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ABSTRACT
Activation of fishery industry in Kagoshima prefecture has been ranked as an
extremely important issue. | have investigated the following important technical
subjects on fishery food processing and distribution.

1) Recovery from stress and changes in body composition of spotted mackerel by
briefly testing in a fish cage

Spotted mackerel caught in purse seines in Kagoshima are commonly rested for a
few days in fish cages. They are then killed instantaneously and distributed in
Kagoshima as high-quality sashimi (raw fish meat). To elucidate the effects of resting
in a fish cage on the flesh quality of spotted mackerel caught by a purse seine, the
muscle, blood and liver metabolites after exhaustive exercise by hauling with net were
monitored. The concentrations of plasma cortisol in blood and lactate in muscle were
increased by the exercise, and then decreased. The glycogen content in liver also
recovered during resting. Then, | determined the acceptable period of time for which
the fish could be rested unfed in fish cages while still maintaining their high quality as
sashimi. To do this, I analyzed the condition factor, various body components such as
plasma and muscle properties. Research data indicate that spotted mackerel can be
rested unfed in fish cages for less than 15 days before their quality as sashimi products
declines.
2) Postmortem autolysis of juvenile sardines during cold storage
Postmortem autolysis of juvenile sardines during cold storage is an obstacle to
distribute juvenile sardines for consumption as raw fish. | investigated the changes in
total protease activity and types of primary proteases in the whole body of juvenile

sardines during cold storage and the effect of physical attrition and compression on the



body during fishing on its autolysis. The juvenile sardines pressed with plates by hand
as a pressed fish model showed faster autolysis during cold storage. The total protease
activity of body of juvenile sardines increased remarkably corresponding to the
temperature during cold storage. Results of the protease inhibitory spectrum suggested
that the activation of total proteases activity was caused by the autolysis of precursors
of trypsin and chymotrypsin. Egg white also showed strong inhibitory activity for
proteases of autolysis of juvenile sardines.
3) Suppression effect of essential oil from pomelo Citrus grandis on histamine
accumulation in dried whole red-eye round herring(RRH), Etrumeus teres

Accumulated histamine in dried whole sardines causes an allergic symptoms of
food poisoning. | investigated the processing method to depress histamine
accumulation in it. A histamine-producing bacterium was isolated from dried whole
RRH. The closest phylogenetic neighbor of this bacterial strain was Photobacterium
angustum, which shares a 99.15% similarity based on 16S rRNA gene sequencing. An
essential oil prepared from pomelo rind showed strong inhibition of growth of P.
angustum isolated from dried whole RRH. Histamine accumulation was also strongly
depressed in dried whole RRH by the addition of the essential oil to the brine used in
the salting process. Application of this citrus essential oil therefore effectively
suppresses histamine formation in whole dried sardines.

| expect that these research results contribute greatly to develop the fishery

industry in Kagoshima.
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D gL L, 2009 4 8 AR SIRWE I W TEEMTAESTLEER
X, TEAERMICEYERSRND BRI T THBE I A
NOETECTRBOBERIZL->T 3 BEEER, BT 2F T Lo
LCkBFEana~H 8 CEBRE 555.09, n=5, DL, EEI~ PN
EMT) MW, WEIFLOHIEE, BHE A>T (LT, a0 &)
iTolc, £, WX ELTHRFE 6 A~ 7 AlcEEM@TcmEI ER
B IRAIR RIS KT S e T~y (CEYB{RE 66209, n=12, LT,
FEWIAHANLEHT) 2V, FE AT NRET L OREA & Bty
EL, FEMoOITIoNT, WERABIOKE EHICERASNT-RE E
R E Lz, TRENHEE T, KB\ AT o — L ERN TR %
B L, B5Et: 9h I2H - 2RRIICTE RO ATP BLEW B IR E 2 HIE LT,

WBEX NV RARHFELEHERICED X MU AEERER #ESY TR, &
FErHRE L T~ "2 ET LRI K> THRE 2SI N bhase —
BATZEWIATe, ZD & ZAKEICHZWE S I2T 572D, Mixd~TzE



HIZH T o Tl KFPIC—EH 2R RETH S (LU, ZoRELEMEE
P9) o £LT, F¥ U NREHOEE TROERRZEDIT RV I D IV E
D, IEFERORRIIE T, HlITOI TV DRI 20 M TH 5,
WA N L A OFEMERBRITELS T1T 5 ONEIETH D2, I EERILO
SN D B TORBRANEETH > 72725, ARBFE TILLL IR RS
RED ST NET VB A 1T 572, 2010 45 7 AICHE S R 7k B v
TEEMTHRES I, IERERM CEIESRILINEEND 4 m AAEETICH
M UDBENAE ST~ (INERE 1,700 2, FHRXE 35+1cm,
VEJRE 575+489 ) A HWT, EBEORMBIRGIITVEEE T VB2 i
L, MIERFCRNRZIT DA ML ADRE L EFERICL DA b L ARG RN Z
O NF RN O S ATP BLOHIRF O 7Y a— 7 v D& RIE
AR LTHGE LT, T728bb, £ATENOME MW CTHRIEL D BT
RE—BPTICED, 20 R THWATLZ & T, MK LWEREZ S
THGOHMIEE L ME L VoakE 5 x 7= (LT, flES) &y o &
D%, MOKY ZfRE, ATFTBEOMZTOREBICE L CHEREZMHG Lz, &8
PHTIEAGET & Uiz, SRBRIEN I b D F AT BN OFEKIEIL 27°C T, 8
FERITK 5% Tholz, 20 sy OFRGIEE) A ATER 2 BB GR & LT, 0
h,4h,8h,24h,48 h, 72 h R ITAETEND A~ N2 EHNITHIY BT, B
WCERED 7 = ) XX ) — VT KDL CTHRIZES L, A &l
FOREMEm 802 T WA ook Lz, 2By > 7L EREuT 30
B HATV, fiNE KOWFIRIC W TIiE, Bl 156 B2bEE L7, ikt
7 VERBURE & [RIRRIC BRI LER 2 i U 7= 7%, TR <L 0 N2 B
DL &b, Al EED O Il A B E U7z, BRE L 72 RS LR S L O ATP
FERIE FNCAER Z S T T 2 — T ICHD SRR E R I L0 ks 21T
VY, I d 5 £ T -80°C TIRE L7z, IFlgX 7V = — 74 i EE I E A



KL PN TF o —T\ 2D 50 F, A & RIS LI L=, £72,
LM 0h,4h, 240 OFFA KL ORFEEZBE L=, RIS TIL, 5°CT6h

I L, HPsf ol ATP REOLIZHIE LT,

EEETT AR 2008 F 10 AR EBREFERICIE W T, £EMiRT
BN~V N CEHREXE 308 = 1.1cmn=70 ) 200 B % M7=,
WA O IIE FOEAN IS X0 IS ROKBERINB R & v & — 1Bk L,
JEFX N OWHEICHRE Lz 3 m AFAFICINAEL 21 HHIChE &%
Totz, WBENLAETENAE TR HMEZE L, IWAND 2 FERRE
LR TR o 70 o 7V 2iT o0, 2k, o7V 7%,
—EHM I AEE NS EESIC 3-5 BEAERY LIFRBICH L, £,
R BH 2B IF D VR K IR IXAY 26°C, & THRFOME/KIRIZA 23 CTh -7,

EREMABERE 2015 4 9 HICHEIREREHFHRICK W T, £k
T I, REREDICHERERMIC LY BAREREBNICBE L, Wm
IZERE L7 8m ABATEHICINE L2 5000 Boa~H N (CRYREYE
342 = 15ecmn=60 ) MW 22 AfICHT Y EREIToTz, END
ETENAEETIE, 7B EFERTKH 5 AL ZE Lz, 7o, KRB
WRREOY 7Y v T ILE T VB & FARICINA 2 REERE % IS E e L,
B, Y7V s, —EMBILICAEENDEESIC 7T B EER
KeD A 5 &) ZHY EFRBRIcHt Uz, £72, SBRBH AR O WK IR ITH) 26

C, B THEOWKIEIZH 24 CThoT-,

JEmEDRE HEMIAZER 0 HE&L, —EHM I LI 7Y 7
L7cEDORYE L(em) BLOHEE W (9) Z0E L, MEHE Z KA &



DRk,

AIE i B (W/L®) X 103

NIREER CHBREEOHIE AT LN ERICHT 2 & & k& Rk O E
BEAREL, ARERICEOINBOERILZRT L, £72, EHBK
AR TR E B E RIS D IT IR Z D) 0 BE L C, AFlRERE S HAIE L,
AR EEICHODTBOERILZFH L,

3% L5y 53T BERRARIC FAL00 (HATSRGERR NS4, SO0 2 v CHRKE
Frea AT\, JRIEARD & Mg 2 5B Uiz, SRIIEA S BoFEic L T,
AU B A L= ) Y (25 mL, S22 G) AW, BREL 1M
5w 0o EE (4,000 rpm, 5 3ff]) IC &V AEESEEL, Hricitd 5 E T
-80 °C Tk L7z, A b L AEIEFER CTHIE L7 i o 2 v F VLRI
Cortisol Express EIA Kit (Cayman Chemical Company #, USA) (2 XY H&E
Lic, FRETIVAABRTHEM L2 My 05, ##%0,1,4,7, 14, 21
HEWIZCHEE L, 2P/ va—2B8X RN 7 U +EY REEX

DRY-CHEM3500V (& + 7 ¢ L akikett, #Hm) CHIE L,

BAOHLER, Y a—F U BIRATP L Z0BEEDEREEDOHIT 0.6
M FE g CRE Y2 — Mt L, =058 (4 °C, 15,000 rpm, 10 77) L T
Bohd ElEZzHWTITo e, eI EyF 2k & LT F-kit 3L
(Roche Dignostics #4, BRD) (2L W #IE L7z, ATP & ZOEEEYERE
TEEERME A N EiEE 2M Kb Y v A THFIL, Murata et
al>D HFiEICHE L T HPLC (R 7 : LC-10AD, # 7 LJE{EME : CTO-10A,

i #s © SCL-10A EEHRUERTHL, %7 Z A : GS-320 7E Shodex Asahipak %)



THIE L7z, Z2BBEFEICIZ 02 M U UEEREER (pH 2.9)% AWK HEE
X 260nm ZEH L=, g7V a—42 U BEX, 10% Y 7 o oiifk
THREVR— M, BIEEZREE LTT v A U iBE®Iic v llE L,

HHOEMBERE LR 7 VRBRZ T 2B kR E% Ok s
FAWTHAOB 2 05E Uiz, B5E%0 1 R CRARMERTO Y > 7 iz-on
THERE BT OEHmNOARMEEESMIC 1 ecm DEET 5 ~ 6 A%
GO HLEETEERELZE, HROEIMIFHSER 3 F2E0, 1
Frdiz v 1 Ao EMEHME TR & I E Lo, JEME IR o [ E 1Tk LA
A — K — (¥ F2H CR-500DX) & H\, Ando & @ Jiik O HE U TR
15mmOMKT T > Yy —%MA 5 mmEAIETROREZFIEL L
7= WEIEA 3 BEMALE 9 @S >0T7 —4 2457,

AR AR OB 7 AR O WIE 1 5 BRI R I S L7, R
PECHEH LRz vy, #40,1,3,5,7,9, 13, 15,22 H BIC5EH L7,
FUR D BEE & Mg SeE 2 im L& CUIVEEL CT7 s LiZL, Rllo7 4 v

OBt LTz, 7 0 VOGRS Z D 2 1 3 ORI OALE THIR
L7ZSHER 2 vy, BB ZBRE R 2T 7RET 1 RS> FIZ
oo Ted, U TEa it 5 E T -30 °C TRAF LT,

RS HIENIGZEIXY v 7 AL —HiHEICEVHEL, &R EEICK
THHEMEOTIG (%) T Uiz, Koya EIEEEMBGEEE (105°C) THIE
L, HREEIZT DHKTEORE (%) TrRLE, & "I EHEEREITT VL
—/WEICXOHEL, HINEEICRT L5 " EEOFEEG (%) TRLT, £

7o, WEEEY X VBEEIIIVCTHD 5 FEO 20% (wWiv) b U Z o FEE TR
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T — ML, mLOAOHEE (4 °C, 5,000 rpm, 10 450 Ik v Eon- EiE%
pH 2.2 7 = U EAR TR (Fnemisk TR tt, RBR) CliE A%, 0.45
um O 7 4 V2 —TAHBLIEbDOEF 7 vE L, HPLC (BEHMEAR L 7 .
LC-10AD, XJ&HRAS > 7 @ LC-10AT, » 7 AEIEM : CTO-10A, FiiHes :
RF-10A , %7 4 : Shim-Pack AMINO NA BE8/EF#) % F\ 7= OPA 7%
EALEIC LD & T I VBEEZIEL, A 100 g 28 Eh 5 8ERET X B

#(mg/100g) & L TR L7z,

FEEHLER 15 5 NI EIE Bartlett’s TREIZ THEDHODBRIE 21T > 721k, —IC

B & BT I K A2 EL e  (Dunnett 3 0% Willams 7%) 21T - 7=,

S

TP OKBMBEROLEFM FxMCE% 3 AMESRL, BT
BT OIET LD L2 L TR ITF SN EEI~ AN ERIEHICEEZMT
BEKGT ESNTBFEOEEMI T NI ONT, flEpEM & L THE S
NDREMZME LK (FRERN S5 °C) % 9 h ICBIF 2D ATP &
ZORAEME IR & N OJEM IR 2 g L7 (Table 1, 2) , #F&EA
<~V D ATP L, 7.06 = 1.77 pumol / g (n = 5) & mVWME THERF S LT W
e, FEMI~T ANOHAO ATP REIL 0.13+0.13 umol /g (n=12)FE T
HEL TV, ZOREIT Welch @ ¢ METAHEZENERD LT (p<0.01) ,
F72, HAOEMHIERE X, FE/A~H /3T 7611216 g Tho7onn, £X
M T~ Y N TlX 494 + 83 g ThoTo, MHWOEMMMEREIZOWT S, ¢ M
EDRER, AEENPRO LT (p<0.0) . U EORERNG, R I~V T,
FEMATTANEHAFENEG S, HROHITGBWNZ &P 5N oT,
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Table1  Contents of ATP and its related compounds in muscle stored at 5 °C for 9 h
after death of captured spotted mackerel by a purse seine and fish that had
recovered from capture stress by the resting in a fish cage for 72 h.

