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ABSTRACT

This study was conducted to prepare a powder and protein hydrolysate from
live Protaetia brevitarsis larva. In order to prepare the Protaetia brevitarsis
larva powder, the manufacturing condition was variously designed with sacrifice
method (blanching or freezing at -807T), defatting process (defat, non-defat),
storage temperature (-20C, -80C) and drying method (hot-air drying, freeze
drying). And then we evaluated the appearance, yield, moisture contents, pH,
color, proximate analysis, volatile basic nitrogen, DPPH free radical scavenging
activity and total phenol contents of Protaetia brevitarsis larva powder. The
optimal condition was the combination of blanching, defatting and -20C storage
temperature and hot-air drying processes. When blanching the Protaetia
brevitarsis larva, water contents and volatile basic nitrogen of them were low.
When defatting, the lightness and total phenol contents increased. When hot air
dried, the crude fat contents were lower than that of freeze drying. It was
suggested that 1in a large scale industries, the optimal condition
combination(blanching, defatting, hot-air drying) to make a powder is more
cost-effective and maintaining the quality of Protaetia brevitarsis larva powder.
To produce Protaetia brevitarsis larva hydrolysate, the Protaetia brevitarsis
larva powder manufactured by optimal processing was hydrolyzed using
ultrasound treatment and enzymes (alcalase and neutrase). The appearance, yield,
pH, degree of hydrolysis, solubility, SDS-PAGE, antioxidant activity (DPPH free
radical scavenging activity, FRAP assay, ABTS radical scavenging, Hydrogen
peroxide scavenging) of the hydrolysates were evaluated. Ultrasound treatment
was effective to increase antioxidant activity and solubility of hydrolysate at
two type enzymatic hydrolysis. In the alcalase hydrolysis, the initial hydrolysis
rate also increased rapidly, and hydrolysate by alcalase were higher antioxidant
activity than neutrase. During alcalase hydrolysis, it was observed that a low
molecular weight peptide was produced according to the hydrolysis time. In this
study, it was observed that bioactive peptides can be produced effectively by

alcalase enzymatic hydrolysis and it was better utility when ultrasound assisted.
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2.1. A3 ERA FF BT Ax

S o)l &2 o] §-F(Protaetia brevitarsis larva) % A Z+&= 3| A, @A &
A, AW Hes 24 Agsion Jteis A8 ase A3 FHES5AES
Uell= 2715 FF 939t (Figure 1). Slguto]2Rx]9] fE& AFEER
Ae 2H5ol AAT AFZeRads2FHAANA Frfjste] AREsESTh F7ol
A 5wt 7l F R s A AT

SIAP O ZE 95TAA 123 A& ¥HHI -80TCAAA F5Ysste HHE o

j=2]

i=]
g3t o]F HEH =7 (V4880-071, Simatech Industrial Co.Ltd, Seoul, Korea)
2 MEFEFS -80T, 20C sZA 1 Z+-2 A5t

EFX] = n-hexane (Daejung chemicals & Metals Co., Ltd., Siheung, Korea)< ©]
£3Fo] ' 7] (SI-600R, JEIO TECH, Daejeon, Korea)® 6A]7F nwkalgict. 9
A4S HAE o] &5t F 3H WHES & W& n-hexanes F|WUAA A TR
o] 83} 31 tt.

AxYHoRTE 430z F41xE Adsiad. €3dxE £33 A7z
71(PS-100C, Shiniltech, Gimhae, Korea)& ©]-83}o] 60+5Col| A 12A17F & €%

AxsAt = AA%xE A1 %7](LP-20, ILShinBioBase, Dongducheon, Korea)Z
o]&3ato] T2AIZF FF AESAT ofF #AES 3 =2 A(SHMF-3500G,

Hanil, Seoul, Korea)® #43F % 40 mesh A= Z2 Al&3%



Basic process
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1 step
Selection of sacrifice
method and defatting

2 step

m) Sclection of drying method

-

Optimal process condition

Protaetia brevitarsis larva

Protaetia brevitarsis larva

Protaetia brevitarsis larva

Protaetia brevitarsis larva

Fasting (24 h)

Fasting (24 h)

Sacrificing and storage

A: Freezing (-80°C)
and -80°C storage

Fasting (24 h)

Fasting (24 h)

B: Blanching (95°C, 1 min)

and -20°C or -80°C storage

Blanching (95°C, 1 min)
and -20°C storage

Blanching (95°C, 1 min)
and -20°C storage

A: Hot-air drying (60+5°C, 12 h

Hot-air drying(6015°C, 12 h)

Drying Hot-air drying (60+5°C, 12 h)
B: Freeze drying (72 h)
Grinding (40 mesh) Grinding (40 mesh) Grinding (40 mesh) Grinding (40 mesh)
. . . D f 1
Defatting A: Defatting Defatting efatting

(n-hexane, 6 h X 3 times)

B: Non-defatting

Figure 1. Optimizing process for producing Protaetia brevitarsis larva powder.
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&3to] 20TolA 4000 rpm, 20:E7F DA EEste] A5 dS Ao, AEA
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4% (w/v) Substrate solution

Stirring (150 rpm, 15 min)

h 4

UKlrasound freatment

¥

Heating (95°C, 20 min)

hd

Cooling

l

Enzyme hydrolysis (24h)

¥

Heating (95°C, 20 min)

Centrifugation
(4000 rpm, 10 min, 20°C)

3 kDa membrane filter
(8000 rpm, 2 h, 25°C)

hd

Freeze frving(72h)

Figure 2. Production of protein hydrolysates from Protaetia
brevitarsis larva powder by enzymatic hydrolysis.
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r\l

