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This study used response surface methodology to investigate the optimal conditions to reduce the bitterness of alca-
lase-treated anchovy hydrolysate (AAH) by the aminopeptidase active fraction (AAF) derived from the common squid
Todarodes pacificus hepatopancreas. The central composite design selected AAF/AAH ratio (X, %) and hydrolysis
time (X, h) as independent variables, and the degree of hydrolysis (Y,) and bitterness (Y,) as dependent variables. The
uncoded values of the multiple response optimization for independent variables were 3.4% for the AAF/AAH ratio
and 9.2 h for the hydrolysis time. The predicted values of the yield and bitterness score of alcalase-AAF continuously
treated anchovy hydrolysate (AAAH) under the optimized conditions were 68.9% and 4.6 points, respectively. Their
measured values of 69.5% for yield and 4.6+0.5 points for bitterness were similar to the predicted values. The food
components of AAAH were 91.4% (moisture), 7.5% (protein), 0.1% (lipid) and 0.6% (ash). The findings indicate the
potential value for use as an anchovy seasoning base. The results also confirm that the bitterness of AAH was remark-
ably improved by AAF and implicates AAF derived from squid hepatopancreas as a good enzyme to catalyze reduced
bitterness.
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AJstrh(Klomklao and Benjakul, 2017; Idowu and Benjakul,
2019). A7 RARE = HE], WA, &, 7 223,

I

AAHoR o GuaFelo Ry e vl AT
o] F719} Bl F7hsks FAloln, fareid oo of
S 0t SAHEZHE AHlo] Glo] TS Fa stk Ak
O offol Zo SRS ANHOE YA AASAL 2
(fllets) B 7HEI, o] Tl A] WS FhBEAE o]

o

f
Hr

A2 2 e Q) (frame) 5ol QLou], AEAE 2 JoFR2 2w
ol 4 7HAIR0l S5 9lok 2 Kol @ Kol x| ot Il
B}, o5 7HHRARE Qi of i, MR W AR E 13
o 1 R/} A3 e 0.2 0§51 9L Wolr]
(Fsu, 2010), B #5254l w2 F7]5pAL, 517 82 ol
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HozA 4zt 4 o 9 #7]E Agju]go] A5 delo]
wof, pA o] AlFT7 el A7 e =H A s 9
FAa=E o]oj x| Hrk(Klomklao and Benjakul, 2017; 1d-
owu and Benjakul, 2019).

T FHoRA AR B AT AR O] BRI E
=ol7] e Bl AR ass SE3 Rl T S T
8 g=Abcha 2] 714=R 8 B (seafood protein hydrolysate)S A
z5HA =W, e 24 2 dagday] 47t 7hsst
o, o] & 2H|7Fs A Tm U775 A2 G4 R YA
WA AlE9] 7ol 218 7Hs e Ao th(Thiansilakul et al.,
2007; Nalinanon et al., 2011; Idowu et al., 2018). ZL&{1}, T4
AR F L0 ofah thlde] T Flg Rl 29k o]
Al7]3L, ol o= W E 2u|aieh 20 ohil v Rel e
9] o]-g- 9l AlF A glo1A] Aok qlo|tHKim et al., 1999;
Cho et al., 2004; Kim et al., 2005).

olelg gl 7Bl £k s AA S ¢
ot =22 oa 782 (Lalasidis and Sjoberg, 1978; Wasswa et
al., 2007), &/d k4 (Suh et al., 2000; Saha and Hayashi, 2001;
Mohammad-Khah and Ansari, 2009), maillard ¥F-3«(Fu et al.,
2019), cyclodextrin (Tamura et al., 1990; Linde et al., 2009),
AZ20tE I3 W (Kim et al., 2003; Liu et al., 2013), plastein
HE-3(Synowiecki et al., 1996; Stevenson et al., 1998; Gong et
al,, 2015) &-&-sto] A== Qleh E3F Tl 7hHalE o
20E2 peptide®] Ax4=/d 1k LARE TR0l 917] wiZoll(Clegg
and Lim, 1974; Kristinsson and Rasco, 2000), exopeptidase2]
A2l E F3ll 25t peptide?] ko] 2 of|leAlbS 7 4=
sfgho = &9 JNASHEAY A7l EE oY A= Q)
¢ItH(Umetsu and Ichishima, 1988; Izawa et al., 1997; Saha
and Hayashi, 2001; Nishiwaki et al., 2002; Kim et al., 2014a;
2014b; Kim et al., 2020).

