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Preparation and Food Characteristics of Seasoned Anchovy Sauce with
Improved Bitterness by Treatment of Aminopeptidase Active Fraction
Derived from Common Squid Todarodes pacificus Hepatopancreas
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This study investigated the preparation of seasoned anchovy sauce (SAS) and its functional characteristics by using
aminopeptidase active fractions (AAFs) derived from squid Todarodes pacificus hepatopancreas as a bitter taste
improver. As the base of the SAS, a hydrolysate (AAAH) prepared by continuously treating raw anchovies with Alca-
lase-AAF was used. The high-performance liquid chromatography profile of the AAAH suggested that the action of
AAFs decreased the hydrophobicity of the N-terminal peptide related to bitterness in the protein hydrolysates. SAS
was prepared by blending with the AAAH and other ingredients. The crude protein (2.5%), carbohydrates (18.4%),
amino acid-nitrogen (1,325.1 mg/100 mL), and total free and released amino acids (FRAAs, 700.2 mg/100 mL) of
SAS were higher than those of commercial anchovy sauce (CAS). Sensory evaluation revealed that SAS was supe-
rior to CAS in flavor, color, and taste. The main FRAAs of SAS were glycine (16.8%), alanine (13.2%), glutamic
acid (7.8%), and leucine (7.3%). The amino acids that had a major influence on the taste according to the SAS taste
values were glutamic acid, aspartic acid, alanine, and histidine. The angiotensin-converting enzyme inhibitory (2.21
mg/mL) and antioxidant activities (3.58 mg/mL) of SAS were superior to those of CAS.

Keywords: Debittering, Anchovy hydrolysate, Seasoned anchovy sauce common squid, Aminopeptidase active fraction

AN 2 AT AR &S home cook) EANEE Q18| Anv[gFo] STt
slod AAkeRo] 2016\ 12 6,584 AofA] 20206 2% 2962

Z| & Seuehs o449 ARXIE7]3] g, grdo], 17t Qo @ 22.4Y% Z7}stn FAsH JAA|E Ho| 1 QJrHaTFIS,
T 575 ARl A sk A ME AR A SR 2021). HA RujaaF AR, E3 G435 A4Skl gl o]
A Z Z 2] ol| A AH|&}o] O] 3O 2 meal-kit 1= {FH HO 3t Ao A AFA] Auke] ENE Wit w2 AFAE
Al S 2ERRlo|u utEA FLish= siEl o2 HE}stal ) AR A= A e FA o] Bxbet WA, 14, A 9 HA
c}. o] gt MztR Qlsto] R AIZFRE AA 8] oS, T I e A HE A EI o] & Ho| AR sfo] TRt MR
A2 192 9]419] 7]3)7} 2ol E9tH(Lee and Kim, 2021). 7} H7bE Zn|aago)] Auro] AAISH Al A o|ch w5k Z L o
11 A AE7RsAR Aol ZhatE AAIE Bl ow, EF gutet aH|REe] AFo] g Q1412 A1) QPH A, A F
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] 7}4=R8)| & (seafood protein hydrolysate)
SHA| =9, A2 54 9 g dad 3evt ks
she, o] & 7l B A7 s AR 9 L A
4 1415 218 ] Zlparol 44 753 20| cHidowu and Ben-
jakul, 2019). 12, T2 R e f ol o] TRl o) st
R R ER I E PV
e wh ksl Ee) o] & W AE ] glo 4 Alokag)
o]ti(Idowu and Benjakul, 2019; Cho et al., 2004).

EH T2 7hE el =0 2292 peptide ] A4~/ 7F WA g
To] Q17| wfj&of|(Kristinsson and Rasco, 2000; Clegg and
Lim, 1974), exopeptidase®] #2]& 53l £t peptide2] Het
of| '=ZH ob|ieAbS 7HE el o 24 2ukE T A AU 2
2A)718 = o] g A= Q1A th(Nishiwaki et al., 2002; Kim et
al., 2014a, 2014b; Kim et al., 2020).

A O 2R E TRkt Al SRS A s 0|85t
of A|&3t 7= 1715 ol Wt AR HH 9
ChAlO} 7R ARE(Kim et al., 2012), 7}tho] Y(Intarasiri-
sawat et al., 2013), A o]g] 75-F-4AH=(Bougatef et al., 2010),
0] frame (Heu et al., 2009), Hef 7135 AHE A2}l (Park et
al., 2009), A7} ZH=H(Oh et al., 2007a), E-2thA A<
“*(Kang et al., 2007), A|-- F+4H=(Heu et al., 2007a), yellow
stripe trevally (Klompong et al., 2007), =(Chung et al., 2006a,
2016b, 2016¢) 9] A4 7hp-EafEol thet A Gl Al
AUtk E3F 0] O] AL A 5§l et A2 HAZ A I
A77)%s 21 42(Kim et al., 2003; Heu et al., 2007a; Oh et
al., 2007b; Heu et al., 2010; Kim et al., 2012), 58-AHA| &
(Heu et al., 2007b), &7 E(Chung et al., 2006¢) 5-°] H 15|
At

WA ] Atol A, 2ol T FEE=FE £33t en-
doprotease 2 exopeptidase EE52] £9F /JAEIHKim et
al., 2014a, 2014b), Z18]31 FA| A o]l A4 L2} =2
shejojabio] 2J5h aminopeptidase Ed E&-9] 3]4=, 2250
9 F A Ao tfsh AA7:a vt 9leHKim et al., 2020).

H Lol A= 20k A 7/A4AaIHKim et al., 2014b; Kim
et al., 2020)7} Holt AL solw 4+ 2 A o](Todarodes
pacificicus) 7Y 52l $+2]o{ 7} aminopeptidase active frac-
tion (AAF)Z, alcalase #] 2|5t 22uF HX] 7453 &(alcalase
treated anchovy hydrolysates, AAH)of| 282 53l(Yoon et
al., 2021), alcalase-AAF &4 2| &2 A &35t 25ko] A AE 7+
3l = (alcalase-AAF treated anchovy hydrolysate, AAAH)
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CES7 oA - A - WA - BN

S Zu)AA Ho]| AR g HA| Zu]hX(seasoned anchovy
sauce, SAS)S A| %3}, 0]9] o]F}eta] EA uF AR U A
716543 B4l disl, AlE E A A2y (commercial anchovy
sauce, CAS)2} H| 1. H E5}a1A} 8} 3ict.

Iz H A

M=

kA 9] AL (Yoon et al., 2021)E E3l, 24t HX](anchovy
Engraulis japonicus) 718l = (alcalase-treated anchovy hy-
drolysate, AAH)2] A|ZE 9J8) AF&-3F Al cha 2 Bl g A
+ alcalase 2.4 L (Novozymes, Bagsvaerd, Denmark)E ¢
afo] ALg-aklr.

