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Fle ik TEARB A, EHBHABoEAE KB, FRERE N ERAH
XA AT I AT AR K B A KR &

REER: LA X o, Ltk Z4H%; BR

FESES:S963.1

1 H K 5 B Wy T I A B8 2 Ak R ) e
o, 2A BV T GO RR, s
b FILHCR S s B B I AF s . s
I S o DL 4Efe R an TG g, RO IR S
BUARSE — DM R A KRR, IF B[R] K
7 AR B A 7E 22 5 A K S L
e S B MR 1 BIF 5 AP B i HL AR GE A XS 8D, H
AR Z BBk L, B, AUF5RE
BH A L8k 301 8] A = B X R (Fenneropenaeus chi-
nensis) ¥ EZAKEE NG W7 A 1 B dR ik pE Y H A
HUF (Macrobrachium nipponense) £ UL 2 3
BRI AERR MR B R A R LR RS BT XU

Wi HHE: 2017-12-07  {&EIHHA: 2018-05-09
BENITE = ALK 2 A AR 4 2 BRI T E (1081005)
BIE1E&: #MH, E-mail: toguoran@]163.com

http://www.scxuebao.cn

XEkFRERRD: A

(Penaeus monodon)¥E VLA WK HETH FEAKR N At A7
1R W ok 4E£55Y 5 K SBUBEER (Gnathophausia ing-
ens) FEE F BT AAR DTSR At AR, BEJS LU DS
oy EBACHRE IR Ak, H ARBEXTIR (Marsup-
enaeus japonicus) UK BEACIH A [ & TR 1 A8
el — S 3G T YL B A% MR Ak B T ML G I T
W BIF 5% i 18 32 22 4R v A AR A A R S g i s
B BAT R S AR BRI P 0 R S s U
KT PLGAEE X AT MR ZE LR Bk 52 5 W 5 X HLAA
WA 7 52 M) 5 TG

JUENTEERT RS2 B b 7 A5 KA W 0 i o
WREKREEEW KM —, FiE>”EEF


http://dx.doi.org/10.11964/jfc.20171211075
http://www.scxuebao.cn

44 Bt A ZAORUR FLA I X SR SRS LR A RN 2 AR KA R A A5 TR 1139

Thi, ASE e BOLEXT IR 0 R, 32 20t
FT LA T 0T R A SR A DU A S A K e T 2R
Ko B SR MO S E PR A A, X LAy
Xt BF A B 5 IR A BIL A S — R B SRR
SC, A BB HIAE R AR S pR A, X R B
PERHSA W 4 LA KB i Ty R ALE =, A
— 58 B2 BRI (L

1 MRS JE

L1 SEIG TR A AL

o) e T ) 3 DAl A RN R R R R,
90 AN R KA BE R, 43 B L 20% 1 ) 2 A
(STHL) . THERE (S24H ) Al T 2K B 93 (S34H. ) kg M Ut T, i
3RS AR RE DL K B C(FR 1) 5 BURE 2R
IS0 H Wit , 47— tLHliR A, F-26XURFF
FEEHLO 25 R BT R AR S BB R
HEAA L2 mm R, HRHE RN 65 °C, V)

#1 ERARARREFKERTFERM

Tab. 1 Composition and nutrient levels of basal

diets (air-dry basis) %
ingredients S1 $2 S3 C
i fy 37.00 37.00 37.00
fish meal
R A 15.00 15.00 15.00
shrimp meal
A 10.00 10.00 10.00
defatted soybean
meal
PR 20.00 20.00 20.00
carbohydrate
HoAth 18.00 18.00 18.00
others
Gt 100.00 100.00 100.00
total
EFRKTP
nutrient levels
Ko 10.00 10.00 9.70 9.90
moisture
HHEE AR 45.60 45.90 45.80 45.40
crude protein
FH G 7 10.80 10.60 10.80 10.90
crude lipid
b 9.90 9.81 9.92 9.96
ash
i 22.89 22.93 22.86 22.45
carbohydrate

e HAh(%) N4z S, IBERR 1, il 3, FOKW 2, ARG
(W=50%)0.5, T %45 1, VcBfRIR 0.5, CMC 2, E&44 R
2, BET ML

Notes: others(%) are cellulose 5, soybean lecithin 1, fish oil 3, corn oil 2,
choline chloride(W=50%) 0.5, Ca (H,PO,), 1, ascorbic phosphate 0.5,