A9 Aol A, AAF THA FEE 2 H-E] endoprotease
3! exopeptidase 2125 2]5}7| et Th Rl o] g, o4,
Ealgkrtolof w2 22 & ¥H(Kim et al., 2008a, 2008b; Kim et
al.,, 2012a, 2012b), o|5 gE59] &9t 7HAHATKKim et al,
20142, 2014b), 123 AA|H0] 1 411H 827} 5L Tl
ofarg o]l 2J3t aminopeptidase 2 €119 3], 5741 B
5ol oje) ek vl ole,

o] Aol A= 220 A| A /4 A EIKKim et al., 2014b; Kim et
al., 2020)7} Fojt 7l o.& 3olE A @ ) of(Todarodes paci-
ficicus) ZY1% 42l $t2]o] 1} aminopeptidase active fraction
(AAF)S, Al T d e g o A2k 4ot B3] 73]
=(bitter anchovy hydrolysates, BAH)of| 2]-&3}o{, HF-5-31H
BANE B A9 AAE S HH2AL PUsh, 2
= H Az 7oA A 23 Alcalase-AAF A& ] 714EalE
(AAAH)O] A AR B4S B 2u|aA 249 o] §7154
of thaf A 1 a1z} s GiTt.

Iz H U

M=

Qkx] 9] o 4L(Kim et al., 2014b; Kim et al., 2020)E 53] &4
7= o] 2ut AlA /A A avph Sl 5 FEAe
2 A 2 A o(common squid Todarodes pacificicus) 7|72
FARFA] 241 9] SJgAtol A FAE = 2% ol ¥
ZAEI(-70°C)= BatstH Al ARlof ARE-sGIch

20t A 7= Al2E flEl AR B F9A
2 8] KIaitol| A GE)lstod, 2| uf Hof| A4 243t 3,
YEa(-70°C)oll Hyksto] Far A of ARg-sEGITt

oR&d, &9t B AavbrElEe] A2 flsto] ARERE
Al food-grade TH A 25l § 4~ 2 = alcalase 2.4 L (Bacillus
licheniformis, pH 7.0, 50°C), flavourzyme 500 MG (Aspergil-
lus oryzae, pH 7.0, 50°C), neutrase 0.8 L (Bacillus amyloliien-
squetaciens, pH 7.0, 50°C) & protamex 1.5 MG (Bacillus sp.,
pH 7.0, 50°C)+= novozymes (Bagsvaerd, Denmark)ol| 4] 7]
afof AREI9IT.

Aminopeptidase EdSI2(AAF)2| 28

W] E Th R R 2] Al A i 72 Ok AL o
ol 7314 228 2 helodzho] oJg aminopeptidase
active fraction (AAF)+= Kim et al. (2020)2] W+ of| uj2} A=
skolth. &, W dH o A RE FEdls H uhfg o A=
of thsto] 3u(viw)Q] Brol & 7hste] &3 9 Wit (20°C,
6 h)sto] =35}t o]oj A &0l disto] 0.281%H(v/v)2
oloH2E 7lste] £A =5 53l 33] HhEste] DR
< AAJBEL, o5 HE2](12,000 g 20 min)3t 43S (EA]
FE8)S Fololu slet AR e ALg sttt

AF @ o] 7HA Saf she]o]3t AAFE= 10 kDa molecular
weight cut off (MWCO)2] te]ofu} uh(Pellicon XL filter,
PLCGC 10K regenerated cellulose; Milipore Co., Billerica,
MA, USA)T} 23Sl peristaltic pump (RP-2100 EYELA;
Rikakikai Co., Ltd., Tokyo, Japan)= 4% $+e]ofa}4%] 9
container®| AATH500 mL)9] B2 55 FYstaL, T4
2121 10 bar % AH2212] 20 bari2 pump] 91elS A4 e b,
30-50 mL/min®] crossflow rate= §te|oj1}5 A A|5}9T). o]
A of| Al aminopeptidase TS E(AAF, 100 mL)Z} of o
(permeate, 900 mL)= Z+z} H-2]5}¢ch

£ EX| 3A7teEoES(BAH)S M=

IV ELECS EE SRS PHELEYS
2] 7}8-8)| & (bitter anchovy hydrolysate, BAH)-S 2] o] tf
3 3ujpe] Z2E 7}stel, 114737 (Polytron PT 1200E;
Kinematica AG, Lucerne, Switzerland)2 2 3}-3F w2 o2
pH 7.0 9 S0°CE 24 et ohe, 49 5 Ux WA o



726 2ol - g% -

1% (8.4/7) 48] 1:100)0] eksk= ko] Al chl A 5 &
25 A5 5, A9l (SWB-10; Jeio Tech., Daejeon,
Korea)ol| A 8A|7F REG-51G1 o1, tf 224 BAE H7F6HA]
A2 Ap7passhEsfof o3t W] 7hsfE(auto-hydrolysate,
AMYE pH 70 2 SO 84121 W5 stol A25i1e ol
B A7t gl E#ﬂ 2] 7kl 90°Coll A 207t &
& A gjsto] ARk low o, 0|5 T E=EoA S
7HdAs ok, /‘\3‘—,‘?_'—-1](1 ,460 g, 20 min)a}o], doj 2] AF=oh
‘Q‘}\E]%]Héj = SRt A2 ARESH T

HA] A7past @ G| ZhsEe] tiste], T Aad
r'/'k(mg/ 100 mL), 7H=E-3l-8&(%) 2 5t #5371 Fof &9
B2 7heEelle= el A Al A s a s ARsEoIT)

