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Abstract

Proteolytic enzymes were screened to obtain anchovy protein hydrolysates (APH) with low-bitterness under pressur-
ization. First, the residual proteolytic activity (%) and SDS-PAGE of commercially available food-grade protease

(Alcalase® 2.4 L, Flavourzyme™ 500 MG, Neutrase®,

Protamex™) and mixed enzyme (ME, Alcalase®
1 : 5) after treatments of ambient pressure and 100 MPa at 50°C were investigated. The proteolytic activity of

: Flavourzyme™

enzymes was still largely retained after pressure treatment. The SDS-PAGE on tested enzymes showed that the elec-
trophoretic mobility maps (EMMs) after pressure treatment were similar to those at ambient pressure. With these
results, it seemed that tested enzymes were stable at 100 MPa and 50°C. Raw anchovy hydrolyzed with various pro-
tease at 50°C under ambient pressure and 100 MPa for 1, 2, 6, 12, and 24 h. The degree of hydrolysis (DH, %)
of prepared APHs at 100 MPa was increased, which suggests that the medium pressure treatment accelerates protein
hydrolysis. The APH by ME exhibited the best suitable characteristics, which had a relatively higher DH (36.2+1.8-
57.542.8), a high content of oligopeptides with a molecular mass lower than 1,100 Da, mildly bitter taste as the
bitterness value was lower than that of 0.2 g/L tea alkaloid, and the lowest contents of tryptophan. Thus, ME was
selected to obtain APH with low-bitterness under pressurization.
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53] Al#52l o]7H(fish sauce)ol| 4] #ak
25438l arginyl dipeptidesgty 22
(Schindler et al., 2011)3} T} Yun et al. (2015)
AR ELDS Sl AF gA] o7 AlzHe
A4 7FssbrhaL skttt

oA7EE Az A% iErd A9 AEe 7174
ME 7A= EAERE ollE ofF ol EAd=
proteinase2} peptidase2] &S A3 (Noda et al., 1982;
Yoshinaka et al., 1983)at] Z7k4axs} 7]7ko] Aojxint. 24
HHo g 7ol Az 7|Zke] e7fdolA 2idol] o]2A
Hot mebA] oyt EAIE sdslr] flste] AE 2 &
d A7 Alxd #ste] BE =S 7€) AT
(Lopetcharat et al., 2001). 2F 2], &4 2], 3= 7},
ol Fe] W b o7 279 TEE 20% ol5tE {4
SPHA] 2p7kAs) 717k BEE  AJAN 4 8 A
° 2 AxE 7pREES dAA A, AFHTE R A
S} 7 WK (Yoshinaka et al., 1983; Dohmoto et al., 2001), &}
o] Y& ut}A v (Nakamura et al., 1979) ©@ot} <ulo]
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AT (Lee et al., 1982; Kim et al., 1997; Morioka et al.,
1999; Park et al., 2002) HI =T} 53], £5te] 449
Fujimaki et al. (1973)2 =iz 7pE3)] Al 722 7] o]
e AR EE 840 TR wet 2 25 BTt Adolst
m, Zho] el mE &5t vt ofgk Tk E
Az 7FedS AABIAA A= exo-peptidase = exo-
9} endo-peptidases EF3ate] Z&sh= wWeto] AA
(Raksakulthai & Haard, 2003; Nilsang et al., 2005;
FitzGerald & O’uinn, 2006)%0] ¢8F A|o15 I3 4]
o= FgHI U

AEFAGOIAM A Ve FE AF F F8l v
o] AFEAoR AREE o)A 9”’/} a i‘/} HZ 1Y
Nee MR YL 2PAY UNd, 12 29w
ol9]e] AF AT T ANEAE @ﬁr"]% T AE v
71e2A 2§ MUt dAH R SE= FA0 Uk

