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Tenebrio molitor and Gryllus bimaculatus using response surface
methodology
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Abstract

This study aimed to optimize the production conditions and characterize the functional properties of protein hydrolysates derived from
Tenebrio molitor and Gryllus bimaculatus, which are emerging as future food resources. Response surface methodology was applied to
optimize enzymatic hydrolysis using a Central Composite Design model to determine the optimal conditions. The protein hydrolysates
produced under these conditions were evaluated for antioxidant activity (DPPH, ABTS, and FRAP assays) and physicochemical properties,
including solubility, oil absorption capacity, emulsifying capacity, and in vitro digestibility. The hydrolysate from T. molitor exhibited
superior digestibility and oil absorption capacity, whereas the G. bimaculatus hydrolysate showed remarkable antioxidant activity. Both
hydrolysates demonstrated high solubility over a wide pH range, suggesting their potential applications in various food systems. This
study highlights the feasibility of using insect-derived protein hydrolysates as functional food ingredients and offers valuable insights
into the development of alternative protein sources to address global food shortages. Optimized hydrolysates can serve as promising
ingredients in functional foods, contributing to sustainable food systems and future nutritional strategies.
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AN A=A 7] United Nation’s Food and Agriculture Organi- Itk Verneau et al., 2021). TS} HIQKE 2= sha, thlgo] ojst

zation, FAO)O TH= A Q157F 205097 oF 909 8ol B 4392 M7 he wel oA hado] byl glon, 11 FojA
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el A A] PR AP ohauo} s the ] o)
GoFd 2wz B4 2ug BE TS o, ) A% el
07 o]& 7}X|7} =THPark & Yun, 2018). 12U} 23 thilo] A Q.
2% AAP7E 7HAAL e BolRt 3 gt 18l 50] AAellA
Q= ARG 5o AV IE Adcks B9V ok 7R 5= &
3 o] dAsl] 98t w2o] A= QI Gravel & Doyen, 2020).
A Ul AFOERHIARRE 482 FAH o= Q1Y
e ES 3 10508, AR $5 2 AT ol o
£ 105 S0 T AIFO|RERAA, 2025).

ZRAARAE] [-Z(Tenebrio molitor)S TMZ(SF 47~60%), A4,
orofulicdl, BES} AHIo] BRsi, A 7)70o] oF 2~37]
47 B ALE §-8(Feed Conversion Ratio, FCR)0] 2.2~2.72 7|
2 7)) wja) $sfo] A1 o] ARStc(Kim et al,
2019). AHAES|(Gryllus bimaculatusy= THHZ(55~70%), A
w719, ojujdo] ERSlL of 5~7% to] o] s,
FCRo| 1.7~2.92 W9 H82olck, w3t A% 7k} 3 2o}
o] AR &7 1sA4l0] EHBelluco et al., 2013). ZXEAAE]
S AT BT AL RS, SR D B4 A9
o] 7|& FAt| Hls AAJs] Wi, Thefdt AlE A2 S8
ol e Aozl o] Ark(van Huis, 2013).

L5 TS 7heske B 59 shE a4 VIR 7R
SE FEY] ol-8o] A&EH o AFE I }loH, o]F Fof At
3t 84 591 715790l ERI=IL Qlth(Jang et al., 2019). 4 o}y
2} 23 THo] Az He] wE ET3etd B4 digt A+
(Son & Hwang, 2017) 5 A& AL 4= Sl= 2R 2AY] AT
(Baek et al., 2022) A|<&E1 Tt

3 Q7 ujd) A AeoR BT I T TS 285}
7] 918, ZAARIE] W AR Bug o weTEy
A H(Response Surface Methodology, RSM)Z 0]-&5}0] 84 Hk30]
Yok H4 242 YA S MITARLARSS
ofe] Ee]uiee} SLpe 0] 4TS BAHOR BAjalo]

£ 5 TRRE 9] 34 Hzole] 9 2861 HL Agorn

270l B 70| 7Rste o] lckKim et al. 2020). 3
Sol= ZaiAeiel AT 5 A THS B T
2 5k 7HRES) FHOIE of 7ol EYHT Uk ol B
| BEANE 952 Aol ofnlieAle &Sk B
M A8 Hi £82 ] A HY 242 £
477} BEIGT(Szopa et al, 2004), WBHFeto] Rate] T4
7R 272 RSMOE HHBlo] G} Hefol= S
9] Al S Yeerong et al, 2024). of2fet AT 35S
RSM 7]t} SAH HaspE 25 ) ik /Keusks 32 33
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9] &30l aiAQl =FUS ARRITE 2 AtoflA= WS
o 5 SAEAAAZ E D (Central Composite Design, CCD)&
9 AAle] AEsi3lom, oF B9l =EH 24 24049 T
SiEo] Tl SRS B o R st 9l EAS Brlelal AlE A
AolM 2] 28 7hs/de FASIIT:. e, 22 240jA vhEelrl
L5 TeEsES Vo Hesdt £ SRITo s
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(Damyang, Korea)ol|A] 74510 ™, ZF B8 n-hexane (Dagjung,
Korea) -§HllE o-§5}o] 24A17F 51t B4 IS A% T ARSI
o} ARlol AR AloRE T AR 240 ARERE 2,2-diphenyl-
1-picrylhydrazyl (DPPHy= @EUEES] 0.2 mM solution A&
Sufislo] 0]851%3 © H(Seoul, Korea), 2,2'-azino-bis (3-ethylbenzo-
thiazoline-6-sulfonic acid, ABTS)+= Santa Cruz Biotechnology, Inc.
(Dallas, TX, USA)OA 5ttt Iron (1) Chloride hexahydrate
(FeCl; - 6H,0)E HIEoto] wa AFsHA] 92 A9k Sigma-Ald-
rich Co. (St. Louis, MO, USA)f|A FQJ5}0] o]&s o, 24
A] ARGRE AlFES BT A8 S ARSSIGTE AR 3
AT ZEsiE Al Aloll ARSRE A4 27 Alcalase
(Novozyme, Denmark), Flavourzyme (Novozyme, Denmark)2] 25
2 wigo] met Tgklo] AHgsIE