129 759 AAAL ZHd Este] =TG5 mm x 10 mm)el]l A&
2 F&lo] S B3R o1, Colorimeter (PCR-TCR 200, PCE Americas Inc.,
Jupiter, FL, USA)E Ah&3ato] AEZH 4 T4 WE(CIE L' ¢ lightness), 24 %=
(CIE & : redness), 12]al M %=(CIE b’ yellowness)—e— 33] whEsle] PH S
FHolAFe, g Age]l e 1 value 9291, & value 4.15, b value -15.24°0%

2.3.3. pH

Az 9 g7 S A5 AS STHFTY 10984 (1:10, w/w)ske] 37+ nlqks}
o]  pH-meter (S470 SevenExcellence™, Mettler-Toledo, Schwerzenbach,
Switzerland) & AH§-3to] 38 wrEste] Prgke AstArh WulERAEe] Ag

gasA a AE A e ZPesich

Ay AVldae AFTHMMEDS 2018)¢] m g iHConway)H o2 F4 34
o} 0 gol 50 mLE ¥al 3023t wwk - ojztsto] ARg-gltt. of 3t
g gds 5% -GS ol&eto] e r FIA FH FHF LIv/VE
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F EZ3g9 1 mLE Y1, YA 001 N 32kgd 1 mLE WAd Y1 4%
ol QI u| o] E1(1B725G JEIO TECH, Daejeon, Korea)E ©o]&3] 25ColA 1A%t
HE-g-3 Atk vES & IHN of B AN C":(methl red: methylene blue= 11) 10 uL

- — X
A A7 A A (VBN,mg/%) = 0.14><%><100xd

a | 3 H 0.0IN NaOH 2H] Z(mL)
b Alg el 3k 0.0IN NaOH Z~H] &(mL)
d: AAe 3285 (mL)
f 1 0.0IN NaOH¢] &7}
W A2 H )

okl
2

+ Hoyle & Merritt (1994)e] ¥H & wW3dslo] 4351
HOAlEE 5 mLy AFAS dAEE 7S o] &3t 20T elA] 4000 rpm, 10
1 At Aeds ARgsido AHIF AEd 1 mLek 20%
trichloroacetic acid (TCA) 1 mLE 1&%F 2wk 3 20Ceo]A 4000 rpm, 10+37F ¥

AR st e dS BCA™ assay kit ol &3te] A4 d#s BT =4

2

[e]

H Aadge oble] Al ddst TheEdeE AtEssith
R R AN
e () = 2122 1?%50;41111 == X100

=9 & EE Maryia 5(2019)9 WS Q1&ste] EAs A 7HoE

x5 02 godl 7/ 10 mLol #4271 1M NaOH %=+ 1M HClS #
7bete] pHE 304 9= AT EAEAN S B g7 & o] &3to] 40TlA 1A
7F wob wwkEgith 4000 rpmoll A 10837F QAR A5l BCA™ assay
kits o]&3ste] A FFS EASAT. @A I T HA T g A
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2.3.8. A719 %

Helol= FAE =AH37] 93te] sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE)E AHAlgtdon, 7195717 (WSE-1150 PageRun
Ace, ATTO, Tokyo, Japan)& AF-&3tAth. A7 52 21 mA°lA 0.1% SDSE &
3l Tris-Glycine buffer?} Tris-Tricine bufferE A}&3t3 oW, 125%9 16.5%

gradient polyacrylamide gel (ATTO, Tokyo, Japan)& ©]-83}3ith 5-245 kDa

ol A 3 =5 A (EZ-Perfect Marker Plus, DOGEN, Seoul, Korea)¥ 1-29 kDa
] (EzStandard LMW, ATTO, Tokyo, Japan)S AM&3tdth Al
S 20T oA 4000 rpm, 10&3F LA EE et FFHs AREsHl e
, AlEgdo 29 SDSE #H7ste] 6X loading dye®t £33 ¥ 95Co|A 553+ 7}
sle] ol &3ttt A7FdE T AL Ao 30859 Coomasie Brillant Blue

502 AMston, SRFE ol &dke] 24A3bE St 248t

e & rr 1o 1o fo

o
.
(D
4
FN

i ruln

o

7
\)

Z ZY9E 322 Singleton & Rossi (1965)¢] Folin—Ciocalteu ¥ S W& s}

of ARgEAY. 2+ AEEd 200 plel =FF 900 s Edsle] 2 M
Folin-Ciocalteu’s phenol regent 100 pLE 7}ttt A Aol 537 whs &
29% EMMIEF &9 300 uLet =HF 500 plLs &£tttk o2 1A s AL

oF4WkS-S  XW8Etal microplate reader (Epoch™, BioTek Instruments, Inc.,
Winooski, Vermont, USA)E ©o]&35}lo] 3 760 nmolA SHF=E SAHSAL. &
Az o2 Gallic acidE ol&3to] st om, Age T Eeds TS mg
GAE (gallic acid equivalents)/g o 2 Y EH AT

2.3.11. DPPH radical scavenging activity

ol
-

DPPH radical scavenging activity™ Mensor 5(2001)¢] WS ¥
At} o] =<2 0.3 mM DPPH Solution 0.8 mLoll Al&-&< 2 mL
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&

o oo
2 o
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hin

_14_



th o]F 30 minE¢t e FiolA REEE] microplate readerg ©]-&3te] 517
nm0ﬂ/\ .g‘i]—gf_(absorbance)—e—— %Zé 2:5]-9}]\‘:}' o&*émi%&i ascorbic aCid% 01%6‘}'
of B4t Z2F A8 100 mg/mLe F==2 3|45 5 Aol o] &t

1—(4 bsorbance g, 1. — Absorbancey,,.)