£3], 50-200 MPaol|~1 2] F3 % (medium high pressure)S
o] &3t Fankgo] FHEAL o} ofF Z& ol &
a7 Rl as 40 TAE el gl g o
T= olF, &gl A7, % T, A7k, REg AJ 2 €]

pH B &4¢] FF/o st Ao 2 A4 o] th(Ashie &
Simpson, 1996; Seyderhelm et al.,, 1996; Hurtado et al.,
2002). 300 MPa °|’¢e] A% 25 oA F&53 84
' P2, 72 W FH Wst Foll osiA 2243t 5
3 (Hernandez-Andrés et al., 2008), 200 MPa ©]3}ol| A=
BANREO] WY} WS ENT FEFS vA a4
gdo] F7hetthal A THOhmae et al, 2007).
Akasaka et al. (2008)2 7]&ZA ubiquitin® SAZEA a-
chymotrypsin®] WF&-8}= G44Hg-9] A 9-o 4= kbar 9
ofAle] ¢fge A rhritslvhe-S FX1gthar skt
I 2AZ 71292l ubiquitin®] %ol 9| A  folded
conformer®| 4] unfolded conformer® H3}7] wjFo|g} 3}
ALt olek e 71wo] B§ o 24 Okazaki et al. (2003)
S AFE HISHA] &3 60 MPae] 9t shellA 50°C,
48717 F9F AAERE A7 ASAIA 7T w9 FAE

2,

1 KSR

ool - xS
WA A FAo] st Euto] A AE TS
A 7 e AYE O Eelaas Adstaat st
k.

M= 2
Mz A Al
2 A+ ]"1 AV-83t A X] Engralis japonica(R| 7

7.240.5 cm, A|F 2.7+0.4 g)= 20139 3 AFx Y
oA o83t 7S 5344 KGijang, Korea)ollAl -1, Wyl
$Hksle] A A polyethylene film bagdll ¥ E}% 5
A3(-20°0) A7dste] Fi Aol AREsEaiTh A3
AHEE A8 34 Novozymes (Bagsvard, Denmark)«]
Alcalase® 2.4L9} Flavourzyme™ 500 MG, Neutrase®,
Protamex™ = t) ™ 4AKSeoul, Korea)ZFH Y 3tA )
AHEE G4 A Table 13 2t Aok BT B4
Al oFF-S ARS3FA T
&40 1ot 9 Aot 2| Al HE
Alcalase® 2.4 L, Flavourzyme™ 500 MG, Neutrase®,
Protamex™ % &3 § 4v(Alcalase®: Flavourzyme™ 500 MG
=1:5)E 20 mM phosphate buffer (pH 7.0) 10 mLol| 2%
(wiv)e] Hl&Z2 7k /i g48de 77 FEARES
FHo ¥ ¢k et deE a48dS ok
3} 7](TFS-20, Innoway, Incheon, Korea)oll %3 50°C,
100 MPa2] 27X 1, 2, 6, 12 Z18]3L 24A17F AT
3, 233H0.1 MPa)dlA = 50°CE 255 X3 g
(Wisd WB-11, Daihan, Seoul, Korea)ol]| 5 2HE8
e 4898 Y3 5UAZE At 2t =
2 AYE ANEe A @ud Fa 24 SHEATH
SDS-PAGEE dA|3t7] $lete] z}zhe] §2F Tris-HCl
buffer (20 mM, pH 7.0)° 1% (wwv)E Al X3t A3
HWHO 2 100 MPa, 50°CollA] 24A)7F A 2]3t 3o 0°C=
Z7Zd ¥ chiller (Micon control system-FC-B53 HMS, LG,

F
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g Bl ES 4S8 7 AT A 2 oS 7] Seoul, Korea)ollA] W§7z}alar, 24 A7k 20°ColA ¥
o] AFIE 2§ AR E o) Aok, RS
olo] £ AoME AFHI o7 Az THL A

FABAL QNS AUH FYOZ M) A1 EE 26 BN 5
ARE Fusy] dste] FT(100 MPa ©|8}) sl B w2 A M| Fo] FATAHS Gupta et al. (2002)
Table 1. Optimum condition and characteristics of different commercial proteolytic enzymes

