI R AR H S W AR 2R G AR A VR FH AL,
RAZIEIA Y B IR PR 2R A

1 #MHEFE

1.1 SRIERH&E

SER A TURE ZW NS 0 mg/kg HTRE}
YERX BRAL(CT), FFAE L EEml Bl/E 7RG RIS
JnEh 100 mg/kg (HFF R4, AX)BIGRRE, fRRHED
FrRB IR 1 s, SCI BT R A R Es
FUER T M E ST AE A BR A Al A, o =& &
10% o B4R RHEURFEE A I 2k 100 B i, 803 J50REfE
AR E . IR A, IARR BT FIOK I 78 A TR
Bro Ml SIEFF B RN Y PR & W B R E AR
1.2 mm AR, BORIBE K257 30 min, 55 C
T3 h J57E-20 CUkKARHRAE B R .
1.2 LIRS FRESIE

ARG B LRI X PLS A MR [ 76 2%
e IR A R AR o AFERETB IS B 3% 20 d
A, WERTE R 0.7 g 24 . R/N ST (a4
R AT 04, 2B 2 NALFRAL, 43 B R AR

x1 ZHREABESRES
Tab.1 Formulation and composition of the experimental diets
%

45 group

JE#l ingredient

CT AX
£k} fish meal 30 30
M1 soybean meal 20 20
A%k peanut meal 17 16.9
/N Ky wheat flour 21.9 21.9
MR E%EE beer yeast 4 4
UIBENE lecithin 1 1
i fish oil 1 1
KE i soybean oil 1 1
#ilE phospholipid 1.5 1.5
Y E IR AL vitamin premix® 1 1
WY R EL mineral premix® 1 1
44 3 C vitamin C 0.1 0.1
SALHEHE choline chloride 0.5 0.5
WRH Z YN astaxanthin supplement ° 0 0.1
BA sum 100 100
1AL S proximate composition
7K43/% moisture 10.52 11.38
H1#E 1/% crude protein 43.71 42.06
HLIE /% crude lipid 6.23 5.89
K53 1% ash 8.74 9.63
WFH % /(mg/kg) astaxanthin 0 86.30

TE:a. dEERTURA (kg WEL), BT 585 ML B BERE AR TR, 25 mg;
4k % D3, 62.5 mg; BERRERE, 750 mg; HIZEMR, 25 mg; 4Er %
B1,2.5 mg; %K, 10 mg; {ZMR4S, 50 mg; EHARMMEE, 7.5 mg;
Y FK B12, 25 mg; MR, 25 mg; MR, 2.5 mg; AWK, 25 mg;
JILEE, 3990 mg; ZF4E#E, 5000 mg. b. FHFHBURK (ke WA,
& T 3 & CaHPO,2H,0, 557 mg; MgSO,7H,0, 100 mg;
FeCe¢Hs0;-5H,0, 20 mg; KI, 8 mg; CuSO4-5H,0, 30 mg; ZnCl,, 200 mg;
Na,Se0;-H,0, 0.4 mg; CoCl,-6H,0, 2.2 mg. c. ¥FFH Z I IR
HEGER 10%. CT: XHEH; AX: IR H4.

Note: a.Vitamin mixture (/kg diet): retinyl acetate, 25 mg;
cholecalciferol, 62.5 mg; all-rac-a-tocopheryl acetate, 750 mg;
menadione, 25 mg; thiamin, 2.5 mg; riboflavin, 10 mg; d- calcium
pantothenate, 50 mg; pyridoxine HCL, 7.5 mg; cyanocobalamin, 25 mg;
niacin, 25 mg; folic acid, 2.5 mg; biotine, 25 mg; meso-inositol,
3990 mg; cellulose, 5000 mg. b.Mineral mix (/kg diet):
CaHPO,4-2H,0, 557 mg; MgS0O,-7H,0, 100 mg; FeCsHs0;-5H,0,
20 mg; KI, 8 mg; CuSO,-5H,0, 30 mg; ZnCl,, 200 mg; Na,SeO;-H,0,
0.4 mg; CoCl,-6H,0 2.2 mg. c.The astaxanthin supplement contains
10% astaxanthin. CT: control group; AX: astaxanthin group.

RPN 0 mg/kg A1 100 mg/kg HIGRE; R4
W 3AFAT, WA IR B, 50.23 m’, it
FRAFER 15000 . SCHk 3 AR A6 $R K 57
WMARG, BERGENWARNE 2 Pis, BERS
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HF 2 ANALER B — X AT A3 H R 4 K
(7:00. 11:00, 17:00., 22:00), #)4h+% W Gk
) 5% . BRI 0.5 h JCPAIEFR /K Ab B 5
o M 1.5 h, WIEXHIFB AR T —k
B TEIOKFR ARG HERHES 1R, HE

—i |
FRPEK GRS T 1)
flow direction of = _
aquaculture Water/ g /" ’* -

culture pond

[ kbl !
k microstrainer
centrifugal pump

protein

15 SR KR IR AR 5%~10%. X IR FR5H
AR 60 d, FRAEIAN], 7K 24~30 C, pH 7.39~8.34,
VR 6.53~7.64 mg/L, hIF 16.2~20.1, MR
140~200 mg/L, WAEfREE 0.04~4.0 mg/L, %A
0.09~4.67 mg/L,

culture pond

blower

T
Y $ e \JXL
o &
| =
¥air inlet

Ak B2
" biofilter tank 2

low-pressure
dissolved oxygen

skimmer

K2 JEIRKIRIE R G
FrFH I FRHE K A TIVE M, THR B DR EAMIENL . SN KBS . A Bd . ALl B4 |
RE I SAURE, 200 P ORIy £ BR . AR, 144 = 5, UK IARTEERF .
Fig. 2 Schematic diagram of the recirculating aquaculture system
The water discharged from the bottom of the culture pond flows into the sedimentation tank, then is pumped
by a centrifugal pump through a microstrainer, UV sterilizer, protein skimmer, biofilter tanks, and low-pressure
dissolved oxygen tank. After undergoing suspended solids removal, organic matter degradation, and oxygenation,
the treated water is recirculated back to the culture pond, achieving closed-loop water reuse.

