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B2 B-FE T B i Xt o [E BA X ¥R (Fenneropenaeus
chinensis)3E4F R 14 2 E A X BRI S50

kfElE P FEa o oA B o2
k&Y gE#D WREY KTV
(1. RV FES WS R R E TS P EDK R RREE R BRI RT H S 2660715
2. HWHR¥SHARERLRE Bl R# S5 B BRELEE H8  266071;
3. KRR S a2 RiE 116023)

FE  AKHF R UL F E A AT (Fenneropenaeus chinensis) /it %, 83T R W B R B-2 5 T % e
(Poly-B-hydroxybutyrate, PHB)xf HaF 45 3 M % A0 KX B by e . SE 0o R A S B FOoR E AR ok, Xt
f o o [ A SR B A i R B R E PHB (0. 0.5%. 1.0%., 2.5%. 5.0%. 10.0%)8 %%, 45 %t
RLxt B4 C fn L5 4 Eos. Eio. Eas. Esov Eno 4, 1A% 6 B, Zuit4F 41 [E B x4 o 30 = 5 fo 4H
xR E, B EIEA A (T-AOC), B 5 B B (ACP) ., it £ {b. 4 B8 (POD)fn it £ 1t 2 B
(CAT). #E A4 B (SOD) 5 #EE bty 7E /) X — B (MDA)& E 5B 5] . PHB R E N Z X %,
HRE, LR AN AR EMPHB RENE M EIN L AR THRNASE B AN aEE,
FEH 5 H A A2 R B (P<0.05), K PHB WK JZ Ao, %2805/ Bk fia ¥ bk EFHE
TR, Eu A L, A% 2-3 Fi, BEHEAFATRE, 4, T-AOC ZE M (E . Exs4l).
AFFE IR (B0 41); ACP ZE fii& (Eyo. Eaos 4l). MFBEIR(Eio4l); CAT #E fui&(Eos. Eio. Eas4l).
f#(Eos. Eio. Eroo0 41); POD 7E i 70 AF B B#(Eos. Eio. Eos 41); SOD 7 i 7 Fn i i IR (By o 41) VA
. MDA 7 7% By 41) . FEIE IR (Eos, Eio 41)% M fb 241 2 B A B % M = #(P<0.05), # % % ¥, PHB
AR F X E A R K TR G EARAER ., SGEEAMEREREZBEN T, Eolk
TEIRE A, R 2-3 A B Gk B RR R KR E A E

KA HE AR K B-HE T ERE; M RERE; BES

hESES S917.4 XEHRAEE A XEHS  2095-9869(2017)03-0124-09

H [ W1 %6F AF (Fenneropenaeus  chinensis)Ja JG , BER DRI AL S SN IR ST 4 | AL AT W AL S
sy, EEMOBE S S R S BEA T B AR DR AP (BT K , PERIBHLIAR B SRS, SEBUH LAY G 52
55, 2014), RGeS AR R R R SR . A YIEERE(SOD) | i S ALY (POD) | it
Hi A Oy BRI, BRSO AR ek AR (CAT)E THL AR, it 4ERrpLIA R R

PR
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TRlE RS B B-FHL T RRME X v [ HA % R (Fenneropenaeus chinensis)3E 45 514 528 K 56 Bl 1 52 11 125

b H 3 7= A R B S AT A, 98 FR 52 s
ELRAP RS N Y E 71 (Holmblad et al, 1999).

PR Y W TR i (A CP) 2 Bl A PR 22 14 K it il (Wu et al,

2014), =T TR At 1 200 16 7 s 0 2 S 7 B 3% T
WA BERRTR  SF Y (EIHS, 2005). N - (MDA)Z
Bt AR P CRB T AR, 2013). Pk
(T-AOC)Z VM HLIRBL AL e Ty LR & A bR, HIT
5 £ BILAA R S >k il 9 4G A% fig 00 R A AR AR PR 3
(BME A S, 2009),