Commercial name Origin Optimum Optimum Unit activity” Reactl(.)n

temperature mechanism

Alcalase® 2.4 L B. licheniformis 6.5-8.5 55-70 2.4 AU/g endo
Flavourzyme™ 500 MG A. oryzae 5.0-7.0 50 500 LAPU/g endo, exo
Neutrase® Bacillus amyloliiensquefaciens 5.5-7.5 45-55 0.8 AU/g endo
Protamex™ Bacillus 5.5-7.5 35-60 1.5 AU/g endo

*AU: Anson Unit, LAPU: leucine aminopeptidase unit.
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o] W& At S48t 7122 Casein (Sigma C-
7078, St. Louis, MO, USA) %<& 0.03M phosphate
buffer (pH 7.5)° 20 mg/mLe] F==Z A|Zdte] A8
ok 718 SmLoll E4s ZH2F 1 mlA F7tske] 50°C]
A 3087F HHEAI71AL, 044 M TCA €98 5 mLE 7}t
T A2 3027 AAAA BankeS SEAAA olF
A4E2(17,000 rpm, 10%)3td 59L& FHHAL 02 pm
Whatman Puradisc syringe filter (Whatman International
Ltd., Maidstone, Kent, UK)E =3} th. od 4} | mLo
0.55M Na,CO, €9 2.5mL, IN Folin & Ciocalteu (Sigma,
St. Louis, MO, USA) 0.5 mL2 3 7}stal 37°ClA 30%
Zb A, g2l 1027 AR F 660 oA FF =S
=45k tyrosine S HRAHAA AAESITE o o
49 1 mL7F 127 1 ugdl F3sk= tyrosineS A2Fsk=
A5 1unit2 3P Y. EFFSZE L-tyrosine (Sigma, St.
Louis, MO, USA)E AR&-SHITh &%t 3 3%k A #9]
TEZALEE okl el &t A&

AEF LY (%) =

SDS-PAGE
9 AHglsk g4h9

EA EXE Laemmli (1970)2] WHS thd A5t
g3t Hth Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)= Ez Way™ PAG 4-15%
acrylamide gradient gel (KOMA Biotech Inc.,
Korea)S AFE-SIAAL W& A 5E 353t KTG020 W
2N (10% glycerol, 2% SDS, 0.003% bromophenol blue,
5% B-merchaptoethanol, 63 mM Tris, pH 6.8, KOMA
Biotech Inc., Seoul, Korea)3} & ZFH(v/AV)SZ EFs}ATh
7hrsl] ® ©E 20 uLs geloll loading st 140 Vol
A oF IA1ZF A 719953 & coomassie blueZ FA sl T
W wes gt 7 @A X image J
(National Institutes of Health, Bethesda, MD, USA) A3
Edo}E o] &3} electrophoretic mobility maps (EMMs)
o8 veifio] EA&th EFEME -2 Precision plus
protein standard (10-250 kDa, Bio-Rad Lab. Inc., Pinole,
CA, USA)YE Al&-3t Tt

WYY HAR] SAste] &

=

29
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Seoul,

MIER| AT RIS M=
P GAVFEIES 98 FX9 ES 12 (ww)d
H&2 E3Hste] 9A]7](HMF-3100S, Hanil, Seoul, Korea)

Z 284 A WH E3g Fol homogenizer (T25, IKA,
Staufen, Germany)Z 16,000 rpmol|A] ¥4 3 2 3}3}
Sk gEstE Hx BB 4% dPH gaiel &3
B2E 98 EA UhH] 2% (wiw) F7Fst Zgo g
=

=
=
ZAA o Fo} SAREH Foll 1t L A2A

o R

=

918 2118 ARl ake] Ahg 91

A AN, 2, 6, 12 2B AL
o} argtoll A o] wkg-o gtelslzlol Al 100 MPa, 50°CE)
Z70% AR e FeszdA s0°ce] 2H0R A4
stk A AIZE vhE 5, 80°CellA] 204 Bt B85t
3L 4CollA 124]7F o) A sk A A AT ol
4°Co A 3087 L4E2](17,000 rpm, supra 22k, Hanil,
Seoul, Korea)3t] 5 qS -20°C Y& LA HASHA
A8 A EE ARSI T