ATP ADP AMP IMP HxR Hx

(n mol/g) (nmol/g) (nmol/g) (1 mol/g) (1 mol/g) (1 mol/g)

Captured fish 0.13+0.13 1.22+0.29 0.23+0.07 11.94+1.52 0.24+0.10 0.15+0.15

Recovered fish ~ 7.06+1.77 2.54+0.43 0.08+0.13 2.88+3.01 0.0 0.0

Values are meanzstandard deviation (n=12 for captured fish, n=5 for recovered fish)

Table 2  Elastic strength of muscle stored at 5 °C for 13 h after death of captured
spotted mackerel by a purse seine and fish that had recovered from capture stress
by the resting in a fish cage for 72 h.

Elastic strength by strain (g)

Captured fish 494 + 83

Recovered fish 761 + 216

Values are meanzstandard deviation (n=45 for captured fish, n=45 for recovered fish)

12



MEEB S OERIC L AMEINTF Y NVBEDOEL SBHEET L RBRIC L DM
HhEESAMEZ B L OZF0%OERTOMEa LTV VEE OB % Fig. 1 12
IR, R SR AT L% O fE LT LR FE L 346 £201 ng / mL (n=30)Th

, & 4h £121% 16078 ng/ mL (n=30), 8h #Ii% 83+56ng/ mL (n=
30) L BUHIZIK R L7z, 24h # TlX 54+40ng/ mL (n=30), 72h %1% 44 +34
ng/mL(n=30)& 24h ~ 72h IZHBITHELIT/NS Do T, FEIHER A RE O

R Z & OB(BIZOWT, —mES BT 2T oo 25, EifilE

@

BFEZICE LT 4h %<, 8h, 24h, 48h, 72h #%OFERETLE HICH
BEMNROD LN (p<0.01) , F72, FFE 24h DBEOZELIZHOWTIE, #E

—+

CEEZITRD Lo T, M /LT LR X, mifhER AL
BREZTRL, TOROEBFRRBIFE L & DICREIE T L2 b, I<
PO EA N L ADEEBEB L OREDORIEOREL 2D LD EEZL LT,

500 |
450 r
400 r
350
300
250 |
200 |
150 +
100 r
50
0

Plasma cortisol (ng/ml)

0O 8 16 24 32 40 48 56 64 72
Restiing Time (h)

Fig. 1 Changes in plasma cortisol concentration after 20
min of exhaustive exercise and during resting in a
fish cage for 72 h. Values are mean + standard
deviation (n=30). Different letters (a,b) indicate
significant difference (p<0.01).
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R EBSROERICLDHA ATP BEOEL MHAD ATP REDOL(LE
Fig. 2 (2v9, SRHEBIAMES T, 8.94+0.54 umol /g (n=15) ¢ HVMETH
ST, EFE 4h 121X 9.21+£0.62 umol /g, 8 h #1Z1% 9.07 £ 0.64 umol / g, 24 h
#%121% 818 £1.04 pmol / g, 72 h #% T 8.40 £ 0.67 pmol / g & SR EB) & A7 E
HERT2h BETEVETHER L7, #EED ATP REIZOW T —JohdE
DM EAT-T2E 25, AREFRD LN oT, £, MbEBARE
%, BXOZD®% 4h, 72h EEETH AL I 5°CIZTC 6h JFEEL
A DR ATP JEEDOZ L% Fig. 3 1R d, Wb 8umol /g LA EDE
VWMEZRLTERY, BBXEICEEZITRO bk rolz, A, FE#Eifao
BHEENRRIZ KT T A P LA Z Ml 5 72012, EBROIRBEELL TO/MEZE
(CHE U CFEME L7-RHEBANMIC LA A L AOMEIE, HRO ATP EEIC
WEZMZEIRWVEETHDL Z ENRBINT,

> 10
: 9 10 B 0h storaged
o 8t o ' O6h storaged
E 5] @0l
= (@]
= 6 g 717
§ 5 26y
c 4 + ‘g 5t
8 3t E4f
e 1| ol
Q 2 -
- =
< g) 1 1 1 1 1 1 1 1 1 < Tr
0 1 1
0 8 16 24 32 40 48 56 64 72 0 4 72
Resting time (h) Resting time (h)
Fig. 2 Changes in ATP concentration Fig.3  Effect of resting time on ATP
in muscle after 20 min of exhaustive concentration in muscle at time of death
exercise and during resting in a fish and after storage at 5°C for 6 h. Values
cage for 72 h. Values are mean + are mean + standard deviation (n=15).

standard deviation (n=15).
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REEB R OERICL 2HALBBE DL RELES AW EE &K OEET D
il A DFLIEIR FE D2 b % Fig. 4 (2, SRGEB)AMEZ OFLERIR L 199 +
4.7 ymol / g (N = 15)TH Y , Z D% AIKIZ EF L 8 h RRITITHKIMED 31.6 + 7.3
pumol / g (N =15) & 72> 7=, I KRMEICE L7 ITARIBICIE T L, 72h #1213 19.2 +
5.7 umol / g & FRHEBNE M EZ OE F TR - 72, EEBBIHE Z & OfEiz o0
TR BSOS 2 T2 25, 8 h % TI%, SREEESAMEZICH LT
AR (p<0.01) (ZFE<, 72h #%OfEix 8h %O RIZH L THE  (p<0.01)

WZIRWZ & &R LT,

50 r

Lactate content (umol/g)

0 8 16 24 32 40 48 56 64 72
Resting time (h)

Fig. 4  Changes in lactate concentration in muscle
after 20 min of exhaustive exercise and during
resting in a fish cage for 72 h. Values are mean *
standard deviation (n=15). Different letters (a,b)
indicate significant difference (p<0.01).
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MHEEBBROERICE AR Y a—F U BEOEL D7) a—7
JEDEAL % Fig. 5 |Z/RT, TRAEENEZIZ 0.75£041mg/g(n=15)ThH-7x b
DN, F 4h L 8h HIZENEI 042+£0.16mg/g(n=15)& 0.29+£0.17
mg/g(n=15)& 720 AE (p<0.0l) IZIEKT L7z, £DE, E&RICL-Tr U =2
— BT ER L, 24h %1% 095+1.20mg/g(n=15), 48h 41X 1.73+
1.95mg/g(n=15)t7e o7, % 8h BICBIE SN RRME L T 5 &, &
# 48h RICAEZ (p<0.05) MO OHNTZ, FEHE 72h HIIZIETFL, 056
+059mg/g(n=15)¢t7c~7-, LED X I, FFI&Z U = — 7 2 2 B 1T is )
EZNLERTL, %% 8h RICBWTIKRIRMELZ /R LK, HERHORE &
EHICER LT 480 BT\ L 720 0%, HRIMBKOME~LE LT,
%A 48h ETOMNKS Y a—5 IREDOEIE, f WILERRE D24l (Fig. 4)

2 LI CTURIFHEGBICETT 5 Z L 3B b,

Glycogen content (mg/g)

0O 8 16 24 32 40 48 56 64 72

Resting time (h)

Fig. 5 Changes in glycogen concentration in
liver after 20 min of exhaustive exercise and
during resting in a fish cage for 72 h. Values
are mean * standard deviation (n=15).
Different letters (a,b) indicate significant
difference (p<0.01). Different letters (b,c)
indicate significant difference (p<0.05).
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ERYPMICB I IEBmEOEL T ARRICET HIEMENOE(LE Fig.
6(a)l/nd, HEPALARFO B IL 1150 = 069 TH Y, 8 HHIZ 11.36 =
0.40, 14 AHIT 1116 + 074 & 72 o727y, 14 HH L THERZLITRD 5
Nigholz, TDO% 21 HEIZ 1097 = 022 t7eh, HEBAMAEEL gL T
HE (p<0.05) 12D Uiz, FEHHAERBRIZI T 2 B E O 21k % Fig. 6(b)
(RT, SEBIERFOIEEIL 1232 = 048 TH Y TF B L T 5 &
RREWVMETH -7, D% 9 HET 1256 *= 0.71,15 HHIZ 11.86 *= 0.10
RO NHEREREND 156 HHE THEREMITRDO NN oTe, ZD%
22 HHIZ 1093 £ 056 &70V, #FH&EMIAEF L L THE (p<0.01) (T3
DL, BT VRER LA CER THER LTz,

(a) (b)
. o

12
=10 5
2 e 10
£ og * g
8 5
£ 6 =
£ 20
O 4 © 4

2 2

0 : : 0 . , .

0 5 10 15 20 25 0 5 10 15 20 25
Days starved (d) Days starved (d )

Fig. 6  Changes in condition factor during short-term rearing. Sampling were done (a) at
2008 in October,(b) at 2015 in September.Values are meanzstandard deviation. (a;
n=3-8) (b; n=5-7) Vertical bars show the standard deviations. Significantly different
(*) from the corresponding initial value (p<0.05).Significantly different (**) from the
corresponding initial value (p<0.01).
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ERHMICB I NBEERL, FREELOEL T AHBICEBTLIN
lgE &t D& % Fig. 7(@ICRT, FERMEREONEEZHIL 6.3220.96%
Tholz, £F 4 HHIZIL 576 £ 028 % LT HrMHmERL, &E
7 HHIZIEX 512 £ 035 % & HEIC (p<0.05) WA L, ¥ 21 HEHIZIX
466 £ 031 % L7xo7- (p<0.0l) ., EFHHERABRICEB T 2NBERELD
Ak % Fig. 7012~ SEBMBFEONRE R 6,60 + 089%TH Y,
TTFIRBREIFIERBEOME TH o122, £ 1 BHLUBRTHEE (p<0.01)
WA L, E#® 7 BRIIE 497 £ 059% (p<0.01) &7V, ¥ 22 H

HIZi% 4.332051% & 72> 7= (p<0.01) .

@ (b)

Visceral weight ratio (%)
=

Visceral weight ratio (%)
=

0 5 10 15 20 25 0 5 10 15 20 25
Days starved (d) Days starved (d)

Fig. 7 Changes in visceral weight rate during short-term rearing. Sampling were done
(@) at 2008 in October, (b) at 2015 in September. Values are mean + standard
deviation (a;n=3-5) (b;n=5-7). Vertical bars show the standard deviations.
Significantly different (*) from the corresponding initial value (p<0.05). Significantly
different (**) from the corresponding initial value (p<0.01).
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F 7o, EMBBEER THIE LT EE L (Fig.8) I%, F&RAMEFIC 094 £
017 % Th v, &3 AHETIIELITBO b2 o7, &5 HHLRZIC
WO HEmERL, EETHHET 078 £ 0.14%,15 HHT0.74 £ 0.12 %,
22 HHIZIEX 066 = 011%L 7D, H& 7 HALKRTHE (p<0.05) (/b
L7z,

1.5

Liver weight ratio (%)

0 5 10 15 20 25
Days starved (d)

Fig.8  Changes in liver weight rate during short-term rearing. Values
are meanzstandard deviation (n=5-7). Vertical bars show the
standard deviations. Significantly different (*) from the
corresponding initial value (p<0.05).
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ERYIM IR A MRS OE T ARBITIIT D MRy O E %
Fig. 9,10 Z”"¥, MU Z Uk U FREIFZEZEMIGIFIC 68.2 = 16.3 mg / 100
mLTHY, TO% 4 HHICIZ1344 + 36.6mg/100mL & A EIC (p<0.05)
FHL, %% 21 A EICEBBEOK 25 %0 173.0 = 325mg/100mL £ T
FH L7 (p<0.01) . —J7, Zva—RPEEEIS, H2EBAMERIC 147.8 + 84.7mg
1100mL Th o773, FEAEMITRAIILTL, % 14 HE T 86.8 = 87
mg /100 mL & HE (p<0.05) (IZIKVME & 2o 70, ERMIMPICRT 5 mgE
DRV Z VY RETNa—R %, fkoyr 2 EATREEEORRMIZE 72 > Tz,
ipds, ML LN BREIZOWTHIIEZE L7, ERICLDEHITRD O
NRWRERBE LN FERITRS 20 |

250 ~
200 ~

150 4

100 ~

Triglyceride content in plasma (mg/100ml)

Glucose contentin plasma (mg/100ml)

60 -
50 J 40 |
20 A
0 ' ‘ ‘ - ! 0 1 : : ;
0 5 10 15 20 25 0 5 10 15 20
Days starved (d) Days starved (d)

Fig. 9  Changes in triglyceride Fig. 10  Changes in glucose concentration
concentration in plasma during in plasma during short-term rearing.
short-term rearing. Values are Values are meanzstandard deviation (n=5).
meanzstandard deviation (n=5). Vertical bars show the standard
Vertical bars show the standard deviations.Significantly different (*) from
deviations. Significantly different (*) the corresponding initial value (p<0.05).
from the corresponding initial value Significantly different (**) from the
(p<0.05). Significantly different (**) corresponding initial value (p<0.01).
from the corresponding initial value
(p<0.01).
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ERUMICB T 2HRYEOENL 7 VRBRITI T 55 A O JEHE MR
JEDEAL % Fig. 11 12”7, HEIAFFIZ 327 £ 1329 2R L7272, EEAK
Offh & ILITHENT OMENEH R LM AR L, F&E 14 HHTIE 539 +
128 g LEVMEE 2 HEEZEZ - LTI (p<0.01l) . =D, &4 21 HHTIX

SREZIMET L722y, HEFMIFLIZIEFR CME TH -7,

800

%k %k
700
*
o 600
L
D 500
®
< 400
n
0
= 300
9
w 200
100
0
0 1 4 7 14 21
Preserved day(d)

