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Debittering of Enzymatic Hydrolysate Using Exopeptidase Active
Fractions from the Argentina Shortfin Squid Illex argentinus
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Exopeptidase active fractions from the hepatopancreas of the Argentina shortfin squid Illex argentinus, were obtained
with acetone (AC 30-40%), ammonium sulfate (AS 60-70% saturation), anion exchange chromatography (AE-II,
0.2 M NaCl) and gel filtration chromatography (GF-1, 30-50 kDa) fractionation methods. A bitter peptide solution
that has a bitterness equivalent to that of 2% glycylphenylalanine and prepared by tryptic hydrolysis of milk casein,
was treated with the exopeptidase active fractions. The GF -I fraction was the best based on aminopeptidase activity
(35.3 U/mg), percentage of recovery (30.7%) and a sensory evaluation (1.7). The amount of released amino acids
increased as incubation time increased, and the bitterness of the enzyme reaction mixtures decreased. Incubation with
the GF-I fraction for 24 h resulted in the hydrolysis of several peptides as revealed by the reverse-phase high perfor-
mance liguid chromatography profile, with three peaks (3, 5 and 6) decreasing in area (%) and three peaks (1, 2 and
4) increasing in area (%). Therefore, the GF-I fraction appeared to be ideally suited to reduce bitterness in protein
hydrolysates by catalyzing the hydrolysis of bitter peptides.
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M E Lofl+= exopeptidase®l aminopeptidaseE AF1 & 0 &2 0|83}
= A| 27} @o) o] o] x| 1 §)t}. 12, exopeptidase= Tt
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2|4k, o] & A4 2] T HE-L endoprotease®] o] A] 2] ZAF] of A] o] &5 B35} Qle},
S8h= A 54 A 7l 5 <29t peptidec]] 7] Q15E E-] b, f-euet oAl AR S| sl LA o= Ehdl
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Hak ope} sitoew 2 Qlste] I 87 5
tE]o] Sifate] ojgte 2= —‘?—5—5}04 e ok =
I QUek o|ef o] Al G ' vl YA e 2
ol of 23 e 2 A =gn] @A of, AP E LA o)(F4
), w7 2 o] A op| g7} Y 24 of Fo] RS &
Z]5lal It Ministry of Oceans and Fisheries, 2013). 12|11
ool elel Aule] BA g U Zelste Aol W
A LH;(]— 7@11 A W HE =3} 770 HMEo| ol 'Y
Shn Sl o]oh e QAR 71T SAHE B el charet
& A~ (Raksakulthai and Haard, 1999; Raksakulthai and Haard,
2001; Hameed and Haard, 1985; Gildberg, 1987)7} &3}1L
%121, endoprotease”} TS AHA| o= THE FANE =2
A (Heu and Ahn, 1999)3++= =-2] exopeptidase”} T &
o] QJth(Kim et al.,, 2007; Kim et al., 2012a). 0| 2|3+ A wlo|
A, B AR} 52 A 2 & of Yo 2 B E| endoprotease
(Kim et al., 2008a) ¥ exopeptidase (Kim et al., 2008b)=, 7}
©A0] ZHAHKim et al, 2012b)0.25E £& Kz ©
chakeh A RIS A8 3le] 212} Helstel 1 B
el Barstict. whebA] exopeptidase active fraction] &
A 9 cha F2eRahge] £ RS Slet 218 220 st
o] F838h= -7, 2 WA 12l exopeptidase®] 1H14] &
ol 7h-sotef et HekE

I8y, @A o] YA o 2 HE exopeptidaseE 0]-8-35}1LA} 3}
L oEl B3 (Kim et al,, 2007) 2 tjEEo] A7 9l E4
(Raksakulthai and Harrd, 1999, 2001)°f] #3F ¢1+Lo]11, 24
o] UAro 2 2 ¥ exopeptidaseS 75 U £3]5}0] o]9] 20
AR 28317 Slat 8 ol ojg A7 Hwg A
Aolt},

