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Comparison of antioxidant capacity of protein hydrolysates from
4 different edible insects

Hyun-Young Jang"', Chae-Eun Park'’, and Syng-Ook Lee"*

'Department of Food Science and Technology, Keimyung University

Abstract The present study was conducted to compare antioxidant capacities of protein hydrolysates from four different
edible insects (Protaetia brevitarsis larvae, Allomyrina dichotoma larvae, Gryllus bimaculatus imago, and Tenebrio molitor
larvae) which have recently been registered as food varieties in Korea. Protein hydrolysates were prepared from each insect
using enzymatic hydrolysis using alcalase, and were then separated into a fraction containing <3 kDa. According to RC,,
values and trolox equivalent antioxidant capacity results obtained from five different antioxidant analyses, the Gryllus
bimaculatus (GB) hydrolysate showed relatively high levels of antioxidant capacity and, in particular, the GB hydrolysate
showed considerably strong antioxidant activities in 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and in ferric
reducing antioxidant power (FRAP) assays. The GB hydrolysate also showed the strongest inhibitory effect on peroxidation
of linoleic acid, and its rate of inhibition at 100 ug/mL on day 3 of treatment was 60.26%. These results suggest that
protein hydrolysates from edible insects including GB represent potential sources of natural antioxidants.
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el MZ-2 A giksiA] el o
(Zeng 5, 2011; Kim S, 2000).

Aol EAlske AA =4 = 7HE
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A2 Jok(Yunt Hwang, 2016). 2]-&32%2
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I FFEdo] F52 F)FyHAF B2 (Sunchang, Korea)

2= (FMG WHE (Damyang, Korea), 2 A A8 H
FEFHL A ZZ 2 (Yecheon, Korea)ollAl -3t
54l Bjslo] ARSI Alcalase A w3l G4
£ NovoAl A|EE 5 KSeoul, Korea)ZFE Y3t}
Sodium phosphate monobasic dehydrate, sodium phosphate diba-
sic dehydrate, absolute alcohol,
methyl alcohol (MeOH)$} hydrochloric acid (HCI)i= Duksan
(Ansan, Korea), trichloroacetic acid (TCA)+= Samchun (Pyeong-
tack, Korea), linoleic acid®} sodium dodecyl sulfate (SDS)+=
Wako Pure Chemical Industries, Ltd. (Osaka, Japan)ollA] 3}
o] ARSI T} 2,4,6-trinitrobenzene sulfonic acid (TNBS)E G-
Biosciences (St. Louis, MO, USA), 24,6-tri(2-pyridyl)-1,3,5-triaz-
ine (TPTZ)= Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan)
oM Fdste] AREBIAATE. 2 vkl AloFE2 R Sigma-Aldrich
Co. (St. Louis, MO, USA)ZHE] Fate] AF&-slTh.

ol oX, ofj
2 rlo mﬁ
4
-

L
Q
@)
Pﬂ

acetic acid, sodium bicarbonate,
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QHQ.E Az &, 90°ColA 2087 FTRAIA Lfe
a2 2, ANZeh N1Z2Ed0) 71 div] 1% (vw)e] &
A (alcalase)E H718Fe] 55°C, 100 rpmollA] 8AIZF B9t 7R=E3]
sk & 90°CollA 2087F S4E B3t AlHTH Welsh &

W7 R RS S 13,000xgolA] 208 EoF
H AAoH, Asde ARA Hefo| =2
g3t7] Y3l cell strameri ZE3 & membrane filter (Amicon
Ultra-15, EMD Millipore Co., Burlington, MA, USA)S ©]-8-3}
5,000xgol A 2A17F St AAlEe] FOo=M 3 kDa olshe]
el Es AT SRR ES 22X B 52 A%
iR —20°Ce] FA RAsHHA A ARSI
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SDS-PAGE