5k, A7) 2200 7h4bah ()7 25 B0l A 7}
A =2 BAHZ HA 9, alcalase A2] HA| 7}E-3fl=(alca-
lase-treated anchovy hydrolysate, AAH)]| tfj s} = WHg-A|7F
H(1-18 h)2 TR 22 24510l 4 2 4ol 7131Ae| el
o2} AAFO] oJgt A< 2ol whE 25t A| A /Aol thsl, 2
A9k 2N "I9S A skt skt
IH-2HE(0H)

7t -l &(Degree of hydrolysis, DH)-2 Kim et al. (2002)
o] WStk sk SAsIGlY &, B4 Akt 9
A ZheEsiEe] AR Fel et 52 20% (wiv)
trichloroacetic acid (TCA)E 7}3l, ¥4 (SUPRA 22K;
Hanil Science Industrial Co., Gimpo, Korea; 1,460 g, 20 min)
Sho] Achul 2l A e)shar, AN o] TCA 7H8-Al A4S semi-
micro Kjeldahl® ©.2 =5}l th2- Alof| w2} A A5,

ﬂl

-+ B+

Degree of hydrolysis (DH, %)= %x 100

o]7| A Ht:= 2] a4 7
HaE 919 AHg T
GBS 9o Ag et
2 ojujsitt.
DEl3, WA R RES] £EE ThgRal] A8
2z w79 % Aaskol] i3t ltalEel & Aadet
(mg/100 mL)2] WH-8 (%)= LiER) 2k,
AAFO| 2ofst AAHS| 28t ZA x| X5t

Alcalase 2] 2] 7}==3l2(AAH) S| &5t Al A/ ¢
3ko], AF 9 Ao] 7HIAF S AAFE o] 43 2|4 "h-e-z 79
T-H-2 WS- A ¥ (response surface methodology, RSM)
-85}tk RSM Q] S48 A 8 (central composite de-
sign)el T2 B3 WXL AAHS] Tl go] et AAFS]
Tl 2 ¥]5(AAF/AAH ratio, 0.2-5.8%, X )3} 7Fp28f AlZF
(2.3-13.7 h, X))& STHAI R F 533t th3, factorial design (4

o] & AT, Nte 71
97 W20 £ Aistek 183 Ne 7}
212 W29 10% TCA 744 A43

S

O

o

Table 1. Symbol, experimental ranges, and values of independent
variables in the central composite design for debittering of Alca-
lase-treated anchovy Engrauris japonica hydrolysate (AAH) re-
acted with aminopeptidase active fraction (AAF) from Todarodes
pacificicus hepatopancreas extracts by ultrafiltration

) Range level
Independent variables ~ Symbol
1414 -1 0 1 +1.414
E/S ratio (AAF/AAH, %) X, 02 1 3 5 58
Hydrolysis time (h) X, 23 4 8 12 137

), star points (47-) ¥ central points (371)&} 2ol & 1142
392 (Table 1), |5 Z7e] g7 F49I2 A%
stol Agstacr.

94 9 40] AP 92 helolat AAFO] oIk A1/
0] 2ABE QI3 TEHUN(Y )= TE(yield, Y ) &9t
of thgh 25t ¥ 7Hbitterness, Y,) & 4743130, o] 52
33] Whg S ko] 71 Bt gk 34 ofl ARS8

37 2400 ot 229 oS B =<le MINITAB 57
Z 2 IH(MINITAB Ver. 18; MINITAB, State College, PA,
USA)E o853l o, 4l d A= of whet ”X‘Hi Al zgt
17 A28] NS Edle SHHpet S5 Aot
o] Axtdofl ol AIA| == v 3] Al ‘34 -‘r:ﬁ—r-ﬁ el
5 BEg|2 2d(model), [3}3H(linear), 223 quadratic), 1
AF&H(crossproduct) 2! AgHA Aoj=(lack of fit)Q] 724 (P-
value)oll tgt 217%(P<0.05) o5 &l L, o5 A} 4t

of dhstel 254 08 ARANRYE BIsto] HH2 4t
S99tk B oS DA so] SRS D F4wso) A
Al 2 o] AHE WS A3} mA-E o]gsto] FEH
o5t 7F7e] =gk (target value)S A Asto] Bhelatglal,
2 A F5Zk(coded value)S $Hiltsto]
A ZH(actual value)S ET| 2 of| 22| (predicted value) % Z|
Z710| 4 8] AEE F3F A A (measured value)E B, £-4]
afol ek et
YtHE pH, B U brix

ARHIE2AOAC (1995)H of] whe -2 A7 e 21,
H1 212 semimicro Kjeldahl®, 22" SoxhletH of w}2k
ﬂ 32 A gjgh e = A5k pHE Al 70
| 255 7hokal upaeh o vhalES AR 2 St
+ pH meter (model 691; Metrohm, Swissland)2 =7