Fig. 11 Changes in elastic strength during short-term rearing. Values are
meanzstandard deviation (n=9). Vertical bars show the standard deviations.
Significantly different (**) from the corresponding initial value (p<0.01).
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SRYIMIZR T DA DR ERHBEERIC I T 5 5RO MIEN & &
Ky EDZEALZE Fig. 12 12" 7, HEMBRFOMAENI =X 42 £ 11% Th
o7, HRMMP ORI &IMEN 2 BMEB 2R LR’ B L, %22 A
MzB L THAEETRD N2>, —J7, KOBAEIIONWTIL, #H#H
BHFEIZ 718 = 1.1% TH Y, &FHE 15 A A TIHAEERSLITERD S
SboO?, 15 HET 729 £ 28% CHMOMEMEZRL, £3# 22 HEIC
% 815 + 28% CAE (p<0.05) IIMLTz, 22, I~V ROEZERICE
T AR OMIEME ENFE—EEE R LI Z EI22O0WT, iR oK &
TIN5 A B & LK E THIELE L CRRES L7228, HMABN O ZEhE m 13K /0 flf 1E
BTHEDLLRNZ L ZRBOT (KRS0 |

90 4 *
80

70

60

50

40

30 -

20

0 } T

0 5 10 15 20 25

Moisture and fat contentin the muscle (%)

Days starved (d)

Fig. 12 Changes in moisture and crude fat
concentration in  muscle during short-term
rearing. open circles; moisture. closed circles; fat
contents. Values are meanzstandard deviation
(n=5-7). Vertical bars show the standard
deviations. Significantly different (*) from the
corresponding initial value (p<0.05).
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F70, HAOH Y 7 EEOELE Fig. 13173 T, FEFBIFIZ T 5/
WO X7 EEIL 230 £ 03% THh-o7=2, FE 1 HEMNLAE (p<
0.05) (ZH L, & 22 HEIZIE 213 £ 09 % Loz, HERPOBHAN
WEBET X BRI B O L% Fig. 14 10, WHET X 7 BEMLRLZE{V % Table 3 12577,
SEMBREOLEET 2 Wil 10484 + 81.7 mg/ 100 g THY, EFE 1
HEMNOAEICHED L, £ 22 HHIZIX 8162 + 48.3mg/100g & 72> 7-(p
<0.01) . 7, HEHT I VBMILIIHAET D L, TANRNT I UM, ALd=
v, vV, IAEIUEE, Taly, TV, TI=r, RUy, AFF
=, AVaA vy, aAy, Favy, JxolT T2 RONT X =
1TEE 2 AEELLII3HEE®LD, B AF TV IIEERE 5 HHLURKRICAEE R
VER LU, ETAEHET X 2Bo YL, VYU REEHMRICED L
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25 1200
* ok % * * " * g’)
@ ..\‘-—.—?.\_‘_H o
9; 20 "E‘n 1000
3 E
1]
E 15 E 800
]
= =
= £
=
"%' E 600
£ 1 £
8
= E 400 4
2 @
B ° °
o £
= 200 4
[y
0 T T L)
0 5 0 15 20 25 & 0 .
Days starved (d) 0 5 10 15 20

Days starved (d)

Fig. 13 Changes in protein concentration
in muscle during short-term rearing. Fig. 14  Changes in total free amino acid mass in

Values are meanzstandard deviation muscle during short-term rearing. Values are
(n=5-7). Vertical bars show the meanzstandard deviation (n=5-7). Vertical bars
standard  deviations.  Significantly show the standard deviations. Significantly
different (*) from the corresponding different (**) from the corresponding initial value
initial value (p<0.05). (p<0.01). Significantly different (*) from the

corresponding initial value (p<0.05).
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Table 3  Changes in concentration of free amino acids in muscle during short-term rearing.
Values are meantstandard deviation (n=5-7). Significantly different (**) from the
(n=5-17)
Free amino acid (mg/100g) Days starved (9

0 1 3 5 7 9 13 15 22
Aspartic acid 55+45 33%2.1 17117 081084 24408% trak 24%0.7% 22+17% 12407k
Threonine 231£50  174x70" 181%15°  179%32°  179%45°  132+14° 179+20"  202+45°  192%22°
Serine 194452 128+68" 11.2+13%  85+14™  111£32%  58+04" 10311  114+35" 106+12"
Gultamic acid 358155  252440%  227+15%  261+42% 252449 196247  252429"  264x41™  233+30%
Prolene 48+59 ™ ™ tr™ 13+238 tr™ tr tr* tr**
Glycine 172£26  105+31™ 97+15" 9115 109%32" 78106  117x11%  128%19™  110x11™
Alanine 57.7£103  447+11.1°  414%22  385+48" 40166  286+19™  359+37%  427+96"  413+34"
Valine 244164 188+63"  164x12"  131x19™ 1624327 95407  152%21"  158%32"  139+12"
Methionine 103+39 74£38 64+£06"  52+09™  63+18"  36+04™  66+05" 66+13"  58%06™
Isoleucine 13635 9.1+37" 86+10™ 67117 85+24" 4504 75+12" 86+26™ 8.0+09™
Leucine 290£93 213485  185+15"  141+24™ 1724497  96+10"  160+23"  174x44"  155+17"
Tyrosine 148+34 112451 96+09™ 794077 98+25" 6.0+06" 9.1+08" 96+19" 8.6+09™
Phenylalanine 18123 126+44™ 103117 84+14™  108+23"  56+05"  98+12"  106+24™  96+08™
Histidine 731.3+£298 72144148 68971339 660.7+33.1" 6429+449 671.2+364 587.3+205™ 6083819 597.3+36.2"
Lysine 28.7%6.1 31555 29.7%40 28.8+39 30668 254423 299430 381492 38.3%4.9
Arginine 16.5+6.6 10.3£5.7 93+12* 792+16™ 134£77 5.6+03" 9.3+06" 10938 9.2+10*
corresponding initial value (p<0.01).Significantly different (*) from the corresponding

initial value (p<0.05). tr;trace degree
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HEA Y ANFEEOWE ZRAIAER, BEE 9h OKETHLHAD
ATPIREEIIM O TEmdo7eny, stlRELTHE LZEESMIT~ ATl
FEAEHELTWDLZ ERRBOLILTL, WHBL TWDERE I~ D,
Hix, Fe@cagEINTcBEROEEM I~ NGV REEZ AL T
WHZENRHALMNERoT, 20 SO MREIERIC X 25EE T LRBRO
R, PREEBAMES I L TF Y VB ITR R E R, FDik,
> TIREAMET Lz, ZORRIE, H#ETAICIV A R LARMA
SN2 EZRBL WS, FMfEaLF VVEETERE 24h % CTHrKNE
D 16% FTIEKFL, D% 72h £ THRAMICHERZELZ R IR VFER &
oo 2 Eint, FREEEVAME A CRRMEIC E CE L MEa LT LR E
%R 24h THAOUWKRTEEAZIENTEA LD EEZ BN, £z, il
EINAMEZO I~ NOEHE 6h %0 ATP BENOERE 72h To7=d~
PO 6h HZOFHK O ATP BEIZHOWTIE, W5 ED 8umol /g FRED
OB CRRAE LTV, Sugitaetal *lic kAuE, B OO TR T S Z LN
TERWVIZEDOW LW EB &M A2 1555/ 5 2 72 2 A T, EEHEMEZ A
O ATP REIXME T L, ZO%EEKHEZ G525 EHBOILOEETREDL Z LN
WEINTWD, —F, BEIAMPBHWVGEIZENTIE, RO ATP X7 L
TF U U & RERIC I DS, BT B BT LRV &b
ENTW5, Vznboznt, HETET LVABRE LTERLZ 20 5o
SREEBIAMICB WO TIE, IO ATP BEOK 251X 29 X 5 2RNVA
MTIHRP ST EHE L TS, FELHMNE L TASTIREBTIREST 555
ICBIT 2 EEXHEOLMEIL 20 HFRETHY, ZOBROIGREFEESCERZ THLTT
DRI I LD, AEAT - ol ES A & [FFREOREX N L AT
TRV EHER LT, —FH T, HRHICAR UL I3RS X TR
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KL TWD 00, EERBS 48h ZE L THIKARL LTEVETH
ST D, HBOHWICBIT HRELZ A ML RIEEICT 5 &, #F& 48h #
IZBWTHEHMIC L 5 REEE AR ORENFE > TNWDH I ENRB I, &
# 72h %L, REEBAMER & FENSEN R WIE EITRESME T L
ZLnh, FRHDEE A O TTHE LT b D LHER LTz, RIFFEIZBN
T, WEREOSGMERIC L V2T -2 ML AL, 3AMERT D Z LTRSS
LI EDBHLMNEIRoT,

RIZ, HFERBEIZB T 2R FEDOEITONTELRT H, AWFFETHER L
- aw P AROMBERETIE, ThETOMEBERRTELAMAE DL H
FRIZIETE O Z M L0 S NIBEELSCHIBERL OB N EITT L2 L%
Tz, —J7, BWMEIZFEEN 2 BiEZEABICHESET, SR Lo HE
B BDROONRWETR L IR oo, R IZIR W TIEFH A OMAEN &#1%
SERYBPICHERRENEZ RS R0, MFENY 7V &Y REEXA
B ER LEFQ 9 . —J, BRX U NI7EEIZOWTIE, EERMEBE
MOBDOLTNTIELLINAEICHEAD L, £72, HIRFOIERHT I/ BEd
[FARIC A B2 L= (Fig. 14, Table 3), =~ 30 MG EH 8 M iz 3
T OB OEALERE LIERERL D, REREPTOAMMER & EEHO
DD F—EPFEICHONT, UFTOXEICER L, T7bb, &&
BN BN T, A OANEOEE, # "7 BEBLIOHEZ Y 2 —7
YOHENRDHY, ETEHRZ T 0BT I BSOS RE Z AR
LI L D7) a—F U ARBEITT 5, —F, HRIEEREITIEY
EENZ ENDAEMMERICHERRE L LTERDP bR ShT, £,
RAF AL VALY —EOWRE ZHMERFT 5 Mg L a—2 I8 ICE
T34 5E#E 14 HURRIL, AUROEITICL DV ARAFTAZ U R EHFF T2
WHEREENNHBO LR Th LRI, £/, il L L TEE
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SEREE R P THAMAOM)ITER 14 HETHBICELS 2V, %
D%, #%#& 21 AHTETLEZDNEERBEIO®AO I VRS 2D 2 &R
Inot-, RFROEEND, T<HNOERIT L BT D EkS &l
i e LTCOMEEDBEBRIZOWTLTDOZ EBRH LN oT, Thb
LA OHIE &2 oWk, & 22 A0 P2 biTe < EBIERD
bl hotle, —J7, BHRWRZ X7 HEITIET L2ay, il W o g2k
FEITE®R 14 BETEL AR, F& 21 A H THEEMAE %DM & i
FLCTWE, £2%% 14 BHICELEFO 7 v a—2BEMETFL, &
AKX AL ANTHNNE CEERLEN GO D E TH DN, EHE 15 H
HE TENBOEELMET LTS, EMELZERELE TS Y] OWRE
ERSBRWVWI ERERINTZ, LEOZ s, IV NOEGHEET
T80 156 HE THREPEH & L CoMMEE ML TH5EEHMTH
HIZENRBINT,
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B2E AU VEMFRAOEBRRETOZ 7 EOEMHE

o=
~ A U I/Sardinops melanostictus, % 7 1 U I Engraulis japonicus, /L A A
U L Etrumeus sadinaZz E DA U FHDOHAFFAIL Y T A LT TV S, JLEIR,
BEVR SR, B, ERRRS TR Y, MRS RTIRARRE, VERE,
HEAAED 3 OOWHN EHEREIG Th D, FHIRERICLY T 2AhoL T
FOMBIT R D Z EBMBN TN D, 201443 - BAEAFER OB T
i a & AEFERRIT 62,300 t, 246 M TH VD FAEITIS T D EHEKEY D
—DOThb, BEEZEDOY 7 ZAOMKITEHATHESL Lo LTWDHA,
BOAITELS R, WBRARHNELS 22 LML TlRRE 2D, 207k
0, —RANCITIRIEE L O BB TARECHIRR E O T 21T - 72 1%,
ZHFLLTRHV DAL I E LTHFICHEL TS, P BOSHIL
RV ABHOAREY T ZIEEREM & L THRDNTND A, BEER T 2EN
72D KRG HUEA COHEBEICIREON TR Y, =mEH~OEITIEF ICHE L I
NTWD, WEEEHZ ST 5 72 OIIIM IR IS BT 2 B 2 L0 m R R T M 7
EDIFMPMEL INDHD, ZHHIZET LRSIV TH D, K
WFFETIEL Y T 2 D EIRAFR O BN MRIZOWT, SDS-RY T 7 U AT I K7
JVESIKENEIC X DI S 2 X7 B ORI BTN H 2 73T B D 53 iR % R
L. IR O AR EGCM IR OB KO T AWNIE® T v 7 7 —E OfF

PEZALZ JE L 72D TR O LS R A2 ST 5,

MEke ik
TS 2B BB R TERE BRI T20134F & 20164F 06 A (Z I E X L T- R fES
T AW, ZOVTATEENDAFEMARIIN X 7 FA U N RE Sy E S
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D, 13REFHZ I FATVRT% TYULAL TN 3% Thoto, RERIC
(TTRIERS MBEDAREY T X L RBRICIKKRER CRERHR L2V 7 AD 28
DOV T NEHNE, WY T AL —60 °CTERAF L, fEEITKH CHEIB AR H
L ClBRicfit L7z, BB CITfRY 4 X2l L CRlBRa 1T o 70, Al 7 X
T/ A XD O EARE140 g/2, KAH A X130.395 g/, Wiy
Z1X0.070g/R ThH o7z, ¥ T ZADWERFRBRIL, T A2 R RITAN, 0,
4,10 °COIMEITRE LI ZNENDOWMIREIZ TRRAH £ THRAF 21T 72, &
7o, Kk UT2 Bl 7 ZA0—HIEAR Y =F L U R/oORITKI3gx At, &% BT
MHT IR b L— (EEL76g) THZGAL, S 512105290 EH L A #lit Tk %
Imin £l L, KGTREICHE T 2 EROBEET L E L TRERICEE LT,