13 LBHRXE

FEHEE 30 d FIES 60 d, FEZH 4> I 150 B XT
IR, Beit g ARXT IR g . FRAEEE 1 d. 5 30 d
FI% 60 d, BRI E 10 B XTER AT AR .
STMILA, TRATHEAZEIRERSTENE ., 7
B 60 d, BEZLAMHIEL 100 FEXTHRUEFT FR 8 K A
R A3 2H 50 BIHR 15 X R A7 B Ak BERT S %o
IMAR B S BRI E o B4 5 BIE5IEL 10 X IF
MOFIERR . LA . Wi, A 4%2 R F RN
[ ARAT, 48 h PNREAT AL ZU0) Rl o 42043 33
B 18 R X HR A T AR, TR TR R R R AT, Ho,
O {53 JFF I i T T AR TS R AT AR A A AR R Al
FE, 9 T IBEAR FH T A K RN g8 R 56 3 TR G AR X

FIR M E

14 XWHE

141 FREBSHESEAKLLENE Z% Zhao
225197, ] CR-400 {8,2%1% (Koncia Minolta)
I 7 %t R IR BR AT R IR R B A S EWL* . a*.
b¥*), BEEXFEFE T-20 CykKMHH % 3 min, H
WS o0 O L AA B SR S . R . R
IS, il s, FABZZE8E T
ZE IR, FXTERE T FJE25 1.5 min,
IR 821 5 0 52 o B A Ak L P A 39 45BN 174 B3 £
S, IAIRIC . LHE RN 4l R 2,0) 3 46
L (100) 1 52 BE AR Ak, a*(5 3w I Ek o (T ) Bl 4T
BOEROR ARk, bR Nt (F R0 3
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(EHOM AR,

O3 I GE T X B B BORE R (sample size, SS).
HURE ) 5 AR 80 (number of blue-bodied shrimp,
NBS), iR A R, AT

WK L% (blue body ratio, BBR, %)=100%>NBS/SS
1.42 MBEESENE HFHERWING ZHZRS
% Zhang %P7 RANT - B AR, H
10% KOH-Z B R pH 2 10 247, 4 Cilt
JtEAL 12 h JEIMAFER IR h A 2 ke, TRz
D 4E{L(CHRTST) 45 CHe4i =T, M5 mL i
BE s ki, IRREOEIRE . Bt DL MERT
ZHSF# SC/T3053-201928 R — 40 k- H1
BEWR (L - DAL, REURE S, PRZR
WE, FH & B B M A K TR AR, T2
FHLIAW 45 CHESWAZET . 5 mL PR
it , IR . 2% Zhao P )5k, (#
FH = RO €6 3% (HPLC) A | TR B R
EX7I3

1.43 HARYIFFESWME MR b5 51E
WAFEEAR . WLA . BRI 4HE, B3, RTINS |
TUPEAL Y, A, Y (4~5 um JE), A
K- (H&E) Y0, IF 20 E W AR g 41
4UEA, M. TSR AR5, W
T8 45 BE 2 BB Tmage T 1.52a il &, FEFLEL 4
2, BOFHAE .

1.4.4 HERKMERMNE 50350 R P76 K
(initial body length, IBL), £ A& (final body
length, FBL) . ¥ #f /A& i (initial body weight, IBW)
A K MK (final body weight, FBW) . 4 i
(cultivation duration, CD), 1155 1 K % (length
gain rate, LGR), 18 % (weight gain rate, WGR),
FrE A2 K (specific growth rate, SGR), AZ0U1 T

4K (LGR, %)=(FBL-IBL)/IBLx100%

14 F R (WGR, %)=(FBW-IBW)/IBWx100%

FiE 4 KR (SGR, %/d)= [In(FBW)-In(IBW)]x
100%/CD
1.45 HHEEESHELELERUE K
MR e, fRE & (g) « KR (mL)=1 : 4 By LKA,
A4 CHVRIAFERK, IEAIH 5 2500 rppm/min
B0 10 min, 3K 20% LR, FE. 41k
fit, fU4F AMS. LPS. TPS JhPEMiE; vk

HALFERR, 45 T-AOC ., SOD 5 CAT % . MDA
FEpIE, Y2 R @A Y TR T A
PR S U B AT .
146 HKESFEHXERMNEMNREENE

AR SRR, NWSEE 51975
m=k 2 s, 5106 SH LA TAY TREAR
INTEVSERL . {8 TRIzol 1371 B Ok R A [ A A B
RNA, ffi[] HiScript III RT SuperMix for qPCR
(+gDNA wiper) (Vazyme)i 7 £ 5% 5% A cDNA
% Bt ChamQ SYBR Color qPCR Master Mix
(Vazyme) izt & Ui W] 5 e i S e AR AR &R, TE
LightCycler 480 II (Roche) [ 47 E s AG I o A6
BPEWT: ()WAEYE, 95 °C, 3 min; (2) PCR
P 95 °C,10s; 58 C,20s; 72 C,20s; 454
&I, 3)&f#, 95 C, 5s; 65 C, 1 min; 97 Ci%E
SRR (FHE# A 0.11 °C/s); (4R, 40 °C, 10s,
PG SE SRR, H IR A A R 274G
AT
15 Sitah

BE LSE Y EEPRfE2E (X £ SD)FE R, H IBM
SPSS Statistics 25.0 A XUE ¢ K g kA7 2 =
WEMME, DL P<0.05 NMEF B,