DPPH radical scavenging (%) = Absorbance

X100

control

2.3.12. ABTS radical scavenging activity

ABTS radical scavenging activity™ Nicoletta 5(1999)¢] WS W3 slo] A&
sttt 7 mM ABTS [2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt]®} 140 mM potassium persulfateEs &3 & 24A] 7HE o Al 2o A
ARl ABTS &ol22 FAstHTh 734 nmollA F3%7F 0.7+0.02¢] H =
= absolute ethanol®} &A1 3te] AFE3 . A& 50 ulL9}t ABTS solution 1 mL=
A7 s & ankslo] OV\OHH 2587 WAl 7l % microplate readerE ©]-&3}¢]
734 nmell A FEEE S48t oty Ao=w ZhHibste] A4S AbESAT 7 A
ZE 100 mg/mLA TERZ NI 5 Ao olﬁo}MJﬁ AR ETFORE
Trolox& AF-&3tAth.

1— (A sample — A blank)

ABTS radical scavenging (%) = A control

X100

2.3.13. Hydrogen Peroxide scavenging activity

Hydrogen Peroxide scavenging activity®™ Yu %(2017)¢] "WHS o] &3t
96 well plateo] A& 20 plL, PBS& < (pH 7.4) 100 pL, 1 mM H.0, 20 pLE &3t
S ol H| ol H(IB-25G, JEIO TECH, Daejeon, Korea)E AF83Fe] 37T A 55%F
HH3-A171 % 125 mM ABTS [22-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt] 30 uLe} 1 U/ml peroxidase 30 uL& #H7}stdtt. o] % 3
7C Oﬂ/ﬂ 103+ thA] WS-8 & microplate readerE AF83Fo] 405 nmol A FEF %=
& AR 7 Al 100 mg/mLe] wEE s|A g & A7 o] &3kl on,
%UOEHJ‘“E#E—‘E Trolox& AM&-31%

2.3.14. Ferric Ion Reducing Antioxidant Power

FRAP =4 WwW-e Benzied & Strain® WH(1996)S W ste] =AH3HT)
FRAP regenti= 300 mM acetate buffer 100 mLE 40 mM HClo] &332 10 mM
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TPTZ [2, 4, 6-tris (2-pyridyl)-s-triazine]2] 10 mL<} 20 mM FeCl; 10 mLE 7}
3Fo] A Z&A ek Al ZH FRAP regent 3 mLol 573 300 uLet A &89 100 uL
2 &338e] gx 37CoA 487 vrSA1Zl 3 microplate readerE A& 31
593 nmoll A FFE=E SAH3A Y. Iron (1) sulfate heptahydrateE 0.025-0.5 mM
o] T=2 AT A digdste] AtstAt 72 A5+ 100 mg/mLe] ==

pu \=
S48 F Aol ol g3k

=

off
o

2.3.15. TAA

FA A2 Minitab ver. 18 (Minitab 18 Inc., State College, Pennsylvania,
USA)E o] &3e] EAHEAM(one-way analysis of variance)S A A8FS L,
meantSD=Z YER o Zh A Gk Y AL P06 FTo=E

Tukey’s multiple range test& &3to] A A5
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Table 1. Appearance of Protaetia brevitarsis larva prepared by
different processing conditions (sacrifice method, strorage temp.,
drying method)

Sacrifice method Blanching Freezing

Storage

-80

temperature (C)

Before
drying

After
hot-air drying

DA fter
freeze-drying

V' protaetia brevitarsis larva was freeze dried using optimal pre-treatment

method to compare with hot-air drying.
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Table 2. Yield of Protaetia brevitarsis larva powder prepared by different

processing conditions

Sacrifice method Blanching Freezing
Storage temperature (C) -20 -80 -80
Drying Hot-air drying — 2680+7.61°%”  29.14+7.44° 31.09+7.58"

method  9Freeze drying 17.93+2.44" - N

All values are mean=SD.

U Different superscripts within rows of the sacrifice method and storage temperature
represent significantly different at 2<0.05 by Turkey’s multiple range test.

Y Different superscripts within column of the drying method represent significantly
different at P<0.05 by Turkey’'s multiple range test.

Y Protaetia brevitarsis larva was freeze dried using optimal pre-treatment method to

compare with hot-air drying.
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Table 3-1. pH and color of Protaetia brevitarsis larva powder with different sacrifice method, storage

temperature and defatting

Sacrifice method Blanching Freezing
Storage temperature(C) -20 -80 -80
Defatting before after before after before after
pH 7.17+0.04% 7.12+0.05% 7.31+0.15% 7.32+0.14% 6.51+0.08" 7.09+0.45%
LV 44.31+1.61° 60.05+5.81? 44.64+0.42° 60.75+2.30? 41.67+0.33° 59.45+0.93?
Hunter’s color value a 1.10£0.212 2.06+0.79% 2.22+1.02¢ 2.64+1.14% 1.30£1.28% 2.21+1.55%
b 1.81+1.09° 451+0.91% 4.00+1.32%% 5.80+1.86% 3.02+1.34" 2.51+2.33%

All values are mean=SD.

UL: Lightness, a: redness, b yellowness.

YDifferent superscripts within rows of the sacrifice method and storage temperature represent significantly different
multiple range test.
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Table 3-2. pH and color of defatted Protaetia brevitarsis larva powder
with different drying method

Drying method Hot-air drying YFreeze drying

pH 7.78+0.03" 7.95+0.10%

L’ 52.89+2.73" 53.83+1.07*

Hunter’'s color value a 2.96+0.29° 2.71+0.48°
b 5.04+1.08 5.07+0.83"

All values are mean*SD.

DL Lightness, a: redness, b: yellowness.

YDifferent superscripts within rows of the drying method represent significantly different
at P<0.05 by Turkey's multiple range test.

