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ABSTRACT

White shrimp aquaculture lifted an upsurge in
Taiwan from 1998. Through the increased margin of
production value and quantity, we know white shrimp
become the major shrimp aquaculture kind in Taiwan.
In this paper, used the data of 2000-2003 Taiwan
fisheries yearbooks and 1999-2001 fisheries family

economic investigate yearbooks to analyze white
shrimp aquaculture industry.

We found that Tainan country had the maximum
aquaculture area of white shrimp. Major farm scale
range and aquaculture model was 1-3 ha and
monoculture. Mean costs of monoculture was 700
thousands /ha, diet cost was maximum, the next were
seed cost and electricity cost. The profit of monoculture
was better than polyculture.

Current status of white shrimp aquaculture in
Taiwan is flourishing; farmers have confidence in the
development of this industry. However, enhance the
study about white shrimp disease prophylaxis and
treatment, management techniques and marketing

pathways are necessary.

.=

BOFMA G E RTINSl EyZe
e D R T A S T B R R
ISR EREHSEEERRAEAR
K- A H 1988 R IRAH R E BN B
AR MR - R SRR B
MERSEE ~ B ~ 22 WL [EISS T (B I50CRANE -
R2E 1995 4 > 5 IR MR (SPF) &



10 FBAR

*x— SEMEFTBRFEBEEESE (2000 ~ 2003) 801 : Al (HET)
& ) 2000 2001 2002 2003
8 IS 2,310 5,809 7,632 11,012
(506) (1,416) (1,594) (1,679)
=] I} 3,844 2,459 1,847 1,736
(1,088) (660) (487) (436)
OB R 293 210 193 219
(118) (67) (72) (82)
oK £ B IR 8,149 6,859 7,026 10,045
(1,915) (1,655) (1,722) (2,550)

BRRR: TIERESRESRETR (2000 ~ 2003).

2 H W (Litopenaeus vannamei) 5% 5H
% » R AER o (2 1 e e ST 1 T
A D EER S -

H R A 5 B BB R AR B Y M
(Arthropoda) ~ H %% i (Crustacea) ~ | & H
(Decapod) ~ ¥} % Bl (Penacid) ~ %} W %A
(Penaeus) - HFHEAEN BB 2R HEUK A
FEE A A E A - iR E R - =
SMEETE ML S A B B A B R ]
REfmALBER - ER I AR HR R SEIN  E
EERRE LS A 2 A1 25 EREE
VA e SR - A ERER T A B A 1 S
B AEE L 30 % (Farfante and Kensley,
1997) » mJ RS B SR AR o i -

FIEE R 7Y 1985 4 6 H » HiERZEE T [
BRI D R T B AR L P e e i L
IRFH - [AIE R — 2D HEJSR A2 - & 1989 4R 48 -
TB7KIR B TR Bt - IRESEETRY 1995
T PG VRS 2 5 I T MR A » J 15 1 e 7S
MEEPE SR L BRI - RO 0 1998 4
o ER R R - RERE AL/ - ER IR
HHEEHERS - D0 B EEBARES - (AERE -
TS ERIE B (- RS 5 i M i | M e
AIENE] (B, 2001) o PR 264 sl - 22
BTHAS T MR AR A R A i

[HEZRF RIS Yok RE R —E
7k HE - (HEE RN IE IR © B iR A (e
TR M FEE T 11 AR (i SR 2 ol s 15 ¥ S it e
TR R ()

T B S A o

EiE i IR T SHIA 5~ 6
FRIRRFFHT » PSR A FE SRV B RS S AR Rk
PRAYEEEELRGH - B FEAEPIEHE 1999
FA P A BB 23 -

FolEt A EE S I A TR 2
IESEE 2000 ~ 2003 FHRED L SR
1999 ~ 2001 FFEARENZ o & H R H
MR EE W 2 A RS R A S
IE TR TR o S AR B AT k) - e
T RS AT - SO A
TR B ~ BRI AR B URE ~ AR Y
ARBIREE ~ FETEAERTE AT ~ (BRI B B R I
A B A R A T TR

— EEBEREEE

% 2000 ~ 2003 FFEESEFIER) - G
Ml IR AR 546 AEHEE 3,173 4
b - RRHY 480.63 % 5 Hrh AR 519



G R A 11

T 2000 ~ 2003 EOREERBRAESE
S e - - (ANE) (Em)
&5T 85 e "‘\
2000 546.58 519.57 27.01 2,310 5.06
2001 2,636.23 1,895.64 740.59 5,847 14.16
2002 2,903.30 2,087.49 815.81 7,667 15.94
2003 3,173.61 1,724.12 1,449.49 11,132 16.79
BRAOR: (THRRESRESREFR (2000 ~ 2003).
1400
© 2000 _
1200 | @2001 |
1000 L | ©2002
02003
@ 800 |
«
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400 F
o m rﬁ_ﬂ
O '_|_|_|_| 1 1 1 1 1 1
BRI e e SR RERE% E/8m

ET2ORBERHBEEREIL -

INEEERE] 1,724 /AU JRERIEREH 27 AtH
BEINE] 1,449 /AE - FEERAIN 2,310 ANz
T2 11,132 /AW ; FEEEEH 5.06 &by
HOE( 16.79 5T (R - G S - HIREHE
PESEAT B = PRy R n SR R R 18
FEERESI L > RIE R E R
-

FREL 2000 ~ 2003 AR T R E A
T DVEM - 33 5/ ~ =l - FRRES
R R F SR  F 2003 Y 0 SRR
BHEAEM RS » H X R REERRE (E
—) o T L 2 & Al Ry sa2e itk B
#2510 A6 s = ~ BB R /R I 230 ~ 260
INEE o PUSER o AR B AR DU R R

T TR EIATE 15 R R A S B A (E
DB ¢ BIRYE AT R =R E 10T
HIFIA - FHS 52 22 B 5 SR — AR 2R Al T HERF
3.2 ~ 6.6 AWH/AUEI A EE ST (HE RIFRIY AL FE
JIARAR (R 2003 £33 2.43 23/ 2SN »
BREFEE RS 1 AN/AEE) - Mtz Rt i
it RS o (AR AE R R

—  BERSRIREITETIRE

AR 1999 ~ 2001 -5l R
RO AR - AHE T RIS B ~ B
RIRE ~ FIH AR R B ST DRSS
B IR T RS S EIRT -
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*= OCEMEFZOBBERHMEEDDT
817 : NE/AE
E\EHR 2000 2001 2002 2003

. 4.22 2.21 2.64 3.51
BRRR 0.84 2.37 1.87 3.46
3 4.24 4.78 4.65 4.70
BraRR — 0.51 0.99 2.43
SHERR 9.51 1.53 2.20 2.49
FRERER 4.15 3.21 5.68 6.64
Bram 1.63 4.48 1.32 1.34

xMN BREEE

) 55 B
Fp PHEH
P2 % P2 %
1999 44 42 95.5 2 4.5
2000 44 40 90.9 4 9.1
2001 50 44 88.0 6 12.0
%
60 ( _)
O0<0.5ha 0O0.5-1 ha
50 F [B@1-3ha O 3-5 ha
0 5-10 ha _
40 ]
30 | ]
20
10 |
O |_| 1 —| 1 —| 1
1999 2000 2001

B= SEEREDN -

BEIHGAIEER 1999 LUK 0.5 Z2EH S
REZHIN » HEg—HFELL 1 ~ 3 DEET (H
=) o FFHAIRRRIDIBEER R (HREERIREA]
A EIEINEEIES - H 4.5 % BWINE] 12 % ;
R T B Ny Rl E H . (GRIY) -

F R JE T F 7K AR Sk IR &
H R 7K R T = e i s  (HE /K B
HY ELBIE B AR S - (o Al KR &R
JRETE RIS Al AR ¢ g > 2001
FERGIRAG AN ZEE (R K B3 )1 7k 2 5
FUE - RS > FUSEE T /K B R A Ry
ey (E=) -

Sy HT SRR T R R R > ] BB AT T
TR A ORI S, - 1999 F %
FEERY) 63 HR/AE > 2001 FRFEHSIN—F%
% > Kk 166 HEE/ANE o SRR
H1 > F 1999 4FIF 80 % HYZEZ G/ EE
50 R - (HLUBGE 50 ~ 100 B/
L Ry %5 2000 4 LIT%  MEIR AR 70 %
HIZEH R SR 50 B/ tEDL L - HAl
LA 100 B B/AEIS R (RA) - M
T R R A B 52 BnT e Ry B T
firstes - (HASRERC & H B Ee bR s
HEE > ARIEMEEEEE K -

= EEMAENG

F SRR FE Y B AN ] 3 Ry L R AN B ]
A o HEERATREL R H AR A > 11
HAu SR -~ R TR -~ KEYIZE
B~ JKEEHR S ~ FLARRERS ~ RS - BRI
By - I GnE - T8 (B L EL
R L) BLHANERRAS © R EAG
FENSC S R ] ~ v RS TORBRE ~ kR
FCFIEL ~ SR RH <2 B A e A

IR SRR B R I e R T S
B B S H TR - ARLL 1996 A B /K 2
an IR R SR R B V) (TR B Tk - B
1999 ~ 2001 SIS EFREARLERAE RS -
ARSI PR A MR R S R AN B LR A (0K)
AVIRAT RGBSR R A - 1999 4
% 81 BEIT/NEH > 2001 SRR 69 BEIT//AEH
BHET T AIRAREM LA K =HFREFAEK
ZHERFE 70 BREIIC o PLARRASE IS -
fEE RS H U A RIS SR
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MEBEDM (%)

4 WEBE
= N\
(BRE/RR) <5 5~10 10~20 20~50 50~100 >100
1999 63.16 2.27 = 4.55 13.64 70.45 9.09
2000 115.56 = 2.27 13.64 15.91 13.64 54.55
2001 165.94 = = 2.30 25.00 20.50 52.30
(%)
100
@ H Al
80 O 37K+ 17K
60 L O 3t T 7K+ 17K
O 3 T K+ 7K
WoF O ¥k
20 RGN
O b R~ 7k
0 1 1 ]
1999 2000 2001

B= B|EKRDH -

BN AT R EBNAZ S e
THSEBAS A > WA R IR A
REEETZ - (HA5 58 S - (A ) - AT
SRRV A s -

INTETE ARG o Al R AR
THEEH SRR Ao DG B DR

By 0 {H 2001 SEATAG ELBITEL 1999 48
#J 30 % » LAE T B 50 7 B i e B R
BRAER  HR R ek EE > {H 2001
SRR ERFTAG ELBIER 1999 FETIRERY 3 ~ 6 % »
LB fE AR NG RE - KEERAIE L
T e, > 2001 FEASEARLLEIEL 1999 Fidm
#J 11 % > MBI A R R B RRE H EhY
IETRARREIGR -

FH 1999 ~ 2001 4 4 W5 i B AT ks s &
A > REERIASEE R A SRR
K HRERE R 8E > 2001 £/

FE R 1999 AR 40 % 5 Rl 2000 4
KT B S AR AN G » SR AP B B TR

7 A IR - FEE TRt A [REGEES > 1999
FEEEMERY 210 GRE/AH - 2000 FRESZ BEAT R
HEE m e 2 FEE AR 90 BIT/AtE
2001 FEEEAMEES > #9110 EiT/AtH - %
e (B SRR P T i W] ER 2000 B 2001
FERYFEERR 1999 H5AHKT 60 % (R -

F1 P A AR e B Bk iR AN % > 1]
ST A R R T Y B AT A A - 1999
FERRAE By 95.45 TC/ANT > 2000 4FEE 2001 4R
53R 166.9 JT/AT R 99.28 TU/N T BR R
REAY R ASE 43 A1k 1999 4F 94.38 TT/23 T 2000
4F 176.63 TT/ANTEL 2001 4F 10512 TT/AT ©

/g~ EEEFIED
BHIERIME 2 58 SR KA =
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KN BREEMRAFEGEDN

1999
188 -
=1 85
EaE 15.48 13.03
(21 %) (19 %)
BRE 26.43 25.76
(36 %) (37 %)
ERE 1.98 1.94
(3 %) (3 %)
INEE 12.65 12.85
(17 %) (19 %)
M 0.37 0.32
(1 %) (0.5 %)
KEE 0.64 0.63
(0.9 %) (0.9 %)
HHZE 1.42 1.43
(2 %) (2 %)
AL 1.00 0.64
(1 %) (1 %)
o 4.71 3.23
(6 %) (5 %)
\BEHEEA 0.18 0.17
(0.2 %) (0.2 %)
xL 1.84 2.13
(3 D/o) (3 0/0)
ET 1.06 1.17
(1 %) (2 %)
BRI T 3.00 2.43
(4 %) (4 %)
RiEE 1.64 1.49
(2 %) (2 %)
S 8.89 9.10
(1 %) (1 %)
SIDEN 81.28 76.32
ERpA 73.53 69.04

81 : BT
2000 2001
&t =5 &t =5
11.13 10.91 7.28 7.34
(18 %) (18 %) (16 %) (15 %)
24.83 25.45 31.67 32.15
(41 %) (41 %) (69 %) (67 %)
1.79 1.88 1.88 2.01
(3 %) (3 %) (4 %) (4 %)
12.33 12.38 13.06 14.30
(20 %) (20 %) (28 %) (30 %)
1.37 1.39 0.93 0.95
(2 %) (2 %) (2 %) (2 %)
0.73 0.79 0.73 0.77
(1 %) (1 %) (2 %) (2 %)
3.03 3.19 2.44 2.60
(5 %) (5 %) (5 %) (5 %)
1.13 0.75 0.19 0.09
(2 %) (1 %) (0.4 %) (0.2 %)
2.71 2.72 1.96 2.06
(4 %) (4 %) (4 %) (4 %)
0.09 0.10 0.31 0.31
(0.2 %) (0.2 %) (0.7 %) (0.7 %)
1.05 1.15 1.51 1.71
(2 %) (2 %) (3 %) (4 %)
0.99 0.21 1.50 1.28
(2 %) (0.4 %) (3 %) (3 %)
1.93 2.05 2.05 2.24
(3 %) (3 %) (5 %) (5 %)
0.93 1.01 1.40 1.57
(2 %) (2 %) (3 %) (3 %)
8.99 9.89 1.85 2.10
(1 %) (2 %) (0.4 %) (0.4 %)
73.04 73.89 69.08 71.81
60.91 61.62 45.88 47.69

'BIERAFRURE 85 EAEEEBEBISSARETRMS.

RV A MEREAEIEA RS > A
T PR 2 AN LEBRLSEER SRS I o R MRS R4
FRIASER L - ST T 04T R - S IEBER LUK
85 - Ry RIR/K EE AL E I A Y
TR BGETT VI DOR T E R — 20 - R
1999 ~ 2001 45 S ETHAERITE AT A2\
5o

FHOMITREER AR > BR T 1999 4B A
FEE R 100 EIT/AE - HERFHIRE
EFEEEER 100 EIT/AUE - 3R LE T
19RJ71H - #EFR 2001 4F IR FE B AL R K
AREAYIHRHE > EHEERERD - Bt
FUTEA Bz 1999 4> 3k D 50 % L4k 2000
AN AR RS DU Z RURRIER e - LT DL



®t OBREBESEUEREES B

G R A 15

s va) EE2 (OT/AE) =EE (&3/A.) SEREE (BT/AE)
8,417 219.23 198.32
1999 (8,239)* (215.85) (195.26)
3,870 90.91 75.81
2000 (3.668) (88.85) (74.09)
5,068 107.20 71.21
2001 (5.014) (114.22) (75.86)
BEEERLRE 85 FAEEEEEBEN AT,
W FISES BRI BIE.
FN\ BDIEEERE®RDNT
B8 : BT/AE
Fn E=E DN AN TEEA Iz =ALE FT1SER (%)
1999 198.32 73.53 124.79 6.81 117.98 1.47 59.49
(195.26)* (69.04) (126.22) (8.73) (117.49) (1.51) (60.17)
2000 75.81 60.91 14.90 3.68 11.22 0.17 14.81
(74.09) (61.62) (12.47) (3.18) (9.29) (0.14) (12.55)
2001 71.21 45.88 25.33 4.43 20.90 0.42 29.34
(75.86) (47.70) (28.16) (5.01) (23.15) (0.44) (30.52)

FERMUERE 85 FREREEEMBIBHAEETRIMS.

() REREE RURE 85 FREEEESYBIESAEETRMS.

AR = IR RS SRR IR AR
P EHERT] -

h ~ E8IKED

1 5 D] 33 1 72 B 2 A A IR 2 3
i FERE B B AR AP R 2 - iR
e (E R R B RAR § Btk I (A%
BB WAL FARAEE AR A
BIRF - RSB R IR 3

IR 1999 SR LI i e K AR 2 -
fSEEA FELEES (BR.1999) - 73047 2001 ~
2003 FEHBIREEEERE (BPY) > e
FEFRFH 2001 F-19 50 Z R 2003 FEHN
) 90 ZATEE - JRETSIREEIEH 2001 4 2

HEJ 0.07 Jo/EEFIAE M EEZE 2003 4F 12 HERF
F] 0.007 Jo/EE 5 HARIAE 2001 4 L4 iRy
1£ 0.03 ~ 0.04 IO/ » 2442 2003 4F 8 HifH
HI[LL 0.01 ~ 0.02 TC/RJE% 2003 4E 11 HLI#%
HI[EEZ 0.01 JT/ERLLT - BiEEK - mEEE
TENEE IR E RS E M E) > HREE 3 ~ 4
HEL 8 ~9 His i A - BZRF AR
8 — AR -

et R B A E RS E 2001
11 HBHiGEE s (60 /7)) BEER
T R A S I R T MR (A O > ]
AR B & RHEREHE (2003 4 4 HE
2004 4F 1 H) » isAE T EATRE R TE
¥ — Ay 5 RIS SRR T o (EARIBEIE &
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2001 2002

2003 2004

BR Bk EEE 100 B/AF) EEMNERZERREIEE (2003.4~2004.1 FHERY})

AR T P i i RS Y B LA - RS
MRATE B EAEHERFE 120 SO/ DLERY
HES - RS AR 200 JT/AJT -

1L 1999 ~ 2001 K FEL R iR
T 0 U (L B R R R A SR S
% > FEBREEAT A FE RCANHHELER > RTAIER 2000
T IR (E S B B A7 A ] 2 B Vo b
ERAIAEAERT 60 % B 30 % FYZERE (FRIL) -

FETH A

TR 1999 ~ 2001 FFAYFAE - HIRFRIESE
B FEERIRIER B TN e B
FIER - BHE SRS - BB ~ 2IH
JRAK R ~ BIHEMEEMEE « AETST
TEERHRE ~ 7KE 75 GeBL R g 5 -



&N BREESUMFEFIIERE

P RN A ES
(Bro/AB) (UNVINE))
1999 80.34 8,417
(77.76) (8,239)
2000 64.59 3,870
(64.79) (3,668)
2001 50.31 5,068
(52.71) (5,014)

CHEE T SEEERE a2
[AIRE - 1999 SRR — KIS ARy © WECER 2
(38.64 %) » FEIHIAK R (18.18 %) LUK FEIH
HERZ (1591 %) ; 2000 -5y« FIHAEM S
EATRIE (34.09 %) > FEFHRAKTR (29.55 %)
BRIERREpE (18.18 %) 5 Ef% 2001 F-HILUENER
FEAEE (38 %) ~ AKETTHE (20 %) BHERFEBIN
R (14 %) L EHBIAE o B Ll
AR R B T S A R DU i A Bl
TERAN K R Rt 132 » (B /KB VS G B T 1
i R 2 35 g 118 3T 1YY S 1 e M 9 8 U
PSP S E= ekt YR L MU SEE SR EWIN
BSHAIRER A ¢ 5 IR R A
R BESEE R A R B Z AT - 802
SEH B B BB b PRI A A R R
> BMER AR -

Mo An

HRIEEM S IR A EZE R RN
SETN R R MR T A BT A R e T
B - BESR IR SE T I WA B A LTI
TAORIE - {HAK 2001 FFFHIESREETR B

G R A 17

ESIVRUZS €& A EREEETD
GT/AFT) GT/2fT) (%)
95.45 235.61 59.49
(94.38) (236.98) (60.17)
166.90 195.92 14.81
(176.63) (201.98) (12.55)
99.28 140.50 29.34
(105.12) (151.30) (30.52)

58 % HSEHBHEAERACEIGR - 12 % AYSE
BRI - U 16 % EFHNEH
fllfa s - 10 % ACEERISIEALITSE © BUR > &
FHSEF B A FEERIRTRREE L -

B EHE AR SERERFE S e N BN R
FIHAESENIREE - B ~ B ~ B~ WS FYLRm
st A SEE B R RE s T 7 B B - ff
TR MBI v B B e v+ v 4 5 5
SE ] TIGRS N - R 08 A SEPRIRR S B A i 3 A 4
TR -

225 30K

THRBRZEZREEZ (1999 ~ 2001) 8&ihESAE
REBEEBFICERHERS.

THIRBZZREE (2000 ~ 2003) BELERES
.

BRSARY (1999) BIRBIEHREIRL . BRER, 273:
66-68.

BRSARY (2001) BIRBIERR. BIERFIEESIETM
~ R, 1THPRRESRZEZHRED, 40 pp.
Farfante, I. P. and B. Kensley (1997) Penaeid and
sergestoid shrimpsand prawns of the world: Keys
and diagnoses. Memoires du Museum National

D’Histoire Naturelle, Paris.
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BORE i R ]

HRal

Planning and Assistance of Government

for the Prawn Aquaculture Industry

BERE
Sheng-Lung Shih

TTHPe SRR AY HEE
Fisheries Agency, Council of Agriculture
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HHIBR S S 3R

Classification Studies on the Penaeoid Shrimps

FTEZ
Ding-An Lee
TRl Bk BRI e ifsE

Marine Fisheries Division, Fisheries Research Institute

R

BiRRAYRE (Genus Penaeus sensu lato) 83
B2 — ' 58 29 BEENMREHRIOAFE » &2
ABREBRTENRET  REESKEEENARSP
R REEY - HIREFRUERABRINEBMEIIR
1798 £ o BAMBER » SBIUDREELE
REMBDEAEBIEIE - Pérez-Farfante and Kensley
(1997) RERZED 6 EREBIRAZERMST ' M
[P IRTERV BB E BRI - B8R AVEIIREE
BIFE#E Maki and Tsuchiya (1923) ~ Chang (1965)
Lee and Yu (1977) ~ Yu and Chan (1988) ~ Lee et al.
(1999) ~ Lee (2002) 58YFRE @ BEIB 4 BIZNZEE
BIBY 14 18 D RIFREEN - B¥IRE (Fenneropenaeus,
4 F&) ~ SBEIBE (Litopenaeus, 2 F&) ~ BEHIBE
(Marsupenaeus, 1 1&) ~ JB¥HIIBE (Melicertus, 4 &) ~
HUBEE (Penaeus, 2 §8) ~ E¥BE (Farfantepenaeus,
15 e

FHUR o7 R R S

FW (Litopenaeus vannamei, "A34715 FG1E
IR - SO PLARTE SR ~ R 38 E SR AE 08
£ BRI FHEENY AR ~ R ~ R E R
SEREE ~ BHEAERL - BHERIRE IR - 2%

R Sk (SRS Penaeus sensu lato)
f— 1l 558§ - Burkenroad (1934) LIFHE #<H
i~ BAHIE Z RAEHE R s Fy 2
fH - Kubo (1949) XHUEH&H G -
BH P —fHM R 2 B o 1969 4 0 Pérez-
Farfante BB SRR ELY - BHEAHE
W 0 i R B OB Ry 38 MR 5 & (subgenus
Melicertus) ; ¥ B VIR EDTEZH
I ~ eI AR 2 ISR A &5 fy
HH¥ME AT B8 (subgenus Fenneropenaeus) ~ i
0o J& (subgenus Penaeus) J ¥ ¥ W A0 &
(subgenus Litopenaeus) » 1971 4 » Tirmizi i
S e — — Rl B SRR A R A AR Y
SN EEA N TN NVANGE S8 P
(subgenus Marsupenaeus) > K4 » Burukovsky
(1972) AR NIEET S B R B A HERE

HHE MV E RN IERI SR 15 2
BRI S 007 TER S E R ¢ SEER
A& (subgenus Farfantepenaeus) » 1997 4 -

Pérez-Farfante J Kensley — [GEEF|_Elt 6 AR
J&ERHIETC - B IEAVEIRE (Penaeus
stricto) {8 & & H i
monodon) ~ BEWE, (P. semisulcatus) J¢43 AR
NV BRI, (P. esculentus) 5§ 3 & » HEx
26 FHAST AIFRER AR 2L ¥ ~ BHEHIE ~ B ¥R

sensu (Penaeus
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A. BiRDREER

(Pleocyamata)

— ¥1B7°8 (Penaeidea)

ok & B — BIRRE (Sergestoidea)
(Natantia) — HIBERB (Caridea) e
+ 2B — 1B/ 8 (Stenopodidea) (Macrujr:)
(Decapoda) — BEiB/c B (Palinura)
e 17 32 B __— BWRB (Astacidea)
(Reptantia) £ E 48 (Anomura)
%8 E %8 (Brachyura)
B. IRTOMEIER
— ¥ 18 & (Penaeidae) — 26 genera
— SFHIBRL (Benthesicymidae)
(%efiioz:)‘ldea) — & % Bl (Aristeidae)
[ SHBIBRL (Solenoceridae)
KT g — ERIRES (Sicyoniidae)
(Dendrobranchiata) — % 18 & (Luciferidae)
| EER R E B B (Acetes)
~ (Sergestoidea) F2EHIBEE (Peisos)
L me R m g B (Petalidium)
(—1[—) : Qd )_ (Sergestidae) E2 1 B (Sergestes)
ceapess 1B i B (Sergia)
— B IR X B (Caridea) FHISIRE (Sicyonella)
— 0B 1B /L B (Stenopodidea)
— FBE 0B /v B (Palinura)
| B KRB

—|— ZBRE

— SFUHIR/0E  (Thalassinidea)
— £ 2 X B (Anomura)
— %2 B x 8 (Brachyura)

(
(
(
(Astacidea)
(
(
(

_

SK ) - BRMDARAERIRABRIRSIRIIRS P -

T b L EHIREE S M © e—#Rsr EEE H
Al SR L B H B B i =
(Liu, 2003; Lavery et al., 2004) «

EiL 35 W B B Y = B o RS O 0 JRAAR
Calman (1909) FTEIIT » BI—fi% B Ay ks o5
¥RH (Bl— A) - FEZRHH - +EHS R
I# vk i H  (Natantia) B € 17 ni H
(Reptantia) - [ G5 EHEZ H (Penacidea) »

BPEIRT EBNMEDRER - BRORERPORER  RER  ERREF=

£

B H (Sergestoidea) ~ ELiEX H (Caridea)
B ABIXH (Stenopodidea) 5 4 X H - i
% #H Q7> By BE W B (Astacura) ~ HE W5 24
(Palinura) ~ ¥ EE 20 (Anomura) % %5 2 28
(Brachyura) - — & A fE AV W 28 (prawns or
shrimps) - Eﬂﬂﬁiﬁ*ﬁ%%ﬁpﬁ’ﬂﬁ%ﬁ Wiz
fERTAAY 4 (HKEH - DUREEN ~ 2 2 |
XH > AR DIEEE R E A REE - D



Je LI EE By LRV A - BRI R AR R
B - HISHRE— T RC 2 A (cf. Abele
and Felgenhauer, 1986) » #R 1174575 &2 1 &
H )@ E ey ;A ~ SMESIE RN - 40T
A ~ 1T R B RRRRIZR » 0 LR E B
TBERERIE AT AN B - R R
JEAEARF ELE » RFEE TRk o Kt
Bowman and Abele (1982) HgH{#HrHYs>FE%Y
i# (B — B) » fEEBIEBERIEENET > +12
H 73 B 5 i nh H (Dendrobranchiata) B i i qh
H (Pleocyemata) - Hij 35 T & @ % iy 48 &}
(Penaeoidea) JxAEMEGERL (Sergestoidea) ;5 1%
FHIALE 15K H (Stenopodidea) ~ EL#E K
H (Caridea) ~ 25X H (Astacidea) ~ JFiitili
ZH (Thalassinidea) ~ FEMEZX H (Palinura) ~
M5 R K H  (Brachyuwra) % # R X H
(Anomura) % 7 X H - &K HRF1HI5 R
0 PREAVIRSENE Ry Rz i nE H DU g RE H
PR EBE R H RIEERXE > ML 31 B £
2,000 ff (Holthuis, 1980, 1993) o

—+ & H Order Decapoda Latreille, 1806
F@8eE H Suborder Dendrobranchiata Bate,
1888
EHEHRERl Superfamily Penaeoidea
Rafinesque, 1815

HIRERNES N5 &

1. ZR¥NERL Benthesicymidae Wood-Mason,
1891

2. ¥t W %l Penaeidae Rafinesque, 1815

3. 5 B B} Aristeidae Wood-Mason, 1891

4. EHERl Solenoceridae Wood-Mason,
1891

5. B R} Sicyoniidae Ortmann, 1898

HE TS 27

W R
Family Penaeidae Rafinesque, 1815

Penedia Rafinesque, 1815: 98 (not seen, cf.
Pérez-Farfante and Kensley, 1997).
Penaeidae, Bate, 1881: 171, 173; 1888: 220.
Alcock, 1901: 11. Bouvier, 1908b: 9. De
Man, 1911: 1. Kubo, 1949: 212. Barnard,
1950: 580. Lee and Yu, 1977: 8. Williams,
1984: 22. Chan and Yu, 1986: 26. Liu and
Zhong, 1986: 27. De Freitas, 1987: 1. Dall
1990: 59. Hayashi, 1992: 201.
Pérez-Farfante and Kensley, 1997: 182. Lee,
2002: 54.

et al.,

FASBRIES 26 B (SAART: oF
B/ 2IEY) :

AT & Artemesia Bate, 1888 (0/1)
FEHEE Atypopeuaeus Alcock, 1905 (1/5)
BB Farfantepenaeus Burukovsky,
1997 (1/8)
4. HA¥MRE Fenneropenaeus Pérez-Farfante,
1969 (4/5)
. WIZAYRE Funchalia Johnson, 1867 (1/4)
6. Sr¥fEJE Heteropenaeus De Man, 1896

/1)

7. EENMEE Litopenaeus Pérez-Farfante,
1969 (2/5)

8. FEBGUEE Macropetasma Stebbing, 1914
1)

9. FEENEE Marsupenaeus Tirmizi, 1971
(/1)

10. EZ8I B Megokris Pérez-Farfante and
Kensley, 1997 (1/4)

11. ¥ E Melicertus Rafinesque, 1814
(4/7)

12. 7% W B Metapenaeopsis Bouvier, 1905
(12/76)
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13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

FEL

O iR

AR &
(SR

Ry

7 0

L i 8

OB S

J5 T 8§

ZE IR R

R ¥

T8

ki B R R

& T i &

wll Ef R

Metapenaeus Wood-Mason,
1891 (7/27)

Miyadiella Kubo, 1949 (1/2)
Parapenaeopsis Alcock, 1901
(7/20)

Parapenaeus Smith, 1885
(7/17)

Pelagopenaeus Pérez-
Farfante and Kensley, 1997
(0/1)

Penaeopsis Bate, 1881 (2/6)
Penaeus Fabricius, 1798 (2/3)
Protrachypene Burkenroad,
1934 (0/1)

Rimapenaeus Pérez-Farfante
and Kensley, 1997 (0/6)
Tanypenaeus Pérez-Farfante,
1972 (0/1)

Trachypenaeopsis Burkenroad,
1934 (0/3)

Trachypenaeus Alcock, 1901
(/1)

Trachysalambria Burkenroad,
1934 (3/8)

Xiphopenaeus Smith, 1869
(0/1)

HIERNZEBERGEIRE 14 BHIRHE
DEEMBERIEK (adapt from Dall et al., 1990;
Pérez-Farfante and Kensley, 1997; Lee et al.,
1999b; Lee, 2002)

IA. #HA E -~ MREECHIZRBEERSD - 5 14

e T L
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3A.

3B.
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4B.
SA.

5B.

6A.

6B.
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la. 55 =20 R ANEM AL Rl o 55—/

SEEELN 3ET . rhE B
BE =0 R B A DU R 5 i
Fre Si—/INEEINEE S 2 i
IS B R R ZEIRAE R R
2/3 e E1EE BH i
AR A R B e R ZE R HE S BE Y

2a.
2b.
3a. FHAMITAES LR - S =R
AR R
................................. A IR
HANEHREE BRZRTT - HEMEE
ZHHR ZARATREGERNE. ..
................................. % B HH IR
EESE a5
P A 42 2 BRI o WM A R B R
....................................... T
la. SE—fE AP - A LR E

e N EEAEE 2 M

................................. YO RTE iR
2b. IR - B ERE

o FEAIREE Y 2B

................................. AT

BV A B AR PSR - HEMEA AR

3b.

ERIZER G ..o ST S
la. B EIEIMEL o AR
Ib. FEAHZREIMNE................ B

AT AR~ E - FH/AIEETR R AR
W AR AL

EEAECT 1R ¢ RS AR
HEHE AR A AT ST - SR/ IR
AL - FEAE 3 BB (PRI



TA.

8A.

8B.

9A.

9B.

10A.

10B.

11A.

11B.

12A.

12B.

13A. 5

13B.

14A.

14B.

15A.

HE AR ST AR o MM
SREECSIR PESHI
(ARBRE 1 f - HARZEENE)
HE AR AERETRAAR - MR
IR — e T2 B . R
la. FEABRB PO . ... B
1b. MG EYE. 2
2a. BEEARSER]. ........oooeei TR ¥
2b. REAAMIREE 3 ST Eml....... 3
3a. B R HEEIR].......... EIRE AL
3b. i PR ... CRE ol
FRBER I - NABERIE - B
WA E 4 SEEHE o 25—
BRI e, o3 U S
HRSHIEIR TG - AR E 3 $EE)
il o 5F— M PR A EI .9
FEF NGRS - HEME AR N TR
....................................... s
EL - VA e g ...
........................................ T B
FEME —HEE R o S — i A
< Mg E—k J ........................... 11
FEAR I E ] -

SEff FH e RE B b o FEAARTRZ (HIH
TR HEATIR B
SEff FHAERERE - EEARARER < B0 2 1L

TRIER] o 55— JE SEECETL.... i as e
EL - 55— R HLESEIR..... 13
= BRI R ELREH o TR
BEOSANERE . R e
B8 = SHE RS D R SR E ] o TR
e i L
B O13 BEENELIEE . T
513 BEAA A .15
EH— R HIME - Tﬁlékﬁcff%ﬁiﬁﬂﬁik
IR ARARRAR o HEPEAS R IR T 5
BREEERER. . BG5S

15B.

