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Abstract

Gryllus bimaculatus (GB) has recently been registered as a food variety in Korea. In the present study, we

prepared protein hydrolysates from GB and evaluated their antioxidant capacity. Protein hydrolysates were prepared from
dried GB using enzymatic hydrolysis using five different proteases, and protein hydrolysates showing high hydrolysis value
(alcalase, flavourzyme, and neutrase) were separated further into fractions <3 kDa and then lyophilized. Based on RC,,
values of hydrolysates (<3 kDa) obtained from four different antioxidant analyses, the flavourzyme hydrolysates showed
relatively high levels of antioxidant capacity among the three hydrolysates, and in particular, it showed considerably strong
antioxidant activity in 2.2-diphenyl-1-picrylhydrazyl (DPPH) assays. The flavourzyme hydrolysate also significantly
inhibited peroxidation of linoleic acid. These results suggest that protein hydrolysates from GB represent potential sources
of natural antioxidants. Our current studies are focused on identification of active peptides from the flavourzyme hydrolysate.
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#Xl2
B Aol ARge F AlFE 20189 49 399l FHHAI
A} (F)MGHFE (Damyang, Korea)ollX A2k dwfjEl Zo=w oA
Az @ BEAFHE FYste] 20°C 450l A7dste]
FaL Aol A3 Y. Alcalase, flavourzyme, neutrase, brome-
lain & papain THHE B3] E4AE Novorl AL tE A Seoul,
Korea)Z7H FH3titt. 7IHriEdle 54 93 AR-E 2.4,6-
trinitrobenzene sulfonic acid picrylsulfonic acid (TNBS)= G-Bio-
sciencesAH(St. Louis, MO, USA)ZFE TYU3FN2H, linoleic acid
9} sodium dodecyl sulfate (SDS)= WakoAH(Osaka, Japan)ZF-E]
A3 Trichloroacetic acid 99.0% (TCA)= Samchun (Pyeo-
ngtaek, Korea)ollAl FY3IAT). Linoleic acid, sodium phosphate
monobasic dihydrate, sodium phosphate dibasic anhydrous, ethyl

f ofd

alcohol 99.9%(absolute alcohol), sodium bicarbonate, hydrochloric
acid, acetic acid, glacial, methyl alcohol> T4F(Seoul, Korea)2
2RE AR 2,4,6-tri2-pyridyl)-1,3,5-triazine (TPTZ)yS TCI
AH(Tokyo, Japan)ZHF-E U3t Sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) #7195l A A-&-5
= TEMED, 30% acrylamide/bis solution 29:1 Bio-Rad (Her-
cules, CA, USAZFEH FYalath. 2 vro] d+o] gle 48
Aok 2 §7)80)E 2% Sigma-AldrichAHSt. Louis, MO, USA)
2RE FYste] ARt

Weglseain| cHEE JIRSHE M=

E% 71z @ AT E SR gEE 4% (wiv)e]
7AgAoR AT F, 95°ColA 2087 7FAAA A7 BaE
Badst AT 718l Z1E diH] 1% (vw)e] SaE b
73 & (alcalase, flavourzyme, neutrase, bromelain papain)E
A7kt 55°C, 100 rpmoll X 0~8A17F &<F 72l & & 95°C
oA 2087F 7tgsted 45 BE/dsleiT WEls & vt
FEIAES 4°CoA 12,000xgC 2 155 o dAEE sl v
TS AASIE FFdE o, dede ARA HEfo| =9
EZE 980 cell strainer® ZEISFATE Membrane filter (Ami-
con Ultra-15, EMD Milipore Co., MA, USA)E ©]&3}a 4°Cel
A 5,000xge2 M2 FF diEe] doEn HIFHoR A4
% 3kDa ©o]te] Tl7}RSES d& & AU -20°C
of Bt HF| A3