2823 T s 542 sty f1ste] Sps-
PAGE (sodium dodecyl sulfate-polyacrylamide gel electrophoresis)
o] g3lo] FriaiEe] WA sHS 43k SDS-PAGE
15% gelS AME31910m, 7} 714Ra 52 3,000xg, 4°C, 10
GARZ ] Ao A=l 18 uLE gelol| loading &F$3t}. 80
VoA oF 1AI1ZE H7]9%E 3 T 0.1% coomassie brilliant blueS:
ARESt] askar %’ﬂ,“ﬂ.*(acetlc acid:methanol:water=10:30:60).>
Z A Y. o]n molecular weight marker= Bio-Rad Labora-
tories (Hercules, CA, USA)2| A|&E& o] &3}t

r-{u: e e

EMYTo| JIRHE &

TNBS W& o]&ato] aaA 2] Agtel] mhe 2825

dyiEReEe] 7RI EE S tHRath 5, 2008). 7
7EFEEIES 3,000xg, 4°C, 103 A4l ste] AFEent F st

0|83} th. 100mM sodium bicarbonate (pH 8.5) 990 uL<} 1%
TNBS 10 LS E3(vA)3te] 0.01% TNBSE A %33, TNBS
50 uLok AlZPE R He vhgEg 100 uLE 410 37°ColA] 24
ZF REEAIATE W8 AE flall 10% SDS 50 uLe} 1N HCI 25

Sl =o] Fakst 24 vl 481

Z17F%+ 3 microplate spectrophotometer (BioTek Instru-
&tod 335 nmell A FE=

uLE
ments Inc., Winooski, VT, USA)E ©]-&
£ SAsth

DPPH z2iC|& 427 &M =X

2,2-diphenyl-1-picrylhydrazyl (DPPH) =tz &4 &4
Hatano & (1988)] ol wz} DPPHel st =S =4
ZAOZ 99% MeOHZ 3|4 ¥ A|EE 96 well plateo] 160 uL
et ARt T%EJ wellel MeOHZ 3|41 & 02mM
DPPH &9 40 uLE Y3l A20A 3087 WXk § microplate
spectrophotometerS ©|-&- 0}04 517 oA FF=E 43t
2825 Tyl e gz o7 248e FHEEE 12
2 7= ﬁﬁfz A7) FEel RCFeE YeRloh
ojuf &JH|WE FHANEFOZA troloxE AHE3IAL
troloxE o] &3] HFE FAS ST T A5 oﬁﬁ}a(tmlox
equivalent antioxidant capacity, TEAC)S A4St ng TE/mge 2
LFERA 2T}

DPPH iz &7 E4(%)=100—-{F7] F3=-27] FFx)/
S *100}
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ABTS ZiC|g 27 g4 &3

2,2'-azino-bis(3-ehtylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS) 2tz &7 24 A2 Re 5(1999)9] WS ¥
Falo] =AU} S 27 TmM2 ABTSSF 2.45mM potas-
sium persulfates ZH7F S94e & AeR1 koA 12~16A7F F
b WA ste] S FAR - ABTS 899 Fe ARRS)
71 ARl 734 nmellM = ol 0.70+£0.027F E == phos-
phate buffered saline (PBS, pH 7.4)Z 3]43}3t}. 3|4 ¥ ABTS
gol 180 Lol AIE 20 uLE 7hste] 13 B9k 30°Ce] WHE &
Bammold FHEE SASAG. 483 wureReE)
Bz 27 BAS FFES 102 BYATIEH Lod AR
S0l RO, 02 LehhITh. o) ulng 93 FYoi=
TOZA troloxE AFEIIN S, troloxE o] &35le] BFE FAS
A% F RS A (TEAC)S ANl g TEmgO =
B et