16A.

16B.

17A.

17B.

18A.

18B.

19A.

19B.
20A.
20B.
21A.
21B.

22A.

22B.
23A.

23B. ffit

24A.

24B.

HE R 29

HED RIGEIME - HEVE A AR IIZER
S AR R o MEVEACHEE RS LA T
AEFHH. 16
By FR SRR RE SR - ARSI B
TR .o, 1t TV 2
BEUff P EL R el - BB RE (R
HRETIRERR M) - BRI ... 17

5 SRR ML - BT =¥ 8 L SR
K (EEiRIMERE). ... JETUE
B SRR EAME - g = 2 SRR
BRER . 18
B~ W REE LR 2R - ERE
BTSSR 19
Y~ I RANRARE R - (ISR
o 2 7 - S 20
HZBOmHIE - EWHIEE 4 SNEEH -

Y AP R HRETRE R
....................................... RESE e
ROt - ARG EER - 5504 ~ 1P
R FREHI Y R WU N MJiﬂFiJ:'
BE by FRAEERE - S5 20 I ELERTT. .

By FH LR - 2 A S R TR ..
HRAPS AN 3t 55—l P A TS AR T lftﬁ‘l‘iic
BERSEIEARY. ... SLESIRE
HRAPS e o — R P AN TS R BT - BHEPEAC
BRaBER. RALAMER
B o SR = I
....................................... ESL S
BT - B =D e A28
et AT - k’“:va"ﬁﬁﬁ?%ﬁﬁﬂiﬂ. ‘.
....................................... EAESLET
> IEFAHFRIRT G - 58 = SR JHERL
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25A. MEMEACHESR L BUIRZEALINER 14 #afii
AT PR o MEME A AR IR
SR —20 FR L. RIS
25B. kAR KHUIRZEAIINEE 14 HEHTE
AP EMYR » HEMEACRE RS RS &
ZERLF WS - TRFI M. R U 2

A B K b B vii i
(1 B e

AR E A AR REE SR E 29
T - 7 3 B OFERDIK  fEGE BRI -
TAT T ~ Y B MRt P bRl ~ F AR BT AS
O RE eI 13 fil - Kol A i
KB Ry RUAREER © HARSEEE (5
FilE) ~ BN (R - RERME (FRIE - Ve ELIE)
KZEIEER GLREM) <5 4 18 (Lee and Yu,
1977) - Mg ETR (H580R) ~ PRmER (B
B ~ PR (PTETED) - DR ORiR)
JeENREHA S (ENREUE - =5ai) (R B
o BERG ~ R /KRR - tAh > B
IREEHE (F) ~ FRIElsig CROEER ~ KB
i) ~ SR (BFHER) RREVEHR (&
i) 5 4 MFEANERGE - $RE Ml [
TER IR TR S A < BLA) - BRIy
B VY & ¥ W Farfantepenaeus brasiliensis
(Latreille, 1817) A 1981 4E5 |58 224 AE /K
FEBR T BIA R - (H A B IR R R A
I BEHRF I » AR R R HERE R 58 @RS (Lee
et al., 1999a) SR - VEE B &R B
ERENHE TSRS MR TR 7
15 W A W48 26 BT Farfantepenaeus  subtilis
(Pérez-Farfante, 1967) » [T {5 15188 i1 (1 AR
FEEUNIIRy 14 7 - BUFHE, ~ g FAO
LRI

BR¥11RE Genus Fenneropenaeus
Pérez-Farfante, 1969

F. chinensis (Osbeck, 1765). thafERH%E,
Fleshy prawn (#[MitifE).

F. indicus (H. Milne-Edwards, 1837). HI&
HH¥ i, Indian white prawn.

F. merguiensis (De Man, 1888). Z&75HH¥%t
fi&7, Banana prawn (¥pHiFi).

F. penicillatus (Alcock, 1905). 2% FHA %}
I, Redtail prawn.

BEIRE Genus Litopenaeus Pérez-
Farfante, 1969

L. stylirostris (Stimpson, 1874). ZREEEYS
I, Blue shrimp (¥ thf).

L. vannamei (Boone, 1931). {1 FGy& BT,
Whiteleg shrimp (4} ).

FEXRE Genus Marsupenaeus Tirmizi,
1971

M. japonicus (Bate, 1888). H ZA#& ¥,

Kuruma prawn.

BETIRE Genus Melicertus Rafinesque,

1814
M. canaliculatus (Olivier, 1811). FEiE ¥,
Witch prawn.

M. latisulcatus (Kishinouye, 1896). ¥ ¥t
i, Western king prawn.

M. longistylus (Kubo, 1943). B i $Hi%,
Redspot prawn.

M. marginatus (Randall, 1840). f%i# 5,

Aloha prawn.

FRE Genus Penaeus Fabricius, 1798
P. monodon Fabricius, 1798. Ei¥flg, Giant

tiger prawn.



P. semisulcatus De Haan, 1844. RE¥fiE,

Green tiger prawn.

EHRE Genus Farfantepenaeus
Pérez-Farfante, 1969

F. subtilis (Pérez-Farfante, 1967). Hl&E3E
¥, Southern brown shrimp (4ph
Fi).
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Physiological and Immunological Characteristics of
White Shrimp (Litopenaeus vannamei) in Relation

with the Molt Cycle
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B8 (Litopenaeus vannamei) 1ERNERRFREARR
FRIBHAA N B ; BRAREIEAC ; AR3%AUER D,/ D, D,/ D))
AEMMEFRAMEESR E08 238 R#iFR
fE ~ MIKEN ~ By vEERIEME ~ IFIRIR - DURETRIN
(Vibrio alginolyticus) BYELEER RIBFREEN © M
MEEBERBAMERED,/ DRSS » AR
& - MHE2ERERBSREED,/ DRSS ' &
AHIRIE - BIRTERFERE  HIKNEEBE » 23
B REES - BT RS RERIK - MEmRFRE
HiR RRFEBIHAES » S 2R AR ERIR K BRE - TR
IKERRFRER (O RARFZRIER (D,/ D) HARS @ £
RRFREET (A) BIRIK - BRI ABMIRKERFEERR
5 ERFREBIRIE - HEEREHRERES
HEABRE - TREEAHRE - ORHR V.
alginolyticustY S IEAF BB RBIEAERRE T
b - SIRHITRINEBYEPREENIRIRARERER (A) REZ®
IRFZEERRIE - FEOWERIRFRER (A) EMIKEN
BECBETOERE  IFIRIBLUREIV. alginolyticus:?
BIRIER RIBFREE TBE ©

ABSTRACT

White vannamei  was

examined for the hemolymph oxyhemocyanin, protein,

shrimp  Litopenaeus
osmotic levels, ion concentrations, hemocyte count,
phenoloxidase activity, respiratory burst, phagocytic
activity, and clearance efficiency to the pathogen
Vibrio alginolyticus in relation with the molt cycle
(postmolt, A, B; intermolt, C; premolt, D,/ D, D,/ D,).
Hemolymph protein and oxyhemocyanin levels were
highest at stage D,/D,, and lowest at stage A.
Hemolymph osmolality and chloride concentration was
highest at stage D,/D,, and lowest at stage A. The fact
that the hemolymph protein, osmolality, and CI;, Na*
and K* levels were lower during the postmolt, but
higher during intermolt and early premolt can be
attributed to water uptake at molt. Granular cells were
the highest at C and D,/D, stage, and the lowest at A
stage. Hyaline cells and THC (total hemocyte count)
were higher at C stage, but lower at postmolt stages.
Phenoloxidase activity was the highest at C stage, and
the lowest at A stage. Respiratory burst was lower at A
stage. Phagocytic activity of shrimp against V.

alginolyticus decreased significantly at postmolt and
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premolt stages. Additionally, the clearance efficiency of
shrimp to V. alginolyticus was significantly lower for
shrimp at A stage than those at C stage. L. vannamei
showed a decrease in resistance at A stage through a
reduction of its hemocyte count, phenoloxidase activity,
respiratory burst, phagocytic activity and clearance

efficiency against V. alginolyticus.

INTRODUCTION

Intrinsic factors such as sex and size, molt
stages, and nutritional status have been reported to
affect the

physiological and immunological

parameters 1in several species of decapods
including freshwater
rosenbergii) (Cheng et al, 2001, 2003), tiger

shrimp (Penaeus monodon) (Owens and O’Nell,

prawn (Macrobrachium

1997), kuruma shrimp (Maruspenaeus japonicus)
(Tsing et al., 1989) and blue shrimp (Litopenaeus
stylirostris) (Le Moullac et al., 1997). Hemolymph
protein concentrations in M. japonicus and mud
crab (Scylla serrata) have been reported to vary
with molt stage (Chen and Cheng, 1993; Chen and
Chia, 1997). Increases in hemolymph osmolality,
and CI, Na“, K, Ca*" concentrations have been
observed in S. serrata, M. rosenbergii and white
shrimp (Litopenaeus vannamei) in relation to size
and molt cycle (Chen and Chia, 1997; Cheng et al.,
2001, 2002).

Decapod crustaceans have three types of
circulating hemocytes: hyaline, semi-granular and
1989).

Hemocytes are involved not only in coagulation as

large granular cells (Tsing et al,
well as in the production of melanin via the
prophenoloxidase system (Soderhill et al., 1996).
Phenoloxidase is the terminal enzyme in the proPO
activation system and is activated by several
microbial polysaccharides, including B-1,3-glucan
from fungal cells walls (Smith ez al., 1984).
Hyaline cells carry out phagocytosis. Several
species of reactive oxygen intermediates (ROIs)
are  produced

during  phagocytosis.  The

NADPH

oxidase begins this process. It assembles after the

membrane-bound enzyme complex,
cells binds to a foreign particle, and reduces
molecular oxygen to superoxide anion (O;’). This
phenomenon is known as respiratory burst, and
plays an important role in microbicidal activity

(Bell and Smith, 1993).

Accordingly, we study the baseline
concentrations of  oxyhemocyanin, protein,
osmolality, CI, Na', K, Ca*" and Mg2+

concentrations in the hemolymph of L. vannamei
in relation with molt stage. We have also examined
several immune parameters including hemocyte
count, phenoloxidase activity, respiratory burst,
phagocytic activity and clearance efficiency, and
the susceptibility of L. vannamei at different molt

stages to V. alginolyticus.

MATERIALS AND METHODS

Experimental Design

About five hundred shrimp harvested from
the Marine Station adjacent to our university were
shipped to our laboratory. Shrimp were placed in
concrete tanks (2 m x 6 m) at room temperature
(28.0 = 0.5 °C). During the 2 weeks acclimation
period, shrimp were fed twice daily with a
formulated shrimp diet (Tairou Feed Company,
Tainan, Taiwan). There are three primary molt
stages: postmolt (A, B), intermolt (C ) and premolt
(D) which can be identified by the degree of
hardness of the exoskeleton. The transition stages
were identified in this study by histological
observation as described by Robertson et al. (1987).
Five molt stage classifications (A, B, C, Dy/Dy,
D,/D;) were used in the study of immune
three

classifications (postmolt, intermolt and premolt)

parameters. The primary molt stage

were used in the challenge study. For the studies of

hemocyte count, phenoloxidase activity and

respiratory burst, eight shrimp from each stage



were sampled. For the studies of phagocytic
activity and clearance efficiency, another eight
shrimp from each stage were sampled. The shrimp
weighed between 21.0 to 28.3 g, and between 8.0 g
to 14.4 g for the studies of physiological variables
and immune parameters, respectively (Cheng et al.,
2002; Liu et al., 2004). There were no significant
size differences between shrimp in the different

molt stages.

Physiological Variables of L. vannamei
Based on Different Molt Stages

Hemolymph samples were taken by inserting
a syringe (25 G x 17) into the ventral sinus of
shrimp. Hemolymph protein was determined using
the Bio-Rad Protein Assay Kit No. 500-0006
(Bio-Rad Laboratories, Richmond, CA., USA)
using bovine albumin (molecular weight: 66,000)
as a standard, a method derived from Bradford
(1976). The concentration of oxyhemocyanin was
the methods described
previously (Hagerman, 1983; Chen and Cheng,
1993).

osmolality were measured with a micro-osmometer

calculated based on
Hemolymph osmolality and medium

(Model 3MO plus, Advance Instruments, Inc.,
Norwood, MA., USA). To determine Na', K and
CI', hemolymph was immediately injected into an
Electrode Analyzer (Medica
EasyLyte PLUS, USA). Hemolymph Ca®" and
Mg”*" were measured using a Blood Biochemical
2000, Human GmbH,

Ion Selective

Analyzer (Humalyzer

Germany).

Culture of V. alginolyticus

A known pathogen strain V. alginolyticus
(NTOU-CHO003) was isolated from diseased L.
vannamei. The pathogen was cultured on tryptic
soy agar (TSA supplemented with 10 ml tryptic
soy broth (TSB supplemented with 3 % NaCl,

Difco), where it remained for 24 h at 28 °C as a
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stock culture for tests. The broth cultures were
centrifuged at 7155 x g for 15 min at 4°C. The
supernatant fluids were removed and the bacterial
pellets were re-suspended in saline solution (0.85 %
NaCl) at 1 x 10° cfu ml" for the studies of

phagocytic activity and clearance efficiency.

Immune Parameters of L. vannamei
Based on Different Molt Stages

Hemolymph (100 pl) was withdrawn from the
ventral sinus of each shrimp into a 1 ml sterile
syringe (25 gauge) containing 0.9 ml anticoagulant
solution (trisodium citrate 30 mM, sodium chloride
0.34 M, EDTA 10 mM, pH 7.55, osmolality 780
mOsm kg'). A drop of the anticoagulant-
hemolymph  mixture was placed on a
hemocytometer. THC (total hemocyte count),
hyaline cells (including semi-granular cells) and
granular cells were counted (Liu ez al., 2004).

Phenoloxidase  activity = was  measured
spectrophotometrically by recording the formation
of dopachrome produced from L-
dihydroxyphenylalanine (L-DOPA) according to
the procedures of Hernandez-Lopez et al. (1996).

The respiratory burst of hemocytes was
quantified using the reduction of NBT (nitroblue
tetrazolium) to formazan as a measure of
superoxide anion (O;’), as described previously

(Song and Hsieh, 1994).

Phagocytic Activity and Clearance
Efficiency of L. vannamei to V. alginolyticus

L. vannamei were obtained and acclimated as
described above. For the tests of phagocytic
activity and clearance efficiency, 20 pl of bacterial
suspension (1 x 10° cfu ml™ resulting in 2 x 107 cfu
shrimp™) were injected into the ventral sinus.
Shrimp were then kept for 1 h in a separate tank
containing 40 1 of water at 28.0 £ 0.5 °C. After this
period, 200 pl of hemolymph was collected from
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the ventral sinus and mixed with 200 ul of sterile
anticoagulant (trisodium citrate 30 mM, sodium
chloride 0.34 M, EDTA 10 mM, pH 7.55 and
osmolality adjusted with glucose to 780 mOsm
kg']) for the measurements of phagocytic activity
and clearance efficiency (Liu et al., 2004).

Two hundred hemocytes were counted; the
phagocytic activity was expressed as follows:
Phagocytic activity = {(phagocytic hemocytes) +

(total hemocytes)} x 100

Clearance efficiency, defined as percentage
inhibition (PI) of V. alginolyticus was calculated as
follows:

PI =100 — {(cfu in test group) + (cfu in control

group)} x 100

Statistical Analysis

A multiple comparison (Tukey) test was

conducted to compare the significant differences

among different molt stages using the SAS
computer software (SAS Institute Inc., Cary, NC,
USA). A significance level of p = 0.05 was chosen.

RESULTS

Physiological Variables of L. vannamei
Based on Different Molt Stages

Hemolymph protein  concentration and
oxyhemocyanin were highest at stage Dy/D;.
Hemolymph protein and oxyhemocyanin were
lowest at stage A. However, no significant
difference in  hemolymph  protein  and
oxyhemocyanin was observed among the shrimp at
stages C, Do/D; or D,/D5 (Fig. 1A). Hemolymph
protein level at stages A and B was significantly
lower (p < 0.05) than that at stages C, D¢/D, and
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The highest levels of osmolality, CI, Na", and K"
were measured at stage Dy/D;, whereas the highest
hemolymph Ca”" and Mg2+ levels were observed at
stage D,/D;3 (Figs 2-3). Hemolymph osmolality of
shrimp at stage D¢/D; was significantly higher (p <
0.05) than that at stages C and D,/Ds; Hemolymph
osmolality at stages C and D,/D; was significantly
higher (p < 0.05) than that at stages A and B.
Hemolymph CI level of shrimp at stages C and
Dy/D; was significantly higher (p < 0.05) than that
at stages B and D,/D;. Hemolymph CI' of shrimp
at stage D,/D; was significantly higher (p < 0.05)
than that at stage A. Hemolymph Na' level of
shrimp at stages C and Dy/D; was significantly
higher (p < 0.05) than that at stages B and D,/Ds.
Hemolymph Na" level of shrimp at stages B and
D,/D; was significantly higher (p < 0.05) than that
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Fig. 2. Mean (#S.E.) hemolymph osmolality (A),
230 A B C DJD, D,/D, C.I' (B) and Na* (C) of Litopenaeus vannamei at
Molt stage different molt stages. Statistical descriptions are
the same as Fig. 1. (Cheng et al., 2002).

at stage A (Fig. 2). Hemolymph K at stage Dy/D;
was significantly higher (p < 0.05) than that at stage
C. Hemolymph K™ at stage C was significantly
higher (p < 0.05) than that at stages A, B and D,/Ds.
Hemolymph Ca®* at stage D,/D; was significantly
higher (p < 0.05) than that at stages A and D¢/D;.
Hemolymph Ca>" at stage A was significantly
higher (p < 0.05) than that at stages B and C. No
significant difference in hemolymph Mg2+ was

observed among the molt stages tested (Fig. 3).

Immune Parameters of L. vannamei
Based on Different Molt Stages

The THC was the highest at C stage, and the
lowest at A and B stages. Hyaline cell was the
highest at C stage, and the lowest at A, B and
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Table 1. Mean (+ S.E.) granular cell, hyaline cell and THC (total hemocyte count), and mean (x S.E.)
relative percentage of hyaline cells and granular cells in THC of Litopenaeus vannamei at different molt
stages. Data in the same column having different letters are significantly different (p< 0.05) among
different molt stages (Liu et al., 2004)

Hemocyte (x10° ml™)

Molt stage
THC Hyaline cells
A 226.43 + 16.67¢ 200.57 + 13.50°
B 250.00 * 12.35¢ 209.00 + 7.26°
C 315.00+ 9.01° 253.88 + 11.66°
D,/ D, 292.38 £ 11.13*®  229.88 + 11.48%
D,/ D, 261.00 + 16.47>  212.62 + 13.73°

Percentage (%)

D,/D; stages. Granular cell was the highest at C

stage and Dy/D; stage, and the lowest at A stage

(Table 1).
Phenoloxidase activity of

significantly higher at C stage, and significantly

shrimp was

lower at A stage (Fig. 4A). Phenoloxidase activity
per granular cell of shrimp was higher at A stage,
and lower at C, D¢/D; and D,/D5 stages. However,
no significant differences in phenoloxidase activity
per THC were observed between A, B, C, Dy¢/D;
and D,/Dj stages.

Respiratory burst of shrimp was significantly
lower at A stage (Fig. 4B). However, respiratory
burst of shrimp per hyaline cells, and respiratory
burst per THC were significantly higher at B stage,

and significantly lower at C stage.

Phagocytic Activity and Clearance
Efficiency of L. vannamei to V. alginolyticus

No significant differences were observed
between shrimp in the A, B, Dy¢/D;, and D,/D;
stages. Phagocytic activity of shrimp against V.
alginolyticus was the highest at the C stage (Fig.
5A). There was no significant difference in
clearance efficiency between the shrimp at C stage
and the shrimp at B, D¢/D; and D,/D; stages.
Clearance efficiency decreased significantly for the

shrimp at A stage (Fig. 5B).

Granular cells HC/THC GC/THC
22.14 + 2.524 88.88+1.52 9.85+1.08¢
36.00 + 4.52¢ 84.12+2.06% 14.27+1.48°
53.87 + 4.14% 80.47+2.25P 17.34x1.67%
55.25 + 3.79* 78.58+2.27° 18.83+0.93°
43.00 + 3.74 81.71+2.35" 16.38+0.66*"
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Fig. 3. Mean (£S.E.) hemolymph K* (A), Ca’* (B)
and Mg** (C) of Litopenaeus vannamei at different
molt stages. Statistical descriptions are the same
as Fig. 1. (Cheng et al., 2002).
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DISCUSSION

Hemolymph protein levels are the lowest

during postmolt and steadily increase to a
maximum during premolt for Penaeus duorarum
(Bursey and Lane, 1971). Shortly before ecdysis
(Do/D3), a peak value for hemolymph protein of
common shrimp Crangon vulgaris is reached
(Djangmah and Grove, 1970). A reduction in
hemolymph protein from 80-90 mg/ml to 30
mg/ml in C. vulgaris during molting was observed
(1970) who also

hemocyanin levels of 0.3 mmol/l at stage A and

by Djangmah reported
0.9 mmol/l at stage D,; for C. vulgaris. In the
present study, hemolymph oxyhemocyanin and
protein levels of L. vannamei were the lowest at
stage A.

Mercaldo-Allen (1991) reported that the
osmolality, CI, Na', K, Ca2+, Mg2+ and protein
levels during postmolt stage were significantly
lower (p < 0.05) than during premolt stage in
American lobster Homarus americanus. The present
study also indicated that osmolality, CI, Na', K
and Ca”" levels are significantly lower (p < 0.05) at
the postmolt stage.

Lower hemolymph Ca®" levels at the postmolt
stage and higher hemolymph Ca®" levels at the
premolt stage were observed in C. maenas
(Greenaway, 1976). Lower hemolymph Ca®" at
intermolt and higher Ca®" levels at the premolt
stage were observed by Fieber and Lutz (1982)
who reported that hemolymph Ca** of M.
rosenbergiii was 7.67, 14.8 and 12.0 mmol/I at C,
D; and A stage, respectively. They also observed
that Ca®" concentrations in the hepatopancreas
increased from intermolt levels of 0.77 mmol/g to
premolt level of 1.22 mmol/g. A mobilization of
calcium to internal storage sites during premolt is
considered. Greenaway (1985) reported that Ca"
is often removed from the exoskeleton and stored
in  hemolymph,

midgut or  gastroliths.

Parado-Estepa et al. (1989) reported that a sharp

transient increase in hemolymph Ca®" occurred 3-6
h postmolt, and decreased at the intermolt stage in P.
study
hemolymph Ca®" level at stages Do/Ds and A was

monodon. The present indicates  that
significantly higher than that at stage B in L.
vannamei. Higher hemolymph Ca”" at stage A is
considered to be due to the requirement of Ca*"
from the ambient environment in order to harden the
exoskeleton of L. vannamei as water uptake occurs.

Studying M. japonicus postlarvae, Tsing et al.
(1989) reported that

decreased and reached a minimum in B, stage,

the hemocyte number

increased at C stage and reached to a maximum at
D; and D, stages. Le Moullac et al. (1997) reported
that the THC measured in intermolt stage was
significantly lower (p < 0.1 %) than the THC
observed in premolt stages and B stage. In contrast,
phenoloxidase activity for L. stylirostris was
significantly higher (p< 2 %) in intermolt than it
was in premolt stages. The present study indicated
that L. vannamei displayed a pattern of granular
cells and THC similar to the phenoloxidase
activity: higher at C stage and lower at A stage.

In L. stylirostris, Le Moullac et al. (1997)
reported that both phenoloxidase activity and
phenoloxidase per THC were significantly higher
for the shrimp at intermolt stage, and lower at
premolt stage. They also added that the relative
percentage of large granular cells in THC was
significantly higher at C stage, and lower at B and
Dy stages. In L. vannamei, higher phenoloxidase
activity in C stage and lower phenoloxidase
activity in A stage are well-correlated with the
granular cells and THC (Liu et al, 2004). Our
study also indicated that lower respiratory burst in
A stage is well correlated with the hyaline cells
and THC. Lower respiratory burst per hyaline cells
in C stage is considered to be due to an increase in
hyalines and THC. It is known that different
hemocyte types carry different functions in

immunity, the prophenoloxidase system is

contained in granular cells, and phagocytosis is



contained in hyaline cells (Johansson et al., 2000).
Further research is needed to study cell types in
hematopoietic tissue which is known to release and
regulate the variations in hemocyte number.

The phagocytic activity of L. vannamei
against V. alginolyticus was higher during the
intermolt stages. Together with the findings from
the challenge tests, these facts support the idea that
L. vannamei is more resistant to V. alginolyticus in
this stage (Liu et al., 2004). Both phagocytic
activity and clearance efficiency of M. rosenebrgii
to L. garvieae were higher during the intermolt
stage (Cheng et al., 2003). This may be because
the cuticle is sclerotinised and not permeable
during the intermolt, whereas during the premolt
stages, the detachment of old cuticle could allow
bacterial to penetrate into the body through the
new cuticle (Le Moullac et al., 1997).

In conclusion, hemolymph protein,
oxyhemocyanin, and electrolyte levels differ with
the molt cycle of L. vannamei. Lower levels of
hemolymph protein, oxyhemocyanin, osmolilaty,
Cl, Na’, K during the postmolt period are
considered to be associated with water uptake at
molt. Higher hemolymph Ca®" concentration is
considered due to rapid direct Ca®" uptake from the
medium at stages D,/D;. The resistance of L.
vannamei varies with molt stages. The shrimp at A
stage exhibits decreases in phenoloxidase activity
and respiratory burst and clearance efficiency to V.
alginolyticus. The shrimp at premolt and postmolt
stages display decreases in phagocytic activity to V.
alginolyticus and increases in mortality from V.
alginolyticus infection. L. vannamei at intermolt
stage displays higher resistance to V. alginolyticus
infection by increasing its immune response in
hemocyte

counts, phenoloxidase activity and

respiratory burst.
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Rk (MTEHRPBON T32KS) - AR 7T
— {8 —{EF & Bt DARE 58 TEHES T B0k 76 Rtk
EREEEH (testis) ARG 32 WAl spike
KHAE G RIEHERE T et B a8
I LG R AR T -

120 A9 11 8 N g o2

KERFTE ST 1985 1R Z et Bl
T HHEING [ 0.02 22 v S i
BEESE R EMICERE (FRSE, 1990) - 1998 4
HIREFEBHMn B (K, 1998) » 223
A Hawaii 5 [EME RIS AT A= B 1R =
PEafE T WA S E A PR S IR
MAEEE R IR (PREARS, 1999) -

Tl 2 AR IR

HATZ3H% (i) Fr AR - KT
SR | Byl /K SRR A FO SRR AR S R
FEY > BT AR A B R B T
Fo o PLEARTE ORISR IR R - AR B B
fere > Horial b v R AR PG S R - P
B ERATIEAR

FHf 2 B m\ H f - S e AP
iR KRR DRI S B - SRIDGEE R
FH - iR A8 H AR DUE BN - A H i
FelELT > FaEHFER AT 4,000 5T 0 TAE
AR AR ERRI IR (F) 20 A5#)

-l UN) KBFE (<109 wIEE (<109
35.60 £ 0.61 1.76 +0.34 2.69 £ 0.45
25.46 + 0.67 0.49*+0.18 1.20%+0.27

RIS R B W E B AR R T R 204
BRI ()35 5d) DIEERTIRE -

SuLR R 75

RES L AR AR > 30 A5l FEk AT H
NN YIRS e HEAE TN » & A TN B K 7=
o —ERME—XRAIFE T 5 EAIN - EIIX
D 3 X m—RBRHEATE 6 K (M,
1990) -

[F]— H$R I R e U 5 AR » sy
FE M & — PR 36 b — ST & S s
EEAINPARELE KB CEEREE 35.6 2A750)
e/ (25.5 A%8) s HHERIG#EE
ZHE (p<0.05:FK—)-

e B AR U7 R 75 25 7 IR S SR A A
Bigg - REAICKRHE CHIIREE 42 A%)
i/ NS —AE CEEIREE 37 2w) Aikm
HIZEDNER J FEINE () -

x— ERMRESBREENLE

g & PN 1\
BREH 30 33
iR (cm) 14.38+0.15 13.75+0.19
iEE (g) 4149 +1.31 36.65+1.53
EEIRER (%)* 60 24.24

FEONE/R/E (x10°)  47.62+0.54 39.01+0.39

*EOUNR = (SRETENER ~ BI=EE *x 100%.
BRAR: #F (2003).
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K= AEEEHDORSHREINRE
I 58 5 8 X 85 T/ EN
B=EE 10 10 10 10
EEORER (%) 160 120 50 20
ENEYX/E (107 53.6 + 3.6 60.5 + 9.0 38.4+7.7 11.0+ 1.0
BFER (%) 80 100 90 60

*EUVERERIPUWR T - SHRTIIIRER 41.56 5.
BRIR: MF (2003).

DA /18 ~ W] ~ B Rt L A i,
R B YA 2 R R - AR SRR TR 5
GNP FRE X R 18.1 Bk o
(RS T 17.4 x 10° - [i#%Ed 50 % Bls
Bk O R W AR FE R 5 (Wouters et al.,
2002) » HIgAK R iR AR - AT
B P SRR S B T P TSR AL B

25 Gl 9 58 11 7R

R S % e ) 11 52 1 PR AR e s S A
M~ FEAEE IR ~ W~ HIRRUSI. . S
117 L AT 4/ P B = et e 5 i ]
FerAE P s A% - AE By IR & BiAcEr

157 FHC 5 B Ak i fief 6 o R B — et AR A 300 R
fE (Ogle and Beaugez, 1991) -

LR U S8 v O 5

W RHIE S HIBA B LE 2.5 ton FRP A -
o HFEAERERE R - IR RPN I E
R R R ONE R AR — 2 WG RHERE 2
0.5 ton FRP fEAESH » £& 20 KAGEHESER -
IR DAR AT He - Wi IR+ F A T R
AR > W2 FEINB AR A 7 A
0 KLHRRE » B R Rl A o SOIG HRli PR
RtE - BRSNS EN 3.5 65 EIER
2515 (R=) -

el A S H 2 i Ak B i 5 At =K

T S 2 SO Rl (AR LA T 700 ~

1000 JCAYIFHRIKIRS - HARERRE » A

KB AT LB AR TNSUR RIS v i S e 2

H R AT A BRI A B 2 RS - KL (E(S i
2% ROk TR A R S TR X

1 B W 5 5 e 52 1 ]

—  REMERSEARHEREEDET

A R T A i e o TR R SR R
> AR EREC A TR ERRIR A - BRI
MR EE AR T K% RAIER R spike
F o BEUGEEA (RIY) #ErTRRE EERE T

RO HEERE IR R FEE
BWEAR— - BEAEE RRFAZHIRE -
RIS 10 FFERIMFSEEIRE (Wouters ef al.,
2001) » HEPHSRARY S E T SRARH S IE RSy
B G YD B > v LA A e A TE
M2 BN SR E B - KGRk B2
UL E 2000 FEREEETFSE 0 CAEPIER
5o DORR T A (R AR B T S R o
gk BRI REMHE R RE (R,
1989b) (IR E K IEMR (PREE, 1992) KALEEHH
(PRSE, 1988) THEMEANTE ARG 738 AR 3 - Ik
AIHHANEEHY ARG R E - W] A RIRER A
BAARFAEET RIVRELE -
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*U HERRAXIBALSERESENERSHEREETEDL

B3 (%)

w s E (%

x
SIRESEIR X B A BIRE SR X 6 &
20 0 6.21 +2.83° 1.67 +0.25° 9.91 + 3.10°
40 0 8.52 +1.21° 0.72 + 0.36" 5.11 + 1.02°
60 0 7.69 + 2.53° 0.50 + 0.05° 5.49 + 3.03°
TELERNFRTEESER (p<0.05).
BRIZRR: 8% (2003a).
*E BOBEXREERIESETODaEER
fEee)E w8 = 18 = 8 3 B
BFE8 (X107 268.8 + 98.2 332.7 + 153.4 447.5 + 100.3 491.3 +94.3
EBBESa2 (%) 0 5.63 = 3.04 7.69 + 2.54

MBS (REX).