A2 HxE
SHEZNEHRSM)E &5t F& X2 2E
AAAE 9 EAT] S ol8sto] gt AlE Al
ARBEE A 29 FH 271E EE5P] Aol SheHEHEEAY
(RSM)Z 285130t 2 AgolA= REHHEAY 5 SHMA
g2 d)(Central Composite Design Model, CCD)& ©0]-85}%12H, o]
2 54 ol 7ia 7lRaRe) H4 2o otk 207) £
< vigos AdS Zgsiith

HHSRHAEARMRSM= &9l ¥ dlS 2702 v, s
Azt 8] ohu|iAl EAS 3t AIE 10 mLE AFsHoH,
95C 9] 3-2<4F(Daihan Scientific, WB-22)0]|4] 3| §49] Z-&
2 E843Ist & TNBS (2,4,6-Trinitrobenzene sulphonic acid)H-&
59 %2 oot T8 YA OR 2olol 14 HrE v

I
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TNBSH2 24 205 9 At== 227 9 AEAF
2] ZleeEstEe] 2 oAt O ke S5 s AE
Sk HPHO 2 0.01%(w/v) TNBS 0.25 mLoj| A1E 0.5 mLE &%
alo] 37COIA 2417F B9t HHAIZL 2 037]0] 10% SDS 0.25 L
o} IN 35529] 4k 0.125 mLE Hlelo] ¥He AR ol
96 well plate (Falcon, Coming, NY, USA)o| AES H33lo]
Microplate reader (Multiskan, Thermo Scientific, MS, USA)E- o|-&
Sfo] 335 nmoj|A =S ST BEEEEE Lleucine
olg3tA o olF Hig o #EIAS 118 AR W RE] oflk:
Ab IF9 IS SsIIE

oA T AN 2R L AEAFR] 2L 2} 50 g
P F55 450 mLE E3 F B T olslo] Alm k]
Alcalase 3 Flavourzyme 71 thu] Zb2ke] 23] Rto] o
W R Sl § o] 2 2490 SSCoA WS

o

l

HEAHRSM)E 5 72t 5 9 A7k 2A 24 52t vk
2 APk A4 ¥-SS 50 mM phosphate buffer (pH 7.0) 519
Al =9l o, ¥ A pHi= NaOH = HClE ARESHo] pH
meter® 275130t BE- 5 pH HSk= bufferd] 45 5802 <l
S fefuloHAl WAYsHA] koo, Agt pH SollA] aa SIS
FAE o AT 29| A9 Fho] FAEE = AR
(Vision Science, VS310SWR) Ujo|4] HFS-S ZId¥5}3ict. HES0]
A=E T JPzielo] YA1EE]7](Hanil Science, supra-22K)E A&
Sfo] TR £71(10,000 rpm, 20 min)ofA LRSS Nt & 4
Z kS mro} A7 R7|(Ilshin biobased, FD8512)4] 5 &
B4 AXANFY. 52 1% & A2 IF VeEeES 2AR
X7

SaU(-80C)°] HastH A Almiet AW ARESHRIT

¢
[¢]
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DPPH gzt £71 24 5%

DPPH 2}tjZt 27 84S =74317] 8l Brand-Williams (Brand-
Williams et al., 1995)2] H'H-& HEs}a] o] 8519tk A AEE
Z TroloxE °]8sl92H, 02 mM 5%9 DPPH A|eF S4LE
520 nmof|A] SIS u] 1.3~149] $2)7} H=E 3 T A3}
ir}. 1.5 mL EP tubeo] A|EE 200 pLA B33 Z, oj7]o]
DPPH -& 800 uLE 7I5to] PAoflA 308 7t W82 XI3gsith
o]% HR-ZOHS 96 well plate] 200 pLA EE3E &, 520 nmojlA
microplate readerS ©|-835l0] SYLE &4, th23} 2 4og

S A4 TS AN

o2
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9] AJo] Aslo] AN AW Zshe] FAALS vigo R %et
HZ 7] Bl 57k B AR 1CnS TS,

ABTS 2i0jZ AH AN =X

ABTS 2t 27 845 S5V 9130 Yu et al. (20172 1§
e G HPsto] o] Z3i3itt. g AEER Troloxg 1851
o, ABTS9] #F 5%71 7 mM7t E=5& 2743t 887} 2.45
mM ZSFAELE(Potassium persulfate)s Sgoto] SAof 4+ &, A
291 920] HRSEA S PO ABTSV} F3d 4 Q=
HARE oV YAAZE ol AAFEH] A 732 el FHIH
14~1.57} HE & oEk2® 3)A5to] 2Astgor, 24 ABTS
£ 950 pLofl AJRE B 50 pLA 7510 108 E9F Qhao
A BFX]3t & microplate readerg ©]-&50] 732 nmojA SILEE
=519t} 0]%.9] A2 DPPH 2]z A7 TAJS ol iy
I SLsHA sttt

o= Pt Ao B AT 300 mM acetate
buffer (pH 3.6)5 T=7] 95| Sodium acetate trihydrateS S5
o YR =0l & olH|EALC E pHE 3.608 XA °IF 10
mM TPTZ (2,4,6-Tripyridyl-S-Triazine) 2 Z540] 3471 TS,
o17]0] 40 mMo] FAkS ERI5te] 50T 9] FepFoA B B
AlZT} 20 mM Iron (1) chloride hexahydrate &8-S A %3t &
300 mM acetate buffer?} 10 mM TPTZS} gAke] E35R89M 20 mM
Iron () chloride hexahydrateS Z¥Z}+ 10:1:19] H]&Z Zgslo] Ht
< &4 USU ofF HE & 180 pLof] A=E sEER
6 uLA 7tolo] &3lolo] oW, HE ZHML [ron () sulfate
heptahydrate S ©]-851] 0~2 mM H{ollA] S|4t #E A4S
wkEo] olgsigich. HEHoT BHT 8912 103 52t Aol
HESA)Z] & microplate readerE 01851 593 nmoA SFEE
Zg5)g10m, ol3e] IS DPPH izt A7 TS Toke
W FLsA A