ABTS #t|Z 47 &4(%)=100-A & &%
*100)
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Hydrogen peroxide (H,0,) &A &4 Z%4-2 Miiller (1985)2]
el wel RS0 FEdE 8493 Al§ 20 uL, PBS 100 L,
1mM H,0, 20 uLE 96 well plated] 7}gt § A-200A] 587} 1t
SAIAT ZF wellel 1.25mM ABTS 30 pL2} 1 U/mL peroxidase
30 uLE 7kske] 37°CellA 1087 vk microplate spec-
trophotometerg ©]-8-3}¢1 405 nmol|A] ¥ =439t Per-
oxidases= PBSZ 3]4]3}] control} W3- —?— T4 kS 1.0~13
Abol7b HES gHEHE & ARS-SITE oln 2 A3 &F
AUZZOZA troloxE ARE3IASOH, troloxE o83t EF 3
e AR & A Zo| A (TEAC)S AFste] g TE/mg
o2 Yepldo
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Ferric reducing antioxidant power (FRAP)H-2 Benzie?} Strain
(1996)2] WH-& A-8-3F9TE FRAP reagent= 300 mM sodium
acetate®} 300 mM acetic acidE& E338le] A 23 300 mM acetate
bufferst 40mM HCIol €81A171 10mM TPTZ, 20mM FeCl,
-6H,0Z 10:1:1 ¥l&(VE EFsIe] ARSI AIE 40 ul
9} ZH4 40 uL, FRAP reagent 100 uL= 7Fated 37°CY] incu-
batoroll A 487F WAL 3 593 nmel|A] SRS AT
olf A HuE 8 YAHNETLE troloxS ARSI oM,
troloxE ©]8-8lo] FEHAE AT F A5 FAISH(TEAC)
S A4St pg TE/mge 2 JeRAd).

Linoleic acidoil cHst &tst x| & &HH

Linoleic aciddl] gt 4t} A &2 &1st7] 23l 50 mM
sodium phosphate buffer (pH 7.0) 2mL3} 5% linoleic acid
1 mL, absolute alcohol 1mL, A& 1 mLE &3 F 40°ColA]
100 pme. 2 g3l 35 7HASE 7} AlE9] linoleic acidell
gk Akl A GA4E SHsATE 20% TCA (wiv) 100 pL,
0.8% thiobarbituric acid (TBA, w/v) 100 uL9} linoleic acid WFg-
718 & sopLs & EjFste] 95°C o) dellA] 208 wHE Al
% 20°C, 3,000 rpmollA] 2087 A4EElste] 180 Lol 5 NS
F3% 532nmollA ST olwl FAMRE 9 U=
TOZA troloxE A3

A2

RE dojEe #HaA 3 dHEste] HFd EF 2 XK (mean+SE)
2 yehglen, 54 EAo|= SPSS Statistics 23 (Statistical
Package for the Social Science, Version 24.0, SPSS Inc., Chi-
cago, IL, USAY}t ARE-EIRAT) B3t 25 7He] fo0A o] A3
ol ALulx] ALY (One-way ANOVA)S ARE313.9H, Dun-
can’s multiple range test *WHES ¢ AL HEE AlPSIATE ®
3 95% (p<0.05)9] FrolgEel ZF 7] {94 2polE HF
sttt

Zn o g

st A4S HtHYu 5, 2017; Lee 5, 2017; Ryu 5, 2019).
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Fig. 1. Effect of alcalase on SDS-PAGE profile of four edible
insects protein hydrolysates. SDS-PAGE patterns on 15% gel of
four edible insects protein hydrolysastes.
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Fig. 2. Production of peptides from four edible insects by
alcalase. Each insect was hydrolyzed by alcalase for 8 hours at 55°C.
Each value is mean£SE (n>3) and different superscripts (a-c) are
significantly different at p<0.05 by Duncan’s multiple range test.
PB=Protaetia brevitarsis larvae, AD=Allomyrina dichotoma larvae,
GB=Gryllus bimaculatus imago, TM=1enebrio molitor larvae.
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thYu 5, 2017; Lee &5, 2017). @2 ] 7siaee HElo)
T Aol EdlE= vES wahH, 2 TNBSHS ARg-gh).
TNBSH2 7FrE3lE2] 13 ofFla) TNBSS| Aoz A€
chromophoreE FHL2 Z43= WHo|th(Alder-Nissen, 1979).
2§25 illylEEs B A7t mE TRl =E TNBS
WS o83l 0, 4, 8, 24X 7F R EH3] Fig. 201 YERAT
SAIZF Tl Et S vl AAl AR AR HEte|l= Aiber
< tyrosine §FOE FMNS A3l AMAAD] 45 2.45 mg/mL,
AAAEE A 148 mgmL, AFHIZER] {5 120 mg/
mL, FFEde] F% 074 mgmL £22 et E4 74
g Al 7k 2T SElel= AT 1] {oZ R AolE Hol
A ¢kokthH(data not shown). WEFA alcalaseE A 3te] ©ll7}t
FEAES AXHAS W AEA yErol= AL B8 44
AAE fFol 7P A, FFFdel fFol M Wee
elstsin). et vl B aihs o83 il A7
olUjel] FE3] o]FolhE Yu 5(2017)9 Lee 5(2017)2] Al
ATt gt AAE B HFHOE AT TR st
of Tl7RRAES AxSIHL, ARAF fEe|=rF AR
A FFEHL AU o] 8§E0] Erhe A 23l wEk gt
TR ES AT 3 kDa oletE el Hdt & T4 Hxste]
kst Aol o]-&-akirt.
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Table 1. DPPH radical scavenging activities of the alcalase
hydrolysates from four edible insects