= BT SRPRTERER RS
BRI

HIGRIL R BB R g g B
(Talbot et al., 1989; Alfaro and Lozano, 1992,
1993; AQUACOP, 1993; Carr et al., 1995;
Alfaro, 1996) - $5HR B HIBS AR - 25
T B 22T [ T BRI MR AR 5E/ N
B - HREPER ARSI (sperm mass)
ANME/NHEEFE (Bray et al., 1985) -

i NS 12 KPR RS » RIS il By
A A T8 H Bl €21t (Alfaro and Lozano,
1992, 1993) » [Ty [EM G 5 0 Sy 275 2 f AR 2
HIEEf (AOUACOP, 1993) o 78 —$t 170-
methyltestosterone 0.01 5%, 0.1 pg/g {ARH A]FHE/EK,
S L E 3R (Alfaro, 1996) »

A=A 2.5 ton 7K 4 i - K
H = SMESRE ASEIIRE 35 ATaryiei 50
FE o 2B Sls ~ AR R R R &
B £8 30 RARMENR AL 10 ~30%

JeEAEERAL  — I HEE RS 531
o INE BE R - BMEEER CRE K
AEE ) B ST B R R [H 4 1
o

FRG MR g (BB A E
) o IMPAEEIE R RS T 0t (R - P
H e EE - NELE SRS R 2L H tha - Bl
A - A RETEIR R S RG R B -

Tt ay ]

— ZRARRIMERE

T 7Kk BT B vh L B R T 2R R R
([ —) > 7> PR B s & HIR i (2%,
2003b)- 2 —FEBOR I E N B 2 PR E 10
~ 11 Rvaz il DAV R 100 AR
JEEAE L) =11 18 ton ZKAEH RGEAEEH 7
A H > SR RE 79.1 ~ 80.6 ~ 77.3 % (¥
¥379.0 %) » FHRE 4260 & 20 ATELLERTA



i > HAE 3 ~ 4 HRERAHHEINEERET
2 B (1) - S FEECE IR LR
HREH 1960 BB LUK 20 BRI 73
BURCEERS g = LIk B T g — kg b
MR 4 W H PR L MR 95.5 %
B2 94.8 % » EEEEH 1865 £ 30 ~ 38 A vifd
i -

(—) MEMRATE T

FEEERE o W CPEIREE 25.3
INE)» BT P bR R i R A GST(FRX)
FXETERE (D) Ml B TR E
i i/ IMEEL GSI () K IiE B iR
TER R HtHEER (p>0.05)-

T R

.,.uli'li'“::!r :

Y
T

| |
=N

B— BXKESEPOEBBRIMES 4 8
KERIE (EWER - RE/LRINMGRERFLH)
BRIENBIE  KEEZEHBREERD (—
“EBsBe=0)-

BZ EHRIMIPE
BRI -

IR AR RIS 57

() MEMRA5E T

H =k AR E Y= R 80 B - 4% 21
REVBIMEAEETETE 40 B - SERARMYIR (S 17
[y 23 & > FAEZEN 2.5 ton ZKAH > BL T gAY RS
it - H ARIAYIRR % 2 Fda AR DI -
TR R RS R T RS B i
7 M EEE 70 % &7 (F) -

AT 7K AP R WP 85 B AR HGE
HEHAETETT > R AR L R RE 25
HE (el ~ HA K FTERE & 6
B SRR B E R > DIAKEhE 13 5%
I (5 - B Emei ARl 1500 ~
2000 ¥ AMERTRREEIEIMES . (FEFGE
CIfES R B < 200 o) - HAEHME
AITEREEE R 4000 ~ 5000 ML - 2
AIHHE 150 ZRif iy e A EE d s - FOS s Ik
R ETSHERS -

—  EIRtEAERT R BV

AKERATERAZE LD T BRI 1 SRR A
KBRS > AT SE AR - AR A SR
EEIIA S H AT e MR S T - R AR
—REDIR]TE 17 ~ 25 EREMF (AT -
SESHRTRE A HA ~ /VE Raig R (=
fegH R AN S - BRI A RIS H
BIFANZENA SRR E L& R R
IBHZE RN - A B BRI A RS E T -

= BEERIEE

() AT e (bt
St R SN Z= A i KRk

MR EHE RO RIET » B N 2RITILH L 800

LM > 15 92 FHIFTERTIE S T (AT

ath s TUBRALA R - 73R “HUBHIEST & -

1. 4t
FAZ AN KBS B R 0.13 2250
B 0 BEERAESR 0.1 208 3-1 ~ 3-2 ~ 3-3 57
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xN BRIBISEERREEBIRED GSI LE&R

IR maR 1 2
BE (0H) 25.31 +0.53 27.60 + 1.31
GSl 25.31 +0.53 1.22 £0.17

3 4 5
32.56 = 0.85 33.43 = 1.05 28.69 = 0.75
1.15+0.12 1.03 =0.15 0.88 + 0.08

“1: BIRTREG 2: BRDMAZEIN 3 EXBINEETRER; 4 EXZIN 5 {IEBEI

BRIR: MF (2003).

*xt IREEOREEREEMKRESEISELR

Pt i 1 2
BREmEE (x107) 179 + 36.4 146 + 24.6
[EBLEER (%) 19.65 +5.14  19.86 + 2.41

3 4 5 6
131 £14.2 298 + 24.7 125+£17.8 134 £16.5
2492 +54 43.09+299 8.20+244  22.52+2.51

“1: BIRTH (RESREGEIR); 20 POFR—RRINERN (RESERESER); 3: EXbREINEEORBRISEIT
HMRRESER); 4 NEBZEAFTERER (REEAKER); 5 EXIMBCHRERRER (R THR) ; 6: {IBBE

INEBER (R T ERRECSER.
BRAR: #MF (2003).

®\ IHISERBEHES - RADREEHEEBENSEN SR

BIRTH
HEL 20
SEEER (%) 100

BRIR: #F (2003).

it o Rt 5,000 BB (BCEEE S B/ ViR
R - 5 H s Rl S e — K - AR R
RASEE 3 % > EIH 7 i H PIREE 23 A%
R 0.112 2% / H -

2. EH

{EERUR TG - B RE 0.25 AT
1 F R E S 0.1 20ARY 3-4 K 3-5 ith »
51 8,000 B (IR EE 8 / ¥ HAR) fi
FHE ARG - 2208 7 8 H ot EE 18 A
T R 0.092 A5/ H

(Z)AT-FG % (Bipkhoma H g R)

AT R 7 10 B PL6 Wi » #% 60 K
B 2 RERERRRBIREAT T 10,800 (7

&
23

69.56

Pl 1.95 /N5 AT-FG 53% » B53E3R 10.8 %)
SEAREINZD 0.1 AE R (2-4 - 2-5 -
2-6 5 - ARt 3,600 B (IR 3.6 B/
SEAAR) - BIRE AR > 8 8 i H ¥
HERELLE 30 0% Ky 40 2% Z= I AR
FIFRAE HEE — R e - H 200343 H 3 H
£ 11 A 1 HEEGEYR > = Oiry kR s
B (=) HSiRERR0.12 8% / H (Fk
%, 2004) o = HSEEETETERE 77 % > CURaEH
5,000 FEA% 2= E TR M E R R B RS

Al 8 TR ALK » BR T R R = R 5
47 ppt (SFEZ#] 40 ppt) - HABAN pH ~ DO ~ &,
SHAEIE e E HA R EE A - A m
A 0.12 A% / HAYRER » n] R EERERY
FRAREBRITFTR - BEESEEE  [FH
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35
30 || B2 T
O2--5 T
25 rl@2-6 T
0 20
oo |
10 F
B= AT-FCRRAU36ER/F 5 I rrrw
E{A\R@E ’ ﬁ%&ﬁgb 2_4 N O 1 1 1 1 ]
2-512-6 =0 0.1 RRLTEHEY 92/3/11  92/5/13  92/7/11  92/8/29  92/11/1
RERLER (SHEEER - 13 SO
BEZE0.12 A%/ 8) - S

BRAREIMETE - A3 A (HIEE S
AT MR R I8 . » S DR S P K i B
SEREYIBNIR R » R D B TR A B DL 2k

REH e

i il L2

1 W T B P L /K PE R E 5 K
KBRS B BB R R R AR AOR B
EEESI TR RN S G r T UL ey
5577

—  ISIREEEIE « SRBKREEN
EEER

RIS A A AV > Horl fE s st -
AR A o e > Ao EE R > HAVE 2
AR HAERNRIE - mibe b AT
JIBE M

— BREABIRKER LM

=R PRV ESE Xk S SEER SIS T
FEE SN IERTR - A FIFISR A SRR - =
PIERIRF TRER PR - A E R HE s —
NLANREEER 115 N Ry 37.5 15

(PhE, 2000) - FEER/KERIE AT BT 95 % HIFIZK
B ] BRI - BRI TR B PARYR
M PR EHE R IEER K R IR T - SRR
BEAIEFEARC M EKE  EEERE A
Bl B AC A ETRE AR R (A0
TR BRI - I H R TR A S vk
EIATEE > SHET T PR SRR T TR
FHBABIA -
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Litopenaeus vannamei Broodstock
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URENRHML RSB HE — SR BRENE
EEERFRLRENYE  RNRROEMIN/ADRE
RIBIEHEREMN  BRIRNEIRILRIEH 25087
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A Ry — B ARG - AR DN S B AT 1
N4 ~ 9 5 > I H B E B EEE
SH e B DU I R IR IR IR 3 1 B TRTZ
RHFHYE > AR BRGNS
RI A IEATARET > NI GTRHERIR 5
BB PG AT E R AR s AR R R

i B 3T ) T e B SR AT o Tl
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K— AEEREBRRELFERARY

BBER%a HEMANEY) EREHE
B2W; (Panulirus srgus) R+ RER X
EDEIR SHA+BEE+ A TR (ST
DRENIER X5 BXA%BE
5] BXR2%888E
AT EIRH 5+ 4D (SSN
S5+ BRZR
ATLEIR+iEkD (S5SNI
2R j=Fil=] BX4.5%0E5
R E+SRIRA ESTS
V= SEN] BRI 3.5%E5
ATEIR BRIR25%%8E
=[5 AL R+ SRR +HIANER BRI 25%828
PFINES FEree s+ ESTS
S ERIRR —B—R
JtEB3MR (Penaeus semisulcatus) HiE+ A TR K 3%EE
S REER BLEEs
SRR+ SRR e LERR
bR FErae B+ IR BX—RX

8 Harrison (1980).
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SEI RAA R R IR T 30 ~ 45 g A 2RI
Ry D AR Ay K/ N2 T T I A
BAR7IRFf) A — TR FEDN R A2 ; (K] LL s
A HAREE e S /K s n A s
SRR (43 ~ 56 g) HYAR/IHIF-RI AL e R A
[6 > SR > MR RT Sl 2B LA e B A A
R/ NEEAAR -

TRESAE R ~ BIENIR R E R T
BB BT R SURE R D » (BB H3E
FOFFHERIS I HopE R R L R —
SERR - il H S HEGRE ARG R
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RIREVIAIGE  BIASCGREL A2 H HERA

FIZSH MR TR B A (LR % -

H 1970 LIk > G581 H AR
R B — B RFE AT () - FRIRAY
BRI BRI ES B - PIANAESE S -
HFIBRBEEALINS ~ DA 5 N aR SRR FEMS R ALY
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B Meusy and Charnicaux-coxon (1980).
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K= RIRREHEE  BEREANRERERZ — KD D

A8H

B% %)

A B C
HE B 58 73 42
B B 11 8 6
o ns ns ns
y3a Gl ns 8 ns
2K 5B ns 80 ns
ns: F8IE.

D

49

8

32

12

ns

f=ter s ESES o
E F G H
52 >50 50 >53
10 >10 17 >9
ns ns 8 <2
ns ns 9 <19
ns ns 20 <10

A: B - KIADER : BN - B4R =4:2:2:1; B: B HEBRH =1.3:1.

B8 Wouters et al. (2001).
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RO AESERNBESSROPENNZROERBEESE2L (IMD)

OPERPEES
A A=A
RENEAER (6) 23.42+1.53
SHAREER (6) 23.44 + 3.88
ZEARER (5) 17.63 £ 4.11
STEMFES (5) 25.20 + 3.50
ZELIHR (5) 15.72 +3.70

NI (6) 46.20 +1.53

*EMANEIZRERERNHE.
88 Primavera (1984).

BEE (% fHE)

illteN el
2.82+0.27 5.80+1.59
2.72+0.13 15.20 +£2.92
2.57£0.10 17.00 + 0.87
2.84+0.33 15.90 = 1.64
2.17 +£0.19 7.70+0.20
2.80+0.16 3.20+0.10

xh BHESBRANCREERINENPIEEREIEENISIHEESD L

IPEZE
ASAnES RENFAHA SPHARNFAEA TR EARNFAER ST RIS

it i e iC I 73 hE AE hE At el il
16: 0 17.4 18.3 15.6 11.3 22.7 16.2 19.8 19.5 23.5 13.0
16 : 1n-7 30,6 184 24.5 15.8 328 16.5 23.1 25.6 25.5 17.6
18:0 5.1 6.1 4.9 4.6 3.9 5.8 4.2 5.4 3.9 4.5
18 : 1n-9 28.6 345 33.2 30.6 26.5 32.8 31.8 359 24.5 37.7
20 : 4n-6 4.1 6.3 2.5 10.8 2.1 7.0 2.5 2.5 6.3 12.3
20 : 5n-3 6.9 8.9 2.4 9.6 2.3 9.5 4.6 2.9 8.9 9.3
22 : 6n-3 3.0 3.7 1.7 7.0 1.4 3.9 2.3 2.7 3.7 4.4
Total PUFA 14.0 18.9 6.6 27.4 58 204 9.4 8.1 18.9 6.0
Percent of total lipid ~ 54.5  45.5 68.8 31.2 524 47.6 36.8 63.2 45.5 37.5
88 Primavera (1984).
U5 B RN e - TR TEIE e BEIRER HEE ARG E S IR E

BREAEERT > EEYE RIELZENENERAN
16:0 5 n-9 RYHINEIHE -

Tk 8 T ] R T e A RS AT R
IR B S - LRk AR BELIRE - WRITEEAE
MRS 2 B Z AR = R A I
HEFEE 87 ~88%

B o g e R 1 A T i 0
FIIE TR SR T IR AL > AR U R R G ~
B o— = & H 9 5 (MG) 1 isophospho-
glycerides (LP) J&AE H [l IR 2% Bl - 4%
WRIAE » 2R S — e H R R I R ol

TIEE AR -
B 5 I £ B iR B R A G AR T Al e
fu e W T RELL A R -

— ~ FEPEYINEPMIBI0EY P IR BIE
FEERBETkRE ?

(—) HFBE-h & Ry TR e -
HEAL L ZE RN -

(=) BRI B A= & A M IR ZE
HE M -

(=) DHEL AR SRR =B H il -

= H
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BRI o I I AEHE B NIRRT - m]
RERE R BCARE 2R & GE MERY S IR 250 Bilan
HZARRYI 2 B2 35 45 T B AR IS HEAR YRR % -
FHEFER Ry BIRRARIRIY 65 -

TEENEEMRINEL ~ BN ~ kAL
TEYNE A B MR IAAYER L - BAMTA] DA B
BRI IR R B NES A DN A i > AR B
A HEE RS P a2 2 I -
Pl Ak B AR 1 B SR » IR REIE R I
PRES S P R E RO DN S AR B s -

Mk > SEEEEO S Ex 2 G
By BETEIERR (80 ~ 85 %) ~ NEERBEIRIE
W (1 %)~ EERZEEZ (3 %) =FeH il (5
~8 %) JEEEE (3 ~4 %) KiffuklEE (2 ~
3%) o

n-3 5 BN BRI G e A A P B R A 2
HAATE IR E RS & > AR = Fe H e
& A AL S A BRI GG - DT eER5 5%
HAONEARE iy 20:5n-3 F1 22:6n-3 & ELLAT
JElig T o e o AE AR AR T Y n-3 FT n-6
= BRI G » 18 SNBSS R 2 A
TR > R B AR A R R s AL T AT TNy

RIS TR 69

HETEERHR » SRR 2y n-3 1 n-6
1= BN BTSN RE v - H B
AROE BRI REIRINZ AR & DURVE &8
1Y n-3 1 n-6 {EETRFHREYERE 5 AR RER
n-3 JEIERAE AR IR AR Ry B B - WREEEL
n-3 F1 n-6 {EGE ANl ERAE & R AL
FH - 18:2n-6 HEHE 20 F1 22 RS NERAERAZH
RGBSR I RFAEAIBTER - NERFIEE R
(desaturase) 7 18:3n-3 HYEFIJJHL n-6 AR
WERA AT 58 » A2 &ry 18:3n-3 G5t
BERAVRS R - Sl 18:2n-6 AL n-6 R
TEllg » THZRHEAEAVIMERE (20:4n-6) Y
GE BRI 18:2n-6 BB TGS RIEAE
Ko {E AR 18:30-3 BYIIER I e FEE
3t T AN R s 2 -

B DN S e g 5 A DN B S B
FHgin - BElG & EAES = @R R - A H
MERFR SR - Bl & AR B - B - e
WAk A A — 2 (FRIY) 5 i i B AR AR AR N
SR NE IS & & ] DU E H R 2 T
3K B MEIGRE SRR - RO BT A 5
N LR I NG v B A o S B AL DN B
JSCAE T2 TV I - el 8 &G0 - 2R
Hom AN A R N S AH B Ry - T BB
R E RS EEE & &S (FA)
FE5 TV N A AR B e v AN B E PR
SRR S HH Ll Bt )
FeRERL - RFR AN RIS B AN S B A
Yz NER R - AR AE iR A - RS e
HIRARRZS - LHZ HUFA - &/ 8HI AL
BAPRLFT SRS EAE DU MR 20:4n-6 HYEAHER -
20:4n-6 MR Ry FIAE JH T R S AU AT Y IR AU &
AR 54 AR ESEE R
EPA (20:5n-3) » Z[1t—2EE{KHY n-3HUFA
2 FAE DHA/EPA - [ffEAHTY n-3/n-6 HYEGIE
FHES > Rt - fERETREE S =Y n-3/n-6
N ESE &R 20:4n-6 - FIHRAYAEAETRL -3
b n-6 FREE 2:1 - 1 AV fRET )@k n-3/n-6
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KN BESRACREROARBO PRI EEMEhES D L

INEREB
RERHES RENFAHA PHARNFAEA TR EARNFAER TEERFAHA RIS
it @E hir @it L2 S il hir  @E it @it
16 : 0 20.4 10.6 15,5  11.4 16.8 16.7 19.9 169 14.0 8.6
16 : 1n-7 31.6 13.7 25.1 16.1 21.4 3241 28.2 17.6 13.7 21.9
18:0 9.4 7.7 11.2 9.7 10.0 3.3 6.9 5.5 7.7 11.9
18 : 1n-9 24.3  27.1 27.4  38.6 245 305 259 219 27.1 27.8
20 : 4n-6 2.9 18.4 3.5 2.5 6.3 4.9 3.1 8.7 18.4 13.1
20 : 5n-3 34 119 4.6 1.9 8.1 5.7 3.5 7.9 11.9 10.0
22 :6n-3 2.0 5.6 1.4 1.9 4.3 1.4 0.6 4.0 5.6 5.4
Total PUFA 8.3 359 9.5 6.3 18.7 12.0 7.2 20.6 359 285
Percent of total lipid ~ 62.5 37.5 66.7 333 71.5  28.5 66.7 33.3 37.5 333
8 Millamena and Pascual (1990).
xt BREHIRZAAINEREELDBIEMEE BN (%)
RS 205 RIS S]]
PRFAONE PRFAONZE PRFAONZE HE4hes
16 : 0 21.2 23.0 19.2 19.8
16 : 1 10.5 20.0 11.2 9.8
18:0 8.8 5.3 6.7 6.9
18 : 1 15.2 21.1 16.7 16.2
20 : 4n-6 4.1 3.6 4.8 4.3
20 : 5n-3 9.9 5.9 10.4 13.8
22 :6n-3 7.0 7.1 7.7 8.4
DHA/EPA 0.7 1.2 0.7 0.6
8 Wouters et al. (2001).
K\ EMRATEIRZAERRESHERL
B == | _ ATEIR
HI 99| e lEN BBEA o (SES
16 : 0 7.5 25 13.6 20.7 19.4 29.2
16 : 1 3.6 5.7 6.1 7.2 3.5 4.6
18:0 6.5 6.8 3 4.3 3.3 4.9
18 : 1 7.1 15.4 4.2 16.5 15.6 15.6
20 : 4n-6 4.1 2.4 2.7 0.8 1.1 0.3
20 : 5n-3 29.3 18.1 15.3 8.4 10 4
22 :6n-3 12.9 6.8 17.5 6.7 19.8 13.2
n-3 HUFA 52 24.9 33.9 15.1 31.2 17.8
n-3/n-6 8.2 1.7 7.9 1.6 3.1 1.5
DHA/EPA 0.4 0.38 1.14 0.8 2.0 3.3

B8 Wouters et al. (2001).
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&N OREHIREREREDR

- & W B

A
& B8 =] 22
it s 3
3% oa) N/A
i) il e 33
K ) ~1

B8 Millamena and Pascual (1990).

EIR (% F2B)

B C D

36 34 57
11 13 14
4 4 N/A
10 16 6
N/A N/A N/A

xt+ DEBRBRATLEMEER (mg/Kg ER) M

AR BIRNIR
HE=RC 492
Biotin 6.3
Ca-pantothenate 948
WEERD, 19
Choline 9480
#EESRB, 0.1
Folic acid 13
Inositol 6320
HEERK, 63
Niacine 623
P-amino benzoic acid 158
HEERRB, 190
HELESRB, 126
HEERB, 63
HERA 18
MEERE 482

8 Wouters et al. (2001).
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- 158 - -
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15.6 40 2.8 -
300 500 500 2160
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Development of Aquaculture Feed for White Shrimp

(Litopenaeus vannamei) Broodstock

ZEIR - MBS - TER

Bao-Shuenn Tzeng, Min-Nan Lin and Yun-Yuan Ting

TTE e B ek BERT K EEEMTEHO

Mariculture Research Center, Fisheries Research Institute
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7 AR a0~ EES AR FE R EANRROE (M
%, 2003) - HAEK RIS B A E
i REABRSEEA RS (Tu et al., 1999; Yu
and Song, 2000) - H FijZEFH 58 8 i AR
RH 0 Ry [ERR IR 2 A A WIS SR b e s
FrBH AR RN S ERNE &S HR%
RN IEFERE T HEEE - B I ERIE
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iy A W A 0 32 K 2R 1 10 % (Bray et al.,
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EiEREME AR - BBEMEA— - BIEAEE
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HER BT (Wouters ef al., 2000) °
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Table 1. Proximate analyses (% dry weight), composition and gross energy of experimental diets for L.

vannamei

Composition

0%
Crude protein 53.11
Crude lipid 11.13
Crude fiber 0.53
Moisture 15.38
Ash 8.88
NFE* 10.97
Gross energy (Kcal/100g) 498.0
P/E ratio (mg protein/Kcal) 107

*Nitrogein free.

Dietary of lipid

1% 3% 5%
52.74 50.58 48.39
11.40 13.13 14.97
0.76 0.91 1.14
15.45 15.48 15.55
8.46 8.32 8.13
11.19 11.58 11.82
502.2 510.5 518.3
105 99 93

Table 2. Effects of virous dietary lipid levels on growth, condition factor, ovary weight and survival of

female L. vannamei (Initial weight: 26.88 + 0.49 g)

Dietary of lipid

0% 1% 3% 5%

Body length (cm) 14.59%0.07 14.67 £0.07 14.40%0.13 14.37%+0.33
Body weight (g) 39.89%£1.59 41.22*1.36 38.12%£0.93 37.75%£2.74
Ovary weight (g) 0.23%0.02 0.31£0.01 0.23£0.04 0.24%£0.02
GSI 0.57%£0.03 0.70%£0.01 0.56*0.06 0.60%0.01
Growth rate (g/day) 0.15%0.02 0.16%£0.02 0.13%£0.01 0.10%£0.01
FCR 2.13+0 1.97+0.02°¢ 2.26+0.02° 2.87%0.08*°
Weighe gain (% ) 48.41%x5.90 53.33%5.04 41.78%3.46 33.13%2.36
Condition factor 12.84%*0.33 13.06%0.26 12.76%x0.04 12.01%0.61
Survival rate (%) 88.34+1.67" 90.00+0.0° 81.67+1.67° 81.67+1.67°

Means with different letters superscript are significantly different (FCR: p < 0.001; others: p < 0.05).

s o FISRETR G S R 20 % KE 0 5K
£ MG SEE MREIHS (Andrews and Sick,
1972) » ‘EER 2 B IIERE 8 % Winx
16 % MRFEE AT B R R > ARG T
HRE A T ERHYREMIE &k 10 % ix
51y 14 % (Bray et al., 1990)  ¥HigIEE K=
4 8 ~ 11 % (Sheen et al., 1994) - SIS ERTY
LRGN RAHE migTREERE B LR
J%(D’ Abramo, 1997) Gl HIAEHRES AN A
RIS - $EE B R ~ H1E
ERHEHR (FCR) KIMEAYBER -

EEREE LIRS 40 % KSR 20 % S5
R FEE PR » BoRECEREEDRL - MDA

TR (2:1) WI0% ~ 1%~ 3 % ~ 5 %A[HE
S 2 i PURE RS - BRI S —
HIAAER  SEAIMERREE S 3L 30 BB - PR
Fy26.88 £ 0.49 /N5w 0 5 7 Kk 1/3 /K& -
15 R RAT R AT 3 ~ 4% » =K
PLERL (08:00 ~ 12:00 ~ 17:00) » 7k ~ E#EEE K7 H
MK EE P B A BRI - BBA T — At
I AR SR DL - RIZE T ~
P4 B PIE LA G VAR o0 5 T 3
W RIS ~ REAAE R R e
BEHIE R IR AORITTERY (Table 1) - i
AR 12 AU (Table 2) - HIMT ~ %
o~ GSI ~ BT ~ FCR RARTE » BILUR
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Fig. 1. Effect of different . T
dietary lipid levels on the PE 80 | J-
maturation rate of unilateral [
eyestalk ablated female 5 @
shrimp. Values with different S T b
superscripts significantly §’ o - I b
differ (by onne-way ANOVA 70 |5 I
with Tukey’s honest
significance test, p < 0.05). 0 . . . )
Maturation rate = Number 0 1 3 5
of gravid female / Total Dietary levels of lipid (%)
female x 100%.
% pEBERHER - FCR AMNILIRML % 10.1 %) k60 % ATER GHlEER11.1 %)

MR R E A& E (1.97) > 5 % FRERMH &2
(2.87)  3lfiBd 3 %~ 5 % pREIHAREEZRP <
0.05) - {HEFERLL 1 % REHES (90 %) > 3
%~ 5 % BRI - FEEEER (p < 0.05,
Table 2)

o Sl SREER - BRI 1 % bl
B ERE S 11.4 % MEHE 52.7 % -
MEAERE 502.2 Keal/100g > 3 HENIFE RV LLE
105 mg protein/Kcal - fEREFEUREKE ~ 161F
B R (FCR) R MY EE £ PL A = Ry
+ - RIS EEPRIEHIE 11.1 ~ 11.4%R58 » &
=B T eSO iR ~ Y E RS TR
N EEHEERER 52 ~ 53 % 0 iRk
RE - BRI - TR -

A [ i i ERRE W R
R A I B i 1 R

Bray et al. (1990) 12 7.8~11.1 2 13.9 %
IR TEIRERREEN (L. swylirostris) > %
REL111 % FHATRHBELSHY SR ET S s IR Ll
xRS RIIIAT - XLL40 % Sl GHiEE =

(1) Lt 3% P B J% 15 A0 [F] 4% S (Bray et al,
1990) » A B H AHE A ISR -
5 AR B AP ST R A R - B it e E D
SR -

PN S O NI A G £ v RS £ 3 L
10 BB > SEHIBEE R 31.13 £ 1.35 /450 - HfEfE
S EEARAR YRR > FAZEA) 2.5 FRPARTET T3
B o HHRHRBRIMO0% ~ 1% 3% 5%
FREMMEE S EZRABER - 5= K&
(08:00 ~ 12:00 ~ 17:00) » 5 H A E1 e
FI 6 ~ 9% » IKIRFEHIAE 28 ~ 29 C ~ BT
HI4E 30 ~ 33 pptfH] ~ YEHE R 200 ~ 300 Lux ~ {7
IKERy 20 ANTFUINEF o 3XBR 30 KAS ROTELL
#h (Fig. 1) LITRIN 1 % s (85 %) - dfiEd
3% (35 %) K 5% (25 %) fHRIERE AR
B0 % (45 %) MEFRFHAAMES R o RHZEDIR
LL5 % FREEAH 70 % e 0 3 % feffhs 20 %
(Fig. 2) - {H1FRLL 1 % pRBRMHmREE 100 %
3% I 50 % (Fig. 2) - RHEAESIELL 1
Y% DREEAHE R 28.86 x 10° BTk EL R {EY
3% FREHC A SR (Fig.3) -
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dietary lipid levels on the & o0 L L L '
spawning and survival 0 1 3 5
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ablated female shrimp.
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Fig. 3. Effects of different 5 l
dietary lipid levels on the S b ab
spawning eggs of ‘;0 AV e T
unilateral eyestalk ablated £ T 5 s
female shrimp. Values 10 J_
with different superscripts
significantly differ (by one- 0 L L L )
way ANOVA with Tukey’s 0 1 3 5
honest significance test, p Dietary levels of lipid (%)
< 0.05).

ey LG AR - DURE R A R e =
FOAIRy 11.1(0 % IR ~ 11.4 (1 % 70
)~ 13.1 3 % IRAH) ~ 15.0 % (5 % #HIR
) - ERERAETR ~ R~ R DN
B ELL11.4 % iillE & A ETRR A BTy
AL TEARIIEE 3 % k5% ) it
AINEY 0 % HZE

1B ARG &5 BaDRHHRAR
SO ek BRI 5E

sz M B LA Qe B T A e B 1 B il o
B AR TR R IR A A - (DI

PR > HAEINE R INVE R (Harrison,
1990, 1997) o Lt SR (1 e WS s S5 o e 20
G I HRESRAK 7 e B A ~ Rl ~ 260
VIR ~ HHUE - DB - —FE A TGRS
% (Ogle and Beaugez, 1991) n] R RGN &
B L ERITSE - A B DA E & &
11.4% R & B R BSOS POSCET R > 43 48
A% B R AP U] Ak A R e b e G e 2R s DN 52
B 51 7SS AR eI T -

ke TAHAETT - IR 10 BB 2.5
I FRP 7K b > SEE88E 31.2 g0 /g H A
AR R SCEE R =K (8:00 ~ 12:00 ~ 17:00) -
et (ZE) ToIRREERY 6 ~ 9 % ZKIR P
1£ 28 ~29 C ~ EEfy %Sy 30 ~ 33 ppt ~ KR



Table 3. Proximate composition (% dry weight)
of artificial diet and fresh hard clam meat

Composition Artificial Fresh hard
P diet clam meat
Crude protein 52.74 54.65
Crude lipid 11.40 8.75
Moisture 14.75 79.43*
Ash 8.88 0.64
Gross energy 502.2 461.7
(kcal/100g) ’ ’
P/E ratio(mg 105 118

protein/kcal)
*Percentage of wet weight.

Table 4. Effect of broodstock fed artificial diet
and fresh clam meat on growth, spawning rate,
egg diameter and survival of unilateral eyestalk
ablated female shrimp fed with the artificial feed
or hard clam meat

Artificial Fresh hard
diet clam meat
Average body 34.72%0.8 33.40%0.16
weight (g)*
Spawning rate (%)
First spawning 40 60
Second spawning 10 10
Average fecundity 39.8914.14  58.46%9.08
(x10%)*
Egg diameter (pm)*
First spawns 2.6510.02 2.689%0.03
Second spawns 2.68%0.03 2.6710.02
Survival rate (%) 80 80

*No significant difference (p>0.05).

B Ak FagE 81

200 ~ 300 Lux ~ {7k 20 2AFH/INEE « BB 30
RAGH > A T AE U A A} BSOS AR — ik
Rk - R CHEAE SRy 52.74 J 54.65
Yo FIEE R B 11.4 B2 8.75 %~ 7k13%% sy 14.75
Bz 79.43 % ~ JRAG % by 8.88 J 0.64 % > HARE &
2Ry 502.2 k. 461.7 Kcal/100g J2 P/E ratio £%
Fy 105 Jz 118 S FR#E AR (p <0.05) > [RT
FIEHE ~ 7k} 5 P/E ratio SMIEASCIAA
(Table 3) -

TERREE 30 RAVHART R - Fe AR & 6
FHRHE > fE28— REETNRYEETNR By 40 % B8
SHERE 60 % Fofi - 55 R AN RHAHIE
By 10% > FESEHIFERNE (40 x 10) _FHE(R
SCHERA (59 x 10°) » HIGHEREE R -« 55—K
E IRRFA SN > FRIRAC & B RHH Ry 2.65
um > RHEFSCIGHE (2.68 pm) {HIG e 7=
5o (HEE " R AEUNAIINR ERTE SRR E
R E R [HFR_HEHEEE R 80 %
(Table 4) -

FH R B S FLE  75 [RIRERE A TG & B
BRI A 2 EerE AArgscer - gl
R~ {EEER RN e 7= Skl sE - ZAGA
Eanid A Bkt r] DLSE 2 B AR Ry 1
SRR (R KT — SRR L) -

a0 S O < 3 W 7

A E BREARARIIALREhRESS -
] e EAETHIR R T - i RTITE Mk
ZAEER E EiEmiNE%E AR (Watanabe
and Takashima, 1977) » H &l R# LR 7L
BIFFIE LTSRN (Takeuchi et al., 1981) - #
43R B BIEGHERAT - nIfeHE L. setiferus
GY BT B AR R RS - IEH EESR (He e al,
1992) » ‘&Rt HEA 52 E B 40 ~ 350 mg/kg
ygaltermiE LR > BTR RS 500 mg/kg L
FEIRAE D ] S LR - R ek D b
L AEIIGE (Cahu er al., 1991)° HRTESHY
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Table 5. The effect of diets added vitamin E on reproductive power and survival rate

0%
Sperm count (x10°) 0.04+0.02
Percentage of normal sperm (%) 0
Sperm count (x10°) 12.69+1.96
Percentage of normal sperm (%) 37.70+5.59
Survival rate (%) 70

PR P R Bk i % - SRR AR S T 2
ANEE > AE IR s o SR S R
AR AR R AN B DU AR R Ty T T B 56 3%
AR > LRI LE e — 25 PRAS BRPR s e A
3 E BRI Rse
BRI RHE I IE " R/ — SRR AT
(LT R FEBEERL - 5940 - 3l 0 % »
0.05% ~ 0.1% ~ 0.15% #E4ESRE - FlBLEk PYfE
A BRERLETTEARE - 2 VURH B HEEARE - P
B 39.78 £ 1.34 Noe o SRR 1477 £0.16 18

93 RS T8 Ry 023 £0.22 IFHR 147 +
1.47 % > WaFEE 5.28 £ 2.33 » [FHR 23,19

6.66 % » JNEEE Ky 5 BAFT AR BR#]
7k 173 & B HR B EA R AEfE R 3~ 4 %
AR =R (8:00 ~ 12:00 ~ 17:00) o ZRESETRI—
fispstnr - FHER A 50.03 ~ 50.80 %2 [E] » Ik
9.75 ~ 10.35 % [t » fFFE 9.79 ~ 10.02 %
I k5 8.12~9.06 % [ o 3RS 30 Kk
SR (Table 5) - GARIHLAARNT 0.05 % FREEAH
SRS FERE T8 2.73 £ 1.49 x 10° > TEH R
31.93 £ 19.58 i fE » DURIIEIAR IS EH &5
LS TR BRI LR < B s B R T
i S IR LRI R PR B R = e 26 HLELRS
FREEE > IR LD 0.05 % R
R (64.42 %) JETFRLATRDN 0.05 % JiZ
B 100 % fr 0 0.15% BREERH 50 % K -

0.05% 0.10% 0.15%
Spermatophore

2.73+1.49 0.30+0.14 0.21+0.02

31.93+19.58 5.12+0.58 0
Vas deferens

7.71£3.24 14.38+2.64 7.50£1.30

64.42+5.51 40.55+7.43 61.42+7.02
100 60 50

fE e b AS S  FMEE  ERPR R IE AE 3R
E 0.05 % TEff > fHEHE 50.02 SHIEE
10.02 % > BIHERENAETE AR AR - nig
(e HEMEORS SEAS T B S I RS FLE -

1B W £ Gl HEE TR

DIERR RIS ERRIE & & (gl - oK
H2D0%~1% 3% K 5% ByVatEeaer -
S SRR 11.13 % ~ 11.40 % ~ 13.13 %
e 14.97 % » EHlfEREER R ~ 3617 - FCR Je
HoO DRI 1 % kel (5%, B&Rkd) -
B B AN BRI EE T T HE 2GS - AR, -
FEDN ~ VE1E R AE U | - #E0rilE 11.40 % A6
BHEARFRR (G5, ZR) A mTHC
WA VE Ry MR OHE R W A fE SRGEORE (Y &,
2004) - {HEHHE = HERR AR 7o/ E RBEEE - A
AR EAE TR T F/KI— R R | BRI
FH R A I ~ i B e A 7 FE T et S AR
JIRERSSUR > WM AT > DI E 2
% o

FlBE o = AH 5 BT TR YR - B Ry
PEARIERE (S5 ~ WP R i) + s > 1%
B R A A A S G o SERRE (PR~ WA
AR + fae + A TREEREE (1.92 %)
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Table 6. The cost comparison between artifical diet and fresh meal for shrimp broodstock

Control Experiment | Experiment Il
Sorts of diets
kg/ dollar  kg/day % kg/day % kg/day %
Squids 40 15.0 44.91 7.2 27.59 14.4 48.32
Oysters 150 8.4 25.15 8.4 32.18 8.4 28.19
Shrimp 56 7.0 20.96 7.0 26.82 6.0 20.13
Sea worms 500 3.0 8.98 3.0 11.49 0 -
Artificial diets 82 0 - 0.5 1.92 1.0 3.36
Total quantity 33.4 26.1 29.8
Total cost 3752 3850 2992
100 r o=
90 k+ OA OB OC —s=—
SN = T - E
o 70 b = - -
€ 60k
=
S 50t
T
= 40}
g
S 30}
© 20t
10 F
0 1 1 1 J
1 3 4
Week

Fig. 4. Comparison of broodstock average compulation rate. A. Control: fresh meds
(squids, oysters, shrimp) plus sea worms; B. Experiment I: fresh meds plus artificial diets
(1.92%) and sea worms; C. Experiment lI: fresh meds plus artificial diets (3.36%).

