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Peptide Properties of Rapid Salted and Fermented Anchovy

Sauce Using Various Proteases
1. Hydrolysis of Anchovy Sauce and Actomyosin by Various Proteases
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The optimal conditions of enzymatic hydrolysis for preparation of rapid salted and fermented anchovy sauce (SFAS) using
various proteases such as trypsin, chymotrypsin, crude enzyme from squid liver and viscera, Alcalase, Neutrase and Protamex
were studied. SFAS prepared with squid viscera had higher level of VBN (173.6 mg/100 g) when stored for 70 days than other
samples, and peroxide values were almost equal among all samples during fermentation period. Total amino acids and nonprotein
nitrogenous compounds remarkably increased as SFAS treated with Alcalase or Protamex which exhibited higher the hydrolysis
rate of 57% at 60 day than others. The optimal pHs of trypsin, chymotryosin, Alcalase, Neutrase and Protamex on anchovy
actomyosin were 7.5, 6.5, 6.5, 7.0 and 5.0, respectively. Optimal temperatures of trypsin, chymotryosin, Alcalase and Neutrase
were 55, 45, 60 and 55C, respectively. Otherwise, Protamex activity increased as temperature increased from 20 to 70C.
Protamex had higher K. (3.50455) and V.., value (2.688) than others. Protamex affected less by NaCl had 52.5% activity at the
germentation condition of 20C and 25% NaCl. Protamex appeared to be very effective for the hydrolysis of crude actomyosin
rom anchovy.

Key words: anchovy sauce, protease, anchovy actomyosin

A g o] Z7lstxn, Add HE =9 Lo HX3 leucine W) &
gro] Frhsitta dEA v g2 &4 BEAE 4335 9
o Af9 a 7|7 BE L LE 4719 AAE cycled BFA o] &4 &g AFY F9 ML A3 A= oo gt
A FAY 54 TN B ol BE 7T ¢ iE %3 Pyeun et al. (1995, 1996), Cho et al. (1996) 2 Lee et al.
AF e]de] Fure7] WE AFF AxGolMe HPHo & (1996)& A7tagd #A3e £425 253 WA 34 &
A F9 el A $EE BF2 ARVTE dF] 9 g)ete] ol g9 A3y EAQE THIL, o] & TX G 4
3 o gA gl steRd gAE o83 &4 AXE A 3 AL HZE A AT, A £9 ALE WE 2 2rtas|
Zo] Ag3ta glow, o] fFAste Az WY, 24 R AFY £ trypsin® OHE cathepsin L3 chymotrypsin®] GHlE&] &4 o]
EA H3rtd) A L& 477 FAEo] ¢ (Han et al, 1990 © o) Fgvtn Byt 2 oA B8 248 U
; Bae et al,, 1990a, 1990b, 1990c). A& d&a ¢ Hl&¢ z1d& o gt AFAQY BES) FITF 2ANA FEAD F, )& ©¢¥E
€7] 93t Kim et al. (1990)3} Koo et al. (1990)2 Bl & 2 849 4 =4 € 849 48}, actomyosin®] 3] Hefol
7tagtd s Hole] 712 ZQAE o] 4T &4 Hojg 4R Ax g3 d7e AY FAEHA A g
237 AU PE-E BN A% 25 205 v FEF}Y A geld, B d7e 4% 99 P Ak F FA actomy-
Zel wE JIFE TN, AYY AEE 2AE}I] Ao osin® 7HE3d 2 449 JE= FHE AFHA LAY
Cha and Lee (1989)€ AZoNA #2)& 92 L& o] 4¢ J8 AA4E A% 2d A¥¢ B3 vjady, UG ALE T
AAd BAAY £4 LEE ARGAL 32U £4 LA AF oM AEHA LE FHY A steEd dHE AW
& BT 43 AZE AF vdted Ful7t A3 LA £ 28 WS AN A8t ARz ZhE vE By
M (Koo et al, 1990), £4 wad 939 leucine 2 isoleucine Aad o3 99 R 54L& A

o] R 19974 #FeEAFAGY FEAA (AFTR) A7l g5t ATFHAT
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1. X2

