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Influence of endogenous protease on heat-induced gelation properties of pink shrimp Pandalus eous meat

KiceN TAKAHASHI,! HIROKAZU AMEMIYA,2 MUNEHIKO TANAKA,3
SAPPASITH KLOMKLAO,* EMIKO OKAZAKI! AND KAZUFUMI OSAKOQM™*

1Department of Food Science and Technology, Tokyo University of Marine Science and Technology, Minato,
Tokyo 108-8477, 2Toyo Sutsan Kaisha, Ltd., Minato, Tokyo 108-8501, 3Department of Home Economics,
Kokugakuin Tochigi Junior College, Tochigi-City, Tochigi 328-8588, Japan, *Department of Food Science and
Technology, Thaksin University, Phatthalung 93110, Thailand

Pink shrimp Pandalus eous is one of the most important marine products used for sashimi or sushi in Japan.
However, irregular-sized shrimp has a very low value, and so value-added utilization of the shrimp is needed by
the industry. In the present study, we assessed the gel-forming ability of pink shrimp meat as a first step toward
utilization of the shrimp. The gel-forming ability of the shrimp meat was very low: no heat-induced gels could be
formed when heated between 30 and 80°C, except for a very weak gel obtained when heated at 90°C for 2 h. On the
other hand, shrimp meat in the presence of 1,10-phenanthroline, PMSF, leupeptin, antipain or E-64 formed gels at
60°C. These results suggest that one of the reasons for the low-gel forming ability of the shrimp meat may be due
to its high cysteine protease activity. Moreover, these results suggest that the shrimp can be utilized as a raw
material of kamaboko products by controlling its endogenous proteases.
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&C, MmfifEOm_ Ll X CEROFESHFIFIC LR
THERE DD B & & 27,

—BIC T EERSVEBENMEV S 3N, BEKGA
I TV Metapenaeus intermedius DIE N7 VIR EEIC D
WCTHELTHWEH0D,0 TNETRK Ry a7 THT
VOB D BLREREN: B L O TEATRRICEI ¢ 5 24
BRI TR TRy, ERREOT LB DWW
T, WER s 7 —¥BgE<BEE L TWA T &840
HNTVBR,D LEEM A O MBIV 5P
S OF 7 OB DWTIREBE L A TRV,

DEOEE»S, Ky a7 7hIVOHFHDBSEERL
&Y, HoEEBICKENTREROERILAFE
THIERERNEL, REZFREE LR EFOHE
BT kA dc, ABE T, TORMBEMEE LT, &
v A7 T ATECHAOIMES VR EZHELMZL, &
Bz, WEHR a5 7 —VHRHROT MAICE XiFT
BIZOWTHE L7,

wWEEFE

i 200845 H, 10 BicdbigEsmi<, dL IR
2014 £ 4 Bt E EFCRBIF IRy oz 7T h
IV%, REKORRE CHRESHFRETEHSEMTRIC
TAFL, BRTERZBICRLAALL, &YV VT
E4IC 10 % JIEAICHE L, BigFK (carapace
length, LR CL) B XUEEHHEL /-,

HEOFH FyarTHIVOERE, &, BLUHE
ILEEREL, BRDOALEDI, HAEEICHL TS
% DA TO—A&EHEML, I—FFgv/3—(M-22A,
HFREIHRASHER) C2EAELCLD% -30C T
BRERTE L 7c, RBEERE cCo2TRIE, REES
0°CUTFICH oI, ENLTOERITIHEEE I AL
HIZ T 5720 AR T, HICEEIBLBETRE,
AKRABESy a7 7THIVHEREL, £CORBENT
—BRfRER L, ERICHW.

7057 —+HMEEH Ethylenediamine-N,N,N',N'-
tetraacetic acid, tridisodium salt, trihydrate (EDTA) ¥
X U 0,0'-Bis (2-an{inoethy1) ethylene-glycol-N,N,N ',
N'-tetraacetic acid (EGTA, HEawprsem) xRC/bs
WrEpTEL, 1,10-phenanthroline monohydrate (&34
) BLXUXKEHERM) SV VA /Y2 — (SBTD
B, MEMEIZERASHBOIOEH Wi,
Phenylmethylsulfonyl fluoride (PMSF), benzamidine,
hydrochloride hydrate (benzamidine) |t Sigma-Aldrich
#8L, leupeptin, antipain, E-64 33 & U pepstatin A i,
RTF FHEFRD S D%,