2 HRS5HMH

21 HEEEMHE

JLYHEE X MR B A BT S A € B (E AN 2% 3 BT,
PRI WL 3, CT X UFAEEE . R0 A kb 2 Hy
JE ) LHEY ST AX A, RRE AR A, R
AEFRRT, CT TG ARXTER LA . . BB a*.
bHEY R E, RFBER I L% 0, BIRE
PR KA (] 3a). T AX 2RI AT BN JE 35 A R 3
1) a* DMEFINIEM, H 5 %E KT CT 41(P<0.05),
RERB O 6, O, BIREIEE O
3b). #ULHE, CT LAXTERIETS . AR b*{HI4 R
M, BFEET AX 41(P<0.05), fAFEIB 0
(K 3c)o M AX LLXNFIF =ANERAL A a*(E Y IEAH,
WERT CT 4(P<0.05), A& 5 P&t (4 (1K
3d). PRI E Z AL 2 FEOLESTIF H BUA G
WIS, R ERLE A IR SRR AE . T
AN LR IR 2 0 GE T X R e, (R
B,
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Tab. 2 Real-time quantitative PCR primersfor growth and immune related genes of Litopenaeus vannamei

JLIH gene 519751 (5'-3") primer sequences (5'-3") J¥%1%5 GeneBank access. no
HERAHEIE growth-related genes
igf-1 Forward: TCCCTTGCGTTCCTGGTCT KP420228
Reverse: CGCACTTTACCATCTCGTCACA
igf-2 Forward: CTCTGTACAGTCAGCCCAGC XM02739466

Reverse: CACACCCAGTCAGTCCCAAG
HREFI I E immune-related genes

crustin Forward: ACGAGGCAACCATGAAGG AY488497
Reverse: AACCACCACCAACACCTAC

penaeidin 3a Forward: CACCCTTCGTGAGACCTTTG Y 14926
Reverse: AATATCCCTTTCCCACGTGAC

proPO Forward: CGGTGACAAAGTTCCTCTTC AY723296.1
Reverse: GCAGGTCGCCGTAGTAAG

relish Forward: CTACATTCTGCCCTTGACTCTGG FJ592176
Reverse: GGCTGGCAAGTCGTTCTCG

drosal Forward: AACGTGATGTTGAAGATGCCCT DQ923424

Reverse: CAATACTCTGTGGCTGGTTACGAT

WS HEH reference gene

p-actin Forward: TCCGGAGGCACCACTATGTA AF300705
Reverse: ACTCTTAACATTACTCCGAGCGT

®3 MERMNAQENMFALEAGEEEIZI

Tab. 3 Effects of astaxanthin on chroma value of Litopenaeus vannamei before and after heat treatment

n=15X+SD
i i A3 group e (i AL group
section chroma value CT AX section chroma value CT AX
PUALFRHE] before heat treatment PAL P after heat treatment
ST L* 27.21+3.08  29.39+0.99 3 L* 59.95+520  59.05+2.86
head a* —23340.77°  —0.87+0.15° head a* 14.66£1.96°  22.25+2.51°
b* ~3.43+0.98" 4.530.30° b* 35.56+3.42  32.99+5.65
i s L* 33.1843.44  32.94%0.51 i L* 68.8742.69°  59.8243.99°
abdomen a* ~2.56+0.66 1.24+0.24° abdomen a* 13.74£1.70°  23.49+2.58"
b* -5.53+1.81° 5.39+0.38" b* 33.43£2.91°  30.54+2.71°
Jeeka L* 40.50+5.03  37.80+1.88 R L* 66.08+2.10°  61.85+2.07°
tail a* ~2.41£0.91° 1.74+0.18* tail a* 14.0541.72°  22.14+1.74°
b* —3.51+1.44° 7.29+0.41° b* 30.5742.96"  27.50£2.59"

TE: CT: W HRZH; AX: HFEEH. F—47ARR/NG 507 3R 20 4] 2% 5 i (P<0.05).
Note: CT: control group; AX: astaxanthin group. Different lowercase letters in the same line indicate significant difference between groups
(P<0.05).

W 4 fros, FAEME, CT HWMIFERL 22 MEXSETHK
30 d 1) 46.67% -+ % 60 d 19 76.00%, 1M AX ME 4 i, CT RN BRARER T 2R & B
2H T S 56 45 SR B X R BE AR HL R AR 8.67 % 1~60 d HIA] T T 47.06% (K 4a), T AX ZH34 0
HMEAL IR T R A B> T AR IR LSS IR T 68.46%, 7E 60 d BR CT 419 3.18 f%(P<0.05).
s CT 415 AX UM IR E £ & 21 1~60 d 1A
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Note: CT: control group; AX: astaxanthin group.