5 BN 5
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SIS Wialo] 2EIglch ALR 200 WLo] 2R 600 yLE B
- o7]0] Folin-Ciocalteu 894 20 uLE 71519 527+ RESAZH. o1
15% Sodium carbonate 200 pLE 5510 1A]7F 52 Ako] fA==
YAl H3S A7l ths, PalEelslo] J5HS ARESISIT: Micro-
plate readerE 018510 760 nmelA TS S 5190, HEER
E+= Gallic acidE ARESlo] H241S AMS & o5 HiEeR &
Eeuks e SISl

BAMSILA(H0,) £H EES

et 7RpREES] YRSleEA A7 X352 Miiller (1985)
o] WS A5 Higsto] S45ISAth 96 well plateo]] A& 20 pLe}
PBS 100 uLE E33F & 1 mM 59 T4kl 20 ulE 7151
37COA 587F 98-S ZIPAFATE ©]F 1.25 mM ABTS®} peroxi-
dase (1 unimL)S 247} 30 uL J78E 3 thA] 37CoA] 105 7F
HRS-A|Z T} Microplate readerS 018510 405 nmollA S4EE =
galod ofgfiel 2L Aoz 4275 ARSI

P 5143 (o (—g_%EGMfV{Jl_—g_%ESHM/JZG)
HO, 2724 (%) = |1— Es x 100
H == Sample

TE R §olEL Kang et al. 2022)9] WS
A% gkl Zakck AR 03 g HIE T, 070l 0.IN
SABRIES §9 30 mLE Hol oAz o|F 3087 Fsh
A7 TRE: IN SABREES 2 IN G4 o] 212} phzt 1500
120 Ao]9] WPt HES 2SI 2HE §AL AL
308 70 W5} 8 5 AAE10,000 pm, 10 min)5te] NS
TNBSHol wef obu|i At YRS stk 24 g ol

Ze Aol geste] $N=E 2gelent

x 100

_ pHE A e (mg/mL)
pH 12.001 41 2] eh 4 &} (mg/mL )

Ll 71=ReE] 5E5212(0il Adhesion Capacity, OAC)
Son et al. (2017)9] HPHS Y8 ¥slo] 2A519ch 10 mLY]

AFzolS AAGIAL FE K residue)Q] FAE A sto] Az Bt
I 2T TR FAE Blsiylon, B 1 ¢F FA9 SREe

Aprst it

L5 ZlRotEo] f8F2 Son et al. (2017)9] WS A
gt SAEIA 0.1 go 2TE A4 S5k 50 mL
conical tubeo] g1, o37]0f| 25 mLe| SFFE 7okl AT
THA] of7]ofl 1 mLO] 7152 ¥e &, 2EAUCIAE o83t
24,000 rpmo] A 12 59 FEHAS FASHAH A2 0.1%
SDS&} 1:150(v/v)] H]E&2 42 H, microplate readersS 0]-85}
500 nm®] 20N FFEE SHSIh FokEE ofet &2
A& olgsto] ALt

Tx2X Ay X Dilutionfactor

5ldd =
4 @ x Cx 10,000

o

T = B2 A4(2303), Ay = Y500 )
® = B8] H7RH, mL), C - e Bile) By

[y
&

E A5f2(in vitro)
o 7R ollEe] Tl 49182 Kang & Chung (2022)
2 U3 wsIol 23T AR 2 g% 0N SES]
of ARt &, A=l 1% pepsin (w/w)S H71510] 37C A
2% 9t TASHATE o} SN 59| SABHIES §AS 0|8
5to] pHE 7.582 ZA510] 0|5 B3l pepsin®] A8 HA|AFH L
, o] A|Z0f 1% pancreatin (w/w)Z 7510] 37COf|A] THA| 24
b wkslgith o] F A5qS TNBSHS ol-8ste] #415151
o, 243 g5 o183t offieh 2 Aol tiYdsto] Tl 4
ok ALt

i)
3

o

:

252

oy M o] Totalnitrogen (myg)
A 2.9 Totalnitrogen (mg)

S 258 (%) = X100

24 o Y 2] opi Lt

TEo 75ao] TAollieAl 8 £ obu|ieARS: Kim
ot al. (2020)9] WS ¥ WRsto] ST T4 obnliare
Ht AR 0.1 g0 6N FEO] At 5 mLE Fele] Wakag
207 291 BB 5, 1002 37 BEo] 2441 o4t £

o} o TS vzl A== 50T Y 55718 ol8oto] At
<2 AASE &, sodium dilution bufferE ARSI 10 mL7} HE =
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ST ol % 1 mLE F51o] 02 ume] Weeel WS o] §jo]
ofsat ¥, Table 19] 10| U} ofulieAt AREEE7|(S433H,
Sykam GmbH, Munich, Germany)Z A5l ofu|i- Al &
EYETS AR 1 g& Aol AYs| gof ¥ar, of7]of 7184
HE 100 me@ 713 Th 42N SASIIES 89 3 mLE 71319
ok APE 1Rl A RS AR F, 2718Rof Ateto] S5l
2713 & W] 135£1ToflA 224K 59 BESAIZL, o] %
6N gAto = oF 10 mLE £3}5}10] 0.2N Sodium citrate buffer (pH
425y 718t & Amino acid analyzer L-8900 (HITACHI, Tokyo,
Japan) 0 & EA5IF{Th