SDS-PAGEE 0|88 CHiERFEA

7h Zad PET T e g iR EAS ERlis]
#3F] Sodium dodecyl sulfate- polyacrylamide gel electrophore-
sis (SDS-PAGE)E ©]&3t 7l Ee] e s S 43}
At SDS-PAGEE 15% gel& AMS3tRLH, 7z 7HrEslES
3,000xg, 4°C, 102 YHiEE] T A2 5N 24 uLE gelol load-
ingsto] 80 Vellx oF 2417k 7195 sHTh loading® gel>
0.1% coomassie brilliant blue® 213+ % 2 M(acetic acid:
methanol:water=1:3:6)2 ©]-85l] EAAIA Gel Logic 2200 PRO
Imaging System (Carestream Health Inc., Rochester, NY, USA)S
o]&3}o] polyacrylamide gel& 27Nt & o|m|X| & F7d3} Al
71 & child 8-S 28T olw) 24 wi= Bio-Rad®l
AES o83ttt

CHEEo| TRl &4

TNBS " (G-Biosciences Co.)S ©o]-8-3to] 44 A2 A7+
of W& A Fetn] eyl el sl E S5
o}. 100mM sodium bicarbonate (pH 8.5) 990 uL<} 1% TNBS
10 uLE EFH(vv)sted 0.01% TNBSE A|Z23FS9th TNBS 50 pl
oF Al A AHE wEEEge 100 uLE 40] 37°CollA 24
7+ BEg-A1Z] 3 10% SDS2F 1N hydrogen chloride (1N HCHZ
A7vste] WS AXIAIZ T 2 5 microplate spectrophotometer
(Bio Tek Instruments Inc., Winooski, VT, USA)S ©]&3}] 335
nmmollA FFE=E =45

DPPH 2iC|& 2 £H

DPPH }U)Z 2AEA %2 Hatano 5(1988)2] WS Wy
slod =431}, 2,2-diphenyl-1-picrylhydrazyl (DPPH)YE DMSOO]
=] 15 mME = ¥ MeOHE 3)4sle] 02 mME 9H5o] A}
2359tk 96 well platec] FEEE 343 AR 160 uLoll 0.2
mM2| DPPH 40 uLE 75t 3087+ 204 W8k £ micro-
plate spectrophotometerE ©]-€-3te] 517 nmellX FEEE 738t
Atk FEEE 50%S FUAT)= B8 FEE RC @R
eIl old 4 ¥nE ¥t FHUNERTOZE troloxE A}
43le] A 5o FislES pg TE (trolox egiuvalent)ymgl 2 o}
ERf At

ABTS ZIC[g A8 &3

ABTS ]z 2484 HAPE Re 5(1999)°] WHE W st
o ZA439H. HEE= 7 7TmMR] 2,2-azino-bis(3-ethybenzothia-
zoline-6-sulphonic acid) (ABTS)2} 2.45mMS] potassium persul-
fateE EF3te] 1647 T oA WSt s 34
AZL & o] &S 734mmolX FEE Frel 0.70+0.027F HES
phosphate buffered saline (PBS, pH 7.4) 2.2 3]3St} 96 well
plated] =W = 348 A|E 20 uLell 34E ABTS &9 180
puLE 71sle] 13 B9F ALofA WA]E 5 microplate spectropho-
tometerS ©]-8-3led 734 nmellA FHEE AN FHEE
50%% $PA 7= dad FEE RCHOE UERAAT ©
g G4 HRE 9% PYHETLLE toloxE ARE-ate] AR
GresS g TE/mge & YeRAt).

H,0, 2HEY =3

Hydrogen peroxide (H,0,) £AE4 42 Miler(1985)2] "
< ©] &3} peroxidase= PBSE 3]4{ste] A= L RvES
T FEE 7S 1013 Aol BHEHE T ARESIIATE 96 well
plated] T=EZ 3|43 A& 20uLol PBS 100 uLe} 1 mM
H,0, 20 uLE 7HeF & 5E7F A20A WA ZTh 125mM
ABTS 30 uL9} 3 U/mL peroxidaseZ ¥ 37°ColA 10827F HkS-
A1Z1 3 microplate spectrophotometerS ©]-8-31%] 405 nmollA &
FEE AL FHEE 50%s FYAY=d Zad v
£ RC,#OE YeplLh ojd &4 HwE Qe+ FANZRLS
2 troloxE AMHESt A9 iteleS pg TEmgSZ Ueh
ATk