B B-#2FE T HRMA (Poly-B-hydroxybutyrate, PHB)
SRR TR - 5L T MR R AR (FEAR 5SS, 2010),
TE SN Y i 18 P AT 3 ek P A AL A K S O 2, R R
N B-FRFE T RREAIA(Yu et al, 2005), *izil b K 40
HA HENEFREAGIRMES, 2013); @&0] LGRS
AT AIE RS pH (E, IR s R E R, DAy
FEL R O 1 - A (B IRE 4, 2006) , SE BRI 3B 1Y G
WA, HET, A2 F 5 XK (Artemia franciscana)
(PhEEWE S5, 2011) . KK & 6 (Dicentrarchus labrax)
(De Schryver et al, 2010) ., H 4 44 % & (Eriocheir
sinensis) (X! &4, 2013)F1 JL 44 i X} #F (Litopenaeus
vannamei) (R RBEHAE, 2015)% 81T T PHB Xf H:
ARG BE R RERE R A BIF 5T, TR S ] LA —Fh A
925 1 5 R FVRDRHAS A o B2, PHB AR —Fog AU 1Y)
B PE S R R, XoF e ] B MR A28 PRI (4 5 00 1 ARG 4
FAWESE . A 5T A [E XA < B 2 577 S0
MR, 858 PHB 1E R fDEHA I X AL A SR AL 1Y S i
PRAPT LA B 5 | B ATLAAS 6 52 il 7 I5F (8] R0 25 ] 43 A b A A2
1k, 2 PHB TE7K 7 FRFE ATl H 0 107 FH B2 20 il

1 #RERFZE
1.1 SRIeHR

r [ AR TR b K 7 R 2 0 5 B I K
Mo irm B E frpe, 2L 540 B, WAk N
(9.99+2.06) g, T 60 L B HAE 5% 7 d, B I,
WA PHB (ERHDEL, KA uEd Tt ug, #
FEh 29+1, HERKIE A (23.0£1.2)C

1.2 SEIfER

SEA i T fR K R 2 5 B T K
AT T o T2 58 R P58 = #2445 c PHB 45 T8 i
T U R YA R FRS w4, 5250 TRl k2 7 LA
TEpBHEC 7 S ISR BG & 5 4 Ee i) PHB i A, SEA
TR K3 (38%) . A Wikn (2%) . BERERI (5%) . &
DE25%) . E IR (12.5%) . BEIE(1.5%) . NHBE(1%) .

1IM(2%) . BEIFE(10%) . Ca(H,POL),(1.5%) ., HErk R
(Z4E)(0.5%) . T (ZH)(0.5%) . Fhiai(0.5%)%
JEORHR . RRHERIZS 60 H MR, PEFEIRA), HikL.
i T, RIS ER N 2 mm. KERN 3 mm fEH
Ko B BN, TR KRB S5 T IR A7 o

1.3 XBHAS5ER

S AE R E AR B B K RS gk AT, 3
6 i, ¥4 540 BE S 7 d 1y EIXTERE34 530 6 4,
B4 3 AT, BT 30 B, LR E 1A%
MRl C, XFh; PHB YREER 05 5 NS4 (Egs. Eion
Eas. Eso Fl Eig0), 437X} i PHB ¥R 0.5%. 1.0%
2.5%. 5.0%. 10.0%, &R 41K(06:00, 12:00,
18:00. 24:00), falk}H MG HIAER 5%, HELLE
HEAT I8 BE R
14 XWHE

1.4.1  ABst e s pr P Ph1d Rt Eanr, UgE
FNEFEMRAEARRE, PAR A A IE T FE NS g {7
P& (Relative percent survival, RPS):

BT (Death rate, %)=FET-XF HFEk/(0 4 XF R4k
—HURE XS HF %0 < 100%

RPS=(Xf REZ L T3 —SL 50 2 SE T % )/ % B 4H 3
T3
142 FEHBF VIFF G5 AR A [R] v B2 PHB )}
bt RIS A, A S L BEAILER 3 R X iR A, 2k AR
JF BB JR . AL PR R I R L R AR R, RS
—80°C1R-FF
143 fmiFfd) B R FER MK TE 4°C 3500 r/min
B0 30 min, MR ETEWR, BRAFIIE o LR R AR
Fed B (g) IR mDR 19 BB AL B A R
1xPBS, fifi H4x H gl 20 21 %4 (Precellys 24-Dual)7E
5500 r/min ., ZHZWERE 20 s 20F R4 SURERE, 4°C .
2500 r/min 2.0 10 min, 345 10%H21 513 % .
1.4.4 %o % Bl & 4 ) it FH e ot A AR ) R A
FE TR AL A0 B, X RAG I I3 ST SRR A T g
FiE % A, ] IMARK AR (A 4R, H )G
SPUAARE 1 (T-AOC) . MRYEWEIRBF(ACP) . i % fk
Yl (POD) Al 4 Ak A i (CAT) .