2] ohleAl B4 AR 2 gof] 95% ofghE 20 mLE 7Fsto]
30COlA 130 pmOE A7 9F &5}t F+20] ' A e
4 55712 S5 AASE &, lithium citrate buffer (0.12N,
pH 2.2) 10 mLZ L&A 31t sl 2o sulfosalicylic acid
02 g2 7kl 4TollA 1A A6k WA7F 2 Alae
0.2 pm HEFHQ "E|E ojIsl, o] ¥ 1 mLE lithium citrate
buffer (0.12N, pH 2.2)°} &g} 28t == S &, 1 F
1 mLE Fo}o] Table 18] 7] wh} ofm| Al 2FE247](S430,
Sykam GmbH, Munich, Germany)& ©J|-&3}o] A% EA513T}

4 24

£ =ollM ARt B HlolEls 24 31 ol HHEsio] g+t
I EEQAHmeantSE)Y FeE ol FA BAlols
SPSS Statistics 23 (Statistical Package for the Social Science,
Version 24.0, SPSS Inc., Chicago, IL, USA)E ARSIt e &
A Aeks p<005e] SEAH fo19E BB

my
o

0} ol JEt

E

re
Jhot

LS
Aol ek viensfEs) 2} 248 £aa] 99
AT 71559 73S Alcalase (X, 0.2~1.2%, w/w), Fla-
vourzyme (X, 0.2~1.2%, wiw), AIZKY, 2~6 hr)yE Z}2H0] Eejds
& d7gsto] A3 sk, ETATet] 7leEstE ] B4 Al
2, 2~6 hn) 2705 T2 sjo] B AP EHeIA
il o) Al 27io] e} Algle Welo] 73t Epe) 71
E=(Y, pgmL) ZIR= Table 20] VERJILE & 20709] Sl7EA]
= B9l dolrl S} FEHS Alolo] JHHAIE 24 3l
AT} olo] tigh AHAGHRY)E EH51] Table 30 Lehfglow,
o] 2700] wle} 73t TET 71Re4B] Alcalase (X,)-Flavour-
zyme (Xo)ARKY)2] 32H] 218t BPL Fig. 10 Yehfict

BEHEMHRSM)S S8 2% X
o3

=1
=)

H
©
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Table 1. Analytical conditions for constituent and free amino acids in
Tenebrio molitor and Gryllus bimaculatus hydrolysates

Instrument  S430-H (SYKAM) S433-H (SYKAM) L-8900 (HITACHI)
lon exchange
Column LCA KO7/Li LCA K06/Na resin
(Na type)
Column size (mm) 4.6x150 4.6x150 4.6x60
Column temp. 37-74°C 57-74°C 57-135C
Flow rate ri:g:r:to(.)%;Smnlw_l{Tniw?r‘w 0.4 mL/min
Buffer pH range 2.90-7.95 3.45-10.85 -
Wavelength 440 nm and 570 nm 570 nm

Table 2. Comparison of predicted and measured degree of hydrolysis in
Tenebrio molitor and Gryllus bimaculatus hydrolysates

Protein Predicted Experimental
hydrolysates values values
Degree of Tenebrio molitor 653.23 677.51+£5.47
hydrolysis
(Y, ug/mL)  Gryllus bimaculatus 632.46 656.78+3.43

Table 3. Correlation and coefficient of determination (R%) between enzyme (X)
and time (Y) in Tenebrio molitor and Gryllus bimaculatus hydrolysates

Protein

- . 2
hydrolysates Quadratic polynomial model R
Tenebrio Y4=-937.91+1,231.30%;+1,123.75X,+
molitor 408.21%3+541.93X1%-31.31X: X5~ 0.9584
Degfree 47 25%:Xs-1,007.44%:%-1,048.93%>-43.29%
0
hydrolysis Gryllus Y1=626-14.82X;-55.88X,+14.91X3~
. +37.54X1X-19.7X1X3=32.23X X3~ 0.9653
bimaculatus

92.64%,2-97.12X,?~174.20%5>

Xi: Alcalase concentration (%, w/w) , Xo: Flavourzyme concentration (%, w/w), Xs: Time (hr)
Y;: Available amino acid concentration (ug/mL).

ol Bolo] ZAAA] 7lEsE2] 2|4 2242 Alcalase (0.65%),
Flavourzyme (0.61%), 4.14A|7F0 2 UeRgtom, AEyEa] 7la=Ea]
E9] 27| ZAL Alcalase (0.64%), Flavourzyme (0.59%), 3.85 A[7EC.
2 Veldth AR = 59 w5l diste] 19] 77k 2k Uet
wlom, ol Suiael SEH Alo]] TAP A= TR s

% 5 it

DPPHE 0|83 ZMAKz U WaEan| Jpe
siZol 2tz

214 270 W} A|ze T ZlRa2e] DPPH iz
7] L Table 40 AXBIRE 2R 7AEa=e] RCy

—de

A7 M &%

=0 o

187
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)

ration{ys/se)

¥r: Available amine asid

[re——— T~ v Alcalase(%)

20: Timee) — 0 Alalaseds)

-

X ; Alcalase(%)

Vi : Available amino acid
coneentration(1g/s8)

X5 Timehe) 2 — s Flaourzyme(sé) Xe: Flavourzyme ()

® (G

¥i: Awailable amin acid

concentrationtya/at)
¥i: Available amino acid
ceneentratian(u./s0)

o= Timathi T — i3 Alcalase()

X5 Time(hry T X Flavourzymerx)

(A): Correlation between alcalase (Xi)-flavourzyme (X2) in Tenebrio molitor
protein hydrolysates

(B): Correlation between alcalase (X1)-time (Y) in Tenebrio molitor protein
hydrolysates

(C): Correlation between flavourzyme (Xo)-time (Y) in Tenebrio molitor pro=
tein hydrolysates

(D): Correlation between alcalase (X1)-flavourzyme (X) in Gryllus bimacu~-
latus protein hydrolysates

(E): Correlation between alcalase (Xi)~time (Y) in Gryllus bimaculatus pro=
tein hydrolysates

(F): Correlation between flavourzyme (Xo)-time (Y) in Gryllus bimaculatus
protein hydrolysates

Fig. 1. Three-dimensional plot of alcalase (Xi)-flavourzyme (Xp)-time (Y)
for insect protein hydrolysates.