FRAP A7{&HM
Ferric reducing antioxidant power (FRAP)#H-& Benzie$} Strain
(1996)2] WHS o]&39 . FRAP reagent= 300 mM sodium
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acetate®} 300 mM acetic acidE& E33ste] A28 300 mM acetate
buffer (pH 3.6)2} 40mM HCIo| €31A171 10mM TPTZ 2 20
mM FeCl, - 6HLOE 10:1:1 (wvm)Z EFsld A&t 96
well plated] SEEE 3|43 A|& 40 uLot 75 40 uL, FRAP
reagent 100 pLE 718k 37°CollA] 48-7F WH-3-A171 5 microplate
spectrophotometerS ©]-8-31] 593 nmollA] SF =S SA3A T
FeSO,E RFEAZ 3149 uM FeSO,/mgZ TASIAT) ojm &
A BRE 918 FYNERILLE toloxE ARESl] Al59] 34t
35S pg TEmge = YeRfSich

Linoleic acidofl CHgt AMSHX| S 3}

Linoleic acidell tgh I1tatd A g S 3lstr] sl 50 mM
sodium phosphate buffer (pH 7.0) 2mL9 A& 1mL, 5%
linoleic acid 1 mL, absolute alcohol 1 mLE &¢ste] w3 7]2
fAlS AxF T 40°C, 100 rpmlE sl s 71408 A
g9 iR gHE ST FAL 20% TCA (whv) 100
uL, 0.8% thiobarbituric acid (TBA, w/v) 100 L2} linoleic acid
WS- 718 &8 50 uLE E3Fst] 95°C o dellA] 2087 WHA|
71 & 587 WZAZl F20°C, 3,000 rpmollA] 208-7F A4 E
s} 25 180 uLE 532 nmolA =731k ojuf €4 Bl
2 93 IHNETZOE toloxS A3

S

RE dojEe A 3 dHEste] P EF 2 XK (mean+SE)
2 Yo, 54 #4ddl= SPSS Statistics 23 (statistical
package for the social science, Version 24.0, SPSS Inc., Chi-
cago, IL, USAY} ARE-EIRAT) B3t 25 7He] fo0A o] A3
ol dUux] EAHEA(One-way ANOVAYS ARl 2™, Dun-
can’s multiple range test 'S B3 ARE ASS AT
T 95% (p<0.05)¢] fFelFEelM 2 72 frolF Aol AF
st

Aoy &
g4 WeHsl0le HE JIEHE NE SY
N

ARdHo g wo| o]&F= @A siEE] a49l alcalase,
bromelain, flavourzyme, neutrase % papainS ©]-83te] AEATF
g Ty REES Alxste] 1 BAS AR 4 B4
W pd e TR Ee] 5498 ERIskaIAl SDS-PAGE
HEHS onRA R G4t AlA Fig. 19 YERASITE E40E o
ZhEsle S HRAaTd) vladh A, Blasdtl Hs) alcalase,
flavourzyme 2 neutrase T 7231 E-S 10kDa ©]stE tiF-E
o] whiigo] Fajslo] W=sF YRR kTt o] Wk bro-
melaine 10 kDaollA] 37kDa Alele] @l d w7} s vie}
37, papaine 10 kDaollA] @A wj7} ArstA Yehue AS
BRI o= alcalase, flavourzyme 2 neutrase®] -5~ 71
al7F &us] dojuh AEA slefe|=E Bol AT A ¥
3l bromelain®} papaine 7l &o] AR S on]
gt} Noh 5(2012)9] Hre] w2W FAZHZA alcalase, fla-
vourzyme % neutrase TR ES 72tz 75kDa ©|8), 15-
150 kDa Ate], 150kDa olstollx] gl w]7} SRI=Ut). o]=
AEATHE Y 58 7HRdl7 dofd alcalase, flavourzyme
9 neutrase TE7IREAIES VRE] BE w, SAHE a4
A st dyieReEe] 2 75kDa olslellA Wi=rF e}
ABATEE ] alcalase, flavourzyme % neutrase T 7R3l &
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Fig. 1. Effect of five different proteases on SDS-PAGE profile of
Gryllus bimaculatus protein hydrolysates. SDS-PAGE patterns of
15% gel of Gryllus bimaculatus hydrolysate. Lane [1]: alcalase,
Lane [2]: neutrase, Lane [3]: flavourzyme, Lane [4]: papain, Lane
[5]: bromelain, Lane [6]: no enzyme.