706 SRNEED e %324
220, 12ry,
~ 218 DICT4L CT group a 0 CT4 CT group
2816l mAX4l AX group ® 10 EAX4 AX group
2214  n=10,mSD = 2 =10, %:SD
1 EAD i 38
sr .g
« 5 + 4 Eﬂe 6
4 3 b b B
e 8 5 Y 8
K5 6 b eS8 4r
B £F,l o
Q B < 2r
go 0
1 30 60
FEFE K /d cultivation duration %ﬁlﬁﬁ/d cult1vat10n duratlon
3r¢ m E 30r 4
= a a OCTZ CT group =2 %2: = CT4 CT group a
0 § = AX4] AX group £ g4 EAX# AX group
EY n=10,%SD mE20  ne107sD
£ 25l = 200
= o 41 .8 a
I 5 w2 18r
4 g fr 2 160 4 a
e 5 & &4 b
@ 1O 12t b
fir g 1 g oL
Ke'r 2E g
g % 8 6
= g poss) <§ 4L
<& o
0 11sE 0
2 1 30 0
%ﬁﬁ‘]‘-&/d cultlvatlon duratlon FEFEIT/d cultivation duration
P 3 R 2O FLAA I X R A BT I 4 5 14 52
a. CT AL FIFTAYXTER; b. CT AL IR A HF; ¢ AX ZH B BT XS HF;
d. AX ALK BRSO XTER. CT 41: %R AX 410 EFF 2 41.
Fig. 3 Effects of astaxanthin on body color of Litopenaeus vannamei before and after heat treatment
a. Shrimp from the CT group before heat treatment; b. Shrimp from the CT group after heat treatment;
c. Shrimp from the AX group before heat treatment; d. Shrimp from the AX group after heat treatment.
CT group: control group; AX group: astaxanthin group.
®4 NEEWAMERIREEE RHOFIMN AT 221.29% . 546.70% (& 4b), {H AX 44
Tab. 4 Effectsof astaxanthin on blue body
ratio of Litopenaeus vannamei A CT 4111 2.01 1%(P<0'05)° CT 415 AX Al
. Y] group PR 2R & 7R 1~60 d 1820 B T 67.33%.,
2 parameter T ax 85.42% (F 4c), {8 CT 41 60 d i Y8R 75 2 3l
304 30 d 1IN 261.80%, A AX 41K 2.24 £5(P<0.05).
PR E i sample size 150 150 1E 1~60 d #i[H], CT 2T R R 08/ B IR R
T M4 number of blue-bodied shrimp 70 18 qﬂ SIS '3 WU RS RSB 1.25 f5 . 46 =4
il R L2 /% blue body ratio 46.67%  12.00% IR RS ERE (K 4d), CT 47E 1~30d
60d ﬁ;ﬁlEﬂW&T 21.51%, 1E 30~60 d i TP
HURERURL sample size 150 150 M AX 207 1~60 d B3I T 95.17%, 60 d i} i
R #E number of blue-bodied shrimp 114 13 m; = ?ﬁﬁj{] CT 2ﬂ B’(J 2.49 1%(P<0.05)o57|\ﬁ@5§%
WA L2 /% blue body ratio 76.00% 8.67% m_’:%?ﬂ Uﬁﬁﬁﬁﬂ?ﬂﬁiﬂﬁﬂ?ﬁi Ij‘] E"J?ﬁ*ﬂ, %_{

NP O 5 R R 2R R
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B4 JLAABEXTERATBRAR . H5E . WL ZHEURIRTT 3R & i As ik

a. NFBRIR A9 UFTF R & AL b, HFC IR =4

AR e ILARYERE R

AR do =AU RIRE R R

CT 4: MR, AX A: UFFRA. FADEE LT A F/NG 5148 4 0] 22 57 1835 (P<0.05).
Fig. 4 Changes in astaxanthin content of the hepatopancreas, shell and muscle tissues of Litopenaeus vannamei
a. Changes in astaxanthin content in the hepatopancreas; b. Changes in astaxanthin content in the shell; c. Changes in astaxanthin
content in the muscle; d. Changes in total astaxanthin content of three tissues. CT group: control group; AX group: astaxanthin group.
Different lowercase letters on the columns of each panel indicate significant difference between groups (P<0.05).

2.3 HRZFHHE

WS 7R, CT 4L 1R 40 i s 20 35 R e
1, ERIRE RS0 B (& Sa). 1 AX AT
JER MR A R HE S B0%, BRI AN, B 40 ik i
#Z((E 5b). Wﬁiﬁ%ﬁ%ﬁﬂ%iﬁxﬂ*ﬁﬂ?ﬂﬁﬂ%

gE 2, AR LS HR A R REE 4R HAE

¥, IR HE B 4 IBE5

mEl 6 i, CT AMNLEA4ER /N AR, 45t
BN, AN ZHE T LA 4E B (& 6a). 1 AX
H WL 4 HED 2 4, A AR ¥ 51 (B 6b)s
AX A WLEF4E B AR /N E] 60)E CT 20 i 3 FEAI
(P<0.05), {H AL 4% B2 (& 6d) 5 WLEF 4k 1 AR
(B 6e)s3 5l CT 49 1.37 £5. 1.27 £, ¥ &
FHET CT 41(P<0.05), ¥EARZEAIE S BUOLGIEXT
LANINSERY (B i MTI P4 E S 23 AN Sl S | 4

He i B, BeE LA A

il 7 WioR, CT 4B 400) i WL 3 38
JiE 5 B R AR R MR B, PR R AR L R A
Ji ) A B B B AR AE (B 7a). T AX
4 B 38 FH R b B A M HE B R 55, o R % A (A
7b), WAIENUZERE | GBS SR (E To)
A0k CT 4/ 1.22 £%. 1.69 £i5. 1.20 £, ¥
F T CT 41(P<0.05), ¥ RZEAIE FBULAN BT
R i 38 S5 A0 A2 00, T AR AL 25 R 9 3R T g LA
P e, IFBE I AL R A
2.4 HKM4RE

R 5 iR, 5 CT AL, AX IR | 1
FR | R KR I 36.40% . 31.89%. 9.72%
(P<0.05) . FMEAL L5 IR 22 AR AS ) 25 $5 1= FLANIE X
BRI A KRR, SO RS A IS RS AR KA
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P 5 HRTT 2R FLGA I3 X AT I i 2 2L 254 114 52 )

a. CT 4IXF SR FBEARASE DT A1, b. AX A0 IR AT BRARBE DI, B: B 40 d; R: R Z40ML; F: F 4000; E: E 40M0; BM: JEJE L . 3808
JFNEBEAZIE, * FoR PR, ¢ FoR BRI R R®, % Fo8 B QIR 2. CT 41 XA, AX 41 IR R4
Fig. 5 Effects of astaxanthin on hepatopancreatic tissue structure of Litopenaeus vannamei
a. Transverse section of the hepatopancreas from shrimp in the CT group; b. Transverse section of the hepatopancreas from shrimp in
the AX group. B: blasenzellen; R: restzellen; F: fibrenzellen; E: embryonalzellen; BM: basement membrane; L: lumen. + shows
hepatic tubular atrophy deformation; * shows basement membrane damage; ¢ shows lumen enlargement and cracking; and *
represents a significant increase in the number of B cells. CT group: control group; AX group: astaxanthin group.

