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Lowering the Bitterness of Enzymatic Hydrolysate Using
Aminopeptidase-active Fractions from the Common
Squid (Todarodes pacificus) Hepatopancreas
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Sang In Kang, and Min Soo Heu"*
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Abstract Aminopeptidase-active fractions from crude extract of the hepatopancreas of a common squid (Zodarodes
pacificus) were obtained using acetone (AC; 30-40%) and ammonium sulfate precipitation (AS; 60-70% saturation), anion
exchange (AE-II; 0.2 M NaCl) and gel filtration chromatography (GF-I; 30-50 kDa), respectively. The debittering capacity
of GF-I fraction based on the aminopeptidase activity (89.2 U/mg), recovery (56.6%) and sensory evaluation (1.0) was
better than that of other fractions. Release of amino acids increased as incubation time was 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 reverse-phase HPLC profiles. Peaks 3, 5 and 6 showed the decreased area (%), whereas peaks 1,
2 and 4 showed the increased area. The GF-I fractions were found to be suitable for reducing bitterness in protein

hydrolysates by catalyzing the hydrolysis of bitter peptides.
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b FHEE W) 2ol (neon flying squid, Ommastrephes bar-
tramii), T Za A AL FFEE ol2dEY dgedo
(jumbo flying squid, Dosidicus gigas), TTENE o1 it &
FEHE 4HE A o(Wellington flying squid, Nototodarus
sloani) 2 GThA %] ZTEWE o FoA o]F] FFEHE of=3l
U #2 A=#u] 273 o](Argentine shortfin squid, Illes argenti-
nus) ToIth3). 2EAL, Aol 9] Avol| v 7 " =
gsh= Aol viEA] WA, A4, s, HE 53 2 it
o] thg WA qlrt o]¢} 2 AAF vty e F

ol thoFst 4477 EAlek 9o, 423818421 endopro-
tease”} tj - ApA sk FikeEe] WHE)He 23
exopeptidase”t ThF FHr=lo] SITH9,10). ol={gh I, &
TA 52 A 2 o(Argentine shortfin squid,

=
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1. argentinus)

g2 2 7E endoprotease(11)2} exopeptidase(12)E, 2.4 7+
A3 2HE FF2 AXZ2AY o dd 2Eys A

|3to] 7 gte] #alE/gol diste] Rk vb ok ThE 2
aie el fete|lt A4S sk 7HEel a4 (EC
3.4. peptide hydrolase)@A1 ZA| &4 4H9] oF 60%= UIF-ES
ZABEAL Qo (14), 2E ol AEA BHe Aatks {3
o f-83tAl AREESL Sl BHAIRE, o]E &4e] tIFES
endoprotease©] o141 2}FAHolA SEote A =4 B VR
3 F &t SElo|=of 7QIg Frle] AR st AF] A

o] A&tEs ©o] Urh(15,16). WEFA exopeptidase B4 FE
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o] 54 ¢ Wiy rheEslEe] &ut S flgk A8 219
st FHsks 4%, 240 W 2 exopeptidased] AF3H
2-8o] 7Fsslelel stEt). Exopeptidasel! aminopeptidaseS 4F
JH oz olfstE e ARE Tl JESE &t /Ao
#(17-22) A7 AYHAT B Ao & AT
pacificus)®] 7FEFAHER] HEe] RAA 02 4]9] o] &S 9
slo], 20k 7 M50] 993 endoprotease®} aminopeptidase &
S5 @ AAE o8-S Tk BEURER w93t
olo] YA &S flste] ZuiAS s 48 =7 dist
o] FH2A}L SHATt.
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$EvEt A algelA oFE 3 Y A AT pacificus,
length: 53.7+6.8 cm, weight: 411.5£28.5 )2 € 2|3 7H3%
(length: 18.5+4.5 cm, weight: 86.8+5.8 gy F-ARFAIA] AT 4A)
9] SFAtA FAGE R Egiel WEAH|(-70°0)2 Bgste]
T 2ES FF 9 BYANEEA AP ARSI

Al & 2tEol
248 =4S 25t 7132 endoprotease?] 71-EA] azocasein
3} aminopeptidase®] 71 ZA] L-leucine-p-nitroanilide (LeuPNA),
&utk 7eESE AZRE 213 trypsin 2 casein, 21|34 R
FEZ 24 glycylphenylalanine (Gly-phe)= Sigma-Aldrich Co.
(St. Louis, Missouri, USA) AFS F+Yste] AL, 71EF Al
ok BAFORE FYste] ARS-SHAITE
Hold AR BE 95H2 Dawson 5(23)°] ¥Rl

