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Free Amino Acids in the Muscle of Whiteleg Shrimp, Lifopenaeus vannamei,
Reared under a Closed, Recirculating Production System

Tomoyuki OKUTSU, Junpei SHINJI, Setsuo NOHARA, Takeshi NOMURA,
Yukio MAENO and Marcy N. WILDER

In the recently developed Indoor Shrimp Production System (ISPS), whiteleg shrimp (Litopenaeus

vannamei) are reared to market-size in low salinity water (5 ppt). In general, crustaceans show decreased

free amino acid (FAA) levels in muscle under low salinity conditions, which lowers their value as a food

product. In the present study, FAASs in the muscle of L. vannamei produced by ISPS (ISPS-whiteleg shrimp),

and other commercially cultured shrimp species, were analyzed by high performance liquid chromatography.

ISPS-whiteleg shrimp showed high levels of key FAAs. These levels were similar to those of Kuruma prawn

produced in Japan, but higher than those of imported shrimp species. These results show that a high-value

shrimp product can be produced by ISPS.
2010 4F 6 22 B4, 20104F 8 H 11 B

HAGIATHOEROZCHEER TH Y, —EIA
EITERK 200 b lET S, LL, ENTIEZY
EWMW&#Z% b, WIETIEZ LTI 1600 k
VEEBSNTVWAROATHY) , TEEOHKEILHLT
MI0% BEIZE EF o T, WY KEEEOR
BBREINL DY, AOEEMRBIZIE CEOEN
iz?lﬁ:lziﬁ-g@i%ktii—ﬁf‘%\é ThbHo 4, TEHEHD
Prrc e B & L, PSRRI > A7 A 2 A
L7BR# T YAE S A5 4 (Indoor Shrimp Production
System, ISPS) 72SBAZE & 172 2 ISPS I3AE 12 3REH L 72
80 t DWMIIFRAM L 40 m X 12 m DF MK 2 125
WEE LB ERE R E A R T, T YEO
EEEREEICE L TWwd, BUfE, /NF X A LY Liope-

naeus vannamei @7 A v A R R E T FE 72 % v specific
pathogen-free (SPF) FiHi ¥ % s CH B ToHIM
7w, MHICREL TS Y NF AL I VY
LERHIE L, FEPROFEMGRIZB W TP S
FOKE CEBL T AIREED T ETH D >V, FH
LOWZES V—TE, NF AL ZEDREEOWE R
FL, HERD SRS RN OBIE S #H % B%E, S ppt D
IR TH B AERE L BIF R RIS %il%; &
RRELZY COBEMICL D ISPS TIHEEIA PO
I ETRBIZT A2 EATCER. L LA s, HrRE
fli})ﬂ 7J<EF’:{JnLIJ ?21EL:J: V){Zfim@LfJff:? /ﬁxf:’]_L
PEHTLIEFMONTEY, FIEIESEK R T

BAROBEET I BERSRTT 5 Y T I /B

OMSIATEGEA EIRSEMOKERER L S — T 305-8686

FIRED KD L 1-]

Japan International Research Center for Agricultural Sciences, 1-1 Ohwashi, Tsukuba, Ibaraki 305-8686, Japan

okutsu@affrc.go.jp
¥ BRI R Rl e R
3 HARERHRALS RRRIBIZEE DC
= OERASH TS s T

— 37 —



EHEARI PO TEELRBKRK S THL EnDh, KA

DEHET 3/ ’;ﬁ?hi DETIZT OB, 374 b bl
BICERAEEL B IIET Y, 22 TR TIR, #7:
7o ARFH I Al ca”oz; ISPS THEH, HiAf sho/nNF 24T
Y&y YRR T A S HEOTWTIRT ¥ o A il

M7 3 EEEROILEE 21T o 72

¥ ETTE

HEEAEE ISPS TH W S /2N F 4 4 T ¥ Litopenaeus
vannamei (LLF, ISPS /8 F A A4 ) EfilishTw
A VYR 4 FE (HARM 7 IV~ LY Masupenaeus
Nt LY Y
CTIYET 17(5 A ¥ WX V¥ Fenneropenaeus indicus, = a2~
AL R FTHETIV—3 21 ¥ 7 Litopenaeus stylirostris)
BLEUA Y FAYTHNF A AT L vannamei (LT
AN A A ZE), T4~ 5B R RIS L7 (%
1o & TOFFLHHURIETAFL RIS % %
T -80C THAT L 72

