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of 2 oA HAHAL L84S Eo17] 9T ZhA o] IE pHO| W} dko] HILE Yoty FA|Y
9 758 FFE A% BA HUO oE F EYHeE 3% F 29ERol:= ], 2,2-diphenyl-1-
picrylhydrazyl(DPPH) &A%, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid(ABTS) £4%9 Zi}d
o] £kt BAAAS] aAATE 74 540 D2 229} pH, A7 B4 st A¥S AYstct. pH
o] B9 714 & Zo] WIS HQl A4+ 6.81+0.02/5.62+0.02 & lipase(LP)oltt. BE Alg7} AA|Hog Za
ol S Bt 2oz Hro] A 7MY A UEhd E4E VMGZF 4.440.06 %2 7 =7 YERGTE Hid
2 =7 7 A UERd AlEE 2.54£0.06 %E FAPO|H, EAXHE oFA] 82 NFETH &7 Ast A0 & e
Sttt & Eguls &Y A% FAPZE 152.65£11.67 mg GAE/ml& 7P =%oH, 7P ¥ & Egus 92
UEtH AL 82.48+4.39 mg GAE/mlIZ Cl120]t}. th2 02 & EgtH ol &=k FAP7Z| 36.22+3.50 mg CE/ml
2 7MY 2 TS e, 7P B2 E8tEkolE FEF2 12.61+1.45 mg CE/mlZ2 Cl20]t}. F4tst &/d9
73% DPPH7F 59.87+0.04% C127} 7P &2 &75<2 Ech. ABTSY 4% FAP7F 99.87+0.00 %& 7P &2
2ASE BHYoH, 7P F2 AASE U AL LPE 34.65£0.01 %9 &ASE Yeldt. & a3 A3E Ef
2 AR gaAg= YL AdEo] glon, AR 7548E FEAIZI7I) ATt Ao FztEo] H
AHA9] maAAEE &8 7ol o ddEd. E, &8 7ol 7P ¥ A4t Foodpro Alkaline
Proease(FAP)Z HthEIThH

»i FO

Abstract This study focused on the impact of enzyme treatment on anchovy fish sauce, investigating pH
and salinity changes, and assessing total polyphenol content, total flavonoid content, 2,2-diphenyl-1
-picrylhydroxyl (DPPH) scavenging ability, and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) scavenging ability. Lipase (LP) demonstrated the most significant pH change
(6.81£0.02/5.62+0.02), with an overall decreasing trend observed in all samples. VMG exhibited the
highest salinity (4.4+0.06%), while FAP displayed the lowest (2.5+0.06%), indicating a decrease
compared to non-enzyme-treated samples. FAP had the highest total polyphenol content (152.65+11.67
mg GAE/ml), with C12 being the lowest (82.48+4.39 mg GAE/ml). Total flavonoid content was highest
in FAP (36.22+3.50 mg CE/ml) and lowest in C12 (12.61%+1.45 mg CE/ml). DPPH showed the highest
antioxidant activity (59.87+0.04) in C12, while ABTS demonstrated the highest in FAP (99.87+0.00%) and
the lowest in LP (34.65+0.01%). This study suggests that enzyme treatment enhances the physiological
activity of anchovy fish sauce, particularly with Foodpro Alkaline Protease (FAP), which shows the
highest utilization potential.
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o % glglon] ¥ eyt oleiet Ak Aelo] Ave v
% Bajste] 4 Adst Agol T 38 54
2 A7stuat gk
2. Mg ¥ 9
2.1 A&z
QYR BANRE @Huod AT B

Ag ARSI on, HAHA O] LS fJsle] Bate
@/dEoA A2 Foodpro Alkaline Protease(FAP),
Cellulase 12T(C12), Viscoflow MG(VMG), Rohament
CL(RCL), lipase(LP)& ©|-&3}%ct.

AXE] BXAR M=
SAEE ffoto] BAAHE 10 %= 54519
At pHY 2, AlZto BHA a44eE
3Rt 0.1 N NaOH EE HCIE H75iod
Foodpro Alkaline Protease® 37}et XA 5|4
AL pH 9.5° 60 T2 F242(KR/KMC-12055W1,
Vision scientific, korea)olA 12417t &4 5%
o}, o]e} Z2 wHo g Cellulase 12T+ pH 6.5 50
T 2 3 A7}, Viscoflow MGE pH 6.59] 45 CTZ 6
A)Zt, Rohament CLe] A% pH 6.5° 50 TZ 90 &,
lipase®] % pH 6.8 55 T & 24 AIZF 44 E
APt aaAY7E S5E T 54 EEYSE 9
o) 85 C & 30 & 5 ZAAHATH9-12].