_IZi > ltl

=
Qa1
ol "o

ES.'O Ioﬁiﬂ,‘l

o
ZF A23FFLS semimicro Kjeldahl¥ (AOAC, 1995)0.2 =
11, ZHH = (brownness) = 5328 A (UV-140-02; Shi-
Co., Tokyo, Japan)E ©|-8-5}o] 34} 430 nmof| 4] &%
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AT RS H 250 HE§9(0-20% W12 gly-phe)]
B QX3 7919 20 H7HR AGIPAE TS 2
AyS Astol, QA A 2

M X0 P~ of

alcalase-AAF 9154 2] ] 7kl =(AAAH) 2 L3714
2)23}0] thslolis 1% Gly-phgole] 712358 35 0 o
a1, o] Kt &ubo] ofgt 794 9l 53] 0 2 o K} ~5to] ZFek
AF 2% 15 0% grists 53 HEH O WsB7EE AAl
SF Uk, 1 Bt gr e = e SlTh

A9 9 24 HlolE o] FAIA 2= ANOVA test= AREA]
3t &, SPSS FA| == (Version 12.0K; SPSS Inc., Chi-
cago, IL, USA)& AR5l Duncan®] t}5-¢] AA S =2 5%
Ol A AAIsHA T

tein hydrolysate, FPH)-S #}=5F Bl = Qls), £0te] Z71=2
QURE HHHA Q] 7] SA4-2 LA AR, el EAd S 7= ot
A} peptide®] 52 Hlo] Hof, Fod et 3 AeEAd
= Nt 242 A o]§-o] 7Hsslth(Idowu and Benjakul,
2019). o] AFollA = BaaE o] 81t &3t BA 7hprEd =
A|Z3}aL, o] 7kl thaf A 278 of 7H f-2H ami-
nopeptidase 2= Z(AAF)S A&A] 2] Fo=A of 7 ohf
A 7bptge] naEA ol§ e A AR 5
et

U4 BAHsO| A|zof A&t a5 rgst7] flsto], 459
Al food-grade TH R E-5)| & 4 (alcalase, flavourzyme, neu-
trase A protamex)°l| o3t 7k 8l oF Yw HA| o] Wl ©
al 2 5el | Aol OJgh AF7FASkRdf|(auto-hydrolysis) S 717} 8
ATEEQE AR S, BA] 7Hi el o] F A, 7l
& Y W59 7he| AYh= Table 29} gtt.

A% food-grade THHAFEs A a0l O3t HA| 7=
59 & A4 Total-N)S alcalase A 2|3t 7}=Eaf o]
1,272 mg/100 mLZ 7} #Fo ™, th-2-© 2 neutrase (1,138
mg/100 mL), protamex (1,134 mg/100 mL) ¥ flavourzyme
(1,126 mg/100 mL)2| <=0]3ick. 2] | 2}7hAs}i o] ofat
7}E-8ll = (auto-hydrolysate, AH)-2 999 mg/100 mLZA4] &
2 A 7hEsiEsol Histo] oA om whe ol
(P<0.05), 4 A 2] 7}eisl &5 S0l A flavourzyme, prota-
mex % neutrase 72| F AR 722 ¢l Afo|7} Q1A E
A| QEATHP>0.05).

7FeE3&(DH, %) 5 AAagke] Auket fAsH al-

Table 2. Total nitrogen content, degree of hydrolysis (DH) and bit-
terness of bitter anchovy Engrauris japonica hydrolysates (BAHs)
prepared by various food-grade proteases

Enzymes Total-N (mg/100 mL) DH (%) Bitterness’
Auto-hydrolysate 999.0+20.0° 41.742.2° 6
Alcalase 1,272.0+30.5° 68.143.32 7
Flavourzyme 1,126.6+11.6° 54.0+2.1° 4
Neutrase 1,138.4+10.4° 51.543.3° 6
Protamex 1,134.7+16.1° 48.6+3.3° 7

"Number indicates the panel number felt the similar bitterness
to 1% Gly-phe solution. Means with different letters within the
same column are significantly different (P<0.05). Values are the
means+standard deviation of three determinations.

calase A|g] 7FEfE0o] 68.1%%= 7P =9toH, tf2o0 &2
flavourzyme (54.0%), neutrase (51.5%) % protamex *2|&=
(48.6%)2] 42019l o, X7} 43} 7t4BaEo] 41.7%E 71
wrol 5 23] 2]o] olgh 71 bal o] 2h7}stol vlsto] fel
O 2 #& TS HE /ITH(P<0.05).