Japonicus, v I ¥ Penaeus monodon,

]

NS s
VAEARDE - C

TH G S iR % kol
PRI L 72 AR 4 65

2 155 P
T L7 F
KLETRI 1 g

HAREESRORAR 73 /BN
14 OkuMa and ABE " D7
3, -80T
DA A B L 720 RIS
1 OJ,IQJ_IIIL,’eé'ﬁA/v/Jl},L REY A XA,
4T, 20.000G x 10 5L HEL, B, o
E&, 4/)!%‘;@;)) =S OFAT oF!ED B 15%
L7 BN BT L6 M IREKEAY 7 A

TR 2%, 4T, 20.000G X 10 43 [5as Lo iE 2 47w,

FEY - M &

i

BIEHEE A U T LD THRE L, JoLEE 101
ICFER B, ks YT 7 4 — (HPLC) (24
L7 2 AT L7

HPLC (& BB 7 3 / BE940  NIMURA and KINOSHITA
DITEEICHEVY, Shimadzu LC-10 HPLC & A7 A (v
ElT, 3EAR) 2, AT OB T IV BE Lo
TR T L h T AFEERRIC LD TTo e T b,
B somMEERE S MY v AL Xy = x Hw
i K#H F 4 & LT Develosil ODS-UG-5 (6 mm LD. X

]

35 mmL), SN T 4 & LT Develosil ODS-UG-5 (6
mm LD. X 200 mmL) ZfH L7z 28, Bi#F R
MM % BT g D7l DR v 7 & R G o S
Shim-pack GRD-ODS (4 mm 1.D. X 250 mmL) % ### L
oo TR/ ROATHIRENT, MANIEY, 01 M RO
F )T ABIOF T FHE RIS 132 O T
WETAI I L, BE49HI220 0 0%
HPLC Y AT HIiEA L F 7V Lasg1 2
o-T7 NI TITr N (OPA) 80 mg B LU N- 7+ F
Wel-Y A7 A4 100mg % A%/ — )V 10me 2L
7o O F A Lf:o WA E208 4487007500
fEvy, £ 28.0C, BhACUE % 350 nm, MHILE
450 nm THHZ o7z, &b, HHE7T I /BRIZIELH
E DML T A A, WEEOMMST BT, T
ToYELEDOMBFEET AT, TI7= U4t
DT I/BTEFOEEAENLETH Y, D EILME
OTHEICLAPFEL WY, Lids T, KiFRTHE
Tz LB DHOEFEY, T T7 3
JIDoWTIIL O L% rﬂfﬂ@ﬁ%?i/@ﬁ
e LCHlio 720

71T L (J[IL

WRETALIE T A O RSETR. Bonferroni IR5E &
%3 Scheffe FyEx M L, p 25005 LT & &%

FHICAELRENS D E R L,
g2 T I/MOHATIHIILAZHPLC DY A 70y 8"
Time (min) B. Conc. (‘Vof2 Flow (mC/minf3
0.01 0 1.2
3.00 12
7.00 18
18.00 24
39.00 40
50.00 40
52.00 52
64.00 67
64.01 30
69.00 80
69.01 1.5

B
R % iLs

»3

(50 mMIFERE S |+
BHa T

L& AH ) — L

T A Ay
1. FDfEL 250k
A et e A Tl e
ISPS/NF A A whiteleg shrimp Litopenaeus vannamei [ AL 5
gLt Kuruma prawn Marsupenaeus japonicus BN 5
A= giant tiger prawn Penaeus monodon A~ A 5
A4 Ry Indian shrimp Fenneropenaeus indicus YO TITET 5
T— 2 YT blue shrimp Litopenaeus stvlirostris Za—hlb k=7 4
BN A A whitcleg shrimp Litopenaeus vannamei A RRT 5