AAHO| 25t 7§A-& 918)) AFE-3E 4= Kim et al. (2020)2)]
v o whef, AF 2 A o} (common squid Todarodes pacificicus)
7HA FEE2 5 32|07} w(Pellicon XL filter, PLCGC
10K regenerated cellulose; Milipore Co., Billerica, MA, USA)
£ &4, 1/102 5=35}19] Y2 aminopeptidase active fraction
(AAF)2 AHg 319,

B 2u|aio] Ho|Am ARGRE £uto] A|AE alcalase-
AAF 1&AE] BX| 7lpriellE(alcalase-AAF sequentially
treated anchovy hydrolysate, AAAH)Z-2] vjghS §ot FA)
FE dextrin, AA| 4, glycine, ©]1=4! inosine monophosphate

(IMP), disodium succinate ¥ caramel color 52 MSC Co.,
LTD (Yangsan, Korea)ol| A {1 5}o] A8-5}%i Tt

Zu|i Hjo| AR A AAAHSL A RS wigele] Alzxgt
H2| Z0|42(seasoned anchovy sauce, SAS)E A|&EA 1}
Ae]e g2 vlushy] fisto] CARS Atk A £1] 42 (com-
mercial anchovy sauce, CAS) Al &2 AAYE TIA| 24 47
EE P ERER ISR,
RO|AA HO|AZM AAAHS| X

u|aA H|o]ARA £5ko] AAH AAAHE= Yoon et al.
(2021)9] ¥Rg-3EHEA o ofsf AL 2H 2710 whet A
Z3F3ITh WA, 28 B4 7l 2 (AAH)S & EA]of o
3l s SFrE 7l 1&+E 7] (Polytron PT 1200E; Ki-
nematica AG, Lucerne, Switzerland)= 213} 3t & 9w
2] e 0] 19 (4:/7] 28] 1:100)0] 31 alcalase
7Fsto] pH 7.0 B 50°Cofl Al 8417 REG-A 71 T, 90°Coll A 20
1 A A2 E Sl Azttt o2 A Al aaRhg-ol
& AAF A58 E 913 712 (AAH) 2 ARE-813T. o]ofA] 7]
221 AAHO| ¥= F 2] T2 0] 3.4%¢] sfidst= AAFE 3
7¥8kaL, 50°Coll A 9AIZE B4 WG, 90°Cof|A] 3071 A aale
A o5 Fol], 2 Ho] AR ARE-SE] 917F 2ko] A A
H 7R 2 (AAAH)S Al 25H T

Al e FLel 5 A5 F7FsHA] ok A9 WiQl/g Tl

o



AAFO]| &J3t &uto] A AR HEA| Fujais 851

ol & Ao 9J3t AF7 A SHE sl E(auto-hydrolysate, AH)< pH
02 50°CollA] 8417 ¥RS31o] 4] 25450 0, HPLC profile
gt &8t A| A BIE AH R 7] 13t 2 ARESF T

AAAHS| HPLC profile

AH, AAH 9 ZujaA Ho]AZA AAAHO| gt HPLC
profile> Kim et al. (2014b, 2020)2] "ol wef, 5C -AR
column (i.d. 4.6 X250 mm, 5 pm; Waters Co., Milford, MA,
USA)o] A2 HPLC (L-2200; Hitachi Co., Tokyo, Japan)=,
0.1% (v/v) trifluoroacetic acid (TFA)7} &34 acetonitrile £
ol o] FAFO 2 3loq, linear gradient (0-45% )= E4J5}
oith ojufj o] £ 0.7 mL/AE, &A1 7R 60, UV detector
(L-2400; Hitachi Co.)9] }3-2 UV 214 nmZ AE3| L. 0]
= 7IESEE2) HPLC profile} 71 H3l7} F=8] 4] peak
o] 2/dv(area %)= HE3FATH

AAAHE 0|83 Z0|AA0| XX

\][11]1

o

SAS9] Az CASQ| vjgn|E &x3he], AAAH 35.5%,
A 35.5%, dextrin 21.2%, 25 5.8%, glycine 1.4%, IMP
0.4%, ZEAFES 0.15% L 7H2ha A4 0.05%S 242 55
gk, o] 9] ohd g8l W S 95t T (100°C, 5 &3}
o] A|zstgich Y& B2 2HE alcalase-AAF A4 2] 7H:
B3 o] 22 jo] A2 A% WA Zu] 4 A(seasoned
anchovy sauce, SAS)°] A| = 5742 Fig. 13} 4t}
2etgE, pH, E=  brix

U2 AOAC (1995)H] of] whef =52 A7 ta A 21,
A2 semimicro Kjeldahlt, 222 SoxhletH of] w2}
Aol 2322 74ggp o2 4619t pHe pH
meter (model 691; Metrohm, Swiss)& =43}, GE=9] A
e YATY ARE "Hol24E 108 3]Asto], E3%t of
2, Y=A|(model 460CP; Istek, Seoul, Korea)Z Z}2} =23}
St} Brix= 0-32% H${9] 244 (Atago N1; Atago, Tokyo,
Japan) 2 7 5}3itt.

£ ZIA 2 ofo| At RIASIS

=1 [=R=}

% A23=RS semimicro KjeldahIFH(AOAC, 1995)0.2 =
Aslar, o)Al H4 gHRS KFN (2000)2] Formol® o]l
w2} A 25 1048 3]413F ke 0.1 N NaOH £-94© 2 pH 8.5
2 2435 = 30 mLO] 3} 2% (pH 8.5)E 7}5taL, thA|
0.1 N NaOH £ © & pH 8.57} & wj7}7] 2AQ3s}o], 0|2 E
i = Abzshelct.

g 9 ZhAE = BSste Al(UV-140-02; Shimadzu Co.,
Tokyo, Japan)E ©]-8-5t¢] B = 314 660 nmol| A S5 &
THE(%) & HEPH QAL ZH =] 749, 31 430 nmof| 4] S7

| Frozen anchovy

— Partially thawing at room temperature

— Adding water (anchovy:water=1:1)

— Homogenizing

— Reacting with 1% Alcalase at 50°C for 8 h

— Heating in boiling water for 20 min

| Alcalase treated anchovy hydrolysates (AAH)

— Incubating with 3.4% AAF at 50°C for 9 h
— Centrifuging (1,460 g, 20 min)

— Filtering

| Alcalase-AAF treated anchovy hydrolysates (AAAH)

— Blending with the basic additives
— Heating 100°C for 5 min

— Cooling

| Seasoned anchovy sauce (SAS)

Fig. 1. Process flowchart for seasoned anchovy Engraulis japonica
sauce prepared from anchovy hydrolysate continuously treated
with alcalase-AAF. AAF, aminopeptidase active fraction recovered
from Todarodes pacificicus hepatopancreas by the ultrafiltration.

ot T2 eI
Sloto|eAt 2 taste value

2] opu|iAke] A4S Rt Al s AT Almol Ee
20% trichloroacetic acid (TCA)E 7}slo] D HH10&) U 4]
#7(1,460 g, 10:2)7F th 4-8(100 mL)3Hth Al & AF-5
oz 7] o] Hkal FF9 ethers AHE-5Ho] TCA A A 54
2 33] WHES}3 11, thA| 0] & 5= Y lithium citrate buffer (pH
22)& 825 mL)ste] A5t o] & ofu] Ak AHEEA]
7](Biochrom 30; Parmacia Biotech., England)& #4519t}

HA 2ujAaAo gk AuE AHE7] 9J5te] HEZ taste
value:= -9-2] o} =4t 3L Kato et al. (1989)0] A A3t
glotu]iAke] gk o X|(threshold)Z UHro] @oj#l ghoz i}
B let