la

60 - . n=4, %:SD 350 _d n=4, x£SD 80 e n=4, X+SD
<
s0 300 g 70l
- o - b
igm— TE"EZSO_ — SECr
@3 EZ L 250k
o g 200 = 8
prB-El e & E a0
N &5 150 @ k)
§52 90l % S 301
=52 = 2 100 g
g g = £ 20
10 B o
50 g 10}
0
CT#4 CT group AX% AX group CT#4 CT group AX# AX group CT#H CT group AX# AX group
215 groups 215 groups 215 groups

6 R 20 FLAA T X B L A 2H 245 44 152 0
a. CT AXFHFWLPIRE LI FEL; b, AX ZIXSARIILA BEDIIEL ¢, JULEF2E B AR (um); d. JILEF 4% 3 (mm ); e WLET 4T AR 5 L (%). MF: L
Zh 4 tiR I A A%, CT 4H: XTI AX 4 MR RA. SHIBE o AFR/NS FB:R7R 4 W 2 57 B3 (P<0.05).
Fig. 6 Effects of astaxanthin on muscle tissue structure of Litopenaeus vannamei
a. Transverse section of the muscle from shrimp in the CT group; b. Transverse section of the muscle from shrimp in the AX group;
c. Muscle fiber diameter (um); d. Muscle fiber density (mm?); e. Percentage of muscle fiber area (%). MF: muscle fiber;
t points to the nucleus. CT group: control group; AX group: astaxanthin group. Different lowercase letters on the
columns of each panel indicate significant difference between groups (P<0.05).
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50r¢  CICT4l CT group n=4, ©SD

B AX4H AX group a
a

b

0
WURERE e B
muscle fold height  fold width
50 um thickness

J7iB 45K B4 intestinal structure parameters

7 MR 2O PLAA I X B i G 2H 245 44 2

a. CT AU LI b AX 20T ¢, XPUFRENUZ IR . GESER R . 05T (um). AR BLZHEIR T 2 40 ffa i ]
FEHERATIET L, + R BZ IR AN 2 B AR, MC: ARERLZ; BM: ARJKIR; SEC: BRZEARAR b2 00L; LE: % MT: JUZ

JEEJE; FH: 48550, FW: SBETERE. CT 41 XHIRAL AX 41 IFE R4l HIEE F5 RRVNG FEERIR 4 )22 5 i 3 (P<0.05).

Fig. 7 Effects of astaxanthin on intestinal tissue structure of Lifopenaeus vannamei
a. Transverse section of the intestine from shrimp in the CT group; b. Transverse section of the intestine from shrimp in the
AX group; c. Intestine muscle thickness, fold height, and fold width of shrimp (um).? shows the simple columnar epithelium
connections were loose or broken, and + indicates the single columnar epithelial cells detached from the basement membrane.
MC: muscular layer; BM: basement membrane; SEC: single columnar epithelial cells; LE: lumen; MT: muscle thickness;
FH: fold height; FW: fold width. CT group: control group; AX group: astaxanthin group. Different lowercase
letters on the columns of each panel indicate significant difference between groups (P<0.05).

F 5 HFERXFLGEIRE SR 0
Tab.5 Effectsof astaxanthin on growth
performance of Litopenaeus vannamei

* 6 URE R XG0 IE X R L B E R R
Tab. 6 Effects of astaxanthin on digestive
enzymes of Litopenaeus vannamei

n =100, x £SD n=9,x+SD
K35 AR 25 group ey 251 group
growth indicator CT AX digestive enzyme CT AX

W HEA K /em initial body length 3.68+0.26 3.60+0.15 AMS/(U/mg prot) 133.09+1.47° 155.70+1.32°
LA K /em final body length 6.94+0.51° 7.98+0.49° LPS/(g prot/L) 2.90+0.39" 3.87+0.45°
WA TR TE /g initial body weight 0.79+0.18 0.75+0.11 TPS/(U/mg prot)  2236.21£19.40° 2676.24+63.61°
LKA H /g final body weight 5.48+1.29° 6.23+1.17° FE: CT: XYL AX: IR E4]. F—FRE/NG SRR R A
HEK /% length gain rate 88.48+13.87° 120.69+13.75" 245 W2 (P<0.05).

B4 /% weight gain rate 539.90+163.45° 712.08+151.49°
P K 3R /(%/d) specific growthrate  3.19+0.36°  3.50£0.31°
W CT: XHIR4L; AX: WG R4 W47 A /NG FREFR R 410

725 .3 (P<0.05).
Note: CT: control group; AX: astaxanthin group. Different

lowercase letters in the same line indicate significant difference
between groups (P<0.05).

25 HLEEEME

mFk 6 fin, 5 CT UM, AX 419 AMS .
LPS. TPS 743 H42 5 16.99% . 33.44% . 19.68%
(P<0.05), ZMEHLLS IR 2R Aea8 25 45 = LN i
XU ) T A P, ol IR LR AR S R T A
HZDANN

Note: CT: control group; AX: astaxanthin group. Different
lowercase letters in the same line indicate significant difference
between groups (P<0.05).

26 HEKHBEXEREFRIE

W 8 Fir, AX HRY igf-1 5 igf-2 WIAHXT 3L
k209 CT 410 7.18 5. 1.75 1%, ¥
FET CT 41(P<0.05), FNEALL IR ZiEhs i %
b LRI R AR R DG JE PR B R IR KT, B
WERZEAAE G B A KR T D REA ] -
27 REHEXERERIE

WE 9 FizR, 5 CT A, AX 4 H) 5 BEFH %
FH crustin, penaeidin 3a. proPO F relish [ AH
X LR ik w44 i 2E N (P<0.05) . i, AX 4
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10 == CT4ICT group n=9, ¥+SD
o 91 == AX4] AX group
2 a
o T
g7t
o
2 6r
S
e
gl
poy a
X oL
= 1 b b 1
0
igf-l igf-2

He KA IR growth-related genes

K8 HRFF 2R X PLAN TR MR A AR G
B PRIRF X 18 i Y52 )

CT 41: R4 AX dl: UREFZRA. HIBE LA

/NG F R R (] 22 53 B35 (P<0.05).
Fig. 8 Effects of astaxanthin on relative expression of

growth-related genes in Litopenaeus vannamei

CT group: control group; AX group: astaxanthin group.
Different lowercase letters on the columns of each panel
indicate significant difference between groups (P<0.05).