—MRARS RO pH QRAIE W, K, BIOCHILER
BELA, A70—ZARENOKRy 27T HICHR
AR E UTHERL -, KoidEk 10 g #EFRE, 105C

TERICASETMELRD, T@k% 600C T
EREICETSETRILLUERS & LT, a7 Bid
Kjeldahl 8 CToZREZ RO/, 6.25%F L TRD
7oo MAERGIZEVH 10 g ¥EPEEE, Folch LYDHEIC &
DEIEL, pHIZEF Lgizw L, 44 VRHKE S
mL iz, WEYVIF A AL, pH A—x— (PH211
B, "NVFAVAYNVAVY D » NVBREHE) #H
WTHIE L /oo EBRIFENZNIET 2TV, FHHE
% Table 2 [Z7R L 7o,

Ry AT HATEHAOMES WHEREE KEFHE OB
v A7 T HLEOHET, &, BITHELEEREL,
AD&R%T I—FFa v/ —T2HEMAYTL 7, MTIAE
Blzw L 3% ONaCle il , EEPEEE
(UMC-5, Stephan #-%1) T3 4MBEL, ThxWH
b7, BN EDBSTEBIIAT VU ABHEES (B
F£32cm, HX3.0cm) KEPHICHEEL, 30CH5
90°C % C 10°C MR ICIRE % 8% L /- fE R K& T 20 4
b L ik 120 MM L 7z, 7k, FEZTTOLT
B3, AEHEEZ I0C TR > (T 7o, D,
EHIKKPTII05HEEHL, LA A—%— (RE-
3305-1 &, HRESHILER) #HVWTHEEZRIEL 7=,
Tabb, BERImm OB TS /Yy —% BV, fd
FREEZ 1 mm/sec TEHEHBHZIOWT 6 SRIEL,
WiRE (2), BRUEEMA (cm) Z2EHL,

FEEREORI RyarsT7HIVUHED S ME
BOOFRICEE L THIEMEHE Myofibril, DIRE Mf &R
) BERORELT-/o, bbb, Syars7hx
UHR 2.5g #REFEL, 25mL ¢ 20 mM Tris-HCl 2%
% PH7.0) #ix TAZ—S5—%AVERL, KFT
1 BEEIRE L 7z, 4°C, 1,500Xg THoMELTHL,
EBEZERET, 36K 25ml O LERERYNZ, B
BL7, Ch#x4°C, 1,500xg T 5 HRELDEL, L
BAEET, A 20mL ORER ML, TEYF
49— (DIAX600 Z, Heidolph #-81) % H\Wi&HIL 7%
BH1IHEREYFA AL, THIT4TC, 2,000xg T
55MELSEEL, EERR Tk, Pl BER e i
2B AR S5 3 ETY, 2B - TAHB
L72b D% MIBRE®K & L7,

M BEW 1 mLicxt LT, 0-5% (EEE 0-4.8%)
NaCl-20 mM-Tris-HCl {£#% (pH 7.0) %% 20 mL
%, ¥—Y—¥ z—H— (BC-700, BIO CRAFT ##L)
RV, 4CT605HIRRLEBMRL 7, JOLERBAE
W& 4°C, 20,000 X g T 30 HEELGEEL /oo BLAHE
MBRO 2 VNV BRE (4), BXURLSEERD L
BARZVINTEEEB)%, Lowry EVIC E0HEIEL,
DTOHERTHBEZHEL /.

BIREE (%) = (B)/(4) x 100
A=EOS MO # VN7 BEE (mg/mL)
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B=DU0MBO LEAZ VN7 BEE (mg/mL)

REETOT7—EZOEEREORE KNyvar7h
IVHAT 202 BFEL, 2.5%NaCl-20 mM Tris—HCl
BE® (pH7.0) #nz, £EE* 150g &L, 4CD
A VF 2 R—F—HT, A¥—5— (SRS111AA, AD-
VANTECH#) #HVW3050MBRLEBMR L2, 2O
EBABWE 4°C, 20,000 x g T30 pRELTEEL, E
DO BB O LB AEEK 10mL % 30°C 25 70°C DER
KIEHT 60 FEREL 72o ZOH, KPTERHIITHE
10% + v 7o oEBER (T TCABK &8F) 10
mL%zinz, RVFyv 7 AIFY—TBELL, 154
Rk CEER, 4°C, 7,500xg T10 0RO DHL
Too BLSEERD FRABRONTF FEBE % Lowry
B2 nfliEL, Boh/iRTFFEZD LK, JoF
T —YTEE & i L 7.