FoaABall - fofgH + A TARISETRE (3.36 %)
ABRAHLL o HCERAE 20 AT 0 i ¢ I
Lo (1:1) ZDBHE RIS EHERN > ZKIRIEHITE 28 ~
29°C > 51 30 ~ 33ppt > AFHEHVYK > 53
o~ Wb TR B Rk REE - A
IR TACH - AR RIS A EE DNt A DY
WEALET S - DU A S ) S e S A g
BAAES - RERGABEHL BRI B H R
BRERy 26.1 Jv 29.8 ke LA 33.4 kel
10-20 % HyseRE - HiBrHIE: H AR A
{# 3,000 JC » PEEABEHHLECASIRGHH 3,800 JCHiHE
21 % HIBHRHRAS - a2 AT R
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Fig. 5. Monthly production of shrimp broodstock.

Fig. 6. Average daily production of shrimp
broodstock.

Table 7. Sperm quantity in shrimps broodstock is spermatopho, after experiment

Control
Body weight (g) 34.1410.74
Sperm count (x10°) 2.29%0.38
Percentage of normal sperm (%) 17.8915.60
Sperm count (x10°) 10.0310.51
Percentage of normal sperm (%) 27.61%5.51
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2.24%1.32 2.71£0.19
42.35%14.14 44.69%11.43
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4.72%0.76 11.32£4.00
62.5515.58 49.5016.12
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Immune-response of Pacific White Shrimp

(Litopenaeus vannamei) Infected with Taura Syndrome Virus

RILE: - =G
Yen-Ling Song and Chih-Cheng Huang

BT RS AR B

Institute of Zoology, Department of Life Science, National Taiwan University
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AIRTTIRSIRERIERES (Taura syndrome virus,
TSV) ATREEBERE @ IRENREREEREEER -
REBFIILL B RET S EBEBRPATDR
HR 2R BHRD BIERRLRAIRERR/Z B3
IBRIRERE 97 % K 98 % BIMEEE © &&TSVRIERE
LA BRI RIBS - MREIEREARERIEE BRI
LT o EILOIRIEDEH  EENEU ZIRIGRIR
2 o IR RERHY B IR MM EIREEEREHT « BEI8SY
AE@E ; H#EMmike (total haemocyte count,
THO) ~ EAMIREEAFERIMIREL - MBREOES
2 BFRIRIGBALE 2MmEE (haemocyanin) £2
BRMED (clottable protein) & & {F#hifBE N o
HEE RS T RE N  MIKEKERE R
(transglutaminase, TG) ;& M4 3 M 47 p N /&l Vibrio
harveyid RAVEMINEEE N o REME BB 2 MmEK
RO BB NE(A-1,3-1,6-glucan) RIE > MIKA
BRERS O, NEEBBSARBEIREKRER
MiE o BEFER - BT REREMIKBEBDTERR
B H O, NEFRINBEEERERLBMIRAKBIRE
BERERIAE - RECBRMBEPHAICESR
(phenoloxidase, PO) EM4HEEZIZN0 @ BEREHES
BMEBPEE coli BAV. harveyi il & 2 5t & &=
(agglutinin) &~ &l E. coli £R)EM ~ BRE=
EEZ BB IIONE - 1R15 : BIRTTSVRRS

@AlBY 14 IRMKERSE > HP 11 IRSHEELE
RENEL - ZFERTE2SRER  I2BERIN
28R (MERECERE) WIRED MEFRER
B iRE)  RMEH (RODESEE - MI5E
B~ BEIERREE RGN 0 RERS (RIMIRE - 1130
BEREM) @ SEEH (MIKRABRERHSOE
8) HRIBRETESFSEMARER - FBREE
DEHESRERREBERER  2FIRECZES
HEENDELEHERN W) < EBEABRAREE SRR 10 - SREAERARES
RERTSMEMPEASBRIR -

ABSTRACT

In this study, Pacific white shrimp (Litopenaeus
vannamei) were injected with Taura syndrome virus
(TSV) to assess shrimp immune responses and survival.
Amino acid comparison of coated proteins of TSV
isolated from Taiwan, Mexico and Hawaii diseased
shrimps showed that Taiwan isolate had 97% and 98%
identity to isolates obtained from Mexico and Hawaii.
TSV-infected shrimp suffered high mortality, but
mock-infected and untreated shrimp experienced no
mortality. Moribund shrimp were a pale, reddish color
and were lethargic and soft-shelled. Their haemolymph
was clear red and coagulated poorly. In TSV-infected
shrimp, the total haemocyte count (THC), hyalinocyte
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and granulocyte counts, and total plasma protein
decreased significantly to 21%, 24%, 17% and 56% of
untreated control values, respectively. Haemocyanin
decreased to 67%, and clottable proteins to 80% of
control values (p < 0.01). Copper and calcium ions,
haemocytic transglutaminase (TG) activity and plasma
growth inhibitory activity against Vibrio harveyi also
decreased significantly. Generation of intrahaemocytic
superoxide anion, O,, in TSV-infected shrimp was
significantly greater (p < 0.05) than in both control
groups, no matter glucan stimulated or unstimulated.
But the ratio value of intrahaemocytic O, generation in
TSV-infected shrimp was less than in both controls.
Plasma  phenoloxidase (PO) activity increased
significantly in TSV-infected shrimp. The plasma
bacterial agglutinin titre against E. coli and V. harveyi,
growth inhibition of E. coli and the concentration of
magnesium ions in TSV-infected shrimp did not change
significantly. In  conclusion, eleven of fourteen
haemolymph parameters changed significantly during
the TSV infection. They are nutritional state (total
plasma  protein), respiratory  capacity (plasma
concentration of haemocyanin and copper ion),
clotting response (plasma concentration of clottable
protein and calcium ion, haemocytic transglutaminase
activity), immunological parameters (total haemocyte
counts, vibrio growth inhibitory activity), phagocytic
activity  (intracellular  superoxide  anion) and
phenoloxidase activity. These parameters might be
valuable references of shrimp health status. We had
isolated cDNA encoding a novel transglutaminase from
tiger shrimp. The sequence of shrimp transglutaminase
was similar to known invertebrate and vertebrate
transglutaminase  sequences.  High  level  of

transglutaminase  expression  was  detected in

hematopoietic tissue.

INTRODUCTION

The shrimp culture industry faces a crisis of
diseases all over the world. More than 20 viral
species have been identified from diseased shrimp.
Recent evidence shows that some diseases of
cultured shrimp result from co-infection by

different viruses. A high percentage of wild-caught

and healthy looking Penaeus monodon broodstock
are white spot syndrome virus (WSSV) carriers.
Noninvasive screening of expensive brooders for
WSSV, Taura syndrome virus (TSV), Yellow head
disease virus (YHDV) and Infectious hypodermal
and haematopoietic necrosis virus (IHHNV) is
feasible. However, noninvasive screening for
Monodon baculovirus (MBV) is difficult, because
the hepatopancreas is the target organ. In addition,
in a conventional culture system it is very difficult
to keep a shrimp free of specific pathogens.
Characterizing the immune responses of healthy
shrimp has been the focus of much research.
Although a high prevalence of certain diseases is
indicative of environmental degradation or poor
management, disease symptoms are only crude
indicators of stress. It is crucial to detect
deleterious effects before stress results in disease
that harms the population. Therefore, there is an
urgent need for reliable, accurate and effective
indicators of the physiological status of shrimp
populations.

In vertebrates, certain disecases and toxins
cause changes in blood characteristics. There is
increasing evidence the same is true in crustaceans
(Noga, 2000). Haemolymph is the most accessible
internal tissue in shrimp. Taking haemolymph
samples from shrimp does not increase mortality
and has only short-term effects, if any, on
haemalymph parameters, although this depends on
the size of the shrimp and the amount of
haemolymph collected (Lorenzon er al., 1999).
which

can be wused as

However, little is known about

immunological parameters
indicators in shrimp.

Taura syndrome virus (TSV), an icosahedral
shape particle (Fig. 1e), causes tremendous losses
in cultured Pacific white shrimp (Litopenacus
vannamei) in the Americas (Hasson et al., 1999). L.
vannamei was introduced into Taiwan in 1994 and
is now cultured in more than 2000 hectares of

ponds (H C Chen, pers. comm.).
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Fig. 1. Taura syndrome in Penaeus vannamei cultured in Taiwan. A: Acute
phase of Taura syndrome showed a pale red coloration on the appearance.
Scale bar = Tcm. B: Pond-reared juvenile shrimp in the transition phase of TSV
infection exhibited multiple, melanized foci marking sites of resolving cuticular
epithelium necrosis. Scale bar = 1 cm. C: The cytoplasmic inclusions
(arrowhead), pyknotic and karyorrhectic nuclei (arrow) gave the lesion a
“peppered” or buckshot-riddled” appearance. Scale bar = 10 um. D: In an in
situ hybridization analysis using TSV-specific cDNA probes, the blue-black
precipitate (arrow) appeared largely in the epithelium beneath appendage
cuticle. Scale bar = 25 um. E: An electron micrograph of Taura syndrome virus
(TSV) purified on a 25 ~ 45 % cesium chloride gradient. The sample was
stained with 2 % phosphotungstic acid (pH 6.5). Virions appear icosahedral in
shape. Scale bar = 100 nm.
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Fig. 2. Survival of white shrimp Litopenaeus vannamei artificially infected
with Taura syndrome virus (TSV). There was no mortality of mock-infected

and untreated shrimp.

Epizootics in white shrimp have also been

observed in Taiwan since the accidental
introduction of TSV in 1998 (Tu et al., 1999; Yu
2000). Mortality of cultured or

artificially infected white shrimp exceeding 80%

and Song,

occurred within 3 to 5 days of disease onset (Song
et al., 2003) (Fig. 2). Disease progress, the gross
external lesions and histopathologic appearance
were very similar to those associated with Taura
syndrome (TS) in P. vannamei in the Americas
(Hasson et al. 1999) (Figs. la, 1b, lc). In situ
hybridization analyses using TSV-specific cDNA
probes showed that 87% of the juveniles examined
were TSV positive and that cuticular epithelium
1d). Amino acid

comparison of coated proteins of TSV isolated

was the target tissue (Fig.

from Taiwan, Mexico and Hawaii showed that
Taiwan isolate had 97% and 98% identity to
isolates obtained from Mexico and Hawaii (Fig. 3).
This result suggests that TSV that infected the
white shrimp in Taiwan is similar to the Western
hemisphere isolates (Lien ef al., 2002). Here,

Pacific white shrimp were artificially infected with

the crude TSV extract. An array of haemolymph
parameters that could be used to evaluate shrimp
They
haematological changes in shrimp infected with
TSV,

nutritional state (total plasma protein), electrolytes

health was measured. included

respiratory  capacity  (haemocyanin),
(calcium and magnesium) and immunological

parameters  (haemocyte counts, agglutinin,

bacterial growth inhibitory activity, clotting
response, phagocytosis-related reactive oxygen
intermediates and phenoloxidase activity). Results

were summarized in Table 1.

HEMOCYTE ANALYSIS

The THC of untreated white shrimp was 1.64 +
0.73 x 10" ml"". In kuruma shrimp (Marsupenaeus
Jjaponicus) the THC was 1.7 x 10" (Henning et al.,
1998) and in blue shrimp (P. stylirostris) 1.84 +
0.96 x 10" (Le Moullac ef al., 1998). In tiger shrimp
(P. monodon) the THC ranged from 2.10 x 10’
(flow cytometry) to 2.33 x 10’ (haemocytometer)
(Owens and O’Neill, 1997). In a different study,
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Table 1. Haemolymph analysis of untreated, mock-infected and Taura syndrome virus-infected white

shrimp, Litopenaeus vannamei

Haematological parameter

Untreated

Mock-infected

TSV-infected

Cellular analysis
Total haemocyte count (x107 cells ml™)
Differential haemocyte count (x107 cells ml”)
Hyalinocyte
Granulocyte

Production of intrahaemocytic superoxide anion (ODy;)

Unstimulated
Glucan-stimulated
Transgutaminase activity in haemocyte lysate (Unit g")
Plasma analysis
Phenoloxidase activity (Unit)
Bacterial growth inhibitory activity (%)
V. harveyi
E. coli
Aggultination titre (log,)
V. harveyi
E. coli
Total plasma protein (mg/ml™)
Clottable protein (mg/ml™")
Haemocyanin
Protein level (mg/ml™)
Cu*/Cu** level (pg ml™)
Cation level (pug ml™)
Ca*™
Mg**

1.637 £0.728°

1.301 £0.268°
0.129 + 0.089°

0.074 = 0.017°
0.12 £ 0.033?
32.36 = 15.84°

0.039 + 0.048°

109 + 33
83 +11°

6.4 +0.6°
6.7 £0.7¢
205.4 +15.0°
9.4 £0.6°

119.9 + 23.6%
167.8 £17.2%

640.8 + 33.2°
108.2 = 12.5°

2.207 +1.285°

1.925 + 0.956°
0.306 + 0.209°

0.092 + 0.029°
0.126 + 0.05°
20.99 + 5.47°

0.141 = 0.061""

119 =13°%
88 +£11°

5.9 + 0.6
6.5 * 0.6
168.6 + 27.3
9.5+ 1.3

115.7 + 8.66"
167.8 £15.8°

610.4 + 38.6"
95.9 + 11.3""

0.345 + 0.166"™

0.307 +0.155""
0.022 +0.015"

0.171 £ 0.039""
0.177 +0.04"
11.98 + 6.72"

0.294 = 0.196

56 + 41"
83 +11°

6.0 £ 2.4°
6.6 £ 0.8°
115.8 £ 29.1<"
7.5 +1.6""

80.2 + 18.8""
114.0 + 37.8""

512.2 + 54.6”
113.0 + 15.3?

Each vale is a mean + S.D.

Data were analysed using a Student’s t-test with confidence limits of 0.1 % (***), T % (**) or 5 % (%). Values followed by the

same letter do no differ significantly.

tiger shrimp THC values ranged from 2.67 & 0.44 x
10" (ATP analysis) to 2.72 + 031 x 10
(haemocytometer) (Chang et al. 1999). THC varies
among and within species. Haemocyte abundance is
affected by type of circulatory system (open or
closed), sex, molting, development, reproductive
status and nutrition (Le Moullac et al., 1997; Owens
and O’Neill, 1997). The THC of TSV-infected
white shrimp decreased 79 %. The THC of P.
monodon and M. japonicus infected with WSSV
also decreased significantly (Hennig et al., 1998;
Chang et al., 1999). Haemocyte lysis (Omori ef al.,

1989), cell recruitment towards infected tissues,

nodule

formation (Martin et

al., 1998) or

interference with haematopoiesis could contribute to
lower THC. In addition, hypoxia significantly
decreased the THC in P. stylirostris and stressed
shrimp became susceptible to Vibrio alginolyticus
infection (Le Moullac er al., 1998). In contrast,
THC increased in peptidoglycan-fed kuruma shrimp,
resulting in enhanced resistance against WSSV
infection (Hennig et al, 1998). Thus, changes in
THC, though not virus-specific, could be useful

indices of changes in shrimp health.
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Fig. 3. Amino acid alignment of coat proteins of TSV isolated from Taiwan, Mexico and Hawaii. Taiwan
isolate had 97% and 98% identity to the Mexico and Hawaii isolates, respectively, both in cDNA (data
not show) and deduced amino acid sequences. The dots indicate identical amino acids. Numbers in
parentheses show the accession numbers: Taiwan (AF406789), Mexico (AF277378) and Hawaii
(AF277675).



The DHC, like THC, decreased significantly
during acute infection. However, the percentage
values of DHC transformed by arc sine did not
change during infection (data not shown). This
indicates that TSV-infection affected all types of
haemocytes equally, including hyalinocytes and
granulocytes. In shrimp, the proPO system (Sung
et al., 1998) and penaeidins (Destoumieux et al.,
2000) originate from circulating granulocytes. TG
has been found in the hyalinocytes of decapod
(Martin et al., 1991) and the
granulocytes of crayfish (Wang et al., 2001). The

crustaceans

location of TG in white shrimp has not been
determined. Although all types of haemocytes are
involved, to various degrees, in immune responses,

the DHC may not be a useful bioindicator.

PLASMA ANALYSIS

Plasma Proteins

Total plasma protein decreased to 56% of
control levels in TSV-infected shrimp, but the
predominant components, haemocyanin and
clottable proteins, only decreased to 67% and 80%,
respectively (Table 1). Thus, other unknown
plasma proteins may also be degraded during acute
infection. Different assays applied to measure
these variables may attribute, too. A decrease in
haemocyanin was reported in blue crab infected
with Paramoeba (Pauley et al., 1975). Because
haemocyanin is a copper-containing pigment
identified as the oxygen transport protein in the
extracellular fluid, “anemia” in shrimp can be
diagnosed by a low concentration of haemocyanin
in the haemolymph. Haemocyanin level should be
recognized as a health biomarker in shrimp
because it has many other pivotal functions
including being an energy reservoir, osmoregulator

and buffer.
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Agglutination Activity

Although there was agglutination activity
against E. coli and V. harveyi in the plasma of
untreated shrimp, agglutinin titre did not change
after TSV-infection (Table 1). Sritunyalucksana et
al. (1999) obtained similar results immuno-
stimulating P. monodon. Agglutination in the
haemocyte lysate fraction did not increase even
when the treatment was supplemented with
divalent calcium ions. In shrimp, lectins defend
against bacteria via self/non-self recognition
(Kondo et al., 1992; Ratanapo and Chulavatnatol,
1992; Vargas-Albores et al., 1993). A variety of
lectins, not only divalent, cation-dependent
or —independent lectins, are present in plasma.
Some lectins are synthesized constitutively, but
monodin synthesis occurred following induced
bacterial infection (Ratanapo and Chulavatnatol,

1992).

Antibacterial Activity

The plasma of healthy L. vannamei inhibited
growth of E. coli, but not V. harveyi. TSV
infection induced inhibition of V. harveyi growth,
but not affecting activity against E. coli (Table 1).
It seems that a variety of antimicrobial peptides are
present in plasma. Some can be synthesized
constitutively, the others synthesized by induction.
Previous documents reported that the haemolymph
from unstimulated P. monodon and P. setiferus
strongly inhibited growth of E. coli, V. fluvialis
and V. parahaemolyticus (Noga et al., 1996;
Sritunyalucksana et al., 1999). In P. monodon,
stimulation with peptidoglycan did not affect the
haemolymph’s inhibition of V. parahaemolyticus
growth (Sritunyalucksana ef al., 1999). Further
research is needed to understand these disparate

results.
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Phenoloxidase (PO) Activity

Plasma PO activity increased significantly in
TSV-infected shrimp (Table 1). This
suggested that white shrimp may recognise TSV

result

with specific, unidentified recognition molecules
(probably capsid proteins), stimulating activation
of the

components,

proPO-system. Microbial cell wall
such as pB-glucan from fungi,
lipopolysaccharide (LPS) from Gram negative
bacteria and peptidoglycan (PG) from Gram
positive bacteria can activate the invertebrate
proPO system. It can also be activated by viral
components. In normal shrimp, haemocytes
aggregate rapidly and occur at wound sites and
around infected cells. Therefore, it is plausible that
the haemocytes containing proPO might release it
and a thiol-ester-like motif (Sritunyalucksana et al.,
1999). Like vertebrate complement molecules,
proPO is cleaved and activated. This PO enzyme
binds to infected cells via a probable
thiol-ester-like motif, leading to production of
toxic intermediates of phenol, which might aid in
preventing the virus from gaining entry into the
body cavity. In crayfish, a,-macroglobulin (a
proteinase inhibitor) can be cross-linked to the
clotting protein by a blood cell TG. This inhibitor
is thought to locate within the clotting polymers to
prevent microorganisms from using their
proteinases to dissolve clots and penetrate wound
sites (Hall and Soderhill, 1994). Whether this is
the case in shrimp needs further investigation.
However, haemolymph leakage resulting from
impaired coagulation appears to be compensated
by enhanced PO activity in TSV-infected shrimp.
As in crayfish (Soderhédll and Cerenius, 1992),
shrimp proPO may be activated directly by a 20%
reduction in plasma calcium, which indicates an

injury caused by TSV infection.

Coagulation Related Factors

In shrimp, clotting is mediated through
clottable protein (CP) present in the plasma and
cell factors compartmentalized within the
circulating hemocytes. The clottable protein is
converted to covalently linked polymers by
Ca*"-dependent TG which may be released from
hemocytes during coagulation (Greenberg et al.,
1991). We had isolated ¢cDNA encoding a novel
TG from tiger shrimp hemocyte cDNA library.
The sequence of shrimp TG was similar to crayfish,
other invertebrate and vertebrate TG sequences.
High level of TG expression was detected in
hematopoietic tissue (Huang et al., 2004) (Fig. 4).
TG activity in haemocyte lysate, and plasma
concentrations of clottable protein and calcium
in TSV-infected

coincided with poor haemolymph coagulation

ions decreased shrimp and
(Table 1). Because TSV hampered coagulation,
haemolymph loss via unhealed wound would
affect homeostasis. The non-trapped virus in the
clot could invade, disseminate and eventually
cause systemic viremia. Haemolymph clotting may

be an valuable health biomarkers.

Superoxide Anion Production

Based on generation of the initial product, O,
1.3-fold.

However, TSV infection seemed to tire the

haemocyte phagocytosis increased
haemocytes. As a result, haemocyte phagocytosis
decreased dramatically indicated by the lowest
ratio value. In TSV-infected shrimp, one of the
plasma antimicrobial peptides known to suppress
V. harveyi growth increased. Tiger shrimp
naturally and artificially infected with V. damsela
had melanised granulomatous ulcerations of the
hepatopancreas and an activated proPO-system
(Song et al., 1993). The immune responses of
shrimp are similar to those of other crustaceans.

The proPO-activating system is an important part
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Fig. 4. In situ hybridization of shrimp TG mRNA in hematopoietic tissue. A: In situ hybridization with an
antisense shrimp TG riboprobe. The sections were slightly counterstained with Bismarck Brown Y.
Positive signals were observed in hemocytes. No positive signals were observed when using a sense TG
riboprobe (data not shown) (x200). B: Binucleated cells and cells with more condensed cytoplasm

(arrow heads) always contained stronger signals for TG (x1000).

Fig. 5. Hemolymph from TSV-infected shrimp
(lower left) was red while hemolymph from
mock-infected (lower right threes) and untreated
shrimp (top fives) was different shades of blue
color. An overlay of sterile liquid paraffin
prevented atmospheric oxygen from diffusing into
the hemolymph samples (Kodak ASA 400 film,
exposure 1/2000 sec).

which

recognition of foreign invaders and nonliving

of their immune response, includes
entities, activation of a wide range of defense
reactions, such as phagocytosis and antibacterial

activity, encapsulation and nodule formation.

Other Factors

Although shrimp were fed with artificial
pellets containing B—carotenoids, haemolymph
taken from untreated and mock-infected shrimp
was various shades of blue. The haemolymph of
TSV-infected shrimp was reddish (Fig. 5). The

haemolymph of American lobsters infected with

gaffkemia was pink. Haemolymph that is not blue
is associated with abnormally low haemocyanin
(Noga, 2000). In TSV-infected white shrimp,
assays of both protein and copper levels indicated
that plasma haemocyanin was significantly lower.
In TSV-infected shrimp, haemolymph color may
be a valuable health biomarker.
Because of their pivotal
health,

are attractive biomarkers

importance to

crustacean electrolytes,  particularly

(Noga,

2000). Elevated magnesium levels were associated

magnesium,

with white spot disease in kuruma shrimp (Hennig
et al, 1998). However, magnesium levels in

TSV-infected white shrimp did not change.
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Therefore, additional research is needed to fully
assess the usefulness of electrolytes as biomarkers.

In  conclusion, eleven of fourtheen

haemolymph parameters changed significantly
during the host-TSV interaction. They were THC,
DHC, intrahaemocytic superoxide anion and TG
activity, plasma PO activity and bacterial growth

inhibitory activity against V. harveyi, the

concentrations of total plasma protein, clottable
protein, haemocyanin, copper ion and calcium ion
in plasma. These parameters might be valuable

references of shrimp health status.
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Table 1. Viral diseases of white shrimp, Penaeus vannameij in Taiwan

Disease
White spot syndrome (WSS )
Yellow head disease (YHD )

Taura syndrome (TS)

Infectious hypodermal and hemopoietic necrosis

(IHHN)

Hepatopancreatic parvovirus disease (HPVD)

Etiology Severity
White spot symdrome virus (Whispovirus) +++
Yellow head virus (Okavirus) +++
Taura syndrome virus (Piconavirus) +++

Infectious hypordermal and hematopoietic

Table 2. Morphometrics of the white spot syndrome viruses

Name of Virus and Disease

WSBV

= White spot baculovirus

= White spot syndrome (WSS)
= White spot disease

HHNBV

= Baculoviral hypodermal &
hematopoietic necrosis

= Shrimp explosive epidermic
disease (SEED)

= China virus disease

SEMBV

= Systemic ectodermal &
mesodermal baculovirus

= Red disease

= White spot disease

RV-PJ
= Red-shaped nuclear virus of
Penaeus japonicus
RV-PJ#1
RV- P) # 2

Mean Virion Size (nm)

L ) ++
necrosis virus (Parvovirus)
Hepatopancreatic parvo virus (Parvovirus) ++
Mean Nucleocapsid
References

Size (nm)

Chou et al., 1995;

70 ~ 150 x 250 ~ 380 58 ~ 68 x 330 ~ 350 Wang et al., 1995;

120 x 360

120 x 276

83 x 275

— ~ BRIEEUEEE (White Spot
Syndrome; WSS, f5#8EF5E)

(—) FRIE R

HEWERE: (White spot syndrome virus >
WSV) 18R EAAN Table 2 P AR

Huang et al., 1995

Wongteerasupaya
x 201
8920 etal., 1995
84 x 226 Inouye et al., 1994;
54 x 216 Nakano et al., 1994

FIRFEAR/DN » FHER B DNA it f
ARG R (Non-occluded Baculovirus) » H
Hiisr2EE N Nimaviridae £l Whispovirus &
(Mayo, 2002a, 2002b) °

WSV < E[K#H2& 307,287 bp (GenBank
Accession No. AF440570) -
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Table 3. WSV surveillance, detection and diagnostic methods

Screening
Method Presumptive Confirmatory
Larvae PLs Juveniles Adults

Gross signs - = = = + —
Histopathology = = = - + T+
Bioassay — — = = + _

TEM - - = = A A
Antibody-based methods ? ? 44t o+ e+ T+

in situ Hybridization ? ? 4 + Tt +
PCR ++ A+ +t e+ +H+ =+
PLs: postlavae; TEM: transmission electron microscopy; PCR: polymerase chain reaction; —: the method is presently

unavailable or unsuitable; ?: the method is available but untested; +: the method has application in some situations, but
cost, accuracy, or other factors severely limits its application; ++: the method is a standard method with good diagnostic
sensitivity and specificity; and +++: the method is recommended method for reasons of availability, utility, and diagnostic

specificity and sensitivity.

FERERRTE (WSV) By H R B
V8 A 5 S B o M
ARTEEAFERLE, 1994) AR
UL ~ B - BRI - RO - SRR
% - AFHHERE  FESREE TE 100 % -
1 A B 1 i ELA0 072 3

() &
HEVER R (WSV) {2 BT
B R R R U AN Table 3 FR

1. ERPRIEH R

(1) TSRPHHLREL - 62, 0 #2JIREYS  1TE0E
#% » 1 BRI SET 0SS -

(2) M SASEIINS e 0 2B AL ERLAR
o> KIfEsR R HEA R (K CERL
5 (Red disease) Zff °

(3) HE RIS MR - RN (IMERS)
BAETEL - B 0.5 ~2.0 mm » Ry AR
Thipe A o i 1 RE PR A - B AN
Bl AR R < B ERR A S -
F1 30 R AN 7 JR e 2 S o o 5l
AIEHE DU (Figs. 1 & 2) - HEATHIR
A —E RN B R REEGARI —
fi v BOE R 2B E AR
Bh W AT HERE TS A BB -

———

I AT
| i

ap Al A - 34 Dae

iFR) Fish Dis

Fig. 1. White spot syndrome virus (WSV) infected
black tiger shrimp, Penaeus monodon. White
spots are distinctively visible on the carapace.

Fig. 2. WSV infected Pacific white shrimp,
Penaeus vannamei. White spots on the cuticle are
usually not obvious. But when the carapace is
raised against the dark background then these
white spots become visible.
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e, - b, Ry e
Fig. 3. White spot syndrome (WSS). Section of gill
secondary lamellae show mild hyperplasia with
several basophilic intranuclear inclusions and
chromatin margination (arrow). H&E stain. Bar =
40 pwm.

i i S g

i
Fig. 4. WSS. Section of cuticular epithelium
reveals prominent nuclear swelling with
basophilic intranuclear inclusion and chromatin
margination (arrow). H&E stain. Bar = 40 um.

T e - e e - ol s =
Fig. 5. WSS. Note stomach epithelial hyperplasia
with apparently swollen nuclei fully developed
basophilic intranuclear inclusion and chromatin
margination. H&E stain. Bar = 40 um.

Fig. 6. WSS. High-power view of Fig. 5. H&E
stain. Bar = 10 um.

Fig. 7. WSS. Electron micrograph of WSV infected

hypertrophic  nucleus.  Many  non-occluded
rod-shaped, blunt ends virions surrounded by
envelope are presented. Bar = 300 nm.

2. HHERIESRE R BETRMIRRE

FRSRE R BTSN b P I e > 2B
Hf BRI R R AR BSOS A A B A B
FE - R e i s A RS IR M B8 1
A tpalE (Figs.3~6) ¢

iR bRz > wil ~ il o e BT B
At > PRESEE R B > SRR -
HRHSHEEGHINE - FFBRIRAS R 2 B IR
i Bl b B Rt R L AT H e i A
W -

BRFRISTISE 6 5
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HEMHUA R ZEAIRAE  (non-occluded

baculovirus — like virus particle) (Fig. 7) °

3. XEEEREKIE (PCR):

(1

2

)

“4)

WERE A 2 IMpkE 2 Nested-PCR 57
R Lo er al. (1996, 1997) ER4H R

FLHIHE WSV DNA I > FEE/NVVEHIRAR

kR » RIEAEZAEAR 3 PCR Il

% °

—[& PCR 5| F%} 146F1/R1 »

146F1: 5°-ACT-ACT-AAC-TTC-AGC-
CTA-TCT-AG-3’

146R1: 5°-TAA-TGC-GGG-TGT-AAT-
GTT-CTT-ACT-A-3’

FriiigE . WSV 2k 1447 bp -

— & (nested) PCR 5|1} 146F2/R2 >

146F2: 5°-GTA-ACT-AAC-TTC-AGC-
CTA-TCT-AG-3’

146R2: 5’-TAC-GGC-AGC-TGC-TGC-
ACC- TTC-T-3

H WSV KRBV Ry 941 bp ©

ol DNA 2 fvE f¢ PCR ZHEE ]3¢

1 - FEFRFHEITLLT PCR ©

WEE (280 FPELG[F¥f 143F/145R

143F: 5°-TGC-CTT-ATC-AGC-TNT-CGA

-TTG-TAG-3’
145R: 5>-TTC-AGN-TTT-GCA-ACC-ATA
-CTT-CCC-3’

HAEY Ry 848bp N KFEK G A TorC) -

Ea ¥ (WSV DNA #iR)

PESEAE (i WSV Sl DNA f5AR)
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(=) Bi% -

L.

