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BE: NETTIF S 26 EEE LN EESTER (Litopenaeus vannamei) ¥ R L5 A fiF (blue body syndrome, BBS)5 |5 H) 4 (4 57
B AERKBRGMETES P RERNLE, ARTFFRE TR TR, DIURE ZIREA 0 mg/ke MIRBHE A X R4
(CT), FHAEMEERE_EHIFE T HRH RIBME N 100 mg/kg (FE R4, AX)BIEE, FEIEHRKFRE R G 4 51 LA P 4L iR
BHE MR IR AT 24 (0.77+0.27) g MILUF 60 d, FFXT I XT ARG L AR LR IR 28 & i 2 RE5 0 | A K PEg
YA RE ) R ARIERE I AT T ARG AT LR . S5 R Won, CT 4G RXTIMAZR R ELHE (A, RPN MR (R LE A 1R

SER o T AX GRS IR R SR 2 B (B, &b T IEHRE

FroEIE], CT AXTUNIFBENR . W52, WLA 3 ASHE

RIS R EREINT 21.51%. 1M AX A SIFE RS BRI T 95.17%, HIFER . Breird & 888 57
(P<0.05), SEERZEAAT, AX 4 BXFHF AR LE RN 8.67%, /INF CT 41114 76.00%, X 45 R T, SMEMLAIRF R D
AN T X AR R ER T R UOR L, FCE XM, Wb T RS SRR A A . ARSI S, 78 CT 4IXTEFRYA
[FIL] 5 dr, SRS AR AN A 2R 46 28 T2, WLPA LT 4 40 M HE SR As, M 2 B 2 AR I i 40 i 7 S5 FE AR 1L
T AX ZHRTHR (1 45 LU R WL S8 B SRR, 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, BRI 6, TS R ZE A IE S R i i 6 58 A AE B Th RE 2L .
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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
P SR R N TEER R

HAl, FLYYEEXT R AL B RE A9 R 2R £
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
XPHRTE b iR 45 7 TH 2R B IR AT B ik =
IFEFRE—MAIEgEAER A IR b
=, BAmPraEfeimrE, nEstK =Sy E @
A, R B AE S P FRAT SRR,
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 K - S 2 e 38 7 WA IR A €15 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,
SHAZIEIR ) B iR PR AR AR

1 MR57EZ®

1.1 KEREMHE&E

S T HNE ZIWNEN 0 mg/kg 191K
YE X BRAL(CT), FEAE L EEan 1 HI/E T HRE R iR
JnEh 100 mg/kg (HFF R4, AX)BYGRRE, fRRkED
TSI 1 FiR o SE BT A R o a8
R NE TR RA R, IFE RS RS
10% o K e R FURHEE fs Je i 100 B i, T4 50
WAFRE . IRA YIS, ARG 4 FK I 78 4 1R
Hro [ FH BLIRFEBY ALK X BUIR & W B RS B
A 1.2 mm AR, BORIBE K257 30 min, 55 C
T 3 h JFAE-20 C kA i A7 S
1.2 LEXIREHRAEEIR

ARSI B FLAN XTI PLS AF-HF I [ 16 2%
WA YR A R R . AFERFE 3 T 3% 20 d
o, WERE R 0.7 g A4 KRN S B {a R4
WRHEAT 34 . SEEE 2 DALFRA, 4 4% R AR

F1 XBREBEFTRES
Tab.1 Formulation and composition of the experimental diets
%

ZH % group

JERE ingredient

CT AX
fa ¥ fish meal 30 30
K] soybean meal 20 20
e %k peanut meal 17 16.9
/NF K wheat flour 21.9 21.9
M EERE beer yeast 4 4
BIBEAE lecithin 1 1
iyl fish oil 1 1
KE M soybean oil 1 1
#§ll§ phospholipid 1.5 1.5
i Z R FL vitamin premix® 1 1
W) IR R AR mineral premix® 1 1
4t # C vitamin C 0.1 0.1
FALJAFE choline chloride 0.5 0.5
WFH R U] astaxanthin supplement °© 0 0.1
SA sum 100 100
TA#} 44> proximate composition
IK53/% moisture 10.52 11.38
HLZE /% crude protein 43.71 42.06
MG 5 /% crude lipid 6.23 5.89
K53 1% ash 8.74 9.63
WF 7 % /(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
HHEITEN 10%. CT: XA AX: IR H4A.

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; MgSO,-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

—> !

~ v
R FLBIT 8
flow direction of e
aquaculture Water/ 8 ES T

_ culture pond

!. o et

!