VIRBEDE U NRTESEORIE WERETRO YT ABEKO X XY
BAMY, LTFIORTIERT 2 e, Yo7 7 —EBiEEB LU SDS-R U

T UNT I RTIVERKEIANSZ = 2 BEICHE L,

FEET I BN T X BE R, AR EI T LELOICE R
D 20% (wiv) NV 7 v e fiiig (TCA)ZMZ CTHEEYFR— L, =Ly (4°C,
5,000 rpm, 10 43[) kv Eon7- LiEd pH 2.2 7 = UgkEER (Fit
PSR T 3RSt CTEEARE, 045um OT7 4 VX —TAHABLELD
oAV T e L, HPLC (BEMARN 7 1 LC-10AD, GHEAR >
7" :LC-10AT, /7 7 AR : CTO-10A, %% : RF-10A , # 7 X : Shim-Pack
AMINO NA EiHERUERTR) 272 OPAFE(IEICL VAT I/ ES

HEL, K 100gIcEFEN 287 < /B&E (mg/1009)& L CRLT-,

Iur T —BEHEORE VT AAKRIVHEBEZEZAL T 7 —BIEE
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ZRE L7, 1EIOPEICSE, 3 HDHWI4 BTV T LT, 1EIOY
YTV TNE, YT AK) 3g AL, ENEIVHBERE AR L CRERTEMEY
AT LTz, 7 AEED 3 fFED 0.1 M KCI, 20 mM Tris-HCI ( pH 7.5 JI&ik %
Mz, AEFA Y — (AARRBER) ICTREN EH L2 E 5 1km T 30
FoEE, 30 BEREAE 3 BV IETREY A X&lTol2, ZOKREVFA X
iz 0°C T 8,000 rpm, 15 FyfAli= .0yt L, #5647z EiE A MRl & LT
ALz, a5 7—YiEMIL, 048% H¥A >, 20mM Tris-HCI (pH 7.5),
BESRIK 0.1 mL / mL SUSHR, 30 °CIT TRIG AT o 7o, RIFHIIC IR EE 5% TCA
TG EEIE L ABEIT - 121, AIRICOW T Folin JEICTHE L, 660 nm (2
THEEELE, Y 30°C1h Tlpg @ L-F v YT LHIEX 7
7 x )= VREEAYEOHENE T b9 EMEE 1 B e L, RUFZETIEY
TA1g Um0 oiEEE L TETZELEL, & Unit /g & LTHRLL,

7u7 T —BHEANS FAVORE VT ARKOBERICEHDL T e T T
—COMBEEFET D70, EE a7 T —8BA e EX —IC L DIEMHE
LER) DR EEIToT-, HHLEZ7vT 7 —¥A b X —|ILeupeptin
(A7 F RWFSEHT) , Antipain (<" R#FZE0T) , Chymostatin (—~7°F R
7EAN), E-64 (7 H T AT A7), Pepstatin A (FHF7ATAY) , =FLPT
I VUEERR (EDTA, 7747 A7) BLXOHIIATH 5, 72k, JIEICHS
WTIEEHRIN N HIF A Z BEL, IFAOEFEO3(EFED0.1 M KCI 20 mM Tris-HCI
(PH 75) K &2 N2 CTHRE DT A Xk, AR TIRIBAIT > 7R A EH L7z, %l
FLE L7 7 A B LI ilER O 7 a7 7 —BIHME & JIE T 5 SOSEIRIZ
A e Y —ERKRETHRIMLTRZET T e T 7 —BIHEHA2RE L, &
OREN AT 5 E T e EX—ZIRIN L 725G DOERL RO T,

30



SDS-RYUT 27 UNT I FFANVERIKE) (SDS-PAGE) HBICXdV T RAF
2RI GDSH SDS-PAGE!ELaemmlid HIEDIZ eV, 10% F7-1315% K Y 7
JUYNVT I RTFVEMEHL TITo 7, & X7 oYt 3 Coomassie Brilliant
Blue R250 T1T o7z, 7235, ¥ 7 A afaikz il & L 72SDS-PAGE/ T 7

X, ATOFETHE U, RIREHR TRl Lo ml s 7 A51gi2 1045
BOWHS% TCAZRMULEE YA A LT, Zi%4°CT1200 rpm, 5 miniz L4y
BEAZ AT\, TR 215 7=, Z OILEIZ8 M Urea, 2% SDS, 0.1 M Tris-Glycine ( pH9.3)
¥A#%3 mL, 2-mercaptoethanol 5 UL ¥R L A % — T |2 CiEfiEt%, BPB-Glycerin 10
MLZ N2, 100 °CT1 minfnEh L THAE LSDS-PAGEY > 7 /v & LT, BEXIKE

I SN 7 WV | I e B et

FURIBREORE 4 s BREEIIFMIET VT I v aEREE L L
THRL, vy Mg THIELE,

A pH OBIE AR pH 1%, iR 1g I2HAR-EAK 10mL 2z AREePF A R

%, WL/ pH A —# (Horiba D-51) (& CHIE L7z,

%%‘f‘&&ﬁ 'T%%hﬁ_T 57 j,% EH&VCEE)%) k%ﬁ%mu Lf:5%.’(—f:@ﬂ?§
DHONTIZ L DS EEBHREE 21X t REEITWVRME L 7=,

S
BRIV TADE U RIBHR AR 7 A2 ERBGHT 2 & falko
RN HE o R & L72IRRE & 72 B, Fig. 15124 K5 h o &
£10°CT72h fR1FL 72 T ALMIKDSDS-PAGE /¥ — > & R Lz, (45

h K L7=2 T A TIIRREBHED B X RV ETHHIA VB, 77 F
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Y, MaRIATVUERRBOLNDL, 10 °CTT2 h (RIF LIV T ATIEIA
VUEBHR M AR I A U EOX RN RBIRIEHEEL, XU XTED
SIIREITL TS Z RO BT, TORRIZ, AfES T ARMETIT B
o Ru b LEfRiE L 2 B RIKIE, fAX V7 B0 7 aT 7 —E il

DD THDHILEZRLTVND, AR TIEY 7 AOBKRTIENT 57027

7 =B OW TR 21T 72,
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,I ‘=wel
A P

Fig. 15 Changes in SDS-polyacrylamide gel electrophoresis
pattern of juvenile sardines during cold storage. Juvenile
sardines which were stored (a) for 5 h in ice after catch
and (b) for 72 h at 10 °C were frozen with liquid
nitrogen. Frozen samples ( 1 g) were homogenized with
10 volumes of 5% TCA, then centrifuged. Precipitate
were dissolved with 3 mL of 8 M Urea, 2% SDS, 0.1 M
Tris-glycine (pH 9.3) and 5 puL of 2-mercaptpetanol.
Then 10 pL of BPB-Glycerin was added. SDS-PAGE
was performed by using 10 % polyacrylamide gel. a:
Juvenile sardines stored 5 h in ice after catch, b: Juvenile
sardines stored at 10 °C for 72 h, M: Molecular weight
marker.



BBRETOEMY ) BEOEL 7 R2%4 °C £10 °C TRIELERS
O OWEEET X BREDEALEFig. 16 (239, M &2 & ANIAT - 7= DIdKk
B BHK5h i Th o, WEEET X/ BEEIL145 £ 18 mg/ 1009 TH > 72,

KT D510 h #121F4°C T 195 = 18 mg/100g, 10°C Ti%231 *+ 26 mg
/100g & ZFNENAE (p<0.01) (T LT, 24 h #I21%, 4 °CTIHIfas5h %
DIEDKILE {512, 10 °C TITH2 fF & 7 0 RAFIRE KA U ClEliE T X /i
BTN L7z, SOICRFEEITo 72720 $hCHWElET X BENL, o
BN TIR AR E 2 o8 Uiz, N3 287 X/ oML, T4 Lol
BET 2 R17 DY B X T Y UERWEZ16 72 B2 (Arg, Lys, His, Phe, Tyr,
Leu, lleu, Met, Val, Ala, Gly, Pro, Glu, Ser, Thr, Asp) C5 ~ 30f 2 I ZHE M L 7=,
AV AZONWTIHREEEZIZEAE RS ehote, (FERITRS V) £
HFIEEOFBEIZONTIE, TT VR TR L2 EE LY 7 L %4 °C TR
17 LAl R A Fig. 17 1O d, AREZESREIE-5E, EHET I BT
4°C10h % CT216+8mg/100g, 24 h % T374+18mg/100g& 72 v, ERkT B ilF
BE7 S VBEIIEE L TWARWELD(4°C10h £ T194+7mg/100g, 24h 1%
T302+10mg /100 g )iZth~_T24h #% CTHE (p<0.01) ([Z#HML7-Z & &R L
7=, ED1%48h ~ 72h ORGFTIIEN AL LN ooy, JTEEBREIZLY
WEBET X BR RSN AT 524 h THMRICENROND Z L &2 RB LT

WD,
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Fig.
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Effect of postmortem temperature on
the autodigestion of juvenile sardines
measured with the total free amino
acids concentration. Juvenile sardines
were stored at 4°C (@) or 10°C (A)
for 72 h. The total concentration of
free amino acids in whole juvenile
sardines was measured. (n = 5)
Different letters indicate significant
differences ( p<0.01).
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Fig. 17 Effect of press-treatment of juvenile

sardines on the autodigestion
measured with the total free amino
acids concentration. Juvenile sardines
were pressed by the putting them
between panels and then stored at 4°C
for 10 h, 24 h and 72 h. The total
concentration of free amino acids in
whole juvenile sardines was measured.
(n = 5) Different letters indicate
significant differences ( p<0.01).

@: without press-treatment,

O: with press-treatment



VIARBREFO T 0T T —EBEEOEL 0°C, 4°C, 10°CTO~4H MR
FLIZY T ANDENENRHH LI HEEERO 7 07 7 —BIEMH 2 JE L7
R AEFig. 1812/r7, EHICAT LY I AV as 7 —8iEMEX
1399 £ 55 Unit/ g ThH-o7=, 0°CLRTFTCIE, tRGF2HDOVZAD T T 7 —=F
[EMEIX1425 £ 25 Unit/ g Tl & A EZEITR OGN o7, —J7, 4°CL10°C
THRELEGEIZ VT A0 a7 7 —EBiEO EANED biviz, 4 °CIRFT
I3MRTF3 BT a7 7 —BiEM1%3262 + 32 Unit / g, 4H H T3381 + 88 Unit / g
0, REIE T T T —BIEHIRIRIER AR L 2o 72, 10 °CIRTE TILIRAE
2 HCF T 7 —PiEHMIE3412 £ 262 Unit /g, 3H H T3336 + 349 Unit/ g, 4H
H3389+229 Unit/g 2" L, fRfF2 AT/ a7 —BiEMkixR KL 20, &
DBIEAL Lo Tz, Figl8DOFiR LY, v I 2ROBBRGEFO T T 7 —F
JEMED L H#EE 130 °CT13 Unit/ g/ d, 4 °CT621 Unit/g/d, 10 °CT1006 Unit/
g/dEEH S, REKRFEELZRTZEDRBO LN,
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Fig. 18 Changes in total proteases activity of whole juvenile sardines
during cold storage. Fresh juvenile sardines were stored at 0°C, 4°C
and 10°C for 4 d. The total proteases activity of crude enzymes
extracted from stored whole juvenile sardines was measured. (n = 3)
The protease activity was carried out at 30 °C in a reaction medium
containing 0.48% casein, 20 mM Tris-HCI (pH 7.5), crude enzymes
extracted 0.1 mL/mL of reaction medium. Different letters indicate
significant differences ( p<0.01). 0°C:(O) , 4°C: (@), 10°C: (A)
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HBRORTFRICBITIZ 0T 7 —BEEDOE/ ¥ 7 2MBIEE DHERE
THEMRAHMBICHIELTT a7 7 —BiEHIEEL 2D 2 E AR I
oo WEBAGFEHRIZT e T 7 —BIEES ER T2 HIKEZRET 272012,
HLUT-HBERREBERTE LGS0 7 a7 7 —BIEEORE( & Il E
Lic, ARBRTIL, 7 2A2MBMELIE LG E60 7T aT 7 —BIEEIZ

MIETRHBCOWTHRF 21T o 7o, MEERRITEE B ICAF LI AR
TARAEBEERCREHRE L T AEMRBM LTy 7 A2 ke LT
L7, AL LOMBES 7 A L0 L 7oHEERERAZ 0 °C TIRIFLT
Sao7aTs 7 —BIEEORFEE Fig. 19 12T, ERES 7 XA X 0GR LT
MEERIRD 7 v 7 7 — M, HRER T 1421 £55 Unit/ g TH Y, RiFH

Bl L HICTEMITA RIS A L, 47 2 A Tl 1830 £ 107 Unit /g (=2 h o —

JVLE 128%) & e oTc, fRERY T A DOMBESRIR D 7 v 7 7 — B IR S FIERIZ,
RIE % T 1044 £ 107 Unit /g , f#7F 1 B T2131+£132Unit/ g , ¥ 2 A T 2917
+ 146 Unit / g LRTFHEE & HIZIRMEIZAE (p<0.01) 12 2505 31512 L&
L, MBERRORARESO T 0T 7 —BIEHITRAORE R EORBEEZ1T 5
, HEREOBBEETO 70T 7 —BiEEO BRI sl & Uiz
TANHRHB LI L O THNZ LR bz, HEFERREDHERTT LT
077 —BIEHIX LR TR, a7 7 —BIEEN R KRICEET HOICEA %
FEIOMETH D, £ 2 CHIEREKZ 40 °C TUHE L7507 w77 —
BIGHEORRREE 2 WE Lz (Fig. 20) o, EfES T A0 58 L 7o R IR O
a7 —YiEMIL, fiHES% T 1421 £ 55 Unit/ g TH Y, 40 °C 30 min ZLFE
T 2207 +149 Unit/ g 1T b5 U7c R 2 L7227 A0 bl U 7ok
o7 a7 7 —BIEMEE, fHE% T 1397 + 99 Unit / g, 40 °C 30 min ALEET
3015 + 95 Unit /g, 60 min ZL¥E T 3591 + 139 Unit/g , 2 h #L¥ET 3872 + 12 Unit

/g &720, %60 min L CIEMAEN SEREE T EATAZ RO LN,
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19  Effect of frozen-treatment of juvenile
sardines on the changes in total protease
activity during storage at 0 °C. Juvenile
sardines were frozen with liquid nitrogen,
stored at -60 °C and then thawed in ice.
The thawed and non-frozen juvenile
sardines were stored at 0°C for 2 d. The
total protease activity of extracted crude
enzymes from stored whole juvenile
sardines was measured (n = 3). The method
for protease activity assay was same as in
Fig. 4. Different letters indicate significant
differences  (p<0.01). [ :non-frozen
sardines, M: frozen sardines
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Effect of heat treatment of crude
enzyme solution on the total protease
activity. The extracted crude enzyme
solution was treated at 40 °C for 120 min.
The total protease activity of extracted crude
enzymes was measured (n = 3). The method
for protease activity assay was same as in
Fig. 4. Different letters indicate significant
differences ( p<0.01).
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HBROREFEFOZ VNI BEOHREEIL 0°C TRIFELIEY 7 A0 bR
LIcHBRE T EZmB LTS a, &5V 40 °C AP L7 MHEER O

SDS-PAGE/~# — % Fig. 2112789, 0 CCTRAE L 72 o T A0 S L7 HiEE R
K DSDS-PAGE/ % — > (A:0H, E1HRAME, G2HMRMF) ITIEENRBD b
Do Tz, MEERIEE W RTT 5 £ 5190 kDak 20kDad 4y & & kg X L /X7
BOSMRNERO BT, (B:1HMRTE, C: 2BRME) F7=, HEEHRITA40°C 4L
S5 L&, MR THOMNRFED Hi72K90 kDa, 20 kDad % /37 i &%
By R ERECHEEEND Z L AURS LT (40 °C AEEHEESR (D, F, H) .