1.5 HIELEBESSITSH

K4 SPSS 19.0., Origin 8.0 4bF, LLE-¥{H+
i M 25 (Mean=SD) /i o 2R JH 5L Ky 25 43 H1 7 ik
(One-way ANOVA)Hr&dE, WE KR 0.05,
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2 )R 38 %

P<0.05 WZER &,
2 #R

PHB X [E| B X AR B 48 X SR i R 4P 2

ST BET B PHB ¥R (38 N 2 B F IS
LIS B AIAET REAL, IF H 5 AL 4
kv 22 5 1.2 (P<0.05), RPS Bfi PHB ¥ B AY 385 hn R A 5
P ETHE PRI S, Eoo BF RPS NfE, I
U PHB R ENMABET; E1 o4l RPS fiei; Ejo.
By s B HAM 20 25 57 18 35 (P<0.05) (3 1)

2.2 PHB Xt T-AOC W&

T-AOC Fifi 5 i ] () AR fb B A S B0 5 TG T %
R (E] 1) I3 FIIF B AR T-AOC TEMRIMEES 24 Ji]
IKFHE . Bl AT T-AOC 1255 2. 4 FlfE,
HAthdH BA 5325 5(P<0.05), E,s#HIME T-AOC 1E
%3 K FERE, 5 C. Eso. Efpo HER B FH
(P<0.05)( 1-A). E, o 4LAFIEAR T-AOC 758 4 JA#%
HiAh 2 22 55 B35 (P<0.05), 7655 2. 3 454 BAA %
f T-AOC /K, 4l JozR (K 1-B).

2.3 PHB ¥t ACP Egi& TRIE N
ACP [ 36 1 B & sk 0] 0 A8 f 38 R 5 B0 B

2.1

=1
Tab.1

TRERFP(E 2), 175 ACP 7E55 3 J& . AFBIR ACP
TESH 25 JE BA B BEIG 71 Ero. Ebs AAAYIILYE ACP
filG eSS 3 JA 5 A 20 2% 5 1 25 (P<0.05) (K] 2-A).
Eo AANFEME ACP 7% 3 M5 Hbd =R =
(P<0.05)(# 2-B).

2.4 PHB Xt CAT EgiF 1R

CAT g 71 B2 ) [R] 1) A5 Ak 2 A 2 3k LTS
TRERFAP(E 3), LT CAT B SILESE 34 J& . AT
JHERR CAT B % 175 1-2 A, AR E. Eio. Eas
H BT CAT BTG S 7e 55 3 Ji 5 Hifth 4l 22 57 i 3 (P<
0.05); Eos. Eio. Bys7ESE 4 J8 5 HAhL 2% 5 0 3%
(P<0.05)(E 3-A). Ejoo 4IATIRARE CAT Ri§IE J155 1 )8
5 HAh4H 25 5 B 35 (P<0.05), Eos. E\oZH7ESE 2 85
A ZH A 22 5 35 (P<0.05)(] 3-B).

2.5 PHB Xt POD & H 8922 0m

POD i1 71 Bt 45 s} (B] 1) A8 {2 fR S 5 B TS
TRERFESEE 4), IfiL7E POD B I7ES 1-3 &, I
AR POD J G H7ESE 2-5 8, BB EE . Eos B
E o 4L1035% POD Bl JI7ESE 1 J&, Eos. Eps HTESE
2 JA, By A1ES 3 85 R B Al 4 25 5
(P<0.05)(Fl 4-A). E,, AT POD RI& J17E
52 8. Bus 7RSS 3 JH . Bl H7EES 4 i 5 [H B[]

PHB X 1 [E B X3 R B9 A8 X 2 72 (R 4P R B 20

The effect of PHB additives on relative percent survival of F. chinensis

2 51 Groups

i H Items

C Eos Eio Es Espo Eioo
BET- % Death rate (%) 40.00£10.58*  26.67+4.62" 17.33+£2.31°  20.00+6.93™  34.67+12.22%  41.33+6.11°
HIXE Gl g 0 0.33+0.12% 0.57+0.06" 0.50+0.17° 0.13+0.31° —0.03£0.15°