=

D mog > ==

My ]
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, WAL EE 0.04~4.0 mg/L, Z A
0.09~4.67 mg/L,

culture pond

50.23 m®

blower

{ “( O ﬁ

.\mﬁ
| s
¥air inlet

Ak B2
P biofilter tank 2

low-pressure
dissolved oxygen

skimmer

K2 PREKIRIE RGN B
FRBH TR AR ATCIE M, FF B DR EAMIRIL . SIVKE R . RAS B A I
R ANE, 2B N EBR . ALY, AR 2 50 Fm i, SR G 2RI .
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.

1.3 ZHHFARE

FEHEE 30 d FIEH 60 d, FE4H 4> I 150 B XT
IR, Seit g ARXT IR g . FRAEEE 1 d. 56 30 d
FI%S 60 d, BRI E 10 FEXTER AT AR .
FSMILA, FRATHEAZEINERSTENE ., 7
B 60 d, BEZLAMHIEL 100 FEXTHRUEFT FR 8 K A
R A32H 50 BIER 15 X R AT BAh B AT 5 %o
IMAR B S BRI E o B4 5 BIFIE 10 X IF
MFIERR . LA . WA, A 4%2 R PR
[ IRAT, 48 h PNREAT L ZUD) Rl o 4 243 303
B 18 R X HR A AR, TR TR AR R AT, Ho,
O {53 JFF I i T T AR TS R AT AR A A AR R Al
FE, 9 T IBEAR T A K RN g8 R 56 3 TR G AR X

FR M E

1.4 XEBFHE

141 FREBSHEEAKLLENE S5 Zhao
225097, ] CR-400 {8,2%1% (Koncia Minolta)
) 5 X6 MR SR BRI T AR R BB B 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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GEBOR (AR 1k

I3 I GE T X B B BORE R (sample size, SS).
HURE ) 5 AR 80 (number of blue-bodied shrimp,
NBS), TR X IR AR R, AT

WKL (blue body ratio, BBR, %)=100%xNBS/SS

142 MBZESENUE  NFHRARNIFE Z#HZS
% 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
73
1.43 ALRYIFHEIESHE R B 53 5
WAFEEAR . WLA . Bib e, B3, RTINS |
TUPEAL R, FESEHE, Y (4~5 um JE), A
K- (H&E) Y0, IF 20 E W HR g 41
4UEA, M. TR RAE IR 4S5, W
T8 45 BE 2 B3 Tmage T 1.52a il &, FEFLEL 4
2H I BE, BOFEE
1.4.4 HERKMEEENE 00500 ER P76 K
(initial body length, IBL), £ K&K (final body
length, FBL) . ¥ /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), 148 % (weight gain rate, WGR),
e A2 K K (specific growth rate, SGR), AzUU1T:

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

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

FiE 4 KR (SGR, %/d)= [In(FBW)-In(IBW)]x
100%/CD
145 HUBEEESRENXENERNE T
MR e, fRHE & (g) + KB (mL)=1 : 4 By LA,
A4 CHVRIAFERK, RIS 2500 rppm/min
B0 10 min, 3K 20% M HLURR, FE. Mk
fit, fU4F AMS. LPS. TPS JHPEMiE; vk

HALFEFR, 45 T-AOC ., SOD 5 CAT i% 1 . MDA
TRENNE, B2 e @AY TR A
PR G UL B T
146 £KERBEHXEANHENREIENE

AR SRR, NWSEE 51975
M=k 2 s, 5106 S H LA TAY TREAR
N T)SE N 4 TRIzol a7 B2 BOGT B FHF JB AR 1
RNA, il HiScript III RT SuperMix for qPCR
(+gDNA wiper) (Vazyme)ik 7] & S5 5% 5% 4 cDNA,
% B8 ChamQ SYBR Color qPCR Master Mix
(Vazyme) izl & Ui W] 5 e ] S e AR AR &R, TE
LightCycler 480 II (Roche) [ 17 s AG I o A6
BPEWT: (HWAEYE, 95 °C, 3 min; (2) PCR
P 95 °C,10s; 58 C,20s; 72 C,20s; 454
&I, 3)Ef#, 95 C, 5s; 65 C, 1 min; 97 Ci%E
SRR (FHE# A 0.11 °C/s); (4R, 40 °C, 10s,
PHESE SRR, H IR AR A R 274G
E QAN
1.5 Sitah