JECEERIR Rt — i B oE 2R - T
WK DR RN EE > DURURALRE9H
JROEE M WSV SR SL R T o A AR A
WSV>TSV>YHV K IHHNV ##2 SPF
i

BERLIAH RN TS - DU i AR
SR o AELIA MR EREARE - K yife
HE WSV RARTE L - 1R Rl - WSV
BRI TR > (EEMESIR R = -
f—HRAWEE - SRAAIEARH
BAERAIRERMIEMIET - SRR
B HORSR IR AR -

AN R P O IR > 2R A 7 A
e

— BB MR LR - RS
B > UG FLA R R g -
FEFTERE T - AEEIILL PCR BHIE
HiE I B RS TE - FfS PCR gl
SRER ] AR RS - E AT
AT itk - B S B R R ST
&S (PCR+ ~ ++[JfE) - F&JH P I ERIY
—LETHPPER > PIANSH RIS - R
FrRIFKES: > DUESERIEIX ATk
AYESERTETEE - SRR EH RLAE A
SRR ANt 208 2 Loy S PR TR R A A
/EMERELL PCR BG%E - — H BTl
WA Ny PCR B HE (H+gt+++)
IRf > RAZHAZEIERIL > RHIR B —E
AR R AR - EHALL PCR B fa
i - FERDRHEABE R/
FERZKEREE T B EE - HRER AR
A -
HERALE EE

o~
2

THIEEER - K%
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Table 4. TSV surveillance, detection and diagnostic methods

Screening
Method
Larvae PLs Juveniles
Gross signs = - —
Histopathology = -t T+
TEM = _ —
RT-PCR = AHEE A

Footnotes: see Table 3.

Presumptive Confirmatory

Adults
_ T _
+++ +++ -+
- + +
+++ +++ o+

Fig. 8. Taura syndrome (TS). Penaeus vannamei
acutely infected by TS virus are lethargic, have
soft shells, with distinct red tail fan.

= PBHIK (Taura Syndrome; TS) > 282

PRI E RS
(—) JRI B e

FeghiJka (Taura syndrome virus, TSV)
J& B O RNA Z ff /N RNA ¥
(Picronavirus) » #££17%2 (Envelope) Fy#iEz &
I 20 A #8  (Icosahedron) & £% 2% 8
(Nucleocapsid) » fEEA/N 32 nm » $FEIE A B
it RNA jE: (+ ssRNA) & 10,205 bp &S
Z FEKE (Hanson et al., 1995; Bonami et al.,
1997; Mari et al., 1998) -

TS JHEH 3R - EREPEN ~ 2N~ =
R i - B E 1997 FEHRSE RS [
HIEREEEE TS ZIZ&E (Tu et al., 1999;
Yu and Song, 2000) °

Fig. 9. TS. A close-up view of Fig. 8. tail fan to
visualize focal necrosis lesions at the edge.

(=) i

TSV 22 EEI 53 e H e B R R
4 Table 4 -
1. BRARIEAR R Jmiet

(1) F1 PL (PL1 ~ 12 B{BEA » £ 0.05 ~ 5 /%
THEE) SRR TSV B S i E
BN o —Mt i PL CE R Ratiss 14 ~
40 K o oA o L T i K & 3B
C o BRIREAIFIAARSZ TSV BYrE
PIBGE 2 -

(2) HMERSMEIER - 2 WG B
AAY)  Bigrl RN ERERL > L
HEREALHIE - HUORALER (Red
tail disease) * {EFEB ik B 245 2 Jaril
Y6 A R EBHH S (R EGY)
(Figs. 8 & 9) -



(3) 18 M B MRAE IR * e PE I i e -
RS ATREDH B RS (AR e 28k
Jeo #0 7B (LD BE R A8 - AT 2T B A
(Shell disease) ZJ¥iHt: (Fig. 10) »

(4) FHEHIELCERATE 80 ~ 95 % » {H—ftKIH
60 % UK -

Fig. 10. TS. The chronic or recovery phase of TS.
Multiple melanized foci of cuticular epithelium
necrosis resulted from TSV infection.

2. {HISRIEERE |
(1) HESME ~ SMEREE -

=S ZHEEIORIL > SEEINH I
BB il B RIS LR
et Lok o I IR A ~ R R
NE 2R - SRR SR IR 1 ~
20 pm HpkHE - SRR (Hemocyte) (ZiRiH
BRIENE (Fig. 11)

Fig. 11. TS. Section of the acute TSV infected
necrotic lesions of connective tissue cells with
pyknotic and karyorrhectic nuclei and numerous,
variable sizes of cytoplasmic inclusions. H&E
stain. Bar = 40 um.
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(2) &1 ~ PRI

%R MR RS ] R R B B2 T LA
fgfe - (Hemocytic plug) 4 Fis i i ML b [
MM - fEMEes B RAE AR d 0
B HAME RS 2 A RIEL B Fr sk
sy EIBIEK (Lymphoid spheroids » LOS) -
#% LOS A HAG KRRt & &G 240
Ftuite s M (Figs. 12 & 13) -

7 s ) -

Fig. 12. TS. Section of the chlonic TSV infected
lesion in lymphoid organ (LO). Interspersed
among normal appearing LO cords or tissues,
which is characterized by multiple layers of
sheath cells around a central hemolymph vessel
(arrow), are accumulations of disorganized LO
cells that form LO spheroids (LOS). LOS lack a
central vessel and consist of cells which show
karyomagly ~ with  basophilic  cytoplasmic
inclusions (arrow head) and large vacuoles. H&E
stain. Bar = 50 um.

stain. Bar = 30 um.
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Table 5. IHHNV surveillance, detection and diagnostic methods

Screening
Method
Larvae PLs Juveniles
Gross signs - - =
Histopathology - - -
TEM - - -
PCR + +++ A

Footnotes: see Table 3.

3. REBHFREEEEKRE RT-PCR
(Reverse-transcription polymerase chain
reaction)

P IMAME AT 10 % FEEERSh e
HIE » R Y RT-PCR Ry > Al REEE A= 1]
R - RIS B A HIHIER S - ZH 10 570
BELG Pl -

RT-PCR JfEF Nunan et al. (1998) & fiik
K 5| T ¥ 9195: 5-TCA-ATG-AGA-GCT-
TGG-TCC-3" & 9992: 5’-AAG-TAG-ACA-
GCC-GCG-CTT-3" » HEYk 231 bp TSV At
KIFF31
(=) Biig -

R TSV DA TSV R 5
VSR TSV R eI - BHATH
Wy 2 D o o R TG Y g LV R P A R
fi > BRI A B AR B I % i AR e
G4 SR 2 ATl T R R
o TENTHER ) L8 -

Presumptive Confirmatory

Adults
_ 4 _
- ++ ++
- + +
-+ -+ -+

M0~ BRMER NS MARBIREIER * X
B /)NE BT (Infectious
Hypodermal and Hematopoietic
Necrosis, IHHN; Runt Deformity
Syndrome, RDS)

(—) RN REER
R BT B s L AH A% 200 75 T A

SiWE: (Parvovirus) - BE§H DNA 1F 20 [HESR

R EEA/INEES) 22 nm e £ 4.1 kb (Bonami et

al., 1990; Lightner et al., 1983) -

BRI ~ A ~ Brins ~ FEAPERT ~ 2B ~ El

JEFT Rl - B H 1997 SRR [HEF R

EHIERE IR & (Bell and Lightner,

1984) -

(=) B

IHHNV Z2Emigill 7 vk e Ho s S0 S ik
JEEQ Table 5 °

1. ERARERE RIRAE

AIREIEEWS (Penaeus stylirostris) &z
B R R IR L - B
i S SRR « N R
R -

AT R PR s T T



SRR - LHZ M R AR A s ) — )
SN e R A | WO Ry i N
fiE (Runt deformity syndrome; RDS) (Figs. 14 &
15) o FRGUIRA/ N2 AR - AT S/ M
TUMSER RIRTIE » HOR/INBRELIESE 30 ~ 50 % » 3
GRS FARK - AR EE (5 SRR IH AR -
B E AN EAHE I RO -

2. HEISRIESRE |

L BUBAIME I B e R NS MR
LB il &l LG thiE EE (FE
FHEEC L ek S L PL) ~ s B - o
WS ~ it ~ AFER - MEEERE
i RELR S AR ~ TR L R - 32250
s THIIAZIE A > PIETEIETE Cowdry A Y
Hikle R BB S (Figs. 16~ 18)

Fig. 14. Infectious hypodermal and hematopoietic
necrosis (IHHN). Gross signs of lateral view of

IHHN virus infected RDS (Runt deformity
syndrome). Cuticular abnormalities of the sixth
abdominal segment and tail fan (Davidson’s
fixative preserved).
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Fig. 15. IHHN. Gross signs of dorsal view of
IHHN virus infected RDS. Rostrums bent to the
left or to the right (Davidson’s fixative preserved).

Fig. 16. IHHN Sectlon of IHHNV infected gill
lamellae, showing hypertrophied nuclei and the
pathognomonic eosinophilic intranuclear
inclusions (Cowdry Type A inclusions) (arrow).
H&E stain. Bar = 40 um.

IHHN. ngh magnlflcatlon view of
hepatopancreas epithelial cells with hypertrophied
nuclei and the characteristic Cowdry Type A
inclusions (arrow). H&E stain. Bar = 10 pum.

Fig. 17.
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Fig. 18. IHHN. High magnification view of

hematopoietic ~ tissue  also  showing the
pathognomonic cellular reactions mentioned.
H&E stain. Bar = 10 um.

3.PCR:

PCR & Lightner (1996) J Nunan et al.
(2000, 2001) Fi7 #% &5 & GenBank sequence
AF218266 K fiiE » 5| T % 389F/R k& -
5’-CGG-AAC-ACA-ACC- CGA-CTT-TA-3’
5’-GGC-CAA-GAC-CAA-CCT-ACG-AA-3’ -

HERZEY Ry 389 bp » ANHRIRAEAR
Kf - AT S50 G[ ¥ 77012 B2 77253R B[
5’-ATC-GGT-GCA-CTA-CTC-GGA-3" L k&
5’-TCG-TAC-TGG-CTGTTC-ATC-3’ - HFEWY)
K/INEy 356 bp ©

(=) BhiG
ZEF . TR N < TP
il ZHfi -

F-=885% (Yellow Head Disease, YHD)

(—) WA e

RN (Yellow head virus, YHV)
I AR R USSR R T fR B AU
BAMAEIRKE (Type B cytoplasmic
2 AR R R
(Baculo-like virus) (Boonyaratapalin ef al., 1993;
Chantanachookin ef al. 1993) - AR B

granulosis  baculovirus)

DNA Ji7;: » AR RNA JEE: - HAT5328
by Nidovirales H Roniviridae £} Okavirus &
(Mayo, 2002a, 2002b) «

YHV B 5k RNA Ji#EE K/ 150 ~ 200
x 40 ~ 50 nm » HAZH (Nucleocapsid) #J 15 x
130 ~ 800 nm -

S3Ah o AR TR I %% B 5 IR R G 6
(Gill-associated virus, GAV) KRRz BN
(Lymphoid organ virus, LOV) » 355K &15
J& YHV E K435 (YHV genotypes) (Spann et
al., 1995, 1998) -

G A HER R A s (Wang er al,
2003) - fin AR 5L R AR R 1 - MEARE B
= Y B IR IR AR AR (EE,
2003)

(Z) 28 -

YHV 2Bkl 5 15 B HoRr B B U
4 Table 6

1. ERARERE RIRAE

B R U b 48 (Subadult) M YHV
e TR RS R EOER Y S
FREYYE (Boongalatpalin et al., 1993)- A T
JRGLEE I e WS B e MR R Bt » B R
2 RENERIEL Bl R0 s - BRE -
kg ~ AERTRZAL - KU 4 ~ 5 RS - B3k
REE 100%  (Luetal, 1994, 1995)

2. (HERIRERE -

TR YHV B SMIR I B R g L ] B
BES LM e S Ml 218
LG BRI B N R A B
BHKNE - B ZREm It i
H2E Feulgen [51EE - H RNMESE > &
I - Ml (Hemocyte) » SEFEIRHINE K
8 b RN > B T ERAR A o LA > 1AL
i LR AT E > BT SRS -
FRUTRt o R AR > et S
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Table 6. YHV surveillance, detection and diagnostic methods

Screening
Method
Larvae PLs Juveniles
Gross signs - - -
Histopathology - - -
TEM - - +
RT-PCR + +++ AHER

Footnotes: see Table 3.

3. RT-PCR :

TR 8 - LILPRIRE B IR EE 2 T 45 T L
RNA Z5#EESRM

RT-PCR Z[1Jf£F] Wongteerasupaga et al.
(1997) JiifEgEREH, YHV - |ff Cowley and
Walker (2000) 5 3 J& &8 !  (Nested)
RT-PCR - HrffgH: YHV & GAV » Hi 1%
H:GY1: 5°-GAC-ATC-ACT-CCA-GAC-AAC-
ATC-TG-3* ~ GY2: 5-CAT-CTG-TCC-AGA-
AGG-CGT-CTA-TGA-3’ ~GY4: 5°-GTG-AAG-
TCC-ATG-TGT-GTG-AGA-CG-3* ~ GYS5: 5°-
GAG-CTG-GAA-TTC-AGT-GAG-AGA-ACA-
3’ ~ Y3: 5-ACG-CTC-TGT-GAC-AAG-CAT-
GAA-GTT-3’ L ;2 G6: 5 -GTA-GTA-GAG-
ACG-AGT-GAC-ACC-TAT-3’ » 5| 1%} GY5
E R E: RNA 2 ¢cDNA -

F—FEE: PCR 51 7¥ GY1  GY4 HFE
PIEl GY2 » Y3 Je G6 MEFTHE R HIE S
5[¥ PCR (Multiplex differential PCR) » 25—
¥ PCR Wk 794 bp (YHV J2 GAV HafjE
4) - BB RE B 2 #i51 PCR YRy 277 bp I
fRE YHV FrigigEfras L - ks 406 bp Ry
GAV b ZEY) - [FIIRFA 277 k2 406 bp &
Yy ARy YHV kz GAV (BERGE - X5 FE
Bf% Nested RT-PCR » Hodg i & SEUREE o — P
RT-PCT 2 1000 5L |

Presumptive Confirmatory

Adults
_ + _
_ Tt _
+ +++ +
-+ -+ +++
(=BG

BEHIE TR R N < TP

BEPBREPL, PEBREPL, BEHEBERN
BFT, RRMAXBERMDIGH, SHMRKXBERRND
BT, ERMXBERMEHRERMAXBERKMN
BRT (1994) GEERASIRTRAZRRE @ =
2 RIEEHERETRIIREIE 2. 83 F&)
MEERS, THRERES, SEBINEMER,
EMBXBERIGHTLER, iR, 37-49

Bell, T. A. and D. V. Ligtner (1984) IHHNV virus:
Infectivity and pathogenicity studies in Penaeus
stylirostris and Penaeus vannamei. Aquaculture, 38:
185-194.

Bonami, J. R., M. Brehelin, J. Mari, B. Trumper and D.
V. Lightner  (1990)
characterization of IHHN virus of penaeid shrimps.
J. Gen. Virol., 71: 2657-2664.

Bonami, J. R., K. W. Hasson, J. Mari, B. T. Poulos and
D. V. Lightner (1997) Taura syndrome of marine

Purification and

penaeid shrimp: characterization of the viral agent.
J. Gen. Virol., 78: 313-319.

Boonyaratpalin, S., K. Supamattaya, J. Kasornchandra, S.
Direkbusaracom, U. Ekpanithanpong and C.
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Application of Dietary B-1,3-glucan in Enhancing

Immunocompetence of Prawn

SRIEFS
Cheng-Fang Chang

TTEbe e Bk EERT VIR

Biotechnology Division, Fisheries Research Institute

wmo =

RERBEINONRPUSEREBRRS  ERERZ
WRLERE - W EEABREE L PR A MM EIRABI6Y
AR IMYE A R8I0 EIKBAREIERE N M REND5ER
RIS AN BRI EIKEIIEE LaVEE  DUK
BRNEBANMEY)  REHERROEZE - IED
RIS #EpeptidoglycanEdSchizophyllan o] 1& 58 H (1 j#k
EIKiRsE e DL ENNE VI  FAEE
SEBEEP-1,3-1,6-glucan,2 ZEEXE - RIEIRM
MEIKBRE - SIENREYEH,O, 80, EESM
1BBERRIMNEBRLOVEIN D » IRREREEE -
RIS E & Schizophyllum communety #ii iR BE By i
LB 2 ZBEXE (B-1,3-1,6-glucan) BUFRI0OIIE R Es
IRMMEIRENERE N REVRLET « O, BRIV
EAE S BITES 005 A AL R IR G M IRIE IR
EAWSSVEYRER » TR IR IR B R 2 VR
NEETE ©

EEE (Penaeus monodon) E5H » H
1988 4 3 52 Bl AR IR W (P. monodon
baculovirus, MBV) Ei5|[| BEA% R BRI » B34 K
ALK > A EEIH 95,000 AWEANE T2
9,000 23 © BESRAE 1991 2 [ElF+E] 10000

AL Fo{HE 1992 FEfE N EEE FIRNE (white
spot syndrome, WSS) » [ F A FIE T
Gh > e EHE - 0BT A SR Rt Ak
2% - I KfREPE/ MEEL R IHE AR &
IR WTERE ARG - FIBHERRE (white
spot syndrome virus, WSSV) Edyg/k i)
PSR - 40 - JEEHINE (Vibrio vulnificus) ~ &l
VSIS (V. parahaemolyticus) ~ ¥ E5NER
(V. alginolyticus) ~ W5HESNEE (V. harveyi) Bl V.
damsela & FEARHIRER BOEN IS & AR
T 25 ERIBE A B FER K — -
I o Ry va i MR SR R IR B8 - BRTRER
TEAHERT R A i B B DA 1 2 e vt o i
HIEEA St - S5 AR R LA B B I rY 34T
jj o

FREEE Ry BRI TBBR St » LR il LA
JE R B M 9% S fE  (nonspecific immune
response) FyE » Ry 7 BT IEAR 1835 % XYk
BE - DUERR IR AR SR - 2B
B E A MR ER A (hemocytes) FE
£ 2 B A b B R OBOIE R
(prophenoloxidase system, proPO system) 3K5¢
i o R EC RS LR BRI A I B Rr ZE 1 ey
UiRerh » P EE A -
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FHSERE IR L BRI » IR 3% R b S e
J» (density gradient centrifugtion) fffirffkbbE
HIN R A Bl =« ELEE A R 2 AR I ER
(granular cell) > Lt 88 &7 /)N BY S 325 BA L BK
(hyaline cell) » /A = HRIERAGHIZEH
IMERFIFERIMER (semigranular cell)o HEIM
BRAMBAEIERE Fa PR AR B4t BT s
REJTTHIRYBSE » Bl e M B -

7B OEKOfE M R /N 0 BB
(nucleus-to-cytoplasm ratio) fxrg ° NEAEH
M A RERE - RE(RH R B MY A B | - Tz
HAGWEEHEEENEES) (Goldenberg ef al.,
1984; Soderhall er al., 1986; Martin et al.,
1991) » 2PRARLIMERA N S AL E ELIg /TR E
IMEBRAEERLIMBR [ & AR H
ZWNER - Al EN R R E Mix
and Sparks, 1980) - HYER T &F R A LB
FRME proPO system » W] B #52FE M
(lipopolysaccharide) B B-1,3-glucan Ay =T
B M ER A < BEk7 (Johansson and Soderhall,
1985) « ARREEH AR AT B AWERE )] - (ERERL
BEH B2 RIIK 5 LD RE - FERZIM BR S iU AV I
WRESER - REE RS2 B MERY R IEAL - HiEE
ERON ~ BB PN ~ AR AZ AT 2 B P B
BT ~ S KERERL - BRI RS A IR A
{LIEFRRHE (proPO system) » {HIGANE 232 ME
SWEHEE B-1,3-glucan HYRIELTIREH » A8
F&E B-1,3-glucan binding protein ~ &Y, 76kDa
HEVEWIER - AR - BEIR SR
KL AIAMEEERERL BRSS! (Johansson
and Soderhall, 1989; Barracco et al., 1991) -

R A LIESR R (proPO system) 22—
MEOEL MRS R OMOMH DL B R RO
(complement-like enzyme cascade) > {HEL#H IS
AEIRTE » BHERIH R DAL RIIRREF
FER I BR Ay BE KL B > RE WG 2 BE2E
B-1,3-glucan ~ peptidoglycan ~ JIZNEH5 BT
BN BEEE 5k (Johasson and Soderhall,
1985; Soderhall ef al., 1986) - F&JE{LAY proPO

system & F 5T 2 fH B K] 7 Bl A AL EE R

(phenoloxidase, PO) » 7] DLiE/b FAZBAIMAREL

BRIV GEIZIE - HUdE

— ~ Al bE R R R o AR R IR
R EY T D EE -

~ OB IMEREAIRELE

~ SRR BRI M BRI R R R -

~ FERZIMERFOIERER M BRI AR -

~ CEREERIMERA R ER] -

v FEEEH g AR IR BEIL A -
LA YIRS - AEE (fungi) @ B

(veast) BRER M EAMIEER R HIY)-2%

FlE%E (polysaccharides; B-glucans, B-1,3-glucans

SEHE M

SEESS

and B-1,6-linkage polyglucose) FE 375 %% I A,
Fe~ FOSHEL RO R R PMEYS IR — R
R DTE L - INsRP KT (Robertsen
etal., 1994) -

RIZRIFEVIIWFEHH L2 BEXE (glucan)
Foie% » R BOR A - AllglucanfEy
{thorseshoe crab (Limulus) Ik ERFHIEAY
GEIMIER (Ohno et al, 1990) KA %N
Astacus astacusEishore crab (Carcinus maenas)
I 7k B BR il M /9 25 B 52 JJ (Smith  and
Soderhall, 1983) - AfifE N5k freshwater crayfish
(Pacifastacus leniusculus) Eshore crabfAA~
[ MM BRI DD RE LAY DIKEMR A
BB - 1R E B R Y kA T
(Soderhall et al., 1986)-Itami et al. (1994) HI|#E
P 81 W (P. japonicus or Marsupenaeus
Jjaponicus) %G peptidoglycan Eil Schizophyllan
(a B-1,3-glucan with a B-1,6-linked D-glucose
residue) ] 1 58 HC I 76K E2 BRA M 9 A KR RE
B /KR YR T T © T Song and Hsieh
(1994) > Sung et al. (1994, 1996) DIEEREE i
& B-1,3-1,6-glucan,Z ZHEEE > FIFCEIR LK
BRI - SR E Y EH0, BO, e
e Gab b e e SV GG AW RE e =
CIETER o 5340 5 Song et al. (1997, 1998) i
Huang and Song (1999) ZF[RIEA Ltz
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Table 1. Survival of grass prawn, Penaeus monodon (20.4 £ 1.5 g) challenged with Vibrio damsela (7 x
10" CFU/g bw) after oral adminstration of $-1,3-glucan (BG) for 10 days

BG concentration
(g/kg diet)

Time after challenge (%)

12 hr 24 hrs 48 hrs 96 hrs 192 hrs
0 70 70 20° 0k 0
0.2 100 90 90" 90" 90"
2 90 90 90" 90" 90"
10 100 100 100° 100" 100°

Values within a column not sharing the same superscript are significantly different (p < 0.05). If no superscript appears,
values are not different (p > 0.05).

Table 2. Survival of grass prawn, Penaeus monodon (18.4 + 1.3 g) challenged with Vibrio harveyi (2 x
10* CFU/g bw) after oral adminstration of B-1,3-glucan (BG) for 10 days

BG concentration

Time after challenge (%)

(g/kg diet) 12 hr 24 hrs 48 hrs 96 hrs 192 hrs
0 100 80 40° v 0°
0.2 100 93 73" 40" 207
2 100 100 93" 93° 93°
10 100 100 93" 93° 93"

Values within a column not sharing the same superscript are significantly different (p < 0.05). If no superscript appears,

values are not different (p > 0.05).

B-1,3-1,6-glucan > AR R BEMSFEN BIGIF B HOM )
W IR Y AT 4 e B S S > 2R R PO RES Y
TR SR TWSS VIERGEHYHE ST ©

HEH Schizophyllum commune WJHTAEERT
il ZHERE (B-1,3-1,6-glucan) » {LE2 4
By PB-1,6-branched-B-1,3-glucans » &5 A EH
7k Schizophyllan Bl AN AJ ¥4 A 7Kk i HoAth %
W& - Schizophyllan FA AXHEE S - Ry ¥+
e B LA S MR o ey e e ) - i
B R AR IR LA IR 83 2 R
(Furue, 1987) - 1986 4Brlta ke TR /K ZEE)
Yo G (Yano et al., 1989, 1991)~yellowtail
(Matsuyama et al., 1992) BAPFEiME (Itami et
al., 1994, 1998) nlagftoaiZae )] BegmEr
B B BT o FR B A s A B T
JRUREHY » Rebnithli s T2 ERE ST AR
4 AR IRETEEER - AP

BT EBE ST — R Y AR S D REPR G B Y

TR TEIERE T THINITSE o JRFANTE 26 I e FH VS i

WA} - SRR IR T S R e SR B D U BT E

JIHELTEESERTSE (Su et al.,, 1995; Chang et al.,

1996; Liao et al., 1996; Chang et al., 1999;

Chang et al., 2000; 585 » 2002; Chang et al.,

2003) » #FIH -

— ~ HHECHR A LR R AR A O 18 %
N BRI AR - IR IRE R IER
2 g/kg diet - 3lf7 H 758 ER G 10 RLLE
A RERG R TN B L TR -

o BRI 2 g/kg diet n]5RAE R
V. damsela B V. harveyi J&4LHE JJ(Tables
1&2)

=~ SRS RIRIEHEAE R C RGN
gEpRt R - SR BTN RE A TSk
% o
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Fig. 1. Haemocyte production of O, of brooder Penaeus monodon fed a diet that either contained or

did not contain (control) B-1,3-glucan (glucan) for 40 days. (A): ODg;, value and (B): Relative ODyg;,
value. Relative ODg;, value = ODy;, value of fed-glucan group haemocytes / ODg;, value of control
group haemocytes. Vertical bar indicates SEM. *: p<0.01, ** p<0.001.

VY ~ BRER AR AR 2 2 2 o/kg diet BARLEHE
20 K - AHAGEEIER MR IR M ~ &7
IKZHE JJEL Superoxide anion FEAE & M EEE
TR (Fig. 1) -

o~ DARINZ R 2 g/kg diet & Bl BRER S8R 1%
W%has PL1S Wiy 15 K el E s b Eie
EIIHEMERT (WSSV) (ZJEH -

75~ NEEIE 2 Z0E (0, 1,2, 10, 20 g/kg diet)
BARE - 3 RIERER R 20 K% - ¥ WSSV
ZHRPTRETT » AT 10 g/kg diet #H 235
R Rytren (Fig. 2) o REHSTRIEHE 14k
ELERF R AE J7 Se Wi %A /L ~ Superoxide

anion LA AL 4 & -

FRE DAL A5 » Bl E AR i R 20 K 26 il
% - WSS RIE DIRE S B i R 1 A
7~ 10K ° $IE H BT SR E R A a7 i &
MR B GL HA RSN N2 WS BT
KELRFIATT -

—ERRLE :

—JiERCE PCR MG Al 5
— TR A THERER MRS 2 RE 2 g/kg
diet ZRJNARED 20 K~ ARG 10 KI5 Hgd
TR SaRERETT > BEERH IR AR -
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Fig. 2. Survival rates of Penaeus monodon fed on diets containing graded levels of B-1,3-glucan (glucan)
for 20 days and then challenged by injection of WSSV. Blank control was not subjected to viral
challenge. **: indicate significant (p<0.001) difference in mean survival rates among five treatments.

—faElehE

ZWE 2 glkg die APREHIRIETEERN
FABERLERL I ERET 5 ~ 10 K > DRI E <
T JTEREHR IR ARPTRE ST - AR A A R -

= pUERELE

CERTFELIEREZK 50 ~ 100 ppm {H7E:R
o FRAETT T UK L RRtKERE A TR I -
RIS E 230 ~ 90K Z [ » Je Z X WSSV
R ISR ARSI 26 i 2 2 T 7 L SR I 4
T
o il —flE A NIt h 2 R AR B R A S R

ETRE N ER R AR} -

® 31 ~ 50K : ININZHE 10 g/kg diet Z B} o
® 51 ~60K : NEZNEZEIR
0 61 ~ 80K : ININZME 10 g/kg diet ZHAR} -
0 81 ~ 90K : NELHEZEIR) -

091 ~ 110K : ¥INZE 2 g/kg diet ZEif} -
o 111~ 120K | RE AL fTH -
o 121 ~ 140K : 5Nl 2 g/kg diet ZFilf} o

W

% 3CRK
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# = NE AR 2 F B * B ®
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EMEESAREFF R EERSTHIR
BB MR R g BE - FERER
TREAN R R EZERIFR > Horp DAnE e [ AR
HiE 1 ppm Dl bRl B - SECSRAHER
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AR K E R EE M ERAAE
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WOk R EESHOKENO, & EfEYy
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Establishment of a Safety and Manageable System

for Aquaculture Farm
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Fan-Hua Nan and Shin-Chang Chen
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Aquaculture Department, National Taiwan Oceanic University
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EEIEZUINA WTO 4% - Foii B 2B
LB 7k EE AL TSR > RTRE Ry /KA SRS 2K
rb s AR RaLE L REEEE R T
SEALAY 28 Jre i B e Bl e - B4 2000
FERBEEI R R R TT AR ~ 2001 SRCIEHE
Hff ~ 2002 FEAEIREEIMIS HIRSEYRE S
 ~ DUk 2003 -5 S HE R MR <5
B B R - R RIS B H R
e SBIBUR ~ BIFSRLR (55 WTO ~ FAO
Ko CAC) SFERHERMER [IZBAI Rl A 20 2Ry
RUE - HH A BT R B TG
& HR R L EERR A HEB T2 T
G  HAT AR 2 B AN R AR 4 At
BBt At =X 22 R i BT i B SRR

S5 1 - [ AT 7 2 b 2 B
RS B - I L HEB B E R R 2 S AR
B T RRE L B o 1992 4R -
K~ BRFIRE ~ AHPERE ~ A~ EE - B
T MEIRER 2 5 e T B i 7 2 o i 5 0 B R
%L (Hazard Analysis and Critical Control
Point - i HACCP) < H 1 EHRM - [FI

1£ APEC Ed FAO/WHO w3 dta8 - th i A
HERE S BIE% F HACCP B E Ry R B B F5
S - HK > EEEYEME (FDA) it
1997 4FE » HHEA < HE R E RS T
HIZKE it HACCP #5165 HIEIRRR X H
JRATIG PR H 33 & (Marine Stewardship
Council, MSC) » ilfi G125 2K 5 B A3 5 #& 5t
o 7K EE i > DU SR PR SR K A

o PLER SR AR (/K S B B R T A B
M (GRELH:, 2003) - 534 - BGEIRMENRZ:
E%r (Codex Alimentarius Commission - f&f
CAC) JMEMIEERERM LERE AN
22 %:1) HACCP #43 » AR WTO/SPS (1917
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xR— 2003 FEEFRKERERHBEESREBLR
BB HhE EE (R B2 (%) 7122 ol EE (T B (%)
1 =1k 74,678 20.46 1 FRER AR 7,171,287 22.64
2 MBS 31,039 17.54 2 =55 5,661,459 17.88
3 .35 58,584 16.05 3 EMER 5,638,581 17.80
4 SRR 50,744 13.90 4 =1k 3,618,301 11.43
5 R 42,964 11.70 5 =24 3,099,303 9.79
6 EZ @ 33,943 9.30 6 SHERR 2,136,631 6.75
7 [=1-20] 10,741 2.94 7 (=0 722,055 2.28
N 5t 335,693 91.95 5t 28,047,620 88.57
BRRR: PERESENRBERSTFR.
R 2003 FEETBKEBERMBEERKRENERES  BHLER
we wB o T w8 mE ELome mE R
1 B 13,697.4 28.90 1 FER A 1,533.5 1 SHERR 11.39
2 =55 8,961.0 18.97 2 =R 888.6 2 AR 10.09
3 KBS 6,345.5 13.43 3 SRR 479.8 3 R 9.19
4 EZ -+ 4,908.2 10.39 4 REMR 631.8 4 BV ER 6.92
5 FRER AR 4,676.3 9.99 5 VAR 631.5 5 REM 6.54
6 SRR 4,453.3 9.43 6 (= 264.2 6 =13k 5.45
7 Brm 4,203.4 8.89 7 B 171.8 7 Brm 2.56
N Bt 47,245.1 88.18

BRR: PERESEMERERHTR.