Alste] AR5

r_{
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BN

ZEIZE crude extract (CE)] =X % CHEE sz
A QAT pacificus)®] 7HIHSZRE crude extract (CE)S]
F22 Kim 5(9)% el wet AAsidth &, WsdH el 1
AGe FET 2 v v, 100 g9 it 3el(ww)el &
ol2FE 7hate] 6AIZF FF WNH20°C)sEA FE3BIAAL, o]
A 0201 S oHoHIZ2E ARE-Ste] A AFE Tl 33 vk
sto] EA]gk s, ¥4d%2(Supra 22K, Hanil Science Co., Dae-
jeon, Korea; 12,000xg, 20 min)dle] €2 CEE ZA|8}4Ht.
wild F== Lowry 5(24)2 HAH| w2}l bovine serum
albuming ¥F @R 3o} e A o= E S5

7% CEZ5E endoprotease 2 aminopeptidase2| =&

A Qo] 744 100mLe] CEZY-E] endoprotease®] 8-
Kim 5(11)¢] "'H, 283 aminopeptidase®] 8-S Kim (12)
o] Wol wel BF3ISTh &, thlde] 3% zjolo) ogt &
PO 2 oA E(acetone, AC) B F4HFE H(ammonium sulfate,
AS), @ Fe] apxztelo] wE FEHo R Fol wE Axu}
E72) 9] (anion exchange chromatography, AE) % Thilz Ex}af
Zpole] wE E¥Hoz A oz IZelE2) T (gel filtration
chromatography, GF)& 7z} o]83Fe] &3t endoprotease /3
R 717 AC 030%, AS 70-80% ¥E3H5E, AE-UF (unab-
sorbed fraction, &2 &) ¥ GF-II ¥&(15-24 kDa)o2 %4
31932, aminopeptidase €4 &2 AC 40-50%, AS 60-70%
3F5%, AE 02M NaCl 2 GF-I &%(30-50 kDa)o 2 A1 3lo]
ARS-3HATE.

4 8y

Endoprotease®] 42 Kim 5(11)2] ¥Hel we} azocasein 7|
AL AMgsle] 2HEATE =, 1020 pLe 2849 2mLe] 1%
azocasein 7]&o] £3]=o] A= 0.1 M sodium phosphate $H5<Y
(PH 6.00% &3}, WH(50°C, 1hAl7]a, o] wkgolel] FaH2mL)
9] 5% trichloroacetic acid (TCA) &g 7}ste] HE A7l &
AX(30min) @ AAEE] (1,460xg, 20 min)dF TS TFEE =4
(410 nm)ste] AEsISITh.

Aminopeptidase®] 4L LeuPNAE 7122 A3l Kim 5
(12)2] ol we} 43Ik &, 1020 pLe] &4 §9% 1mL
o] 02mM 7]&de] &3] = 0.1 M sodium phosphate 2+
ApH 7552 & 2L 9kS(50°C, 1h) A7 o}, Wks-&lo)] 03
mL2] 33% acetic acidE 7F5ld A& A]Z1 & AX(30min) 2 A
AR (1,460xg, 20 min)3F T, FEE =4 @10nm)sle] HE
315

©]& endoprotease®} aminopeptidase®] 432 1 mge] TA(ch
Ayt 1A7E B MEATlE S8E 018 1 Umge s R
o}, gk &4 8 A2 &9 tryptic casein 7S =] digh
FATE B AR G484 Wshe 94 280 nmollA ] &
puas

£ FAst] YRl

Trypsin X{2| #20¢ casein hydrolysate (CH)Q| XM=
Trypsin *12] casein hydrolysate (CH)S 7H=23ld =l whzh
Zato] 7hek Aom d#A 200f(25-28), £uke] =7t 2% Gly-
phes} FAF3E trypsin *|2] CHE A|Z3ke] &9t /44 &332 7
E3l7] 9% 71d= AR stk Trypsing: ARS-gE 40t
CHY] #|Z= Nishiwaki 5(19)2] W& thh £43 Kim 5(17)
o] wel Wl AZ3AT F, 02% (whiv) trypsing 2% (w/v)
casein§<(0.1 M sodium phosphate buffer, pH 7.5)2 1/6,000(<
WA s 71F)e) vER aavhg EFAS ZAE, 50°Ce]
A AAAZHL, 2, 4, 6, 8, 12, 16, 20 2 24h) S BFSAH T}
o]F ‘o] AE(100°C, 20 min), W7 2 A2 (1,460xg, 20
min)ate] Zbzb WESAIZE W &8k CHE AlZsHTh
o] 4t CHe= &4t £389(0, 0.1, 02, 0.5, 1.0 B 2.0%
Gly-phe)2] F=2}olE QA= 7919 &by rt QAGIGAE
A dedAE Adsted, o|E trypsin A
gt H7ke AAS A3, 2% Gly-phedll &
sh= 228t CHEEEFE7ESY 791 F 6 o)de] fAksitha <l