B V- YEEbRE 2 (X £ SD )RR, H IBM
SPSS Statistics 25.0 A XUE ¢ K gk AT 2 R
EW M, Ll P<0.05 HEFTE

2 HRESH

21 HBEBEEAHE

JLGHEE X MR B A T S A € B (B an 2% 3 BT,
PRI WL 3, CT 4 XFHFAEEE . R0 A kb 2 Hiy
JE ) LHEY ST AX 4, RRE AR A6, R
AbBRRT, CT TG ARXTERSLHE . B BB a*.
PHEFIHE, REHOM M LRE A, BikE
P KA (] 3a). T AX 2RI AT BN JE S A R
1) a* DMEFINIEM, H 5 E KT CT 41(P<0.05),
RERB O, O, BRI O
3b). #ULHE, CT LAXTEFIES . AR b*{H IR
M, BEET AX 4H(P<0.05), K35 I
(K 3c)o 1M AX LI XFIF = ANERAL A a*(E Y IEAH,
HERT CT 4(P<0.05), 1A 5 P& (4 (K
3d). BRAIERE R AL S R EOLGNE TR B
IS, R KRR A IR BT RRE . T
HMNIRHE R IR 2 0 GE T X R e, (R
Bl
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Tab. 2 Real-time quantitative PCR primers for growth and immune related genes of Litopenaeus vannamei

A gene 519351 (5'-3") primer sequences (5'-3") J¥31*% GeneBank access. no
K AHRIEE growth-related genes
igf-1 Forward: TCCCTTGCGTTCCTGGTCT KP420228
Reverse: CGCACTTTACCATCTCGTCACA
igf-2 Forward: CTCTGTACAGTCAGCCCAGC XM02739466

Reverse: CACACCCAGTCAGTCCCAAG

HREMIFCIEA immune-related genes

crustin Forward: ACGAGGCAACCATGAAGG AY 488497
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

WZIH reference gene

p-actin Forward: TCCGGAGGCACCACTATGTA AF300705
Reverse: ACTCTTAACATTACTCCGAGCGT

®3 MBERMNAEI ARG EEEENZ T

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

n=15x%SD
H A 6 A 4% group W o 2459 group
section chroma value CT AX section chroma value CT AX
LT before heat treatment HULFHJE  after heat treatment
Sk L* 27.21+3.08 29.39+0.99 Sk L* 59.95+520  59.05+2.86
head o —23320.77°  —0.870.15° head a* 14.66+1.96"  22.2542.51°
b* ~3.43+0.98" 4.53+0.30° b* 35.56+3.42  32.99+5.65
R L* 33.18+3.44 32.9440.51 Ji5 L* 68.87+2.69"  59.82+3.99°
abdomen a* —2.56+0.66° 1.24+0.24° abdomen a* 13.74£1.70°  23.4942.58"
b* -5.53+1.81° 5.39+0.38° b* 33.43+2.91°  30.54+2.71°
B L* 40.50+5.03 37.80+1.88 B L* 66.08+2.10°  61.85+2.07°
tail a* ~2.41+0.91° 1.7440.18° tail a* 14.05£1.72°  22.14+1.74°
b* —3.51+1.44° 7.2940.41° b* 30.57+2.96"  27.50+2.59°

T CT: W4 AX: WFERH. W17 A R/NG 73R R 4 A 22 5 535 (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).

Wk 4 fron, FEFEIAM], CT 241X HR #E 1A L
i 30 d 1Y 46.67% L TFHZE 60 d 1 76.00%, i AX
ZH T S5 45 SR B X R BE AR HL R AR 8.67 %
AN 25 BR 2 A RO D TR R ZE A AR Y
A

22 MEHEBETH

mE 4 Fros, CT A RIREFE R & E7E
1~60 d Wi[6) FF% T 47.06% (& 4a), T AX 413400
T 68.46%, 7E 60 d Bk CT ZH#) 3.18 £%(P<0.05).
CT 45 AX AR H 7elFH 2= & EAE 1~60 d HiH]
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‘.’i‘i“”‘.‘&"‘“"i@
3 B 20 PLA I o) B FAAR BT S €2 1) 532 i)
a. CT AL PIRT XS UF; b. CT LA B MXFUF; ¢ AX ZH PR b BIHT 14 %0F B
d. AX JI KBRS A XTER. CT 241 R IRA; AX 41 IR R 4.
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 IREEI LRI R R85 Iy EEINT 221.29% ., 546.70% (14 4b), {H AX 4
Tab. 4 Effects of astaxanthin on blue body N -
ratio of Litopenaeus vannamei j\:’ CT éﬂ H/‘J 2.01 1':' (P<0'05)° CT éﬂlfj AX éﬂ E/JHJL
S group PR R & AE 1~60 d I 43 BIFEIK T 67.33%.
P
B parameter T ax 85.42% (&l 4c), 1A CT 41 60 d B 90575 22 4 B
20d 30 d B 261.80%, A AX 41 2.24 f5(P<0.05).