20100

Fig. 21  Effect of heat treatment on SDS-polyacrylamide gel
electrophoresis pattern of crude extracts from juvenile sardines. A: fresh
crude extract from 0 d stored sardines. B: stored A sample at 0°C for 1 d.
C: stored A sample at 0°C for 2 d. D: heat-treated A sample at 40°C for 30
min. E: crude extract from 2 d stored sardines. F: heat-treated E sample at
40°C for 30 min. G: crude extract from 2 d stored sardines. H: heat-treated
G sample at 40°C for 30 min. M: Molecular weight marker. SDS-PAGE
was performed by using 15% polyacrylamide gel. The protein
concentration was 12 ug / lane.
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HBR 07 7 —EBEEOHEFERART Vv T ZAKB LUV T 205
M L7efifE R o 7 a7 7 —BIEMEE, WEREASMBLEIC XV IEEE
MERTDHZERBD LN, V7 AAKOBEAEGT T ORMBIZEDS
RTT7 —EOREBEALHALNCT LD, FETe T T -8B/ X —
AHWTHEERE Y 17 7 —BIEEOREAXY MV AZRIE LTz, WY T
A D U7 R (MR & S) BL O Z OMBERREZ
40 °CT30 minfLE L7z b 0 (BMLERRESS L IP.5) MW o, A e vy —
D7 T T —BHELRIL, RISHEIRTOA e X —REZEZ TRIEL
PLERN—EIZR ST EZMERTHAZLICLY, HBERICEENLG 0T T
— B O A FFE LIEHEEIS 2B 502 L, Fig. 2212HHEEE 123 LT b
VTR0 U8R U RBHDLNNEIVATA R T T T —EDOA
B4 —Tdh HAntipainz W56 07 v 7 7 — B EEEZHE Lo R %
R, KRS 25 pg/mL LV EWVIEE T r T T —BIEEOREITIEIE—E
DIEE 720, FEIREL0 po/mL TIEMEE T A > b B —HIRIND4T £ 37 % &
eolz, ThpbHERFTO T v T 7 —BIEHOKI53 %53 Antipain THLE X
HIEMETHLZ L ZRLTWD, [AERIZ, Leupeptin (BV » « VAT A 7
nFT—P AL EEX =), E64 (VATALTRTT—F A b H—),
Pepstatin A (7 AT X g7 w77 —E A & 4 —), Chymostatin (£ U > -
VATAvTuTr T —EAf e X —), EDTA (A& unruar7r—EA et
Z)BXOWIFAZ W7 07 7 —BiEEREICOWTHRIE 21T - 72, Fig. 22
(278 L7z Antipain D34 & RIARICBLE RN Ik K & 72 > 723 1L, Leupeptin T5
pg/mL, Pepstatin A 10 pg/mL, E-64 8 pg/mL, Chymostatin 10 pg/mL, EDTA 0.5 mM
Thoto, AW HOWTIE, HEEREO Y v7 7 —BiEMHRIE R IZIFAFER D 1/8
® (MRELUSHETOINA 2 7' BiRE 14mg/mL) R KRiRNE & L CTHRIE
AToTz, £, RBRICITHHHEESS & BB Z W, &7 77 —8
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A e B X —% HWT25E ORE S A TEMEHE & BTEPEE I 5 A xHE
% Table 412”3, fHHHIEER B L OBVLEEER O 7 v 7 7 —BIEHIL, ThZ
#11277 Unit/g & 3234 Unitlg Tod > 7o, fIHHEESR O 7' a7 7 —BIEMEIL,
Leupeptin T689 Unit/gPH 5 = AL 1E MEE D 54%(CFH 23" %, Antipain T1%651
Unit/g (215 051%), Chymostatin G460 Unit/g (215 36%), E-647T26 Unit/g
(BIEMED2%), EDTAT255 Unitlg (A& 0D20%) 23 HE vz, —JF, 2VLed
B25ClX, 7u7 7 —BiEMEIE3234 Unit/gic E5- L7228, LeupeptiniZ X v 1358
Unit/g (T MAE D 42%) 23R S 4, flTHHEESR O5A I~ TIE S o 16
B3 2% L 72~ 7, AntipainTi31164 Unit/g (&5 36%) 235 BHE &, i
MR DG E T~ TL1.226% & 72 > 7=, ChymostatinC/Z1746 Unitlg (4=1&MHED
54%) 3 BHE <4, T HPHLEESE O BRETEME R 003.801% & KIgIC EH/ L7z, E-64T
I%65 Unit/lg (&7&EMED2%) TdH >7-, —J7, Pepstatin ATFHE S 11 5 TEMEAEIXO0
Unit/g & BVLBREESR TIIERD DR WRER R L7z, JFA TIE, 2684 Unit/g (4=
JEPED83%) 3 PHE ST, LA OSSR, SR & BV RS CIRiE e
BT 57077 —BOMARES (LTS T 2R LTV,
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Fig. 22 Inhibition of total proteases activity of crude enzyme extracted from
juvenile sardines by Antipain.
The protease activity was carried out at 30 °C in a reaction medium
containing 0.48% casein, 20 mM Tris-HCI (pH 7.5), crude enzymes
extracted 0.1 mL/mL of reaction medium and various concentration
of Antipain (n = 3).

Table 4 Inhibition spectrum of proteases activity of crude extract from juvenile sardines.

Protease activity without Protease activity with
heat treatment heat treatment at 40°C
1277 Unit/g 3234 Unit/g
Inhibitor Inhibited proteases activity ( Unit/g)
Antipain 651 (51%) 1164 (36%)
Leupeptin 689 (54%) 1358 (42%)
Chymostatin 460 (36%) 1746 (54%)
E-64 26 ( 2%) 65 (2%)
Pepstatin A 77 ( 6%) 0 ( 0%)
EDTA 255 (20%) 291 (9%)
Egg white 830 (65%) 2684 (83%)

Crude extract and heat-treated crude extract at 40 °C for 30 min were used.

The inhibited protease activity was measured same as Fig. 22 with various inhibitors.
The concentration of inhibitor which saturated inhibition activity in the reaction
medium were 10 pg/mL (Antipain),5 pg/mL (Leupeptin), 10 pg/mL (Pepstatin A),

8 pg/mL (E-64), 10 pg/mL (Chymostatin), 0.5 mM EDTA and 14 mg/ mL ( egg white) ,
respectively. The number in parentheses means relative inhibited protease activity.
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£F 3

KEMOBMMWEIIH LT aT 7 —ENEET L 2 L3S HE snT
W5, M R, BRTAERZ L LT e T T — BT 0 H0OREY B
BT LI ENOMAENRED N TETWND, S bIZ, Ml hid
NEELTZRARTOMIEBHR N AL EEE LA e Tr 77—
E7uT T —EA e B X —IZHT DHRIET D S A PERANBA R I EE G
WAL CTE T, D% —F, (U SHHFMR L DT X TIEIAE% O R
R & & BRI LIEiE T 5720, JERECMNICAEMN LA L,

EHITLOoTROLLTFLR2EORENMTERTETWD, FE, Afifor
TAZBET DI ENEITRY, HEE TORMZIEIXT 720 O)E T IERE
BAMHICBET 2B MORER RO O TWD, v T AEMIBRGTT D L IRR
L Reb LzREBEZRDD, 2D K57 T ADSDS-PAGE N ¥ — L 1Xf)
JFHAED T X R THDH I AV EOSRBEITL TWDH I EERL
7z (Fig.15) . L2 L2 biffER DL 7 ZBIKDOEMRICE G+ 57 nT 7 —
YPOTRIZ D72\, ZO X5 RBALLITONIZE L L CImEMA %7
DEAERICEAT 20008 H Y, NIEHEEESR OFE & AT R B 2 Y
Lz EN, Y E, AMEOMEBERICET SR b RS T D
2, ) BB OWLEEE OIEZCICET 2 ME TP v, AR TR S
A DRI DTV RIRAFEPIIER T2 7 07 7 —B ofE & iEMHEIC S
W Z1T 572, T OREE, ARERICEDL L 7 r T 7 —BIGthix B #%
DM ORE & & I EF7T 52 L 2RI DN E LI (Fig. 18,
19,20) , T7bb, I AAKRNGHB LIMHERD 7 v T 7 — BRI,
RO WBIIE 23 & < 72 2 DIZHEVIEMEME S m < 720, TEMEOH ROE IR
FERTEIE 2R3 2 E S S & Fe 5 72 (Fig. 18), & HITHBARHALEE 2 L 7=
ENORBLIMEER O T 07 7 —BIGMED ERITAREY T 2T TEL
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AT 2 & bR S Lz (Fig. 19), F7=, MRh bimH L 7= MR IR % 24
(40°C) WHEFTHZ L2k a7 7 —BIEHITERERIC3HERE £ T LA
5 ZEHEOLNT(Fig. 20), 2O DFERITL T A2 WBERBTE L TV 5 M
o, BRERICED L YT 7 —BIEES EH LTV S L ERRBT 5T — 4
ThHY, BLBEESE OIEMHMEILAERZE O L O OWEABLZ 5 H B T 7256 O
a7 T —BIEEORIE L FEETH D L HELE LT, BERAIROpHITH IR H
HK6.8TH VY, AL TIXFVEpHETIEH T 5 7 0 7 7 —BIZ oW ThaT 2 itk
Wiz, a7 7 —BOBELE T T T —BORIEMHICKT HEEZH 5
T 50T, MRS & BBEREO T a7 T — Bk 8T T 7 —
YA e vy —DEMA%ZRE L-(Fig. 22, Table 4), a7 7—¥ A b EH—
D72 DT Antipain<CLeupeptin® X 5 ([Z#EE D 7 v 77—kt L CIHE/EH
ERTHEOLHL, ARRTIIATA T rT T —EA B EX —DE-64IC
K DIEMEPLE SR IX2%FREE L {2 &5, Antipain & Leupeptin CRHE S fuv7= 7
77 —RBEECN) T rohEov) T TR EHERTH I LN TE
5., fhitEEE O Y o7 a7 7 —BiEMIEAI690 Unit/g TG MED54% % &
T2, BULEREE SR OTEVEEIZAI1360 Unit/g & #iHHLEEE Of2f5 & 7o 72
DD, BIEWEDL2% E 720 LRITIK T Lie, &N ER T8 o777 —
BN RY Tl I DIconTA R EZ TET 528, Ahsanb™ (34 4 7
FATTDRN) TV ) —=FNCDWCREDT A Y T — AR FETDHZ &%
WELTWD, YT AOWBRFHIZ N T ) —=Frinn N 7o U R
L, BV 7 ar7—BiEN LA LRERSZE 2605, —F, 7Yur 7y
—F A b X —@OChymostatiniZ ¥ kU 7' > & EIZFHET 5, Chymostatin
TR S5 TG VEME LAl HHLEE 55 C460 Unitlg & 2I51ED36% TdHh - 7278, Bl
PHE%SR TU31746 Unit/g & #3.815 % T LA L ATEMEICH O DR H54% & 7o o7