718, 0.1% gly-phe 23 gt} A0k 7103 5 %7}
a9 el ehd B4R B 7leRiEEo] gigt
2~u10] = 74 flavourzyme A 2] 7R e E(4)S A9
T A7hs) 9w e e ol e 2 6-750] £
g AR A ez Yeth & Aadh, 7easle e
&9t W5 g 7] AaK(Table 2)o] whef, 4 24 of TH -2

S 20 2 AR W o)) ZulaneE Sistel
20 W3] G4 7eEsEe] A% alcalase & 2|5k= AL
2 Hestst,

Alcalase #]2] AIZH(1-18A]7H)of] wh2 28t H2] 7hpEoll=
O] 7hiall &S A 3= Fig. 13} ). Alcalase A 2] Al
Zholl W2 7hiallae 7Hetsl Al7ko] 8AIXMAl = 5%

100.0
X 800 q a b ¢
Y e N o =
o ' - :
o 600 [ -
(0]
©
2 g'
2 400
[
2
T 200
00 . . . . . .

1 2 4 6 8 12 18
Hydrolysis time (h)

Fig. 1. Hydrolysis degree of bitter anchovy Engrauris japonica hy-
drolysates (BAHs) treated with alcalase according to hydrolysis
time. 'Different letters on the bar indicate a significant difference
at P<0.05.
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OfpollA A& A &7 F7tohe A aFe UEho] 73.8%2 2
A E Hetl olaL, 7L o] o= vha sk A S UE
UL} 0|9} -2 Az n]Fo] Kol gl 2] 7kl A
%5 fI3talcalase®] 24 A A7 8AIZEC &= T T},

cH A Ee a sl ot T TRl ES Mg Bl =
QI3 &8t F7tm 7|2 o] AA5] HotAA = B WA
Zn] 220k Zh2 Tl A 7R s o] o]-8 9l Al FI ] 2l
oA A2k QR Q1(Kim et al., 1999; Cho et al., 2004; Kim et al.,
2005)°] &= b, &5, Hod, SalAd o 22 A5 s
A(Kim et al., 2020; Yoon et al., 2020)} &+, 3, FAFSHA,
s B UGS SO Aleleie] H4EE b 9)
THIdowu and Benjakul, 2019).

olefet oA B BT A Tl el Zola
A E ARG T A5 2ARA o8] 919
At AR TR axao R dgasoel 43t S
g S5 SHROR Velslo] 17} 1 RolES
A|z3}aL, ool Al exopeptidase?] A& Fal 25 peptide?]
Teto =2H a4 op|ieAlS 7h4Eal(Clegg and Lim,
1974; Kristinsson and Rasco, 2000)3FS. 24 220k 7)1 415}
A aAlA 7184 ol 7 Ao ch(Nishiwaki et al.,
2002; Kim et al., 2020).

whebi], 224k )4 ZIKKim et al., 2020)7} 2Q1E AF @ A o]
P el ghelof ot 2l AAFE 2851 alcalase #2
20t 2] 714l E(alcalase-treated anchovy hydrolysate,
AAH)S] &8 AlA/AAE 915 HH 27 4+ 2 Alcalase-
AAF &4 2] 2|4 7l4=H3]E(alcalase-AAF treated ancho-
vy hydrolysate, AAAH)2] 0] 47| $}(seasoning sauce base)
£ A= sttt
Alcalase-AAF ALXz2| BX| 7H-E51E(AAAH)E
Z| X3}

ofr

Alcalase 2] 2] 28F B2 723l Z(AAH) 9] 23F A= ¢
AR @ A o) ZH1 f-2f ghel ol AAFS] A 2] XA 20 A
82 WA (RSM) 9] F-419Hd 71 8l (Table 1)o] wet,
HHSE 84/714 H|(X; AAF/AAH ratio, %) 9 72
AJZHX,; hydrolysis time, h) 2.2 s}of F-4] 3H/dA|12lof u}
2}k 117:9] A& A sto] A E(factorial design, No 1-4; star
points, No 5-8; central points, No 9-11)& A| 23}t th2, S&H
4201 £28(%) 9 21t (bitterness) &= LeRH AvH= Table 3
3} 2,

WA, =¥ X, (AAF/AAH ratio, %) % X, (hydrolysis
time, h)o]l T3t FEHa= Y (vield, %) 527 74/7]4 H]
(No. 13} 3, 2} 4 71231 7-11)olA] 7H4al] Al7ko] 442
ol 0 fgo] oAt AOR LEoL(P<0.05), Y,
(bitterness)= F4/7]2 v] @ 7[R A7k A | e} star
points (No. 5-8)°] 1.1-1.3 2] §¢, factorial design (No.

o, _11.([
59

Table 3. Central composite design and responses of dependent
variables for yield and bitterness of alcalase-treated anchovy En-
grauris japonica hydrolysates (AAH) reacted with aminopeptidase
active fraction (AAF)

Coefficients Uncoded values  Dependent variables
assessed by X, X, \A Y2
Fractional 1 1.0 4.0 62.0+0.1¢ 2.7+0.8°
factorial 2 5.0 4.0 67.4+0.3° 2.1+0.4v
design 3 1.0 120 67.9+0.1¢  2.1+0.4%
(points) 4 50 120  68.9:04° 2.1:0.9%
5 0.2 8.0 59.8+0.1" 1.3+0.4«
Starpoints 6 5.8 8.0 69.740.2°  1.3+0.4«
(4 points) 7 3.0 2.3 64.8+0.2' 1.3+0.3«
8 30 137 7414012 1.1+0.2¢
Central 9 3.0 8.0 68.0+0.3¢ 4.9+0.2°
points 10 3.0 8.0 68.2+0.2¢ 4.9+0.22