Ao A okt
argentinus) A0 =2
daseE E&H o2 B33t
oS 91 48

il

2 A o(Argentina shortfin squid Illex
2HE 29t A A5o] L3 exopepti-
+, 019 AFE A §-8-5 flste] &

ZA9 tiste] AESILA ST
Az %

M=

Ao ARG okt eAo] WA I ool A
o]Z)H of=dE; Z-> A=g{u] 2% |(ASS, Argentine
shortfin squid Illex argentinus, length: 51.5+ 1.5 cm, weight:
488.7+55.2 g)ZH ¥ E=z|3t hepatopancreas (HP, length:
28.7+5.5 cm, weight: 108.2+3.8 g)= AAIHYE FHA| 27
O] AF Aol A 2= - dsto], Y5 E(-70T0)= B
Bafo] £31 A5lo] AT,

a4 =4S 93t 7142 endoprotease?] 7| A Z2 A azo-

casein?} exopeptidase®] 7|ZZA LeuPNA (L-Leucine-p-
nitroanilide), &9t 7}l = A2 E 93} trypsin ¥ caseine
Sigma-Aldrich Co. (St. Louis, MO) A G813} AR&-51%
a1, 7€} A2 BT o 2 JLQlsto] AR5t

H A5 o] A} AR B E buffer= Dawson et al. (1986)2] 1
ol wheh 24| 5ke] ARSI

#8t tryptic casein hydrolysate2| M=

Trypsin A 2] casein hydrolysate> 7}<=-3l g Lo w2} &
gro] 733t Aoz d#A ¢loj(Matoba et al., 1970a, 1970b;
Bumberger and Belitz, 1993 ; Tan et al., 1993), &5t 7F=
7} 2% glycylphenylalanine (Gly—phe)J—]- SAFSE trypsin ] 2]
casein hydrolysateE 23 o| 7HA 252527 233
active fraction®] 25l 7|41 a7= HES}7] ¢35t 7|42 ARE-
SFaLA} 53T 224t casein hydrolysate 2] ZA4|+= Nishiwaki et
al. (2002)2] - thh 42745}, 0.2% (w/v) trypsin} 2%
(w/v) casein&[0.1 M sodium phosphate buffer (pH 7.5)]=
1/6,000 (R g2k 712)0) MR BANHE Eaole 24
shar, S0 col A AAAIZK, 2, 4, 6, 8, 12, 16,20 9 24 h) &
QF BhSA|FTE. o] & w4 0] 42100, 20 min), WZH(5 min)
A1 E2](1,460 X g, 20 min)3}o] 229 hydrolysate2 | %
SFILE o]& 224t hydrolysate> 229k £58-4(0, 0.1, 0.2,
0.5, 1.0 ¥ 2.0% Gly-phe)2] ‘s =2}Fo] & 2 X]3l= 7912] panel
member (S FA1F5ot E AlFFdet i)} o5
trypsin %] 2] casein hydrolysateoﬂ 3] e AME A A
I} 2% (w/v) Gly-pheof] &=38}+= 229t casein hydrolysate (panel
member 721 5 621 o]Ato| FASITEAL OlX]?ﬂ hydrolysate)<
7] W ol 810 At ol oI5t 1)
oloh & AT B2 o Aol 14 2FEER Y 13
3 fraction®] 251 A7 £312 AEs}7] ekl 7142 AFga
tryptic casein hydrolysate= & 4x(trypsin)2} 7] (2% casein)
O HIE 1/6,0002.5 5131 50T oflA] 8AIZF HEG-A| A Z2A4|5}o]
ARg-8H3Tt.

ZRE2O| TN Y EE 5o

Argentine shortfin squid (Illex argentinus)2] hepatopancreas
(AssHP) O 2R E] 23&5° 4 F£2 Kim et al., (2007)2] ¥
wlol et Axjsholtt 2, WEAE o] AssHPE HEs)s 2
ke vk, mHlRE AssHP 100 gof wisto] 3ulj(w/v)e] & o
248 7kste] 6417H F9F MU0 T)BHAA] &390, o] o
A 0.2642 (V)] AR BFEEA(CCL)E 7Foto] £t The,
A1822](12,000 X g, 20 min) 3}o] &R 2FEE5S ZA|51S T

CHl A =w = Lowry et al., (1951)2] ] 4@011 w2} bovine
serum albuming ¥ THlA 2 5lo] 4151 AHaFarAl o 2 HE

=459,

AssHP2| Z2H endoprotease % exo-

ARES
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Fig. 1. Bitterness of tryptic casein hydrolysate as affected by hy-
drolysis time.