¥ Protaetia brevitarsis larva was freeze dried using optimal pre-treatment method to

compare with hot-air drying.
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3.1.6. DPPH radical scavenging activity

DPPH #Ht]Z 2A4% 34& 2 944 A48 3o & & At 532 37
st 2o DPPHZE 94 @ Afetdas 95w a2 5o nedel
e wdow Wat Quen Was F4L 4% W F2 o $AHHam 5,
2015). o2 ol g HAW TR GAFTE deld FERLe) DPPH 22 &
AsS 54 A& Table 4-1 o] YERHA=H], 49.59~54.55%= /24 o] 7}t

3
LERUA] R TH(P>0.05). AR H w2 g Zd 2A% F3F 4894~49.12% =
o] H Zpol7b YERGA FATHP>0.05). o= HAZIHI -20T9 &xolA W
o= AN F dFdxs AT e DPPH oz A7%8 Z+7} 60.4% %
59.6% = el 2ol & YER A ekrial E.Ld Singh (2020)¢] frAFgE A2
HGot weA AW Fi, @X 45, x2S DPPH #oZ AAG A4S
NAA ke Ao glE

-

¢
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Table 4-1. VBN, DPPH radical scavenging and total phenolic contents of Protaetia brevitarsis larva powder
with different sacrifice methods, storage temperatures and defatting

Sacrifice method Blanching Freezing
Storage temperature (C) -20 -80 -80
Defatting before after before after before after
VBN (mg/%) 2.72+0.332V 1.26+1.03" 2.83+0.31% 2.91+0.62° 3.27+0.65% 3.54+1.24%

DPPH radical scavenging (%) 54.55+3.13" 50.95+3.76* 49.59+6.49" 52.13+8.20" 50.10+7.02* 51.22+6.21*

Total phenolic contents
(mg GAE/g)

All values are mean=SD.

4.42+0.28 5.04+0.36" 4.20+0.124 5.15+0.13" 4.78+0.18" 5.58+0.26"

UDifferent superscripts within rows of the sacrifice method and storage temperature represent significantly different at P<0.05 by Turkey's

multiple range test.
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Table 4-2. VBN, DPPH radical scavenging and total phenolic
contents of defatted Protaetia brevitarsis larva powder with different

drying method

Drying method Hot-air drying ?Freeze drying

VBN (mg/%) 16.72+4.47*" 14.16+2.87°
DPPH free radical scavenging (%) 48.94+2 65% 49.12+3.14?
Total phenolic contents (mg GAE/g) 3.29+0.23% 3.28+£0.35%

All values are mean=SD.
UDifferent superscripts within rows of the drying method significantly different

P<0.05 by Turkey’s multiple range test.

at

Y Protaetia brevitarsis larva was freeze dried using optimal pre-treatment method to

compare with hot-air drying.
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Table 5-1. Proximate analysis of defatted Protaetia brevitarsis larva
powder with different sacrifice method and storage temperature

Sacrifice method Blanching Freezing
Storage temperature (C) -20 -80 -80
Moisture (%) 8.59+1.41° 11.80+1.61* 15.34+1.07°
Crude protein (%) 56.81+4.12° 56.741.51° 54.61+2.75°
Crude fat (%) 1.04£0.04° 0.82+0.62 0.92+0.13°
Crude ash (%) 6.34+0.69° 5.65+0.13 6.09+0.86
Crude carbohydrate® (%) 27.23+4.89° 25.00+3.61° 23.05+3.10°

All values are mean+SD.
UDifferent superscripts within rows of the sacrifice method and storage temperature
represent significantly different at 2<0.05 by Turkey’s multiple range test.

YCrude carbohydrate = 100-(moisture + crude protein + crude fat + crude ash)
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Table 5-2. Proximate analysis of defatted Protaetia brevitarsis larva
powder with different drying method

Drying method Hot-air drying YFreeze drying
Moisture (%) 10.02+1.172Y 9.72+2.32°
Crude protein (%) 43.34£2.24% 43.50+0.90?
Crude fat (%) 0.29+0.06" 1.35+0.71°
Crude ash (%) 6.46+0.56" 6.62+0.94*
Crude carbohydrate” (%) 39.98+3.65" 38.81+2.38°

All values are mean*SD

UDifferent superscripts within rows of the drying method represent significantly different
at P<0.05 by Turkey's multiple range test.

YCrude carbohydrate = 100-(moisture + crude protein + crude fat + crude ash)

Y Protaetia brevitarsis larva was freeze dried using optimal pre-treatment method to

compare with hot-air drying.
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@A) | ®)

Figure 3. Appearances of substrate before (A) and after
(B) ultrasound treatment.
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Table 6. Appearance of hydrolysate after Alcalase and Nuetrase enzymatic hydrolysis depending on
ultrasound treatment and filtration

Non-ultrasound treatment Ultrasound treatment
3 kDa membrane Filtration 3 kDa membrane Filtration
Non-filtration L Freeze—dried Non-filtration L Freeze-dried
Liquid form Liquid form
form form

Alcalase

Neutrase
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Table 7. Effect of ultrasound treatment on yield (%) of different
enzymatic hydrolysis of Protaetia brevitarsis larva powder at each
process step

Hydrolysis 3 kDa membrain filter Freeze drying
Alcalase 91.25+0.24%2) 75.90+0.20° 2.47+0.01°
Neutrase 90.64+0.06% 68.39+3.42" 2.38+0.12"
US"+Alcalase 91.12+0.57% 66.35+0.42° 2.50+0.02°
US+Neutrase 89.19+0.14° 77.68+0.12° 2.84+0.00°

All values are mean+SD.