(Bpoints) 41 39 80  68.0:0.3° 4.740.3°
Yield (%)=total-N/total-N of raw anchovyx100. *Score on bit-
terness of 1% Gly-phe, 3; stronger bitter taste, 1-2; weaker bitter

taste, 4-5. Means with different letters within the same column are
significantly different (P<0.05). X, (AAF/AAH ratio, %), X, (hy-
drolysis time, h), Y, (yield, %), Y, (bitterness, score).

1-4)2 2.1-2.74 78] 4L central points (No. 9-11)7} 4.7-4.9%]
S2 §9oZQl ZFo]7t AUTHP<0.05). Alcalase-AAF A4
2] 7kl =5 (AAAHS) ] 49H0] A| A /34 A k= central
points®] A9 7} /M $-4=5tg] O v, =&t A5 5 71
T TE5HS 272 sAloll 5 THEA]7]+= multiple response
optimization Z71-3 Lok 3F A © 2 whethe|gic).

Table 30| A7}= Etj=, MINITAB £ Z210] %
2F5 S|4 (response surface analysis by least-squares
regression, RSREG) S8 #A13t F&H 5ol tigt 221 3
7 BA4le] Uz, o|akd(quadratic; X2, X2 ¥ wApe)
(cross-product; X, X,)°] A5} o] 58] Fo)d= AHE 2
TH= Table 42} 2k, WA, S-8(Y,, %)l tet 24 W)
7} 3] A48} P-valuet= ]2} X290 wake}t X X = 79
/g0l G EA] QkaL(P>0.05) HFe] AAFHX, X))} o] =}
891 X7} £10)40] Q1 E0|(P<0.05), | ZHeistste] et
U Y, =68.0667+2.5501X,+2.5690X -1.7958X 2 (R=0.837,
P-Value=0.009)°] %]t}

g, 29t #5E7KY,, bitterness) 2] 7%, o|AFHX 2, X?)
3} A%egraro] $ej4o] QIRE A LHP<0.05), ol2je] o3}
FX,, X)) wARHX X)olA= Feldol A=A sk
cHP>0.05). 21491 QI4E kg ThEslelo] E At}
Y,=4.8333-1.5167X *1.5667X,? (R*=0.819, P-Value=0.012)
o[ itt.
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Alcalase-AAF $1<52] 2fof| w2 225t A7/
3= (AAAHs)Q] Alxz7e| ofgt 74 vk-s g
HH4(X,, AAF/AAH ratio; X, hydrolysis time)
(Y,, yield; Y,, bitterness)7+2] ~F 23745 ANOVA +
A3t A 3= Table 59+ At AAAHS] 2| 231 913t &t
P2 8(Y,)9] 75 LAk (linear)Tto], 225t
7KY,)2] 73§ o]xF8H(quadratic)gto] 5-2]4d0] A E oLt
(P<0.05), =241 ¢] 291 ol 75 et A7 2ol A5 (lack
of fit test)2] P-value= 48 ¥ 20t #5717} 242} 0.003 2
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Table 4. Estimated coefficients of fitted quadratic polynomial
equation for different response (yield and bitterness) of alcalase-
treated anchovy Engrauris japonica hydrolysates (AAH) reacted
with aminopeptidase active fraction (AAF)

Y, Y,
Coefficient  P-value Coefficient  P-value
Constant 68.0667 0.000 4.8333 0.000
X, 2.5501 0.006 -0.0750 0.756
X, 2.5690 0.005 -0.1104 0.649
X2 -1.7958 0.040 -1.5167 0.003
X2 0.5542 0.434 -1.5667 0.002
XX, -1.1000 0.215 0.1500 0.662

X, (AAF/AAH ratio, %), X, (hydrolysis time, h), Y, (yield, %),
Y, (bitterness).

0.019% 5% W flolA] -9 ==o] 1A= o] HAH 3o

A oHe A0 ety T3l o] 5 v el

& FEASRY)E &0 7 0.837, Ut IsE 71

0.8190.2 1of 7[7--H, A2 21 modelgto] 0.05x% th

D2 7PgE Wk mEgo] skl grout ARt Aoz ¥
I tH(Zhou and Regenstein, 2004).