AYo) AHE3 B 19974 s~1280 ZA AT oA
e 91 (AF 94~104cm, AF 84~117g)E A AFd
N 7R dgA2 29 gg R JHSG F AL L 5
&8 AMEE ALY st EHE SR80 Yo g
Ao} H YL 199613 10~1280] ART ZgolA oj s
¥, 52 ARE 2A4odA HEsQt BA ALY Azxe 4
A Kol 2029 BA F& A F, 24 DA} YFLE F
Z} 25% (wiw), A& A8 EA (Neutrase, Alcalase 2 Protamex)
€ 27 2% (ww)8 A7t 20~25C9 gaelA 708 Y
HEAFEA EAL AR2 AR eH HME 4% £ 4
ol A A8 2 AE AXFUL Table 17 24 281
A& actomyosin® £33 F4& €otir] 93 2d A=
trypsin (Sigma, T-7409), chymotrypsin (Sigma, C-4129), Alcalase
(0.6AU/g, Novo), Neutrase (Nova) 2 Protamex (1.5AU/g, Novo)
£ A3t

2. YUt¥ED pH 53

FE Y Azxy, 2994 FL semi-micro Kjel-
dahl¥, 2% Soxhlet, 312& 74384 (AOAC, 1990) 2
2 47 38 g2, pHE pH meter (Oakiton, Japan) & At§
st EAsqith

3. YN A7 (H4 A pMEET B

A AUlAagte uFHAAd (AAELY, 1960002, FAb
3187l A RE chloroform * 249 (23, vwv)ol o 3}

g 718 O, 1% AR §9& AAYLZ 1/100 N NaS,0:%
ool HAgoz A& H.

4. dichel HASSHE, ofpjic it ¥ T HE £F

vche] A43EL AR Spoll HE TR 5% HEE
%9 TCAE A7iste] ¢43 31 30% ol WAE ¥, A%
gste] AR dRAS AL, AFd U Ad TFFE semi-
micro Kjeldahl'g 2.2 Z43gct obmt ¥%FL ninhydrin
g2 BN A 570nmANA leucined] AFFAE o] &3t A3

Table 1. Ingredients for preparation of salted and fermented
anchovy sauce

Sample name Ingredients composition

Raw anchovy+20% salt (w/w)

Minced anchovy+20% salt (w/w)

Minced anchovy+20% salt+2.5% Squid liver
Minced anchovy+20% salt+2.5% Squid viscera
Minced anchovy+20% salt+2.0% Neutrase
Minced anchovy+20% salt+2.0% Alcalase
Minced anchovy+20% salt+2.0% Protamex

The refined salt was used.
Neutrase, Alcalase and Protamex were purchased from Novo.

o> Z < =E®

FZGA

AFY - 7AE - AYF - HA &

Qon, gl e ol % A9 wel Bradfordd (19
76)3 Umemoto?] Biuret '8 (1966) 22 238,

5 Iz &8
azd o4& WX 7hrEd Axe 23 AR AL FF
o g vigdey d28eE ¢ (%22 EAFAL

6. Crude actomyosin®| £&
Crude actomyosin® Pl 5 (1978) 9] #WHE g FA43q
Fig. 13 #& oz F&3rh

7. &4 2@ Ay

B actomyosin®ll ¥ GHEEH B0 FHEHL 7 (1986)
o WS da £33 Fig 29 Wil B} FEHE tyrosined
FE& FEE 280nmolAM A3, AFAAN FE A2EATH
22 ZA4 (unit/mg)S ¥ (min)F £& B9 [ mgo] YA3e
1 ymole Tyr 2% 1 unit/mgE EAFH O™, Alcalase, Neut-
rase ¥ Protamext % ¥5E& AM&3th

Minced anchovy muscle
Add 4 vol. of S50mM sodium phosphate (pll 7.5)
contatning 126 Triton X-100
Homogenize for 30 sec at low speed
Centrifuge at 3000% g for 10 min
Precipitates
Homogenize for 3 sce at low speed
Centrifuge at 3,000Xg for 10 min
Precipitates
Add 3 vol. of 30 mM sodium phosphate (pll 7.5) containing IM NaCl
Centrifuge at 8,000X g for 15 min
Supcernatants
Filter with 2 layer of gauze
Filtrates

Dilayzate against 50mM sodium phosphate (pH 75)
containing 0.5M NaCl

Centrifuge at 15000Xg for 60 min

Supernatants (crude actomyosin)

Fig. 1. Preparation of crude actomysoin from anchovy.