CMC 2, vitamin mixture 2, mineral mixture 1

i, HEFE60 °CEAL T 430 min, KT )5 F-20 °C
VKFE H PR

1.2 LY FEEIE

TR HUAR S5 K AT MR AR KA T SR, Pk
ARG E] | BRAE AR R AT TS, AR i S
55 LR AT R R L LB TR B SO X AR
SE )5, 2 TR R LR BRI ) 54 12 ds
Fr 58 9295 T % N KR HE (40 cmx50 emx60 cm) ik
17, S50 H K R U IR UTVE 5 M KR K, R
HF1(29+1), JEHE12 h/d, 24 hi4E, 4 K7ES:00.
14:00F120:004- M 17K, E4-10:004e7Kk , #esK &
FHRLAR BOKAK30%, BR2JE M pHIE . 5 i A AR
AAehr, KIRFaETE(26.8£1.0) °C, HRA S &=
h(7.540.5) mg/L, pH¥EHITER.0~8.5, KB A
ik F0.5 mg/L,

1.3 LIt

B AR R, K SR 0 LA X R AT
WRFRE S5 A D7 T2 20 1 I S8 (A2 2920 em) i f 7
PUBCIRE T 78, & HMGR N R, 38R
I 2H 3 AT, SEE s o224 d SRR E L
HRAL(S0), 5256 4 Ak b 23 i AR A b LR
B BORTEME R BEIR, % AS1. S2H1S3,
K HRALC, Al fEILERO . 4F012 dFR 45 T 5L 56
RS DR . WUBE BT R T 7 R[] s, 38 BRCRZ Pk
R4 12.d, WSEE AR R A K B E
A KR B EBORE I A TR BR AT T IR I R A
TEPEFE bR, RAEHT A E 24 ho

1.4 HRHXRESSH

T SR 45 o 5 D AR EE D 5, W TR
R K 4, FE105 °CHE 2 18 5 il 45 4 MR RO
T 52 M8 5 B o KA LT (105 °C) R F ik
FLAS W5 >R R G ME AR ALK E R
P(N%6.25); HLIK 4> K FH 5 i 4 K Ak 25 (550 °C,
9 h)o FFBEEE . WUBE IS 5 AR 56 s U7 B (LPS) .
R SR WU (PFK) . WM (HK) . 2 & BEE
A IR (GS) ¥ 4 FH e ot 2 A A= 4 TR T 5% FIT A
PR S, RS E G 21k, BRIk
T R {H S 8 E SR 45

1.5 BUEDH

K HISPSS 17.048 i 31 /4 itk 45 % s o A, 5K
B0 25 B LY B {E b5 ME 22 (mean:SD) /s, B4
P10 HLSDZ L4 43 M S 46 45 IR 22 53 b 25 1
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1140 KopE o R 43 45

MP<0.05Hf KRR ZERBE

2 HEiH

2.1 ZFhEEIR XS LR X ER F AR K BEAY

AL

BEDUR A [E] A RE R, X HR A T R4, S04
5 CH 2 R B3 (P>0.05)(552), HE RS LA
VRN MR A R SR N, 2 B4 dJE FLAA X IR
FF 038 B G W3 25 R (P>0.05), HE B EMET
CZH(P<0.05), E#M12dJ5S2. S3. CH LYy
Xof U 4 o 34 4 2 1 T S14H (P<0.05)(%3)

®2 NBRETAAHEMNIMFINES

Tab. 2 The wet weight of L. vannamei postlarvae
in starvation state g
o851 WUk R#U/d  starvation days
group 0 4 8 12
S0 1.98+0.14 1.854+0.13 1.7840.12 1.76+0.12
C 1.98+0.11 2.1240.10 2.2440.11 2.34+0.12

R4 YEI LAEIIMFAMEE RS
FEENRMm

Tab.4  Effects of starvation on nutrient composition
and survival rate (SR) on L. vannamei postlarvae %

ok MUK Ed  starvation days
index 0d 4d 12d

FELIRT(FE) 3.20+0.07°  2.90+0.09"  2.65+0.08°

crude lipid (dry weight)

K5y 78.3240.58" 79.60+1.15° 81.50+0.60"

moisture

FEAH) 71.16£0.97*  70.46+0.41° 68.84+1.02°

crude protein (dry weight)