B2 sample size

150 150 1E 1~60 d 6], CT 41T B AR I8/ i IR R & | 2

TR % number of blue-bodied shrimp 70 18 e SRR BRI mEE P 1.25 15, 286 =4

TE 1A H 2R /% blue body ratio
60 d

46.67%  12.00% HAR B XSk E (K 4d), CT H7E 1~30 d
WA FIET 21.51%, £ 30~60 d WE# T Fia,

SRR sample size 150 150 i AX 47E 1~60 d BIEIE I T 95.17%, 60 d B} i
WK% number of blue-bodied shrimp 114 13 R 20 CT 2010 2.49 f5(P<0.05). MBIt

TE 1A H 2R /% blue body ratio

76.00%  8-67% HR 75 22 1] LU 3 O AE LA PR A 9 B AR, iR

IFs T AU AX: B R PR LA TR LR AR 77 2 14

Note: CT: control group; AX: astaxanthin group.
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CT 4: MR, AX H: MR RA. AP LIr A F/NG 5 - ROR 4 ) 22 57 8.3 (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 HLNEEYEME

WS 7R, CT 4L B8R 40 i s 20 35 R e
B, BRI S AR A Sa). i AX HAYHF
JER AR A R HE S B0%, BRI A, B 40 i 4k i
HZ(E 5b). WERZEANE S BOLYNE X IR AR
SERSZ AR, MAMIEAE SR IR R BEAS 4k 0 HLIE w45
F, et B 0 A

mEl 6 i, CT AMALEA4ER /N AR, 45t
GRS, AN ZHOE T ILEF4E Rl BR (& 6a), 1if AX
H WL HEHES 2 4, A AR ¥ 51 (B 6b)s
AX H I WLEF4E B AR /N E] 60)L CT 20 i 3 FEAIG
(P<0.05), {H AL 4% B2 (& 6d)5 WLET 4k 1 AR

Fe(E 6e)a3dillh CT 4% 1.37 fi5. 1.27 £%5, ¥ i
T CT 41(P<0.05). WARZE GRS LGN XS

SR S5 F SZ 488, TSR AL LS R 2 n] 45 LT

He K HES, S LA &R

mE 7 iR, CT A il ) i M2 L%
JiE 5 B R AR R A MR B, R AR L R A
JH R P AN . R AR (] 7a). T AX
4 B 38 FH R b B A M HE B R 5, o R % A (A
7b), WHENUZER . S BEEETERE (] 7o)
30k CT 41 1.22 f%. 1.69 fi5. 1.20 £, ¥
FET CT 41(P<0.05), B5IARZEAAE FEULG X}
LN 7B E RS 1D YL = o LRV S AR
P SE e, JFBE T A A AR
2.4 HEKMEEE

% s PR, 5 CT 4, AX AR | 1
R R KR I 36.40% . 31.89%. 9.72%
(P<0.05) . AME AL 25 R R BB A% W 3 B2 5 JLAN T XT
IR AR, s I IARZE GRS R A A KAl
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P 5 R 2RO6T PLA IS Xof B TR i 2 4 45 ) 1) 52 i

a. CT 4IXJURIFBEARAE DI A1 b. AX A0 IR AT BRARBE DI 141, B: B 401, R: R 40 Md; F: F 400; E: E 48, BM: B L 0. + &%

HTINE BRI, * FORIEIEA, ¢ FORE R R, * 308 B HIRECIE 2. CT 41 XML AX 41 3R R 41
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. 4+ 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.
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= 300 g 700
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@5 =S 200 o S0r
i 5 30 a3 3
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CT4H CT group AX4 AX group CT4H CT group AX4 AX group CT# CT group AX%] AX group
4% groups 45| groups #1%] groups