B, S 74 Rel Aol Qlol, 71 ek &
HlE2 #ol= B, 7 AltE E5 4= 9lout
7hol| W2 Az Hsol ol s, a4 Hrhles
TR A Al Aol mR A R Al 2T
of BAPL Sl wat T AMRelRe] Ba H bR}
SRS 5 8 29kl 1A GG v]AE Fa
QRfo|7]0f|, 25F /MG WA B4 VRS Hlo] AR X
ul2Afe] Ak ofstoli T At sl T H

AT ohl oX
Moo Ho 2 e

g
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Table 5. Analysis of variance (ANOVA) for response of dependent
variables (Y, and Y)) for debittering of alcalase-treated anchovy
Engrauris japonica hydrolysates (AAH) reacted with aminopepti-
dase active fraction (AAF)

P-value
Dependent C Lack
variable i i ross
Model Linear Quadratic product  of fit
Y, (Yield, %) 0.009 0.003 0.058 0.215 0.003
Y, (bitterness)  0.012  0.848 0.003 0.662 0.019

Table 6. Optimal conditions for debittering of alcalase-treated anchovy Engrauris japonica hydrolysates reacted with aminopeptidase active

fraction (AAF)
Dependent variables Value X, X,
-1.41
Target Max Max
73.0
Yoo Coded 0.27 141
(vield, %) Y, 64.6—
Actual 3.54 14.0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 56.1—
-1.41
Target Max Max
4.8
¥, Coded 0.01 0.04
(bitteness) Y, 24 Y, 2.4
Actual 2.98 7.84
0.0 - 0.0 -
Multiple response Coded 0.19 0.30
optimization Actual 3.38 9.2
Y, (%) Y, (Score)
Data’ Predicted 69.2 4.6
Measured 69.5+0.4 4.6+0.4

'Optimization predicted values obtained using minitab program and measured values tested under optimal conditions. X, (AAF/AAH ratio,

%), X, (hydrolysis time, h).
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slstofof sfaL, ofof] whE AxT7HE drgstoiof g}, whet
K B4R A 583} 20 P71 BE o (max) S
= Ao,

ol2fgt Yol A S (X, AAF/AAH ratio 9 X, hydro-
lysis time)l] gt F< 4> (yield Y bitterness) 2] ¥H-g-2 g 1:
A 4e] A3E o] 3}ol, o) % F4wles FA0] A5t}
= Seus 2743 oo] 20N s 7t F4usse
A EA & FE5FLA} 814t} Table 62 MINITAB 574 2
I8 FHEste] 4 =YY A2 AESAE UE
Act. WA, alcalase-AAF 1432 29k 7|41 HA] 7H=-5]
S(AAAH)S] 48] BTG max)S L3 A4 |2 A 7
2714 8] W AI7F2] 2% ZH(coded value)©] 2H2+0.27 2 1.41
01911, AA|ZH(actual value)©] 212} 3.54% L 14A]7Fo] Q).
ol5 oA Al2H AAAHS] 52 73.0%2 |55 ).

QHH, AAAHO| tigt &8t 537} H3Eghe et 24
&A= Ba/718H] E AT B3k fagko] 2+t -0.01 9
-0.040] %10z, AAGko] 2+ 2.98% X 7.84A1 70| }lTt. ERE o]
= oA A2 AAAHS| &5 I5B 7= 488 oS H
At o]o] g3t 29k g 7ol gt Zk2Eo] 2 A 2o
= T o7} 9lo], 018 BAJo] s T w213}
(multiple response optimization)E &3l olX FA/7|4 H]
W A7be] HEGHe 2171019 W 030019105, 0} & AAIgte.
2 SIS, k2 3.38% 1 9.2417ko|9itt. ofuje] o g
2 P 7} s 212 69.2% 1 4,670 0.2 o AFE|ic

ol4te] 24314 & B9 ST AAAHS] AIZZA(AAF/
AAH ratio, 3.4%; hydrolysis time, 9 h)ol| ©w}2} 43 482
69.5+0.4%0°]oH, &0F 7= 46+04-H 02 2|4
of| S 2] 2F 212 Q1 Aol = Q1A= A] §A3LTHP>0.05).

o]}e] Atz w|Fo] Kol AAJHE HhgEH Zee A 04
of 7+ -2 aminopeptidase /3 ZH(AAF)E 283t al-
calase #/2] 5 B3] 7)o 2] 290 A7/ 22 Slet 3
A welola ke,

Ek o] 2o 2 At T AR TLZ o] gste] of
7 Ad 7o o] AR 1S 7R e 2 peptide®] T
chof| ApA] ofu]ieAbe] 122 Q1) F7HE 2432 exopepti-
dase?! aminopeptidaseS &-8-5}0] £0k] 5 olEE= A
59 oA fEjE AlA SUAIA /A RAIF SR A AaH]
ALo 7] 3ok e Bl 2|2/ s 22 8ol 7S
gk A0 2 o AE AtH(Clegg and Lim, 1974; Kristinsson and
Rasco, 2000; Nishiwaki et al., 2002; Kim et al., 2020).