K> (TR 16.74+0.35* 17.41£0.45* 19.51+0.14°

crude ash (dry weight)

FEaES 1000° 94.67+2.31"  88.67+2.31°

SR

R3 ERRENHEISIMFINEE

Tab. 3 The wet weight of L. vannamei postlarvae
in refeeding g
2515 R KEUA  days after feeding
group 4 8 12
S1 1.88+0.05° 2.11+0.04° 2.37+0.05
S2 1.89+0.05° 2.17+0.08" 2.47+0.02"
S3 1.92:+0.04° 2.33+0.04° 2.56+0.03"
C 2.46+0.04" 2.53+0.04" 2.60+0.04"

R TS B TR 3 AN ER AL FSFREUS AR
1 EARF RN ZE R B3, FIE (P<0.05)

Notes: values are means and standard errors of three replicates; mean

values with different superscripts have significant differences (P<0.05),

the same below

22 ZHMEERXN LAEEMFERMEEFRR S
MEERAZME

PUR4 dXF FLGY I X MR AT R AR AR B L K
gy ORURSF B2 I AN B 35 (P>0.05), AR DY & =
FIFE % 30 2 T B (P<0.05); LR 12 dJF X R
ERAALAR T . MR A SR E TR, K. MK
SrE i LT, AR T FE(P<0.05)(FR4).
WG, LANEEXTER KAy o HLK A . F73E R
To % 2 %(P>0.05); HH#&W4dfE, S1. S2414F
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PHLIE 105 & 5 8 3 = T S34H.(P<0.05), SIZHHIE
M B S T S34H(P<0.05), E#ME12d5, 4>
W LAS UKL B 7 & 2 FNS33 H R A (P<0.05)(555).

2.3 YUBFI B RIRXS NLGUR X ERMF IR R R

=0

PUECIR 25 Al FL 4R T X 38 A B I8 0 v P
BEIR & TR, 7EDLERS dit i BE IR T R
S AR, ULk 12 dig A [ T, EATS S E AR
T YL AT BE UE (P<0.05)(#6). M4 dJ5S2.
SR R 7 £ B 3 = T S141(P<0.05); AILFE)R
T AEYLER 8 dis [l Bl S d 3R B (P<0.05), &
PS5 PLAA VT SR AT SR LIS S G B 25 i (P>
0.05)(#%7).

2.4 AEIFEIRT FLYE 38R F 514K 61 48 X B
SopA

XA AR, DU T (19 FL A e X iR
fREFFFAEAILPS . PFK, HK. GSiifEE & T
(P<0.05)(8), HILM4d5SIHGSETREEET
S2. S341(P<0.05), S24HHKH & i E I T HiAh 4
(P<0.05), ZHM12 dFLmAMGS. PFK &
TG i % % % (P>0.05), HK. LPS¥JLAIS34H W #5
T H A 45 4H (P<0.05)(3£9).

3 iR

3.1 YUHE RS RIRX FL YA R 33 AT 7 B8 A AP 2
R N: DAL

U 2 8 LK i 52 A Rk A2 P 2R K 25 32 B A
PRARS | TEORE L KA A I ] L B PR 5 45 22 il
PR, A S YRGS 2 2 R B 3
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x5 TREERERR4. 12 dE LAEITIMFAMEE R RS HIZ T
Tab.S Effects of different carbhydrate sources on body composition, survival rate(SR) and weight gain(WGR) in

starving L. vannamei postlarvae on day 4 and day 12 %

HHWKEUA  days after feeding

4 =}
#15) 4 12
group
S1 S2 S3 S1 S2 S3 C
FIEWI(F#E)  crude lipid (dry weight) 2.91+£0.03"  2.82+0.07°  2.66+06" 3.20£0.20°  2.99+0.03" 2.82+0.17°  3.10£0.07°
JK4>  moisture 79.88+1.06 78.71+0.63  78.46+1.08  70.21+0.64 70.25+0.47 71.07£0.45  78.76+0.82

HEE(FH)  crude protein (dry weight) 69.08+0.76°  69.42+0.29° 70.0740.15"  78.40+0.69 78.31£0.83  77.95+0.06  75.80+0.30