Numericals in parentheses represent the panel number felt a simi-
lar bitterness to 2% Gly-phe soln.

Different letters on the symbol indicate a significant difference at
P<0.05.

peptidase?| £2

AssHP9] ZFZ&=25E endoprotease?] 2> Kim et
al. (2008a)2] W, 12|11 exopeptidase?] 22 Kim et al.
(2008b)2] W of) whe E2] 53t

HA] acetone (AC)e] &3k B3 x2ZHo| tisle] cold
acetone (-20C)S FEsX7} 0-30, 30-40, 40-50, 50-60 2
60-70% (v/v)°o| ¥ =5 217t AR 715k v, 7 F =T
H fractiono] tfalo] YA E](12,000 X g, 20 min)3}az, 71 2+
Aol Z|axgfo] ' o] 2= gafste] 579 fraction o= £2]
Bl

Ammonium sulfate (AS)e]l &J3F B3o x=Z0] tfslo]
ammonium sulfate®] =& 10%% 55 S7M|7|H A 3
T Z3EErt E 7] Frkske] @A sk Wl e HEls)
&t} o]0y Al ZF fraction(0-20, 20-30, 30-40, 40-50, 50-60, 60-
70 2 70-80% E3Hs1= 9] fraction)S DAIEE](12,000 X g, 20
min) 3+ Th, 71 ZhAL] tjsto] 2 Axgko] & o] 22 gl I
FA5to] 7719] fraction = 2] 5}31 Tt

il 2 Sh(net charge) Zfolof ofgt B8 2FEE(50
mL)E DEAE-Sepharose CL-6B column (i.d. 2.6 X 15 cm)©]|
FJ5h, B o} £4200 ML) §EFHA AL FE
70 Tk, olo]A] o} £7HE} T2 100 mLe] §E2(0.1, 02,
0.3,0.4, 0.6 2 1.0 M2] NaCl)= stepwised] &2 AT H-
(25 mL/h) o & EF|(25 mL) 3] 17)¢] B &2} fraction (UF,
unabsorbed fraction)} o] 27 =7} Th2 671 2] &2} fraction
DAL, o] F 5 U FA5k] 7709 fraction & = #2151t}

ol Japekel Arle] wE 282 2320 mL)E
Sephadex G-50 column (i.d. 1.6 X95 cm)o]] FU3}aL, 0.1 M
NaClZ 73l sodium phosphate buffer (pH 7.0)E ©]-8-3]

AT 4540 mL/h) & 2 -§-2(3 mL/tube) Al A ©] 5 102]
& AAISH3ITE Chromatogram 73] T A 524l (uh
280 nm)¥}+ LeuPNAZ|Z ol tigt a4g] B2 5 S50l &
A fraction2 2215} c}.

o|Ato] Hgl vl R H3I5} fractionS-S 49| specific
activity (U/mg) % 3]4=&-2 112{s}o] 2 43 o] 4]+= endopro-
tease active fractions-> acetone #2110 & AC 40-50% (v/v)
fraction, ammonium sulfate £2¥ © &2 AS 50-60% saturated
fraction, anion exchange chromatography= AE-UF (unab-
sorbed fraction) ¥ gel filtration 2.2 GF-II (15-24 kDa)
fractione AME-31%1. 2™, exopeptidase active fractions+= AC
30-40% (v/v) fraction, AS 60-70% saturated fraction, AE 0.2
M NaCl fraction ¥ GF-I (30-50 kDa) fractionS 212} A3}
et

aA StA

4 =0

o
L

Endoprotease®] 42 azocaseing: 7|2 2 A8-3l= Starky
(1977)9] WS tha 443 Kim et al. (2008a)2] ®Hof| w}
g} 2431t =, 10-20 uLo] a4} 2 mL2] 1% azocasein
7] o] 83 =] o] ¢1= 0.1 M sodium phosphate buffer (pH 6.0)
£ Y L RS0, 1 h)A713, o] ¥hg o] 2 mL)e]
5% trichloroacetic acid (TCA) £-2-& 7|5}o] Ag A7l & 4
2](30 min) ¥ YA E2](1,460 X g, 20 min) 3 T2 ZLEE
27410 nm)stol B st