0.5m¢ of actomyosin (4mg/m¢) in test tube
Add 15m¢ of 50mM sodium phosphate buffer
Add 05m¢ of crude and commercial enzyme solution
Incubate in shaking water bath
Add 25mé of 10% TCA solution
Stand for 30 min at room temperature
Centrifuge at 3000 mpm for 20 min

Take supernatant

Measure absorbance at 280 nm

Fig. 2. Determination of proteolytic activities for crude actom-
yosin from anchovy.



1. 99 gaahe o 94 IR 2 Actomyosin® £ 3 483

2n o a8

tl

AZE F37] 3 AEE BX Y dutELe FE 734%, =
9d 160%, AW 6.5%, HE 33%°1UL, pH % 659
on, A AEZY YNAR Hste A 471 (709 HH
FEL o} 14~4%, ZANL 1~2%, JEL 1509 2Fn @
€ 09%U9Y H3lg Bgow 2ddde A &A7|3to]
Ao wat #ade FF (168~142%) 8 YE, 7I5E
s o vjgde AxFe F71E guAd FH pHE §4
71Zbel BH 61~679 HAZA & Hol& Bo|A 4t} £4
712v] Aol tEo] vjgde Aago] Fbsta, AW sk
Oh HEE Hole AL ALY Fuld A A& vjay
g 24 AE3 ANde AASL den, pHY 348 W3t
gix Ao v]Fo] WA & @NAL 55 Yod FL ¢ F
A%t

1 3%y A7|HAR Y 2MsETIe W

d2F (R M), 23} zH(L) 2 WA (V), 282 J4EL
g A7Me 29X AZ (N, A 2 P)Y 324 97134 (VBN) 2
FatslE2 7t (poV) e H3tE 23E AHE Fig 37 49 vehy
ek

EE 4879 29X AZA Y 24 A7Fae §4 7179
ATe diol §43 FUtstden, 4 70944 2 F
A BAE AHEE X AZ (R)T o4 E 29X E A3 B3R
AZ (M) 9} 140 mg/100 g2 2 Fo|7} Ao, e o AL
A7hg AZ (V)AA 173.6 mg/100 g2 2 78 E3, Neutrase S
A7 A (N)o) 1556 mg/100g Ao, &89 2 (L), Alca-
lase (A) 2 Protamex (P)& #7}st A2-& 1004~1382 mg/100 g
o2 gz Hge we "ol A R (V)& A
Aol e A7l Ad ol & AL 98 240 YA
A& AF ZANAEEY GFPo 7Iddes Aoz AZdd,

200
150 .
-1}
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=
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Fermentation, day

Fig. 3. Changes in volatile basic nitrogen (VBN) of salted and
fermented anchovy sauce during fermentation. See table
1 for sample names.

Kim et al. (1990)& 55Col| A} n}ef st Fo2) o] A7hAs) & HLA
GNALFLE AT olF F53] F71ete A Zkghel] 200 mg% ol
Fegta e, oinine) AAFE 4 274 43 F
7tgca Badtgct

&4 712 Aol wet FadstEst (POV)E F7Hek A (Fig.
4). 4 70494 dET RY ML 219 meq/kgl & WEZ el
Aol7t PAem, ool WA (V)& H7HE RZo) 231 meg/kg
o2 7} 2432, Neutrase 7F A4 (N)o} 19.1 meq/kgl 2 7F
skt web AP Ezte HAETLY Fole wivEd, &
92 sz A A Aste A 9FS A g2 A
22 yet