7142 AME-3F trypsin 22| £3F CHE & (trypsin)9} 717
(2% casein)?] HIE 1/6,00022 3}l 50°ColA] 8A17F HES-A)A
ZA|3te] ARE-3FA T

Aminopeptidase &4 && X2| £%F 4 CHel M=

Eeuyid 2 233 endoprotease®} aminopeptidase 24 &%
A &9 A TRl ES AA vk BHE somLE &}
o, 7z} B4 BE3 249 CH (pH 7.5)2 1/2,000, 1/1,000 = 1/500
(A e a4k 71N FERERE EIIAL, 50°C
X 0, 8, 16 B 24 AZHESE ZH7F WESAIZ] v, AZH(100°C,
20min), WZF 2 YA EE)(1,460xg, 20 min)dt] |2tk o]
£ 29 74 CHS &4 FRE9 3484, #5734 2 high
performance liquid chromatography (HPLC) #4128 ¢35t A|E2
ARE-SHATE
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efsh =7l 2
7}, 1% Gly-phe &9 &u-g 7%
A TREsE e &uto]

STE 4580 F sk 54 HARLR HAste] Hrteiinh &
3b CHol tigh 24 2] wWheAIZHO, 8, 16, B 24h)d Ja
248 UV spectrophotometer (UV 2200, Hitachi Co., Tokyo,
Japan)E AME-3te] 2 280 nmellM 4SS5l VERIRIT

2

lo

0t 7 J2aliEe] HPLC &4

2ot JfdEel 7P Hold 2R 1% aminopeptidase &
3 GF-1 &l tiatel= GF-1 g9 7isl Al7hE (824417
213 7]-H](500, 1,000 22,0000 wE &5k A CHE %
A AFE ol wheh Azt olojx] 28t A Tkl
£o] HPLCO] #4412 Kim 5(17)¢] #Ax7e] weh Asgsieich
%, 5C4-AR column (id. 4.6x250 mm, 5pm, Waters Co., Mil-
ford, MA, USA)°] #zt®l HPLC (L-2000, Hitachi Co., Tokyo,
Japan)E ©|8-3l] o] FAE 0.1% (v/v) trifluoroacetic acid (TFA)
7} $H% acetonitrile -8 S % 3}, linear gradient (0-45% <)
2 A eH, o] b §45& 0.7mL/min, §&A17H 60 min,
UV ZAZ7](L-2400, Hitachi Co., Tokyo, Japan)®] 332 214 nm
2 34tk HPLC 4ol w2 &8l /Ae] Axe 7HEE3iA
vz} &4/718u]e] W& HPLC chromatogram’}e] A = Elo)
= B¥ wgtel o Mispt Tl g3 HelY E(area %)=
AESA

SHEN

tlolele] EAAEE SPSS A ZZ 18 (Version 12.0K, SPSS
Inc., Chicago, IL, USAYS AMg-sle] E4HEASH & Duncan®] ©f
T AR 5% FolfEolr] s

Znt gy o
Endoprotease ¥ aminopeptidase &M &l&o| E&EM

A QAT pacificus)®] ¥4 CEZHE ©ig o] g3 =3}
olo] up2 oA ER I EFE £, 3% (net charge)xlolell
£ Sol2 w3t AznfEaguel B mE A o A
ZulEaiu 2 £33} endoprotease?} aminopeptidase 4 &
S o= o]59] azocasein 2 LeuPNA®Y th3t specific activ-
itye} recovery (Bl5&)el W2 BEEALS A¥ £ AI= Table
12} 2o} @l 71291 azocaseind] THE+ endoprotease &4 E
9] specific activity 2 35&(%)> CE (1.8 U/mg 2 100%)°ll
skl AC 0-30% 2] 749 ZH2 321 Umg 2 29.5%, AS
70-80% FE3F R 44 2k 15.0 Umg 2 25.8%, AE-UFS] 7
< Z}7} 414U/mg 2 28.5%, 283, GF-II &9 79 7zt
244 U/mg 2 42.0%°]30t}. 38t o] endoprotease &4 EE
9] aminopeptidase 712 ZA] LeuPNAS| th3t specific activity 2
58-S CE (7.7U/mg 2 100%)° thaled AE-UF &¥o] z}zt
60.5U/mg 2 9.9%= 7FY &2 48 Ueplilon, seee
AS 70-80% E3}EE(15.7%)°] 7 E=Th o9 22 AET
B & 9Ao] 7+ CEZYH endoproteaseS w32 = A A&
A2 Gelarat s 749 ol w3k A=RvfET o] H|E
2 R (AE-UF)S ©]&sh= Zlo] 7 A4dsteet A=At