Relative percent survival

TE e [T R b7 BEAR [ 20 7 B 278 22 5 A .35 (P>0.05),

R R 7% 2 5 . 2(P<0.05)

Note: In the same row, data with the same superscript and no superscripts denoted no significant difference (P>0.05),

different superscripts denoted significant differences (P<0.05)
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Fig.2 The effects of PHB on acid phosphatase activity of F. chinensis
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Fig.3 The effects of PHB on catalase activity of F. chinensis
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Fig.4 The effects of PHB on peroxidase activity of F. chinensis

{EO EOAS\ EIAO

1E

1% SOD % i

ik
p

5)0

TR

; Bos 4R POD [ 71

TEE 5 5 HALA 2 5 W % (P<0.05), C. E,o. E,s.

Bt HAth 21 22 53 5.3 (P<0.05)

=
=]

, BAE
JH By o HAES 3 8 5[]t

-5 J&

%)
[) B H A 2H 2% 5 3 35 (P<0.05) (I8l 5-A). Eq.s 2H JIF i A

1

fEEIE SOD fitF 1% J17E
20175 SOD & S17F

Eso 5 B0 AL 227 3 (P<0.05), H E, 4Ky

KT C. Eys. EsoZH( 4

-B)o

Eys. Eso4L7ESE 4 JA, B, 4L7E5E 5 8-S 1n]A [R] Bt

SOD Fif SIS 1 )8, Eio47E5 2 J8, Eos. Eio.
il 2H 2% 5 1 2 (P<0.05) (14 5-B).

& J1H S0

i

2.6 PHB ¥t SOD s

SOD il ik JJ it % i 1] ) A8 A B A 52 B 5 B TS
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2 )R 38 %

2.7 PHB ¥t MDA & &/

MDA % it Bl %5 i+ ] ) A8 AL B R S L5 T B s I
THYEH(E 6). Eos. EioHILIETH MDA & &#7E
5 3-6 JAAL T iRAROKF-, I H =3 5 [ i ] B Al 2
HH 22 5 8 3 (P<0.05)(B 6-A). FBRAR 1) MDA &
WIEH 2-5 KRR, Bos TSRS 2 JA, Eio4H1E
%38, Eos. Eio. Exs7E5 4 J8, Eos. Eio. Eas
AR 5 JA, A5 (R I a) B A 2H AH e 22 57 2 25 (P<0.05)
(#l 6-B).

3 itig
3.1 PHB 053t d E A X AR B 48 X SR B (R 4P R

5T PHB it Ff [ B o 08 A A %o 4 53 AR 4 R
L, Eio. Eos AHXT T HABWREEAL, it W 2542 e vh
X 4 A X S A4 3 (P<0.05) . iX 55 PHB 7E FLAN T
XPUR L gl H L A SRR 1 ) 8 g2 41 T T T SR 4
R—BINEEAE, 20115 XIESE, 2013; APHEHSE,

IS
(=]
1

L — C
ssp # “ =
30| . ST
25 SEio
20 I

—
W

R A SRR 7 (L)
Activity of SOD/(U-ml™")(Resun)
S

w
T

(=]

i JE] Time/week

2015), FIRULEH T PHB HAA R IR . PHB
SIS AR, ATRER N AR B TR
(Defoirdt et al, 2006)% i 18 ok, G20 B 1) 41 e A 1)
[Fi] P R R B, A AT 400 T i T P B R A A B
pH, 0 240 R TH FER K M e R AE R MO 5% pH %R
FE, T HA K SZ B (KB 55, 2014), AT,
TR AR TR ] kS 1 b Rz 40 B BRI
SCELE FRALN 5 a8 0] LU g 2 & A (KB 4 9k G
2009); RS A BRIMREE, 2013), FRFF
B sEaE s 2 5T LRSS R (A RS, 2014),
XU 25 PO AP

ARWFFEE LI, 5 FELL(E 0.0) AR S BE (R B
e, B PHB fRAHH E B X ERFET- S . "I hE
STt AR —HEIR TR, 5 5 808 A
AR, AT BS B e A MR, DT R KR
R HAR MR (2R TG 2, 2015); HEMEACIH R G2
AL, SHARAL T2, ZwmA KA
(AR, 2014), RRICE 55 (2016)WF 55 & H, Eio