V' US: Ultrasound treatment
Y Different superscripts within column represent significantly different at £<0.05 by

Turkey’'s multiple range test.
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Table 8. Effect of wultrasound treatment on pH of Protaetia
brevitarsis larva powder hydrolysates by different enzymatic
hydrolysis

Alcalase Neutrase USY+Alcalase  US+Neutrase
pH 4.76£0.25% 4.40+0.43* 4.70£0.16% 4.18+0.21°

All values are mean=SD
D US: Ultrasound treatment
2 Different superscripts within rows represent significantly different at P<0.05 by

Turkey’s multiple range test.
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(Lee &, 2017; Cho &, 2019; Jang & 2019). % 7
vrol x|l o2 Qldl] WA FEd EA A SRV

F HE=EA7] wFolgtar
FrE th(Komoda & Matsunaga, 2015). Kim 5(2010)0] w29 elo)l= At &
W& Z7]o= RhgAd o] ek Adjtol WA Fafua, vkgAdo] oFd At 3T
8l = 7] wjitol kil Bk T

Alcalase® o] &3t 7FE3EAAA= 05 A
A= 8 AIH WEFEAIIAA Tkl R {24 Aol 7t YERLEA]
H(P>0.05). o] A2 neutrases °o] &3t s W, AdPA R ALHE W &
ol ttal & 4 JqtH(Suh 5, 2017). T3k lcalase«] g0 24 AU/geld w
neutrase® #7442 0.8 AU/gel”] wiZel z &4¢ &A= t=7] wiol
W ZAytela E4 Qi (Novozyme, 2016). 3 §A4AFFo upehr = whulz 9]
Al WA Fo] 71d] digh wh&Ad Aolo] o 2 VAo E Tt
zpol7F wHAISE 4= 9l o W (Kim, 2010), alcalasew WS 3 2S AAst=
A o ~H 2 Ao dAusli=d Hksl, Neutraset ©}d(Zu) o &4 ]
Wgol gak el we Aolrt AsEdEe] dFE E Aoz A
H - (Novozyme, 2016).

A

ZHE, neutrasesE ©] 83 7}_/;

0

HE
O]

|

gL;—qufoi&PHm
<11 VR ¥ N R o Y )

g3t AYTAAE 0~05 AREY FAEL 2898 AL e A5E
slgel vl e AL FAY 5 YUt o= AFo| 2&WE AW Sk
oA Ao 71EEo] A4HI, HAE VEEe] HA W 44EE I dgow
s wudel BeHQ Hol Auwe] AT 2 AAYE AY Fo| vy sy

chala EYHAgo] wHAlel Ao Alg¥EtHlee & Um, 2008; Pino &, 2020;
Marciniak %, 2018). Globular, a-helix®} #Z& UAE Fxo wwao] coil, B
~sheet FElE W] 7[Ho] thd Eao] FZAHo] T7kst] 7] 7l =7t
H53 Aolgt A th(Alizadeh & Aliakbarlu, 2020; Garcia 5, 2016). T3k %
& o] &5t MEH I AEHe] Sz wids Fyste] 1E&E, GARL IEE

go]slthH(Umego 5, 2021). ol &A7lFEEeE AxaE F8 A48 7

KeN
=
AREe FIND F Qe gugh

¢
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Figure 4. Degree of hydrolysis of Protaetia brevitarsis larva
powder hydrolysates produced with different enzymatic hydrolysis
and ultrasound treatment.
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gude) fawt f3 9 Aol 2 J5H 547 A2HE FEold F
# 54 F sl gud gud 9 B dugd ool B ol 2o A%

oo
op
g3
Lo
ot
ih)
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(Trevino 5, 2008).
pHol W& 7teRa 2o 8= Table. 10 o] YEFHAT. Lukzxol 235 o

SAHL pH 4~652 & A A (Birgit 5, 2016; Foo &, 2006). st v 23
of o]g% Z} VfFrEHEES SHHEE Edst= EE pH 7+l A 86.63~91.60%

2 &I EE BT JheEs & duide] AR HEol=R FalE 1, o=
Figure 49} Figure 99 Ao} A4S 711 g Aoz Fdagr}t w3 /b
w7l ¢rd - 3 kDacz AZA FEel=g wdadirldd 2 S =E B
v Aoz AsdT g A8 @
& Romeo (2020)¢] Aol w=w, 7pa

I AE AAT + AT

Neutrase 2.t} alcalase® 7l 3= oW ¢ 2 &3l%= T4 3= HA=
g, o] &4 @7 EEA E EAhEd HF alcalase’} ¥ =& HEa =

¢ galeE Bl A5 A FARA S (Lee 5, 2017; Zhang & Romeo,
2020; Ahmadifard %, 2016), %A AWHAY T FAE7 JFE v Ao A
5%t Zhang 5(2019)] w2 alcalase™ 73 H] 5ol A1 exo-peptidase = A
Galolu Al wo| WSO HA, 2 MR @402 HEA FHElo|=E Wo)
Agste] thEat 22 A7 e Ao R Abs
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Table 9. Solubility of Protaetia brevitarsis larva powder hydrolysates produced with different enzymatic hydrolysis

and ultrasound treatment at various pH level

pH

Samples 3 4 5 6 7 8 9
Control 56.73+2.18%®Y 7 98+1 64 96.32+2.014"2  94.96+0.62"" 96.74+0.40"" 98.83+4.2741 96.44+0.7240
us” 54.13+3.01%" 58.02+6.07"" 74.65+4.29°P 85.00+6.78" 89.67+6.78" 85.54+7.80" 83.91+7.70*
Alcalase 88.07+7.19%%8 87.64+6.84 89.56+7.04 88.80+7.02 89.09+7.14 88.24+9.55 88.54+6.89
Neutrase 86.63+1.944P2 88.28+1.174P2 88.04+0.874P 88.38+0.724 87.62+0.06"" 85.730.44"P 84.36+0.49"
US+Alcalase  90.80+7.27°%% 90.61+8.08° 90.90+8.46 91.60+8.77 91.22+6.96 90.20+7.54 90.97+6.63
US+Neutrase  88.86+7.96™* 89.63+8.53° 89.19+8.30 89.28+8.75 88.41+8.08 87.12+7.50 85.42+7.31

All values are mean+SD.