Table 4. DPPH radical scavenging activity of 7enebrio molitor and Gryllus
bimaculatus hydrolysates

RCso (mg/mL) TEAC" (mg TE/g)

Protein Tenebrio molitor 0.28+0.017 305.2+0.010
hydrolysates G s pimaculatus 5774013 6,280.3+20.61
Trolox 0.07+0.011 -

"rolox equivalent antioxidant capacity.
Each value is mean+SE (n>3).

2 0.28+0.017 mg/mLZ, o|= 7]EEZAQ] Trolox?] 0.07+0.011
mg/mL thH] oF 25% $=520] FRAke} /g Uit 2 Ak=
2% g S o] 83l M3 A1LEa} SAHH(Yu et al, 2017,
Kim et al., 2018; Ma et al., 2023), ZA 2] 715 3)%0] 2]
Z AAC BIHAQl ikt B A'dS AR o] =gt 34t
3} B2 7IeEetE Woll 3k ofmlicAtt HEfolE 240 7]
oIgt Ao & wWhe]w(Kim et al., 2018; Ma et al., 2023; Quah et
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al., 2023), o= 4t} HEgo] 7]of 4= Sl= @A 8ol &
B3| ZARS oJu]ah,

SHH, AEATT] 7EEotEY] RCs #42 5.77+0.13 mg/mL
=, ZAA ZiEstEol Bisf of 214] &2 32 UErIT
o= AEFTE| ZisEo] A TRkt
St DPPH S|zt 474 &g UehdE SRtk Ay Atolh=
B T RRe ot B A2 W 28 204 &
2 PABE BAE Hol= ZloR HIEgo
24 7RSS S5 ¥ A=A $HEe| =7} DPPH Sitjd 47
2/ 9 FRAP & AL A #oj|A §p3t ATE UERd B it
(Fashakin et al., 2023). T3t AEAT0] 7eEs)iEo] FAlst
SO EH} ofuiAl 24 W GAF FEso] ol AAE
] 24 HEto| 2o 7]lske Ao E EE T JthChotphrue-
thipong et al., 2024).

, E3] Alcalase =

ABTSE 0|88 ZMAXN2 A YEASFI0| It
Z

oi=2l 2tz 2H Y 53

2 24102 ALY DA R AERE] TIEAE
] ABTS 2tz 27 8/ 54 2= Table 5] AASIITE 24
AAAE] 7RSS RCsp 0.25+0.017 mg/mLE LERGEO ™,
ol 7]1&E29I Trolox?] RCs2l 0.05+0.007 mg/mL thH] 2F 20%
229 WIS BHS Holt Ao BHTt B AT 24
AAE] Z7lEeiEe] S A7 Hagh A9 A(Yu et al,
2017)9F AR ATL Holel, 74ENE 1) B ofolidt 2
Hefol= o] Fatat 7lo] RAL AN

SHH, AR 7ReEES] RCso2 5.77+0.13 mg/mLE,
714 7pge] sl of 200 e TS BHE ek
A, Alcalase o110l W] THILL Z5efet A
S 94(Fashakin et al., 2023)°] A% ABTS &t A7 &4Jo] &
370 538 o Qo) o 2 A7 Azlel SA AHE BY
. olefg 2k AEAT ] Aol G 15 AE
2z B9E 4 Us RS AU 9SS AnEr

Table 5. ABTS radical scavenging activity of 7enebrio molitor and Gryllus
bimaculatus hydrolysates

RCso (mg/mL) TEAC" (mg TE/g)

Protein Tenebrio molitor 0.25+0.017 278.4+0.013
hydrolysates Gryllus bimaculatus 5.77+0.13 6,425.5+30.00
Trolox 0.05+0.007 -

"Mrolox equivalent antioxidant capacity.
"Each value is mean+SE (n>3).
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FRAPS 0|83 MK ¥ Wa=at| Ik
CELERE S
22 2702 AT LR 2 AETEe] TiReE

O] FRAP (E2H5) w4 A= Table 60 AASHA: 7““?%1
2] 715E81E2] RCsp 0.04+0.003 mgmLE UElton, 7135
A9l Trolox2] RC5<1 0.01+0.002 mg/mLo]| thr|5te] ok 25% 53
9] ghlES Hol= Aow SRIHIY 2 Aik= UA TOM
DPPH A9 A3} FARY BdS UetH, Alddo] &2 FRAP
249 EA o= n|Fo] Hop ZAAAE] f ohw]iAt Yl HlEfo]=
dio] 44 =Y SEe Yehlle Zos wdEth Eet
ABTS 4] Z239}o] Ajol= 7 FARS| 2tz AlA 28714
2olo]| 7|Qlek= Ao 2 AbREtkBadarinath et al., 2010).
St A Eat] 71EaE0] RCsS 0.46+0.003 mg/mLE,

ZAAAE 7hEsE iR oF 11H] o] SEls YeRfiich

ol EATE] 7ieEsiEe] EAIskE SI=FA17I(-OH) 9
T A} Fofso] S4oto] /gAY A HEES Kok avbHo
2 A5197] Yo 2 AFRHTHKim et al,, 2018). 0|23t A=
AETATET ZieEstEe] Akt 7Is A AAle 88E o Qe
7Fe/dE HojEnh