NEETOTF7—¥D74 THE Fyars7h1Y
HHR2g%EZD LD, ZhizwL 5.34% NaCl-20 mM
Tris-HCI#&® (pH7.0) Z6mL iz, HSEVI A
#— (DIAX600, Heidolph #-8) ZHWHREYF 4 X
L, 2BH Y CIEALZEBRZREYR—F &L,
FEROBRERD NaClgE (5.34%) 1%, /uFyr7—+
FHER 2Tt REEN2.0% L5 L5 IEELL
ETHB, TEVFR—F 2mL {057 —FIHE
FEw2ml 2, BTy 7 AIFY—%HOVRETERN
TEBLAL, IhE 60°CoERKEF T 60 5z
#, KKPTEHL, ELIC 15X TCABK 2mL %
z, RVFyv 7 AIFT—RVBEL:, 155H
Kb CHER, 7,500xg TL05MELOBEL, EBA
DRTFFPRE® Lowry ETRIEL /2 £/ 0F7 —
FIHEROEET Table 3 IR LR LA, kS
077 —YREROREL, WEETDTT —Ficad
547 MEFRZHE T 52010, Sigma-Aldrich #
DIEHER & T 5 HERE R LU Jellouli &5 G M
SHIRED, 1-1000 EREOHMEM TRz, 1219 7
oF7—YHREHDOS L, KICEETH 5 1,10-
phenanthroline, PMSF, ¥ & U pepstatin A {Z 2\ T
i, MEMOOHERL LT, TX/—IVICERL -,
20 mM Tris—HCl &% (pH7.0) IKHBHEL AW W
RBLE/—IVEHKREBRELIX b L5ICHY, B
AT F FERInEGe, MHC 5@BIFIIER 3k <,
ERERCHEL B ITIRW L E, FHRERTER
Lice 72, 757 —VHEHAEFMX & LT, 2
mL OFREV R —FZ 2mL @ 20 mM Tris—-HCI $2H K
(PH7.0) 2Nz, AROMEEFT - BEOXTF PR
E % P5E L Morrissey 5D HFE®D % b S ICHUTORE
FAWTHEREZEE L/,

PHER (%) = (D—-C) x100/D
C=7077 —YHEFRGEMX O InER: L&A

F FIRE (mg/mL)
D="7n 77 — Y HEREREINX. O INEEE 7 RN
75 FRE (ng/mL)

TaFT7-FHEERZERMLIEMBAS LORAE Ky
AT7TAHIVYHRIC, AT VEBKSLIUCEE 0T
7 —EHEER RN, AIRBHREER (20 538, %
REMHANTHE) CI0HMBRLL, TRFT7—¥
FEEANE, Table 4 iICRL7ZE®ZNENEML 7z, A
T aF7 —VYox A THEER RIS, KICER
O7u 57 —¥EER CTH 5 1,10-phenanthroline,
PMSF, 3 L0 pepstatin A XL ® /—IVICBRELAW
Too MBIE /) —IVORBETIN LB ED1CL,
IZ/)—IVERNDOARTRIAEHAB S VR LT &
T FHRERICL DR L /oo ZOMOKERT DT T —
FIHEATEERM L/, RBKFEEIX 75X kx5
EOFEL 7z, RIC2% LixB LD NaCl &z, &
LI 15 ZREEL 7. BEERORBHIAT V1 AHM
BERICEPLITEL, BEEABNOPHIZ7.0T
BHoloo REETOLTREIZ, AFHEE A 10°CLITFIC
Bo T o, BBEBRORAT VUV ABARSSRA, 60
°C DEEAKEFT 60 5 s, EbITKKTAREL,
ZOFEZFE 0 SEKREL /8, A A—%— (RHEON-
ERII, YAMADEN #) THWRE (g) &BEEMA
(mm) %FPEL -, WEKRIT, 7 G 2010
(BRAS AL LER Y — U A8 #HV, Tukey 10
CEDEBEREETT -7 ($<0.05),