MRS AZi0l T2 St B

AFSG- e HH-A|7HS- 27814 Rancimat (743 Metrohm AG;
Metrohm, Herisau, Switzerland)Z ©]-83} §FAkS} 84S Oh
etal. (2007a, 2007b)2] Bl o whe} 24 35}%c}. =, Rancimat
of oJgt Al3h= BEg-87]° 2.5 g2] th5-(OAL Pyeongtaek,
Korea)2} H2] SAS W CAS (CA}, Nonsan, Korea)s 212} 0.5
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gX 7181aL, 120°C2 2% aluminum heating blockA}ol| A]
20 L/he] o2t 3715 Y8t ARE - =sk3int. of of
HAgsks S Al A=) SR7F E0l9e 5871
(absorption vessel)ol| ©3FA|A, 7| &= 0] H3tol| whet £
E717Hh)S =43}, ©]E protection factor (PF, A| 22 F=
7/ 7e) §i7)2 ek, obe el 4 tlE T (posi-
tive control)Z4] 20 mM ascorbic acid T3t PFLE A H]
wateich,

DPPH zfC|Zt

DPPH (2,2-diphenyl-1- picrylhydrazyl) 2}t]zt A7 22
Yoon et al. (2017)0] w2} 2435 2 AJ=20(1.5 mL)o]|
di5lo] 5552 0.4 mM DPPH radical ethanolic -8-28(1.5 mL)
_L]—E?S]—o}-l A2 0] oF 4o A] 30H 5o vl /\] 71 & 12, a4l 517
nm (UV-2900; Hitachi, Kyoto, Japan)| 4] S35 Z4351%
th. DPPH 2ht]Zh 227 842 50%9] DPPH &7 22 e}
W= Al 9] 5= (IC, value, mg/mL)= LHEFH GITh
ACE Xaligtd

Angiotensin I-converting enzyme (ACE) #3&43-2 Cush-
man and Cheung (1971)2] WS tha 443+ Yoon et al.
(2017)°] w2} 2434tk 2, 100 uLe] A58, 50 uLe]
ACE &9 12|31 50 uL2] 0.05 M sodium borate ZOH(pH
8.3) E3ot HFS-gol.o A of ] 302 Bt A ¢
AASE o2, ¢]7]¢f 50 uLe] 5 mM hippurly-his-leu (HHL)
acetate salt= $H3-3F 0.05 M sodium borate $H5H(pH 8.3)
2 71810} 37°CE] G242 oA 602 S MHS-S Aehallrt.
FAERS9] A2 250 ul of 1 N HCIS 7}ate] AA|stge
1, o] o] A Wh-3-8-4 -2 2] hippuric acid®] =& ¢1s}
o], 1.5 mL9] ethyl acetateS 713t T2, 941E2](1,460 g, 10
3, £OPRISITE. 10 mLo) AES Aeo] $7]5 100°C2)
heating block]| 4] 147} 59t ethyl acetate S &3] SHAIZ]

2, FollE= hippuric acid= 1.0 mL2] & o] &2 &34
#, 314 228 nm (UV-2900; Hitachi)oll A S3 =5 £33
t}. ACE Asl12/d-> ACE &/ 9] 50%E Aslist= Al=e| &
L(C,, mg/mL)= e et
HsdAt 2 SAXzE

EN =S

SASO et BH5AAHE 7910) B b (kA B gt 2 4
%Ogoc}:ﬁ]- ;ﬂ'lo_ EHS' l\ﬂ)___ EH/\]—O§ Sk Aﬂ(ﬂ‘é'ol:) 1] gl—oﬂ
ao] 574 A=Ho 2 Wrla oS, Bagte s ek 2,
27 ABED|LACA)S] T8} 712S IHOE 3o,
7t 57k ol el o] 1T} $-94-5 458 0., o] ) L
= 7048 217 0.2 so] Bleict. dlolEe] EA A2l
ANOVA test® EAHLA] §F 5 SPSS £ 3 & 138 (Version
12.0K, SPSS Inc., Chicago, IL, USA)S A8-5}4] Duncan®]
U9 ALz 5% ool A sk

BX| 7t25l=2 HPLC profile

& o] IHIE 3 AAFO] ot 23t Al BvkE AR

7] 8l AAE AH (B A A7FASHEEE), AAH (alcalase ]
2] &0k 7h=E &) 2 AAAH (alcalase-AAF A4 ] 7<=
20| 24 A ol ufet £elat @4 HPLC profilex} 1]

tﬂﬂ(%),} W3k 7k7) Fig. 29} Table 13} 74},

2] 7t Rl e A o8 238 9] u]A1, 3229
32, 37&14 1] =13, 458 9] 1]=4, 508 o] w25 1]
aL 578 ] 7] 267F ERR1E Lo H(Fig. 2), o5 T AW
QoM = FE @7 W3lr} Q12| Q) th(Table 1). 0] & 7] 352

AT AL AR ZE(C ) 0]55/(0-45% acetonitrile) 2] 57

2,000
1,800 uv AH
1,600 Autohydrolysate
1,400
- 1200 6
E 1,000
800
600 3
400 ’ 4
200 2 5
0 A I /Ad_/\__V_J\N_VMV -
0 5 10 15 20 25 30 35 40 45 50 55 60
2,000
1,800 uv AAH 6
1,600 Alcalase treated anchovy hydrolysate t
1,400
2 1,200
€ 1,000
800 3
600 1 ) t 4
400 1 t
200 M
0 JAN \ . _AJ\,\+A
0 5 10 15 20 25 30 35 40 45 55 60
2,000
1,800 uv AAAH
1,600 Alcalase-AAF treated anchovy hydrolysate
1,400
2 1o
) 3
E a0 6
600 |
400 J\ Jk
200
0 = J\ J\J\/

0 5 10 15 25 30 35 40 45 55 60

Time (min)

Fig. 2. Reverse-phase HPLC profile of alcalase-treated anchovy
Engraulis japonica hydrolysates reacted with aminopeptidase ac-
tive fraction (AAF) from Todarodes pacificicus hepatopancreas
extracts by ultrafiltration. AH, anchovy auto-hydrolysate; AAH,
alcalase-treated anchovy hydrolysates; AAAH, alcalase-AAF se-
quentially treated anchovy hydrolysate.