A (FHE)  crude ash (dry weight) 18.19£0.30  17.89+0.18  17.94+0.32  17.07£0.36  16.67+0.41  17.06£0.50  17.59+0.38
WEEK WGR 6.45+1.15  7.09+1.78 8.36+1.82 34.5543.51°  40.5142.13° 45.48+3.62" 47.77+2.07°
THGHE SR 95.56£1.93 94.44£193  96.67+3.33  93.33+3.33  93.33+£3.33  94.4443.85  92.5042.50
=6 YRS T LGSR 3o AR 47 4R BT 4R R TRE, AFUR AR A AR, DU T A B Y
oy Faicy = A 4 N . N N = o 27 Yt
AL R 2t & FEAT R, BEE IR ] 2E K 3 S0 208 55 o

Tab.6  Changes of liver glycogen and muscle

7 S 3 B PL A I IR A 0 A 4 5 i
VEHIbRAE, AR SR SR 12 a4l R S0 2H SR B

glycogen in L. vannamei postlarvae

under starvation mg/g

— ' S CAHAM MR TR, A B T AR A
3 YLK EU/d  starvation days ﬁ}m% , /ﬂ\: EF‘ S3gﬂiE$%% ) ):LZV‘] ?Exﬂ_m:/f%

group N e
‘ ! ’ 2 IR AR 12 dJF . S2AIS3LL Y TR T
ﬁyfﬁ SO 3.88+0.37" 3.57+1.00™ 3.08+0.63" 3.45+0.64 ST, B L4k I8 o MR A7 0 [ A= 6 1 BE 7T R 54
alycogen C  4.17+0.56 4.05+0.69 4.18+0.63 4.38+0.60 eI B 1 S5 K G O T R Hh A R B 8 4
il SO 1.8240.07" 1.70£0.03" 2.14+0.23" 1.12%0.12° —ERE X R W Th e, ARSCI A,

myocutaneous

elycogen C  1.91:0.07 1.93:0.09 1.91£0.09 1.92:0.08 FLZ 75 X R A 0 X6 22 0 (6 2K 3 490 ) R0 RUHE (FF )
) FHBE 14 T SR 08 (R A 0 o

®7 ERRENLPENIMFINFERMANERECE

Tab.7  Changes of liver and muscle glycogen in L. vannamei postlarvae after refeeding

mg/g
SHEREUd  days after feeding
4
A7) 4 0
group
S1 S2 S3 C S1 S2 S3 C
FFREE  liver glycogen 4.49:0.64° S5A41£131°  527+0.56° 4.5320.64°  48240.65 5.69:+081 5.44+073  4.74:0.08

LPEIR  myocutaneous glycogen  2.05+0.57°  2.05£0.64"  2.09£0.63*  1.97+0.59"  2.06+0.40 2.02+0.64 2.11£0.63  1.94+0.59

£ AR LAEXMPIN R RS TIOB  3 L4 R N X L 483 T AT AT A R 4

Tab. 8 Effects of starvation of L. vannamei 0 }F *F }—?— % il 1_}5 E E"J %2 l]rﬂ]
(=22 Bl =R B
postlarvae on lipid metabolism
YRR K . ) 5 AR ERY, WSS 2 B OUE I 3a

starvation days

228l LA A7 B9 BE B OR 4 15 A i i 3, IF
HEAR K- 3 LR B kA8, 2 BOK T ST
FENR T OB LA BB FEAR LS T, LKA din
JUGA T U R AR 5 5 4 2 T e, HLEE
RS, YUk12 dfE FLAYE XS SRR B |

CUB B E/(U/g prot)  HK 5.46+1.28" 1.15+0.38" 0.17+0.08"
DRSS B/ (U/mg prot)  GS 9.56+1.2°  4.07+0.93" 1.01+0.06"
g Wi B/(U/g prot) LPS 38.2749.52" 8.71+2.58" 6.23+5.70"

R M B /(mg/mL)  PFK 0.12+0.02*  0.08+0.02" 0.01:£0.00"

http://www.scxuebao.cn
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Tab.9 The effects of different carbohydrate sources on the lipid metabolites in starving L. vannamei
postlarvae on day 4 and day 12
SHWEREA  days after feeding

é =]