2. OfDjiEf EA 3iEE Y ofo|t EEke| Hist

&4 71, A2 F9 vgde A4 FFEFY ofvxet 4
U3 44 Fig 59 Fig. 691 JehiSich

4 27) 109AM BE APl vddg F23EE
(Fig. 9 F4% 718 Bdd. W27 R MdAe A o
AE AHEF A2 (R)o] 121 mg-N/100gel ™, oA & v ste &
Z AZ (Mol 141 mg-N/100g2 2 Thh A}o]g Hof &4 40Y
A 7AA F 3mg-N/100gB =9 Aolg FAT £4 60% ol F
ol 2.10 mg-N/100 g& 2 v e] HAA33E ol Zo)7t ¢
Atk &4 209904 40 7AAE dE2E (MF 239 WA (V)
2 ZH(L), 283 Neutrase 37F A2 (N) ¢ wjgdeg A43g
£9] o] o 157~1.75 mg-N/100gC & HWEZH o}z Uk
Alcalase (A)% Protamex (P)E A7t8 AZ& &4 %7] (10~30
Dol o2 AP vl3te vigu Ay A28 E0] FHI F
MgozA olg AVtEAI RE §4 279 £ FE B}E
< e Aoz vegt

£A471t 59 obulxAt T3 (Fig 6)9] W3l $471te) 2
3o} dEo] Frkste AgelAen, £4 70494, Az R
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X
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Fermentation, day

Fig. 4 Changes in peroxide value of salted and fermented an-
chovy sauce during fermentation. See table 1 for sample
names.
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M) & ofAE A& A7 (R)o] 2386 mM/100 g A& ot
date] G2 A2 (M)o] 2657 mM/100g oI eH, A4 H7bTol
286.8~356.7 mM/100g0 2 wZF BTt 8~50%713F o}njat
ol 3t oAE vty AF (M) olv|=Aibe FraFe] A
A E AT A BHu) tdi B AL 94X &3 UH Fo F
Aste Dy 2a mivh v §2Fd B A F43

29 Aoz 23}

vleee] AASFET ofuete] HHFoE HUd A AL
A7l JiEEs Axe A=P (3567 mM/100g) >N (327.1
mM/100 2) >L (3000 mM/100g)>V (2872 mM/100 g)>M>R9Y
ol 3}H, A &4 715 vjgdg AL FPES 232~
26480 F7hEtg oy, opHlate 377~5638) FUHEkY AHA

2.5

2.0 A
o
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Fermentation, day
Fig. 5. Changes in nonprotein nitrogenous compounds (N.P.

N.) of salted and fermented anchovy sauce during fer-
mentation. See table 1 for sample names.
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Fig. 6. Changes in amino acid content of salted and fermented

anchovy sauce during fermentation. See table 1 for sa-
mple names.
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opuli it gl WEol s AEE ¥ s dast
& Ao JEtgt ol ¢ ## A Choi et al. (1998)2 ninhy-
drin Yol & AR Fejolujct ¢ opnit AFEA Y
2 4% F fotrxd 49 80% o3& Wgdty 21
3o

3. JirEdE

Uz 54 HHEY 4 710 BE eI EE Fig 7
of vepf it

2 Aol 2H(L), Neutrase (N), Alcalase (A) 2 Protamex$ 27
A7tstel €422 24 J4AY AR 0LA TtrEEAEE o
51%A5=2H d2F RA M) 7HFEHEQ 43% 9] vl3to of
14%71% o 3d A2z Yegen, §4 271 (104A) ¢ o
22 RY M)& 274 19% % 26%, 28 A23H7HE (LVNA
2 p)e 33~39% 2 F53] JtpEdEe AR vFe], uuE
B3 AhE 7HEE 27 £59 7t A Aose A 2

o9} & AT Pyeun et al. (1996) 3 Lee et al. (1996) 0] o
o 27 A% A8 #F F Az pHA 6072 Wil
BY¥se 2547 &9 2E44 HFe 294 FGRAd gt
o B} & BHEHE YehdH, A &3 WP £Xe
ZE2E B0 2RRTB A QAT g 274 JRE)
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Fig. 7. The degree of hydrolysis in salted and fermented an-
chovy sauce during fermentation, See table 1 for sam-
ple names.