—{~Flavourzyme - M- Neutrase —A—Alcalase - o - Bromelain -8—Papain -0-No enzyme

Available amino group concentration (mg/mL)

Hydrolysis period (h)

Fig. 2. Degree of hydrolysis of Gryllus bimaculatus by five
different proteases at 55°C. Each value is mean+SE (n>3).

TNBS assayS ©|-&3] available amino group®] 52 =43t
o=2x 7F g4 grRRsEe] Vsl EE FUHH R &
o} X tth(Torres-Fuents &, 2011). 2+ &4 AJ7bol] W 7)-E
=g Golrr] sl Hetel=e] TS ATPH(02407HE &
A3l thFig. 2). £41 A7k w2 slelo]|= AYAEFES- tyrosine
o] ggFo g Fhaket A, 24417k WHS- ¥ available amino group
X+ flavourzyme 10.56 mg/mL, neutrase 5.56 mg/mL, alcalase
5.25 mg/mL, bromelain 4.22 mg/mL, papain 1.90 mg/mL % H|&
24T 077mgml £22 =4 YElgth Alcalase, fla-
vourzyme®} neutrase®] 733 0A]7F thH] available amino group®]
8AI7HEQE F43] 57183 S, bromelain? papaine £l
F7FERE )1 & Qi) T1EF A 82T R EEY
available amino groupEF=E Blwa|E Az, ZMAXY FE
B dulo]|ERA] §5 9A] flavourzymeell &J3 71gEs =7t 7t
& = veen Aol f54 A= ol 92 alcalase
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Table 1. Yields of protein hydrolysates (<3 kDa) prepared from
hot air dried Gryllus bimaculatus using different proteases

Table 3. ABTS™ radical scavenging activities of the hydrolysates
from Gryllus bimaculatus with different proteases

Enzymes Yields" of protein hydrolysates (%) Enzymes RC,, (png/mL)" TEAC (ug TE/mg)”
Alcalase 32.15+4.25% Alcalase 43.20+1.18"Y 114.11£2.26°
Flavourzyme 28.94+3.84° Flavourzyme 41.03+0.13™ 112.24+1.21°
Neutrase 24.90+4.58° Neutrase 38.47+£0.51° 121.41£1.50°
No enzyme 6.42+0.74° Trolox 5.48+0.07 -

"Yields (%)=Total solid content of protein hydrolysate-total solid
content of blank (without substrate)/total substrate contentx100.
PEach value is mean+SE (n>3) and different superscripts (a,b) in the
same column are significantly different at p<0.05 by Duncan’s
multiple range test.

Table 2. DPPH radical scavenging activities of the hydrolysates
from Gryllus bimaculatus with different proteases

Enzymes RC,, (ng/mL)" TEAC (ug TE/mg)?
Alcalase 42.66+0.44%Y 45.90+0.30
Flavourzyme 36.95+0.24* 49.02+0.28°
Neutrase 44.41+0.24° 45.63+0.14°
Trolox 1.83+0.01 -

DConcentration required for 50% reduction of DPPH at 30 min after
starting the reaction.

ITrolox equivalent antioxidant capacity.

9Each value is mean=SE (n>3) and different superscripts (a-c) in the
same column are significantly different at p<0.05 by Duncan’s
multiple range test.

