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ABSTRACT

This study was investigated the effect of alcalase-mediated hydrolysis time
on Protaetia brevitarsis larvae protein. Physicochemical properties such as the
hydrolysates vyield, protein extraction yield, proximate composition, degree of
hydrolysis, SDS-PAGE, pH, solubility, surface hydrophobicity, particle size,
and zeta—potential, scanning electron microscopy and emulsifying properties
like surface tension, contact angle, and emulsifying properties were evaluated.
The initial hydrolysis rate also increased rapidly during 30 min, there was no
significant difference after 30 min. Hydrolysates yield and protein extraction
yvield were increased. Solubility was above 80% solubility at all pH (2-10).
SDS-page indicated the reduction in the molecular weight and protein bands
having an MW<6.5 kDa. There was an obvious decrease in pH, particle size,
zeta potential, and contact angle with the increase of hydrolysis time. All hy—
drolysates lowered the surface tension and higher interfacial activities than
native non-hydrolyzed protein. However, ESI of HP6 was decreased.
Excessive hydrolysis time increased hydrophilicity and reduced emulsion
stability. Therefore, considering hydrolysis efficiency and emulsification char—
acteristics, 0.5 hour was selected as the optimal hydrolysis time for emulsion
preparation. The influences of protein concentration on emulsion stability and
properties investigated in P.brevitarsis larvae hydrolysate-stabilized O/W
emulsions. The results showed that the concentration increased, the particle
size increased and the zeta—potential decreased. The higher the protein con-
centration, the slower the creaming proceeded, and there was no difference in
the amount of protein adsorption involved in emulsification. Additionally, en-—
capsulation efficiency was above 95% at all protein concentration. Therefore,
this study suggested that P.brevitarsis larvae hydrolysate have the potential
as an emulsifier in the food emulsion system and application for bioactive

compound delivery systems.
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Table 1. Conditions of ultrasonification processor

Items Conditions
Frequency 20 kHz+50 Hz
Amplitude 75%

Pulse on/off 15 s(on), 10 s(off)

Time 15 min

Power 750 W
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4% (w/v) Substrate solution

v

Ultrasound treatment
(20kHz*50Hz, 750 W, 15 min(15 s on, 10 s off)

v

Heating
(95°C, 20 min)

v

Enzyme hydrolysis
(Alcalase, Time: 0, 0.5, 1.5, 3, 6 h)

v

Heating
(95°C, 20 min)

v

Centrifugation
(3134xg , 10 min, 20°C)

v

Freeze-drying
(72 h)

v

Protaetia brevitarsis larvae hydrolysate
(PO, HP0.5, HP1.5 HP3, HP6)

Fig. 4. Preparation of Protaetia brevitarsis larvae protein

hydrolysates.
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assay kits ©]&sto] Fde A4 IS AT dwldE &=

a el U AEAe] Aagyel vEw Asgd

l
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2.1.7 4AA7], AREH, A=EEXE

Aol T A BubrRaRe] 94y @ YAREEE DelsaMax

bl

Pro (DelsaMax Pro, Beckman Coulter, USA)E ©]&3}4 dynamic light
scattering (DLS) gl oJsto] SA3tA vt YA 7]+ particle diameter (nm)
A e $ = zeta—potential (mV), Y =¥ 5+ polydispersity index@ YEFH A
ow 33] ¥k FAsto] Hgow YEWIt

8
FHAE 2 KRUSS EasyDyneS K20(Hamburg, Germany)< ©]83] du Notiy
ring WHoE SAsAT FHAYH S8& Sl sETHE 2% (w/v) S TbE
EHS AxNom 53] A% SAHE FoHeE Hepddn SR

=
dl= & AxE A& AHEE SR EUFH S 72242015 mN/me] AT

gguto]| 2 FA 5 Gl Rl Ee THATAS Kim et al. (2021)9] W
05 g 0.025 M phosphate

buffer (pH 7.4) 100 mLo] o AgE A=xsgct. 72 e 1 mg/mL
bromophenol blue 200 plL¢t A8 1 mLE &3 & 7| S o] &3] 20
TolA 10+ &<k wwksk g 2,000xgol A 154 7 tH(Labo-Gene
1248R, GYROZEN Co., Ltd., Daejeon, Korea). tHZ7= 0.025 M phosphate
buffer 1 mL®¢ 1 mg/mL bromophenol blue 200 uLE &3l AREsTh A

Y
J(E
o>
M
Ach
ol
ol
2

Zds  10v FA3 F EFLEA(Epoch™, BioTek Instruments, Inc.,
Winooski, Vermont, USA)E ©°]&3l 37 595 nmolA SFFE=E 433
TALTEL ol o] Ao =m ALt

A—B
A

BPB bound (¢g) =

A : absorbance of controlat595nm
B : absorbance of sample at595nm
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AR LA GE WU RARY RS BAR] A FEALS 57

=718 HZE=7Z=A 7] (Phoenix-150, SEO Company)E A3} sessile drop W

Mog =Astglon HE7ZF olu| A= A ZE 9 o](Surfaceware, SEO Company)

& Ab&s ZGstath A Sl =g 2%(w/v) S AT =l 1A%
5

F Azxste] ARE FPIFAT 1 F 9

W
o
=

.