1. BEBEIARENELM; 22 B8 - BN BEELERER.

BB E R R NI FKRESEY < BT
ST o Al Rk fd - (2) PRK R
(3) MR ; (4) Hfth > HEZLEEAHHA
HEERH MM BT RV TR AE SR I ME S K
BEY L BBEEEE - Aok - (DEREE
JH 2 (2) FEANGTREE ¢ (3) ELfh - HHRSALAZE]
P bk BB IR > AT DAER 7K FE IR 2K
BRI LA — -

FHAS IR Bz R 20 - S GRS - N
oK EERE AR AE RO W Bt » DA BT
Bl L ABEE S - PEAS AT EIEEET 100

T FEIR/KERE 71 - SRR A AL g A~ IREE
Fa~ AR S RZKESE R ~ WISE 5 ik Z= A
AR ~ BH O E - BERTRS S
FELRUICAFLHE ~ S0 ~ Sl Ry RS ER S Al
DIGES ~ 3 ~ i9fil - RLHBERE - i
BT > HEREHImA R 12,337.35 2AtH -

FREERL 34,701 M - EE(ELEHTEHE 36 20T

FERIEEEESE T - ERSEIH Ry 45,797.35
INUE S R 330,368 A A fECEDHT 5 W 260
&t -
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s Em BB SoKETE 5 1 5548
S (Eg) mE b O EE bl @E ) s ERER
B x| % @E % @B %) GIBAAR (%)
1988 67,412 13,829.62 20.52 27,641.14 41.00 21,099.19 31.30 — —
1989 71,389 16,125.71 22.59 28,393.05 39.77 22,047.78 30.88 — —
1990 76,421 18,076.70 23.65 27,499.40 35.98 25,647.90 33.56 = —
1991 74,079 15,753.34 21.27 29,927.26 40.40 23,714.28 32.01 76,000 =
1992 72,293 14,006.55 19.37 30,625.84 42.36 22,989.31 31.80 112,500 48.03
1993 70,965 14,439.32 20.35 27,479.90 38.72 24,409.85 34.40 180,500 60.44
1994 69,603 14,424.74 20.72 27,152.61 39.01 25,136.23 36.11 180,500 0.00
1995 70,075 14,207.70 20.27 27,692.74 39.52 25,381.40 36.22 513,000 184.21
1996 67,613 15,395.94 22.77 25,537.31 37.77 23,782.60 35.17 533,728 4.04
1997 63,156 14,654.42 23.20 23,168.59 36.68 22,411.51 35.49 390,525 -26.83
1998 63,215 14,101.46 22.31 24,483.29 38.73 21,758.84 34.42 1,072,896 174.73
1999 63,189 14,007.94 22.17 24,738.06 39.15 21,509.55 34.04 965,963 -9.97
2000 62,567 13,586.78 21.72 25,514.33 40.78 20,612.47 32.94 1,108,568 14.76
2001 57,930 11,881.42 20.51 22,793.62 39.35 20,263.30 34.98 1,036,963 -6.46
2002 57,633 12,196.21 21.16  22,515.94 39.07 20,877.07 36.22 919,823 -11.30
2003 58,135 12,337.35 21.22 23,249.15 39.99 19,952.67 34.32 952,312 3.53
BRRKR: PEREESEERERSTER.
— FESEFEREERMT B/ R R B 0 S g e o -G s

18 - S O — PERES (AL
BRI » B R e T e B L — 5
e b H R I E R R 2K > 1 A
J& ¢ 2 1950 FRLIFEE - G/~ SiE=HE
IR § 1960 FEA LRI T SR BRI »
PRI ~ B R - e R R
W WEESE LRI - RSP H R
THSERVE O » DL 2003 SR - - EEETH
B DIEWREERD - (GHE & EE
20.46 % > MDA FRFAEH A - B ~ SRSl EEK
FEE it R 2 o T Al - R T R v 2 Ak 335,693
“@’ﬁﬁiﬂﬁ9w5%oﬁﬁﬁﬁﬁﬁ’
DI - (SR 22.64 % » FH

BT AR Ry 280.48 8T » A2 88.57 % -
S0 B R R T A T AR A A
e 88.18 % » Hrh DA EA MR A
A0 L SRR BN TR 2 e » T P AR U2
AT mMEEERE (RR— )

— BIRRXIGE

EEEHESEDI AR R 1 AR
FERECR] 0 Rl K B 7K St - L 2003 ?%
B > e~ PR 7K F e TR A 2 R B T
74.31%e ﬁ&ﬁﬁﬂééﬁﬁﬁff%mﬁu?ﬁ&@%?k
FRERIE Ry S RS W DUGE & SRR SRR
K 7K Ry 1 B A - (H R = A H -
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RN BERXES  EEBLE

= EELE (%) EELE (%)
== X BK 8 LF6H =e 7K N A ick

1988 11.50 31.10 52.96 8.49 31.85 58.13 -

1989 14.84 25.28 56.07 0.0084 12.18 28.52 57.66 0.012
1990 10.60 37.12 48.96 0.0299 9.64 29.68 58.13 0.044
1991 10.69 29.16 57.63 0.0295 8.59 32.95 57.37 0.038
1992 12.98 26.60 57.06 0.0497 10.54 27.82 60.36 0.100
1993 12.31 22.53 61.91 0.0484 11.61 23.47 63.67 0.106
1994 13.02 29.15 69.25 0.0589 10.12 27.72 71.66 0.119
1995 11.59 30.63 56.12 0.1245 8.72 29.86 60.98 0.258
1996 12.80 31.65 53.94 0.2488 9.63 28.69 61.16 0.453
1997 11.61 34.25 52.33 0.3098 10.62 27.09 61.57 0.687
1998 9.90 36.04 49.40 1.0503 17.87 35.32 62.55 2.223
1999 9.42 34.98 55.19 0.7405 11.86 27.29 45.32 1.889
2000 11.03 31.72 54.21 1.4536 13.78 31.61 53.21 2.480
2001 8.64 32.10 57.23 1.5421 12.51 29.82 56.70 3.024
2002 7.12 37.80 60.37 1.6070 8.05 27.57 59.32 3.550
2003 7.21 34.19 56.34 2.2702 7.94 29.06 57.50 5.490

BRR: PERESEMERERTTFR.

5 Ee S 5 A LB b A A HK fRUiAE
2002 FE A LEBIEIEE] 1995 AR =R © 78
tig EARREE IR G - B 1991 44 BAA
HEIRER > 10 1991 ~ 1998 FEEIAREEIR
WEEERER S - {HAE 2001 B 2002 4F - 2001
REE 6.46 % 0 2002 HII Rl EE EE 11.30 % o
5390 > FEHFRPYIR AT 7K I i 1
S T IHENE TR 25 5 A LB =ry -

= BIEKERBORT

SUIREE i CHEBER - 2003 ARLI2K > Ik
FEnn i — B R A L B A AL T 5
FEF KA L I E R 8 LB~ &
H S ILAL » DL 2003 52 BBl » 55 PURE /K 28 i
i (R 12.36 % B 18.68 % (3%
Hu) - Horrfg s B B R R FR KA AR

HE77 > @R EE DI H AR O > REi
RUDAZER Ry L2 H LT 8 - BE A WTO
% FEEHE S B LB B HAE - KRk
B oRraRE AR > K i AR B 2 2 R
B Rt T3 LAY 28 RS G BBURIR - F S
T FR B A K RS T TR /K EE A
BT R AN ZERWE - BN aE -
A~ B2 2B SRR RS © £50T - FREUR
PRI TSR 2 2 T TR - e A I S 2 £
AP - IR 5 A G R & 2 T i
IRE > Fr DABE Wk S8V S o R AR HE R 2
> BURFEIIREE T imbaAste - HE0E bErp R
IR B LHFRIS RS - BUR AR SRS
BHE SR EBE RS R E ST A e RS I > T
A B Bt B LRI T — AR - A REkE
AR -



&h 2003 FEBEBEKERBDORB

B B j=LEhall HOE (AF IGIRE OSSR (%) HO% ((For) (ERBOELE (%)
1 g & 22,070,086 3.75 5,884,775 12.77
2 K68 39,718,734 6.75 1,978,422 4.29
3 VAT 10,025,147 1.70 432,792 0.94
4 FER 924,685 0.16 311,805 0.68
I 72,738,652 12.36 8,607,794 18.68
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BRRR: PERBOEMBRERSTTR.

BRe S - REHEBIE K E M T 0
A A > SRS Bk A2
FHEERR » (BTSRRI /K E ity f M IR R Bl
A [R5 1T S 52 R R B i B B A ZE g
AP > ARSI PR £ ) 22 ST L 7R A
FoBl > DIERFRE S > GHA ML ~ PR
R iREfil - AEERISEYSE - Kl
PR EZRGIRZ - K15 60 % LLE -
BRI FE SR A ER BN T HL 2R {)
AT EL 8 T L 22 -

o] 5% v B T oy ¢ 1 S
Bkt

B % % A WA T
(i H LR ~ 6% ~ itk B
FEORBIE » 1 E AR B 5 e 5
S AL - KA R BRI LI
Eﬁo

— ~ BIFRHEISHEE) HACCP 15

B RSN HACCP J5f > & SEAE 1982
F WHO/BIER MM AEIENER B g EE
o> % HACCP WSS T35 - b
HIEZFARAEFAIREE © 1983 £ » FAO/WHO
MRS RS R T B GBI 25K
FAO/WHO FH# HACCP ¥ &b L TAERTH

HEAIEER - I HACCP Y JE P ST TRl k|
AR HE AT TR E BRI R 5 2 1988 4F
WHO {& LYFERIHEHE R - S EE R
w AR BCE IR TR s ¥ HACCP Y E
FOESEN -

1993 4£ 6 H WA S /K ES TR (B
IO-CRHRY) ZEERF HACCP VB BHIELHE
5% 0 0 ORAE BCHR A2 B iy K 8 ot i
HACCP §lE 5 [ - BRaBERmEREE S
(CAC) JRittit T "HACCP HaRFEHHER] , >
Ry BIHETT HACCP #2255 5 2 1994 4
MRS (FAO) fERFAY " /KW E &R
B S K HACCP fE Ry /K 2E i 3E T T
fi AR A HERT] > W1 {5E A HACCP it RIS 12
HELTRGERES © 2000 4F 1 HECHSE SR
R EHLE BRI BHE R i E
(European Food Authority, EFA) » il Bk A
HRMEREHE HACCP L4 HilHE -

Fehmsast®E) HACCP fHlERYTT » CAC
£ 1997 - N HFEHhGE SRR HACCP #5857
Je HJEHERN | 1F Ry B i BUAYESRE S » 3%
5 P R 12 M 52 30 15 ) R R A Sk 1 R
e FIFE 6 H > HI3EE] ~ HAS ~ BHAE ~ BX
WZEEE 18 MR SR EE T A
IS PR A BIRE ek ) ke - Rt
AR ER - ERMINTEER - EERA
HACCP §#55% - £ WTO HR R A EK 1 »
380G CAC BliE » MAESRHTHY Codex HHJRE
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KN BIFRHEISHES) HACCP BIISH

F B Bl R EE ES HEE S RESIE

1982 WHO/BI R & R =15 HACCP B98L2F07535 BT SERMES) HACCP BU4EERA0
EREEED B

1983 FAO/WHO BRZEH ZREHME HACCP HERGBRELER #t HACCP 89f& & TR 12 3)IA0
BEREEZ 2 TERTE VS B IRHPT AV SR

1988 WHO

SERERGHEEHBNIBIT
YEch 038 HACCP IS ER0IS
Bl

HEESEEE HACCP fI/E

1993 @REE

BltKEce HACCP #IfE

NEXERIR (BIENI&M)
DVERRA HACCP RBESIEESREY

{=AN
B

FAO/WHO BREHE FFE#EE) HACCP HIE i THACCP B8R EMRXERI
82 (CAQ)
1994 FAO & HACCP {ERKEZETEE e TKEREEREL X

BIENEBEK AL HACCP
[RBIE T ZEE T RS

1997 FAO/WHO BB
8& (CAQ)

NS ARBEERSE

FEHEE) HACCP HIE

BB ~ B ~ BAFIE ~ BRE
Z82F 18 BERERBES

WEREE

A% "HACCP BER K HLIERYERI

HERITESID BERMA HACCP
iER

2000 ERE8

RERRLEBRE

ERFERARERLBERE
HACCP 22 &2

BRRR: AR,

R HE 7S 25 B HACCP il B Ry el B ISR
fRERE - [bAh > APEC H Hil R i #E Bf
HACCP I > 15y B B B L IR B it AH A3
RETHIFERYELRE - SRR S H b HAR - (R
AR R B (CAC) Bl B R e A A A 5
FEEM TREATRRMZERRZLT
HACCP il B EL W e T 55 R ] B i3
Hrp > CAC HIRTHTA SR GRS E R Al
frE S BRSSO H L LB EORAVEHEE
FRUEE » Zif PR AR IR R HEB) HACCP R TE
WERASHIR

— ~ SR SEIREE) HACCP IR

HACCP AUl i TR H SEB - fERAhSE
FRAUHET T S a5 Bl R B B = RF 1~ 1
SR BIIREERF HACCP i A B A AHRR & 2R
HEIES 2T W B L b R T A B 2
HIEREZ — © Jhii 25 B HEB) HACCP HiERYTE
TORGRAT T -

(—) 1973 & SCBJRs HACCP il S5l e H]
JA TR M EBE B2 i i AT SR
L e

() 199242 H - InEE AR SEET R E K
FEah LA et T HACCP /BB H -



(=) 199448 H - BHKEAK HACCP
A g K 2 2 S AR R AE B S
ACE MY 1997 4 3 H & i /K &
HACCP SERFEGE -

(P9) 199545 A » HAEEK HACCP HilE
A B B TS TR T RS
AR BOEREAAGEHIRE |  WE SRR
A s HOIN L ZE ML BHAG B I - [R5 - S
RIGETMELE " RALRE,  BER
nsEa LHEE R HACCP i AHRAE
B BLEEERM  FFE - BB
THER Ry A B o AR S B © 1996 4
/AN (TR XUy e ) s e e ST | 2
FRifREHESE) HACCP B 1SO9000 [F]HEIf
M EB T -

(11) 1996 F- 7 H - EB{ESEE A E M

UHTRA LR RUE 0 RIBAEZEN
RN BFEHEE R R E R
HACCP {5 » [F]4F » IS A RSEAK 58
bR aitE  HEESE AT
mn > LB HACCP il -

(ON) 1997 5 1 F - 8BRS A T 2B
—RAVEBIRAT o RAHE R
HEITRSEH HACCP BgRE iR » Hp
BB EE RyFl ~ WEHEIN T - [F
12 H o ZBERGEYETE (FDA)
TEFGEHIE /K it HACCP iR
HAEAA#E " B Kz g
B WS E R ERF S SE HACCP
TEREORI T

() 20004 1 HERBEGRHBN L E
FE - RREK LK YE R MM
(European Food Authority, EFA) » ifiZd
SKBRHE 2% B P A R E 3 2 T E e
HACCP Z¢ 2R  SER P B Ay
INTZEE5RH & HACCP BB
H A G cE B e s ~ AEsisaT
5iiier HACCP il i B T - o
B RREFRAGE I " 7K D L S

¥ o
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AifE ) o IR mERTEEE HACCP &
BRI -

= BIERREECERZEERIRM
B3
(—) BR¥EE A E B

IRIZECEE 96/23 15 > HE—BI#ITZ
A 58 T BB BRI LSRR ZHR
4E 3 H 31 HRiEftEFEZEC TREYE
Bl TEE ) SRl L B S R e R B R
Zafidr [N - SEB] FDA GRAZEIE AL
BRI DG RS TR
IR TR ~ P SERC Sk B A R B P B
FEH TR AR B E RS &
SRR EESh L iAT# A s Rk SR T L o Y
AU RE/KEL RS - T A E WERY e
B~ FOEER Tt e b HS Rl B LA
A M E M Rl E TAFEHE S - B L
EASREATT & BRI [ S Y BRI /K A 2 2= B
PEVETIZOR -

(Z) BPRATEY)

HAELE 90 5[] BRI AH M 28 4= 31 4 9W
(BSE) EdE B (dioxin) WAfFIHEEH L
SR B R AT A H FR B B
BRI TGS » AT AT REYS AL B B sl AR A
i PR BB S R TS G R
TSR R AL S R - IRt T Bt
HIEe?) (Feed for Food) ; FUR%: > BERBEI R
ZEARFIREYIBERA PG g R
Vs —ER > 754 HACCP R 2 iE
HIRE AP IA) R (BRDR B e R AR 2
UNITPIELIERS) S0 - SEHTE T RS AT
TESEMIHE (GMP) EdRHBRARYZEREE TR -

EEAN ST AR B 5 B A A Rt 22 4
o B R » N PR R AL (e H — 25 I RE R
BEK o B4 S B BEK i IR JHE AR P R M v
(The Bioterrorism Act) ~ 2R HE R & T
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(traceability) BARJ5EEHH (proof of origin) » L
FARERUR (eco-labeling) <Rl » HUE Bl
FE ti S Bt 4 A i AR e B R A B - DRI R P
PR - SRR A A SRR A -

FEIHY EL it 22 2 5 UL FE Wi
Z #e i TAE

HACCP ZE i Rt 5 2 LIRS
B > FERRGRALL T BURRG P ) (< HSETER - T
FEEELL T S heEE ) SRR R B
A KSEEEE i HACCP B EIRF -
AR T R E RS Z I T REE
FREAE - G TE IR L IR -
HACCP fyH EEHHE - IR - 5
T~ SEEGFT ZBERE AR - A B
S BERA IR AR A n] IS S5 17
{EIEAA Y HACCP il EEAR BB B /e - (558
RELSHE 5 T M Bl S B P ~ T B T A
> A REMEPR Rl L0 E AL > HACCP
LB REFA IS T R A s e At
FRA - WHRESHEROIH AT - YII&ERELL
FiaRmAEERA - GHARERMZ 20
B RIS LA EKYE -

HACCP il E 2 B - 2 KIE
E IR LA B R e R A Y R AL TS
GUREIW B Z o AT R, 1 SR T
FEME T L B A T RElE S B Itk
FIHT - FEARIE R T AR AR TR B 2 D R
ARG HERR ] - IEREHE A S
BHAYEH SRR L eI A R CCP
W5 AR EARIRRZ SERIER - DU
SRR PR - £ HACCP HYHIE
T~ KHEEEf RN L B ERERE CTHE - A
T B el Rt AP 38 L Hm R B HE

KEMERE - REERNEY) INERY)
T EER TR RIS L B - SRUKEESLAEIURE
penma Bty TR H BA 58 e A
ZIFRHRHE - T RENERHES) HACCP & BHH]

- AR HACCP fHIIEHEFT SAEA BTH
7 > {EBTHE HACCP R L E 51T (R
e

— BESESNEEBRIFREFK?

RTH B M AR G BT K - JI
WESEMHOR S B UG » BB B St
TTREBERT S TERTAL - [FIRFEF SRR AT -
VriiER i T TR A SRR AR R A
AR ~ Bl ~ BOhESE B AP AR -

— - RERANETIEEERBRER
ZE2EE 8RR ?

FEE i HACCP R A L 2RI
Py 5 T REe i A 40 e B AR S A
Hts HACCP il BERFA & Hoslesd - FEAHRRR
PR TTH > RIFESE BRI BT > AT
SH AWK A ~ WS TE Rk -
B AR B S AN [FIRE EE AR BB CRRE -

= EBEGEhESHEEIEESE

2°

TESEaRTEE R —H LW AR S
m A SRR AR E S B REE E
e B  hebe BB SR R
FRAREI ~ SR RIRSE A > ERHIERRAE -
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Pond Production and Management for Outdoor

Super Intensive Aquaculture of White Shrimp

(Litopenaeus vannamei)

BRSLRK,

Hon-Cheng Chen

BITLEEASE WEERERTIERT

Institute of Fisheries Science, National Taiwan University

wo

BRI B (Litopenaeus vannamei) 8§34 ¥)5@
f& ~ BIa M EIRTERIEE ]  {EEAAE—REES
BRESME (500 B/m’) HVIERE - Rt BBEEARA
89BN E B ROVMRE @ #EFB AT -
NONZBEIBIKEBTRIENBE F RAPREES » B
BRESZANKEER » #F 2 ~ 3 KOYIRIBINE
IR FERENRRLEEIERRKBLIEI I
EREBREHEREER REEESSETIN
R AREZFREZTEE 4.5~ 6 ER) HIYES
IBNESEAERE 47 ~ 63 NE - HEEEHITNE
BHYERE (RSEE) ' BIFBEEERS A
BERZEEES o

Abstract

White shrimp (Litopenaeus vannamei) is the only
one that can be cultured with super high stocking
density due to its rearing character and disease
resistance. 500-600 juvenile shrimp/m?was stocked in
abalone pond or concreted cement pond having sea
water depth of 2-3 m and full of aeration to ensure a
stable water quality. Delicate pond managements

including selecting quality fry, providing nutrition feed,

keeping stable aquatic environments and controlling
disease outbreak were carried out. After 5-6months, a
total production of 47-63 tons per hectare by partial
harvesting with shrimp size of 13.5-18.0 g and
percentage survival of 52-78 was achieved. This
method can have 2 crops in one year, making it more

competitive with indoor circulated culture system.

2 ra A,

Hl &

— e ERAT R R A E R S
FILE S ~ 15 ton  {EE1 » EIMEN AR
B By I 24 ton (Chen, 1993) - BEEfHRAY
28 ton (Chen, 2002) IZEEWEAY 24 ton (Chen,
2001) » HA IR Retf 2 ~ HRSE BRI R
I E A 30 ton AYACER » H B =R P = B 1A
EREJENE R FAELE 60 ~ 120 ton 15—
EFE (Reid and Arnold, 1994) - [KLAFEZ=ESMI
A FIF S B R I - B da A e - R
RIFHIE R B E B A5 I REfi g A tH
MRS A R -2 60 ton » {5 (N BARY Sy A
RSN - HAEREERCR » W EHF I -
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x— 2002 FHBRENABECES

BIEh L[ BETE SEEER
ez (ha) (no/m?) (%)

1 0.30 150 82

2 0.30 180 80

3 0.25 200 78

4 0.25 175 80

5 0.35 220 76

6 0.40 300 70

F R 22 5T e

A R AR PR B E AR Ry e W

I i 1 B BB RO HOE BT

HEIHIBAE TP 2 AR AR 65 % LL

- BN BRI ER I S - (R P B

i ~ WA > 1 1990 FF-A AR HIFE R

eI 3T 5 FEARID ks 1 - HE S

RGBS 70 % DAL - e

SREF IR NVE S R EGREIR LI H R

R vl R IR A E S - HIREA 1YY

WAVIEERE (Chen, 2002; [, 2003) -

— ~ YU )58 - L HAE A SR R e E
A7 -

= BHERMGE - 7 15 g DIRTZERREE
EER -

=~ BB RS E - B SRR
PN

VY ~ GEDRIE K - BIRSER IR - SREiD
SRR > SR A -

11~ BAPRHEE HE & R TR R s R AN
BERERRE AR AERAS -

N~ IR S IERS > RIAE R R RO
AT, -

Y= SFEREEY ES
(days) (g) (Kg/ha)
116 18.20 22,400
108 17.50 25,600
121 19.00 29,400
130 20.20 28,200
122 18.0 29,700
120 16.3 34,200

+ ~ REAEMERERE NS B - AR AIHE
i~ SE LA -
J\~ BET TR RS > e R I A i

— i i T A B

F B R R SEIN A SR R A » LI
FARE A BEREHHE ~ B BEER - PRI R e sk 8
NERRE » AEE SN B A BRI
HYEEIE » /A EERE 300 ~ 3,000 kg FYZER >
HIMEE - 90 FEAH A TR A RALIE -
IR » S A B R R ST
R > HESMAE 4~ 10ton 45 -
AIHE & B N sy SR E AR A AN E R0 &
ClinE 8 ~ 10 ton » [MKESZEM - HIRHEEHE
AR 5% > B0 BEA i 2 B A S TR
% —EFAEERERILE 12 ton LU »
WifE i e E B H T 20 ton o {E{BE A
B o Ho AR A TR T 3 e » IRt 1y s 1 B
el » A63% 20 ton BLE (4%, 2000) » 5
BT ARG EE KRN AEEES
3 20 ~ 30 ton HYLEERCERE (R—) 0 EER
E3E 35 tons o AHE RS [HEHH 2 Bk
(Chen, 2003) »
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BRENEESEENERKERE HRE
% IR BRERAY A=) b pwiast i » i R AT
TR EE B AR R ARGty 6 kg (1 HhA]
EFE 60 ton) —EIGHNEFIRER 12 kg
(Reid and Arnold, 1994) » Z % g k&
- RN JoRRYE R REEE] 26 kg (BR,
2000) © ZAI R AR EE AR Z= 04 Ry » BR
TR E iR A A A AT - 5 B0 b A A A
AIIBARR - Hpatk T AN - Rt RER AR
FE S ANTBARY 22 913t - £ P R 1 B B P A 5
s HE e e 5 > Rl A A s e L e 53 B

=5 5
AlJ e °

i e FE Y S AT R e S

A 2% PR 7 VR L AL B M
ST » TR A 6 2 ML T -
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BAFLL 100 BP5 il E B » A H 7k EEHE
RHE 2 ~ 3 m E/K BT PRI T SR Bt th ok
EFREAAIERT - DI REEATERE - [FIRF
R R H R > AL R AEAE 500 &
FEELLLE - R EEERRIRA TR - {HA7E
KA 3 i HIFHE 80 % [RILAF HLEFF
B FERIAE 1/3 ~ 1/4 p9Bf7E » M REE =
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[El—fJa & b) - HGERR R L o HEAE
T ik e I P B U P R B8 3 R Byt B
ez - KL HARERE 7 ~ 10 KT
i HHIF BAERE IR L2 3.0 ~ 35
kg/m 2 [ (AlE—e) - R~ RIGHERA]
HERF 2.0 ke/m* /i > B — R — I
FERAHIE]  ANELARE 7 ROV Bk 1 Ry
(st - IR S R it 6.0 ton ([ —) -

IRRAE A AU &Ry 60 ton (R ) » Hik
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1.40

EE
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0.5~2

6~10

10~16

12 ~ 20

16 ~ 24

20 ~ 30

30 ~ 40

60



T e Ao - B - FREITE M E

> HEEAE 11 BREE 6 Az g - Al

FIEBZ - Rl A B S - A

7 7 NI T 2 X H L2520 RS RS

R GRD) - KA Ry rI T4 AR
F = Toir 5 St B T PR SR B

R PG — BRI S R AR - L

HFEE G AR E X - RG22

RELH 0 P T B BB 50 ~

60 ton » HILZH *

— ~EEEEY - MNP EEE] 500 &
/m? -

= TSR -

=~ BEINAKEZE 2 ~ 3 m AR R N o BL
0.1 ALHEEE/NRyfE -

MU~ FRE MK E - BTG /KB EHEN ZE I
REEY) -

F~ BET K ~ F KL R A E B
BN RREE S -

75 ~ i RSO RYAR 22 Bt » B hn i s
VAL S ARSI

-~ D ELBREE - DR R 5 -

J\ ~ R it Yy A= il i s o7 SRR A -

Ju -~ R FETEUS R E -

+ ~ R S RE R S N RE

1R A K HE

EHIEHIKERAE - EEHERTIE
2RI E R B M ISR MR T A
VY o ARFRAGSTREAR RS AL R R TRl i
ENJS L83 Sy ST 5 R VN 1 DMV
ANFEA/MERUER FHEIE - ARFREAHEEEA
FERAK - JAKBERAEGR R T igft Fii R
A (EFEE - (EEE RN o BTk
1£23 C - [HE7KIRGE 26 CREEI23 C - il
FAFE B ST AN AEE 21 CH4TREY 23 °C - B
TEAILE > A0HE 7 %o HEFIRT R R(ANE
W 0 AR 35 C HERIELE{HNE BEH

FIS RSN R B 22~ AE RV 151

% o nfifEREA R E e E] 1 mg/L > {53
B EA MR M3 - Harhay
> R 0.5 mg/L - RS IFEAHRIS &
FEFRHERREEH - AL 8 A KR
HRRER Pk - KA FEmyIA -

e o R S AP E B R

e o R 2R A0 2 AR S e RE £ = MU
& (B0 BRI E R I S SR AT
(2

— KA D REE

iRt e eI - T R e N T
TR > RMIRRRE] 1.5 ~ 2.5 JafRy - F
15 A R BT - AL ] Fe o A T L Y
A R F AR R TR AN v R s A
FodR PHIRPE A RIS R R F B R 2706
it B LA R AR A E A
JRSEAKIES -

Z N AEXRKBRANEE

H W REAE AR /KI8T » e
19355508 20 tons DL FAOACSE (FREE—
) o (HHRHAMKER S EREERRY
BEFSERIEREE T > MR AR R B
7= H#A i REREReE R RIS
Bk - EBRFEERES 0 EERG AR
U o (RIL R A E P R T /K A A
BIHERS > BT PR IS E/K EE AT - BRIk
FHEHREMAKEIET FRlE R 2 B
BT I o

= S KEHME ST B NIR FREIE
/N
BE R AR E PR EE Sy > (Ht 2 IR B -

—E & AR 7K B IR L B i R
IR > SEEA SR iR B YaETR AR
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xRN BREEIIKEEE

KGR Water temp. 23 ~32C 2@ Pesticides (pg/L)
28, D.O. > 4 mg/L BRI Parathion 0.033
pH 7.8 ~8.5 = Lindane 0.039
B8 Salinity 12 ~ 20 %o FEETFA Lorsban 0.04
E%E Heavy metals (mg/L) =54 Trichlorfon 0.1
i@ Copper 0.420 &% DDT 0.087
# Zinc 0.135 o]~ Chlordane 0.27
$8 Cadmium 0.107 B35 Gusathion 0.5
2k Mercury 0.123 AFIJE Diazinon 0.6
Iron 4.43 =z Glyphosate 10
§m Manganese 13.0 EHRIX Paraquat 15
8 Lead 134 | # & % T.Bact.C. 10%4/mL
Hith Others (mg/L) W & T BKC 0.3
=) Ammonia 0.3 SiRlEiE KMnO, 1.0
DB4ES Nitrite 0.5 ® § M Formalin 1.2
RamE Alkalinity 80 ~ 240 — 8B 2K Xylene 10
By COD 5~10 =5 7 Toluene 33

CfEBGRG - iSRG TR - IKIUE
BN B ELSEEH 2 5B IIEE S - WEF T
BEER - B ARIRA R Ik © LT EES
EAI B (1998) B th i fd R B i ity R 5
LHAES - HAvE R EIHE TR HEEE - A
STy NP NERNEN G
QIR » L M v A R AR e Al e B T R R
AR > JCHAE S R R R S -

M0~ NESREMIRIRENE
FH A RRBEA Y R PR B A R ARG R AR

N30 A B AR T B TSR M R ) R A0 DA
05~ RO B AN S R UK Y MR B 2 P R

iy SRR - RSt e R R
FHERSE N > HAAG SRR - FERG IR AN T
B K7 EHUE L H AR - FRIFR 2
B2V 0]t 5o 3 W AE R AVAIAP N SR PN E b
W - 7K AT

o g

FERA R AR D5 ~ R R I BT
TRIIRETT » 0 H B Ry ME — REHE /= A TS 2
(500 E&/m?) FAMAE o [ F TR R A K
Jeth gLt R B R AR - REE kKR
K MRS 7K BT SRIGIIVA SR > SRR
5 H kB R SRR R B #EFF 2 ~ 3 m



PR BRGNS B 22 - SRR IR 4 2
B R R D B2 R B BRI B ARk C B T
BrRE > AR AE R T 2 AT - AR
A F B E TR A B IR E B AR
3 47 ~ 60 ton > FFHEPEHI AR H B RFH -
SRR ERETE = AN - BEEL R -

225 3R

BRSARY (2000) AEZREE NBRABEBEEIE 2.

b REEIR, 39: 11-15.

fESLRY (2003) BIRNZEBIEREEEIE. KERED
.15 8.

M (2002) MEBHEBESTERERENE. £=
B RE AR EIEMIEEE, 210-214.

Chen, H. C. (1993) Studies on successful culture of
grass Shrimp, Penaeus monodon. COA Fisheries
Series, No. 31: 84.

FISE SN R R 2 220~ AR 153

Chen, H. C. (2001) Culture of white shrimp Penaeus
vannamei in extremely low salinity in Taiwan.
Third Global Chinese Symposium on  Shrimp
Culture, 17.

Chen, H. C. (2001) Culture of American blue shrimp
Leptopenaeus stylirostris in Taiwan. 6th Asian Fish
Forum, 11.

Chen, H. C. (2002) Better pond management for
successful shrimp culture under the stress of viral
diseases. Present in Shrimp Disease Management,
At Nellore, India, 23 pp.

Chen, H. C. (2002)

performance of cultivatable shrimp species.

Comparison on rearing
Present in Shrimp Disease Management, At
Nellore, India, 20 pp.

Chen, H. C. and H. N. Yang (1998) Studies on better
management for highly successful intensive shrimp
culture. 5th Asian Fish. Forum, 13.