o &t 7rEsi=rE 78 EUTHLee &, 2017; Yu 5, 2017).
ojufl FHFEEH] flavourzyme T 7E31E<2] available amino
group L= AAAAY {3 vlEiME o F ool B =%
o Hute|ZRA FFH A5EPol FEIde M =
© 2 Yepdtt. SDS-PAGES TNBS assay A#S 53l alcalase,
flavourzyme 2 neutraseE ©|&-$F AE AT Tl A 71|
= SAIZWIA] FE3] o] FofxH AEAL FEfo| =9 Akefo] ¢
o AL FAET. ol dNd EEAE o8-S iR
= 1247F odjel] ZhRal 7t Fie] o] FolXitke 2 AR
e Ao 2RA] £-58 e R g de A7} v
FAtHLee 5, 2017; Yu &, 2017). dutxo g A2 L 7}
A BAFo] 22 Jelol=s AAUNRE HA F5EH AW o]
SEL =t RY(Kim 5, 2013)0 wel 7eiar) g o
o]t alcalase, flavourzyme % neutrase 7FrE3slE-S 3kDa ©|
Sl2 reje]d) 3 & T4 Axsl] Aol o5tk 7 Ty
el ARl HEol= ANESS golry] sl AA
717l aFE gl tiste] 3kDa ©l5t2 Eeldt u¥Ee F
AE ZHst] &8 YEPATH(Table 1). E45 M 2%
< W9 3kDa ©l3} AR FE 642%UH W, alcalase,
flavourzyme % neutrase T} 7RSI E2 7}z 32.15, 28.94,
2490%% #0252 AL & UAgvh AT vt
PR Eo] A4S AR g2 Rl vlE] fHo= 3
kDa ©]3}9] 4~&°] =& & AN, 2FNAE alcalase]
Fgo] 7MY 22 AL & F Athp<0.05). WA EAS

u] Chl 7R ES alcalase B47)F 3kDa o3k HElo|= A
bl A3 oz AdEw, o] Egt MPATAY dAAAE
52 AHuo| 27X {5 /RN ESL fARE 254E o

ERlt.

.

o -
o 1=

UConcentration required for 50% reduction of ABTS* at 1 min after
starting the reaction.

ITrolox equivalent antioxidant capacity.

YEach value is mean+SE (n>3) and different superscripts (a-b) in the
same column are significantly different at p<0.05 by Duncan’s
multiple range test.

Table 4. Hydrogen peroxide radical scavenging activities of the
hydrolysates from Gryllus bimaculatus with different proteases

Enzymes RC,, (ng/mL)" TEAC (ug TE/mg)?
Alcalase 36.50+0.65" 239.23+2.02%
Flavourzyme 41.05+1.81° 212.53£3.17°
Neutrase 47.69+0.72¢ 172.43+1.67°
Trolox 9.37+0.36 -

"Concentration required for 50% reduction of ABTS™ at 5 min after
starting the reaction.

ATrolox equivalent antioxidant capacity.

»Each value is mean+SE (n>3) and different superscripts (a-c) in the
same column are significantly different at p<0.05 by Duncan’s
multiple range test.

SAY WHSD| SNBSS0 BUMAS ATIEY
[}

ksl BAo] fiadAn) A2 FAE £ Q)
4

Fog Ef9 HEfdo] @2 oz W3l (Choi 5, 2015),
PslEde] stles ST o BWol ©-8-Eth(Choi 5, 2010).
o|& o] &3t 8AITF Bt EAAEste] S 3 kDa ol ©
W7l &9 DPPH 2it]ze] 472438 5783l Table 20 v+
ERJI2Ath. DPPH 22 50% Aslshs 55 RCHOE
el A3, flavourzyme T 7RSI E-S 36.95 pg/ml, alcalase
£ 42.66 ug/mL, neutraseS 44.41 pg/mL2 2 YERY flavourzyme
7S E2] DPPH itz &A@ o] 7P E3UTH(p<0.05).

ABTS 2 &AL HLS ABTSS} potassium persulfate®] 24
A7 o2 RE AdE ABTS' free Bltido] A1Z W] &4t
st B4l oJa] AAHEA goZd 5/ 22 FFo] 74
o= gy dYE o83 ks &Y SHYCItHLee T,
2011). ©]%= DPPH #}t|Zd &AL HEo ksl &4&
ZAsk=d 7PE g8l ol&5E WeltkYu %, 2008). ABTS
gz 50% Ashs AT drrEdEe] $EE
RC, FOZ et 7S Table 30 YeERAT AE A
neutrase T 7FER3lE9] RC #3847 pg/mL, flavourzyme
41.03 pg/mL, alcalase> 43.20 pg/mLZ neutrase®] ABTS &tz
A0 7P =2 AE I F Slrh(p<0.05).