ZMAXE X SEHE
(TPC) 2t

A zA07 AZ3 AN 7BE] & Zalvs o
& AIR= Table 790 AASIAH. 2AAAE] 7IEaEe] & 3"—1“4
T e 71EEE Z4KGallic acid)?] FHOE SHAISIYS
of 18.42+2.82 mg GAE/mLZ UeRdt} B Avke 2% thilg o]
83 A9 AFH(Kim et al., 202002} FARE 301, S gj:,Loﬂ
A AAE ey B 5 A AEe] Eele AFE
2 FAE Ho, ZAARE] TiEsiEe] Aed Aol 24 %l

° P8} 5Ee AU IS BRI 4 Yirkiung et al,

rotd| JeEdtiEe] & S2HE

Table 6. Reducing power of 7enebrio molitor and Gryllus bimaculatus
hydrolysates evaluated by FRAP assay

Table 7. Total polyphenol content of 7enebrio molitor and Gryllus bimaculatus
hydrolysates

TPC Linear regression
(mg GAE"/mL) (R?)
Tenebrio molitor 18.42+2.82

Protein y:gggééx
hydrolysates Gryllus bimaculatus  177.71+1.12 (0.9843)™

YGallic acid equivalent.
“Each value is mean+SE (n>3).
“%0.001.

B 7Rz F Ejuls TR 177.71£1.12 mg
GAE/MLE e o, o= ZMAX ] 7iEsE ] d#Js]
2 Aol 3, AFEATE 2EY] & S ¥ &
A5t M8 Ao 6.61 mg GAE/gO =2 KB 1% H} 9]0 (Kim
et al,, 2020), & A7 A= 7l oH JJr 782 Sl AEATF 9

Zels Sl 27 271 & AL AN
ZMANE| Y wEER| TSRS DA
A7 B =H

24 270] w} g 29AAR] SRS TS

(H0,) &7 B4 37 2= Table 89 AAISIATE. 24 11134
7hpESES] RCsp 58.34+0.11 mg/mLE UERFOH, o= ¢
dlo|ZE 7] 0= thalz] 7Bl E-S 0|85 A3 AT ZKLee
et al, 2017)9} SAISE S0 ZPAAR ] TlEeE QA 94
T WiRleA 47 S AYAL ZE I o Uit
AP Eg) 7RpEE9] RCsh 5.1140.008 mg/mLE L
U, ZAARE 7eEsiEo] ¥ w2 Iiiskea &7 842 4
EMM 71&9] e Aot AolE Hirt. ok AEAT] 7t
SHE3)E-2 DPPH, ABTS § THE Al 34 B4 Axjo] Hlg)
FHACR W2 471 o] Yehg=d], ole EFHlselv &5
HiolE 919] ghlelo] & AJwo] A ofFof 7IRIgt Aoz A
Tt Arise et al,, 2016). 0|9} T Avk= FEATA] [ &

Table 8. H,0- radical scavenging activity of 7enebrio molitor and Gryllus
bimaculatus hydrolysates

RCso (mg/mL) TEAC" (mg TE/g)

Protein Tenebrio molitor 0.04+0.003 3,902.1+11.657
hydrolysates G s pimaculatus  0.46+0.003  44,873.2£211.01
Trolox 0.01+0.002 -

"Mrolox equivalent antioxidant capacity.
Each value is mean+SE (n>3).
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RCso Linear regression
(mg/mL) (R%
) Tenebrio molitor 58.34+0.11 y=0.7296x
Protein
hydrolysates +7'4351“
yaroly Gryllus bimaculatus — 5.11+0.008 (0.9909)
"Each value is mean+SE (n>3).
™ X0.001.
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Aok B9 24 E4o] Lo et HolahA A48T 5 U
2 AR SIS S BApe) A8 71, WS 24, e
aet B20) 724 £ Fol wet Aolst AnE ekl 4 9]
o), oz 7i7}o] EAHlo] Bk} 18- WSk Alo] A
ch27] wEolt. U¥kH0 2 DPPH % ABTSE: At 47
520 ISt FRAPS 4 o] SIS, THIsd 4
e ] 2oz dele] BAAS AF SEe e 5 7
7¥o] gleo} wizkE 7} AtolalthBadarinath et al, 2010). Wb =
A%k Ao} shelete Bl uet gkt B ezt s
Arjo]) Zjol7h W 4= glom, ofiz Az U EAIhe 4 Wi
o} 4ol B7 9 A8 4o 7|Qske Ao Beke:

ZMAXE Y AHAFE0| JEoiEe ol

ZAAA ] 9 TRt 7iEolEe] SoeE pHERE &
g3t A= Fig. 20 ARSI F 7kpeRofiES pH 1.5~49] 4
A A= 20~30% 7HEe] W2 B E YERiglou, pH
55E gt SA3] S7I5t0] pH 8oflA B oF 119% 7o =
7 2 {ales Ui

olzfgt A2 Fiol sl Tido] lrRolE|n BAp7} T
SKfragmentation)=]] pH 5 o9] A E &7t =4 H
A== A7t A= HLeni et al, 2020). 2 I7 AIE Ed|
T 7lrEslES GREARl AZ9] pH IRl 5~9 oA 3t

9 542 Yehie, et 480 WEE B4 4 9k 4
Protein Hydrolysis

140

120 4

100

80

60 4

Protein hydrolysis (%)

40 4

20 A
—&— pH vs Tenebrio molitor
—O— pH vs Gryllus bimaculatus

0 T T T T T T
0 2 4 6 8 10 12 14

pH

X: pH, Y: Protein hydrolysis (%).
"Each value is mean+SE (n>3).