Exopeptidase2] &2 LeuPNAE 7|A 2 AR5l Kim et
al. (2008b)9] ¥} 0 & =A3FAC}. 2, 10-20 uLo) T4 £l
T+ 1 mL9] 0.2 mM 7]Z o] &3jj¥|o] 9= 0.1 M sodium phos-
phate buffer (pH 7.5)5 =3 9 ¥-8(50C, 1 h) A]71 ok, Bt
S5allof| 0.3 mLY] 33% acetic acidE 7}sho] g A|7] & A
2)(30 min) 2 LAE2)(1,460 X g, 20 min)a} ThS FH =S
(410 nm)ste] AL,

o]= endoprotease Y exopeptidase?] -2 1A]7F 59 1
mg2] A (THA)7} HEA7]= T8 0.1 digitS 1 U/mg
o= vt ich
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271302 TR, SO0 0,8, 16 9 24 AI7HE<E 717}
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nine (Gly-phe) 842 2818 7|31 33 0. & 51a1, 24| 7
e o] agto] o) e ofkeg 124 0., o] wrk e
5 4-5%40.2 k= 59 BAW O HAIstel ARl

HPLC $40o] oJgk 5t j41e] B8 Holelo] Siat 7k
5 E2] HPLC #2412 5C18-AR column (i.d. 4.6 X 250 mm,
5 um, Waters Co., Massachusetts, USA)o] A2H¢ HPLC (L-
2000, Hitachi Co., Japan) 2 0]-&310] 0] 5AFS 0.1% (v/v) tri-
fluoroacetic acid (TFA)7} $-3-¥ acetonitrile 822 3111,
linear gradient(0-45% H91)Z2 AA|e o, o] ©f 442 0.7
mL/min, £&A]7FS 60 min, UV detector (L-2400, Hitachi
Co., Tokyo, Japan)2] 342 214 nm= 3}¢th.

SA=M

glo]g o] EA|xel+= SPSS A Z 2 13(Version 12.0K,
SPSS Inc., Chicago, Illinois, USA)S& AR&-510] ANOVA test
82 BAF BASE S Duncand] thE9 AAOR 5% S-ol4%
o A A5G
7=|EI.

al =k

= = =
23| Y getive fractionel EM
Qo] 7HA Z2FEE 25 E acetone, ammonium sulfate,

FAFO

o

1 ek - o] -

RS

anion exchange ¥ gel filtration chromatography 2 2]t en-
doprotease 2 exopeptidase active fractionS thA S 2 0] 59
azocasein Y LeuPNA©] o gt specific activity ¥ 3]48-& 4
¥ 2 Z3H= Table 13} 2ot dRbE o2 @ Qo] 7 =+
ZE2HE abhE AAIstaA} sk 79 specific activity7}
< fractiong ©]-8-5k= Zlo] Ak, A3 £2l5to] 11
fraction AA|E o]-8-8}314} 3= 79 total activity7} T2 ¥
514-80] & fraction o451 20] 4 o}ele} gk,

H3ik ¥ endoprotease active fraction®] azocaseino] T g+
specific activity ¥ 3]8-2 23%5(1.6 U/mg ¥ 100%)0]|
tjsle] AC 40-50% fraction 2] 735~ 2+2F 17.2 U/mg 9 22.2%,

O 1
AS 50-60% fraction®] 4% 247} 24.9 U/mg ¥ 35.4%, AE-UF

(o 2 I B |
o] 7% 247} 20.8 Ulmg % 19.2%, 12] 31, GF-II fraction®]
A9 277 25.2 U/mg ¥ 37.8%9°] I tH(Kim et al., 2008a). =
3} o]= endoprotease active fractions2] LeuPNAo|| tfj g} spe-
cific activity ¥ 382 2358 (4.7 U/mg 2 100%)°| o
3}0] AS 50-60 fraction®] 212} 34.0 U/mg 2 16.9%= 714 =
& TAIT 218 L0, 1 919 fraction S 2
7} 5.7-16.2 U/mg2] B4 7} 3.0-5.2% 4 = 7H] 3]4=8-8 e}
Yiek. olof 2o AniE oAof 7 2EEERRY
endoprotease S 2] 4 HA| A= -E-5131A} Fh= 79 gel