90 - m C
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Fig.5 The effects of PHB on superoxide dismutase activities of F. chinensis
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Fig.6 The effects of PHB on malonaldehyde content of F. chinensis
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TRlE RS B B-FHL T RRME X v [ HA % R (Fenneropenaeus chinensis)3E 45 514 528 K 56 Bl 1 52 11 129

e PHB falME P AR GBS MR L MR, TR AR G i % it
b 2 T AL, AR AT B A e D,
FAEYR AFRAD . SR ABTMNaRE I R, PR
RERIVEF (FLAE 24, 2008).

3.2 PHB iRMFI 3 & XENZ I

P A AL T 15 T 02 S WAL IR i R S A Y I B AR
bro PUAALEREDNURMAE KR E | AR Ao
SN A5 T LA B R (R R AR AE, 2015), SOD
CAT. POD J& THiELEE R . WF5E PHB fE M EE T
MR 2 s R AR K S e B S M A T R B, By AL TS
SOD Fi% JI7E% 2-3 JA . JFHEARAE 2. 4. 5 A, &
Xif HB 20 ¥4 2% 5 i 35 (P<0.05) . iX 5 PHB fiE$2 5 R 4%
FESE T SOD {5 3 A FLAN T XU L& SOD 3% 1 1K)
WEFE AR R KPR 25, 20155 XBoT44%, 2016), H
B REAEE(2015)0F 55 /9 PHB X PL4A EE XoF 0T JT fe i
SOD To i EH R MIMEE A —, 456 HLRh AR
AT SOD A ik A7 7E I % 2 4k, Uii] PHB
AEAE 2R SOD 7% /1. SOD MG /1 6 & 2 F v g &
K BURER ] (21 d)4b T FFIEAR SOD s Rk BB,
PHB ¢ & 7] LA SE Wil 1 2% 15 14 B[] o550 1T i 356 2 ) sF [
KJE, HEAREHRZ SOD £ M, X 5AMS
H 21 d BURERS, SOD 7845k B 40 TG b 25 Mk 25 S 1)
SRR AW, 7EIEH PHB WRERT, CAT
1 POD filf 1% fi# 55 41 24 5+ 8%, 5 PHB BE B %
PErm A M AT FLGNEXTER CAT JeH f ik i
OBREMEE, 2015), o 19 15 g A9 36 1 1 BF 92— 2
TR G 72 77 T, n-3 PUFA RE% 42 55 K Bl (Rattus
norvegicus)ZL4iifitl CAT Tif ¥ , FE AR fL AR A (Iraz et al,
2005). A& (2016)F 55 K B, £03H 5 A1 IS 7 R
REFE = TP AR 9B % POD IS 1. ti UL iUiBH PHB 1B
— PR RN A 7 B X S AT A AL BIVE T . MDA J2
TR TER P & A Ak I8 AR (Wb R 45, 2015). 1
T-AOC 2 A F AL S AL TR B 10 25 B PR PR A (LR A2 55,
2005), BFsEHh, WEEWER PHB HA /> MDA 1
H, 5 T-AOC /KRR . H)E, PHB 1Rtk
P TR, s T v v B A 0 P 2 7 AR K AR
F1, REWALRIEF AR RN . ARBFSE B0 417E
TS 4-6 JA, Iy M BRAR MDA & & B 35 T
[] i ] B HAth 40 (P<0.05) o [A]E, Esg. Ejo0 4l T-AOC
T MK B IR 5% . Park %5(2009) 75 K Bl P EA T
DHA Tl RHR AR 5T % B, AR 12 J 4 Bl A 110
TINAS 23 5 Wa R 9 i I 1 3 S Ak S I, 2 g vk B 5 o
TSI 2 FEAILAAR 7= A A L ABURR ) S5 B P 2538, S ARG