1N o)

2407k &Aaet vHEAIF

ll

O

7l=ol=
7HrEs] 82 7HE8) (degree of hydrolysis: DH)E

S Ao E|A AEsH T

DH(%) = L= x 100
htot

A71A he THEEslEellA O}UliEﬂ e
hoe MRS A AR % T @%ko]n} O}Ul
o ZA $E2 Alder-Nissen (1979)2] el F3}ho]
trinitrobenzensulfonic acid (TNBS-P2297, Sigma-Aldrich Co.,
St. Louis, MO, USA)E ©] &3] Z43t3Ath A8 025
mLe| 0.2M phosphate buffer (pH 8.2) 2mL, 0.05% TNBS
2mL3 7FskaL 50°C aollA 6087 WhEAIZTH 01N
HCl 4 mLS 93 932 AXAA 3087F W3] F spectro-
photometer (DU 530, Beckman, Brea, CA, USA)2.= 340
nmel| A % =& 343 dgHo 2R g AHEst
Aot & oA 32 auto Kjeldahl system (MBCM-12;
DNP-2000MP; Crison, Titromatic, Raypa, Germany)S A}
43} micro-Kjeldahl'] &2 =733 th @ 2AS 6.25).

Gel Permeation Chromatography (GPC)

A E(Yun et al., 20152} T3 HHo R JleEEE
9] Gel Permeation Chromatography (GPC)+= AKTAprime
plus system (GE Healthcare Life Sciences, Buckinghamshire,
UK)S Abg-ste BA319 0. 2F =2 Z+= Vitamin B,
(MW 1355.37 Da, Sigma, St. Louis, MO, USA), Vitamin
B, MW 33727 Da, Yakuri Pure Chemicals Co. Ltd.,
Osaka, Japan), L-Glutamic acid (MW 147.13 Da, Samchun
Pure Chemicals Co. Ltd., Pyeongtack, Korea)E A}-&3}
Ach.

BsEI}

B pralE &% e Wohe sk 2x 4
kst o sl 7 (A 33, o4 47)
Hou et al. (2011)2] ®yol| wel =&
alkaloid ¥F€(0 gL, 0.1 g/L, 02 gL, 04 g/L, 0.8 g/
L, 223 1.6 gL)® % Aol wet EHAEE 1 (no
bitterness), 2 (weakly bitter), 3 (mildly bitter), 4 (bitter), 5
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(strongly bitter) 2 6 (extremely bitter)2. 2 <=%]3}35}
oh Az BFENE o]&ate] &ute] thste] F= 43]9

Tryptophan &2F

Tryptophan®] &2 high performance liquid chro-
matography (HPLC 1100-series, Hewlett Packard Agilent,
Palo Alto, CA, USA)E AM&-3te] 43k EAX 5=
10,000 rpmeollA 1027 AT F JTHE FAsto] A
39tk 45 1 mLel| 12% HCIO, 0.5 mLe ¥il &
e F A 10,000 rpmell A 307F A EE Sk
0.22 um syringe filter®] E3}A]71 3 HPLC| 3%t
HPLC #4%712 column (ZORBAX Eclipse AAA, 5 pm,
4.6 mmx150 mm, Agilent Technologies, Palo Alto, CA,
USA)E AlE319 o o]F5Ao 2 Buffr A- 40 mM
photassium phosphate (pH 7.8), Buffer B acetonitrile :
methanol : 3%} D.W.2 Z}7} 45:45:10 (viviv)e] Hl&E2 &
gtate] AR F4S 2mLming 3730, 340-450
nm®] Scanning Fluorescence Detector (Waters 474, Milford,
MA, USA)Z AZ&3IAtt

SHXE]

BE AP 33] o) R gt W7o = Yeh)
Atk A Aol i3k 54 2] SPSS software package
(Version 20.0, SPSS Inc., Chicago, IL, USA)S ©| &3}
FAHEAlS 31aL, Duncan®] o5 AH4 (p<0.05) HHS
A BFA T