ZOIATHEN Z[H AAAHS| AIEME

AF © AJo] 7+1AF G2 aminopeptidase 2Hd EE(AAF)S &
&2t alcalase A 2] 238 B4 7hprEs=(AAH) 9] 5t AlA/
7F49] 2|43} FAL Eof A %3 alcalase-AAF ¢1&4 2]
2] 7HrEelE=(AAAH) O] AlE5AdE E402 Table 7] LR

o, "x)o] YRl Aprtastasel ot ArtastisE
(AH)Z} H] a5},

AH, AAH 2 AAAH®] 3=531ek2 7k7F 93.0%, 91.2% 2
91.2%, ZehA o] A 22} 6.2%, 7.9% X 7.9%, A2
785 W5 v AE, 2389 A9 Z2H7F 0.5%, 0.6% E 0.6%
2 B o, AHO H|sto] AAH 9 AAAH+= 4=20] oF
1.8% 74519 0, o]= Aol o3t Thal A 7h=R5)| o] o oF
O = AAH % AAAHO| w3 ghego] F7tof w2 Avt=
SEQlch 23|89 AL GaA] o] w2 Fhkols g9l
ko] 7k A ATHP>0.05).

SHH, AH, AAH ¥ AAAHO] 7heEall&-2 212 41.7%,
68.1% ! 69.5%=A 7HisliEms 1ol 24l 2ol & <l
e qlek. 2o Wil A7kasta el o5 AHe| H|EkA,
AAHE= Al Thl A B8] § 491 alcalase A 2](1% wiw)Z &}
7hasta st tlEo] 7R E XI5k oF 26.4%9] 7H
wallgo] F7HE Yl eH, o= BA] §F59 AaAdRo] 7k
= sl oFF frEld A o® watE ok 18t AAH 9
AAAH 7Fo] 7hafigol] QLo Al= 1.4% =2 §-214 ¢l 2t
ol 5 UEH AT, 7H=Eall &2 S7Ht Ao 23 AL &
oF 7k R el AAHS] 23t AAE 8f AR AF 2.4 of

Table 7. Comparison of proximate compositions, hydrolysis de-
gree, pH and brownness of alcalase-treated anchovy Engrauris
japonica hydrolysates (AAH) reacted with aminopeptidase active
fraction (AAF)

Anchovy hydrolysates

Components

AH AAH AAAH
Moisture (%) 93.0£0.2¢' 91.240.2° 91.2+0.1°
Protein (%) 6.240.1° 7.9+0.1° 7.9+0.22
Lipid (%) ND ND ND
Ash (%) 0.5£0.12 0.6%0.12 0.6%0.12
Hydorlysis degree (%) 41.7+0.4° 68.1£0.3° 69.5+0.4°
pH 6.88+0.03° 6.63+0.02° 6.51+0.032

Brownness (at 430 nm) 0.08+0.01¢ 0.22+0.02° 0.26+0.022

Photo

— - - = —

"Means with different letters within the same row are significantly
different (P<0.05). AH, auto-hydrolysate; AAH, alcalase-treated
bitter anchovy hydrolysate; AAAH, alcalase/A AF-treated anchovy
hydrolysate as a seasoning sauce base; ND, not detected.



Alcalase—AAF &

A ol AAF7} T2 Rafslt Bdo] whe thAl
2 7IpES) 50 thokEt peptide Zof] =2E N O}U]},;A}
< #2|3l= aminopeptidase2] 2] 2Jgt Atz e[ Q]
TH(Kristinsson and Rasco, 2000; Nishiwaki et al., 2002; Kim
etal., 2020).
30 AH, AAH 9 AAAHS] p % —17—. pH 6.88, 6.63 ¥
651§A1 FAA T8 7 REE 7l S-oF o g Loy
AL Uty i) o]= oA x—] oH;do ohanzl gl peptlde
7} 7HpBa] wo] G2 = peptide@} 0w 1=AFo] S o] Al
Ao g & shxlo] A 0 & w2 ofn] Akl aspartic acide}
glutamic acid”} peptide 2] ‘Weto] 1o & & 7{1/}-%-1] Hog A}t
ERd AU BEET E3 0| 7R ehE S 5 430
nmoj| Al 233 ZPA == 7H2)0.08 (AH), 0.22 (AAH) Z12] 12
0.26 (AAAR)ZA] $9 52l o] mgon, ofle] 7142

EE0] b o Anpele A 2|59
o] A4 ﬁJ*ETEi Al ARl § A 5-2 o] 83 o] F
E]’HHZ] 7]— HD co 7]— §_]— _]14 2 7]_ OHE o5k f’_k‘:/'\}o]

Z&sHA LPEH AS &R & 4= 9911, 3] alcalase A 2|3
3] 7V (AAH)S] 7Hr Rkt 25530 74 Skt of
A9] A9H(Kim et al., 2014b, 2020)0f| A &9t A A/ a7}
ol AF @ A o] 7R 52l aminopeptidase active fraction
(AAR)SARHO] Aiote] 831650 S35 0
AARE 2 A2 B2 TSR, 0|9 AEE
99 oo Lol Hlol i 0] THeT A

= HetE ik

Al AL

O] =22 20204 S FAT AL o= skttt eRl
T AL ol Y AFU(HE VSR A] oS 4
SA TS A END).
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