filtrationo]] &3} 15-24 kDao| 2 F-fE|o] Q1= GF-1IE

Table 1. Endoprotease and exopeptidase activities of the active fractions obtained from the crude extract of squid Illex argentinus hepato-

pancreas by different fractionation methods

Azocasein LeuPNA
Active fractions' Specific activity Recovery Specific activity Recovery
(U/mg) (%) (U/mg) (%)
0.2% Trypsin? 928.0 - 7.9 -
CE 1.6 100 47 100
Endoprotease
AC 40-50% 17.28 22.2 7.6 34
AS 50-60% 24.9 354 34.0 16.9
AE-UF 20.8 19.2 16.2 5.2
GF-ll 252 37.8 5.7 3.0
Exopeptidase
AC 30-40% 17.5 36.3 16.8* 12.2
AS 60-70% 234 17.3 57.0 14.8
AE-II 13.9 12.2 34.5 10.6
GF-I 11.6 289 35.3 30.7

ICE, crude extract ; Acetone fractions, AC 30-40% (v/v) fraction and AC 40-50% (v/v) fraction ; Ammonium sulfate fractions, AS 50-60%
and AS 60-70% saturated  fraction ; Anion exchange fractions, AE-UF, unabsorbed fraction and AE-II, 0.2 M NaCl fraction ; Gel filtration

fractions, GF-I, 30-50 kDa fraction and GF-II, 15-24 kDa fraction.

2Trypsin (EC 3.4.21.4, 1,300 BAEE units/mg solid) from porcine pancreas.

3Data for azocasein were quoted from Kim et al. (2008a).
“Data for LeuPNA were quoted from Kim et al. (2008b).
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#25h= Ao] 7H Adstel et whE AL, o] %9 peptide
o] whttol] Z23H= leucine 2] E3 52 A ] 7| 4= glo
2F 4= ek

3+, exopeptidase active fraction=2] azocasein®]| t gt spe-
cific activity 4 3482 2F3E 50| ts}o] specific activity
+= AS 60-70% fraction (23.4 U/mg)o| 12]al 3|42 AC
30-40% fraction (36.7%)°] 7V =& A& Yepyton, o}
32 &= GF-I fraction©] 28.9%9] 3|=&-& vepfjQlct. vhd
o] LeuPNA©] i3t specific activity 2 3|58 AC 30-40%
fraction©] 2+z} 16.8 U/mg 4 12.2%, AS 60-70% fraction2]
A9 242y 57.0 U/mg 2 14.8%, AE-II fraction®] -9 242+
34.5 U/mg % 10.6%, “12]1L GF-1¢] 4% 22+ 35.3 U/mg 2
30.7%0°] I THKim et al., 2008b). ¢} 22 A= HE 24
o 7HIY 2F=E= 6 exopeptidase S =& 5}o] &5t 7iA
A&} o] o]- 851 A} Sl= 7% gel filtration chromatography
ol ¢]&}e] 30-50 kDao] & §5-%] o] Ql:= fraction (GF-1)<
285t o] 714 2 stelet BekE 91T, o] 79 peptide]
2/ opu|lil BRIE Awksto] 2ubd opy|sh= At o
= endoprotease 22 Wol, 225 7411} A of] &ute] 2y
A= s Wog| el IetE ek 3t e Ao T 25
S= 25 074l of #osh= exopeptidaseA| A5 A
3}7] €]8}0]= ammonium sulfate 2 60-70% 3E3}-g-MHo] =
£ o] 283} specific activity7} =2 fraction (AS 60-70%,
57.0 U/mg)Z o]-8-8h= Al o] A ds}e] e} dhet= gt