D US: Ultrasound treatment

U NS: Not statistically significant

¥ Different superscripts within rows represent significantly different at 2<0.05 by Turkey’s multiple range test.

¥ Different superscripts within column represent significantly different at £<0.05 by Turkey’s multiple range test.
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3.2.6. DPPH radical scavenging activity

3 kDa membrane filters &3k 7Fitdll &9 DPPH etz &AL S
o] Figure 5 o YeuAdrt FAHZFLSE Ascorbic acid 0.01 mg/mL<]
H] 35} 31 T

g x=9F vluste] 253 A2 Ge] DPPH 2tHZ A7A 50| 42.19%° 4 46.15%
2 ooz T/ THP<0.05). 72t Eart il Bl A = Alcalase 7Hi-dl &
2 50.47%0°l 4 50.73% =, Neutrase 7FrEallE2 47.97%NA 4840% = EF 44
z=at &4 o] e AAGE YERET ti) dede] s dAe He o] 2=
5 2Elete 59 AYE ZFekd s wW kst &4o] Frhstedl(Fu 5, 2017,
Serpen ‘5, 2012), ol& Zt Aol tial| @A FAhAdfo] By o]mld T

M1 ool

o
T o o

O

F

& FAE AASA WA s Tl T dva & A dth(Zhang T,
2020). E3F Pino 5 (2020)°] W= &3k A2F 254 7] =& =7 S8
, o 4

s, ol 2w At vwMd 29 A4S doA ATz FA

g A7 wE AEIt Z74EA7)

3 HtAo] wol kst B4 FUtol FIFS m|
Lee &(2017)2] A-elA 3 kDa c°]ste] 3JxdHlo]z5F-X]

= "?‘*E]O*‘:‘r. ol Alcalases ©]&3% 7]’T“r° =9 #4e] ¥ =9kd & Hdd
Adtsel ol Aam F5o AR} A mE Aol Aew 4 .
Kim 5(2013)¢] Aol AFrt Abz 7heEsiee $55 20 mg/mLe ==
aAe % DPPH #tuZ 245 ##3 43 4 aartedseds FE=3 3
kDaol%e] Feto]=H ) 3 kDaolete] HEfo]=o|A 0.14 mM trolox equivalente]
gt S EAv Kim $(2013)2 AEA HAAEd FE2=¢ =5 50
mg/mLe T%E% DPPH &tz A4S =43 A7 91.97%2 JAE&Z 1 mg/mL
<] ]E]rU]CS’Jr AT drtst e 3 kDaol’d¢] +8& Bt ¥ 445 B
At wEbd A E2ss xdctes 8 9UE rtedsiee] A4 AeA JE
oj=olA ®Bu ¥ DPPH 245 Y= Aoz dddn
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Figure 5. DPPH radical scavenging (%) of Protaetia brevitarsis
larva powder hydrolysates by using different enzymatic hydrolysis
and ultrasound treatment.
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3.2.7. ABTS radical scavenging activity

5ol 2l /\ﬂﬂ‘ﬁ’ﬁ A0l ABTS gttzo] 24y = g FHER
= WY olth(Lee &, 2017). DPPH 2@tz 2AW I 22 itst &4 SA o
gt 2s spebAQl W or fdste]l EA4e SAsH, Sud A ARte
S5 dddol ARt FAo] wEa pH WStel] tha RS Srks Ao
(Yoo 5, 2007).

ol EH2] F39 §_ Jheia Eo tidk ABTS oz A2A &4 & Figure
6 o YebdAh FAHETOZ Trolox 0.02 mg/mLe FE9 vHwsdrt BE
aartrddee ﬂ]z:rLQ} 7} 5H A =5y Aol vls) of 48 o] &Ade]
frelHow #7}0}»\——“%(P<005) FAHETRYG FHoz = A4S BT
(P<0.05). tix=79F =1 A= 77 2253%% 25.64% = 794 Afol= e

Ol

o

[

Fl

il

A ek om(P>0.05), PRI R e G4V REE] A 229 A ot
2§94 Aol YERUA ZUTHP>0.05). ol 229 ez <l amE Fx
Hg o] ABTS @tz &7 5ol #oatA] g+ 2= et

7t G4 Vbl e FAAuERTe &4 74.82%¢F vlwEte] o =2 d4S
Epl et =S JhEits] A3 vlaste] @Ado] §5e AR Hol JhpidEet
dHAgel U= AoeE B JhERs R SUke dAkst @A a9
th= A9 2%+ Kumar 5(2016)9] o8] ®ig vl Qo) o= 7kl Al A4
¥ opn| gt TR Ee wjd Soll fste] dabst €do] detd 4 e, &
ks 24 & vEh e ofn Al B el =] =F A =T ABTS @tz &75 ol
ks v Ao AZtET(Jang 5, 2019).
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Figure 6. ABTS radical scavenging activity of Protaetia brevitarsis
larva powder hydrolysates by using different enzymatic hydrolysis
and ultrasound treatment.
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3.2.8. Ferric Ion Reducing Antioxidant Power (FRAP assay)

s A = DPPH ¢} ABTS @9z A2ARHY &8 #H

sl fulo]| ZE %] fF9o FAVIFEHE 3 FRAPS Figure 7 o YE$lo]2
ofgt A& FAste= WY oltk(Johnson &, 2007). o]+

of Bt o WY = P& o] &3 HAY O R
x = Aol Adth(Benzie & Strain, 1996).
g A= 247 106 uM FeSOy/mg3} 144 pM FeSOy/mg=z S+
< A EEs Hlon, 253 Agd wE {Fo% Aolrt ‘/}E]r‘/}x] %t om
(P>0.05), o]&= ZF &4 7t wdlEdAE 2539 Agd b a8 F7 yE
A sk e @akst &4 Adek= 2] Neutrase 7hrEdiEo] 9o
46.4 yM FeSOy/mg= alcalase 7Fradl=2 L=< 359 uM FeSOy/mgh.th =
UTHP<O0.05). o= #4atst &4 FA We wet Xol7p e 4 glom, &4
o] 714 Soldel we} AFE = ofn| A wiE e Aol 27 witold A
qujr(Pihlan‘co 2016)