(Table 4), ¥ 7 AWK LAT 7077 —BIEHE, TN 7
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EMED EFICK D T LR T OMRTH D, FEF M TV UEED BRI
DONTIE, FENY IV =T DOIEHIERZ X 65, Wright 5 1XF%E KU
T ) = DIEHACROGIZ O NWT Y v bR R Y ST K BRES
FIRIC & o TIEMAL S EITT 5 2 E 2O LI X N2 ShTn g, 0%
VIADFER) TV =T UICEAT LSO ROMEDLETH LH DY, Wik
FHIZXE N TV ) —=FoRn ) Forilov) rFer 7 —RIckiR
ENIRSUIEMRIE MY o U DAERBEIT LT Z E RIS,
Pepstatin AlZ7 A/8F X U7 s 7 —¥ ZE T %, Pepstatin ATHES L7z
TaT 7 —BIEHIT R 02T e T T —BIEHE D% E (5O TV, B
JUERRESE CITIRMENE R Lz, 70T 7 —BIEME2HE L T % pHA R o
TeDIZT ARG R BT 0T 7 —BIEMHEITERW & Bbil s 5, SIERSIEOpHIT
FPEIZITVME (pH6.8) THOHDT, ZO LI REMEEEZ OGNS, £z,
BVLEL R ZT ARG X U7 a T T — BN SN AREES S S, EDTAIR
AuaZuaT 7 —BOREATHY, HENRNOMEMHEREROA 2T 0T
7 —BIEMEDOTEMEE X255 Unit/lg TRIEMED20% TH V, Z OfEIFELEE A L T-
BULEEEE SR CHIEIXE £290 Unit/g T 0 IR 2 R IT9%IZIK T L7z,
LLEDFERN S YT ADWERGFETICE W TIE, BEEZOREEREOMK
TV U 7a 77 —BEENEERRTH LN, TORNI TV ) =D
HOOMRIZE D N L DAERRFE N 7Py ) —Frov) v Fuasrry—
VICLDRENRICL DIEERXE ) T U OERPEITL, Yo7 7 —8
TEMEDSTRIBANIC B USROS BRI T 2 & A HER Sz, BVLPERESR
FOTrT T —EOKES (83%) X, IIEICL > CHEFEESNLIMENE LN
7= (Table4) . JRAICITEIC R Y 7T oRoXE M) P UV BEREZLET 2
DTuTT =B e B —REENTBYRENRT T T —Ef X

—RMEMTHDLDOT, 5% T ADRAKEKHREZNG TS 7077 —¥A
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B — L LURARHRE SN BREFEM THD Z LRSS, ¥ v 7 20H
AR PRI T 2BI80%, B Y 7 uT 7 —¥ ORKMNRIEMEIC X
W 7ar T —BEEN ERTHZLICk DI AR ENT, £, TRHDK
IR RN BE S (Fig. 17) SCMRAFIREE 35 1 OVHURE AR S AL EE 23 K
XEBTLEPHBNE R, JENHEEEZ T2 T A TIIRERTD
W 524 WREE £ TH AT E S ey, ZRUBERIZENR b2 2o
oo ZHUTIMIBRAFIC LV T AR 7 a7 7 —BIEMEDN & < 72 o THfgnstt
Tei=dh, FUBOEBNRZIC K holzlob tHEERIND,

T ADAREEREE 2 IR 5 o, IREREOAARITND D E S O
O SRRC L D ARVNREEIZ 1T D F/L R EMRER I K ONBGRE MR 1% o0 TH 2 AT RE IR
PN ERES 2 Z L ~DOXNE, S HIFINEFEORLFZM T T T -8B/ e
Z—DIHERERTHZ EDBMETH D,
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BIE HIDZDVHLAT~OMEREBENT XD
b RZ I ERMHHR

&
EAFZ I (LLF Hm W) OFMIE, Hm AkEOEET S5 AF

[l

VUBIRIERERIC L VERET X JBROEATF O URBIRBE I A X I
EERT D0 THY, Y HN BPHEOFREBMOIZEA LI, BT 2/
BROEAF DU 2L GLREBPLZDOMLETHL L ENTNS, ¥ £,
2011 4725 2012 FITRMOKPER D3 E R L 72HAEIC B W T, EFERMOA U Y
S JFURE & L2 KT T Hm IS O WL AR LT D EEEE & iT
Sz, P 2o b AU VOBTRIBLTOZ L ERL, FEHMICIE, ~A
7 3 Sardinops melanostictus, /L A A U Etrumeus teres, N X7 FA T
Engraulis japonicas 2MEH 41528, FTHREZENMENT L AL T DAL
FlEmfkdh & S TnW5, BIREROIEEEICALET 2 ik CiX, &< bHl
TECHEINDTINAALTIRNE T TFA T EFEEE LI AT ORIED R A
THDHN, BOLREZRDDEMEER G, MEaRHZ RGO Hm 32 EHE
MREROOND Y, REEFIIZOMSTHEE L T D, BE, BAEIC
BT - BAREEHEIC Hm OFLHMEITER T S TWRW A, Hm O FLHE
AR ITTWHES &V D72 DOKEY HACCP LR AT IRSIZIX, Hm @
URAZEHNEERER Lo TEY, LT OWENAERHA~D K RERE L 725
TW5, ZOX 5 RESMEENDS, Wh LA TELEICK T 5 Hm Einm
W OMESTIT R & 72> TV D, T TAMMITECREER LS ISR 5 4F
HME Hm AR Hm AR O FERHEI B L Tl < OAFFE A ST
W O R PERE A B TCITRIEA & — & —ZFIH L7z Hm RS H i o BA
ERHEATHND, 1 —J, WHhLATICE L TIE, Hm B EBEEHORGET,
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MEFERIE Cdb % Photobacterium phosphoreum 23 FUAH & HEE S L7285 13 H 5
bOO, ¥ AT Hm ZERMENC B L TR o fE A L 8 5 O (K IR i
9 LIS BRI 2 I 1 STV AR N OB EE TH D ABFZE T
HDLATFOPTHRBEL L NI AR T ENGRLE LT, Wb LT s
2B 5 Hm FRY A7 OFEWINT TR & ARRRCREZA 5202 L, Hm
BB T DO DEMMRBEM 2T 22 L2 AN E Lz, T4, Y
HISR DRI ITRIGE ST R 7 B 72 LISk 2 A 5R 20%), Hm AR
Db AF VU BiREERESE (hde) EHEFICET 28E PndbsLhb, K
WFFECTIIAEY) R ORG I OIS HIRRBR 21T o 7o KRR IR & IR oD AL B 23
AT MUK OGS L8758 [3C BE ) o BLEIRFICYRAE9 % SCH. Citrus grandis 5
EAbHIESN TS HDZ M, 5200 D LALLM L7z Hm Ak
(RS I 2 RN L, SE5E NI & hde IEMERLEMEH ORFEE T T, £z,
9 % W LALTFGE TH CRIMRINZI R DWW CHEIERBR 21T - 72,

MBS L OH
AFHRETLHE OV FY 7 BREBRNOS 20 0Wb LATRIETLY
(BN, JFBHR KL OHEKIRTE, KBS X 2HIkE 70 b NCHIBR D& Tk
ETRHCONVAAL T V% 5 BT OBRRLEE, Yo7 idRy =F LU ®/o
PRAFEC AAUK B CRE & ROK FERITBR 58 2 o # — TR B IR 0 BB ICfiE L
oo 2k, VU7 2 £ T -40 CTWHRIF LT,

EXZ Y (Hm) EEEOHE FMECkET 1 EF>IFicL,
YT 29I 8 BEEDA ALK EMZ, KUY harREYF AP —
(KINEMATICA # PT2500E) TAE ¥ % — b L, =04 (4°C, 10,000 rpm,

5 R Ik v ki a7z, & 57z g % Histamarine kit (Beckman Coulter)
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ZHAWT ELESA EBICEVWRINEY~A 7 ud L —F) —&X— (Y —
MPR-A4i) (27T 400 nm (2331 W EE 2018 L, Hm AR O FE & WG EE
SER LR ERRIZE Y Hm BEEZ KD,

AKRBEESEBEORHIE A LML I FROKS L EMEGEE (105
C) THIE LT, HOBREIXIIVTHE 8 (FEDA 4 UK THREY X — b

LEESyE (7% 28 PAL-ES1) THIE L7-,

AFREET VR R TR T D EEME S, Hm ARE %, Hm
FRE, HOREROKGTEREOZEEEZEET L -0ICibEE T Vil %

Bt

=,
L7,

b
=

SRR FE VDS IR VE 5 v O X AU R IROK BE RN BR R v & — 12K
BB LUV AL Uy (iR 16.0 = 24cm, {AHE 574 + 12.19)
44 B Lz, 723, 24 RIFEGEET VRBRIC, 520 © 20 EBIE Hm
A R O BERR BRI IV 72,

ATFORIE WATEE VAL T S 2HE LK, @ 10% RIEKIC 38
FRIE LT-, 0%, MAKTHEELAKDD 2170, HRGZEE (2=~ v
7% SD-50) ZHHLT20 CT 24h KN 72h i L CHTFERIELY
Hricfk L7z,

FHEMEHEE, Hm EREEB I Hm EEEORIE MEKOHITEIT,
TNV EREEZSN L, 5 RAEMBMICONICH L, IUTH 49 %

Satomi et al.®®3 L OAFT & 1 D HFEIZHE T, 0.5% L-t 2 F 2 U EERE & O
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1.5% BHEARM LN FFr—2Y 4722 (LLFTSB & 9) 36mL
ZWIML, 30 °C T48h &L OWEWIE N O M2k (MPN) 35 °7 12XV bt
PERIER 2 SR 72, £72, Hm AEREBUZ DWW TUE, a7 5 2o il E
CHWEE#OF NS F =2y 7 N T— e AEZ Iy (Fya—<) 1Tk
WO RO LE SO E RS (MPN) 5 °7 2V TR 7=, 72 Hm ZHE
BEOWEFYF T VOBEHERELZIIL, £ TRTS BEFHoIFIicL,1

K= Lo HN HHEEZWEL 5 ROTVHE TR LE,

WHBRE L KPEEORIE T I VITiEE TOIE & EEN S LUIEDR
flE 290 o LIRSS 0 OFHER LV BRI EZ X I Lic, o, <
YT 8 HEEDOA T RBKEMAFEY R — N LESEICHE L, F72,

AKOTEMIE S v v e - 2=y ME ICEVRLE LT,

BIEALF2DD Hm £REOLBE Hm AEEREICH W MPN
BRIED 5 H Hm DOERATRD bz @k L, RAGRE O icky
Hm AkE 208 L, B ETHOY 7 ve Uiz, £72, Bk L7-EIX
Satomi et al.SO D FEICHE L, 05% L-t A F U HEEAE K O 1.5% &% IR

MU= TSBEEH T30 CIZT22h 28 L, DBEE O Hm Ak &2 1T LT,

Hm ARE OB S FE Hm L EK O S FE 1L 16S rRNA B 15 7 K fid
FNC X D5y FRHTIC L DT - 72, 0.5% L-t A F 2 et I OV 1.5% & i %
WML N TFF o —2A Y47 J7— (TSA) G ETRE S 7 Hm 4
RE O 1l ar=—%1H&HErZ LD, 1% TritonX-100 % Il 2. 7= TE $& & i
(10 mM Tris, 1 mM EDTA, pH8.0) (2% L, 100 ‘CT5MmaE L 7=,

MBBEHIKAEL, ZraRLh-A YT INTLa—)L (24:1) 2% &
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MAREEG L, EOoBEC T REZREILL, PCR O8R! DNA & L7, MEE
DNA @ 16S rRNA Eix ¥ PCR HIEIL, HEME L= "—H L7 T f ~—
T % 27F (5-AGAGTTTGATCCTGGCTCAG-3’ ) & 1492R
(5°-TTACCTGTTACGACTT-3" ) # W\ TiT o7, V4 & 7= B sE W O fife
W 1.5% T v — A )VERKUKENE, TR FUU AT TYRAL T
7o 7=, PCRIZ X Vi S 417- 16S rRNA 15 T DITIF 2K OELS %2 DNA
v —/2 % — (Applied Biosystems, Foster City, CA) (2 L VW LE L,
Genbank, EMBL 35 £ T8 DDBJ ®F — # ~X— X ® BLAST 7 L= U X1 %9 |z

FOBEmoEs & OMFEEZ R L, T2 HEE Lz,

Hm AR E O BIEEEKFEMSE 05%L-t 2 F 2 IR K O 1.5% & H 4§
0L 7= TSB K # 25 mL IZF/ERL T2 5 478 L7~ Hm AR 0.075 mL(107
cfumL)Z#mL, 15 °C, 20 C, 25 C, 30 CTHi#E L, RIFMICE D
®E (0.D.600NM) ~A 7 mr7L— KU —%— (HY— fil MPR-A4i) I

THIE L 7=,

AFPOHBELE Hm AREO YNV AL UV VH~OEERER VA4 T
OFFRAEE D CERIEER CHIF L, 3% BIE/KIZ1hRIER -35 CT
WHERE L, 2 BHRICPEMEIRECTY — K7 a& v ¥ — (Panasonic
MK-K60P ) W TI v FHEMBLE, IUFHN30 gx2%5L, —
FIERIEIL T2 54500 LT 107 cfu/mL ([CFH#E L7- Hm ARk E % 2 L #4
L20CT 24 hfR7FL HMIREZJE L7z, 580 0 I 2 F Ao FRGURR I it
L7z,

PR LSRN TEAFAROERICIRET 2 CERBE 2R, &0 L
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THREE SN D SCHREMZREA LA L7z,

Hm A BB (2 X3 5 M ie g i O TR RIZER 05 % L-t A F ¥ IR &
N 1.5% B AN L7 TSB 5 5 mLAICRR/EI T2 5 478 L 7= Hm Al
# 0.015 mL (10" cfu / mL)Z B2fE L 7=, #EF% OB A2 0@ L, BH
(MR RS I 2 B% L2k LT 0.5%, 1.0%, 2.0% 4.0% =R LEH L, 20
Zh 30 CICIRERE LIe i st & /IR & 2% (ADVANTEC
TN-1506) Z MW ThsZE A PldA L, RIS OEE 4 (0.D.660nm) &t
i M

HmARE O b 2 F P v i REEEESR (hdo) o3~ 5 A o BRE A3 &
hdc B RIEOFE 05% L-t A F VU ERRE L O 1.5% B2 -
TSBGHL 5 L 1T AL T2 5 47 L 7= Hm ZE R #% 6.5 mL (107 cfu / mL) % iz,
30 CC8 Wifiifss& L=, Z oM %A= 050 EfE (8,000 rpm, 104y, 4 C)
LU CTHIRAE /T, 50 @IRITIRE ) MBI T 2 BIvEE Lz, 20
#%200mM EEE 7 B =T A (pH4.3) ZMMAKF CTHEFRKE YA P —
(FI—K LT ® UD-21P)Z W T L 72 1%, =040 8f (8,000 rpm, 10
55, 4 C) Ik Bont ke 2 o R BIEER 1.5mg/mLIC2 5 k5