$HA, aminopeptidase &4 EEE9] azocasein®l| UIgh specific
activity 2 3|478-2 CEoll T35} specific activity'= AE-I (20.2
Umg)®], 28] 3]48L AC 40-50% & (28.5%)°] I =&
Aog Uelgon theoZE GFI 880] 27.9%2 344
YERAATE. ¥HHo LeuPNAC] thgt specific activity 3 3]5F&-2

TET
AC 40-50% ZEo] zFzF 295 U/mg 2L 20.0%, AS 60-70% E3}
R AL 747} 664 U/mg L 24.5%, AEI - 247} 102.6
U/mg 2 16.6%, 18]3 GF-12] A% 27} 892 U/mg 2 56.6%
olitt. AAAF 7H17¢ CERFE #d3] Este] 1 & A
g o] &3laAt k= A%, specific activity (Umg)7t 228® 34
E(%)°] ES s ol&dhs Zlo] AdstEet AEEATH(I0-

Table 1. Endoprotease and aminopeptidase activities of active fractions obtained from the T. pacificus hepatopancreas crude extract by

different fractionation methods

Azocasein LeuPNA
Active fractions” Total volume Protein - — - —
ctive fractions (mL) (mg/mL) Specific activity Recovery Specific activity Recovery
(U/mg) (%) (U/mg) (%)
0.2% Trypsin? - 04 928.0 - 7.9 -
CE 100.0 234 1.8 100 7.7 100
Endoprotease
AC 0-30% 29.6 1.3 32.1 29.5 17.4 3.8
AS 70-80% 6.0 12.2 15.0 25.8 38.7 15.7
AE-UF 16.8 1.7 414 28.5 60.5 9.9
GF-1I 30.0 24 244 42.0 9.8 4.0
Aminopeptidase
AC 40-50% 19.2 6.2 10.1 28.5 29.5 20.0
AS 60-70% 42 16.0 11.8 18.5 66.4 24.5
AE-II 172 1.7 20.2 13.9 102.6 16.6
GF-1 45.0 2.5 10.4 279 89.2 56.6

UCE, crude extract; acetone fractionation, AC 0-30% (v/v) fraction and AC 40-50% (v/v) fraction; ammonium sulfate fractionation, AS 70-80%
and AS 60-70% saturated fraction; anion exchange chromatography, AE-UF, unabsorbed fraction and AE-II, 0.2 M NaCl fraction; gel filtration
chromatography, GF-I, 30-50 kDa fraction and GF-II, 15-24 kDa fraction

ITrypsin (EC 3.4.21.4, 1,300 BAEE units/mg solid) from porcine pancreas
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Table 2. Bitterness evaluation of tryptic casein hydrolysates
treated with active fractions obtained from the T. pacificus
hepatopancreas crude extract by different fractionation methods
for hydrolysis time

Hydrolysis time (h)
Active fractions”
0 8 16 24
CE 5.0+£0.0"  5.0+0.3* 4.94+0.3° 4.8+0.4"
Endoprotease
AC 0-30% 5.0£0.0°  4.5+0.5* 43£0.5*  4.0£0.5°
AS70-80%  5.04£0.0°  4.5+0.5° 4.1£03°  3.7£0.5¢
AE-UF 5.0£0.0°  4.9+03* 4.5+0.5" 3.9+0.3°
GF-II 5.0£0.0°  4.7£0.5%  4.6+£0.5® 4.4+0.7°
Aminopeptidase
AC40-50%  5.0£0.0°  4.4+0.5° 3.7£0.5° 3.3£0.5¢
AS 60-70%  5.04£0.0°  3.6+0.5° 2.6£0.5° 1.9+0.3¢
AE-IT 5.0£0.0° 3.9+03" 3405 22+0.4¢
GF-1 5.0£0.0° 22+04® 1.3+05°  1.0£0.0°

YFractions 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.