Fig. 2. Measurement of protein hydrolysis in 7enebrio molitor and Gryllus
bimaculatus hydrolysates.
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A S4< Ad Aoz dddEn

ZUARE Y WEUERD TEHEY REEAY

U Qa1 &Y

AN 4 FEATFe] 7EEsEY] e &4
T}= Table 901 AAISISATE ZHAA Y 7HEafEe] RS2t
2 4.4140.67 g/g sampleZ YEFFOH, o]= 7]&9] ZAAA
o= 3t A3 A74Son & Hwang, 2022)0|4] B1E SB35 2}
g H9)(1.03~2.05)Ht} 2 A&, E3] 35H] guliE o|-&s}
o &3 AlRolA 2.059] gk Hl Bf Qloh 5YUg g4
e ARZNE 232 9] o7} gt o]f+= Tl 7}
TENE 5ol HWepe|= 9 AEAL s HMgkeo] wef 4oy
oh|\AKFAL I, Hddeid 5)Y 717t | keEso] #
Aot} A5 Aol F7IFoRH ol AFE AlEHTHLeni et
al., 2020). GyEo g A Fhgo] WSHE fEFAE 0] 37I%t
the 71& Baret GA|ok= AR Ui, & At AHgE &
AR 7ipistES Ado] Hlwd Wi RS 945
AoZ gehEch

Hhd, AR ZleaehEe] FREAtE 2684031 g/g
sampleZ ZAAX Y 7pEoiEitt $2 X5 Bt o= 4
AT ZleEsiEe] A oR o w2 A4 kS x3et
1 = 7Fs/dE Aok, REEEE SHolAE ZAAAE 7t
FEofEo] Hot fEfet 4 AU e UEhdch

E3 T 7eEShE] Rk 54 Ant 2AAA21(0.97+0.05)
oF AEATE](0.95£0.01) HF 0.95 o302 H|WA w2 /2
DAL Ui 71 Aol W2 ZAAA ] ZieRelEe
22 036~0.63 0=, 3loHd gullg E83F & 249
A 0.6302 B g vl ik f3tE Alg W Tid glego]
E25E AHEEAL} fARE 282 sto] 716l §40] Sle
o, 2 A9 ks ZAAXY 9 AEAES| JeRolE 1
F7H 22 i RS 7L QlSS (A 0] Holg o
2hA] 2 AolA ARERE TSl e 9 Rl SW

WY

mu J

Table 9. Measurement of OAC & EAIl in 7enebrio molitor and Gryllus
bimaculatus hydrolysates

OAC? o
(a/g sample) EA
Protein Tenebrio molitor 4.41+0.67 0.97+0.05
hydrolysates G pimaculatus ~ 2.68+0.31 0.97+0.01

20l absorption capacity.
YEmulsion activity index.
"Each value is mean+SE (n>3).
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oM BF Foet 245 UEd

ZMI{M2| ¥ A S| Je2Ee] AskE £
(in vitro)

AN 9@ AT ZpeEsEe] TE A0k (in
vitroy& Z733t A= Table 109 AASHT. ZHAAE] 71k
o] thal A A5HR-L 71.5648.90%2 LIERFOH, o= A8
TollA WFEEEES Fofl A T A5HE(91.02~95.86%)
Hihs W2 21014, Ramos (1997)0]] 2f3 Hard 2152 4182
< T A9k H9(60~98%)2t Bl e ul, 7 A= +F
o sgsks Aoz wEc.

HHd, AR 7EolEe] AokeE 44.88+1039%=, 2
AAAE] 7leistEol vl 22 2 UERgith ol Aol
ofg] 8Qlo] Ao 283t AoA 7|ght. 252 B9 A
Tatalof Qlo] HE 1.6~10.7 ¢/100 g (2F 1.6%~10.7% HE]) 4
&}3(Ochiai et al., 2024), 7]El-thilA AslH] ez ZAek= 73
71 Bol(Zhao et al,, 2019) B40] T&ZQ] 2-o] AljHd 4= A
11, B8/ AR-do] Boll=|A] kol wiet AA] A8kl A A
A=A 948 4 Y= S(Kim et al, 2023)9] AR WS Ao
Atz gt

e 2 AT Ak AEATE] ZEsER T 2AAA
2] 7ieEdiEe] 4% 38 SHOA B 943 A4S AUH, 4
F AYE A g A FYH SHolA Bt fEjoHA 28 5= 9L
2= AARRI

ZMANE| L wEERin JRsige] 14/K2
otO| et

2|4 20| wet AlxE AR 9 AAEATEA] 7t
=9 9 oAl R4S ERIsH] {3 4= TS
71 ZA3k= Table 119 AASHAH

A ZlEeEe] Mg oAl B4 A}, SFFEA]
8,850.00 mg/100 g0 & 7F & S HEIHGlom, T oo
TEF(6,443.67 mg/100 g), OFATZEXK6,232.90 mg/100 g) &0 &

Table 10. Digestibility of 7enebrio molitor and Gryllus bimaculatus
hydrolysates

Protein digestibility (%)
71.56+8.90
44.83+10.39

Protein Tenebrio molitor

hydrolysates Gryllus bimaculatus

“Each value is mean+SE (n>3).
"0.001.
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Table 11. Digestibility of 7enebrio molitor and Gryllus bimaculatus
hydrolysates

hyt;rc;)l;t/esi:tes Categories Amino acids (mZﬁl(j)I(t)sg)
Glutamic acid 8,850.28
Proline 6,443.67
Aspartic acid 6,232.9
Leucine 5,359.77
Alanine 4,914.97
Lysine 4,702.46
Arginine 4,211
Valine 4,093.07
Total amino Tyrosine 3,888.52
acids Glycine 3,570.28
Threonine 3,3564.97
Serine 3,323.22
Isoleucine 3,192.66
Phenylalanine 2,585.89
Histidine 2,451.97
Methionine 945.69
Tryptophan 925.67
Cystine 642.44
Tenebrio Alanine 13,250.38
moljtor Proline 3,362.68
Leucine 2,430.45
Arginine 2,324.05
Valine 1,917.3
Lysine 1,795.37
Phenylalanine 1,428.26
Isoleucine 1,371.45
Tyrosine 1,187.14
Free amino Histidine 1,170.41
acids Glutamic acid 1,110.27
Threonine 1,015.74
Serine 883.57
Asparagine 686.5
Glutamine 630.06
Glycine 506.64
Methionine 398.66
Aspartic acid 374.66
Tryptophan 351.8
Cystine 287.29
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Table 11. Continued