=2 iksl g4 v 483

Table 3. Hydrogen peroxide scavenging activities of the alcalase
hydrolysates from four edible insects

Samples” RC,, (ug/mL)? TEAC (ug TE/mg)” Samples" RC,, (ug/mL)? TEAC (ug TE/mg)®
PB 87.60+1.12" 22.58+0.16" PB 40.24+0.79%Y 208.03+7.74N
AD 460.35+9.29¢ 3.92+0.14° AD 35.68+0.82° 215.12+£3.42
GB 34.44+0.34° 59.14+0.59° GB 38.92+1.15% 214.65+4.71
™ 445.10+3.45° 4.08+0.09° ™ 36.46+0.08% 213.21+£3.58
Trolox 1.96+0.03 - Trolox 9.61+0.10 -

YPB=Protaetia brevitarsis larvae, AD=Allomyrina dichotoma larvae,
GB=Gryllus bimaculatus imago, TM=Tenebrio molitor larvae.
JConcentration required for 50% reduction of DPPH at 30 min after
starting the reaction.

ITrolox equivalent antioxidant capacity.

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

Table 2. ABTS™" radical scavenging activities of the alcalase
hydrolysates from four edible insects

YPB=Protaetia brevitarsis larvae, AD=Allomyrina dichotoma larvae,
GB=Gryllus bimaculatus imago, TM=Tenebrio molitor larvae.
JConcentration required for 50% reduction of ABTS* at 10 min after
starting the reaction.

ITrolox equivalent antioxidant capacity.

YEach value is mean+SE (n>3) and different superscripts (a-c, NS: No
significance) in the same column are significantly different at p<0.05
by Duncan’s multiple range test.

Table 4. Ferric reducing antioxidant power of the alcalase
hydrolysates from four edible insects

Samples" RC,, (ug/mL)? TEAC (ug TE/mg)® Samples" FRAP (uM FeSO,/mg)® TEAC (ug TE/mg)”
PB 34.5420.09% 134.28+0.33° PB 84.00+£1.14 12.97+0.14°
AD 32.26+0.30¢ 138.46+1.52° AD 30.17+0.74° 5.43+0.12¢
GB 29.51£0.19° 168.39+0.62° GB 144.98+4.64" 21.14+0.64°
™ 28.15+0.47° 169.09+2.24* ™ 15.95+0.07 3.54+0.03¢
Trolox 5.16+0.02 -

YPB=Protaetia brevitarsis larvae, AD=Allomyrina dichotoma larvae,
GB=Gryllus bimaculatus imago, TM=Tenebrio molitor larvae.
IConcentration required for 50% reduction of ABTS™ at 1 min after
starting the reaction.

ITrolox equivalent antioxidant capacity.

“Each value is meantSE (n>3) and different superscripts (a-d) in the
same column are significantly different at p<0.05 by Duncan’s multiple
range test.