13). o]%4e] Aze} HuaRE A4 Ao 7H7 CEZHFH
aminopeptidaseS -8 5te] ¢ut A e} o] o] &-staR} dh=
A, A g3l ol3te] 30-50 kDao] FE FFEo] AE IE
(GF-Iyg ®8sl= Aol 718 Adslelgt B3, aminopep-
tidase”] &S A7) flote] ol we A=vtET I
&2 A8 E 02M NaCl2 £33} specific activity’} =2 &
H(AE-, 102.6 Umgye o]83t= 3lo] g3zl A=t

#20F casein hydrolysates (CH)M| CHEF &t 20| 240t JiM

2% Gly-phed] £=5te| F3l=5 AE$ typsin 2] 25 CH
£ 7122 3 off 7R S(Table 1ol wet 85
endoprotease®} aminopeptidase €4 EE(E ) A 7
dl=e] £t A Fel tigk 7= Table 29+ 2t Endopro-
tease &4 E& 2] CHY &3t /Al 3= AC 0-30% 2 AS
70-80% XE3FE0] Hhg 8AIZF o] FHE] AE-UF g2 16A17F
o]%, GF-II B 24| 7k0] o2 o} ¢uke] 7hav) QA|H
ATH(3.7-4.5%4). wetA €9k CHoll t8l endoprotease &4 &
2uro] §o49 A aTE ARAHANL Y Ep<0.05), ol &
I=7F 1% Gly-phe3)ETE 743t &uto @ QIX|H o], o|&
Zat AR EA L AR olgs]de HA
1o 2 FAE ATt $HH, aminopeptidase Z4 F-ol]
A 2= AS 60-70% XSS 16417H2.67) ©]
, AE-L 852 k-3 24A7+2.278)el|, 283 GF-l &2
FS- A7 2ol fo1H &g A a3E YeERlUT
<0.05). L2} AC 40-50% FE(4.4-339)> A w17k
o] 1% Gly-phe GRETE =2 &5t HrtE ol HaHE
Holz] e¥gtt). webA aminopeptidase B4 EH-o] endoprotease
g4 FPRE Hlste] 2uk CHoll gk &ut JiA &3} FEl
S o)l zolE UePdOoZA, A3 3-8o] 7ol Al
Aog =8 AoF FTHUT) o)ife] AR n|Fo] Hol A
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H7 CEZ5-E 83 endoprotease % aminopeptidase
& HEE T 29 A g9 7P e g A o
o] GF-I 4(30-50 kDa)e] A th.
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=
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=
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< = AE-UF
-~GF-II
0.0 ' ]
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>
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S,0 | ~+-AC 40~50%
= o —--AS 60~70%
S ——AE-TI
-:E —-~GF-I
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Hydrolysis time (h)

Fig. 1. Hydrolysis of tryptic casein hydrolysates treated with
endoprotease (up) and aminopeptidase (bottom) active fractions
from the T. pacificus hepatopancreas crude extract. Different
letters on the same symbol indicate a significant difference at
p<0.05.

Aminopeptidase®] THlA TR S gk 0t ) &3
#3t AT EZE Raksakulthai 5(29)2 (L illecebrosus)Sl
aminopeptidase Z3(Squid AP} 884 ARE3ld $4 ched-
dar cheese Az Al &3t Az} ] N Exhe AFHAOL,
2ot A B3k Itk & Wk, Kim 51702 4 oA
A argentinus) 73173 EEWHE exopeptidase 74 FHE<|
24l casein 7HrEslEol tig &0t A moel B8 WY F
A oJapHol o5t gito] Mgyt Hojurkal BB, Izawa
512 Aderomonas caviae +2l amonopeptidase=-, Nishiwaki 5
19y 3l AA} WA (Grifola frondosa) 2 aminopeptidaseS Zt
Z} 255k casein 7FrEa &), Liu®l Yasuda(15)= Monascus car-
boxypeptidaseS 29t soybean 7l &0l 283k Az} &0l 7|
A BIF JAHEAGL B up ik o) o] At ArE
I 2 HE, aminopeptidase &4 FE 9l i) H(casein E
soybean) 7l EC] tiste] 5Tkl M 2ut A &2
7 e Aoz A