Reid, B. and C. R. Arnold (1994) Use of ozone for
water treatment in recirculating-water raceway
systems. Prog. Fish Cult., 56: 47-50.
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Development and Application of 3 -Glucan and

Probiotic in Prawn Culture

PRER' - BEEF
Shiu-Nan Chen' and Fan-Hua Nan’

BLEE AL WEERMRTERT  CENI AR KRR

!Institute of Fisheries Science, National Taiwan University and *Department of Aquaculture,

National Taiwan Ocean University
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TR E AR RIR R SE R A
i sE PRI - EARER TRIRE SN RN
B Ml ~ R SRS S s R e ARy
ERHAT IR RERIRAESE - ArlRESHY - i5gE
BHERMA LA BB ERER . — &
ANMEE T DR (R R 2R > A Rl R i B
2l S SR A RS (B A4 - [FIIRFERAE 1
AFRFZ NS5 TR - (B2 » Bl ses
FRAAE IR T —LE AR AR R
ERUTCCERIME T > LR N Rt e ~
BIANERIPpOA S A B R A Bk 0 S5 4E
TSR R sl — B MR - SE BRI A
{2 L (15 25 I T B ER B A i B T B
IR AT ISR SR A SERAGREA T R e T 2% -
DRI » AN RT ek S 2f REER S T B AT 285
FRIIAIRIEE - BE R MR A SRR R AR
X EASEC R TH 55 B 2 A e
LIHERIEER -

(] R R FE 3 P JE A A W o o — {18
REI © 28 —fElRF I - SO M o SR =3
JE > AR ERE AR U B AR IR T R N >

BERRSR IR - (HIE SR ERED |
2 BRI P A S P i SRR PR ]
WEERIIFER T KRR S R
FERERFH IS - [RIRFRE F R bast Rt TR R Ay
K > DU R 5T PO sl AT - (H2
FREEE P SRRt ER T ~ 7k BRI
BT > MCHESRZINY 1 S IR - BEFERGREI
SN (ERAEE (R N R T
EPEAE 1988 B SRR BIE U — IR
GERNAIZED o FEFY AT 5 A B R 5
Bl > th g —LE R R T S PR £33 BT
PRARIERRTRINTFE - TS E B A SN —
fEE K AR R IR R SR Ktk
TR = e E MR A A

i E T S B B ARGIR L - BEEH]
R DU — SRR R A PR EL - Ll
AREFFLA T HEmBEEE - RBE Il o HYLREZKR
THI S B R I T - X > ASRE 3R
M T B B - T B R AR A RS B R —
& AR S E R E ELE T — AV Sl
B o JISE SR ST B S RE T B B A
flir o — e B > R E T AE IS RESE YA
PUASRAYPERIELEIH] - 25 S AE A IERE T A 2K
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H R BB R B SR 516 R - B i 5
REZKAE S B I

AT 1988 I SR K B SRR 1992
2 JEL DA BT MR B S PRI Jird R e SR %
A 1% RIS B SR B A 32 B s H TR T 1
JECHE S A s IR RS B B B R AR
B R AR UUBRI TR o AR
FEAG SR 0 1987 A2 1990 A AR K
LU B K] - 2l 2 AR AR B A
TR S ) P e R » KT T S 35 ke B
IHALERESE 5 R BT 1991 IR HE
FiflE ~ FARATRT MR — (B 1% - NI A
REAYSRT » PRAN T 2 3 K 18— 2 FARE
AJRERBIE T Rt Re e R PR
PSR » A E 1 R T RS R - A A
TS R A R pbR 2L 3 o R A 5 L R S S
e RIS (3 FPRIR Rk - RIER L
TS B F B i © 18 254K » 28 e nn i &%
B B HIE AR mIE IR A AR EHEAR
EEEEA TR  HERMYHEE
{88 5 R e [ 2 st S 3 A 1 B iR T
5 0 AL 75 % DL A3 F SR mAESERY
e [ FRTPEREAS o B R RN
HZLIEGINE (Vibrio harveyi) FIVSEINE
(Vibrio alginolyticus) ZE5A\5 528 - {HE »
Bt [F] 5 28 B AT 3T 2 2 38 28 1 DR 1Y i
55 » BESRSZ B PR ARG - AlE/ IO IR RE A
T IERER S ERE T T - 3R IR ISUK
FIEE & - G2 PIalte 7 RE—HEIR AR R
7 AEIR I AR BR AR [ 7 R A e B ik fa
IRF > MEA TS BB RTHIBE R A - [RIRFEE
FHIERERYE B S A B R - RS 2 —
IF PSR e B RS AN S PRI - SR T2 1
WERYE BRI SR IE BT » RIS SR - &2
BIBTHEE P BRIy -

43 M MR EL VR i A ZE (R PR L i = {18
AR - — ~ EEETRIERRAITAAE S Rl
IR EEREI—ENEE ) = - imiEAE %
27 R - AR BAME— AR A 2

FEFRMRER AN 7K B i R IR B A AR 2
AIRERY > [RIFRF Ry 1 ESE Rt — H YL 389
FITA R - EAE T EAMTERRIEEN - Fir
DL A FEH H AR TERIEY) - PR I e
RAE RN [FlRFE e R SRR B A
SR B URRRE ST > A 2 I L i B
ELE I

EE S IFWNEEEPRNN. s PN
BAERE R a L B TRE T TR R IGH 4
R EENACE | K REd,—E2
TR TG R - 38 fER B ER iR Y
MEIHEYIA > EE Ty ~ TP, ~ T8
FEERNE o A T AR R 5 VYT - TEETRIFYEL
e o

F—\ "R, 89D

B A EE FHRIRRE M7 RE A T 6
AT dE A TR s AR S 2 By
TRHES] > [RIFRFREREEIR IR ARG - s LAY
PRERRFERE » DU RIBG 1A SR — (R B A
BB IES T > EAMREA A RER A SR 91
A SR B P SEYI AR LRI B i > DASe T
SUREEIR O BE R - RIRFER EATES B Y5
R AR R AR YA K B B A O Bl
1l ~ B RHAC T G ATTR I A RN SR B
B ~ ISR IR ESZE T o DI
TR A ATGRA AR BE DTN RE ST - RE R - Mg
B H B BT ~ A s U IR SR B P5E VY
fE8Y Aok B DRl 7 ST Tl BT
DIRSE PR TR, -

F_E "H&m, 098D

FIFR AN IR BRI 5
ZAEEEAI B — BB A G 1 - PRI FE
JE R FRF L = A EEAHY B - — ~ BRI
HITFAE IR B SR B —E e
B = WSS T NS IZRRY - 5



& FATRI IS 2 D4 VRO R A AR 122l e ot
B/KHSERE B IR BEAY BRI —ERE
L1 [RIRFE I Se e P B i i e T Bt
JARETT > THPRIF RS - EIR - SEE AR
Sitmbaa R B R E B i Bl - (R E TR
AREfFDR IR SER TR E R R A R
T - SRR S A IRER I - ANl
fE—RbR 8 > Fr LU 8 5 PRERZE I
bt - JTREMarmIh AN TR -

F=—EMR "B]ERE, 0985 ¢

R B R T R R B AR £
FRHH R AH A b - Rt /AT ES L A SR
FFEIRIIBERISEIN » SRR 1R BSB89
AR ER S RN B H AT = 70 %
DI RS AR DL AT R SR it
BRI SINERE R 25 B B AT B 2 —
ENCAE R BB - KL - FefE TR
FEERE 5 35— f1A] > 3 BEAY IR A LAY
TR TR - [FIRFBE A 2 A e b E P iE BB
FERIR S IRE > FEHE R G S KR E
HYEREHIRDL - RE TR T BT R BRE B > DADS
197 S G B 00 26 B R PR B B G T 3R
HEREG o TERSAEY) ~ B2~ BNV AR
KB VYT ENRE s T pEfe R iRtheE
KB R KERE S - SERR I - 2
HMEAERZEWEENIGT MBI T S
P ERUE P B SR 0 ~ DR RTECRTT 4 -

EOE TINEE, 0B

25 B B Z AU BT 9E 26 R B R B R
FC T HIBH BN BT RIS - (HIE BRAE R
BRI B BE HE S A AR IR T2 A A e
HEYE KL AT EHIZAAF 2 Z m e
VNN A BT - FRMER TS AP A6 B
HERAEWG I R REZ M B R T2
BRI IRE ST AN EE R R R UGER
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FHICTT - AR T AR B B RS ER T A A ]
FAPUR BLER ORBADRHT T A

2% Wi S 71 P B 2 B

AT T FIAE S A P S 00 B ik
¥ Bacillus subtilis >

Streptococcus  faecium >

Bacillus megaterium >
Lactobacillus sp. >
Rhodospseudomanas sp. » Rhodobacter sp. >
Lactobacillus  sp. > Pseudomonas  sp.
Saccharomyces cervisiae > Actinomyces sp. >
Aspergylus sp. DL [ 4t ¥5 B8 & Schizphyllum
commune > Ganoderma lucidum ; Cordyceps
sinensis ;. Trametes versicolor HFhHaubirak
H 2T R LE ST (CTCC) KR
L (ATCC) - ikt IR FR B S == A
o Bl A S e R BRI EA AR B

FI B W15 < A B R R 85 B s B B 3
SNz P AN i 2 T B2 A R Y 5 2 3 i © P
TSR AL AT R Z RS (B-Glucan) HILZHA
Bl iR - B5ER - BOER - EIESRPYAHY
Ryl BRI T -

Fr 6 WY A= W 5 B A W 48 e B 4R
(Rotary Shaker) (25 ~ 35 C) kX LL/\Al
(Small Scale) ~ H1#I (Middle Scale) ~ A %I
(Large Scale) K53 P B ER Se e R} MR
AT 5HUELL Plate Count ZRAGEL 5 11 A S HEAY A5
H 2L Chiang et al (1998) Ayt Throne Test
il HIRE -

‘B (Rhodospseudomanas sp. BRI}
K BERHE & JEFEE 10° ofu / mi s B AT 3%
Yy 53 BIDAEE SRR TR ~ IR S EIR S
Ya8% 0 FEARRA 70 °C BOTRE Rz o HRS
SRR Fr A —

HCRy 7 i P A A I A
PAEE A IR 10° cfwmlld | - T 32 i
BEAE Bl 25 % M RERE Rt -

Fra kiR A= B85 - R8PS 5 Sinaloa
PN MR B T 5 HH R
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R
B

- FESEE

a N
Bacteria
Cultured Medium
Filamentous fungus »  Small scale 108 cfu/ml
100 ~ 1000 ml 8 g/L
veast Rotary shaker
Cultured Medium R P Cultured Medium
Large scale 108 cfu/ml |« otary shaker Middle scale  10® cfu/ml
20 L 8 gl 51 8 gl
| Mixed with soy beam powered Dry | powdered products
1:1 v/w <70 °C
- /
B— ZBEREREEVRBINRUHER -
BOIR BB B R RfE =2#E R R— EREYREEIER - KPHSEER
AR BE R U e B SRR T B TR T o 2 fERLEY {EE PR AR
e N 75| Fij 7 X%

JLCOD ~ BOD ~ NH,-NJZH:S (2 FH A —
Fo A BB R 5 25 K 15 152 B Test Kit BOD 150 1
(Kyoritsu, Chemical-Check Lab., Corp., Japan) coD 75 4
HIE -

NH,-N 16 1

H,S 2 0.02

% W e L Py BRI e 818 < HE

KRR AR — IR FE
E& > K[ Bacillus subtilis ¢ B. megaterium
A B Rhodospseudomanas sp. ~ Rhodobact sp. %
Psendomonas sp. % H 7K e R B B 5
HEUR T FELARIE 50 ~ 100 ppmiy i 4 8L
7 K% > Bt ryBOD s COD H i R
{9 150 K2 75 ppms3Jll REEZE 11 Kz 4 ppm e [
NH.-N 5 HoSHY & SR EAE BE AR P BB R HY
16 k2 2 ppmfitZE 1 ¢ 0.02 ppm * ASHERER >
VR REY A= 1) B 55 28 T it Y BR B A T Y
SR

A Y BAE S  BE B e > FITIER Y
FY 555 3t Ry (67 17 e T T AL B s — M B T 5
17 0 Al SRR AT B s i 2 1 M e v S B vt
s FERIA 10 ~ 20 ppm 9SG EHEEE K
Bacillus subtilis » B. megaterium ¢ yGEE A6
SRR I MR BT B A » I m] DR FE AT
(R - BHE L MEmE R L
HESE AR - B8] Vibrio alginolyticus Wi 5%
A RESRTCHIER G RRIEE S B Y
FITS TIRENIHEM I PTRRE ST - WiFe AL
paE o TEEREEYIRT S [ HAN REITER -
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100
90 —l— Bacteria A
80 —&—Bacteria B
70 k —@— Control A
g 60 L —a&— Control B
&
8 50 B
S 40}
30 F
20
10 F
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Week
B= 2BNERMEYRIERIEN  E{CEERE00EE -
xR_ EREBERLEVRE  BEFERZUER
B i ESESTNIVAN-= D0/\EARS 5 R
e e cfu/ml R 2R REREH ERINBH BHEEE
=1 Vibrio alginolyticus 10*  Mysisl  PL3  2.1X10° 1.0X10° 0%
Penaeus monodom Vibrio alginolyticus 10
Bacillus subtilis 10°  Mysis  PL5  2.1X10° 5.0X102 85%
Photosynthetic bacteria ~ 10°
=] Vibrio alginolyticus 10° Mysis ~ PL2 2.0X10° 5.1X10* 0%
Liptopenaeus Vibrio alginolyticus 10°
vannamei
Bacillus subtilis 10*  Mysis  PL3  5.0X10° 1.0X10° 80%
Photosynthetic bacteria  10*

FI R A Py S i B A f Bt P Y BR
B3 PN HhBE 2 A7 52 B SRR A g — AT
MEHYS - @EWELL Bacillus F¥F > 1
Psendomonas » 4B KR Rl > JREE—IE
HOECERAYERTE - DS ey COD 4
b > VERiF /K ROFEASERH - R Ry 15 38 - 40
lil —Firo > WA R % 2R 2 3 COD
GrgG B 5 EEs 2 EEEE 7 BH AR
K (/R COD LBl - HEIEE S RIR

COD HfE 1A =lée 70 ppm DL I o [ R I g 2R
#H (Bacteria A J Bacteria B) H1f) COD {E it
BE R RF RS By » SR LA KT R e AR
9% > ARRMHEEAHAY COD fHixm Ry 40
ppm ° SEAGSAR » YR R AR R
BALRHIRIERRATE B - fE At HI
MIEE B A s A Yy s A vh e i DA AE 73 /Y
BRsE 3 > M. COD BHgAMRE
10 ppm DU -



160 BRFD - FEEE

K= DIRIIAEWERBER S-Clucan 2 —#EiERRHRERZBE¥R (Liptopenaeus vanname) BIYEARIT

iR BE WRBH BEXH BE/M BME JEFEX  Kgha RBIME RIEE  RAX

1 7.60 20/06/00 120 10.20 12.5 77.80 996 7,566 9,056 1.20
2 5.80  20/06/00 120 11.50 11.7 74.40 1,000 5,805 8,145 1.40
3 6.00 15/06/00 115 11.00 12.8 72.20 1,080 6,316 9,741 1.54
4 590 15/06/00 115 12.00 13.5 66.40 1,078 6,364 8,966 1.41
5 12.40 16/06/00 113 8.00 13.00  95.30 996 12,351 15,625 1.27
6 11.10 12/06/00 109 11.20  12.00  58.20 785 8,714 10,957 1.26
7 12,60 19/06/00 115 11.00  14.00 61.10 942 11,866 17,274 1.46
8 7.80 18/06/00 114 11.00  11.60  55.70 711 5,547 8,053 1.45
9 7.50 13/06/00 106 1210 1360  75.00 1,242 9,073 8,945 0.99
10 13.10 21/06/00 114 11.00 12,50  64.00 887 11,616 13,550 1.17
11 4.00  24/06/00 117 10.60  16.50 67.80 1,193 4,773 5,953 1.25
12 3.00 22/06/00 118 12.00  13.90  56.50 950 2,850 3,607 1.27
13 430  22/06/00 118 12.00 11.50  35.80 494 2,074 2,946 1.42

| ¥ 15 1E 114.8 11.05  13.01  66.17 945.54 1.31

ETE182%5: ACUICOLA MAR DE CORTEX, SA DE CORTEX CV; 1B 38 : Maricultura.

RO DIRIOAEMRER B-Glucan Z —MRMEEIRHIZER Z B8R (Liptopenaeus vanname) BIUWIESAR T

IR WhEE KB BEXE BE/M  KHKE EFEX  Kgha RBUNE RIBEE  BReEgX

1 2 29/05/00 78 12 8.0 78 748 1,497 2,025 1.36
2 6 22/06/00 102 12 12.5 74 1,110 6,660 8,925 1.34
3 8 25/06/00 105 12 12.0 1,123 8,985 11,500 1.28

E9E 285.0 36.00 10.83 50.66  993.66 1.32

115258 ACUICOLA SILVANO GAXIOLA A 8; IB&E AR : Maricultura.

KA PERINAEMREIR A-CGlucan ¥ —fRHEEIRHZERZBIR (Liptopenaeus vanname) BIYIERARTT

2B wmom TR T puaon gmE En% oh BUNE BREE Ao

1 26.1 25/05/01 96  7.69 Super Shrimp 11.43 71.6 624.9 16,310 20,675 1.27

13182 58: ACUICOLA SILVANO GAXIOLA B @
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RN DIRIOAEWREIR B-Clucan 2 —RRTEFREHRERZBUR (Liptopenaeus vanname) BIWARARIT

e EhEE  WNBE  BEXE BE/M WME JEBE  Kgha RNE RIGEE BRAX
V3 236 27/05/01 96 7.74 12.80 83.30 826 1,950 2025 1.04
E5  8.77 24/05/01 93 7.90 11.24  71.80 661 5,600 6,408 1.14
E6  8.37 24/05/01 93 8.40 10.77 81.20 712 6,155 6,478 1.05
E7  9.90 23/05/01 92 7.05 10.00 76.50 540 5350 6,178 1.15
E8  6.32 29/05/01 98 6.37 11.80 86.20 648 4,100 5,320 1.30
E9  3.20 29/05/01 98 10.0 9.90 87.40 865 2,770 3,685 1.33

F9E 95 7.91 11.09 81.07 708.67 1.17

1158 58: EXPLOTACION ACUICOLA DEL PACIFICO; 1Res2KJ&: Super Shrimp.

Rt REBRINEDERBIK A-Clucan Z—RREEIRI Z B8R (Liptopenaeus vanname) BIUESARTE

iR EhEE KWNBE BEEXE BE/Mm KNE JFFE  Kgha BHNE BIREE  RAR

1 9.50 18/07/00 114 16 12.40 66 1,309 12,435 18,025  1.45
2 10.00 21/07/00 117 16 13.00 67 1,393 13.963 21,175  1.52
3 12.00 16/07/00 112 17 11.80 62 1,243 14,926 20,600  1.38
4 11.00 20/07/00 116 17 12.80 65 1,414 15558 22,100  1.42
5 7.00  14/07/00 110 15 11.60 47 817 5,724 8,250 1.44
6 9.00 19/07/00 115 17 12.20 50 1,037 9,333 14,372  1.54

S9E 114.0 | 16.33 | 12.30 | 59.50 .1202.16 1.45

IR15858: ACUICOLA ACUICOLA DON JORGE; 1E&@AIR : Maricultura.

Ry IR A W B B FH ) B 2 AE SR VS R
Sinaloa JM3EFT - FIFHIEIRERY 150 AEHIIEEA
B RE R (R=~N) » fEE B R
o G FE R B TAE R R A - &
FUEH — i EE A AR 2 A
LS LI SGHEA ATt R VI ESTU RN
N3 ~ 5 kg (A BERER MAT B ATRR S B
AN - AEE I - EERRCRER © B
PR S AT Ry 624 ~ 945 1T/ EH » TiTHE
150 A 2o P 25 7 B i 2 25 M e P kB B
Wk 5722 1,067 ~ 1,596 N7/~ RbE~

+) KRR AR A R 30 ~ 45 %0 BASHR -

Lol APV EL je AR WERG o BILL S 1Y
AWA/NE= SR ey 1)/ NGEE S R A DRED N = Eav ]
REEEES R RERT ) IR
19 RUFHIRER - AR KBRS AE 7,265
DT - TR /K NE EAE 4,706 2%
Jr Bl 2 T A 25 B AT sk ASR R R B 5 3
g7kt AE Sivaloe FYH R & WU FER 1
3,000 /238 - Tk HIER 1,500 23/
N AR AR
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TN\ WREBARNEMREIK B-Clucan Z—fRERIRI Z B8R (Liptopenaeus vanname) BIUEAKTE

iR hEE  WKRBE BERE BE/MmM KMNE JEBE  Kgha RBENE RIGEE  BRAX
2 4.4 14/05/00 104 14 8.47  67.00 793 3,489 3,991 1.14
11 3.8 05/06/00 88 13 10.37  68.50 920 3,494 4,288 1.23
15 4.8 04/06/00 107 13 9.24  79.80 946 4,541 5,067 1.12
19 1.9 30/05/00 100 20 10.95 6720 1,461 2,776 3,467 1.25
20 1.8 30/05/00 100 20 10.84  70.20 1,545 2,781 3,862 1.39
23 5.8 01/06/00 101 15 10.97  60.20 979 5,675 7,696 1.36
25 8 25/05/00 95 12 1093  71.10 923 7,387 8,820 1.19

198 99.29 1529  10.25 69.14 1,081 1.24

115255 ACUICOLA EL MANGLE, S.A. DE. C.V.; 1BERJR : Maricultura.

TN REBARNEMREIK [-Clucan Z—fRERIRIZ B8R (Liptopenaeus vanname) BIUEAKTE

ik BhEE WRBE BJEXE BE/Mm KNE  EBFE Kgha BHMNE RIGESE RAAR
1 10.00  18/05/01 104 10.00 11.00 79.00 869 8,690 10,500 1.21
2 5.50  19/05/01 106 15.00 10.70 79.00 1187 6,532 7,600  1.16
3 7.00  20/05/01 107 17.00 12.00 74.00 1550 10,852 14,900 1.37
4 8.00  21/05/01 106 10.00 12.50 73.00 912 7,300 9,600  1.32
5 7.00  25/05/01 105 16.00 11.20 74.00 1326 9,282 13,100  1.41
E5E 105.5 12.57 11.39 75.00 1067.57 1.29

15152 58: ACUICOLA EL PERIHUETE, S.A DE C.V.; tR&E3J8 : Maricultura.

K+ WEBERNEMREIR [-Clucan Z—fRERIRI Z B8R (Liptopenaeus vanname) BIUEARTE
o Bt

0 mE KN BH BEXE BE/mM \BERKR WHRE JEBZE Kgha RIKKRE @INEE RAR
1 253 14/08/01 95 9.2  Maricultura  16.4  61.1 926 23,434 30,464 1.3
2 18.8 14/08/01 98 8.1  Maricultura 16.3 957 1263 23,753 30,879 1.3
3149 23/08/01 101 15.2 Morales 169  67.8 1746 26,010 33,813 1.3
4 16.2 23/08/01 104 10.9 Morales 23 57.4 1441 23,432 25,775 1.1
5 23.1 19/08/01 101 13 Maricultura 17.6  41.8 957 22,108 33,162 1.5

Fi5(E 102 10.8 18.95 60.93 1193.83 22,181.5 1.33

18152 %8: AQUAEXPORT, S.A DE C.V.; R&EKIR : Maricultura.
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K+— BRBRNEVREK B-Glucan Z—MREEIR B (Liptopenaeus vanname) BIWELART
R IRhEE WRBE FEXH BE/M WRE EEER  Kgha RNME (BISEEE  BRAX

8 1 24/07/01 97 15 14 72.7 1,527 1527 1,800 1.17
9 2 24/07/01 97 15 14 69.4  1457.5 2915 3,300 1.13
13 2 26/07/01 99 15 13 72.1  1407.5 2815 3,350 1.19
14 2 26/07/01 99 15 13 75.7  1477.5 2955 3,450 1.16
15 2 27/07/01 100 15 13 83.4  1627.5 3255 3,800 1.16
16 2 28/07/01 101 15 13 91.9 17925 3858 4,100 1.14
17 2 29/07/01 102 15 13 83.5 1630 3260 3,900 1.19
18 2 30/07/01 103 15 14 88.2  1853.5 3707 4,300 1.15

Fi9(E 99.75 15 13.37  79.61 1596.62 3002.37 1.16

IS5 2 FE: ACUICOLA ER CAIMAN; IBE@ACE : Aremar S.A CV.

*®t— DREERIBEFR/HNIRZENNBEREKEEN
iR hEE KNBE  BEXRE BE/M  WME JEEE Kgha RBUNE BIEE RAAK

1 2.0 7/6/2001 112 50 1540 88.00 6,776 13,552 15,500 1.14
2 2.0 7/8/2001 114 52 15.70  86.00 7,021 14,042 16,200 1.15
3 1.5 7/8/2001 117 52 16.10 91.00 7,618 11,472 13,100 1.14
4 2.0 7/10/2001 115 50 16.40 90.00 7,380 14,760 17,200 1.16
5 1.0 7/9/2001 114 54 15.50  90.00 7,533 7,533 8,800 1.17

114.4 51.60 15.82 89.00 7,265 1.15

ETE1S2F8: ACUICOLA TECUALA

Kt= DBEERZBEEIER/RNIBZHIKEIEN
iR EhEE WMBH BEXE BE/M IWME JEBE  Kgha RBINNE RIREE RPIKR

1 1.0 5/23/2001 90 25 19.00 95.00 4,512 4,512 4,100 0.91
2 2.0 5/25/2001 92 25 19.00 90.00 4,275 8,550 6,900 0.81
3 2.0 5/25/2001 94 25 18.50 95.00 4,393 8,787 8,650 0.98
4 2.0 5/26/2001 96 25 20.40 94.00 7,794 9,588 9,200 0.96
5 1.0 5/28/2001 98 25 22.10 95.00 5,248 5,248 4,900 0.93
6 2.0 100 25 22.30 90.00 5,017 10,035 8,950 0.89

10.0 95 25 20.21 93.10 4,706 0.90

BIEI22F8: GRANJA CAMARONICOLA
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AP TEERE R R RS
Ji7 ~ B-Glucan ZE¥)E ] LARH R EN V) ALk
TREE AR TR FE 1 SR SR AT AL s B R
5% (Hadden, 1993; Song and Hsieh, 1993; Song
et al., 1994; Wang et al., 1993, 1998; Wang,
1996, 1999; Wang and Wang, 1996; Shih,
1996) « fEAMIEH » W EIEERERE
SRR - 2 s e - e T REE I HE
BT IR A FE B o ARG E NG B A FUERY
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MK =R AR A -

Rl A FE E — 2 38 B A RE L AR W
& BEER DA FH 24 {5 7K s Z e Y o B Bl

A R R ST E A

o

EN IR N S [ e X A EA AN = Y
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T E I A S AEY) > nA S E R E Y
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BEEK PR~ Ba i (HHOR AR -
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Ao HORIPRSHE BT (R=) - B bk
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&K— 2000 ~ 2002 FEIAWRIRHHAGIET

E8fi: Al
15 B 2000 £ 2001 £ 2002 &
£ E 36,084 33,3544 31,9044
= 15,457 16,1171 17,237t
"% 20,627 17,2374 14,6674
E O 22,561 17,0064 15,1874
+ 0O 2,508 2,2574 6,4451
FE O 20,053 14,7491 8,7424
Ritic=E 56,137 48,1034 40,6464
BiRfticE 2,310 5,847 7,667
Hibipaitic s 53,827 42,256 32,979
HOEEE (RFA) 2.67 2.164 1.814
GBAFKEREEZLH (%) 6.63 6.09 5.01¢
BRRR: PERBREFR.
K- BIAREBRELEEERRE
=N VRN |
B B 2000 & 2002 & BRI
=] 98 3,733.53 2,346.23 -1387.3
B (i iz 247.37 226.57 -20.8
s s 194.83 83.21 -111.62
5| I NI 2,782.90 2,534.25 -248.65
A E 9% 2.70 1.82 -0.88
BE sy 2.89 - -2.89
=] i 656.14 3,053.02 2,396.88
H v ®& 313.26 65.04 -248.22
B B & 35 7,933.62 8,310.14 376.52

BERRIR: PEREREFR.

BRI BRI A BT FRER > GEIBEAEL I E R e 2000 4
R MR TR IRR A TS 0 2000~ 2002 4 A 2.67 N 0 JADE] 2002 Y 181 AT
[ 7,374 AN - [FIRFHESEA R UM MBS A KM ER IR 2000 4
1,780 A > BEURBIPIEMESEFR KA EWIEE  #Y 6.63 % [EE] 2002 4 5.01 % » FoRIHE
HIRESS - R —rP i CPEIHE ER 1S DUV E KSR B R A AR oK -
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2000 &£

Hithi4a

85 %

i BERANKEFESER

2001 &

HithiEsa
64 %

2002 &

EhiRss
56 %

B— 2000 ~ 2002 FEIGESIHBESLLAIEL -

BERRIR: PEREREFR.

500000 4 250
450000 [ ||:|Bzi_% +f;‘éfff§|
400000 | B 4 200
350000 | .
‘% 300000 1150 5
g 250000 | e o
jg 200000 | @] 5o d
150000 F
100000 F 4 50
50000 | (1
O PR s RN i P i Y |_|. " " |_| " " " O
R R R R R R R R R R R R R R R
20005 20014 20024 2003 20044

B 2000 ~ 2004 FEIKARBBERZE -

1 v 85 (A% e ol o A

HIRAE R A R AR —H
£ 1998 FHIBEAE AR - 475 EEIBSEER
REFA WAL SRR 5 R i K
FIHIEE - (EAE SR AR TRIVIEE T - Hiy
frEmsEE EERAZH M (B2 - D
2003 Pl - HALZRERRE 2000 45 FEkE
45.83 % % (W) FyREME RSt it (8

BERRIR: PEREREFR.

AL > ANEITRE I RE SR T THH MR A RS AR
/N~ SR HERS R A BRI AERT -

—  TBEROE

e i /K B B i SEHBERE (5 ~ 35 ppt)
i FE R - AIEREEZOK ~ Ak ~ Tk
ZHEEIAR A - (HAEERLEMRKERIE
oo E BB AR R e R
IR BB H I EER > B R ERR
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xK= FEFEEABSEEGEEDRR 88117 : A
B B 2000 £ 2001 & 2002 &
) 3,074 2,6504 2,153¢
HEFNS 28 661 204
= 18,165 13,5024 11,9574
g2,86 230 964 1461
CENT <1 21 0t
RS RTE 962 5824 7891
ETE 1 1 31
BAGET 22,460 16,8994 15,0694
BRRR: PERERETR
OO 1998-2003 FEEFEERIBIBHLHIER B T/ AT
. REIKIR L] BR%E
B8 73] B8 73 1] B i
1998 86.5 - 234.1 - - -
1999 95.2 10.06% 223.4 -4.57% - -
2000 82.5 -13.34% 215.7 -3.45% 230.4 -
2001 81.3 -1.45% 193.1 -10.48% 160.7 -30.25%
2002 69.9 -14.02% 154.6 -19.94% 142.5 -11.33%
2003 59.9 -14.31% 208.7 34.99% 124.8 -12.42%
2000~2003 -27.39% -3.25% -45.83%
BHRR  REZBREDDIRENIBRGE.
KA 1999-2001 FEREEFKIRERER
YK HBK BRI
&F RPN
Pg HEABl (%) =T LBl (%) Pgl Bl (%)
1999 4 24 54.55 16 36.36 3 44
2000 £ 18 40914 20 45.451 4 44
2001 £ 11 22.004 28 56.00t1 11 55

BRRR | PEREDAZKICERESER.
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T

£/ 20 ~
== N\ i 2}
MIBHHeEPR Zi)‘ﬁAj_ﬁ;& g 8 B8 1’
10 ~ 15 DS 3B
Bi&
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

BEEE (1%)

B= BlkmiEHEse-

BRR: #3157 5.

E8EER/AM
di

14 16 18 20 22 24 26 28 30
BESE (1)

By

1K = 7€ 1999 ~ 2001 FFEAYIR SR A F AT He 7]
B > Wil /KEIH LB EEREAR - T~k Bl
MK EF LB 230 EA#E (RA) -
A 2 L5 A e e 1 e e B o
ARYEHARIRL S - (BT BE AT AR P TR AN EE
R B R AL T S (B BE T -
F34h > AERERUA/ NG > FREGRE] 20
NTE AR IR (EERREE 1 ~ 15
N FR 1) 0 {HEE 20 retk o Hpld
R MR - FAY ElB ] DU B3R

10~15 R BRHFIBEIBIN®RC TIBE8IBHEIBE -

BERIR: ¥R, 157 .

A RimE A E s EREFE
(Funge-smith and Briggs, 2003) = [5] PAJHE A2 FH A
HE LS B I AR e e PR Ty - >
IR e ] By s g (10 ~ 15 250)
{5 HVES - BELTTE L AR ARG R - T
SRy EAR R ek (B=) - MHEmE

20~30 /3T RRAK o MR IR HEAG A T G Y
T ER (EPY) o KL - w] DI E A=
HEEARE Al 2SS s S S EIE
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KN DNSERERRESERESTR

BN : N[
= ggﬁigg 2002 EE 2003 EE 2002 &; 2003 &; 2002 EE}EﬂEﬂﬁ 2003 EEE@E%
SEFD BEREE BRREE DOREE COBREE BERESLH BERESHH
o 1988 415,000 420,000 272,980 300,000 66% 71%
B #1995 18,378 19,000 7,667 8,000 42% 42%
o 1998 260,000 300,000 10,000 120,000 4% 40%
it B 2000 180,000 205,000 10,000 30,000 6% 15%
JE B B 1997 36,000 38,000 3,425 5,000 10% 13%
£n B 2001 100,000 130,000 10,000 30,000 10% 23%
£ &k & 2001 23,200 27,000 1,200 3,600 5% 13%
£n B 2001 145,000 150,000 350 1,000 0 1%
2 ™EF - 3,368 3,400 0 0 0 0
R *8ES 1972 2,200 2,200 0 0 0 0
w5t 1,183,146 1,294,600 315,622 497,600 27% 38%

BRIFRIR: Funge-Smith and Briggs, 2003.
1: 2003 FRIEFTHE.

— s O E

ERER iR ST - (EE Ary EE
BRTTEEE 0 H 1999 4 Ju I /Ry s
FIHEHK (white spot syndrome virus, WSSV)
S22 2000 4 BR 1 M 2E R E] 146,935
AW - SRHTAEE B ERIEGE 21.84 % (BHEGE
RSP HE R B Ry A T 230.4 J0) - FE
o BEFTPY - SRV iR AR A S Y
e UK e IR 2 88 3 22 AR AR WSSV &
QT THE RIS BRI T - 2001 09 H i E
s AEEEE] 1999 FHyFE E/KHE - 2002 4
B 2R R SRS 0 SEE] 224,809 AN (E RS
8 RSP IR R ER R R A T 1425
JC) °

R FUE B2 (Food and Agriculture
Organization, FAO) #fiZt& K HF| 2000 44

G HIRE R T SIRENAAD BRG
8~ o] BERTNIZRESN - HoAt T B R 5
AREAE 2000 44 Brdas [ HIEREH - =
BRI MR ERA R I - — D ERRT Ha N AR
B 5 S A R 1 WA A SR > 1999 ~
2002 [ EEEEEE R T > R B2 H
1998 £F20¢ > HIBAE BRI T =& (BFEH ~ By
FIHRD) BAAGH b » 2 2001 4 - rhl i
SH R E - BRI B EA -
FERAE = RSB (FPBENE ~ BERTEMERTE )
oL E R L 0 E 2002 A FE N
272,980 23N FHAL 2003 FEHHEEE 30 EH AN
PN B AT PN SR e A MRS - (A E 2Rk
1 7 R B i M SR (LT L fm A 25
%) ° AT E RS » B SEE R R GE
FIRE REEANAREGIRDL T > Hrii s (A% 24
BRI -
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350,000 r

300,000 |~ FAORHEZTRI 1L R
—E i e B

250,000

)

Q200,000 |
O
150,000 |

100,000 }

50,000 F

0

1991 1992 1993

1994 1995

1996 1997 1998 1999 2000 2001
FE

2002

Bh BRERKBRES -

BRRR: EFUERIABRSIENE; 3 BRAKROEN RESHMDNISERECRES.