B 6 HRF 20 FLA 0 B JULIA) 2 245 #4152 i)
a. CT 4L AR LR DAL b, AX ALXTERWLABE DI o WLEF 4k B AR (um); . JULEF 4 %5 18 (mm ); e WLEFZE AR 5 Ho(%). MF: JilL
24k R M AN, CT 4 X IR4; AX 4: IFEFRA. SR I ARFE/NG T8 2R 4 7] 22 5 835 (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;
1 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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TGS %K intestinal structure parameters
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7 R X LAV X I i T 2H 2L 45 1 1) 5% )

a. CT AUAUF IR b, AX 4UXPUF B R LI o XPUFIE LR ISR . SEBERIIE | A5 5018 (um). AF0R SRR b R 40 il
EAERAHERTRL, + FORBRHUR B AN A AR, MC: JAEERILZ; BM: AR SEC: BZEHRR B ANME; LE: 4k MT: AL
JRIEEE; FH: 0S5, FW: SBETERE. CT 41: XL AX 41 N5 R4 AR K L7 AJR)/ING FRE R 418 25 5 12 3% (P<0.05).
Fig. 7 Effects of astaxanthin on intestinal tissue structure of Litopenaeus 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).

RS RE R LEX R AE KR R 0T
Tab.5 Effects of astaxanthin on growth
performance of Litopenaeus vannamei

R 6 ARE R LGEXSERHE K BE M R0
Tab. 6 Effects of astaxanthin on digestive
enzymes of Litopenaeus vannamei

n =100, x £SD n=9,x+SD
K bR 2057 group hiA: 25 group
growth indicator CT AX digestive enzyme CT AX

WA 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°
LKA /em final body length 6.94+0.51° 7.98+0.49° LPS/(g prot/L) 2.90+0.39" 3.87+0.45°
WILAATE /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 T /g final body weight 5.48£1.29°  6.23+1.17° T CT: SR AX: IFF Z4. FW—FRE/NG FEEE R AR
3K /% length gain rate 88.48+13.87" 120.69+13.75" 245 3 (P<0.05).

539.90:+163.45° 712.08+151.49°
3.19+0.36° 3.50+0.31*

BAH /% weight gain rate
i HE KR/ (Yo/d) specific growth rate
H: CT: M4 AX: IR R4l F—17ARF/NG FhER R4l
=5 B3 (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).

2.5 HILEREE

k6 i, 5 CT UM, AX 419 AMS .
LPS. TPS 7P H42 5 16.99% . 33.44% . 19.68%
(P<0.05), ZMEHLLS IR R Aeas 25 45 = LA i
XU ) T A PR, ol IR LR AR SR T A
DN

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

2.6 HRKHEXEERIE

wE 8 iR, AX 4L/ igf-1 5 igf-2 ByAHXT 3
k209 CT 410 7.18 £%5. 1.75 1%, ¥
FET CT 41(P<0.05), /NEALL IR ZAEs i %
b PRI R AR R DG S PR B R GR KT, B
WEAREE SRS B KR D RE il
2.7 REHEXEBERIE

mE 9 fiR, 5 CT4lM e, AX 4L et %
FEH crustin, penaeidin 3a. proPO Fl relish [ AH
X SR ik w44 i B N (P<0.05) . i, AX 4
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/NG FRERR A 6] 25 5 1B 3 (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 FXT R R CT 4
Sy dE R 7.67 fiF . 2.69 £ AX 411 drosal X}
HFXIERET CT 4, HWERIALELE
P2 5(P>0.05) SMEALEA IR RAEHS W35 Tl FLgh
VRSO F e JBEAH DGR R 9 FRIB 7K, 35 L f e i) 1
fE71, MIMTMGE ERZE GRS | M So g D se il .
2.8 MEMNEMNIER

k7 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, W X W& A%

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

RN e oY 41 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 #/(U/mg prot) SOD activity
CAT 5 7£/(U/mg prot) CAT activity
MDA 5 ig/(nmol/mg prot) MDA content
W CT: XHHRAL AX: HRFFRAL W — TR RING 6 3o 4]
#5183 (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).

—
(=)
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AEXTFeik & relative expression
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a
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A HE R immune-related genes

B9 BRSSO FLAN X R G i AR
BEDR AR 2 3k A0 52 0
CT #H: XM, AX H: KFEFRA. HIBE ERFE
INE B R 41 24 57 B 25 (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).
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Mechanisms of astaxanthin in ameliorating blue body syndrome in
Litopenaeus vannamei

WEI Xuchong', YI Huadong', FU Guangxu®, BI Sheng', ZHANG Zhilun', CHEN Jiahui', LI Guifeng', WANG
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.

Key words: Litopenaeus vannamei; astaxanthin; blue body syndrome; antioxidant; growth
Corresponding author: WANG Haifang. E-mail: 289656637@qq.com
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