Hm
%

r2 M

H] 23k Jang 5(2019)9] w2 Alcalase 715
T2 59 &40 84 uM FeSOy/mgo =
o] 252 352 #4490 359 uM FeSOy/mget ¥l st S o, o
< Y E=3k FeFde] % 3017 uM FeSOy/mget 2 7&
1595 pM FeSOymgH th= =2 A4S YEY AT, o]+ #2 3 kDa ©|

1[ 2 i r
Ak rlo

4 Lo
il

% do a4 no
ot T off o 1o

T 0

=g AGSAAT FFo FH, AN, AAY FH 5o Aol7t 47
e Jehhe Ao we,
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Figure 7. FRAP of Protaetia brevitarsis larva powder hydrolysate
by different enzymatic hydrolysis and ultrasound treatment.
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3.2.9. Hydrogen Peroxide scavenging activity

A A~Z 0] A=< Hydrogen peroxide: ®¥F-gAo] wij-g- Zalo] vl dwp =)=z
of &4 WAAA AATVET At v AW U 2 w3 E fstes Aoz

o

2 tH(Martindale & Holbrook, 2002).

S Huto)| LA FF FAVFERAEY HO, 27%5S =43 2y Figure 8
H] o

of Yeldich 7tEE A HET(2.08 mg TE/g)Q‘r

(256 mg TE/g)l Al %PMOE gAdol F7hskATHP<0.05). 253 Ael 44 &
S 4 ERAES 250 AYUTd aavteEdEdd v da 22 AATS
BARE Fo] 4 Aol Eolxl 8 ATHP>0.05). 253k A2d Farbeie e

of
o

749 alcalase &4 7FrFwdlE2 287 mg TE/g, Neutrase &4 7}

mg TE/ge® Yely 7leEs 387 X“’ﬂ Hla] frolAem S7hek A vh(P<0.05).
=, A geE el x4 f5 At RHEY HO, 275 s S7F A7
g 4Es wAOoT FohHET)

Chandrapala (2012)2] el ot #3 dulde] gk 253 A o5 ¥k
A sulfhydryl group®] &&o] S718td<dl, ol S84 F4H02 o]
4 WEgS dSA thiol groupd =Fo] 7t 7] witolth. AWt ox Al 4

chsh Hel o

oly} 7o th101 groupS ¥l @l AL H0,S AAFHH A9
Eiy sty &4ed A A thH(Lkinnula 5, 2004; Netto %, 1996; Je &, 2009).
T3t Sulﬂlydryl group< ofW| =4k ZFARA AFAS H Qo] A g
of gt W&ol ol akstAd A A HO, 22750l HolytH(Gracia 5, 2016).

ot
rulo
HJ

i
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Figure 8. Hydrogen Peroxidase radical scavenging activity of
Protaetia brevitarsis larva powder hydrolysate by different
enzymatic hydrolysis and ultrasound treatment.
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3.2.10. A719 %

83 Algke] W
S AyE nE o=
43l SDS-PAGEE %

253 A8 A 7] W= o 4] 100~140 kDa®} 35~60 kDa, 20 kDa, 10
kDa W99 WMe=rh dAs = A gelatqirh. 14~35 kDa 91l W=7t veby
= AL 259 FEE "G Ao FHTd 4 AvH(Anderson &, 1995). 35 kDa ©]
deol HMele] Miee g4 9 Ve AR Q1% Ao AR of7dde e}
A oA (43 kDa), B-glucosidase(59 kDa), tyrpsin ++AF @9 & (59 kDa),
g o] @A @R5 kDa) 22 @idoe] EAstE Ao R AR ¥ (Chao T,
1999; Prabhakar &, 2007; Zhao &, 2005; Ferreirea &, 2001), 100~140 kDa % ¢
o] Wi== F359 AWxzAdA FAE= A A2l Vitellogenin A T
(160 kDa)e] EAste= A2 Alm ¥t (Lee 5, 2000). Son (2017) @A g A
AAY B el 60~100 kDa HEl o] EA AL A= 4 SvjH ) H
=54 &AM =& M= E et B sk olF F3l 7t Alztol
S7tErE A3 Sl dig &l ETF S s &9 5‘}"“’/}

ot
e
£
o
Pl
-
>
do
ofj
(.
i
N
)
¥
N
o
i
lo
A
"o
o
k)
12
ol
]
B

g

o o

= o)
ol
3R
XL
5
(e}
c
=
o
L

g

_4

ruﬁ
2 oo m‘ 2

~
4

T4 b EdlEe d71d sl 5~10 kDael W= He7E dAE RS wpg o
2 A&z FEelol=o] &5 Flsy] §8le] acrylamide gel %E% =] A 35}
At 7hEEsE] Alto] S7ME 4 E 35~14.3 kDa W99 W= MR S0