Hydrogen peroxide:= AFA9] Hl tirl EHRZA] dA| 29
HEZ =20kt peroxisome SollA BAE=H E44AE HA
Aydste] DNA B wd 2438 fastAY, AR 74 4w
l Exs) WA FAst Hitsl Xdg Ao 2a AA
7% Ash w3 2 AW fiske Ao® 4#A rh(Kang
5, 2002; Ko &, 2017). ¥ AFo|A = peroxidase®] 71%<1
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Table 5. Ferric reducing antioxidant power of the hydrolysates
from Gryllus bimaculatus with different proteases

Enzymes FRAP (uM FeSO,/mg)” TEAC (ug TE/mg)”
Alcalase 155.32+1.15%9 20.37£0.11*
Flavourzyme 164.51£1.09° 21.48+0.13°
Neutrase 149.10+6.25° 19.64+0.76°

YFerric reducing antioxidant power.

ITrolox equivalent antioxidant capacity.

9Each value is mean+SE (n>3) and different superscripts (a-c) in the
same column are significantly different at p<0.05 by Duncan’s
multiple range test.

ABTSE o]&ste] ol PHySein] dil7eEs)&E2] H,0,
2AGE ZHBAL, o5 RC,HEZE Table 49 VERASICE.
B AT iyl Re &Ll H0, 2HE88E 9%
A3}, alcalase T 7FFEEE9] RC, 7S 36.50 pg/ml, fla-
vourzymeS  41.05 pg/mL, neutrase> 47.69 ug/mL=Z  alcalase®]
H,0, 2tz &A8A0] 7 58 g1 F AUth(p<0.05).

FRAP &AEHE ASiA|Z 28-3= ferric tripyridyltriazine
(Fe**-TPTZ)°] W& pHolA &tsix|el WH-8-3ke] ferrous tripy-
ridyl-triazine (Fe*'-TPTZ)= S-AEHA DAs= 4 spge] &
LS AtskE WolthKim 5, 2014). F4E 7T
FRAPH =4 WE ZA3+= FeSO, S 7|E EXE e S &
2¥ek ko2 YEeRItK(Table 5). Flavourzyme ©Hi)7}=5-aj & o]
164.51 uM FeSO,/mg, alcalase<> 15532 uM FeSO,/mg, neutrase
= 149.10 uM FeSO,/mgZ YEFST). Flavourzyme *2]E 53l
do RS ES st B4 7MY =58 ERIE F 3
TH(p<0.05).

o’de] ZAsjellX DPPH ]z &% flavourzyme T 7}
FEalE0] RC,, 36.95 pg/mL, ABTS 2|2 A8l 242 neutrase
7R Eo] 3847 ug/ml, H,0, 2AE4dL alcalase T 7t
FE3]E0] 36.50 ug/mL, FRAP 27342 flavourzyme T 7}
TR EO] 164.51 uM FeSO,/mgZ 7FF ZUTHp<0.05). ©l& &
24 EAFgr] orkeEs]ES DPPH gtz A8,
ABTS 2}tz 2AEA, H,0, £2AE/, FRAP &2AEA ] 43
HAZE flvks AL oJu]she, dadTtalA] dxst 2AAA g
FE(Yu 5, 2017), 3| EHA] F3(Lee 5, 2017), A5
o] 2 Ryu 5, 2019)9] 7R E Aot FAgE Aol
o). o|Z2HE WulZIRSEES itsl @44 itsl 4 =
AR wet ZFol7t dSS ERIT F ANeH, TS RS
'ao 71d BolAd o3l 7Ilske AbEskE ofuxit vjE 2
ofpiAt 2w JES we AR dAdEh