#0t casein hydrolysatesOil CHgt active fractions
of L0t M HIt

QAo] THA Z2FEE 25 ¥ acetone, ammonium sulfate,
anion exchange chromatography 2 gel filtration chromatog-
raphy = 23} endoprotease 2 exopeptidase active fraction
59 &8t /A avkE HESH] f1sto] o] & fractions 2%
Gly-phe®] £25to]| =5HA Al =23t trypsin %] 2] casein hydroly-
sateo] 212} 7F5}ed 743 A17) che(Fig. 1), T AALE A
Al(1% Gly-phe®] £9H 715591 331 2.2 314, hydrolysate
o] £ 7H 7} o]} 78 A9 45H O, FaaEe) &
S 7z o] e ok 49 12402 5}o] 414] § ATHe Table
29} 4t} Endoprotease active fractions *]2] casein hydroly-
sates®] 29F 7|41 Ak EEH ol W fraction®] FFoll
A IRL0] 16-24A17H4.1-4.77 )& 2]-8-5FofoF -2 41 Q1 23]
A7k AR E, 2989] == 1% Gly-phe (33])9] 251
o} ok 751 o] 1A\ Eo] iAo m Agatr|ole 4
AolA| ¢ Z o2 FA =t Exopeptidase active fraction
of| ©J3t casein hydrolysates ] -5t 7} Al & b= E2]H o] wh
£ fraction®] Fofl BAGlo] A= 2-8Ato] Hafek=
5% olzol A 2ke] Zha} A ESIL). ko] sk
1% Gly-phe®] &5t E ) n]oF51A| Q14| &)= -2 GF-I fraction
< 16A17F 9 24417 A-§-A17] hydrolysates©| 3111, o] 52|
SHHS 77263 W 17002 250 31| AME AL

o|4e] A= n|Fo] Hol e Ao 7 2FE=EHE &
23t endoprotease 2 exopeptidase active fractions % £9F
WA G371 9423t fraction gel filtration chromatography 2]

GF-I fraction (30-50 kDa)©] it}

Table 2. Results of sensory evaluation on the bitterness of tryptic casein hydrolysates treated with the active fractions obtained from the

crude extracts of squid Illex argentinus hepatopancreas by different fractionation methods for different hydrolysis times

) ) Hydrolysis time (h)
Active fractions’
0 8 16 24
CE 5.0+0.0° 5.0+0.02 5.0+0.0° 4.940.32
Endoprotease
AC 40-50% 5.0+0.0° 4.910.32 4.740.5%® 4.510.5°
AS 50-60% 5.0£0.0° 4.7+0.52 4.3£0.5° 4.110.3°
AE-UF 5.0£0.0° 4.740.5% 4.4+0.7° 4.310.5°
GF-lI 5.0+0.0° 4.9£0.3% 4.740.7% 4.540.5°
Exopeptidase
AC 30-40% 5.040.0° 4.610.5° 4.2+0.4° 3.8+0.4¢
AS 60-70% 5.0£0.0° 4.6+0.5° 4.4+0.5° 3.940.3°
AE-Il 5.040.0° 4.4+0.5° 3.610.7° 3.1+0.3¢
GF-I 5.0£0.0° 4.2+0.4° 2.60.5° 1.7+0.5¢

! Fractions are the same as explained in footnote of Table 1.

The score on bitterness of 1% Gly-phe, 3; stronger bitter taste, 4-5; weaker bitter taste, 1-2.
Different letters of the same row indicate a significant difference at P<0.05.
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3+, exopeptidase2] protein hydrolysateo] tfgt 220t 7§41
Fbo]] 3 ¢ 2 = Raksakulthai et al. (2002)-2 9 A o|(1l-
lex illecebrosus)®] aminopeptidase fraction (Squid AP)x} 4
GaAE AHESEe] £4 cheddar cheese A2 A 2|83t At
o) A Ak QIR E Lo, a7 Bk IS A| o
Qfttal B gk df Q1oL Izawa et al. (1997)2 Aeromonas
caviae 2l amonopeptidaseS, Nishiwaki et al. (2002)2> 2]
QA WA (Grifola frondosa) 2l aminopeptidaseE 212} £+
Yt casein hydrolysate®f], Liu and Yasuda (2005)+= Monascus
carboxypeptidaseE- £5} soybean hydrolysate®] #-8-gt 2w}
2 4 Bk Qg s etok Bk v ook

o]A+e] Ao} AtH 12 n|Fto] Ho} exopeptidase active
fraction2 225 Tl A (casein ¥ soybean) hydrolysateo]] tfj s}
o] 57 71o] ukE 234 B3} Sl Aoz BerEg,