2H 5 4 12

group

S1 S2 S3 C S1 S2 S3 C

CUET/(U/g prot)  HK 3.06£1.04° 0.80+0.12° 2.51£0.85" 3.77£0.29°  4.41£1.74® 3.03£0.25°  4.94+1.22"  4.47+0.46"
BABNEA EE/(Umg prot)  GS 4.16£2.12°  1.46+£0.24° 1.41£0.61° 6.62£0.61°  2.51£1.46" 3.78£2.94"  3.97+593"  7.86+0.90"
AR Wifg/(U/g prot) LPS 5.3240.35" 5.49£1.90° 7.29+2.20° 12.61+2.30° 5.83+5.05° 10.32+7.56™ 17.72+3.71° 11.74+1.28"
TR RS /(mg/mL)  PFK 0.06£0.02  0.08£0.04 0.08+0.03 0.110.10 0.11£0.02  0.09£0.02  0.08£0.04  0.13+0.67

R & 5 W R T U4 d, DURJS FLAh e Xt
WA FRLIE 5 & 2 T RSt R 18 B, Hiw
DI BIR TR, X 0] 6e B YUK S A7 I i
PN 105 OB Ak £ Rl Se sl B, R A
I HLAAERE VLR S LA X R AT SR B Py K
RSy S ERA BT, HICRER W, U
A LS AT DL i KRB S A Y, kT
E IR UL AN NP 73 i ¢ | e SR S A 7
T 21L& B (Lutjanus erythopterus){E Uik 2 rh
AL B AR, R BLIZ LR S N 1 28
s EIHE TR, BRI AR, SAS T
FEATRANR , X Al RE R 7 A R R 3R 5E T O
[FIBTE, AR S )L/ N S I T 4 R AR

PUERA. 8 dJE AFIF AR I R G R B, 7EVLER
12 dif R B TF, L2 dJR SR AR 3
BEART IR diF, AT RE A T A7 HR A 9 T
WE I SCBAE yRE M AR, DL dJF i iR I iR
R TR ) DL S A 3 R A R BILAR B 07 % 1 i
] 4 B R R A5 TP IR IR A — 5 B ML BE v R, Bl
A& DUER IR R] AN A HLAA 9 B8 7 & B R AG, AL
FEE B E NI HERE, MG SCER A5 R AT L
PE— 20 = R A E IR W AT A 2 2 e A
EH AR R A A U R A R LR S R TR
AR o ok A ™ A AT RE A ) i R B

JUGA XS HFAF AR 52 $e 12 dJ5 4 R 17 7
RN, PSRN & R T S2. S3H
CH, BRWIVIR 2 Z IR F A, S1ZH 1)
I e B RO, R A X PR R ) B
IR T R

I P W J A A R A LA D T K A
S2ZH JH A It T A A, MR B R R R K Y
JERRTREAT WA, —J& i AP I i e —
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G it BB BRI, DRL TR e A 9 A A
AR, WM T2, PR S i — 2
B D RE R IR UK R A ORA 25 5
LR R 18] 858 K 5 3 BT 2 S 403 O PR, D
PRI, FLAH I XoF 0 A S8 T R ko AS B K
SEAEHOIRZS!, DAL X A 507 A 5

O P MR S P it S5 6 28 (1) 5 O Wk 3 22 5 o
Bemd4 dinf SILLAFIFRHLEE F & b de i, A TSR
WY, WA AR B B T 2R AR SR R A A RE™Y,
B, KB RE B L 44 I X IR A 0 A Wl
R IEEAFHERE , XFEABUER A, L
2R 50T B A O Xk A T 900 114 5 3R 8 T A
P R FEnTIE AR P08 IR IR 1 B AR AR B R
SAFTEA, S5 R KA AR— B BT LUK
B ESRY ORI RE S . RBR12 dJF AR L
T I 1] <12 d) A= AR A R 520 3 1E o 4R
AICA, 7EHayward RS RIATTE RS T 5
RIIGIAARI LR

3.3 B R ERIRE NLYUE X AN F AR K 5 B
SEMERI T

HK . PFKUEWE B it ik 12 F 2= iz —
AT DAA 8805 W R A 4 A B R A AR, AR
il 3% P 3 0 = K AR B RE R AN AR K Y e
Z—o WG AN IS, 2 HKAE Bk
IEAE R IRAAAETENUR Y, AFsEd, FEYLE
ik ] A2 < ML 494 V5 o) B JHF JOE o HKGHG 1 S 25 B I,
BUGAORE J & o/, WA 16 Sl 55, R EAYL
T % AR AL A i 1) ) B P BT R AR R AR
HPFKIE M T R, B UK S XTI R St AL
WE IR TR