(CERFE LB R & LT,

hdc IEMFERIGERR 25 MM L-t X 5 U EE & 200 mM Eifig 7 > € =
U ARG (pH5.0) ZMERLE L L7z, FEHE 0.8 mL I IZHEFEIK 0.2mL &
MR 0.2 mL Z/0%, 35 CTHRICZBAAA L, 154312 16% (w/w) kU
7 v n i 2 A RSzt S¥ 70, TO%AR L7 Hm % Histamarine kit
(Beckman Coulter)(Z & %5 ELISA {ETHRIE L7z, A& A0 2 3 I [FAEEORESR
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KIinEIT o7 DEXBE LT EHEDS Do HIEICH T CTRAFEELE LTHEL
7~

MEEHICE D e X7 I ERIHEERER 50 0b LATRETHIC
BWT, BHONLTFHEE & HICHEEHZRML-AAF2E L2, &
bbb, HAKRE LRIZB W TR IARIE KD 0.5% & O Mg 2 iR L
BRI ZIT VRN O 3hRIEZ LT, 2 D% 20 CT20h OB A2IT o 72,
BUE B D IS B L 2 T Wit 35 £ T-25 CTHERIRE L7,

MEHLE /(o7 —21F, FRWMTHLI LR LD ATkl
B ATIZ & 2 L HEMIE £ 7213 ¢t BEZIT VR L 72,

R
MITRIE O Hm EREERBHE AL TRELG Y7 U 7 LEEEE
NS TRERE THOY 7O K8 (%) M O 51 FE (%)% Table. 5 (2
Hm &R &4 Fig. 23 ICZ AL ELR T, Ko B (%) TR B b itk & TR
FTIT70.511.0% 725 745+4.0% OFEPFHNTH Y, R TREZRKET 59.6
+2.2% (2D Lie, IR E (%) I3 /KIRIER T29+202% &72o7c,
HRE®RIC1ITE03% LK< 20, B TREZITKIEDKTICMHV4.010.6
% ETE o, Hm FHREITEEHA, HWAKRER, Hkskrcerne
108 £ 0.1 ppm (H4#i% 2.9 + 0.5 ppm) , 0.9 + 0.1 ppm (Hi#HaE
29 *= 0.3ppm) ,0.7 £ 0.1ppm (Fz¥p#a%i 2.8 = 0.3 ppm) & KA o 7223,
WM LREA D & 83.9 &= 75.2ppm (Wp#i% 206.0 £ 185.9 ppm) & A

WZm < 7Zeo7 (P<0.01) .
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Table.5  Moisture and Salinity of fish on process dried whole red-eye round herring

Raw fish Salted fish Desalinized fish Dried whole fish
Moisture (%) 72720 70.5%+1.0 745141 59.6+2.2
Salinity (%) 0.88 29+0.2 1.7+0.3 40=+0.6

Values are meanzstandard deviation (n=5).
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0 T w x

Raw fish Saltedfish Desalinized Driedwhole
fish fish

Histamine content (ppm)

Fig. 23  Histamine content in fish on the each process of producing dried
whole red-eye round herring. Values are meanzstandard deviation.
(n=5) Difference letters (a,b) indicate significant difference (p<0.01).
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HRTRBICLAHFEEMES, Hm ARES, HmEEE, HOoBREBLI W
KOBHEDOE ITET AVREBROK TRRIZI T 2 47V B 0% O Hm
R ORE R % Fig. 24, 25|12 Hm S8 & 4 Fig. 26 I~ 7, B D41
PEMIE £01% 3.6 0.4 logMPN /g ThH 72723, 24h LN 72 h iz %% IZIXE N
Z+ 8.0 = 04logMPN/g, 86 = 05logMPN/g & BAREIZMLT (P<
0.01) ., 7235, 24hElE L 72 h FfRIC DV Tl L 72 2SRRI R 23 B8 2 C
LEBICAERBLITED SN noT=, —J, Hm AREEIZS>W Tk
JFE# T 21 £ 1.1logMPN/g Toh o727, 24h KT 72 h ORI TIREEZ O
Hm A E sz 78 = 05logMPN/g , 8.1 = 0.7logMPN/g &
AEICHML (P<0.01) ., Z2d, FEEMHO Hm EFEEF 0.4 £ 0.1 ppm
(Vo) 1.4 = 0.5ppm) TIRWMEA R L7z, —J 24 h #2844 121% 290.3
+153.5 ppm (H# .55 907.7 + 497.9 ppm) & 72V 72 h Bl Tlid 3934.0
+ 645.5 ppm (Fz¥#50 10306.2 + 2034.4 ppm) L RN E L /2B 1
ONARICHEM L (P<0.01) . £/, JFEHE, 24 h i % & O 72 h i
% ORAEAT OH T IREE & KI5 % Table. 6 FEHC /RS, O RE L, K
B8 T 0.420.1%, 24 h #728:4% T 3.320.2%, 72 h #.)§% T 4.2E1.2% Th >
Tz AROTEMEIXIE R T 096001 TH Y 24 h #M% T 0.95+0.00, 72h
Rz 1% T 0.93120.01 & 720, Rl TR 288 TR IR E 28 & < K TEPE IR

7272y, 24 h o TIERAY OWEIEN AT RERME T H - 72,

Table 6  Salinity and Water activity of fish on process dried whole red-eye round herring

Raw fish Dried whole fish(24h) Dried whole fish(72h)
Salinity (%) 0.40=%0.11 3.33%£0.15 422+123
water activity 0.96 +0.01 0.95+0.00 0.93+0.01

Values are meanzstandard deviation (n=3).

54



10 10

o 8 E g
= 7 S
o =) 7
o )
= 6 =
g g °
L @ 8 5
g 4 B
o] g 4 a
2 3 S
= 3
3 , 3
o —
S > 2
T 1 =
c 1
0 &
Raw fish Dried whole fish Dried whole fish T 0

Raw fish Dried whole fish Dried whole fish
(24h) (72h)

(24h) (72h)
Fig. 24  Effect of drying process time on
the growth of halophilic bacteria. The
viable cell count as halophilic bacteria in

Fig. 25  Effect of drying process time on
the growth of histamine -producing
bacteria. The viable cell count as

raw fish of red-eye round herring, dried . . ] o
histamine producing bacteria in the same

whole red-eye round herring dried for 24
h and 72 h at 20 °C was measured.
Values are meantstandard deviation.
(n=5) Difference letters (a,b) indicate
significant difference (p<0.01).

materials used in Fig. 2 was measured.
Values are meanzstandard deviation.
(n=5) Difference letters (a,b,c) indicate
significant difference (p<0.01).
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Fig. 26  Effect of drying process time on the histamine
accumulation in dried whole red-eye round herring
The histamine content in the same materials in Fig.
2 was measured.
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REALTFO Hm ERBE OB EFRE 5 FE O, BUEALT 5 Hm A5k
REZF OB S, OBk 16S rRNA &z EAEC 4% Photobacterium
angustum (LLF P.angustum &2 9) LA bHir< 99.15% OFHFEIMZ R L, K

MTHh D LHEE SN,

AT OB LT Hm ARE O MR E R E 535 E & P angustum O
HABE DO BIMR & Fig. 26 129, 15 CHv5 30 COREE TIZIEE N EWITE EHEGE
WEREN T, —F5T, 15 CTHHEITEND ODHIET 5 Z & R S

77:,
—o

Bacterial growth (OD ;yq0m)

0 2 4 6 8 10

Incubation time (h)

Fig. 27  Effect of temperature on the growth of histamine-producing
bacteria. Bacteria growth in TSB broth added 0.5% L-histidine
hydrochloride and 1.5% sodium chloride was measured by optical
density at 600 nm during cultivationat15( O ),20( @ ),25( A )
and30°C( A ).
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RIEALFIPODBE LI HMERBEDO YAV AL T VHA~OFERERBR Hm Ak
HEWM LTIV TH (AE) 220 CT24h RFFLZEEO Hm R EIX
105.01 ppm TH 0, Hm AR E 28R L 72 2o 72855 O Hm 32 B IR H TR AR
UTThole, 2OZ NG, BIETNO RS Hm £k (P
angustum) X7V A A T ORFTHM ZEKRT 5 2 &EPMER ST,

HF2> 5B L 72 Hm A RREE 2 %9~ 2 AEHRE T o> 38 5 400 1 290 SR B RiE

P. angustum O HEFEIZ %t B FARRE AN O % K % Fig. 27 (27”79, P. angustum
Ze B U 7o ARG RS T AR O K5 CIIEF R R Okl & & S IR A L
BETH MRS STz, — 7, MBS Z 0.5, 1.0,2.0,4.0% WRINL 7= ORI &
(2B O 6T T ORI TR 25 8H L T & WOt T EA-¥9 P angustum
OEFTIH S iz, (XTI 0.5% OWRMFEREZRT) F7=, 30 CT23h £
e L2 R OB LD Hm 588 S I GRS T SE A0 T 197.91 ppm, 0.5% #A0C 0.79
ppm & 720, ARSI L0 Hm A3 il S -,

07 -
0.6 1
05 -
04 -

0.3

0.2 |

Bacterial growth (ODggonm)

0.1

0 @EEeeeeeeeereeaaaaeeeeereeeeaaeaaaaeeeeeeececo
0 5 10 15 20 25

Incubation time (h)

Fig. 28  Effect of citrus essential oil on the growth of histamine-
producing bacteria. Bacteria growth in TSB broth added 0.5%
L-histidine hydrochloride and 1.5% sodium chloride was
measured by optical density at 660 nm during cultivation at 30 °C.
Open circles; without essential oil from pomelo. Closed circles;
with 0.5% essential oil from pomelo treatment.
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HFH 508 L7z Hm AR E O hde I x4 BB B O FEERE fiko &
B0 MRS TS INC XV P angustum OHEFE & Hm Ak OINHI B R 23580 B 1
720 WRIZ P. angustum @ hdc % #A&AE I 23 FEEE 55 2322 T P. angustum @ hdc
FRERIR A > TRIE ZAT o 72, £ ORER, hde HLEES OGRS HRE M2 iR
AL TH HMm OAERITDT 2 LEH S 47, hde DFRFEMEIL 89% Th -7z

FEIERBR AT L% TIToEiHLRB TR O T O Hm FEEO
Sy HTHE R & Fig. 28 12" d, @ HE AL TIX &K T Hm R EE 27.59 ppm T
17.0 £ 8.44 ppm TH > 7= DIk LR Z R L7 b 01X, &K T 2.93
ppm, F¥JT 1.57 + 0.40 ppm & fHEAG I 2 M KIRIE TR C Hm EEEITA

BEIZK 2o 7= (P<0.01),

30
s
o
£
= 20 -
S O
§ o)
o (@]
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©
@
I
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Fig. 29  Effect of essential oil from pomelo treatment on histamine accumulation in
dried whole red-eye round herring products. The dried whole products of red-eye
round herring were produced in a fishery factory. The essential oil from pomelo
treatment was done at salting process with 0.5% essential oil for 3 h. Then, the fish
was dried for 20 h at 20°C. Open circles; without essential oil from pomelo treatment,
Closed circles; with essential oil from pomelo treatment.
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£F 3

IHHOND LATREOM T TR TO Hm EEOERFHEICLD, gL
AL E Hm RENGMIC LR T2 2 iR, £, TREE
T VERER ORE R TIX, FUBHUISAFEAE T D AR MEME D 5 B 10 % 23 Hm A=Ak
HTholz, FEHAO Hm AR E T 2.14+1.09 log MPN / g Tdh - 7273, #Z
BETARZRD & Hm ARRE O A RITE E o7z, Hm Ak E$ix 24h #2)% T
7.76+0.54 log MPN / g, 72 h #:4% T 8.13+£0.72log MPN /g & A EICHM L,
ZHUCKIGET D & D12 Hm ERE S FUEHE TIE 1 ppm K Tdh > 72723, 24 h
HZJE% TTH 290 ppm, 72 h HZERTZ 121340 3900 ppm L A EICE L Ro 7 2 &
5,20 CIZBIT DR TS Hm HHEICHEL 5252 Wb ERoT,
Hm ARICIE Hm ERRE OB G238 5T 528, DARFZEICEIT S 9 59
WH LIT0 5 I3 EMEME O — /T2 7 AREMEE O P angustum 2350 H &
Too E2, RWFFETHEM L7 AL T OREANI 31T 5 K TEMEL 24 h #2814 T 0.95
+0.00 £ &<, 72 hifZlE T 0.93+£0.01 EH o Ttk - TiE, 094 LiEE
LY TV B R S VI, ARG CKGTENEN F o T B HIE, EFDOH
T B WG LT S AN TS O IS X D BKDROE T & Nl E & AT
FFERESNDTDEBOKGRAFE LIS NI ERREL TNLHEEXT
W5, ETNAVRBRORE RN SREED TV A A T AL, GFHEMERE & O Hm
ARREE 75 10° MPN/ g 725 10° MPN/ g FEEFAFE L, & B ISR D45 T FE 73
33 %D 4.2 BTH 7o &2 b OMAKRPNITHELEEME R Hm £
DR LG WERRBLIZR > TV A Z VRSN, ThbDZ b, 20 CH
T H TV A AT MARPRIE, Hm AR IC & o TEW R TEME & B 7o 5
SIEER X ONEEOBREEICH Y, Poangustum H2HEFE L Hm NERET 5 DI+
SITREMEDI o TV D Z EAHEER SN D, Hm Ak & L CARIFZE TR S