#8F casein hydrolysate0l CH$t active fractions
of gl

224k casein hydrolysateof] tgt @A o] 7 23 w525
E] endoprotease ¥ exopeptidase active fractions®] F-31 -4
S S4%(280 nm)Z WEFH A3k= Fig, 29} 2t} Endopro-
tease 2|2 24 fraction®] F-o1&/d-> 0AIZF A 2fgt Zlo] &
SRpiofl BAQlo] K7 2442 2ol 7} QIQLoL, 8AIZE o] 4}
Z2]gt A 2] 742 AC 40-50% fraction®] 4.06-5.13 HY =2 7}
A} 1290 L}, AE-UF (3.85-4.55), GF-II fraction (3.66-4.57) 2!
AS 50-60% fraction-- 3.26-4.55 ¥ 9] 2] Ha)j2HAd-S LrERU 2l
t}. Endoprotease active fractions®] &g A|7to] A= &
o0z o] F7lek ATE LERRSITHP0.05). T,
exopeptidase active fractions2] 24L& 8A7F o] Ak 2
3+ 719 - AC 30-40% fraction©] 3.37-4.39 Y2 7M=&
QFom, AEAII fraction (3.03-3.81), AS 60-70% fraction (2.80-
3.00) @ GF-I fraction- 2.68-3.62 9] 2] B3| 242 LEh]
At

o]Fo] ZAutof| A 8 casein hydrolysateo]] thgh 27 o] 7+
A 2FE&E2HE active fraction®] a1 &4d(Fig. 2)2 exo-
peptidase active fractions©] endoprotease active fractions®]] H]
Stof W2 210 2 LiEh Table 19] Tl 2 7] Q1 azocasein©]|
ot afe Azfel AL o, 2550 74 E T Table 20
A+ exopeptidase active fraction®] endoprotease active frac-
tion®]| B]3}o] &4=3F Z1 o & el wekA] active fractions
o] A48 77t £1F casein hydrolysateol|] thatk 20t 7
A 73} Zholl= A A Ql A7} gl A o= wehE Sl
#£8F casein hydrolysated tigt GF-I fraction2
7t=2sll pattern

20k 7§14 @3N (Table 2)7} 718 =3t exopeptidase active
fractions+= gel filtration chromatography 2.5 £33} GF-I
(30-50 kDa H$]) o]3l o, o]2]3t A= B & 221} casein

1+ upggt - o] @A - g4
6.0
(6)
£ b
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8 40 + /
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8 L0} -6~ AS 50-60%
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Fig. 2. Change in enzyme activity of tryptic casein hydrolysates
treated with endoprotease (up) and exopeptidase (bottom) active
fractions from the crude extracts of squid Illex argentinus hepa-
topanceras by different fractionation methods during incubation.
Different letters on the same symbol indicate a significant differ-
ence at P<0.05.

hydrolysateol] GF-I fractiong 7}t th2, 74458l Al7to]| wh
Z casein hydrolysate®] peptide S| E1 3} 0] &] £20F H == Gly-
Phe ¢9t #3847} vwsto] el Axk= Fig. 33 Zth
GF-I fraction®] 28 A|7ke]] whE 250 A= 7h4=5-6f 84
740} 7% 2% Gly-phe 80| Foh= &8 LYER S, 7}
T3l 12A417H8] 79 1% Gly-phe -8-2of] F6h= 52 et
Wlom, 7hial 18A17F9] 7 o= mim|gh A k= o] £5Fo]
AR == 0.5% Gly-phe 891 9] Bho]l &3h= Sk HER o] 7}
Fol 18A7F o] Fofli= &5t 7| & ubrt 2kt 3] Q1 = Sict.
220 casein hyofrolysate®]| t3}o] GF-I fraction A 2] AJ7HH
hydrolysates (CH, CHO8, 2! CH24)%] HPLC profile- Fig. 4
2} 7o, HPLC chromatogram’of] = =24l peak area (%)
O] a7} & o5 F uboll thar FakE m|A| 2]} e = 67
9] peak®] area %+ Table 32} Zt}. @A o] 7HA -2 GF-1
fractions 2]-8-5}0] ZA| 8t casein hydrolysate2] HPLC pro-
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Fig. 3. Hydrolysis pattern and bitterness degree of tryptic casein
hydrolysate incubated with GF-I fraction Illex argentinus.
Numericals in parentheses represent the number of panel felt simi-
lar bitterness to 0.5-2% Gly-phe soln.