FLAN X R AT 0 52 4% WS PRKCS £ TG I 5%
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M, X5 LindEPSe s g R — 8, ZRW4 defr
IR P HK & 5 & s, S1. S3dH B E
TS24, M2 diFS34 = FCH, MmMEES
DRSS F WY, X LAV X W 4R S 1 MR AN o
M ORERE . FORVEM MR L HK & R OC B
SR, A AT AR YLK S AR R A B S B0 B T
PEAC I 22 55, 7 DU LR 2 F X R AR 185 ity = 40
G, ELAHL T 2P A S . T
H, EREENHKIEE S ENMIEE X, s24]
HKE P 8350 T A A% 20, DA fof 7 R i 1)
R, bk G R 4 W R s T e A R IR T
W25 T e AR R R S A A B

LPS/E A Z ML EE T R, YUER)E X i
JHF T i v s 0k sh L 3 B0 R R D v i s 4 14
e 2 R, HYLik4. 12 dRLPSIE MR T
A d, X UL LR S T AT R DA BE IR
YR LA 0 FEA AT, AT IE v s B 42 B s A
B i 2 AU il ) 3 BR . B B RS AT R R PN B
i SRR, ARG & & B T, e AT sl
VS, B A AR A A4 L 6 4 NS I I O T A
FHURAM IS, X 5 Sanchez-PazZ8 P IF 5% 45 7
— &, EHMEI12 dESIHLPSTEME B E ML TS2.
S3, {HAMFAE T & & T S2MS34H, Ui WA I
P2 ] BB 23 52w i 7 & B TG M, STZH Y 4
WEBE W O e, Sy BARBR I, ek 55 1K
TEPE, A K OR T A A .

A A T e T 4 ) R R e B 1 R0,
PURJEAFIF RN GS & & B % T, RN E R
AHGEARBE T, BRI ALIFHEA ST =
R, 00 T LR AT L A U X W A R X6 R
FRR A A >, BRI am A, &%
5 GSTHRHT B E 25

4 g5

g5 LRIk, VUHR12 dit FLANTE T BRATHF B
TR AME A KRB G, S BRSNS I T OK BE A 1
(GEEDEPULINEES IV E S 3 TN Kk R R (RN
HE R BRI o YLE 12 dLA b 18 FLAN I8 X5 R A B
JUE Xk 785 5 W) B R = 3 R R S R BIL R 0 B A A
PP
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Effects of three kinds of carbohydrate sources on
nutrient metabolism in Litopenaeus vannamei postlarvae during
starvation and compensatory growth

YANG Pinxian', GUORan'", LIXuehe', ZHANG Yu' XIAHui',
JIA Gaowang ', LIU Xiaochen?’, LU Jingjing

(1. Ocean College of Hebei Agricultural University, Qinhuangdao 066000, China;
2. Qinhuangdao Agricultural Bureau, Qinhuangdao 066000, China)

Abstract: The present study investigated the effect of two states (hunger and refeeding) on the growth
performance, body composition and related metabolism of Litopenaeus vannamei. There were 5 treatments in the
experiment, which were starvation group (S0), control group (C), experimental group named S1, S2 and S3 (sugar
sources: glucose, sucrose, cornstarch, respectively), while the juvenile L. vannamei (1.84+0.23) g continue to feed
for 12 days after 12 days of starvation. The results showed that starvation affected body composition of juvenile L.
vannamei postlarvae and related enzymes [lipase (LPS), phosphofructokinase (PFK), hexokinase (HK), glutamine
synthetase (GS)] significantly; shrimp liver and muscle glycogen were repeated movements, after 8 d starvation
glycogen dropped to the lowest value, muscle glycogen decreased significantly after a brief rebound. The weight
gain in S3 group was the highest after refeeding 4 days, the experimental groups were lower than the C group
significantly and it was not significant among the experimental groups. The liver glycogen, muscle glycogen
content in S1 was significantly lower, The activity of LPS and HK increased greatly during the early days of
refeeding, and there was no significant difference in the content of LPS and PFK between the experimental groups.
After refeeding 12 days, the activity of LPS and HK in S3 was significantly higher the other experimental groups;
there was no significant different between GS and PFK content in experimental groups. The study showed that the
glycogen and fat were first used for energy supply during the starvation of L. vannamei, and the refeeding was

partly compensated for growth, and the effect of corn starch sugar source feed was the best.
Key words: Litopenaeus vannamei; starvation; refeeding; carbohydrate
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