£0F CHoll cist & &EESo| Faligd

&0k CHoll the+ endoprotease®} aminopeptidase &4 E|EE2
bR A7 M GRS 2 st Fig 19 JEIQITh
Endoprotease &/ 9] Fal@42 Wk Aol = 8%
Bol BAgle] BT 2442 2o} fIlont, Wk 8247kl A
A AC 0-30% &2 3.00-4.08% 9]¢ &gwsts vehflon,
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6.0
1:500
0.2% Gly-phe (5)
g
S 40 | 0.5% Gly-phe (4) |
o 2% Gly-phe (6) l
<
5]
Ta0f T F
2
<
0.0 . .
0 6 12 18 24

Hydrolysis time (h)

Fig. 2. Hydrolysis pattern and Dbitterness of tryptic casein
hydrolysates incubated with GF-I fraction from the 7. pacificus
hepatopancreas crude extract during hydrolysis time. Numerical
in parentheses represent the number of panel felt similar bitterness to
0.5-2% Gly-phe. Different letters on the symbol indicate a significant
difference at p<0.05.

AS 70-80% (4.06-5.13), AE-UF (4.39-5.46), 283 GF-II ¥&
2.66-4.13 H9le] Fa LS YERHN O, AE-UF &9 a4
x4,

AALFE FoHoZ &Aool Friete AFS UE
(»<0.05). 3, aminopeptidase &4 FEE2] 4L T3 8-
247714 AE-T EHEo] 3.59-4.87H9I= 7Fd =9kom, AC 40-
50% (329-4.60), AS 60-70% (2.80-3.10) 2 GFI ZEE 3.06-
4.09 H99 LS YERATH

o]Fe] Aol 8t CHol g &4 FJE59] wadd2
aminopeptidase &4 EH-59°| endoprotease T4 EE-Eol H| 5}
2o A0 2 YER Table 19] @A 7]1AQI azocaseinol] Tt
sl Aot frAbskl o, &5t A & 3K(Table 2)9lAM =
aminopeptidase &4 ¥EE°] endoprotease &7 ol H]3}t
et ZoE Yepdo gy & FEEY IR ET &
gt CHell gk 228t /W &3 Zhlle Azl 433471 9
= Fo= AT

GF-1 29| HIgA|Zioll & £25 CHOIl CHEH Jl==al EHEd
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Fig. 3. Reverse-phase HPLC chromatograms of tryptic casein
hydrolysates treated with GF-I fraction. CH: tryptic casein
hydrolysate before GF-I fraction treatment, CHOS: tryptic casein
hydrolysate after 8 h of treatment with GF-I fraction, CH24: tryptic
casein hydrolysate after 24 h of treatment with GF-I fraction.

Table 3. Change in major peak area (%) from HPLC
chromatograms of tryptic casein hydrolysates treated with GF-1

for hydrolysis time (Area %)
Peak No." Casein hydrolysate  Casein hydrolysate with GF-I
(CH) CHO8 CH24
1 23 21.2 31.9
2 9.0 12.9 15.5
3 18.5 12.3 3.0
4 15.6 35.6 40.1
5 20.5 13.5 7.5
6 342 4.4 1.9

YRefer to the footnote and peak number of Fig. 3.
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Table 4. Change in major peak area (%) from HPLC
chromatograms of tryptic casein hydrolysates treated with GF-I
as affected by enzyme concentration and hydrolysis time

(Area %)

Peak  Casein hydrolysate Additional ratios of enzyme
No. (CH) CH20  CHIO  CHO5

1 23 10.4 114 31.9

2 9.0 12.6 142 15.5

3 18.5 12.9 12.7 3.0

4 15.6 252 37.3 40.1

5 20.5 17.8 12.8 7.5

6 34.2 21.1 11.7 1.9

Peak No.: refer to the Fig. 3.

CH: tryptic casein hydrolysate

CH20: 1/2,000(w/w) ratio of GF-I and tryptic casein hydrolysate
CH10: 1/1,000(w/w) ratio of GF-I and tryptic casein hydrolysate
CHO5: 1/500(w/w) ratio of GF-I and tryptic casein hydrolysate
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Fig. 4. Hydrolysis of tryptic casein hydrolysates treated with GF-
I fraction as affected by enzyme concentration and hydrolysis
time. Different letters of the different symbol indicate a significant
difference at p<0.05.

Table 5. Bitterness evaluation of tryptic casein hydrolysates
treated with GF-I fraction as affected by enzyme concentration
and hydrolysis time

Hydrolysis time (h)
Hydrolysates
0 8 16 24
CH20 7 4 4 4
CHI10 7 4 3 3
CHO5 7 3 1 0
YNumericals represent the panel number felt strong bitterness to 1%
Gly-phe.

Refer to the footnote in Table 4.
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