© g HEE A7Hretention time, 0-60+2)0] Z o] 245 Al
Ao m Aapido] 7t HEo| & g Ro] 85H A 2%
AUtk B 7Rl 20 gk 7Rl = Qlsl A4
Hl gefo| = 9] whtho] ke A ofn]iedto] Q191 Ao
2 A 0](Clegg and Lim, 1974; Kristinsson and Rasco,
2000; Nishiwaki et al., 2002), T] F4-60] A A o2 1|=1-3
of vl sl M5 AlZto] o o5 gio] /o] e Ao s
FA =, wepa] 2ol FH Jake v Aol e it
(Kim et al., 2014a, 2014b, 2020). o}&2] alcalase A& AN
7198] 7t ES ute] WA o] F=eXItkal(Hoyle and
Merritt, 1994)3}o] o] ¢15-2] AAHS} F-AFSHI T

AH, AAH, 12|11 AAAH®] HPLC profile (Fig.2)ol] 2 5
A2 (%)2] 3K Table 1= HA AHS| 7%, 9] 560] 49.1%
2 71 Yo MaEg Asgon, oo 123 (254%)
321 (20.0%)2) =0l 900, 7 9] A 7 724, 2 2 5)9] %
T ZHAE 5.5% oAtk AAHO| 924 E2= 94l
(16.7%), 732 (1.6%) 2 =23 (20.3%)] M A o] = AHo|
] g v, 92 4-60) WA Zlelelk. Eak 726
(53.5%)%] WA o] 71 & A 02 YL, 925 (4.9%) ] 5
7} Eo) -8 F0.2 shelEgir), w25t B l4RalE
ol AAH| 98 %2 159} 60] 2k Aol ek 24 H ik
(Nishiwaki et al., 2002; Kim et al., 2014b, 2020).

hH, "] ZujAaAo Hlo|AR E-8517] 93| alcalase-
AAF 9% AHesto] Alx3t £5k0] A4H AAAH= AH ¥
AAHe] B3} 2=1-39] 2] o] AA|SHA F7F3t Hhdol| w]=2
4-69] WAL ZHassigl om, pido] 7 7)ot u]=169] T A
Tarh FE R o) o] Aut= FA] iy il is)a
aof O3t Ap7pashi el alcalase A 2] 0t HA| 7t
SE(AAH)S A o2 aap/do] 73t 9]54-69] AR
(52.8-61.5%)7F A4 F2(¥]=21-3)0f vlsf 2 ALz Zel
Eo], 7kt allES 9ot WEte| =59 Wil &4 of

Table 1. Changes in major peaks area (%) from HPLC profile of
alcalase-AAF sequentially treated anchovy Engraulis japonica hy-

drolysates (AAAH) (Area %)
Peak No. Anchovy hydrolysates
AH AAH AAAH

1 20.0 16.7 29.0

2 1.8 1.6 5.3

3 254 20.3 39.0

4 29 341 1.4

5 0.8 4.9 1.5

6 49.1 53.5 23.8

AH, anchovy auto-hydrolysate; AAH, alcalase-treated anchovy
hydrolysates; AAAH, alcalase-AAF sequentially treated anchovy
hydrolysate.

| AIAE B4 2ojii 853

n)Abso] thd e EE o] Uehd Aute 4w ik ook
2] AAAH2| 7%, 220k AlA /A8 TH(Kim et al., 2020)7} 2
QUE A Ao 7HI f-2f 2helo| 2} aminopeptidase 23 2]
F(AAF)o] ofsf &5t 7t = o] feto|= Tt 5%
ap/d ofnficqle] WE R Lutat wARt bR el o
38 BAIS] gk vhdol, A o g Z/d ElE(T=1-3)
o] Z7t& &uto] A4 AE A= HetE ITHKim et al.,
2014a, 2014b, 2020; Kristinsson and Rasco, 2000).

AZNE U 0l3f3rY £

U] Zu|AM(seasoned anchovy sauce, SAS) A= 54
Fig. 1)o]] ut2l, AAAHE Zu|aA H|o| AR sho] A3t H
ZH) 42 (SAS) 9] AlE/d, WaE7 2 Ee]3kehA
2 Ak 2] 20| AA(CAS)Q} B w5te] Table 20] LhE}
T} SASO| A]FAdw-2 0] 73.5%, A o] 2.5%,
Aol 0.1%, £3]+50] 5.5% 9 ghrkEo] 18.4%=, CAS
of ulsto] i Bl 2 3|7 0f ke W2 W, 2ok oheke
L4} 352 =28 YERY Tt T3 SAS A2 A] dextrin 37t
o] Hhog =l o] sl ek CASO|| vlal oF 28 Bttt o]
O 7o AIk= SASO| A2 E $I5to] ARS-g HA] ZulAA |
o|~(AAAH), HigH R A & S5 2 o], 12 Al 2E7g
Ztolof 7]Q1g A o2 A= it

AAAHE H|0| AR 3}o] A| 235 SASS] HeH7h=38< 7]
FO. 2 T CASe| tisf WAl4.0), 22(4.8) 12|l BH(4.6)°l
Qo] B SakGih WAofl QlofAl= SASTF R EA =R
E] alcalase-AAF 144 2] 7hialj i g-& AR o= A] £0F
2 H[H W O] Zavof o3k A o2} 3274 =] m(Yoon et al., 2021),
Aol 1ot = ol ARxl(Table 2)0l| 4] Hol= whel gof At
Aoz A2 M| gt A7t w2 AV AoE A Q)
o} ZLeju glholl thigk W7k= ubo] AlAE AAAHE Hlo| A
2 3}o] A|23F SASTF AJFF 2491 CASO| v3] A=t 50%
FTOE Ao Ao 1214 0 2 Bh ¥ A3 2okl A gk
I} opu) Ak A ATF 22HA Q] A0 vt JIES F A 0E T
e ik

3HH SASE}E CASof| tfgt o] 3kt E44-2 WA, pH= 212}
5.90 (SAS) 9 5.63 (CAS)°| %01, A= SAST} 6.4% = A
CAS (13.3%)°]l H]3l] 50% 02 W2 zfo|7} glglom,
brix= 7}7} 28° (SAS) @ 26° (CAS)O.& ThAE zjo]E B Y
o} A9 brix o] Atz Kol 23] & B ehpalmghao] o]
7F Rk H At 24 % 9l o, SASE dextrin F 7} u}-2
3HETFo], CASE 2u7bE w2 o uhE 238 3+
o brixol] FoFE = A= A= Gk

A )it Al AAE 28 B|Aste] S Bk
(%) 2 ZHE(EZE)= SASTF 96.2% 2 025954 CAS
(69.7% 2 0.823)] H]3f] Frlei= =2 Bho] e W
o}, ghof| ek i ofu|iAb AA4TEES SAST} 1,325.1

~

o
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Table 2. Food component characteristics and sensory evaluation of
seasoned anchovy sauce prepared from anchovy hydrolysate con-
tinuously treated with Alcalase-AAF

Seasoned Commercial
Components anchovy sauce anchovy sauce
(SAS) (CAS)
Moisture 73.5£0.2 76.1£0.2
Proximate Crude protein 2.5+0.0 1.8+£0.0
composition  Crude lipid 0.1£0.0 0.6£0.1
(91100 ML) cryde ash 5.5:0.1 12.1£0.2
Carbohydrate’ 18.4+0.5 9.4+0.5
Flavor 4.04£0.5 3.0+£0.0
Sensoy - Color 4.8:0.4 3.0:0.0
Taste 4.610.5 3.0£0.0
pH 5.90+0.03 5.6310.03
Salinity (%) 6.410.1 13.3+0.2
Brix (°) 28+1 26+2
Transmission (% at 660 nm) 96.2+0.1 69.7+0.2
Brownness (430 nm) 0.259+0.003  0.823+0.002
Amino-N (mg/100 mL) 1,325.1£2.6 1,133.5¢1.4

Photo

—es

Carbohydrate was calculated by 100-(moisture+crude protein+
lipid+ash). AAF, aminopeptidase active fraction recovered from
Todarodes pacificicus hepatopancreas by the ultrafiltration. Values
are the means+standard deviation of three determinations.