RYT7 VLTI RFNLNBRUKENE (SDS-PAGE)
L&D NVEFFEFHORT WENE/OFT—
Y E A TR L RRICHES L B L7z, TuF7—
YREEAHRNGEY R —F 4ml & L 3PlERIEHD
Jus 7 —ERERGEMSIVFLIMOSgICH L 2%
SDS, 8M k%, 2% 2-A VAT v+ 2% /—i, 20mM
Tris—HCI (pH 8.8) B % 20mL Nz P F v 7 A3
FI—FHAOGERLZ, IhEHEKF T2 5RmE
LI, V=V —Va—h—%2RAWREL X VIV E%R
BRI R, TOBERY 10,000 x g T 10 55 L0 8
L, E¥%% SDS-PAGE 0¥k & L 7=, SDS-PAGE
13, Laemmli!” QHEKICEL T, TR b-20% EBES
ERUT7UNT I FFNV (ePAGEL, 7+ —K A&
H8), Yoy <x—H—& 1L CPage Ruler Un-
stained Protein Ladder (Thermo Scientific #-#L) % f
WTHT o To, FIIVOGeL 0.025% coomassie brilliant
blue R-250 (MERCK #:80)-59% A % /—)—-10% B
BTV, BE30% A%/ —1-10% BREARIK T
To7

AR{EEORIE Bk SDS-PAGE HRRIFHEL & [
RROFIET, 7a57 —EHEARNTEYX—FdL
WEmBVA b LE R 2% SDS, 8M RE, 2% 2- A1
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H 71z —l, 20mM Tris—HCI (pH 8.8) #IKIT
BRI R, BOLSBE (10,000xg, 104) &7V,
EOSEEMBOLEE X VNV BERE (mg/mL) % HE
L, BTORICLDABEEREER LI, REBx V7
BREOMEICL, AEEERR IUCRIHZETGER
DRIEMNAHETH 5 Ionic detergent compatibility rea-
gent IR S & 7- Pierce660nm protein assay reagent
(Thermo Scientific #-80) % H\ /=,

IR (%) =E/F* 100

E=R 10RO EE 2 V37 BEE (ng/mL)

F=3%00H00 kg2 v/ 7 g (mg/mL)

] R

Ry AT THICOEYFNT -5, —BEDE LT
pH Ry a7 7 h1COEYEMN T — X % Table 1
i, —BESEIUpH%, Table2iCFhZxRL
Voo BELELTHW SRy a7 7 ATV OHEBFRER &
UEERZhZh, 283£13mms LU11.8+£09¢g
(200845 H11H), 275£20mm B3 L 16.8+29g
(20084 10 A2 H), BLU27.9+£24mm B LU 14.9
+05g (201444 A 108) THo7l, —BHRDITHA
BABRRL A ITERTAERLNC BB IN/I20D,
2008 4E5 A 11 BiCALEERT CHERE I N/ HAB DA
HELU 7z, KDEEIE799Y%, HKS&EIL14%, A
RoRbpaE S 1.1Y%, AEHEEIX09%, pHiZ 74
Thotce MEVNNITEEEIL16.7% THD, OB
EmEEE L TRVWORTWAMERE S HEL T, ohb
DEFHEE N DD EBbh,

ARy AV THICHAOMES VR BRIIER

Table 1 Carapace length and body weight of the pink

shrimp*!?
Date sampled CL*® (mm) Body weight (g)
11 Mar. 2008 28.3+1.3 11.8+0.9
2 Oct. 2008 27.5+£2.0 16.8+2.9
10 Apr. 2014 27.9+2.4 14.9+0.5

*1 Data are shown as mean = standard deviation.
*2 p=10.
*3 CL means carapace length (mm).

Table 2 Proximate composition and pH of the pink
shrimp meat

Proximate composition (%)

Crude Crude Crude Crude pH
protein  ash  carbohydrate*!  lipid

Moisture

79.9 16.7 14 1.1 09 74

*1 Crude carbohydrate (%) =100-(Crude lipid +Crude protein+
Ash + Moisture).

Lz, 30°C 256 80°CIcs\WwTiE, Wihonggk
HTHTIMAL LIz dp o Tz, 90°C T 20 s L 7= A
PIALUTs - 728, 2 BB L 72 D kL 7c
(WEWREE 143£53 g, TEWIMIA 0.57+0.16 cm), LLE
DRERDP B, REHAOMBS VEEERITMED TEW
EBH LR ETR- T,

EEEEREORF Fig liiky a7 ATY Mf
O NaCl BEEM %R Uiz, AR THRE LAz NaClBE
(KEE), 1.9-48% I\ THRMEIZH 0% #RL
Too o T, AEMIE, RIBE 2% BED NaCl D%
MCHFICEBRET AL EBELL TR T,