A8 AellA g o8] 71 A|§E29 DPPH itz &7
24 AIE EAFe] vk E= s Haws] BokS o
Nakajima 5(2009)2] R.32o| w2 pancreatin £2%2] el 7}
FEAE 1ol 134 mg TE dlgsle 245 vepdo)
A5EH] alcalase, flavourzyme, neutrase T 7235 E 1 gollA]
46.03, 49.03, 45.83 mg®| TE°] Qs &S Uehl 75
2| eyl Eo] 78 AS o 4 AUrth(data not shown).
TS Yu 5(2017)9] Aol w2 ZAAX Y /-5 alcalase &
W7 RE 5 781 ug TE/mgE Ve a7 5] g7
3= DPPHEIUZ AAZAde] A er 58 A ¢
T Atk Lee 5(2017)9] 7ol w2H IAddto] TR {5 &
7R Eo alcalase, flavourzyme, neutraseS *2]3le] A3t
7R &l DPPH Stz AAEA S dol A} 12.03,

12.03, 1342 pg TE/mg= UEFSTE B AT alcalase, fla-
vourzyme, neutrase THEl7IESIE2] TEZ YeRE 72 45.90,
49.02, 45.63 pg TE/g= AHlo|TA] {5 W7keialEe]
DPPH ]zt &7 @4 ET o 953 215 lsiinh

ABTS &)z A27%5S =743 Centenaro 5(2011)2] A+ 2
Il m=H gl flavourzymeS A E|te] Alxgk whal7iE
&0l 0248 mM TE/go® WERaL, 2 Afolx ARESH 4
HAFE] neutrase T 7FFRSIE-S 444.57 mM TE/g® JERY
ABTS o1z &2AZAdo] X g 2S¢ 4 Urk(data not
shown). =38t Yu 5(2017)9] Ao w2 ZAAAD FF
alcalase T7E3]E-2 108.90 ug TE/mgZ YERHOH, Lee 5
(2017)9] A7l wEH IPdto|ET R KT 7R E
alcalaseE *2]3te] A2t T7alE2] ABTS 2tz 44
24 A 11722 pg TE/mgE VeRT A EASE0]9] neutrase
il 7RSS 12141 ug TE/mgE § F7HA 2% Z2AAA
g 5, )R TA FFRY PAtst GAo] 98 ABTS
2AGEE UYERdS o 5 AUk

AFg] 8317] 15l glycyl endopeptidaseS *12]3te] |23k
AZiel 7krEEEY H0, &AE8EE dA7d 23+ 1.17mM
TE/geZ2 X313} th(Karnjanapratum>} Benjakul, 2015). *d 75
2}v]  alcalase, flavourzyme, neutrase W 7triEsES zhz)
952.00, 837.51, 68127 mM TE/g= 34t} &io] EH 9431
H,0, 2AZ8E& Uebds ¢ &+ UAThdata not shown). B3t
Yu 5(2017)] Aol w=H 2 AAZ] §-% alcalase T 71
A ES 7843 pg TE/mg® W 7 Fetn] w7y
£ H0, &8 0] iz es 78 A& & F AUtk Lee
T(2017)8] Aol MEW Fgute| TR {5 TR E
ol alcalase, flavourzyme, neutraseS *]2|3}o] A2+ Tl 7l<=E
AEL] H0, 2AEHES Dot F3 163.19, 13698, 151.51 pg
TE/mg2 Yelgth EAFERS] alcalase, flavourzyme, neutrase
chill 7l REEe] TEZ Jebd g2 23923, 212,53, 17243 ug
TEgZ 3@dte] 252 §5 T/iEalEe] H0, 2484
ot o 93 AS SIS

Kittiphattanabawon 5(2012)¢] B0 w=m Egrk=e] o
2l 7RSI Eo] FRAP &AEAS dol A3 6.18 uM TE/
go 2 BusiHed], AHAFHT flavourzyme THE7FREE =
83.80 mM TE/g22 FRAP &7 8Ao] &R $53 AL gl
T AATH(data not shown).