mg/100 mL=, CAS2] 1,133.5 mg/100 mL H| 2.5}o] SASO| A]
FohEo R Weyrtel Aniel YL F A02 uels)
itk oF&#) SAS}CASS] |2 (photo) o|5F5H A FEA
W o], 4|24 0 2 2115] Ao 7} elx| =gt

Q2| ¥ WEE ofnlAt

Alcalase-AAF &4 2] £25ko] A|AH HA] 7h4=Esf=<l

£ Hlo| AR slo], o 7] o] FAf 2o} v elsl Al =3k SAS
ot EAS A RY] st EA%E 52 (free) W ATl
3l = "WrE(released)® oAt Saft /i ofw]Ake] gt
A& aeato] Uepd Al Al 2|40 CASSF v
o] Table 3of] YFEFITt. o 7] A] f-2jotm] Ak 2|l

12 fr 1o

O

A& A8k ofw|=Ato] obd, A H(physiological fluid)o] Lt
22 ol FelH el = EA 5k of| ik Woh, EE
opu| e Ak Tl 2 Ro § 42 0] 2R-8-0 & A thull g o] Zh i
ol Elo] W2 ofu]iAbe elujsieicy.

el W S oo Ake SAS7F30%0] BAHH G, CAS
© OlEt; 4F0] A2 26F0°] FAEHAULt F 2 H W=
g ofu] - AlstEEe SAS7E 700.2 mg/100 mLE CAS (472.3
mg/100 mL)o|| v]3te] oF 15u7FF -2 =309l o, o]=
Zehi Al gl opn| e A 4 SheK(Table 2)2] 2fo]7} WEGE 2
W2 et it

Sg)ol)=Ak(free amino acid, FAA)3FES SAS7}H 48.0
mg/100 mL (6.9%)2.2 CAS (67.4 mg/100 mL, 14.2%)9] H]
3f 50% A= W2 4F0]%al, SASY] F8 fElotu] Ak
taurine (18.0 mg/100 mL, 2.6%), CAS2] 79+ taurine (37.0
mg/100 mL, 7.8%) 2 omnithine (10.3 mg/100 mL, 2.2%)0] 2]
on, 53| taurine> S| AE|E SollA AUE AehH (low
density lipoprotein, LDL)S ZrAA7|1L, AtjFog 1le
|kl 2 (high density lipoprotein, HDLYS Z7HA1 A &7
sle} ndYS JAlsk= A& delA Atk (Mochizuki et al.,
1998).

Ao uhE SASQ] 7] Y W&EH o] Ah(essen-
tial amino acid, EAA)&=F2 321.3 mg/100 mL (45.8%)2.2
CAS (193.6 mg/100 mL, 41%)0] 1|3} =& 2Z 02 SAS:
leucine, arginine, lysine 12|17 valine©], CAS+= lysine, leu-
cine ¥ histidine©] 8 Folu|Alo| @it} B] 4= ofu|i
AHNEAA)3FES] A9 SAS7} 333.0 mg/100 mL (47.2%).2.
2, CAS (211.2 mg/100 mL, 44.8%)°] H]3l] &=3ko™, SAS
+ glycine, alanine @ glutamic acid©], CAS+ glutamic acid,
glycine 12| 11 alanine©] F 8. W] 4= ofu]Ako| QT

FEQF Aap/d opu|iAkele W 2400 QloA = SAS7T388.9
mg/100 mL (55.6%)= CAS®| v|af| g E 2AJo] 2 4=
o], o= alcalase 2] &5 7Rl E(AAH)S] pep-
tide®] Weto] Lozt A=A obu] e AkS exopeptidase] AAF
o] Zzjo] 9Js Ath(Clegg and Lim, 1974; Kristinsson and
Rasco, 2000)9+-0- =4 22/ ofu]ietto] 2] = W0l 7]
olel= Ao 2 A% th(Nishiwaki et al., 2002; Kim et al.,
2020).

ol/Fe] fre] W W= opn| i AbghF Bl 2409 FA Ao
A, ARk o 2 SASE Fe] ot etk Al skaL, Ha, B h
A /g opn| AR F5, Bk, 24 1ejal Fa/M|E s of
]ttt FRI(EAA/NEAA ratio) o] A &= CASe] B sf A3
o8 & AoR Urh, &40 ghap JFAdol SlojAl Al
axzvof Blsl L3 A 07 WeE Qi) o]of 2 T A 7t
o] ztol= YRS A, 2H|E SR FARY S7F H vl
o8] 9] zfolefl 7] QIsitt. E3tE B wal ZhptolES 4t
39l gt 22 17715300 AlojA = dE T o
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Table 3. Free and released amino acid content and taste value of seasoned anchovy sauce prepared from anchovy hydrolysate continuously
treated with Alcalase-AAF

Amin acids Taste threshold SAS CAS

(mg/100 mL)’ mg/100 mL Taste value mg/100 mL Taste value
Taurine 18.0 (2.6) 37.0 (7.8)
Sarcosine 2.5(0.4) -
a-amino adipic acid 3.6 (0.5) 3.3(0.7)
Citrulline - 1.4 (0.3)
a-aminoisobutyric acid 1.2 (0.2) 2.7 (0.6)
Cystathionine 4.7 (0.7) 3.0 (0.6)
B-Alanine 1.3 (0.2) 2.6 (0.5)
y-aminobutyric acid 0.7 (0.1) 2.4 (0.5)
Ethanolamine 1.7 (0.2) -
DL-allocystathionine 3.2 (0.5) 1.5 (0.3)
Ornithine 0.9 (0.1) 10.3 (2.2)
1-Methyl histidine 3.7 (0.5) -
Anserine 4.1 (0.6) 3.2 (0.7)
Carnosine 2.4 (0.3) -
Free amino acid (FAA) 48.0 (6.9) 67.4 (14.2)
Threonine 260 241 (3.4) 0.1 14.0 (3.0) 0.1
Valine? 140 36.0 (5.1) 0.3 22.7 (4.8) 0.2
Methionine? 30 28.8 (4.1) 1.0 11.7 (2.5) 0.4
Isoleucine? 90 28.6 (4.1) 0.3 18.9 (4.0) 0.2
Leucine? 190 50.9 (7.3) 0.3 34.3 (7.3) 0.2
Phenylalanine? 90 29.1 (4.2) 0.3 21.5 (4.5) 0.2
Lysine 50 46.5 (6.6) 0.9 36.0 (7.6) 0.7
Histidine 20 30.1 (4.3) 1.5 28.4 (6.0) 14
Arginine 50 47.2 (6.7) 0.9 6.1 (1.3) 0.1
Essential amino acid (EAA) 321.3 (45.8) 5.6 193.6 (41.0) 3.5
Aspartic acid 3 27.3 (3.9) 9.1 9.8 (2.1) 33
Serine 150 20.9 (3.0) 0.1 18.7 (4.0) 0.1
Glutamic acid 5 54.9 (7.8) 11.0 71.6 (15.2) 14.3
Proline? 300 5.7 (0.8) 0.0 174 (3.7) 0.1
Glycine? 130 117.7 (16.8) 0.9 49.0 (10.3) 0.4
Alanine? 60 92.1 (13.2) 1.5 37.8 (8.0) 0.6
Cysteine - 5.8 (0.8) - - - -
Tyrosine - 6.5 (0.9) - 6.9 (1.5) -
Nonessential amino acids (NEAA) 330.9 (47.2) 22.6 211.2 (44.8) 18.8
Total 700.2 (100.0) 28.2 472.3 (100.0) 22.3
Hydrophobic amino acids 388.9 (55.6) 213.3 (45.2)
EAA/NEAA ratio 0.97 0.25 0.92 0.19

'The data were quoted from Kato et al. (1989). “Hydrophobic amino acids. AAF, Aminopeptidase active fraction recovered from Todarodes
pacificicus hepatopancreas by the ultrafiltration; SAS, seasoned anchovy sauce; CAS, commercial anchovy sauce. The value in parenthesis
means percent ratio of total free and released amino acids -, not detected.
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obul AL 4l efo]=e] 24, Fefo] o] Zlo] W A% e
1 AT o] Itk 3FtHWu et al., 2003; Bougatef
etal., 2010).