REM 70T 7 —EOEEREOKRET WERESH
v A7 T ATEREET DT 7 —EERICE KT &
FRALNICT HD, XV BOSRICEVEL S
LEZLNBERN/FFEREEL, Fig. 21RL7, 30
CTHrH70CECIOCHRBTEREZT>7E TS, 60
CTCRIFFEREML 72, IOCHEMIC/OTT —
YOE®IEE AREXHRE T 57012 50°C 26 70°C
% C, 5CHMETRIRICIT » 72 KBRICB W THRIROE
RBBoN, ThOOER»L, AR 60C A
T, TuTFT7—VYIEB 2V ITEOSEIETLRT
WhDEHEEI NI,

AEETRF7—EDEE Table3i1260CIZHlT
B5Ry a7 T HIEHALGRBEL AR EYR— D
BN T F FEOEINCH T 5, FE7us 7 —FHE
FlOzhREZEEER (%) Trli, EBA AT VICHLF
V—HMMERERbAZOD I aF 7 —VHER & L CHER
XN % 1,10-phenanthroline, v /o5 7 —FAE
#ITd 5 SBTI, benzamidine, Y A5 A4 V7157 —+
FERCTH S E64, YUV /OF7—F¥EBIUVAT
Av7aFr7—¥YOWmFICH L CHEDRLED 5
PMSF, leupeptin, antipain ¥R INRFICBEZE ICHEBER 7 F
FEHEMCN 3 2HHRAR Shic, BEEER, 10
mM 1,10-phenanthroline ¢ 62.0%, 1g/L SBTI T

100
% | = M 5 M
80 |
70 -
60
50
40

30
20
Ay
0
0 0.95

Fig. 1 Effect of NaCl concentration on the solubility of
pink shrimp meat protein. Bars represent standard
deviation (n=4).

Solubility (%)

1.9 29 3.8 4.8

NaCl concentration (%)
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Fig.2 TCA soluble peptide contents of pink shrimp
mince incubated at different temperatures between 30
and 70°C. Bars represent standard deviation (n=4).

66.2 % , 50mM benzamidine €63.7 % , 50mM
PMSF ¢ 86.0%, 1mM leupeptin ¢ 81.0%, 1 mM an-
tipain T74.1%, 1mM E-64 T84.2% TH-720 THh
LORPOLEZ /NN VBEOECHELERS 2B TEER
AEE S aF7—YiE, Agu/asy7—¥, vyv/
D77 —YEBLIOVATA VT FT7T—¥THELI B
R X NFo, —F T pepstatinA ILZHEB AL NIEH -
7ol b, KFREOEGE TR, TANSE /BT
7 —Y OEMITENLD EE 2 B,

To7F7—FHEEAERMLASLOER ERo &
BY, Ryas7T7ALCHR>OFHEL /A% 60°C
TO0 HEMEL /o Th, FIUMbLeh o7z, £IT
£HESus 7 —CPHERZRINL, MBS VAR AT -
7ok lh, EEAZ VI LFV—MEAZREL AZ O
TaF7 —EHEEA L THEA 3N S 1,10-phenanthro-
line, Vv /OF7—¥H eV RFA V7T T7T—ED
E & B2 4 % PMSF, leupeptin, antipain 8 X U8y &
TAVTOTT —EHER TH 5 E-64 H¥EINL =308
B, TNENTNVERL /2 (Figs. 3, 4),

SHIC, HRAANOERINC &Y mBS VEFR L, v
AF A TBF T —EIIR T 5HER TH % PMSF,
leupeptin, antipain 33 X U E-64 £ TOEIMX. (cysteine
protease inhibitors), & HITHNBT IVIZEEER _ EICEHR

Table 3 Effect of protease inhibitors on autolysis of the
pink shrimp meat homogenate*!

Inhibitor Concentration  Inhibition (%)*2
Control*3 — —

EDTA 10 mM -2.9+1.6
EGTA 10 mM -5.5+1.4
1,10-phenanthroline 10 mM 62.0+1.3
SBTI 0.1g/L 12.8+5.9
1g/L 66.2+6.4
Benzamidine 5mM 34.8+6.7
50 mM 63.7+3.1
PMSF 5mM 69.9+1.7
50 mM 86.0+4.8
Leupeptin 0.1 mM 66.7+2.0
1 mM 81.0+£4.6
Antipain 0.1 mM 44.1+2.7
1 mM 74.1£2.3
E-64 0.1 mM 66.2+2.9
1mM 84.2+6.5
Pepstatin A 0.01 mM 3.0+3.1
0.1 mM 9.1+6.9

*1 Data are shown as mean + standard deviation (z=4).

*2 Inhibition (%) = (Peptide concentration of the control-Peptide
concentration of the sample with protease inhibitor) /Peptide con-
centration of the control X 100

*3 Free of inhibitor.