AlZEEY cHHyIRIEo] EMMAE A7 &Y

DPPHE= At gitizoln 204 g3t 484 |ni7t
obd f7] Sujellwt gal=m, ksl Edo] EAY o By
o] =¥hiog dojzitt. DPPH oz &A &4 F4He A
AaAe] ksl B4 S Agstar hdeb, Addo] Fot
ksl 4 Sl 7Y Bol ol8E+e W F shue|th(Abdalla
7} Roozen, 1999). DPPH 2t &7 @42 troloxE 715 £2
2 3l 7t A 59| dakslES TEACHSE 3 A4S Table
19 YERATE TEACHS A8 AT 4%, Sdetol#7A] &
=, AR F5H 5ol fi5 ©0F 27 59.14, 2258,
4.08, 392 ug TE/mgS =2 vepstrh. 875 453 A9
o|FFA] FF2 oA AolE B, A3l f5H 2
AARAE 52 T4 Zel7t HolA| et a7 g
3 Fr3dol e &4 Aole o 15w A==, EAT
gr] gdFo] 7P et S48 veibe 2g ER1skdT

ABTS #t]Z &7 &4 ABTS9} potassium persulfate”} F
AoA] dhgste] AdE 2 HE A0 ABTS Zit]Zdo] A8 &
of i Fiksl B4l o3 aAEY FEAo] FAoR &
A WolthYu &, 2017; Lee 5,
71 el e} xR, %1
4 B4 259 sl &4 FHo] rhssted de ol8Ee
ks S gz &A 4L toloxE 7=
EA= sl A9 dislHS TEACHLE $hlet ZA3E Table
2¢] YERATE TEACHS ZAAAAE f%, dATe A5,

YPB=Protaetia brevitarsis larvae, AD=Allomyrina dichotoma larvae,
GB=Gryllus bimaculatus imago, TM=Tenebrio molitor larvae.
IFerric reducing antioxidant power.

ITrolox equivalent antioxidant capacity.

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

FrEYol §33 AHAoILTA 5 2O

N

7} 169.09,
168.39, 138.46, 134.28 ug TE/mgS 2 UERdth wehd, 47
g 453 ZAAAY f5o] o] duFezE s A
RIEAL Bduto| 2R {53 AFFHol fF 749
# Zpol7t flSATh.

H0,= 244 o itz gftjzo] ofum, theksl ofF
84 superoxide dismutase®} -2 of] AbslEae] o3 G
M| 3E2] mitochondrial} peroxisomeollX] AJAJETh DNA 2 whiz
=4S fEdseE S(Yu 5, 2017; Lee 5, 2017; Gilein 5,
2003) A el v =Ade] o] wEA A A= ooF AL UV
o %=Z% A hydroxyl radical (OH)Z A= Aol AX
o @A UrkHalliwell 5, 2000). & A7 E 2825
G 7R EY H,0, &A 848 Y31} peroxidase®] 7|
29l ABTSE ©]&3l9tt. H0, &4 &AL toloxE 715 E3
2 &l X8 3tslEe TEACTSE 3418 A4S Table 3
of WeRdTh TEACRS el #5, EAFev] A%, 24
AR 2 SHElETA] fF £08 717} 21512, 214.65,
213.21, 208.03 pg TE/mgS 2 Yeh} 2 8§2ZFHZ FoJzQd
o]& HolA| 3ttt

FRAPH-E Benzie®} Strainol]l &3] 2<He W o = 21-f it
25 A% 47)6k= DPPH % ABTS @)z 27 &4WHI &
g, Ak} & gkl 9kl ofdt 84S ZAste 2l olth(DeGraft-
Johnson &, 2007). &, $LHE FHsl= 20 22 pHolA
ferric-tripyridyltriazine (Fe**-TPTZ)7} Aol 2|3l ferrous tripy-
ridyltraizine (Fe*"-TPTZ)Z =] mehdo g wis= Q&
o183k Wol, 7hasiHA AldAo] Eths Aol UtH(Benzie
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9} Strain, 1996; Heo 5, 2008). FRAPHO| &3+ A|5¢] gHats}
g2 7l =219l trolox® iyﬁ}oq TEACﬂOE Table 4 +}
EFATH TEACZHS P ASEm A%, sldubo|2y A 3, &
FEdo] f5d AAARAY K5 —’F_E Z}zk 21.14, 1297, 543
3.54 ug TE/mgS 2 Jepstth. s ASeme] &4do] 7Hg
gom, ol 7P e A4S He AMAAD TR 597
v} =Tk