23] A2 ] 7} BB E-S Ho| AR 9 2|2 A(Ohetal,
2007b)+= taurine, anserine, arginine, lysine, histidine, aspartic
acid ¥ glycine©|, A7+ FAHES] 7HpEalES Hlo| AR
3t Zu]42(Heu et al., 2007a)2] 7%, D4=olu|iAto] ATk
Al A1o] H|3]] Ao R =01, aspartic acid, glutamic
acid, proline, lysine ¥ arginine©] F= 8 otu] iz Ato]2hal 513 ct,

FH2 7 A9 7l E(Kang et al., 2007)2] 8.0}
"] =4k glutamic acid, arginine, sarcosine, glycine, proline
18] 31 taurine©], 107 frame 7}l (Heu et al., 2007b)
anserine, taurine, glutamic acid ¥ alanine©.=2, 53] anserine
© glutamic acide} 240] 7HYre] 7} 7] ofghk T 1 Tgo
Qlck, o] Ape] o1LH 1.2 B3, o] 2170 SAS opu]kAle] S5
of /o Aol7E gl om, ol =712 ARSE HE 9 A4
714 Fol/d Apo|7h vy Axtetar ke it

Taste value

SAS % CAS9| fr-2] 3 W= ofu|leil FA Aol tfs)
o], Kato et al. (1989)0] A|A| 3t 7{H ofu]iAto] gt Bhe] o
Z|(taste threshold)E 1183} LERH taste value (Table 3)+=
SAS 9 CAS F &4 RI= v "= oba| 1 AR] total taste value
(Z47}22.6 2 18.8)7F B o AR(ZH2E 5.6 H 3.5)0]] H] 3f v
$ 58 A 0% et ]z ofulidto] 9t o] 2 4
S n)H= AoR sHolE]glon SAS (28.2)7} CAS (22.3)0]
)&l uk 7+ =7} 735kSit). Taste value = AR o] 5 A A 0] of
o] Tofsh= 8 o] Ao 2= SAS 9 CASO| A §0] &
S&|S2 aspartic acid, glutamic acid 71237 histidine©] %12
U}, SAS+= methionine (1.0), glycine (0.9)3} alanine (1.5)2] 4t
7127} CASOl B3] 20 =0} 20| 7} Q1L

27 A9 F1 R RS wo] AR |23k 20| 4 A(Oh et
al., 2007b)x= glutamic acid, histidine, lysine “12]3! aspartic
acid 50 =2 ofn|ieAto| gl om, A7k ke (Heu et al.,
2003), A&7 ARE 2 A 23 9% (Kim et al., 2003), 712]
31 o] 7R ER A %3 Zu|42(Heu et al., 2007a)=
glutamic acid, aspartic acid, alanine, lysine ¥ arginine®] %}
IR =0 o] =Ato] Qi

Heu et al. (2010)2 ) 715412 §o) Zetelo] 7145
SflE= Al2g Aot A, o5 Al o =1t Skt At
e, e AL Almdo] s gt =8 ofn| Ak
A2}l A A7) aspartic acid, glutamic acid, glycine, alanine 2
arginine®] 1 o, A} e T3} Al A2 aspartic acid,
glutamic acid ¥ lysine®| 2}l slod, F-2jotn|=Ake] £7 o
& 9 2/3H] Zhof Zpol7} glom, o]= TgE| Aetelat TP
7)o ThlE A o] Zpolof 7]lgttar sict. Kim et al.

F a7 ORI - A - B

ol

A~
v EL]T

(2012)°] g Y thAjmt FAR O] 12 019F SRS, 17
1 o]9] Tt RS ER AR AAFH| A= AT A LA
of v|ste] frejobu] Ak FheES- 1.94] 12|31l Z- taste value=
494 fzof, gto] =7} Y535] Zstelon, ok ik
glutamic acid, aspartic acid, alanine®]| 2} 3}$ic}. E3 FH-2=
hA A&429] 7H4BallE(Kang et al., 2007)of] tiat 9k 20
2A] F£Q ofu] AR glutamic acid, aspartic acid 2 arginine
o], 25k ths A5kl o} 92141 Hol ek st o]
frame =25 9 0]9] 7[R E2] & taste value= 212+ 16.3
9 1822 UER}, &4 7R E 918 taste value} Z7}5F
§11, glutamic acid, aspartic acid, histidine, lysine & alanine
o] £ Q otu|Ato|ghal 51 tH(Heu et al., 2007b).

AR 7199 B Tk EeE ) o] & Hlo] AR Al RE 2|
aie F Y 9 S obnfiesl o 9 24 ThE taste
valueo]] Zfo]7} qlglom, ol= thfst Hiw 9 7Rl
Hlo] A8 A|2gt 2u|aio] 7)E uh AAsks =8 QA
I =] Qle), T1efut ghof] oshs oAl FEA
S 2 glutamic acid ¥ aspartic acid]| it} Kato et al. (1989)
2} Hayashi et al. (1981)2 ofu]i=Ako] BEE- G 714] o]Ako] ub
o] o] @A kS 7] wjiZo] glutamic acid®} aspartic acid
+ 29k (umami), ZoF @ Algko]l, 18] 31 glycine, alanine,
serine 2 proline =& Tk} ZH20be]|, lysineX} methionine
& 22 2P TholSHz ofuliedto] ], o] o] L ofliett
O] T &ubof| o Rttial 513tk Clegg and Lim, 1974;
Kristinsson and Rasco, 2000; Nishiwaki et al., 2002). o]} 7+
S B S opw|ieAke] Autel B g w|stof Hol, SAS
o CASO| 7 Hotm| e Abe] F57, Fhg W 240 n]of w2 Ajol it
qhofueh, gho] Aol e 2ol 7} Ol A o2 SelE gl o, o]
H5-9] alcalase-AAF 142 2] ¢9to] 2|74 AAAHE H ]
28 5fof A| 23k 2u|ax0) - gk} Algt e i wat
o] o] g-21%l Zu|AaA T AT}