Table 4 Final concentrations of protease inhibitors added
to heat-induced gels, and protein solubility of heat-in-
duced gels in 2% SDS, 8 M urea, 2% 2-mercaptoetha-
nol 20 mM Tris HCI (pH 8.8)*!

Protease inhibitor Concentration S(El(%lllzty
Control*3 — 97.0+3.1
EDTA 10 mmol/kg  99.8+5.5
EGTA 10 mmol/kg  100.8+3.3
1,10-phenanthroline 10 mmol/kg  88.0+2.3
SBTI 1g/kg 93.6+1.8
Benzamidine 50 mmol/kg 99.4+2.7
PMSF 50 mmol/kg 77.2+4.2
Leupeptin 1 mmol/kg 88.9+2.5
Antipain 1 mmol/kg 86.2+2.5
E-64 1 mmol/kg 88.8+8.7
Pepstatin A 0.1 mmol/kg 92.1+2.6
Cysteine protease inhibitors** — 79.1+1.8
Effective inhibitors*® — 74.9+4.6
All inhibitors*® — 73.3+3.1

*1 Data are shown as mean + standard deviation (n=4).

*2 Solubility (%) =Protein concentration after centrifuge (mg/mL)
/Protein concentration before centrifuge (mg/mL) % 100.

*3 Free of inhibitor.

*4 50 mmol/kg PMSF, 1 mmol/kg leupeptin, 1 mmol/kg antipain,
and 1 mmol/kg E-64.

*5 Cysteine protease inhibitors and 10 mmol/kg 1,10-phenanthro-
line.

*6 Effective inhibitors, 10 mmol/kg EDTA, 10 mmol/kg EGTA, 1 g
/kg SBTI, 50 mmol/kg benzamidine, and 0.1 mmol/kg pepstatin
A.
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Fig. 3 Breaking strength of heat-induced gels from pink shrimp meat added with protease inhibitors. Bars represent standard
deviation (n=6). Different superscripts indicate statistical differences (p<0.01).*! Free of inhibitor.*? 50 mmol/kg PMSF, 1
mmol/kg leupeptin, 1mmol/kg antipain, and 1mmol/kg E-64.¥3 Cysteine protease inhibitors and 10 mmol/kg
1,10-phenanthroline.** Effective inhibitors, 10 mmol/kg EDTA, 10 mmol/kg EGTA, 1 mg/g SBTI, 50 mmol/kg benzamidine,
and 0.1 mmol/kg pepstatin A.
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Fig. 4 Breaking deformation of heat-induced gels from pink shrimp meat added with protease inhibitors. Bars represent standard
deviation (#=6). Different superscripts indicate statistical differences (p <0.01) Abbreviations are the same as those of Fig. 3.
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Fig. 5 SDS-PAGE pattern of homogenates from pink
shrimp meat with protease inhibitors. M, Marker; 1,
raw pink shrimp meat; 2, control (free of inhibitor); 3,
10mM EDTA; 4, 10mM EGTA; 5, 10mM 1,10-
phenanthroline; 6, 1g/L SBTI; 7, 50 mM benzami-
dine; 8, 50 mM PMSF; 9, 1 mM leupeptin; 10, 1 mM
antipain; 11, 1 mM E-64; 12, 0.1 mM pepstatin A.
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Fig. 6 SDS-PAGE pattern of heat-induced gels from pink
shrimp meat with protease inhibitors. M, marker; 1,
raw pink shrimp meat; 2, control (free of inhibitor); 3,
10 mmol/kg EDTA; 4, 10 mmol/kg EGTA; 5, 10
mmol/kg 1,10-phenanthroline; 6, 1 g/kg SBTI; 7, 50
mmol/kg benzamidine; 8, 50 mmol/kg PMSF; 9, 1
mmol/kg leupeptin; 10, 1 mmol/kg antipain; 11, 1
mmol/kg E-64; 12, 0.1 mmol/kg pepstatin A; 13, Cys-
teine protease inhibitors (50 mmol/kg PMSF, 1 mmol
/kg leupeptin, 1 mmol/kg antipain, 1 mmol/kg E-64);
14, effective inhibitors (cysteine protease inhibitors
and 10 mmol/kg 1,10-phenanthroline); 15, all inhibi-
tors (effective inhibitors, 10 mmol/kg EDTA, 10
mmol/kg EGTA, 1 g/kg SBTI, 50 mmol/kg benzami-
dine, and 0.1 mmol/kg pepstatin A).
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