Rt

Aok o noF FAUML 4 N
il TR T A AFE A0 R T Wol o] &5
I AE  Alcalase® 2.4L, Flavourzyme™ 500 MG,
Neutrase®, Protamex™ 52| 47}A] @49} &ulo] Ao &
2135k exo-9F endo-peptidaseES & st &-&sl= Wt
(Raksakulthai & Haard, 2003; Nilsang et al., 2005;
FitzGerald & O’uinn, 2006)°] W} T4 A ZAFERE] A
ot=#l Alcalase® 2.4 LS} Flavourzyme™ 500 MG2 1th 5
o] H|E&E &3S d A (mixed enzyme, ME)E sodium
phosphate buffer (pH 7.0)& AF&-3l 2% (wiv) §Ho=2
A 2RI 50°CAA 24X 71 74A] A ZE 24100 MPa)
2 0.1 MPa) A 2] ¥, Zt7ke] 4] thgk v

2]
(p<0.05). 24X 7F A 2] Fo k& S I A A5
o= Flavourzyme™ 500 MG, ME, Neutrase®, Alcalase®
24 L, Protamex™¢] =A 2 FSte] 7ol = Neutrase®,
ME, Alcalase® 2.4 L, Flavourzyme™ 500 MG, Protamex™
o AME FoAd AelE HolW =A YERSTH(p<0.05).
ek olue}l JqF AP wE [»E 2 S99 TUHE
g13H7] flsted zF a4, A AlZHE AE g4 Ao
of thet HFS ¥43 A3(data not shown), EAHEZE=
fre12 ¢l 2po]E o] Flavourzyme™ 500 MG (39.4),
Protamex™ (28.4), Alcalase® 2.4 L (13.2), ME (9.1),
Neutrase® (7.5)2] A2 YEPGA T A|7HE R = Ao
At FAZSR ou| = AES RISl = 1|53t
Atk olgg A= 5 28 (200 MPa ©helA =
Zrof] gk AT &4 St skl Bagk A3t
(Mozhaev et al., 1996; Ohmae et al., 2007)%} Z=4 Al
Ao ZRE fHE a45 4EZ27(0.1-600 MPa, 25°C,
0.1 M sodium phosphate buffer)oll 4] *2] & zt&g4 &
Aol diste] gt A3, 100-300 MPaZkA] #EEs &
2] ]

=

wEbA] B Al A AREE BE AYPE She el
e 4 21eS FAA,

gao) gigh I S S e R vk
o] &% Z7t matol gt 71#ol gk o2 K3 (Mozhaev
et al., 1996; Balny 2006; Vila Real et al., 2006; Ohmae
et al., 2007; Akasaka et al., 2008)°l] 2]3lH F 7IX|Z &
okElth AR= LQtoll A2l a4 whgol tiste] o] e
o] E(transition state theory)g &-&3lo] 7]1&3} 47t 4
e ol AejelAe] Fu7t agtell gJste] o

ll
ue
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H
AFAUA NG FFL PN A%, WIEEYSE F
TAA BEEES AEBAGE Zola, BAE i
wrgol] Folsls 714 wude] Fejers Faxol B 2
o2 o] SJs)M 74 W de] xv} E 72) A
of Wrgo] dold BFol Frhele] AT WL 4

Flavourzyme™ 500 MG, Alcalase® 24 L ¥ MEE 50°C,
100 MPaollA 2417 2] Fof a4¢] S Fest
A FxHskE S48t g1t} skt