1) penaeidin 3a. proPO FHXT R R CT 4
Sy dE R 7.67 fiF . 2.69 £ AX 1Y drosal X}
FNFXEREST CT 4, BEWARIAGFE D E
PHE2E57(P>0.05), SMEALEA IR RAEHS W35 Tl FLg
VRSO R e JBE AH DC B R 9 FRIB 7K, 35 L B e i) 1
BT, TG I R SRS R S e DI Re i o
28 MEMNELIER

w3k 7 Wi, 5 CT 4, AX 411 T-AOC .
SOD 5 CAT G PE SIS T 18.9%. 26.6%.
33.3% (P<0.05), 5 CT 4L, M X W& A%

x7 BEERINANEINITREL ELIERAOZIN
Tab. 7 Effects of astaxanthin on antioxidant biochemical
indices of Litopenaeus vannamei
n=9, X +SD

RS 2k =Y 5 group

antioxidant biochemical indicator CT AX

3.44£0.04°  4.09£0.05
4.47+0.14"  5.66%+0.30°
0.63£0.04° 0.84+0.01°
0.69+0.02°  0.51£0.07°

T-AOC/(U/mg prot)
SOD i 1:/(U/mg prot) SOD activity
CAT i 1:/(U/mg prot) CAT activity
MDA % #/(nmol/mg prot) MDA content
B CT: RHRAL AX: IR RAL ARG F R4
%5 1.3 (P<0.05).
Note: CT: control group; AX: astaxanthin group. Different lowercase

letters in the same line indicate significant difference between
groups (P<0.05).

—
(=)

r 1 CT4 CT group n=9, xtSD

- [ AXZH AX group
a

T

FAXTFIE5 & relative expression
S = N W A NN 0O

A A

crustin penaeidin 3a proPO  relish  drosal

SRS R immune-related genes

B9 RS X FLAE X SR S e A O
HEPUAR S 2 3K i A4 52 0
CT 4l: XML, AX 4L M5 R4 HEK EJT AR
/NG F R R (] 22 53 B35 (P<0.05).
Fig. 9 Effects of astaxanthin on relative expression of
immune-related genes in Litopenaeus vannamei
CT group: control group; AX group: astaxanthin group.
Different lowercase letters on the columns of each panel
indicate significant difference between groups (P<0.05).

T AX 41 MDA & (P<0.05)., AMNRALA IR &

(R ATE %‘MW%&:N% OSSR A WA IE =)

PG M, 98 B B A M AR R, DT
Wﬁié?é*ﬁ% I %_E@?m%nﬂsiﬁ REA il

3 itig

31 RAWMEXNIREMELEEER K E
XTURAEALAAR MR 28 1 i il AR 2 o B (A B
G, XS REE A AR R JELRER DY S LA OB 5T
FAREAR VTR R SXHIF AR E R 1
JLEATESTEMA DY, 0@ miE el ERib AR R
FEENTAEBR . B H 2P, B @ ir e
% -H 525 5 12 5 W) (B-crustacyanin) 3 B 4315 T
HISE R Tl B BRgs R, H ek sh ik
WIIER S REE O S P Thie Z 1T 8h &5
Be, PLSEHFHURMSTAMD . EEREMmET,
JLAA X MR FE MR 58 FUHF g iR v R R DL &
T-AOC, FEUAE KM, HAEGFESE (Eriocheir
sinensis)ﬁ’fhﬂﬁﬂﬂiﬂ?ﬁl‘:f’ﬁﬂHq*ﬁﬂ? F?Yjﬁa%
H %, SRR O R R MEEER, A
5, CT ZH 3 i PRl iR 7 %%Léﬁﬁ"]ﬁibﬁﬁ‘tﬂ
T AR FLA B0, 78 BE R o P 23R
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B, CT ZAXTEFAFERR . H S FUILIA A SR R %
BAEFRFEIEl PR T 21.51%, [A)F HARZE L8
R K R R B . ML T, AX 44
IR IR RS RN T 95.17%, 84550k
IEH e, S5 RH, RIS R T35
JUANEXT IR AR N R 75 R A kb, 5| & W4
MG MFMEIRE R AL Re AL i HAE FLAAEXT
WP TR, (X R AR A 2060, X5 Zhang
2504 Song AEPGHIF I 45 BARST . LI SE R,
5 AX 4L, CT 4/ T-AOC . FEAK ., Xt —
B, RIS Z|MARNEWEL T, LYyt
B FH AR PO it A7 1 it 28 R R (R B BR T R 3 5 90
AAbTG ), REURRO@EIR, EHIFE R-F %
WERAEZ A C ., WYL ™ A & At
HIGHE KB By, 237 ki th, B4 i
EE AT fE, FEPUA ARG 2 2
BT, Bl W TR PLAN 5 X R PR R T 25 1Y
Fre b AE, HOEBR A MR8 B Wi s, M
5| AR BT E A AT T R