w2}, DPPHE I FRAPHOIAE A A%en A3 ABTS
g &A S AAAAE F5ol 5%
H,0, &7 %*301]*1% 21825 19
Uk S Wl 7R ks WA nE e Adko] YehA|
= @%en, 7Pt S %*JEME s Bl AR
52 ABTSHAAT 58 848 Hof, felo|= Aikakz
ksl A 7ke] AEAATE G AL o
F/}Ul 452 DPPHH FRAPWOH A 453 43 Fika A4

S HJYA o] F A AWML electron transfer HHSl WHH,
ABTS”SJ)r H,0, &7 &S hydrogen atom transfer *"'HO=Z 2}
& 71do] gt &9 Ao|7t vERt o2 Hlth(Badarinath
T, 2010). B3, 7ieE] Al AAME opmAbe] FR B uld

| ol aAaks}t Do) debd = A B R (Back 5, 2019) 3
Elo]= bR TE AJLkE o) H Hido] Ao mX= F
|
]

AM—"T,

Z Zo® Adtdrt. A 453] 973 248 B 4
-?EFE‘rU] 9% "’”"7}31:‘:‘311%0] Mt g4ds 3‘4" ofr i
RS e AoRE AlE

rlr oot 01

.ﬂ

Linoleic acidofl CHgtF Akl N &4

Al Ashe 4F] FAARY Fad HHH 29 F 5
VR RIS SRS e 4FIA 44 dste)

HibstES FAst Ak, SNkl o AbsH e =79
S et Ad sl 7] BAEE FSELS ferrous
chloride (Fe*)Z ferric chloride (Fe** )& AFsIA|A 2428 w7
stal, A4 4kl X182 4E carbonyl SHHE 5 malonaldehyde
o} 72 AA &4sigEe] TBAY Adste A4 sigE
A7 FTHChot Park, 2000; Yu 5, 2017).

A g3d SrkeEaiEo] Ad Atstl] #ojst=A] €<l
3ta2A} linoleic acidell Tt Atst A E4& TBAHOE Yol
Hoth 2825 Ty Esi=e] A 4kst oA 248 Al
Zroll Mt FEER S50, sEd e 2o fAlsH
el TH(data not shown). olell me} W& F=21 100 pg/mLe
2§13 SRR EL XA 48l A 29S 4 Bt

46t Fig. 390 LPEBH‘:} Akl whet g zte] A1 3
ZrehEo] Frksklen, 2 394 A Akst oA EA4o] 4
SELTHEE FoH AolE Et webd 3d A ST
e Fdhzwt A8 A Abst oAl 242 Fig 4
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Fig. 3. Inhibitory effects of trolox and the alcalase hydrolysates
(100 pig/mL) from four edible insects on linoleic acid peroxidation.
Each value is mean+SE (n>3) and different superscripts (a-e) at the
same day are significantly different at p<0.05 by Duncan’s multiple
range test. PB=Protaetia brevitarsis larvae, AD=Allomyrina
dichotoma larvae, GB=Gryllus bimaculatus imago, TM=Tenebrio
molitor larvae.
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Fig. 4. Inhibition rate of trolox (2.50 pg/mL) and the alcalase
hydrolysates (100 pg/mL) from four edible insects on linoleic
acid peroxidation on day 3. Each value is meantSE (n>3) and
different superscripts (a-d) are significantly different at p<0.05 by
Duncan’s multiple range test. PB=Protaetia brevitarsis larvae,
AD=Allomyrina dichotoma larvae, GB=Gryllus bimaculatus imago,
TM=Tenebrio molitor larvae.
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