1_

23 pH ¥ &

A9 pH #42 pH METER(FP20, METTER
TOLEDO, Switzerland)g ©l-&sto] A HAZ 33] 5t
5 S5t dk= dAE @A (PAL-SALT,
ATAGO, Japan)E °l&sto] 33] ¥HE: S5t
ECtE
= gk Folin-Denis#< 585t =4
stH13]. A& 4 mLlel 0.2 N Folin-Ciocalte's
phenol reagent A|2F& 4 mL, 2% Na.COs &% 4 mL
7¥etal AL AolA 1AIRE ¥RSAIFT ¥ =
spectrophotometer(Optizen POP, Mecasys Co.,
Korea)& ©-€35t% 750 nm oo EF=E S5}
gt gZFE Gallic acid (Sigma-aldrich, USA)S

=
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Table 1. pH & Salinity of anchovy fish sauce with

different enzymes.

pH Salinity

NF 3.3+0.15
Before 6.49+0.02°

VMG 4.4+0.06°
After 6.10+0.03
Before 6.50+0.03°

RCT 3.740.1°
After 6.78+0.02°
Before 6.49+0.03°

C12 4.4+0.1°
After 6.90£0.08°
Before 6.81£0.02'

LP 3.9£0.1¢
After 5.62+0.02*
Before 9.51£0.02"

FAP 2.5+0.06"
After 9.05+0.02¢

%E%E f’.’]/‘q%}j—’- E‘i‘;‘}d’% 31]'7\51'5‘]-03] /\]E %9] % 12 MW Before enzyme treatment

Z38s TFS A gallic acid equivalents(mg
GAE/g)& ZHitsto] Yepyitt.

A

2.5 & E2HL0|E g =H

% SZetH Lol SRS Lee 51419 WHHES 383
o] &5ttt A& 5 mLoll 5 % sodium nitrite 0.75
mlE EFste] A4 687 vReAZl & 10 %
aluminium chloride 1.5 mLE 75t 4204 5
E7F 9-SA7] o 1 N NaOH 5 mLe} &8st &
spectrophotometerE ©]-83t] 510 nmolA 4=
£ Soklth § Eoheolt A2 (+)-Catechin
hydrate (Sigma-aldrich, USA)E L2 3S|A45taL
HEZX-E 2/dsto] catechin equivalents(mg CE/g)

= Sapstel et

2.6 DPPH radical 275

DPPH(Q2,2-diphenyl-1-picrylhydrazyl)ell Tigt radical
475 DPPHY =g ol&sto] SAsrH15].
A& 1 mLo] 0.2 mM DPPH €%(99.9 % ethyl
alcohololl €3l) 9 mLE 7Iskal 10%7t E83 & A2
Aol 1087t BFSA]7]aL spectrophotometerE ©|
83519 517 nm oM SFEE SH5IU T
Z7OZ+= Ascorbic acidg o]&dl%oH, FLEE
S|Aslal BEFAS 2143510 Ascorbic acid Equivalent
Antioxidant Capacity(mg AEAC/g)Z 3FAFslo] Liet
Wit

O after enzyme treatment
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VMG RCT ciz P AP
Fig. 1. Comparision of pH in anchovy fish sauce
treated with different enzymes, In each
sample, a-g superscripts are significantly

different at p<0.05 by Duncan’s multiple
range test

& 3
d
c
b I
J a
NF WMG RCT c12 i3 FAP

Fig. 2. Comparision of Salinity in anchovy fish sauce
treated with different enzymes, In each sample,
a-g superscripts are significantly different at
p<0.05 by Duncan’s multiple range test
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Total polyphenel contents {mg GAE/ml) %
1S

Comparision of Total polyphenol contnent in
anchovy fish sauce treated with different
enzymes, In each sample, a-c superscripts are
significantly different at p<0.05 by Duncan’s
multiple range test
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Fig. 4.
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Total flavonoid contents {mg CE/ml} %
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Comparision of Total flavonoid contnent in
anchovy fish sauce treated with different
enzymes, In each sample, a-d superscripts
are significantly different at p<0.05 by
Duncan’s multiple range test

2.7 ABTS radical AHs

ABTS[Z,Z'-azino-bis(S-ethylbenzothiazo ine-6-
sulfonic acid)lol Hi$t radical 2452 Ku 51619
WS 45 #gste] 45t 7 mM ABTS® 2.45
mM potassium persulfates & =& 23oto] 4
291 FAoA 12~16A1ZF &3 WA|5te] ABTS+HE &
BAIZ % 734 nmollA FB& %ol 0.800+0.200] =
A SR8 AHgslel st