Ll

oo



BREER

KOWTCESNI v T A%

MEHOISPS N A4 T, oz VX b L EEIC
NVE I vERSEPo (RI2A). F72, ISPS /NF X

B LR s e A% ALEQ ) vy ThF=r RT3/ BRaiid

BRcME L7z 6 MO L U mwiﬁaLKT /B IURIVERSET, MANFAAIEI) AR
X sNvs Iy 7Yy TAFZTEED % < UVIE A FIE Th—val)r IO EE
~87% % K7z (3. KIZ, :n%3@®ém%7 T LY BV E R LI (B 2B-D), Hilo & 512,
IOMBLUBEET I MEEIIOVWTHRIEY T ISPS /N X 4 T YL 5 ppt DHFRMAKTHE SN TV A
0.8“
= i
é :
8 |
= l
wy 0. 67
w | 2
H |
#® 4
E |
o 0.4 11
3 3 ! 12 ﬁ
K 5 ] |13 i
) . .J I : T10 ” | 14 " 20?
= 0.2 | l[ 6 llg | - _wL
? i L (1]
il | I11 ! .
5 NIRRT R
= | \ \ U i |; \ | \ P | Illﬂ | H
0__ -— .l_f. — _t:. Lk ! ‘J]L 'k ﬁ.- I' ._"_ —-‘ll‘-—u—"_fll,.’\.:. _,}_. '1 l. —
0 20 40 60 70
e (5
B 1. AWRETHNAT I /BAY Y F—Forav 755 (B) BLUISPS /8 A4 T EOHAMMBIOy < b 75 4 ()
BE—OfIHE 73 JBEAY ¥ — FOF | = L-Asp 744 mg/L; 2 = L-Glu 720 mg/L; 3 = L-Asn 624 mg/L; 4 = L-Ser 676 mg/L;
5=L-Gln 640 mg/L; 6 = L-His 868 mg/L; 7 = L-Thr 848 mg/L; 8 = Gly 692 mg/L; 9 = L-Arg 712 mg/L; 10 = Tau 744 mg/L; 11 = D-Ala
608 mg/L; 12 = L-Ala 604 mg/L; 13 = L-Tyr 856 mg/L; 14 = L-Val 668 mg/L; 15 = L-Met 648 mg/L; 16 = L-Trp 728 mg/L: 17 = L-Phe
632 mg/L; 18 = L-llc 644 mg/L; 19 = L-Lys 496 mg/L; 20 = D-Leu 516 mg/L; 21 = L-Leu 676 mg/L; # = A il 5E 15>
F3. LUELMOMMPEEEET I/ BE E (mg/100g)*1
ISPS/XF- A A w & I o A P Fi—a Y HAAF AL =L
(n=3) {(n=5) {(n=3) (n=3}) (n=4) (n=5)
Asp 132 = 15 160 + 239 24 = 12 45 £ 3.7 54 &£ 42 50 %+ 36
Glu 399 £ 153 368 £ 242 266 £ 4.6 387 + 45 295 + 3.5 49.1 £ 75
Asn 464 = 121 238 = 7.2 328 + 75 378 & 7.0 208 + 6.2 285 £ 5.5
Ser 184 = 6.0 107 = 4.0 254 = 138 86 + 25 68 £ 09 302 + 7.0
Gln 3799 = 1029 191.9 & 547 1561 % 50.0 1956 = 91.3 188.5 = 91.0 1555 = 375
His 556 + 218 SI1 % 379 307 = 85 258 % 175 400 = 145 277 £ (1.8
Thr ND? ND? 7.5 = 100 6.5 = 9.1 ND™ 173 & 43
Gly 15016 = 5421 17540 = 630.4 652.1 & 65.0 6692 & 2915 806.8 + 239.5 4221 = 348
Arg 10947 = 2105 9920 = 1819 7317 £ 1057 9360 + 163.1 749.8 £ 184.0 6173 + 259
Tau 509 = 9.9 764 = 124 455 & 19.7 400 £ 233 520 = 123 298 & 33
Ala 49.1 £ 2.9 1038 + 163 426 & 1.3 99.5 £ 17.2 755 £ 262 982 = 13.8
Tyr 210 & 71 145 + 119 127 + 80 174 + 5.2 123 = 32 263 + 4.9
Val 288 + 159 11 & 45 23 = 94 209 £ 122 136 = 7.0 290 = 52
Met 80 = 7.2 28 + 25 127 = 85 13 & 10 10+ 13 142 = 22
Tip 90 + 164 57 & 86 215 = 407 107 = 170 45 = 52 46 = 08
Phe 293 + 267 150 = 165 297 + 183 186 = 131 19.0 = 23.6 134 = 127
lle 157 = 10.0 52 % 31 94 £ 5.6 158 + 124 140 = 6. 188 £ 34
Lys 269 £ 175 270 = 151 176 = 100 246 & 56 182 = 142 436 £ 134
Leu 188 + 182 116 = 7.7 160 = 89 147 = 132 159 = 108 299 & 5.1
sum™ 34541 £ 6624 34400 £ 550.1 1924.7 = 2179 2067.8 = 2784 21369 + 5429 1733.8 £ 88.7