Different letters on the symbol indicate a significant difference at
P<0.05.

file 7Fi-8l] Al 7bol] A 910 peptide peak”} retention time
2050) 4 LERLE| A5kt Z12He] HPLC profile® % 60
E1] EA oA ThpaAIzke] o] whel FEe ws)
£ 129l peak= 242 2] peak 1, 275-t) ] peak 2, 315t <]
peak 3, 332 9] peak 4, 442 2] peak 5 12|21 472} 2]
peak 63} 7+ 6Z0]3]t). °]5 peak?] area %= tZ-(CH)
9] area%O]| H]3l] &g o] 714 73t peptide= =4 (Lin et al.,
1997) 2= peak 6 (HZT7} 34.2%, 7FrE3] 82170 5.4%
2 244]740] 0.8%)2] 7H47} EE e HOm, he-0 2 peak 3 (

Table 3. The major peptide distribution of tryptic casein hydroly-
sates treated with GF-I fraction Illex argentinus for different hy-
drolysis times

(Area %)
Casein hydro- Case\llatﬂyg::o_lly sate
Peak No. lysate

(CH) CHo08 CH24

1 23 242 30.2

2 9.0 13.2 16.5

3 18.5 6.7 3.7

4 15.6 37.2 41.7

5 20.5 13.3 71

6 34.2 54 0.8

Peak No: Refer to the Fig. 4.
CHO8: casein hydrolysate treated with GF-I for 8 h.
CH24: casein hydrolysate treated with GF-I for 24 h.
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Fig. 4. Reverse-phase HPLC profile of tryptic casein hydrolysates
treated with GF-I fraction Illex argentinus for different hydrolysis
times.

CH, casein hydrolysate; CHOS8, casein hydrolysate treated with
GF-I for 8 h; CH24, casein hydrolysate treated with GF-I for 24 h.

2717} 18.5%, 713l 8A17F0] 6.7% 2 244 7F0] 3.7%)
2 peak 5 (THZRTL7} 20.5%, 7}4=55) 8A17H0] 13.3% o 244]
2101 7.19%)2] 0.2 7haoHs HREE 13l whrlol, 4%4o]
A o2 oSt peptide = % E]+= peak 1, peak 2 L peak 4
= 7kl AlZke] ket HEo] ST o] o] Axtet
Table 39| A}= n|Fo] Kol @ AJof 7M1 -2 GF-I frac-
tion®] 2802 221l casein hydrolysate2] £uF 74 a1}=
casein 7RESE 59] peptide Wrto]] 4] ofn]icAbo] 1
Z&|o] Uk op7|8k= peptide =B 42p/d obv|iARS &
St A o2 4409 peptide= 2= Q7] Wi
ofe} Thek=|Sict.

3+, Bumberger and Belitz (1993), Park and Lee (1996),
Lin et al. (1997), ¥ Nishiwaki et al. (2002)%x exopeptidase S
0]-g5}0] casein 7hallE ] U WA AlEskGlaL, 1 &
I}= C18-RP HPLC profile2 7 E 3t A ¥} retention time 30
o o] 2] 2:4-4J0] 7+t peak 50| T4 HHA 305] o] 7o)
zl/d 0] 742t peakEo] F718HRital Har gk vl et

o] o] At AT e} Halo A kit e Qo] IHe| 2=
E2HE oy 711 E3uby © g 8313} endoprotease U exo-
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peptidase active fractionsof] T gt H-3] &4} o] fractions 2]
220} casein 7}-8lE-2] 220k | 7] 7= gel filtration chro-
matographyo]| &]5}o] E&H GF-I fractiono| 714 &34 0] ¢}
o}, 9 4o] 2 ) £t MRS 714 exopeptidase
o] A11E] o8-8 Sfatolis ko 2] ela Al Thul Bk
A7)0 i A 834 Ade] o] RojAord A ow
A=

Al AL

O] =2 20109 5= A FH (o7 55 o) A o= Sk
AA O] A= wrol =3 A (NRF-2010-0021825)
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