S 28 e BAe A7 7o) AAE R oK) o
O, Al A B B o] §51o] 7k=E-sl|gl oligopep-
tide 5= angiotensin I converting enzyme (ACE) A af] 4 -4k
S e -2 o 2] 7HA] A7 71574 0] 71th e o] 2| o] of o
3t A7) gubs] A=Al It Ukeda et al., 1992; Cheigh et
al., 1993a, 1993b; Byun and Kim, 2001; Bougatef et al., 2010;
Kim et al., 2012; Yoon et al., 2017; Yoon et al., 2020).
AAAHE H|o| A= 31o] A Z3F SASQ}F A|# 42291 CAS9
3HAF5}84(PF @ DPPH radical 4:7)%) 18] 31 ACE A 8lj2+
K05 AP R 737154 Table 42} o], B3] 71455
E(AH, AAH 3l AAAH)S3} v]aste] Lehict. o), @
AFS} 9 ACE ASi@4S 24al7] Slat 14-Ral e 5t 4o
O] thil Al = o] Bz = AAH (7.95 mg/mL) 2! AAAH (7.92
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mg/mL)7Foll= -84 Q1 2ol 7} glglom, Ap7taslisl =2l
AHEH= §:9142 Zo]7} QSIEP<0.05). o= 7} o]
et 7HEeli &0 S7HE vkt dato| Qi) 2| aAo] He
SAS (2.53 mg/mL)&} CAS (1.82 mg/mL)7tol| = 5-2] 431 2}
o]7} Q174 ¥ AH(P<0.05).

ARk rEAR e 2 A 2t Yt 20 mM
ascorbic acid®] PFi= Z+2+ 1.003} 1.210] i ck(Table 49] leg-
end =), o] ol thsto] AAAH (1.40)7} 71 7ot dHAtet 24
= UERglom, th20. 2 AAH (1.26)= ti=<t 5 =
wof| H|gto] o)A 02 =2 Fhibsl S Hel Ao ® gel
E11Th Zu) 42 SAS (1.14)= AH (1.16)2} S-AFstg o, of
Z2(1.00)0] H]sto e f-o]2 0 & =2 o= Yeh gHitst
/o] A ATHP<0.05). “Lef Lt A2~ Q1 CAS (0.95)=
o2t ot FARSEA L thas ol NSRRI & 7517 of el
Ao &2 gt gt

Oh et al. (2007a)> A A= | 7hpRaiEE59 48k
LAt whE kel TRl 1A 5455] 5
7Fek th, 0] 29| WhEA o A= 2] 2191 WSyt vk E A
AU LHP>0.05), tHA| = 7Hashe A eFe Hlvkal skqich
H< U7 A<5(Kang et al., 2007)2] 71<2-3fl=-2 alcalase
A2 (1A]7}), protamax (2A]7}), flavourzyme (3A]7H) 1&]ar
neutrase (4A17h) €22, 9FA t) 2121 20 mM ascorbic acid
(2.06)2] ==9] FARFA]S YERY Q. ™, alcalase A E](2
AZb) ZHallEol] tisto] U] 35-9] A4z 26 73l
2 2)gt 7} R 2 2] PR 2.13-2.26 502 GHAlslEAof
it 7 axprh A o glokar skl
DPPH radical £7{&4

DPPH 2}r]zh 47|3H4 0 % Al GHAFSLEHA)(Table 4)2
AAAH (3.46 mg/mL)9} SAS (3.58 mg/mL)7} 2he|zh 272k
Ho] 71 7¥5tgl o, TS0 & CAS (3.81 mg/mL) U AAH
(3.88 mg/mL) 12|31 AH (5.44 mg/mL) =0 & 92| 7] 9] Z}o]

7} Q1A 5] tHP<0.05). Alcalase (AAH, 84]7H9] ©]o] AAF
(AAAH, 9AIZH= A< A 2fof] &J3t radical 2AZH] 7HA A
= G A=A

B-o oA 2}<&:4x(Kang et al., 2007)Q] 15+ 2 2tk G4 7}4=
E5=20| t &k DPPH radical 27424(IC, 12 1.41 mg/mL %=
Foln, 26k ThpEalEe] @358 AR dasks Ao
UebHThaL sk, 217 7]57d FolE fIeh 21 A4 7hial
=38k otk B 53k Kim et al. (2012)-2 21231
He| 9 thAuf S50 G4 VRSl ER Al A
0|22 2] DPPH radical 2~724(90.4%)-2 20 mM ascor-
bic acid (94.6%)2} G-AFSFA O L, Al ] 422(68.3%)0]] ¥
A= gt A S HRIkal s1¢ict. §1H, Yoon et al.
(2017)8-3%:9] o] £ oF 222 1l 2}4=220] DPPH radical 47
H(IC, 12 0.54-135 mg/mL ¥ 9]2ki1 5191 o0, 450] 1 g
EAAZ oF & H=5(Yoon et al., 2020)2 1.05-3.26 mg/
mL2A] of 5 1k 3jo17} sleta s,

3hH Chung et al. (2006a, 2006b)S T a4 9 204 &
4> Agfsto] Azt = 7w A9, 29 A Aol wE
spatsiarg el AART} LEREA] elol, Zi4RaATH I
Bal)ah WAl 7he] AL Stk SIS, o]
frame 552 A4 72355 (Heu et al., 2007b)e] Tt
linoleic acid2] AzAkgl2 =43 AL (0.2-8.8% 4=
o T AEIRE 7 4 glom, o9 Rt FEE
o] 7hEell=(Heu et al., 2009)0f A= H4takado] 20
mM ascorbic acid (66.7%)0l| Bl3l] @#]35] Y2 =02 Ta=
EAIZH1-8A17h el w2 A A = $LSiThaL akel

HhHol Park et al. (2009)2 e s=2fn] 7Hg-FAR=(refiner
discharge)2 ¥ 42 Aa}tel 9] pronase 2AI7H 7HrEdfl=
0] 70%2] At} &, o]0l A o] & 7] A & 3} flavourzyme
(2AIZ}) A& A sto] A zgh 2% 7H=E8E-2 15 mM ascor-
bic acid= o} 93t A& UEtf o], 7hE e &t 3
Arele/dof QlofA] 26 Zitaliol] o3k A ankrt Q178 Elrk

Table 4. Protection factor, DPPH radical scavenging and angiotensin-converting enzyme (ACE) inhibitory activity of seasoned anchovy

sauce prepared from anchovy hydrolysate continuously treated with alcalase-AAF

Sample Protein' (mg/mL) PF DPPH (IC,,, mg/mL) ACE inhibition (IC_,, mg/mL)
AH 6.24+0.12° 1.1620.11b° 5.44+0.082 3.83+0.082
AAH 7.9510.192 1.2610.152° 3.88+0.12° 2.34+0.05°
AAAH 7.92+0.132 1.40+0.13° 3.46+0.09° 1.9240.03¢
SAS 2.53+0.10° 1.14+0.08% 3.58+0.12° 2.21+0.05¢
CAS 1.82+0.08¢ 0.95+0.06° 3.81+0.15° 2.88+0.08°

Based on protein concentration (mg/mL) according to the Lowry method (1951) in 10-fold diluted samples. Protection factor (PF), induc-

tion period (h) of sample/ induction period (h) of control. PFs of control and 20 mM ascorbic acid were 1.00 and 1.21, respectively. Values

represent the mean+SD of n=3. IC,,

the half maximal inhibitory concentration; AH, anchovy auto-hydrolysate; AAH, alcalase-treated

anchovy hydrolysates; AAAH, alcalase-AAF sequentially treated anchovy hydrolysate; SAS, seasoned anchovy sauce blended with AAAH

and additives; CAS, commercial anchovy sauce; AAF, aminopeptidase active fraction recovered from Todarodes pacificicus hepatopancreas

by the ultrafiltration. Data with different letter within the same column are significantly different at P<0.05 by Duncan's multiple range test.