AT

F I AMOE

ERIES ha th g -

39



JEEE=s (ng/100g)

1500
a ab
1200 -] ab
Ht 900 -
P 600 -
300 -

% ;Y_“:ﬂ VAR X
L¥=r D:

X2 ZEHHOILY I Ty
ATWE Iy B VYV CT
R/ Aeds S S

a, b ITFE Y AT TORY

(p<0.05)

&I, A 17 JBRE R
ARSI AN, AREERIZ X D EEE T 3 RS I
WERTHET S m\waf 7o iz ISPS THH
LT w?om)rlm 18 8 aEEE38% Thb, T
1% SENCABIH SN T W BN A 4 T E o R K
&3 ‘”(if <o o EIHER (54%) L bk,
Lol N AL DR s v ERIORIIZ IR T
D8 o8y P ARER L QWP - FIHT 52 LT
EAME AL DY ISPS N A 4 TRy v
fif R L Ch 7 v D C L ESOERT 2

AL T e E 2 515,

LA L, ISPS/NF A 4 XV & AT 5l A/NF
A TEBLULoEE DI, BN TERE SN
ISPS /NF X 4 TR 7 N LU I~C A s 7
I WRE RO o T KRR EORTESIHEK
HEOEHET I JBERIIKELEEEY S 252 LA
STV A A MY BT S U —FE O R
T G X BT IRTE & oo I3
LTV, LA L, ERTAR - Hrs4ts 1sps Y
FAATLER Y Vv LA SEEO T A
TOWGHE - w7 H HATI IR < TR 2 st
% fEl JIHH\.?J'C‘I‘HWXHCVV ta:«y"’ﬁf?;) S
EE T I F ot B & o

N7

»1,\_-

HERT L

BT

VTR, BB LD mbmf T3 ERE
R LR #E 2 S ius. —JF, ISPS Tl

2L 72N A A TV & JURERR e D L D9k Lf_
Wi L0 meE LTI LTwns, &

4 XUz
DB

7 4 0% T 4 A

iy v S8 e S GV N

HREIRT (7 DISPS NG AL T
TEIANF A A LK)

/)1/—/11)/7 7

wmunméﬁwb PRISPS N F A A4 ZUENYEELY LY
M7 S MG ARLIUDEDDER &

tﬁo“(\z‘{’o EEZ 51D,
7wyiy g,

TN FZ L id oS

TR BEPREoER, 9 £k BBk ICEE LR
P 2\71 T8 WEHET I/ RIYMIZ b ATP B AL
BYRWEEA 4, BT RTF N &L FRGHO T
HREREGSELTHON TS ¥, LdisT, 1

ELTDISPS WNF A 4 Y DM Ao L VB & TS
e - Ffl‘flh@ ToOEHERE T S SIS T R, LR
R : 111 173 53 A1 2 B eGSR 2 17 5 L BT
5 L%)\L, Lo ELWmHT 3 BEEICELT
{%, ISPS /¥ X 41L(i1!ll)m N LE & ““’%
b, EELE IS REME LCEREEEE TS

EDHHS D E L 5T, U‘_l'_‘_g)i NS E N A A
& A EETHE S ISPS 43, lﬁ‘rzll)\u“a‘ac-mlm D% 5E

e MEHEO R IL IR L ERU AR R AR )
TN % A= A i o = Ljrﬂﬂ&%rt\f ELTE RO
EEEs LA

AT L AR TSR~ 7 — 12 X B
1 5= = o BT GRRIIT:—

HEke) OWIER A L N fThitl,

e



X

6)

7)

10)

~—

(N

WoRrM, B., E.B. BARBIER, N. BEAUMONT, J.E. DUFFY, C.
FOLKE, B.S. HALPERN, 1.B. JACKSON, H.K. LOTZE, F. MICHELI,
S.R. PaLumBl, E. SALA, KA. SELKOE, J.J. STACHOWICZ, and
R. WATSON (2006) Impacts of biodiversity loss on ocean
ecosystem services. Science, 314, 787-790.

PP HE (2008) @ 600 4 BLTo [RAT T i |
THETLC, BMURER#TIIE Y v — b, 31, 37-40.
Y= 2O TNy — - BFRTHE - B R Ry
(2009) A4 FHESANL O 72 O S LA T4
£ (2008 MEERC T D) WRSEMEALE | 14 pp.