1. 293 gatd g 2

4. CHHSS| Ao 2oFh WX| actomyosing 25

ih FE D wkeAI7Y) 98k BA) actomyosin (2,17 mg/me) ol
ated AA &9 trypsin® chymotrypsing Zt2 0.5~8.0 ug/ml
(EAFT/7AFT ; 1/4340~1/271) H7HeE 40CHA 60% T
ot WA S W9 &4 &4, Neutrase, Alcalase ¥ Prota-
mexE 27 1~Smgmnls) W9 (A2EE/IAXE ; 1217~
2302 #74ste whg A7l AHE Fig. 8o Wehi At

Trypsin® chymotrypsing 5 pg/mé 038 Fx o XELE 03} g
Sl 33328, Protamext 2.0 mg/mé, Neutrase$} Alcalase®
30mg/mé o] 49 FEojA FHo] 237 ZAadHH)

22844 e 4% 9% (Fig. 92 trypsin® chy-
motrypsin® Ha& FE 2 pyg/mlol A ¥H-g AJZF 80E71%], Alcalase
(3.0 mg/ml), Neutrase (3.0 mg/m) 2 Protamex (2.0 mg/md) & A
A kg A 5 A AHgoz F7H8A Cho et al (1996)
€ 32X WAY trypsin £4< 713 BAPNA (N e- benzoyl-ni-
arginine-p-nitroanilide) ol 3t A FE 025~40 pg/mo] H
AN 54 FEo vasH, wd 0EAAE JHPoR2 F7t
a2 AFEE AY vg whE FHE Holn YA
on 7heRd S-S 9% B4 TR v AL 1A uhg
Fd AFste FAG AR FAHA

pH U 2z9| 9a: Az &4 Fo oA F3) 549 &
Aol = pHY HE-E LotEY] 3, dutA Y A2 AFY
pH ¥9E 9A && Aoz 4isHe pH 50~7504 849
HaE =339 (Fig 10)
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Fig. 8. Changes of proteolytic activities for crude actomyo-
sin from anchovy as affected by protease concentra-

tion,
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Z
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3
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40 4
—O—Chymoirypsin
1000 30
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Reaction time, min Reaction time, min

Fig. 9. Effects of reaction time on proteolytic activities for
crude actomyosin from anchovy.

] A3 2 Actomyosing 7HEE 485

Trypsin, Neutrase 2 Alcalase 4388 B9 pH ¥l
Al pH 9&AE& Bo)x &¢ted chymotrypsin pH 6.5 4
7} @Ao) U1, Protamexe pH 6072 &40 #AFHHL
v 3 39 pHAME A9 44 Ao vEryth of 22 A8
A3 NovortdllA B3 Alcalased 33 22 (pH 6.5~8.5,
L% 55~70C) % Protamex?] #7 =7 (pH 55~75, &% 35~
60C)TE A Zolg RYou, ol AHEE 7129 Hold 7
Addte Aoz AZ"Y, 28 A4F WA pHAA trypsin®
pH g &40] HolA e AL typsing A pHZt €ZE Zd
N$-H 7 gEoE gag)

AR &2 trypsin® chymotrypsin® B actomyosin (pH
659 Wt 2z 55C9 45Tl JHE B2 &4 vER) )
2F & 2x YEAL RolT 9o, Alcalase®t Neutrases
45~60Co] ZA ¥ Qe L= FAd 22X 22 4SS B
ol ojA HF 2= YA E Novortd] g Ag 44
32 k. 283 Protamexe 70C7HA & A5H tio
B4R Zrtate Aoz velgdd (Fig 10).

o] Zo) trypsin® chymotrypisn® &% &4 2 AL
g oA g3 fid ¥gtd & FAxA JUse AL
ot} Kim et al. (1986)3 Kim and Pyeun (1986)& 1%,
g A3t 43, 424, v Fdde gL oY B3 a4V
Eiln glon, A4 gy 2 547 X2 e H
Hate] v @4o] I Y1, FEFAN FAT 2YY &
B 23 549 casein®l W& 3 pH 9 2EE 47 94~98

T
ox hu L

Iz fdr 2
N

J=

600 20
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S
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£
2z
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Fig. 10. Effects of pH on proteolytic activities for crude acto-
myosin from anchovy.
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Fig. 11. Effects of temperature on proteolytic activities for
crude actomyosin from anchovy.
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7} 4s5cele Hug B AYY dae i 2olE Holxm o)
of e AL 2 g AER HAEC ERFET MRE
7199 E4ZA oF 719 Ehd vEd Uik & HF 228
Z7] fgoletn wetgh