R

CHH7 =232 linoleic acid BHAtSH AN &Y

A A9 AkslER] &4 o, IsHE, AAl 712 E s
E T 4% SSIFEES 7] T Ak oJste] AkstE o
ksl AAS AYAdeThPaik 5, 1992). A kslz AAdE 2}
2FsHES DNA /328 & &8 37| wjiol Akt z7]9
olF JAATIE Flo] AFe A FHAA FR3THKIm T,
2012). A& A3} 7)o B HE FAMEE ferrous chloride
(FeCL)9} wh-g-ate] wibdof 717k-e FeCl, A 4E AAdsta,
A 27t Alg dojubA malonaldehyde}t 7H A&} 315HE0]
A71=d ol TBASH A¥ste] ANEGAE A 3H(Cho
5, 2006). ¥ A3 BEIAUII linoleic acidE 7]EZ s}
A et o] SR a3E dolEsitt

oA 471A] gAaksl AAF 3kDa o)ake] AEA A & A
FE T Hoks uf 35 ANAAY fF SR EY
kel B4e H|S=3l oL, available amino group $FEo| 7Y =
& flavourzyme T 7FESES o]€3F0 linoleic acid 4t



478 =2 E 388 x] A 51 WA 5 E (2019)

—e—control --A--Trolox 1.25 pg/mL a

-m-200 pg/mL

—-100 pg/mL

Absorbance at 532 nm

Time (day)

Fig. 3. Inhibitory effects of trolox and the flavourzyme
hydrolysates from Gryllus bimaculatus on linoleic acid peroxidation.
Each value is mean+SE (n>3) and different superscripts (a-c) at the
same day are significantly different at p<0.05 by Duncan’s multiple
range test.

3t A &4 AEe APk AE AT flavourzyme T
W7LERE ES 1003 200 pg/mLe] FE2 AT EZS trolox
125 pgmL =5 o843t AAzisHEe] 4kst A &4
A7 R 2731 Fig. 39l BAIBIIEE Algte] NEg=E &
Aozate] AA3bsiEe] Frtsllen, SR 394
THE S 100%2 B2 W flavourzyme T8 7FRESIE-S 100
7} 200 pg/mLe] F=oIA A itslEo] Zkzk 21459 32.29%
2 FdELS dhEs W fFodoRm sy qAEe &
sttt ZAAANE 5 alcalase TR, uto)
TR % alcalase T 7=Ea1E2] linoleic acidoll theh &4ts}
g4 Ao =W 200 pg/ml =N FANRE troloxS
100%Z 5-s o ghkste] vebd Zst 7Ht 33% (Yu 5, 2017),
34% (Lee 5, 2017)= 8757 flavourzyme TH71-Eal=
I Hlgk A ks oqx] 48 B

2 At E F 55 dEESaAs oo s AT
ghr] Tl 7R AREALS RARINSH, Alxg whit
TR ES(<3kDa) IR atsl S4S Hrigomn &5
M2 7184 A T oA A S Adasaee &
& 7Fs43E AAlEITh

tlo r|r

o (o] 3
i =

:ol_n

A7z AT ETE 4%wy)e] 7188 0R A
Z3% 3 712 oiv] wE 7EE] S v (alealase, flavourzyme,
neutrase, bromelain, papain)g 1%(w/v) d7} 3t 24A17F 7HE
AZ] Ty RS AlZstuth 7 a4 T EslES
o] &3] SDS-PAGES} available amino group $FHa-2 =743}
gRlIgt A3}, flavourzyme T 7rESEC] 7Y E2 7Sl
=5 Xl ubA bromelain? papain JTiH oz vre sieia|
=5 HAY ViR = =Y 359 & A(alcalase, fla-
vourzyme, neutrase)s ©|-8-dlo] A3t whily R E-g 747t 3k
Jojsfuts Fl A 3kDa ©l3kE #Eg & gAkst S-S
Z73ltt. DPPH )z 248X 79 flavourzymeo] 2t
3} &Aool 7P st en, ABTS 2tz &AEXA2 neutrase,
flavourzyme 9 alcalase T7FFE3E w2 A UERRT
H,0, 27832 alcalase®} flavourzyme W73 E¢] neutrase
a7 RS Eoll H3l] AR =A UER e, FRAPH-2
flavourzyme, alcalase, neutrase TH}7IEalE o2 &4 YEh
Wk A8 2 HEefo|= A g80] P =dd AT

of

om, oyl ATE FF 82T AU /54 AELA ML
9 72ARE ool 7 2
HBAE 7l 5 9e oz e,

E AT EATAE olF e A7 2A TR LA (@A
3: 2016R1D1A1B03933985)2] Aol &l o]Foix A,
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