Z53% AgFellAs M= AAZE JetAl A E A0, 245 kDa o] Fe] W=7}

| XJ’SHH FAEAT. o= TheEs] A 253 2 dAe, vt
oAz elB Fo AAe & AsH &l o5 w=rt v ol AT
59 Ay} fAsE o (Hall & Liceaga, 2020; Zielinska &, 2017; Ahmadifard
s, 2016), 253 Ag A 71EERY W=l Hlawste] AL fEe]l=o &
of e ZA¥Q Aow AZHY. TAVF FYE AFTEH JteEsierr
of wel M= A= Ades ol A5 Aot FAA W (Jang w, 2019;
Kan &, 2020; Jin &, 2020). &4 9Wd F=E dis] SDS-PAGEE 33
Yi 5(2013)9] Aol <95 kDa Q1 @9 AT el o2 Hol §4 7F5E3
7 &4 A S A =S T

rr

-
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Figure 9. SDS-PAGE electrophoretic profiles at (A) broad molecular
weight range (5-245 kDa) or (B) low molecular range (1-29 kDa)
of Protaetia brevitarsis larva powder hydrolysates during enzymatic
hydrolysis by Alcalase.
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3.2.11. G4 o} =2k

o
1z
o,
A
-
X,
do
of\
filo

Ze9 A £ alcalaseg °©]&3sto] Az @yl
< Table 100 YEFHATE 748 Altol] whel ofw] w=At

3
2
ohvliate] sbrRa Agtel FE5E Fde AL B
°]
T

o o o plok
> 9
=
o i
2
BN
oX,

2
S
T
a
o m
SIN -
aUBNLE
=l
i
i&
>i
O

S Yehle Aot estel] sjdEHE 2ol
o Eded, Jﬂ‘é%‘ﬂﬂ, olcaafﬂ gFow HrtE F 9
F Aol sl FeFol FUkek shpRe] Tl v

. =
sAAS ZHE TAANE F de AS ¢ F UAATHKIm & Ahn,

)
o

N D O N S A o
M Mk
:?L_',
o

2 4

2
x

2014).

O o dwde] EAlst ZA oA AbgtE o] 59 oA ALk 7
(Wagenmakers %, 1990), &% = 2 o9 -4“5_ As T Al 259
WAtk e A o =2HBCAA)R] FAl, o] &AFAl, e T
¥} vl alste] F7FslS om (Churchward- Venne 5, 2013), 7} s
S TEAIZI F A o] 2ol 7t vrERUA] e kHH(P>0.05).

Tk A 7l sdE e AY, SFERIA of~gex] 2 EYedl gt

b _E
_?l‘,
o &

&
Me
__<|)L_«I
or
&)
>,

o] 7kEl ol F FUlete Ao ®E Kol shetd] o] whlA fajee] {39
A AgstE e YeEbAtH(Trevino 5, 2008). %A 7FEafiatz] A2t nlalsho]
Zbeitsl & @Fabstso] Skek RS Rl F e, ol 23 A9k Tkl
FHo RG] UL AT T|dste &AFA olnite]l TSR] W o®
A2 ¥ Y (Benjamin 5, 2019).
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Table 10. Amino acid composition of Protaetia brevitarsis larva

powder hydrolysates during enzymatic hydrolysis by alcalase.

Amino acid Time(h)

(mg/100g) 0 05 1 3 24
Tyrosine 25.07+062¢  109.55+3.35°  121.19£1.24*  111.06x0.17*  119.25+3 56
Glycine 36.71+0.25° 94.21+0.78"  95.71+0.02>  96.47+0.40° 97.35+1.20°
Serin 32.74+0.30¢  103.48+0.30°  107.33+0.25°  107.34+0.90°  88.22+0.93"
Alanine 40.02+0.14>  93.19+0.48"  92.49+0.31*  94.18+0.48" = 94.87+1.48"
Glutamic acid 87.16£150°  212.73+050°  217.32£0.42*  216.25+0.58°  216.44+3.30°
Lysine 2092+1.48"  90.93+0.14°  93.42+0.13*  9556+0.89°  95.94+2.28"
Leucine 26.86+2.34°  91.94+2.05"  9529+054°  94.24+047"  94.96+0.85°
Methionine 578+0.14°>  21.90£0.76°  23.75+1.80* = 21.44+1.38°  23.07+1.64%
Valine 22.68£0.05°  73.94+196°  76.64£026°  7591+2.38%  79.14+0.52°
Arginine 30.36+1.18"  73.20+043°  76.73x0.76*  7517+1.17%°  71.79+2.04*
Asparagine 46.39+2.18"  138.72+0.17°  141.50+0.21*  142.19+0.45°  42.27+2.43"
Isoleucine 18.36+1.51°  53.41+241*  56.25¢1.09°  55.88+2.60"  58.92+0.07°
Threonine 22.97+093"  70.46+0.44*  71.90+0.18*  7278+0.79°  72.07+1.05"
Phenylalanine 21.66+1.76° 63.21+0.82>  65.72+0.28"  67.24+0.59" 67.45+0.99
Proline 79.11+0.86°  135.82+552°  133.03£0.77*  138.32+1.15*  141.13%3.30°
Histidine 22924156  4593+096°  48.37+0.45a°  47.20+0.06°  46.79+0.26
EAAY 165.34+9.52>  489.81+850° 50757+2.38°  508.80+7.66°  515.27+6.02°
BCAA? 67.80+3.80°  219.28+6.42°  22817+1.90"  226.02+5.44*  233.02+1.44*
HAA? 245.38+6.02°  605.70£2.02" 615.11+1.18" 62223+8.06™  633.81+8.41°

VEAA(Essential amino acid) - Lysine, Leucine, Valine, Isoleucine,

Phenylalanine, Histidine

YBCAA (Branched-chain amino acid) - Leucine, Valine, Isoleucine,

YHAA (Hydrophobic acid) - Glycine, Alanine, Leucine, Valine, Isoleucine, Phenylalanine,

Proline

PThe mean in each row followed by the letter are not significantly by Tukey's multiple

range test at P<0.05.
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