Kinetics : B actomyosin®l ™3¥ trypsin, chymotrypsin, Al-
calase, Neutrase 3 Protamex®] 4% pH 659 #7429 H&L
T 60% F9F w3AZl ¥ Lineweaver-Burk 222 K,
Vew @& T390 (Table 2). Y 4 oA BA actomyo-
sin®l t3le] chymotrypsin (0.216)°] trypsin (0.188) <l H| 3] o
EFL AT (Voo 5 HAFT JI90H, AHE £4 9% Pro-
tamex (2.688)7} 7% & A&FE el

284, trypsin 2 chymotrypsin® 22 FAE 457 Alca-
lase, Neutrase 2 Protamex$®} 2& & EAt = Agd A &8
a7t g2r] g APAA vlae ¥ 54 37}
o & AAAQE 23, Protamex7}t 7HE HA A s
598 24T 4 Yo% e Yok BA actomyosin®l] o ¥
trypsin® chymotrypsin® Ko 3TE 247 05829 0.712% 24 -
ypsin®l 2T ¥2 FIA4HE Yehlden, Alcalase (1.020%),
Neutrase (1.660%) 2 Protamex (3.545%) FoIM¥= Alcalase”}
7P & A34E& Holn Y Pyeun et al (1995)& EA)
o & cathepsin L# W&ol Sle chymotrypsing] 24 24
Af g g KW Voo 42 186, 0.56 U/mg 2 063,
108 U/mg2 24 trypsin®l ¥ 3t Fon] B9 AL £ &
Ad AzA 8 247448 cathepsin L¥ chymotrypsin®] &7}
A1 s

NaCloll 2i8t & : DA actomyosing 7FrE# ) plAE
NaCl 559 9%& pH 6594 dukd9 Ad %4 2x9
0T Z2o HFH x4 FFIFE 55CAAM A7 FAHEA
NaClol EA3tA & de &4 did 4o 42 BN
Aot (Fig. 12).

TrypsinZ 10% &) NaCl A7t &3t 20T N &4-& Hol
A & ¥ chymotrypsin® 222% 9 48 HQov} 20% ¢
42 NaCl FE9A € chymotrypsins® &AS Ho]z] gt} o]
22 AAE trypsin® chymotrypsin®] NaCle] 9&& Bo] ¥e
g Ag v, 221 20T, 20% 9 NaCl FEolA Alcalase,
Neutrase @ Protamex® &% 176%, 2.1% R 585% 2 A&

Table 2. Kinetic properties and optimal conditions of commer-
cial protease for the hydrolysis of crude actomyosin

from anchovy
pH Temp (OC) Vinax (Azso) K (%)
Trypsin 6.5 55 0.188 0.582
Chymotrypsin 6.5 45 0.216 0.710
Alcalase 6.5 55 1.280 1.020
Neutrase 6.5 55 1.613 1.660
Protamex 6.5 55 2.688 3.545

Vmax Was expressed absorbance at 280 mn; K., was expressed co-
ncentration of crude actomyosin from anchovy; The concentra-
tion of trypsin and chymotrypsin was used 2 pg/0f in reaction
mixture; The concentration of Alcalase, Neutrase and Protamex
was used 2% (20 mg/m€) in reaction mixture

BTryesin

@ Chymotrypsin
BAlcalase

B Neutrase

& Protamex

0 10 15 pad 25 30 0 10 15 20 25 30
NaCl(%), 20T NaCl (%), 55T

Fig. 12. Effects of NaCl on proteolytic activities for anchovy
crude actomyosin from anchovy.

Hof 20T A Protamex’t NaCl®] 9%& 718 AA we Aoz
Ueldt &9 54 84 JF 2xd) 7k 55 TAAE tryp-
sin¥ chymotrypsin 2F 10~30% ¢ NaCl % FolA 4 &
Bgo} NaCldl 5% F719) gEo] 842 Z48%L, 20% 9
NaCl =X 27 413% 9 75% 9] 2] &4& BHoh 20
Ao Z7¢ vlRE 9 trypsin® chymotrypsin® HH A=
TEEY NaCllME 84S Jede ¢ & A oHe 2
Z}He Pyeun et al. (1995)0] BN A HAE cathepsin L, trypsin
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