I3 2 A9t HElE AlEE SDS-PAGE AA|8tal A
£ electrophoretic mobility maps (EMMs)Z #Td3ste]
ER A tH(Fig. 2). Alcalase® 2.4 L2 739-2l line 13} line
20] FAE wEAA ddE 2y Al wE Zfol7 §l
10, Flavourzyme™ 500 MG9] line 3, 49 #2% &
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Fig. 1. Residual activities of commercial protease in phosphate buffer (pH 7.0) after treatments of ambient pressure and 100 MPa

at 50°C. (A) Alcalase® 2.4 L, (B) Flvourzyme™ 500 MG, (C) Neutrase®,

Flavourzyme™ 500 MG=1:5). Data represent means=S.D.
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Fig. 2. The corresponding EMMs of commercial enzymes after
treatments of ambient pressure and 100 MPa at 50°C, 24 h. M:
molecular marker (161-0373, Bio-rad), line 1: Alcalase® 2.4 L
prepared after treatment of ambient pressure, line 2: Alcalase®
2.4 L prepared after treatment of 100 MPa, line 3: Flvourzyme™
prepared after treatment of ambient pressure, line 4: Flvourzyme™
prepared after treatment of 100 MPa, line 5: Mixed enzyme (ME,
Alcalase® 2.4 L : Flavourzyme™ 500 MG = 1 : 5) prepared after
treatment of ambient pressure, line 6: ME prepared after treatment
of 100 MPa.
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Table 2. Degree of hydrolysis (DH, %) of enzymatic hydrolysates at various reaction time using commercial proteases under ambient

pressure and 100 MPa at 50°C

Reaction time

Degree of hydrolysis (%)

(h) Control” Alcalase®2.4 L Flavourzyme™ 500 MG~ Neutrase® Protamex™ Mixed enzyme?
0.1 MPa
1 2.0+0.4>Y 14.9+0.5% 15.7+1.0° 9.3+1.2° 11.2+1.8° 21.4+0.4°
2 7.7+1.3° 20.1£1.0° 22.9+0.1° 13.8+1.3 14.5+2.2% 23.4+0.9®
6 13.8+0.3° 23.240.6™ 27.2+1.2% 18.7+1.6° 17.1£1.9° 26.1£2.7™
12 18.1£0.4% 25.6£0.7% 29.5+0.5° 20.9+1.6% 19.5+1.0™ 30.2+0.9%
24 22.141.4 28.9+0.7 31.4+0.6% 24.1£2.0 22.642.1° 32.2+0.7%
100 MPa
1 19.5+4.1¢ 33.3+2.4° 36.8+£5.3% 32.9+1.7° 33.3£0.2¢ 36.2+1.8°
2 18.742.6% 34.943.0° 39.445.4¢ 33.7+1.5¢ 34.8+2.3¢ 37.8+£2.5"
6 32.843.7° 43.3+3.2° 46.9+3.0° 42.9+2.7° 42.9+5.2¢ 45.0+4.7¢
12 42.1+5.9" 52.7+41.9¢ 57.4+6.3% 50.9+£3.4¢ 51.9£4.9 49.0+3.3¢
24 47.1+1.8¢% 58.3+3.5" 62.9+4.2¢ 59.5+£3.2" 57.2+£2.7% 57.5£2.8"

YControl was hydrolyzed without any commercial protease

Mixed enzyme (ME): Alcalase® 2.4 L : Flavourzyme™ 500 MG=1:5

YMean£SD (n=3)

*"Means within the same column with different superscripts are significantly different at p<0.05.
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Fig. 3. GPC chromatogram (2=214 nm) of anchovy protein hydrolysate prepared by commercial proteases under 100 MPa at 50 °C.
a: Control (without commercial enzyme); b: Alcalase® 2.4 L ; c: Flvourzyme™ d: Mixed enzyme (ME, Alcalase® 2.4 L : Flavourzyme™

500 MG =1

: 5). Marker materials: @ Vitamin B, (1355.37 Da), ® Vitamin B, (337.27 Da), © L-Glutamic acid (147.13 Da). GPC

fractions: I (>1,100 Da), II (220 Da~1,100 Da), III (<220 Da). *: Molecular weight.
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Fig. 4. Bitterness intensity (A) and tryptophan contents (B) of

anchovy protein hydrolysates prepated by using Alcalase® 2.4

L, Flavourzyme™ 500 MG and Mixed enzyme (ME, Alcalase®

2.4 L : Flavourzyme™ 500 MG = 1 : 5) under pressurization

at 100 MPa and 50°C. Data represent means+ SD.
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