GERPLAE T YEE . 454 SOD. CAT. POD. MDA Fi
T-AOC WYZSARIRAS, Uil PHB n] LAA YT i AL B R
PN, RS AR PR AL TP N BRE T o

ACP J2—Fp a2 B K g, e X5 H 52 3h 1 i
5, ACP 1E A G 88 T e Pk il FHAEAS I R 52 sh g LI
LIRS B TR AR (T R 55, 2004), AWF5EH, ACP
filg 1% SJTESE 3 A e ¥, JF H By 245 HAth 4 22
53 (P<0.05), KT HRIIERXT ACP [ ) 520
PNERRK S (2007 ) 55 B i B %ot FL A e Xof i A B Qi 52
Wi A 2 B, ACP BHE: 5AE 52 1) i 2 /K A A 3 AR S i)
H. ACP 507 5508 55 068 S 1 JFJik B At BREBR 150 28 VDA O
i PHB Xt ACP (¥ 2435 T 445 .

3.3 PHB AMFAXMTEN “REES WK

IK PR PE SR, HA WS R R S M S
A1, /K= s s B ia O LB R AP RUR .
Chang % (2000) 7£ BF 5% B-1,3- A 38 B4 X} BE 35 %} &F
(Penaeus monodon) 32 R 4 52 Wi it & B8, 1L % P I 5% %
Wit 5 FSF (0] 2 Ak 1 B g O 0, 5 A 1) 45 o B A BK
- 4 TRl S ) L o — G 2 3 58 R 7 A P B B A
M TR RGBS, R R, &K
5, L7 T-AOCTE454—6)% . ACPTE S 4—6J& . CAT
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The Effect of Poly-f-Hydroxybutyrate on Enzyme Activities of
Nonspecific Immunity in Fenneropenaeus chinensis

ZHANG Hengheng'**, MENG Xianhongl’m, KONG Jie'?, LUO Kun'?, LUAN Sheng'?,
CAO Baoxiang'?, CAO Jiawang'?, ZHANG Yingxue'~

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071; 3. College of

Fisheries and Life Science, Dalian Ocean University, Dalian  116023)

Abstract In the present study, we explored the effect of poly-B-hydroxybutyrate (PHB) on the
performance of the immune system in Fenneropenaeus chinensis. This study used single factor
concentration gradient method. F. chinensis were fed with baits containing PHB at different
concentrations (0, 0.5%, 1.0%, 2.5% and 5.0%). After six weeks, the mortality and relative immune
protective rate of each group was calculated. Moreover, enzyme activities of nonspecific immunity,
including the total antioxidant capacity (T-AOC), the enzyme activities of acid phosphatase (ACP),
peroxidase (POD) and catalase (CAT), and the content of malondialdehyde (MDA) in muscle,
hepatopancreas and serum were analyzed and compared between groups on a weekly basis. The results
showed that the PHB had a significant effect on immune performance. With the increase of PHB
concentration, the relative immune protective rates in the experimental groups were elevated initially
followed by a decline. The group of E;ohad the highest relative immune protective rate compared with
other groups (P<0.05). The trend of the enzyme activities were similar to the changes of the relative
immune protective rates. On the spatial distribution, the enzyme activities of T-AOC, POD, CAT in serum
and ACP in hepatopancreas were the highest. On the temporary distribution, the total enzyme activities
reached the highest level after 2—-3 weeks of treatments. Among different groups, the groups of E; ¢and
E,sin serum and E; in hepatopancreas had significant different T-AOC from other groups (P<0.05). The
ACP activities in serum in the groups of E;gand E;5, and E, in the hepatopancreas were significantly
different from other groups (P<0.05). During the high level expression period of CAT, serum CAT in Eg s,
Eio, Eo 5 groups, hepatopancreas CAT in E o5, E; o, Ejp0 groups were significantly different from other
groups (P<0.05). The serum and hepatopancreas POD activities in Eq s, E1 o, E; 5 groups were significantly
different from other groups (P<0.05). The SOD activities in serum and hepatopancreas in group E; o were
significantly different from other groups (P<0.05). And the content of MDA in serum in E; group and
that in hepatopancreas in group Eqsand E;, were significantly different from other groups. Based on the
results, it is concluded that the PHB can improve the immunity of F. chinensis. Furthermore, 1.0% PHB
inclusion in feed had the best effect and the total enzyme activities reached the highest level after 2-3
weeks of treatment.

Key words Fenneropenaeus chinensis; Poly-B-hydroxybutyrate (PHB); Relative immune protective
rates; Enzyme activities
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