FUAN T MR ] 388 o 9] 45 A N R AR IR 5 R 1K
fite, PEwmliF B g RKF, HHSBEASSE
I MO AL, LA 3 ThiERe T,
Chen %55 & 8, WEAB-SI% NRBE LT
INJE R (Procambarus clarkii) R PN 5 BFF 2% & B
WA AH I R (PcASTA) B 263K 7K -, MU e
e TR S LU RS R &, I/ N e iR
ILLFE A5, A5 T, CT 20T BRI /0 i R 7
R W 5NRINE REGMERER 1.25 £,
23 YRR T R 7 2% Hb 25 402 7 35 1A ML 490 1 6T R JHF Ik
R LB IR T ROK AR, I 2 W2 5k
R, Hid, HogdirsE R SR imnrae s
JLENTEXRT R R PR e A G . iR S R 5 W e il
1 (Crustacyanin)JE I 2 G W) S B W% 23R
R, Z 5B BREALHE R LA R &
RIS Ky e e A G, RS R
T 1 B LA 40 A o R o gk AR = AR 1 R,
THIRG Bt AL i ERUS 4G SRE Y
F], AX 2R AR 5 H 78 iR 28 8 543 0 3
68.46% . 546.70%, XUFEEIALAN 8.67%, KT
CT 411 76.00% .45 KRB, HMFEALLG IR K AElS

15 & LGN T 0T IR AR W58 52 5 WL IR A ik 72 A IR
RIFE, FRANIEIRZGE AR 2 ILR . SMEHES
WRF 28 ] e O 02 o FLANTEXTHR IR 5 2R & iS5 5%
AU AH S 3 R B e ik, 1% 53 X IR FRR IR 5 FH 52 B 0
TR U, (HAHOCHE ) 43 IR AL i) 7 8
skl it — DT

Zil, I REBAANRMNOT, FLghiE
Xof 3 2o 5 2 T FE AR A A7 P IR 3R DA REDUR
fEIIRE, FERGA W K BT ALRE I TR, it
Mo &R GAE . AMEALLG IR R e 2 ML
YR XT AR T AL BRI S K, IR HE IR R AR
INUTRFIE (0, FRARIZSE AR IR A A AU
32 HREERIPANEIIRAFER. LA, FiE
HRH

WFFEERI, WFF 22 30 2o 9 5% PL 9V 0T M J
Jo v B B S s AR AR B, DA T 24 4 P M i 4 e )
RATAHEAR T ASHESE R, CT 4100 JF e I 40 i 52 B0
45 AILHYEEIE, 5 Huang 2R AT 5T 45 5440
oL, 5 7 IR R R 7 2% b 7 1% B0 75 X M P J
BT AU A o AH N Hb, CT 419 iFJE iR MDA
TR AX AR EFE. SREM, REEEER
HE 2 T B0 AR FLAA I X IR T g A %) g o it 4R Ak K
I, G R A G . T AX AR
YRR H 25852 %, H B diigfi s £,
X AN AL 25 R 28 T LAGR P LR ¥ %o R JH A
BRAAML A 2548, JFx HE AL e e A 24,
TE LT B4 B MR (Cherax quadricarinatus) v 45 25
I3

AT S 1 2 BB B ot AR Ak S AR 1 T
W fif O LET R 440 e ek, I THEALA Y
W hAENO, MULRIBTZT ok, SR R R
i A, AR AL T R Y Bl s L A A O
T MWL R K e, (R LA RS ARmF g &
I CT W NLEF LA B . AR A B o A, 3R
HH B i R 7 25 i 25 5 SO0 AR LI X R A LA 41
ZUR LR B LA 4305 1 AX AR ILEF 45
FHES, EAT BN LA 2k B AR A = i WLET 4
R, RUSMEALLS URE 2 A BT L i 4
FRIEE AL 2518, M H LA BT .

R 2R AT PR AR AR A LK P - B
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TEEGER e . RIEOM R 40 M A= RN T4 14
WA 355 BEL L B 38 R 4514, ABif 9T, CT 4
1 i 1B R IR B L R 20 M N L RV S
FRAFAE, R WIBRHIRE 2 A48 5 BOE A L9 Xt
WR B PR AT R R, HETS | &AL S50
M AX AL ER, piaassem s . s
Yo WUZEEH CT 4 REE AN iX 5 Eldessouki
491 Fang PR BFT 45 R —2, BRI AMREZS HF
H R RENS K oE FLYN XTI I8 2S5, e
HIH I AR S B R s ie i .
33 HBFRREHNLMWEXNHRAEK

WR T 2R RE e 1 SR K 7 Sh W T AL i v P, A
4R TR R R AR B A, R &
AT DL PLAR e X6 B S R AR A QAR DGR 42, 4
BB A i . MR BRI L K 2 1 A e, It
e 2 B AL RE DY, (8 £ i B 11 R M AE
ERE A TFIUARN A K 5K H . Khieokhajonkhet
SR BT R, KA MR BE BT KA
TAAIEIEA igf-1 F igf-2 BYZRIA, 4 fi(Carassius
auratus) AR PERESE R o DAAESC FEEARZE S IEXT
JLYA X R A B S e (R AF 98 F2 22 O AR K e 4R
bR, 1A G A %R I AL BB 7 S A 4 A O 3 R 3R ik
MHEATER BVl . ABFFEH, CT 441 AMS . LPS,
TPS Witk | igr-1 5 igr-2 BRI EK AX HI T
FREAR . FHN ML, CT 4By R 55 A KR
AX X0 R 25 R M, PR R AL 251
il 7 3 A PL I R AR I 1 A 5 A R DG S TR
PRI, FEOLAHTIREZEAL, T R AR T HF Y
ARKPERE. MAMEALAIRE RS T AX 41r97H
PB4 2 KR . X 52 IED BT 4 R —
£, RPERT 2R BB A A0 5 PN 5 6T B 04 3 1
Wene 7, MR HEXTERAE K
34 IERMEFLNENIRNRERE

Liang %5 BFSE & B, WKL A AE B 2 AR T
JLGA R HF T T IR 25 He 928 HH G 3 PR 19 3k 7K F,
B AR R A AR 22 1 2 B . ARG, CT
H B T PER T A penaeidin 3a. crustin. relish .
proPO Wik AX ¥ 0 TR, LR
W 2R AL LGP0 T W5 A PLAA VIS R S0 5 AH G FE A 1Y