Fill Categories Amino acids Frozlii
hydrolysates (mg/100 g)

Glutamic acid 8,139.33
Proline 3,962.79
Aspartic acid 5,858.92
Leucine 4,637.76
Alanine 5,503.43
Lysine 4,137.19
Arginine 4,861.30
Valine 3,263.20
Total amino Tyrosine 2,900.40
acids Glycine 3,677.18
Threonine 2,584.50
Serine 3,018.16
Isoleucine 2,368.32

Phenylalanine 2,217.51
Histidine 1,560.03

Methionine 983.67

Tryptophan 574.79

Cystine 448.62
Gryllus Alanine 14,947.82
bimaculatus Proline 826.57
Leucine 1,806.18
Arginine 2,666.40

Valine 1,247.61

Lysine 1,355.21

Phenylalanine 954.77

Isoleucine 977.33
Tyrosine 1,122.78

Free amino Histidine 556.16

acids Glutamic acid 325.13

Threonine 691.83

Serine 717.94

Asparagine 472.16

Glutamine 630.06

Glycine 767.63

Methionine 292.31

Aspartic acid 398.04

Tryptophan 169.63

Cystine 199.74

192

A eERstT] 9 ohr]ieAte] 749 dehde] 13,250.38 mg/100 g2
271} =2 TRRE H9.oH, olojA LEH(3,362.68 mg/100 g), F
A1(2,430.45 mg/100 g), °}=71(2,324.05 mg/100 g) 4=C & FQI=]9]
ok AT ZigEstEoliE § 1789 7 ofridle] &
Eon, SFEI0] 8,139.33 mg/100 g0 =2 71 & AT HEt
W91, ofATFE EAK5,858.92 mg/100 g), YEF(5,503 mg/100 g) <=
07 =7 Yelyth 0]9]9] oAk 448.62~4,861.30 mg/100 g
H919] S AT 78 o|ieAle] B9 & 2050] AEEHULS
], L2hdo] 14,947.92 mg/100 g0 & 7F &2 S HERH: 1
TR0 & o}27](2,666.40 mg/100 g), 741(1,806.16 mg/100 g) 420
2 glolE]9lom 7]et 98] o] Ak 1,247.61~1,997.40 mg/100 g
HeR A&

ot AtolA 7 A Uehd 2RR4ARY] e, ded
Holl 2ok SFERICERE AE 2uEs AR 2
FHAIEES] 712 ArolA, EnEFaite] JeEz A
g o FAF Bs= 7L kL A Qi FUHE R, fe
op|ieAtel A 71} A et defde] Aol JA5 B
< AZEA0E 7L g & S it dEfidS O o

= E20]3(Choi et al., 2017), SFEAS dehda} FA| Fo
Al A 250l QR T80 AT W2 It A At
Z7KRaizel et al., 2016)7F EAFHE. depde] 3¢ ZEAT} 3
BSR4 2EIAE IEE 7152 0 25 Holut 25 5
o 25 8= AT 5= qUrks A A+ 3P} QloH(Baquet
et al,, 1991), A& A+8-2 wolli= A3HA|, YA, Alo|EZA, F
OSA GO2 AFSEEE 2 AoA ARSE 23T TR
SfiEo] | ATtE fIeh A4 2 Ru]g A9 71 dEEXN A
|d £ UL A0 YA VIeEE 25 diE & A4
ot AT, olAFAl, ZER) H FHSH ofliikelErd,
24l 5ol A, AR FuEYPe] JFE WX EE(Rivera-
Jiménez et al., 2022), ofn| iAol W LZTERO| 7]-5/dof| ]
Az 1S 9art g 2R AZE) ok, ZMAA - 7}
FENES BT ZeRelE BT <3 kDa ofske] AEA}
HefolEoflA] FAksE /o] 7FE Holud, ZMAA = E3
<1.5 kDa ©[so|A] §k34 7]0i7F & EYE, E&2Al 5o] C-F
ol iteksE Zdstol, Petol= REFEARDON et tE
AR 4 ZolE 7ML Sl A o= A7) A8 AEetm] o
789 359~721 Da Ao|9] Aol ABTS Hibsts & a4 Z
glo|E g0l =2 AR Ut A3 A9 ZAFK(Fashakin et
al., 2023)& w|5o] Ko}, A} o] Fke HX|= HWEo|l=
X JA| aPEojof & FEOoE AtgFh

©)
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2 o

e v AF Ao FER Sl ZAA] 9
AEFITEelA et B TeEstEe] At 20 24
sholal 7154 B4 oAt ik HFSREHEEAHRSM)ES
Agsto] as 7] 2708 HAgelL, SHG AR DS
Zgato] 2] 27e =ESIAT. ol 2NA B 5
o] ZleEolle2 FAISH 2-9(DPPH, ABTS, FRAP 24 5)3%
S, FARRE, fokE, Aldd Wl 28k 5 =Tisiehy £4
< BRI 2AARzE] ZeeEshEe] A et avkedt &
AFAEE B AETTet] ZieashEe] B¢ w2 FAet
WS A F 7Este B B2 pH ER0lA =2 83l
£ B0l tefet A% a4z ARgE o e TR0l w2 A
o7 AmdEd & die 35 i 9 VieEstes 7154
AF ARz 88 ¢ e 7Fe/de AxsH, A AAL AP
=S sk At oAl S I35 Jide] e e
At HAskd il VeEste 71 Al e A
2oz AL 7hsStER, A% 7hedt AF 3 vEe] el gt
ZHRE ke Hdske bl 71 & A
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