11 3}tk E3F Heu et al. (2010)2 HE FARE G- Aetel 9
2t A 7hp el Al o RS Edeko] Al =gt et
Bl oA A g-Akete o gt ARk d-2- 20 mM ascorbic
acide} §-AFe} AHAFEFEA] PR o0, 9] Al gl
H|lo] & LS5l SRAIEIEA] S Hol, AetE 7lpRaee] 3
7ha ko] o]k Aol H a1 vl 9t} §1H, Cheigh et al. (1993a,
1993b)2 A5t 7Hgo M= gpakalalA o] QA =9l ar, 7HY 4
T8 PASHIELS Wy Fof dojuli= Maillard HHS-2
ZHE] AMAE melanoidin HHAEZ o 7| ¢lstct . H stk H}
o], Al 7He] A4 7heielE it A 5] vt ghak
s 7NAS o= Q1 Aol et k| Yl th(Park et al., 2009;
Heu et al., 2010).
ACE Xalighd

2] 7MeEslE(AH, AAH, AAAH) W 2042 (SAS)9
ACE AsjZA(IC,,, mL)y2 1.92-3.83 mg/mL W2 A w7
SojAel zpolE YeRH o H(P<0.05), AAAH (1.92 mg/
mL)7} 71 738F ACE A8, th3- 2 & SAS, AAH, CAS
712)31 AH (3.83 mg/mL) %:0]glt}. W3] Zn| 24 SAS (2.21
mg/mL)= AT 222 CASe] H]5}o] §-0]1%| 0 = 713t ACE A]
e S LrEh ole Rt OME} Table 28] Axpo] A 9] el
Ak, opu|ieAt da 93 J e E 55 AP SH, Al 2]
222291 CASe] BJsf 28] o]/2] ACE Aol osh= 3
Efo| =7 Rkl 9l A o= AT

SRR o) T rRaEe] ACE AEH(IC,, my/
mL)o|| gigt Ao A], & 783 E(Chung et al., 2006a)2]
alcalase 2! protamax A 2] 1A]7HZZ}F 1.70 ¥ 1.49 mg/mL)°]|

A 71 925519 31, 7H Bl A1 71 ACE A8 7ol = A
AL glalen, 204 aaA2(1A7h= A sied(0.40-

1.30 mg/mL)o| &F7}sh= AdS Belckal 3 tH(Chung et
al., 2006b). Chung et al. (2006¢)= 29| & G4 7FH8ll=
< H7pslo] AR3E QAEL 71BE2o] A7t Sk v
sfol gHAksl W ACE A aj@4do] 271 shon], w2
A M $siekn it
2] A3l 9] alcalase 7HpE & G o] H|o| AR Zu|A
2(Oh et al., 2007b)= 212} 4.8 9 6.2 mg/mLEA], Zu| A
A2S O3 e B 2 013 ACE Aslazt sl4E 2
sk} skt
A7} AR 9] alcalase 7F-all&=(Heu et al., 2007a)
1.58 mg/mL2] A&/ 0= Ap7kashisfiEof| vlsf 2ul7Hk
7¥5t &AL, Kang et al. (2007)9] H-& A Aa9] a4
NWRAEE(IC,, 1.52-2.08 mg/mL)L- 0] ©] 26t 7} 551 %
(1.40-1.74 mg/mL)of| v]3} 2t 7hpEsfjof w2 A afjleAd 9
WA &7} ojo]skel oW, Heu et al. (2007b)2] €107 frame &
S2z250) gt Fh 7FRE(C,, 0.67-1.10 mgmL)S
& B A/ o] Abol= A E O, s Al

it Aot = A - = A gbethal skl

sHH, WelZAA 2 pronase E 7FE3E(Byun and Kim,
2001) Z12]2L Ao7] 5-2] pepsin 7}23f=(Ukeda et al.,
1992)2] ACE A3l (IC, )= Z¥7r 0.66 mg/mL % 0.62 mg/
mLo|Ithar B gk v gl

Heu et al. (2009)2 $10] framed] 11-231¢F 552 &
TM R 25 (42.4-77.6%)2) ACE ASIRA-S: 715-2al A7
(1-8A17h)2] Z3}o] uhe} Z7kske A Mo, 7k4iaA]
ek A= $190H, protamax 7h=E-5f
o] L1l mg/mLEA] 71 931l ct. W] 77k -
Aetel(Heu etal., 2010)2] 2t &4 7hi-sfl &t Al o +=7F
& Sl Azt Aot 2] ACE Asi&-4(C, )
< 1.5 mg/mLEA] AlFIHH2.1 mg/mL)e] H]s}o] -4=5}0d,
2t At Tk EefE o] wliedel whE A &) Qg Ecka

]—03_1__’ Kim et al. (2012)& He] @ chA|n} BAMEO] S35k

59 7HElE R ARt AAFm A2 ACE AsigA

(88.9%)2 Al B 222(79.4%)°]| v]8)] 7Zet A5 &4 o
e

o] }e] ikt 23t ACE Asigdel thgt ﬁ-?”ﬂﬂrﬂ H
IE FA, A VAR, FEE, AN E 9R),
AAFTROIAEOA), ¥H-2A(pH, &= Y A|7Ho] ufe} o
Fet At E5E= A oR eRlEglon, FEHoR 7]*
A, e 9 BB} 2 5840 Tl e) 7
A A4S ARESE] 1THA| 2 v w4 Ebk]ﬂ(%]ﬂ)oﬂ g;x{ g
= Ao, 7R AR 9 ol Fof 22 At °Ji4 35, 2%

A= a4 Aot o] 7rEslE 4 3715/3< 718t
A NS 4= & Aolef TeE Tk ]% EOH 747}7]“
go] FoA AU A AR e B4 7helES v
o|2g gt TRt 177 7HsAIES] Aol 8 —ﬁ Fed A
o2 7= ek

o d5to) A=, HX| Y=ol thsto] Al alcalase@} A2 %
o] 74#%4 G2 aminopeptidase 2 2 E(AAF)Q] 4 2| &
Rz} 220¢0] 4| 7E AAAHZ} 74 736t a)aks} 8497 ACE
Ao e, o] wlolAR sho] Azxat Z0)2
29l SAS E3H /\]fﬂrii CAS H]8] g-2]4 0 & o 2=5}9ir}. m}
b g 9 7R H ﬂi‘ﬂfi}oﬂ, 12t /o] A3t aas
Afgsto] Y& FFeHAES A3t ke, o]olH 2242 exo-
peptidase AH81o] 21 A4l EL A 27} Hpe s
= AXTOHY, 7|24 A A7 75 0) FojE 2u|as
Mol A Shgo] 715 Aoltt. ol Slrlg g
2ol AR NE BAE 2Eolo] B 2M A Y
9] upcycle AHel QoA e -8 =7} =ob2 Al 0 & A7)

H

Al AL

o] B2 2020 Sop4ARE A0 2 BopsAbakelr] 4
T A2 ol SAE AT BHE Tt A
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