A& 0.4 mLo| ABTS reaction €& 11.6 mLE
A7kete] 3 & ARofA 10‘_Zl “1’2/\]5{1 o
spectrophotometerg ©J-&5t] 734 nmolA 3%
£ S35tk oldf AR Fole2 AR 7T A=
FA7REY S8 Aol HEEWE TS

Al

c
b ab b
J I I a ﬂ
NF VMG RCT c12 Lp FAP
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Fig. 5. Comparision of DPPH radical scavenging
activity in anchovy fish sauce treated with
different enzymes, In each sample, a-e
superscripts are significantly different at
p<0.05 by Duncan’s multiple range test

c c <
j I I I |
NF VMG RCT ci2 14

Comparision of ABTS radical scavenging
activity in anchovy fish sauce treated with
different enzymes, In each sample, a-e
superscripts are significantly different at
p€0.05 by Duncan’s multiple range test
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DPPH radical scavenging activity(mg AEAC/mI) %
]
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ABTS radical scavenging activity (%)

Fig. 6.
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= SPSS (Statistical package for the social science
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P, ol=2a, 4 F A
g0z {74kl BAHTHs Kwak 59171 A
ToF BA IEAE O] It ofnlicAl F FAYAota]
LAk B2 A7l ghA FZo] xiy §/Jof o]-8F
O ZH f714k0] A 71oigth= Lee 59[18] A+
£ arsto] aaAe] & pHYF sk Zlo] fARE 3
TS Uepdch oo g EAHAY = Table 1,
Fig. 28} 2t} g% VMGZ} 4.440.06 %= 7FE &4
ehtth dxrt 7P RA UeRd AlEE 2.5+0.06 %
& FAPO|H, BAAE 51X & NFETH @7} 4
g AL YERLh AT JEo] Wske F3isHA YEt
U2 k=T, ol Gil 59 A8 Farsted[19] T
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3.4 DPPH radical &7

849 F7E 29T XA DPPH radical &
A5 Fig. 57 2t} DPPH radical &A%
59.87£0.04% C127} 7F¢ & &762 HloH, o
292 59.31+0.01 mg AFAC/mIZ F HAZ &2
2755 B9t BAKCE 848 HUleHA] 42
AR H T aAE H7IRE AR DPPH radical
2750] B2 %S Bk ole AR B4 7l
w2 A3 DPPH radical £4%59] $7+2 Ying 59
ATE Farstoi21] BAHA G4 FH7to] wE FAE
2 718k Aol fARE A UEhlt

3.5 ABTS radical AHs

49 F7E st EXHA] ABTS radical £&
752 Fig. 63 Zth ABTS radical &7 FAP7}
99.87+£0.00 %2 7M & 2A5Z EoH, thzo
Z Cl127} 59.024£0.01 %Z F HAZE &2 275
etk 7P W2 A4S el A2 LPE 34.65
+£0.01 %2 245 Herh ole 84F 7IHA
A2 HAHAHTG G4E HUIgE X HYAC] ABTS
radical £7%50] E£om, T ule} FAlst Lo 2}
°|§ Kim 59 @45 Farstoi[22] E4AE gt
P} o] 7ok

Aol SARE AP epct

z
=

4. ZE

E AFoAE X HAR 9 mihAEo] E pHO ¥
slo} dro] HslE Yoy, G40 UE & ZIHE
sl & Zelewolt #eF DPPH &A%, ABTS &4
59 Aol s B4ttt pHY A% 7 & £9]
H3lEkS Hol G4E 6.81+0.02/5.62+0.028 LPO|
o = AR & 29 HIRkE HQl A4E 951+
0.02/9.05+0.02 & FAPO|tt. E3h RE A|gEo] A
AFoE HAdhs AFS Ak oE 9z 7
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£ 2.5£0.06 %& FAPOIH, A4AZE A &2 NF
Ho} dmrt 7ast Zo2 yepdtt & Z9vs I%F
9] AL FAP7} 152.65+11.67 mg GAE/mIE 7} &=
doH, 7K @2 F ZEhe IS UEhd A2
82.48+4.39 mg GAE/ml& Cl20|t} theog %

=
=
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FHolE FF2 FAP7} 36.22+3.50 mg CE/ml&
7 w2 e UL, 7P W2 EetE ol 3
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