BRIGGS, M., S. F. SMITH, R. SUBASINGHE, and M. PHILLIPS

(2004) Introductions and movement of Penacus vannamei
and Penaeus stvlirostris in Asia and the Pacific. FAO RAP
Publication, 79 pp.

7T TA FANXA 7 AN (1990) o T
— ORI L -

SAMOCHA, T.M., A.L. LAWRENCE, and D. Pooser (1998)

LT, 380 pp.

Growth and survival of juvenile Penacus vannamei in low
salinity water in a semi-closed recirculating system. fsi J.
Aquac.-Bamidgeh., 50, 55-59.

JAYASANKAR, V., S. JASMANI, T. NOMURA, S. NOHARA, D.T.T.

HUONG, and M.N. WILDER (2009) Low salinity rearing of

the Pacific white shrimp Litopenaeus vannamei: Acclimation,
survival and growth of postlarvae and juveniles. JARQ - Jpn. Ag-
ric. Res. Q., 43, 345-350.

ABE, H., N. YOSHIKAWA, M.G. SAROWER, and S. OkaDA (2005)
Physiological function and metabolism of free D-alanine in
aquatic animals. Biol. Pharm. Bull., 28, 1571-1577.
gl (2003)  AREF OB Tfm L) RA 5

JEHk, HIBC. 155-164 pp.

OKUMA,E., and H. ABE (1994) Total D-amino and other free
amino acids increase in the muscle of crayfish during seawater
acclimation. Conun. Biochen. Physiol., 109A, 191-197.

NIMURA, N., and T. KiNvostTa (1986) Ortho-phthalaldehyde-
N-acetyl-L-cysteine as a chiral derivatization reagent for liquid
chromatographic optical resolution of amino acid enantiomers

and its application to conventional amino acid analysis. J. Chro-

matogr., 352, 169-177.

B gk [

fEALARIE A O,

41

169-185 pp.

13) SUDARYON, A., E. TSVETNENKO, and L.H. Evans (1999)
Replacement of soybean meal by lupin meal in practical dicts for
Juvenile Penacus monodon. J. World Aquacult. Soc., 30, 46-57.

14) KUresHy, N, and D.A. Davis (2002) Protein requirement for
maintenance and maximum weight gain for the Pacific white
shrimp, Litopenaeus vannamei. Aquaculture, 204, 125-143.

15) B BT (1959) REBWHALF AOT 3/ BRI -1
ERO#YET 2 /BEFOBINILBHE. ORKE
£ 25, 658-660.

IR

oy

16) SAKAGUCHI, M., M. MURATA, and A. Kawal (1984) Changes in
free amino acids contents in juvenile mackerel Scomber japoni-
cus muscle during ice storage. Nippon Suisan Gakkaishi, 50, 323-
329.

17) #ELEA - AR =T WIT FE (1993) K
WDy T NS RO REE IMP LT 3 B
w2l HBEYE . 26, 310314

18) /IRIERE - (54D (2001) EART SO I I U
MUZHE S e T 3/ ROSE) . FORSEECT A (18
R 50, 59-66.

19) CoBB, B.F., C. VANDERZA, and K. HYDER (1974) Effect of ice

e R T

storage upon free amino-acid contents of tails of white shrimp

(Penaeus setiferus) .J. Agr. Food Chen., 22, 1052-1035.

o
<

TOKUNAGA, T., H. IDA, K. NAKAMURA, K. SATO, S. IBE, and A.
Funstima (1983) Changes in freshness and taste of horschair
crab (Erimacrus isenbekii) meat during iced storage. Buil. Tokai
Reg. Fish. Res. Lab., 110, 49-58.

21) MIYAGAWA, M.. Y. TABUCHI, K. YAMANE, H. MATSUDA, S.
WATABE, K. HASHIMOTO, R. KATAKAL and Y. OTsuka (1990)
Changes in the frec amino acid profile of snow crab Chionoecetes
opilio muscle during storage in ice. Agric. Biol. Chem., 54, 359-
364.

22) MATSUMOTO, M., and H. YAMANAKA (1990) Changes in
contents of glycolytic metabolites and free amino acids in the
muscle of Kuruma prawn during storage. Nippon Suisan Gakkai-
shi, 56, 1515-1520.

23) ANUEAT - BT - SIS E - R — (2008) NS

XA L DA O ATP B & 02 & R~ D2

T HAORE 5, 74, 1068-1074.



http://www.tcpdf.org