72 P. angustum 8 XY, 9 TIZHE T % P. phosphpreumu,, P. damsela &
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HITHHEVEMIE TH D Z L BE ORI VLA A T ERNICERY IAEN D
AREMEDN DV, FE A TRIEICIT D AAOESRECT IR LRI, W
MO b A TFREPITHIE AR R TH D, LN ->T, 9 H5D0b LALTF
2B S Hm EREOINE X Z 415 Photobacterium J& OYELEHEE O B 573 K &
WEHEEE L7z, 9 200D LA FRIETICIWTIE, BN Hm Al 23 17
16 UHFEER BN HE 21X Hm D EIREICERE T2 U A7 @m0 2 & BRARMFE T
LN ESNTZZ D, BEBETRICEIT D Hm A E O MG 2 [ 1ET 2 2y,
b L<IiE, Hm B O hde BERTENEZBLE 32 2 L2 &V Hm O &R 2 1
TOMEND D, MEWREIICIE, WY B IREZMAED N OSF L2 OHEE- %
BoZ LMo TS, PHF05H58E L= P angustum DORzEERBRICH
T, A SR OB EIAEA 28 Lz, Al D 2 0%, TR R EERS
ET 5T 4 — b U — (Tea-tree) KA 7T LR TH 5 X I F 7 ZHITxT
LCHROTITEIERZ A L, BHOERS 720 Th SOy OMAER %%
TV B ATEEE 2 RS L, 72 RS 2 IR R 2 W R TS T A
PER N OV T DRRIEE OWGICHE 2R L, £OEERMTITE ) T~
RALKFETHLZEEZREL TS, ThHDZ D, KIFFRTT T AkEHE
O P.angustum (Zxf U CHRWVEEFEINHIEM 278 L7z 2 & I3R M O F—pl sy
TOMEH TR e S SR 2 3 A TG 2 W e Te o EHEZRZ L TV D, T
bbb, MIBEMIZIZY By, v =T AERY, a-EXRENoloE® TV
ANUBRALKFERH 90%E ENTEY, T OMAEIERIC L D RO BEFEmfIE
HaRLIZbLOEHEE L T D, —J5, P angustum @ hdc B35 (2% 2 MGG
HOEFEERICOWTIE, BATEMEN 8% TH Y, DI NRHETH -7,
WA X, MIREOIRE 2 BEEMHEICA VALY, £/ TARURIKE
DT EINENEDICEFA~ORBIEICHENR TN D L SR T0D, %) AR5
TIT - 7 BLE LY T O FEERBRIC BT, HKIR I8 TR CRE/K ISR R I &
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TN U ARSI I & B2k S W72, 2 OfER, MR EZRm L7 0,
ARSI Z R L7220 S DI THEIZ Hm OFRER V72 <, 1 ppm FRET
bole, ZOZ LI, K 3K D AKIRIERE [ THHGRE 2 Sk iRz L,
LI TR T Hm AERCEE O INH SN 7272012 Hm 233 & A EFRE L e he
STebDEHEL LT, REFREDD 9 2D 0D LILT O Hm FREMGIC & o Tt
WREM OIS EN R FEER VG Z L2 LT LT,
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BAE BIE

AWFGEIE, M S PE F T JE R OVK BEIN Lk O - S o1 EIZRI9 5 B
D LA E BHERNCHRGE L, REEB I OKENTER LS ERTHZ L2 H
e L,

BLETIII T ANOHMERICBI DA ML ARERIE S L O D%
LIZ DWW TR AR 2 s LT, Lo I~V "2 EfEE L, MWk
1 BT OTEEIET LOAREZITS 2 & T, MEO WIS ARG S L TR
WS DI AR E D A DV TRV R HRGE LT, =~ P T % g i
BT GRS ST, B T L TV DRI MSE 2 LT LR R D4
b & 7290 ATPIREOZEICEE L 2\ 2 LRI, RO GEIEE
FRIZA P LV RTEZ DB DDEERNTRLF—D—D>THSH ATP ZiHFES
WHEZHIZEOEIRAM TILRWZ EBH LN o1, £, JBER L
ANTEHHEHERT 5 2 & THREICRET L Z LR ons Rot, FlE
EITIEA N L AOEIELSMNZ S, EXS U TLRETOIET Lo AHE 2 fi 4
A AT 2 ATREIC T2 ik CTh D, £, Tl ~OMEEEBE L7222 55
NS T2 Z & bARE L R D D Tk DL EM B I TE 5 Z LIl % —
75, WG OTERIUS Ko T, BERHICZ TR ML ARERE L72% TH H
& RabYE, HHMERZITHI 2 Lbbdbd, —Mic, SR PIIEREET
HoHZEnb, BEMoOERITAZAMCL EE) CLoELE L TORED
BTFZ51&RITBERDH D, £ T, AFETIZI~H N IZo0 Tl A
AfiEfR L U CTAIAE o i VR BE T o0 i 28 R RE 72 &5 2 I TH] D MRRE 2 4T - 72
ARIFFECTHEM LIz TP NOFERRRICBNTIE, EHEMHSHA DR
(2, PIIRE BT E RS MWD Lz, ZoRTZa 7Y THoNn
AR DL FERETH Y, WAEEEICL MBI, kY odEHIC
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K DEERAD &EARECITFIBICITR SN TEBES 7 ) a =7 BLOZ o
JENT XX —JRE L THE SN LR LI, —F, IEWMETE
B2 A LABRCEASET, AR E0 HEE) BRDDILRVFERL
mole, £, EEMMETOHAIBESAZITILPRBD LN o7,
CHIIAETHEA LI~ NOBATOIEEESEAENKN 4%E K\
MG N —FE BN EZMER Lo E R Lz, —705, M
WZ N7 EREIZOWTE, FEMBEZD DTN TIEH 203 H EIZH
M UTe, ZHIEFHRZ X7 BN ERIZEIT 2 =X VX —EED 2D
T ARSI, AR LIERET X O BICXAEHERTONETE D
EHER LT, A~ ANOEIGEIEE CTIEER 15 H H £ TIINEOEE LN
KT LR REEOEY BRI DN, BELEEE LEGA
EH ] OREBERIRWERER o7, FHE & U CHEERMNE M
EHE D THHFHRNOWAITER BB THBICEL Y, £, HRY
M2l BZd L CEEMBAOE D I VRS s Z LT o, 2HHD
ZEND A ANOEMERICE WL, K15 H BREE THRSPEGH &
LTOMEZMERATREE TO2ERBIHE TH L Efim LT, T~ 0kl
BRI EMOAR MM LR KIRIC EH LMEZ SO 5720 0D A ThH
Do HERMBEMEVLEL T D0, HMEIXRETHY, FHslHAF 2 A6
BHDT, EEWMBEOHLROLTEBEMBERE, —EICKEBEIZRETST D
WETHEHNTE AR FEEEX D, vk, FAUEE L MmAREISHT
, MEREOERK T OEACITHFEICL YRR N TFPRHRINDTZD
fFERNICE BRI ZRET2LERD 5,
%2 BTIHY T ZADOARIREO R M A AR T D 12D OWFFERCR &
H LT, A0 T RTIMERAFET THREBEENEZE LI EHN D, £0
MEBIZREN TH L, TFELOZERINIEL, FHDMIEZ KD 5HEE O
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FANZKINT B2, —EOEFEFN LMY 7 ADmBaE A rlmD T, ¥
TAZINETMLEEEE L THDILTWEE®HIT, ¥ T 2ADBERTFR D
s E AT DWW THRSE L 72 BIL e, & 2 TARMFZETIX, WIEIRAER O R
WSFRIZ OV T, IRIEREDE I & 2 BUREREGCM LB O EL L O 7 AW
TEVEW LIRS OIS PEZ AL A JE LA & I8 O 72 8 O B) 72 KB 1T S0k
WIS L O BALE OB OWTRIE LT, 87 V7 A0 TV RIEEH
AERT 27077 —BORE L EEEIC OV TR 21T 72, ZDRER,
U5 2R SR L HEERE O a7 7T — PR, RO BRI SR
72D DIZHETEMME D & < 720, TEMEOH REEITREKEEEZ RTZ &
MWLM o], S OICWHEERLHEZ LI-fRKEZmEd 5L, Ak~
077 —BEEDO ERITARY T AR THSET TSI E LRSS
7o Fio, BUEM ORI UIOMBER AR A B (40°C) T 5 LT nT T —8
JEPEIXEREMIC 3 EREE C LA T2 bRBOOLNT, TNHDORERIZT T
A%l LW DRI, RIRERICED D 7 T 7 —BIEEN EA LT 2
CERET DT —F Th b, BILIRRESROIGIHEIZAERZE Db O DML %
BAMITo TG0 7 a7 7 —BIEEORE LRk TH -T2, T ADMHEE
FEHRIZ R T ) —=Fond b 72 DR D B WIS > mtE s U 7
YAV X =D ENETL N TR e T T — BRI ER LT
T RSN, MRS L BVLERESE O T e T T — IR RIS kT B AR
TuT T —EA e X —DOEMEZRE LIRS, IRIEERO S REEREE
DAETIEI RN TV Rk7 a7 7y —BiEENFHEBER TH DL LR LT, 36
IZWBRAFIZ LD R Y ) =7 OAFNMKGC LD N Y 7o DAERE
XERN) SV =D M) TN K DIKRGRRIC L VIR Y T
VOERPET L, TaT T —BIHESREAIC ER LR OEM S R IC

LboLHERE L, £72, 20 DORISITITHRIER ICHMAITIND 5 E TP RA7
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TR XL OBR RN RE S BT L L 2WLNT Lz, U EDZ &
53T ADAREREREM 2 ER T 5 2o, EEREOARISND 5 E DK
B, K VARVIREIZI T 5 F /0 RimEfrEile L ORGSR OHE £ To
REH 2 BT 270 E OGN E L fEfm LTz, THETICARMY T 20 H O
FRICBET DR S X2 o T 2 e D, AR TR ORI RIT SRR A
Elpole, ARES T AOBIZEV S 95 LT HEE, WERRMEAE ROV
(CPEAEF IR LTI, I OB E CORFMBNEVIREDICIREL, *
7=, EERFIZIE)DMND 0 RN EE LIt 0H 2 b 02 fblewn,
S HICAKRIEZ T 572 2K T S EFtlEE bRV T v RIEE ©F
BT 5O BEMREREAREL TN Z L L LTV,

FIETIE, ROZEEZHET H720DKEMTLERORY A THH AT
D Hm & AR B3 2 AR R 2 i LT, 9 20 Wnb LI T O RES T
BCTH 7Y 7270 Hm DERT 2 TR Z A L 72RER, BIREFIC Hm &
BEMHART L2 L2 6MNC Lc, ATOREET VEREZITY, HIRATH
DOIF O Hm Epk £k KOV Hm B 2 JIE L72FE R, 20 'C TOREHIZ Hm
ARREITEESE L, SRR SR R D I P SHIN Lz, £72, Hm ARKE
OEFEICHEN HMm HEFE L7, 2200 b LILTF2 O Lz Hm Ak E O 1
fEiCTd 5 P.angustum (%, MFHLETIThiL TV B LR E D 15CH 5 30C D
IR CHIFHAIRE T D 2 & MRS STz, AT DK TEMEIX 0.93 725 0.95
OHFFANTH Y, LOBIEDIRE S 3.3%00 5 4.2% & Hm AR E S BE LT
WERBE L 72> CWA Z E BB MNT Lz, — 5, At oo SC BFShIE P angustum
OHFEZ R MK T H2@ENH 22 EE2HLNI L, 22T, ATRETLY
BT D EMEHABRZAT o 72, TORE, BWEHOREAKICSCEFMZ RN L
TWRIRIZO NV AL DV ERET D2 LIk, RETRIZE T2 Hm 0EfE%

M TE L2 L 2H BN Lz, BUTORNE TR T OREE 21T 5 72
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I HM AERE O A 2 E R TERNWEZ I TERY, vk, CHEK
HRIEH T IE Hm B ORI EE LT TFE LRV 1SS Likm LT,

VLRICR LIl X, WInbERERTEZEIh LIS U ER
TS ZEEE Lo Lo fE i EMEOAIICET2NETH Y, i
HEFOKENM LEE OFH LI LA Z B LT 220 OFIRIRRE & LT
MEMT BN D,

FH1IETIY EF e T~ AOEMERICOVTIE, T ETRESORR
DEIZHFENTEWMO M LT, BIFERT—2 2 INETDH 2 228D,
ZOHIFEFRHFINCHRAET 2 2 E N TE T2, I HICERNRD TV IADMNE
EHERFATRE L T O MBS RYIMIC O W TR 57 — 4 2Eft+ 5 2 LT
T=o Fio, EMIERBANL, 4%, SEOBEESCHNMFETCOSANEFRETE,
SHIT, EHFEENEBEZ L RAZRET 2 &0 ) RIS REEIC SN T
XHLDOEMETDH, £, FH2EITAEMEEIE LTHRORLTI RN T
A (AU UM AAREEEIE LTRIAT 222 EMELTEY, TRET
WFFERF G & SN TWARWEATRBICE Y AT, ARFRNFICET 2 W& 130
7L, WA DY T ADRIBEMREZ I L7 XERERMR TH Y, Aif
VT ADOTBICAIH SN Z EN RV END, ZOLITHEIEFERSIV
52 WX, MR D O JFERIE T Lo, RIREH R & O iE % i
RIIZEIEHT Z & T, ACATHMELZZEZOND ZEE2RFET =22k
FRE L2 EE MR L 72 oT-, 2B 3T TIE, koS TREH T
Hm OFBEIH TEX 2o 729 200D LATIZOWNT, EFHL-ULT Hm
EREEE T D ARSI Zh L= 2 L 2 Lie, 2 ORFZRERIE, 0V T
RBHALNTE SN DI TH~0 HACCP HADEE L, BEEEENOALTRlE
FEHIH LEHERMAAZIR R T2 LN TE 6D TH L,

JEE RS WL EE K EEM OB A TERIC L, MifEZ S 572D H RO —DIT, it
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PESD & DERUER T b s, MRS EERBRICBNT, XY #EECHE
DEVKED ZREET D L0 D Z & 1E, AR L TV D KEY OFi@IC &
S TREREBAR LRV FRICP RIGHRE L THES & OEINICET 5 2 &
DTE D, KEYDOILY FNLB I TIZEHB W TIERRBRBREIZ DUV 72 B0 FE A
BE\N, H 1L BN DL 3T THE LI KEYCZ DM T OfEECHE Ok
(BT oM T —Z A KEESITEILT H I EOERITLETHREN, Zhb
DT TR LN TR RCT — X e KFEERA~FETHZ L0, HLWH
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AT, EERSOHEMREICE D TS 720,
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