Rik, FEHABEINGERM, MIMNEALLA RS R
fem T AX HR R LA, X5 Liu
4% yu 4B Mansour 55 PSR B 7 45 AT, B
T % A LUGE E LY X IR S K fe g5 R G800 )
IR, 15 A B BE ) o (H AR 2R XA A
Y2 BE DR A ] A AL AT 75 E— 2B
35 HREHEIEENNENFHREILEE

I 5¢ 28 3l W 19 Bt S8 AL By 180 28 ¢ oh 0 481k il
(SOD. CAT %) FiARMHT A (AR K2
NN, —FH PR AT LAEALAR 52 A
S EAI Y R AT R B, AR R
(Exopalaemon carinicauda) Pt B ALRE 1 T &
T AL B S A B AL, B AR K
RESEFRYBRME . MIFE R LA RKWHA
R ERE, AT B LGN T XTI 2 220 i 4 5 A 1Y
AL RO R 5% 5 AR AR BTG oy, PR A
KGR RE T 7 A B 02 LR 5 -
REEE R 2R AP AR AR 5 X IR R 25
BAERCFR . AW, CT AR SIFE R & .
T-AOC. SOD % CAT itk AX 43 3% B,
HFBEAR . WL . il 412035 3 9 B I 9 254
Pifh. AR, BREIFE R At4 T 2B0E AR LA
TR W B0 SR AL B A AR GE D RE IS, 5| A G B A
LU B B8 it o eAh, CT 40 T8 A Bl s 1
A SRR G Rk o A K PERE Y B3
WA, X — UL B, A LA I X M 1Y) 2 2 40
Pinl 7 A BRARIZE AL, I A K 5 iz
TIRERY M T RE S o AR TEERY 2, NLANEEXS HRTE
b B =R A VAL GRS b R =g ) ey s I b <1 U
AT PR, A A Tk AR A7 L 2 A T R
WK LR AR AT BV AE T AN TAERAKEN
AEH . MHILZ T, SMEMEAERT Ridm T AX 4
MPASLAE )T, TS MDA & &, 78 R e,
% ¥ I (Babylonia areolate)® . #fitt(Haliotis discus
hannai)[66] ST A AL HGE . R g Rk
B, M IR B2 R 2R BEAS 4 9 FLAN T X R B4R
fefE s, TR HOCH A AR E W e S
TE A BTG 3, TG iR SR SRS
AR . BRI RE A e T RE 2 ]
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Mechanisms of astaxanthin in ameliorating blue body syndrome in
Litopenaeus vannamel
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Haifangz*

1. Guangdong Provincial Key Laboratory of Aquatic Economic Animals; Sun Yat-Sen University, Guangzhou 510275,
China;
2. Guangdong Provincial Engineering Research Center for Carotenoids, Guangzhou 510663, China

Abstract: To explore the mechanisms of astaxanthin alleviating the physiological abnormalities caused by blue
body syndrome (BBS) in Litopenaeus vannamei, including body color abnormalities, growth retardation, and
health deterioration, this study was conducted using two astaxanthin-supplemented diets: 0 mg/kg (control group,
CT) and 100 mg/kg (astaxanthin group, AX). Juvenile shrimp [initial weight: (0.77 = 0.27) g] were reared for 60 days in
a recirculating aquaculture system. A systematic comparison of body color, astaxanthin content in various tissues,
tissue structure, growth performance, antioxidant capacity, and immune function was performed between the two
groups. The results showed: (1) Shrimp in the CT group exhibited blue body coloration, a typical symptom of BBS,
whereas AX shrimp showed normal light brown coloration. During the trial, total astaxanthin content in the
hepatopancreas, cuticle, and muscle tissues in CT shrimp decreased by 21.51%, whereas that in AX shrimp
increased by 95.17%, with significantly higher astaxanthin levels in the hepatopancreas and cuticle (P<0.05). At
the end of the experiment, the blue-body ratio was 8.67% in the AX group, significantly lower than in the CT
group (76.00%). These results suggest that exogenous astaxanthin supplementation can significantly increase
astaxanthin deposition, improved body coloration, and reduced BBS incidence in shrimp. (2) Histological analysis
revealed severe pathological changes in the CT group, including hepatopancreatic cell atrophy and deformation,
loose muscle fiber arrangement, and detachment of the intestinal epithelial cells. In contrast, the AX group showed
no tissue abnormalities, indicating that BBS caused structural damage to critical tissues, and astaxanthin
supplementation helped maintain normal tissue structures. (3) Compared with CT shrimp, AX individuals showed
significantly enhanced activities of digestive enzymes (amylase, lipase, and trypsin) and increased relative
expression levels of growth-related genes (igf-/ and igf-2), resulting in improved growth performance (P<0.05).
These findings suggest that astaxanthin mitigates BBS-induced growth retardation by enhancing digestive enzyme
activity and promoting the expression of growth-related genes. (4) AX shrimp exhibited significantly higher total
antioxidant capacity, superoxide dismutase, and catalase activities, and lower malondialdehyde levels than CT
shrimp (P<0.05), indicating that astaxanthin ameliorated the oxidative imbalance caused by BBS through
enhancing antioxidant enzyme activities. (5) Expression of immune-related genes, including crustin, penaeidin 3a,
proPO, and relish, was significantly upregulated in AX shrimp compared with that in CT shrimp (P<0.05),
demonstrating that astaxanthin alleviates BBS-induced immunosuppression by promoting immune-related gene
expression. In conclusion, nutritional metabolic disorders due to insufficient intake of astaxanthin are a critical
cause of BBS in L. vannamei. Astaxanthin is preferentially utilized in shrimp to strengthen their antioxidant
defense system, protecting tissue structure and physiological metabolism before being deposited for pigmentation,
thus ameliorating the body color abnormalities and physiological dysfunctions associated with BBS.
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