= PEESLE

FETH S #GR T A ENHIE R 181
- A HEE e R RAE > BREKT
5 o SEAERSRRRIE L N A B e A R
ERAET S RIEAE - EnAMEZCHEE
AR EEHEEK - K BAERYEEH E
TR TSI SRR RS AR e A
FEABRBLRNE - #AJREET > RISEE EH A hhil
BTG RIgE - UwE Ll EbefitR
ARENUS P - AEFERIENES: — #
Rl iR - Ry RERE R B N IR SR L > K
S SRR T 455 W 0 Ry W T 45 B LAt MR T
55 (BP9 A 8 A 72 + S WS E o — o
P ) - Mt —20 AT S R b
P AR R -

FHZ—n[E W > 2000 - HABEEMG R
Fy 53,827 JNNE - AHE] 2002 FEHIFEEEy 32,979
N > Horp S B A e A A 2000
4 33,774 R A F] 2002 4 24,237 Ml 0 K
WSCREHE 1 D B T3 GEETTER - 2000
422,561 ZNWAFER] 2002 4F 15,187 23 H 11
HIEG 2000 4 2 T2 A WEHEHNE] 2002 £ 6,445

NI » R A T AR S, FEAETS
BEIS' WA R MR T SRS |
(I a Ho A e e e R > (i PY, . EFHE
Pl ) e SIN o AE T T 0 e
2000 5 2,310 A MEERE] 7,667 A (Rt
M > DL P A e s LA i) (i
BEBSRE SO AR E] S, 5 ek fi »
B A 7 o T - FE LA
SRS FHT SRR R T - (R
B SR R R AR IS0 R S gy
B - (EL S S (TR (1 B 2 > ATTRE Ry 9=
M — (1) T4 Q) E7F; 3) Fik -
FEESRIT AT > FUEHEE R 2002 4R
Fr 230.4 JC N iEE] 2003 4 124.8 1 BEHZRF
RS - PRI > 7T DS AT T K e
TEDCAID. 2R o s SRR MR A oAt
WELREL 7 R, PSR Y 2 2 T e
S, EL L SR IO FEE 2 L B
K O A TR () o BhAt -
S AT A B o B A R L T
RIS > B o M T S S SR I 7 BE
Eio
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BIRMIS Q

BN BAR%RRMS -

T 51T R R

W T 255 A T 5530 3+ L (E A RV Y JRA
J1 > HATHHEHERD B 2 SR RS AR S
REE - #HRfERE L —REERESCEH
TT89fHE (marketing mix)-4Ps £ /51 55380 5+
73> BIZE N (product) ~ % (price) ~ i E
(place) BA{RE§ (promotion) - FrAYTTHIEL S
RN EBURF (government) BURATSCHRF > B
Ry 4Ps + 1G Wy E G BT H (total
resource marketing, TRM) ([E[15) ° 122 vask
0y RIZEZE S EE AR B AR SRR R
o~ Rl S REIE - A RERR N — & i
AT THTRIS R & LU 43 Ak F i TRM
FIHTRIG A

—  E@®BE (Quality of product)

EEEE AT R S L %o it & AR
AT KRS Z 2T B A B R A e 2
R H Wiy © KL - Redd V7 7 ML S
FHIRZE o Z2 5 BRAE BT Bl bR RA
FHh IR B S b B B R it 22
SESL > LIRSS 53 B RAHRR A b~ ESE

HibiRAahI% Q

e ~ S WPTEEAL - R e B R T =
AT REEH s < HEB) - 541 - FETHIRAIA
EARELRIFGHTIERL ~ LSRR b SEEUR
REOROEEL - A ERNLEYE
DIAE 7R R ~ 1A BB - ZR0E ~ eIk ~ A
IRESE - IRl » S AR R AT 1 P 25
BRI BT S R IR A B B T T
BAEEEE -

— ~[BH88R3BZ A (Price competitiveness)

R Lol B iR B A 20 Ao
BRI > HIBUSCA R e T
2R 10 ~ 15 DT RS BB BRI R B R
AR o KDL - RS SR s B AR
A SN E AL B > FER SRR AL
20 ~ 30 AT HIR o S50 > AR -
SRR B i 7K R R TR R R e R L
TR BRI AR - (ERH T o A B i A
B~ e SR RO - (RIS
FEBLE L DU R A A 1T B
JE RS - ANt REREH B RS R
EEAREAEE (B)0) - Er]BEhE R
R BRI E MRS o FEE



Bt BRTHRERE -

@8 LR B ENBABE
x
s
- : (BERE
il :
8
(=1 :
A 4
A
P EERE
v
BRI
s TR BB A

B/\ BkERL L NREEERES -
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BIEERER (Place strategy)

FESE Gi5E s b - A sR LB T HIRE fERE

F b B BN AT B Bl s — et SR AR Y
R > (0 [l —AbReEE T s e S B g 5 At
Pl AT SR L I - SR A2
ASEIRI R A S HRGH P AR S R 5 b 7K
mn R HRGHE RS AT S AR AR 22 (R PR BURS v] 2 it
PURE R EiE - SR Bt E L (E
JU) > DU R O R BRI B2 SR BLRG 1 0
AT RS R ST SO TR
FHECE B LR RS - AR E Tt
UL B IR KR > HIBRTANECE ~ T4
BB S EH] - AGRIEREE TR L -
PO O AT RESEAT (T & S L0 - SEIRFIE
FHIBURF SR B e e s < B - RFE— 1)
A BER > BUR P RS i Bh BB 22 A
- AR AR E TRRRERETT >
I HE - AR K HE -

70 ~ {285;58) (Promotion action)

e TR BRI T TG B - B HARRE
P TR BRI E ot B REL R 5 A B RS Al
B > DUW IR A BB R I H R - HIR
ke 7 Ffr e A PO R S AT SR E Mo T 2 A Y T SR B
KNI - BN e B I B B AR R B S R Y
HET HEZ e HMBEABCNE L B
FBRRE S Fr o B A (B R R e TH B S 2
HIRZ (50 MR IR s - $1HEE
E SR 1Y) R S 55 B8 W] ot R A 1 W SE | Sk
Bii - BREE SRR D A L ZREH ~ BRIk
B~ WEHRSE > OB iR 2 BRSNS T
TR SEE) - REhidh R iR BI A YNE B TS
HEMEEHE S IR AR -

"SR BURTRRIL" BT SRS B R B B R T At AN
RITEHERE TAF - FERRSEI IR R - BUR
FHREE —REFIREIERAY AE SR ARG vy SRS -
JA PR AT SR A AR B SR ME AR SE  (HE R HE
BT A ZEREKATHR -
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PRI ERAHE BB

<

8
M]%%%

g5

SZAYFRIR

‘ TRIRERER

R

FRIYRIR

o
»

[
»

I-;-III ] I%Ilr;-ll

Bl BIRBER

BN BERBERIERE -

T~ BFAE (Role of government)

HE A E R TE A I A B R 8
b b > TEHATRRAS TR IR, BURT HE I B
BV A 7 S B BRI AZ LR - N REF S0
MR I A REFE A BT 8B it
B DB (e ELs 5+ T - TAE BT T8 -RafJTi
BURF SE 3 P iR B A TR A > A
(RS IR E L R SRR 2
1 B AT HEBN R R TE S
A 2 e ARG 2 B B R A S MR
SHTEE) > DL B S -

i
FHEAE R G A JReIRs ] - ERE R A

A E BRI - A RN ANET I By
IR ST AT IR  (HHL TG R

%

B2 Gy {ERG Mi g B Bt - 53— JiHi
Ay RN ER AR S AR R A IR A - R Rk
SR 5t T LK AR PR A A DR - L
AL AT B DU S RhA 3 Ot 1 i B Bl I
IR A L2 2%

— IR BREERI - REERER

T[T H T B B B S M e 5> 118
IR B P BT AN B 1T - R A
A AR PSR B ORAEE AT » 3 S8 Tl )
HERARE ~ B - SO R 5 I R
F o TR SRR AIIR A, » U S e
FERR A E B BRAL > BIGHTE ~ G0E ~ A
IEES. A RERG T MR S B I B 5
11 GRIF =PSRN - BRI SE Y
SR TR RS - A RE R FZE AL BEFH BB A
AN



—REEEVF - REMSER

W T S B IR M FE e o 12 - HL
RS TGRSR SRR 2R A
AL REFETE R - 5501 - BRI E
1 A e B A B4 X 3R B R 7 U ME R e B Bl
U= AT E S SR = o R s VAR 5
SRR R DU o0 S 2K M sl FE A 2R
R o

= BBEEEAE - BrEEH R

2% AF AR JH S A B B 5l Bl
H - B HIR ARSI
IR B A HEGE R B AT A T R A
MEE TS PR IR DA - i st 22 e
/1N o XIS G P R A Z TS A - 55
b o PRI A B [ A EE G S e - PR
BB A S S R R » TR > DAZE
HIRMEE L RS2 H o A/ B R R —
fla B — AR AE S - SR AR AE B IO RS ER I T iy
&2 > s e S B D R E S5 s -
IGEFHHEE -

M~ IDEEGRIEH - RBmBEX

ZE ALEIFROSEES AR AR
WELEHT - w2 d FHEIRER > mE
B~ (e RS I s B T A, -
It AR CRE G RHE RIS > B
TERRE T RHEEE - KIIHER B
i AP ETSHERS - S41 > AT A ST
FE i BOINGRE dt 22 A B ~ Bl gl B3t - 3
EIHEE EYEY - DRSS K -

h~ BERIRIVTH - INEMIBES

5B AR A PR A e B W E 2
KIR > BEA S R A A B M 25 A SR TR
TR ~ BIRE KB SMsE T TR > 2R 1%

G RS AT HEE) 197

ARE THICHIE > HEER ) o Kt R
FRETE BLRR AR MR ATHE: ~ fRir 288 ~
S RmIROCTER ~ KBRS e TR e s G
LDUs#s S S ERE - SO0 BUR N EHBI
WA TR LT T MERE AT IRt E
DEASSITHTEAGERI RS T HAY -

e

THfRREZRZEZ http//www.fa.gov.tw/

TEREEZSREE (2001-2003) PERESAEE
BREFR 6t

MERIE (2002) 1THHEIR. BESSULBEBRAT.

SIXE (1997) REEHE. EPER.

BTEE (1999 BREBITIEERRFAERD —KER
FREIRSSIIR. KERS, 14

BIBITIEEE8 http://www.fa.gov.tw/price/price.php

pESE, RI%EE (2000-2002) PEREHE &ML ITE
RBBERFICERERS, 61t.

AEE TEA WS x (2002) AESRERDIZE
SRR B R E B O ARETIS 2 EESEDHT.
TR ESMRRS.

HEE, BRBE, RIS, £461C (2003) KRBER
EoSMEEHERIEREEB 2R, THREEZS
BiFEIReS.

JRBUS (2000) FEEBEEBRIREL. KERS, 31.

FREE (2004) 80 % DMEIXHNEBBW. #HEE, 157:
26-27.

BEE (2003) NIBRERERITHLOE. TERESR
2, it

FAO. http://www.fao.org/

Funge-Smith, S. and M. Briggs (2003) The introduction
of Penaeus vannamei and P. stylirostris into the
Asia-Pacific Region. Presented in International
Mechanisms for the Control and Responsible Use
of Alien Species in Aquatic Ecosystems.

Ling, B. H. (2001) Taiwan fishery trade: import demand
market for shrimps. Presented in Agribusiness
Management Towards Strengthening Agricultural
Development and Trade.

Ronnback, P. (2002) Environmentally sustainable
shrimp aquaculture. Presented in the Swedish

Society for Nature Conservation.
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Quality and Safety of Shrimp Products

BERIR

Chyuan-Yuan Shiau

BT SRR RARHR R

Department of Food Science, National Taiwan Ocean University

W =

FREREEDREBERNTE  ASBMAKSE -
HYTHRETZEL (Glycine) ~ $5ZE(Arginine) ~ 7
feB5 (Alanine) ROANTIES (IMP) BR HIRBAS &Y
ErERE  IMEEEIEEEM A& (Taurine) o
BEBRESHERND » L C16:0 ~ C16:1 ~ C18:0 ~ C18:1 ~
C20:5 (EPA) £2 C22:6 (DHA)E A - BB BB
SEIRSVIRE  Eif AR AT - SRINIE
SFFREBIERIER » A0HIR - KFRIRIC ~ BEERIC -
i~ FIR - REOIBE - BUEREEBEBRRATE - £
TREHRTEEEARSE  FELR  BKED @R
B~ BTAT B NEREW (ERUHEEES
B VOPHERISR BN CREIMREES) MU
REBBYFEEE - IRRARHERCRBHRLEIE IR
KNEIE N BT (EEBND) Bk FE - 85k
N @BREIN 0 DEARESHEREDBREZ v BRE
SIEME o (LRI B BIE « ERMEERES Y —F
1t~ B 228 - B%E ; MEYIEBRIRE - R
FEE - KIBRE - KBRS  IBE ~ DPIR
CBERE - BBIRBEGBRIYPHELDETS
BIE :HACCP (BEDTEEEHIRH 1SO 9000~ GMP
(RIBEZFEIRE) ~ CAS (PERERH)  BEF &~
BRIFAS RSB B RERE » ff HACCP K@
BMEAN - HERESRBRN - WOEREEREERZ
REBELZEHF—EXEUREFEDERZREEE
PREBREBBITIE -

HI B

TR ZE T B 3 B S MR Y B i
—2EEg 1 (attributes) » BEEH AR L RME
R~ R Bl T~ SNBIDLR N T Ry
ek o S PR » 25 M R 3 i A U KT oty
FEFE M HA M (Sawyer et al., 1988; Haard,
1992a) » FHE/KE M ERHE - EZELSME
(Bt ~ IPRE ~ K/ NENERT - AE -
E=U SEYS &SV N ESE Y N S VS &K il S E I
TR TR AT =R ~ ILATREH n3 JE1
& ~ BRI IFEENG ENE ~ B HERIERME &I
K E MR E T < & S (Mohr, 1986;
Sawyer et al., 1988; Haard, 1992a) - tH L% B
H2CHBER % O /KE i HACCP
(fEeF o i E EE IR bl B - A7 TR
JHERSEHS HACCP X8R JTREREA Sl A
B (7, 1999) - AIRIRECR /K ity B B2 4
CRSRICEENREE C —5 - [EEBERE
TE/KHERIHE ) » IH B /K R L BEK
R A - [RI L ERE /K L PR AT S i AR Bl e
G ARHESL A AR FE G SR ~ TR - WE
sEE K B B AN DI e E S
BRI -
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xK— WBREZ—HBRAND (%)

Moisture Protein Crude fat Ash
Grass shrimp' 79.2 0.9 1.4
Tiger shrimp' 77.2 0.7 1.6
Freshwater prawn? 78.3 0.4 1.4
White shrimp? 76.0 0.4 1.7

BRICR: 'FhEAS (1994); *ABHRBEDT2BR.

WELR Z A I BRI T
B B R AT - VPP R

FERGIRIEY) - MEKE I i) F T
FHALIE R AR - B 70 S£AEIRA T
BRTH R o e B S B A A TR & BRI
DIt - i s S e A BRI > FR
A~ SRR R E AR - ikl 2517k
FEFETH ~ BRI BRI T2 1 A B » 1
IMERENRE] 76 H55E 6 & 9 T2/

HIERE 145 (800 JEREsh e - 2SN
55 HARISEE (i, 1999) » {HA R
T RS RSB 2 5 > IRIFURE SR -
B SN ADE > IR E A e R
Sl K IR AV P - D A B e s e
AREIHEA > (HERBERCR E0T - HATHILIE
IREE IR - WO E T ELRSE - RSt
HEE > ZLUHREE ST = - iR D
ASPREE R - BRI LA B RG 2 i
ZRHEME ~ RIS BRI~ B S EIIR
SUBIRET - (A DA R BIEORy - HON o
R FPIRIFORHS IR UL ~ ok > FERGE
BEE ~ HEAR ~ MIEVK/RERBRRG S - AR -
- BEFRRCRILLLQF Tk A
vk~ EEEREZE A (5, 1990) - S5 AR
PR DAY (b e s B (BBRYT, 1983; Haard,
1992b) - ZHER AL i msE < FE -
REMEEERAS /N AT R A5 HoAt
B > 2 E RIS -

W i Z (L 52 BL S T Bk

WEE AL EREVE F R ) - BT E fele
HH - ABEHMCEY) - e St AR - %
iEliey CEUSEE R ¢ ZER vl ] A
W ~ DR - ZRBIMSREL i —ie s o B
B8R 18 ~21% R sl & &1E 1%
DIF (35—) (#2543, 1994) > {f Stansby (1963)
ZoYFE - WA ERY Ry s RN E T -
U7 B Me B I e EE B R B 4 (Konosu and
Yamaguchi, 1982; Komata, 1990; Fuke,
1994) » A [E] W B o AH 22 B2 K - (EEF DL
Glycine ~ Arginine ~ Proline ~ Taurine ~ Serine
K Alanine %% J& % (% —) (Konosu and
Yamaguchi, 1982) » W EEEH K B Glycine ~
Arginine Bl Alanine & &2 'EHF (Konosu
and Yamaguchi, 1982; Komata, 1990; Fuke,
1994) - At B4 - IR S el
(Taurine) » ks —FHIFEERERY SR AN - H
HEHETHIEERE - [RAENEE R - U6 ~ S
TEF BGRERmASE #) S DIRE (Stapleton et al.,
1997; Redmond et al., 1998) » J)5HEEZ W EENE
FLWE (Hayes, 1985; Sturman, 1993) » EL 4¢3k
BAPG 57 - BIHE DR - 122 A8 B iR il
i B S HAHRA L &R SRDADL e
(IMP) &% (R=) IMP [/ IR E
SRR - Bl LR Glutamic acid (%K) B&
S HEZ ZHAEE (Komata, 1990; Fuke,
1994) - FENEITER T > D AT B B Fr &0



ANBEAHE TR P Ao L B B AT s - AELR
Ll C16:0 ~ Cl16:1 ~ C18:0 ~ C18:1 ~ C20:5
(EPA) £l C22:6 (DHA) FZ &R (RIY)
(%, 2002) - g LbRs - AR E &
(X > EPA &l DHA SATAEIK - B0l ~ BERT
W~ 2R B W PR P 3 B T
B LU Re e % - FLERIRI Rt ~ 879~ PAISE (3%
1) (FREE, 1986) -

KZ IBRZIRERER (mg/100 g)

WS h < SV B TR

— ~ IRBE A/ VAR B EA DK

M A A Ry — BB B SRR - SR
MR R ERRTEE - BEERRH R ~ BER
WETRME RER/RREE DR B TR - (HALZ
NIETHEE T RAAEA R lgrE H - K/

Grassshrimp' Tiger shrimp' Freshwater shrimp? White shrimp?

Phosphoserine = - 2 2
Taurine 146 150 73 88
Aspartic acid - - 1 3
Threonine 7 13 25 19
Serine 230 133 20 21
Glutamic acid 11 34 10 42
Glutamine - - 113 97
Sarcosine - - 6 -
a-AAA® - - 2 3
Proline 188 203 81 435
Glycine 1145 1222 221 412
Alanine 26 43 82 116
Citrulline - - 1 3
a-ABAP - - 2 2
Valine 9 17 20 37
Methionine 19 12 20 16
Isoleucine 6 9 10 22
Leucine 12 13 21 36
Tyrosine 8 20 16 25
Phenylalanine 4 7 17
B-Alanine - - 7 2
y-ABAP - - 2 1
EOHNH, - - 2 1
Ornithine - - 19 16
Lysine 12 52 42 58
Histidine 16 17 36 23
Arginine 922 902 615 283

*Not detectable, "a-AAA,a-aminoadipic acid; a-ABA, a-aminobutyric acid; y-ABA, y-aminobutyric acid; EOHNH,, Ethanol

amine.

BRIFR: 'Konosu and Yamaguchi (1982); *AZEREDITZER.
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&K= REZ ATPABRLSY (pmole/g)

Freshwater White

shrimp shrimp
ATP? 0.11 0.78
ADP 0.86 0.60
AMP 3.24 4.88
IMP 9.94 7.89
Inosine 0.43 2.48
Hypoxanthine 0.74 1.51

ATP,  Adenosine triphosphate; ~ADP,  Adenosine

diphosphate; AMP, Adenosine monophosphate; IMP,
Inosine monophosphate.

BERKIR: ABREDIMZER.

KOO WBIRZAEMBLHEAN (%)

Tiger shrimp Grass shrimp

14:0 1.7 2.1

16:0 3.3 27.4
16:1 15.0 2.3
18:0 13.0 6.9
18:1 14.2 20.4
18:2 2.3 9.3
18:3 0.4 0.3
18:4 0.6 -

20:0 - 0.2
20:1 1.3 2.6
20:4 10.0 -

20:5 19.1 9.5
22:1 - 3.0
22:6 14.5 15.0

BRIR: {TIPREES (2002).

x®A BIEZEYME (mg/100 g)
Na K Fe Ca P

Grass

R 185 333 1.6 79 184
shrimp

Tiger shrimp' 140 450 0.8 50 260

Freshwater .00 944 05 52 206
prawn
bttt 179 212 08 70 189
shrimp?

BRIR: '/ (1986); *ABREDITZER.

B A& MR ATREE A S [KIZE AR -
A+ A HR AT IRE ) 3SR 2 e R A R 22 T
{3 AR B IR, © YR RS S D AR » Pl
QIR LK (glazing) - Firal ELok B ER
FafR RIS (FRAlZIRD) - BRIk /K EIE R
7K SRS S M — g Uk T LIS BRI
FUKE DB 2 ~ 3 % Ry - HAYTERT 1k
55%1 LIRS A Rk Gk S 7538 » RN IR

MEMFERAUkRS FEAEMERE (B,
1981) » A FME R LR T B - HIfA] kiR
BB FAFAE (CNS) JREIILURERHIE - FERT
EfEE R EELL G, 1997) -

— - EBEReE

A SEIRIKIESRAN Tyrosinase ZfFHIfH
UEFRE I A 2 38 R FE 48 (blackening) Hi5:
(Haard, 1992b) » 52287 i B L0 7N e
EEmMERBCEE RN — (B,
1981) o JURhi i 50 A nn i R 77 L P i A0
(BERERYT, 1983) » MEZHTE A bR R ]
RH » TR DA vk 5 =R - — i SRR
AR IR -

= oERBIRERERRE

aiti A S S A B R 2 AR R AN IR
Fed il allR B 2 RN (BR, 19815 24
BA7H, 2002) » /N FotQ BB il /K B i B AR
e ARHE IR C RUE > B Al A B —
0 B TR ALV ZH RS -18 C 1%
geh IR 0~ 7 C o EEALMS AR
AR B B SREEERY) - F
A AERETTHANGEAEEAEL T '
ar L~ Ay - RISHAERE ) TITEUIRERT
GAHRAE -



KN RREZEKERL GERBIRERETRE

18 8

80
B

i SRKERPIRERIER

-18 C ; SEIKERPLIRERO0~7 T -

NMEEEY  TREG R B )SRASERY TS -
ERBETSEEEALY TERTIERHERAREE, WHE -
1. WREEEE  BNEERSBINTHEEEE YR BRSO -

@

LRSS - [RIBIBIRENGLHE -
2. BEMRRISERRMREZIBSRERNGEENERHEB NS "Rt
B 528  RERL R, -

B B &® B8
E @ & 0 Y
B =3

Gt °

B0 o

BB -
REIERGH

W o g s w =

BRIR: TIRRES CASER

0 FEZEREZ(LSIRE

WP R L o o B B R R AT
B EE BB R B R ARE - Ry
Hels ~ HAS ~ SEE B BRHR /K 2 L i AR ARE 2 A
BIEH - UFREEY) ~ HR R RR A - HEE
(AR ~ =88 - CO ~ B R s )
% FRIBE A LI S - SEY) R - B
BMEEARER) BR iy (T8I B
P AAREE -

HEE R i AR AT R SR SEY R R
WE W R - H AR R B E YAl
Oxytetracycline ~
Thiamphenicol ~ Ormethoprin ¥R {5HH 5 £
H] #1 % Sulfamerazine A 15 & H -
Oxytetracycline 728 /[N /& 02 ppm -
Sulfadimethoxine ZE/]NfA 0.1 ppm » STAEER A%
TR EE M BEY) R R < B BB A - TRIE R
AR & BEY R R i Fe T Ry R B - FLAR RN AN
IR BB R R R M AL RE
RaEwE o MIMEERBECEIEZ (B,

Sulfadrugs ~ Oxolinic acid,

ANBYBREREE - SENHE -

RSB ~ BEERABRIUBIL -

cooe ERIBSIRELRRTEE.

1981) » Tyttt G WECRE 2 v T S B P BT B R > DA
(R TR B R — R 3k -

B LI FY R MR A L E AT & B AR
T TR NI R R B (R
A%, 1997) - BN > AERSLESEERE T > ]
INIPIRIHEAGERTR - FAIRIRD AT O MECka fR e
AT - HERERERS - H Rt iR
AE BRA T R 2 5 R R DA ot R B R
K - H BB E A VS T T e DA e e PR A
WOHER - HIREARMEALE 0.1 g/Kg (SO DA
& ARG > HAR B E A
7K > MREIRTEEA R ~ B~ 6~ 8% - SR
B 7 FRERTEE - HAh - ARERSEE TR,
HEZwEEE -

h - BELZEEECHMENIRE

K ZE it A AR E RS E Wb B L R R AR B
¥ KIGHRE - KBRER - OFIRE - 5
KA~ WETE  PHRE > ERUNE  BR
oIV B AR 5 (FR/0) > Hrh B B8
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R BEAT BT LK 5 17 e A R MR 2 A o T A
BeraH (ks 1998) 0 fEH 2001 45 HHAR
PR da et B A st EE s RNE (< 100

HHREC HEFA L — (B, 1981) - LL/5JE0R
B R B A HﬁﬂE;ﬁuAIFﬁI KT 4
WHEESED PR ETG S Al E AR R - 1R

MPN/g) = FHAVDFITR BT AR S MR o

tﬁé@%%u%mﬁﬁﬁ

TKARE °

*®t 6% B3 ZERERBKERFERE (LBIRE)
B B pERKE H = E 3 B 8B
&) BAREEEZ "EWA | Oxytetracycline, Oxytetracycline 0.2 a5
HISERIENE | IIHTE Sulfadrugs, Oxolinic ppm, Sulfamerazine R~
acid, Thiamphenicol, Bisd
Ormethoprin $94\184% | Sulfadimethoxine 0.1
&£ ppm
B BNSEHEZ "RBE | DDT 5 ppm, PCB 2 ppm, DDT 5 728
BMLERHE Ziﬁ Dieldrin+Aldrin 2 ppm, | ppm, Dieldrin+Aldrin
E o PCB 0.5 ppm (&* | CNP 781558 0.3 ppm, Benzene
BN58); 1.0 ppm (Eftb hexachloride 0.3 ppm,
,ﬁé) r48) Chlordane 0.3 ppm,
Chlordecone 0.4 ppm,
Heptachor 0.3 ppm
Hpmi AREREE "=8 — Mirex 0.1 ppm, Diquat | /B1z38l

BL2BFE Z%EE

0.1 ppm, Fluridone 0.5
ppm, Glyphosate: £

0.25 ppm, #4883 ppm,
Simazine 12 ppm

oK MeHg 0.5 ppm (—#% | Hg 0.4 ppm, MeHg 0.3 | MeHg 1.0 ppm Hg 0.5 or 1.0 ppm
£); 2.0 ppm CTBR) | ppm; HRBEFRER
Ih
HeExE — ARE B MW TBTO, | P3L4E: As 76 ppm, Cd —
TPT 3 ppm, Cr 12 ppm, Pb
1.5 ppm, Ni 70 ppm
€3548: As 86 ppm, Cd
4 ppm, Cr 13 ppm, Pb
1.7 ppm, Ni 80 ppm
JESMEERAE | 25 mg/100g (SREFR); — — 25 or 30 mg/100g
% (VBN) 25 mg/100g (HRERaR
; 15 mg/100g (£
J# \ RIRIBIE)
CcO = 50 pg/kg = =
- 100 ppm (E%8)
TRELIN - - 50
bRy bpm 200 ppm (M0 L&)
Roenily) | KBRERRANDER | NO, 50 ppm (BER), | KEBRGMNIIMER | KBREBESEBRLR
HERMERE - oW | 70 ppm @RAGR), SO, | BERAERE nMEREERA
BGEEXR 0.1 g/Kg AR | 5 ppm (RDR), H;BO; 1 SIR%

[Pt




B KRS it B 4 205
x/\ 6&-  BF  ZEERBKERFHEEEGENEST ERIRE)
B’ B PERE B =# ES /-

#RABES (CFU/g)

‘Aﬁﬁ@ﬂ%@ 38|%

RRERRED

RE@108 (R0
ABIYRAMA) 300 B

EORTRF NSRS #1908
FMZHWE 50 B (FH5=

2ERB 108
EW 100 B H

BNEI0E MRS EM) £B | 3/5) BEFFNSES 6 | N8R (BB
BAHE s 8 SRR | BAZHE 150 B (=1/5) |IN 508
AE@10 8 508 (= 2/5)
KIGIEE SERBEBR NI 50| RERED (—) I | BIRKERREBEESE) | <10/g(=2/5) B
MPN/g AR 8B (10 A A & ( < |BKEEBELTISEERE |10%7g (<1/5)
SHBENEENEE (—) |100/g) » N E & | & 10°ETEC/g
—) EBRHE (<
230/100g) » NIEAEA
2ISE® (=)
HHEAKIGRES | IAFEER(-) S | HERARD RAR |BEFHEFN)SEXIE - 4| 10/g (=£2/5 H
/ﬁ fEAR J/|\ B REOSERRER| B —HNB 330/100g (=1/5) | 107/g (£1/5)
) iﬁﬁﬁ@)lx AN~ BAASE SR | 2l 230/100g (=2/5)  SEDOHT
) foks%(— £BBR® (-) BEESIRICIE ~ HIE ~
8 230/100g (45 =3/5)
OPIHEE AFBE (—) 1887 | ARG (—) FE=4E (—) FEfERAE (—)
FHOERE
BEKE AFIEE (—) 1887 | <10/g 2EREE (£10Yg) BIBEE | <10%g (£2/58
FHOERE = (—) 10%/g (1/5)
AERHE — RENABRZIGE | £RBPE B EX =
BB <1,000/g (=)
TR = = BIBKER® (—) =
=S BIRE B = EIBKEE® ' §FF V. =
cholerae 01 5§ non-01 (—)
pE2¢ & = 2001 &5 B0s&iass | BB KER® (<1 x 10Yg) =
(<100 MPN/g)
RAENEINES] = = BIBXER® (— =
TEER NSt = FBLIFEE - BERE [BZEE
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KN CEEEEFRETIECED
HACCP 1ISO 9000

BEXYE Hazard International
Analysis Organization
Critical Control for
Point Standardization

P EF CELDNEE BEERERR
EhlRh

HEHE N IEERES B  ISORRESE ;
£E IEAERRERSS

EEXEHZR BmIE SIBEFE

FEBEB & BHERL BADBEER
2 HREEE RBBEIEEK
BERE

BITAZTS RREHBE oGEEELEF
WMEM-IEN EBERFTS
ILEBERBESL ISOE%E
{GEAEEE

Gl S]EE sl S|EEE

s 5F = =

GMP CAS NSI=
Good Chinese —
Manufacturing Agricultural
Practice Standard
RIS1EERE PEIEZFEIEEE —
KRS T3 BEg TREE
STBESE BEERBR RERHMNAE

BHeEEZNI ZE®
B®m
BEREla EBREESEZ WBREESEZ
EHEREBEHEE RREZE B BREZE R
BRR SEEERRE BXKEDRZA
mZ A BEG  BHEEEFEN
N
BSEREEX BRESEREEX BRBRESEREFE
RERIHEHE SIB #fESE BB #ESR
B mEEEs  BEHeEE B REET
mEEH
@it S|EEE BREMk
- = BIAZHRACAS

ooy 2 L G

TH F 25 B H2 O FE 3 B 5 7K EE i
B~ AR Rl B R EKE
mnfitT HACCP (f&FE AT BEHIED) b
HIEE > EEESH AR  BUX BN 5%
B B AHRA B8P ~ P9 ~ fLER S R R
BT ER T A B P TR R M B -
FEHACCP 3838 LA A < Bin I MG S22
RRFRA BN BRI AT T8 < R A Al e
S AR RIT > JRECRBIS /R TR (5 A
ARG B B8 TR T ERE A i i A B

T E T H AN E i E =R (Product
Liability ; PL) ¥ - ' Shad iiH & & S ek
M pE SRR - UG RGAH B IREISE &’
E - ISO 9000 52 {7 % b - (Y B B AR HE L
(International Organization for Standardization)
A 1987 48 3 R E iR - HHITE
TRMHCRY A ERRHE R A S S TR AT
(i B T AP B A B ARG < 1SO 9000
TRy T i 25 TR S iy R DR AIE R SRR - B
HACCP JERMREM T MR ML 2N
ERAARTAR G, 1999) (EI) » Wbz
HEHUS 1SO 9000 GHEFERL > MEATE ST



B E B SEN EER TR - ¥HEA P
LARARIIBIRE » T3 B RN -

GMP (Good Manufacturing Practice, F
IFEZH#F) Bl CAS (Chinese Agricultural
Standard, Hr3EELSERENE) TN R TR
B BRI - B R AR A T
JRHERN - I R A R SR A I B
B~ AR BB B T S B A R Y
m B HAR ~ (REINE T R - CAS B R R
A e il PR R 2 e HEE) - S AHE AT
BiEFER BE 2 M TR EEYE » (R
mn FH G Z P Ra il B - HIBRIEREIR & &
HERRELZ AL o IRV HE i B R IR
ZEHERRENT RN TSR - 18
B PRIECEE MR E R R E 2N TR
FrEBh < i BN HIEE - BiREl CAS &
6] RANFA CAS » #F b5k FAfR S E s
EREUEE R - B HACCP RyiiigfEdt » H
ERESTRERENME - DIRMITEMS - K RifE
HIEHS S (0 1SO 9000/HACCP model) » JRE[
LLTSO SRk FesdHll - LL HACCP (Z #idi Ry
HALZ RS WASHBRBERS - )N
A HE R DR — I TR e R s B
HACCP Jz 1SO 9000 ffrfil - RIH i AME
AETi E B 7 oK (A SEE— P e OR T IHER S
M2 4 -

o

FHAS B R AT 7K HE SR i > SRR S e
SRS > [FIRFATE I IHEE EREA
DRI PRAF A B S SR FTEE T A » XTI R
e~ BrfPBRn T2 A AR - TR
RIS - BRI A R R L &
BRAEAS B B4 RE R A B R Z fE > ks
TREZLZRE - BB ZAERF  BR T HE
AR AR ORI TR - HS R A
PH ~ i ~ IR ~ ZEHEEN - & RaE
BRI > JTRER Wl AR

=

o N

G RS BB R T AT R B Y
nE R R

WERE B o R R RIAE A P2 A 73 - (i
MR AR AL AT AR i
NAGHIBERIER - B YR AT
- BEE SRR ROOTRIRAIREE - T FTaEny

TRfE= C, > B keep it cool (ff£1%) ~ keep it

covered (‘F12%) ~ keep it clean (JF ) » = fREETE
WEEN =T (G, 1996) » IRE#H% -
A BB LM LA (B e Al ~ SR
i HIREHED i B e R B 2 R

i ot E PR Ry SR THI I Y AR Al
R B I - LB A TR 3
HI7KHE » SEHVSIEATHE RS AN RS - (EREDR
n B AERF—E/KHERIE 1555 > IS G H K
I R B [ o2 17K S i 78 R B P T 85 R T
TEELL » AN R i 1S o B S LA B R
ZEIEMN RS REEETAF -
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