2.1.11 F38EAD 2 #3F A AESD
T3 (EAD 9 3o A (ESD)2 Pearce and Kinsella (1978)2] WH-S M3}

of AT, WA FAAEE GUASENE 2 g€ SHF 100 mLe £
200 rpmell Al 3087 kel 2%(w/v) A Bakele Azt o F

k=S
a7 B AN 45 g3} medium chain triglyceride oil (MCT, Medifood, Korea) 5

¢S Ultra-Turrax (T25D, IKA, Staufen, Germany)Z ©]-&3a] 15,000 rpmel A 2

N

T &St #Es Oil-in-water ¥ de Axstdtt F4E oEHAS #4
%, 10 % AFAsE] 0.1%(w/v) SDS 39 mLet &3tste] 408] 8|4ttt &
B 2333574 (Epoch™, BioTek Instruments, Inc., Winooski, Vermont,
USA)E o]&ste] 34 500 nmoll A F3=Es SAsIAo w3td 3 F3ibg8A
& ofgj o] Aow ALkttt

2.303 x 2 x A, x Dilution

EAL= & x C x 10000

ESI =
= A, Xt
A, = absorbance of the diluted emulsion immediately after homogenization

C = weight of protein per unit volume in the aqueous phase (g/mL)
@& = oil volume fraction of the emulsion
A, = change in absorbance between 0 and 10 min and t is the time interval (10min)
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2.1.12 SEM(scanning electron microscopy)

Alcalase 7hai Al Ztoll W& S Fldto] A7 W7l & s w
Zst7] 9t HAAX H AEE Sputter coater (Q150RS, Quorum
technologies, Lewes, UK)Z & I®W-S st o, dxdn % (MIRA3, TESCAN,
Brno, Czech)& ©]-&3te] dul7lrits=S A&t oluf A5+ 2000 o

ghel 5 kvel AgkelA Fdahsn

2.2. B4 F=9 WE oil in water EBAH Ax € E4

AEHd Ax= Ding et al. (2021)9] WS WP sto] ARESFA Hio] @& T
FreAll 05413 &<t kRS Tt Ed s BA R ARRSEATE 1%, 2%,
3%, 4%, 5%(w/v) @7t E &S 2413 5 200 rpmell Al u
4°Coll A 2441%F &2t B A AR e, nAdE S5 WAEH7] 96

Sodium azide (0.02%)< #7lstdth. 4349 2 medium chain triglyceride oil

i
ol
ol
g

(MCT, Medifood, Korea)¥} (R)-(+)-limonene (Sigma-Aldrich Co., St. Louis,
MO, USA)S Lil(w/w)E AR&stAth 4 4k o] vl &2 1:99(w/w) ©]

A& A 7](T25D, Ika, Staufen, Germany)S ©]-83Fe] 10,000 rpml 2 1%
oF st 1§ 20,000 psiel Z A 7] (Picomax MN400, Micronox,
Sungnam, Korea)ol Al 33] S 3A]7 oEHAS AZXsAT Axd AEHLS 25T

oA BESEA A, YARA, 2P, LYLLS FIY

221 4R=7), AGAY, JEREE

oE el JAEAL 2179 WHor =AU}

= 10,000xgel Al 30 &<t WAl (Labo-Gene 1248R, GYROZEN Co., Ltd,
a
[}

Daejeon, Korea) ¢t § FAM7]E ©]
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B gl=o] gl oEAe FAZS 022 um ZEE o738 ¥ BCA™ assay kit
S o] g3l wlAstES A3t AP(%)= ol o 2o AXEST.

(C,—C.) x 100
CO
C, = initial protein concentration (mg/mL)
C. = protein concentration of filtrate protein (mg/mL)

AP (%)=

2.2.3. 28" A F(CI%)
o dde] NS FAsH7] 98] Arancibia et al. (2021)¢] WHS o] &3}
29y %S A3 dEA 10 mLE "ol ol AL maglon Cl:=

19, 109 3 159 % obehsl 4o Ausgrh

CI% (t) =

t
H, = the height of cream layer (mm)
H, = the total height of the nanoemulsion (mm)

224 T E &
ol B A|Zo AFE% medium chain triglyceride oil (MCT, Medifood, Korea)
7} (R)-(+)-limonene (Sigma-Aldrich Co., St. Louis, MO, USA) &% 942 212
nmel A Hdl F5E el 2JHA B2 free oil& A As7] AE]
A 3 mLE 3#H3&9 n-hexane (Daejung Chemicals & Metals Co., Ltd.,
!

}

i)

Gyeonggi, Korea) 3 mLe} &3 & 3134xgolA 108 &< A EY

fo
22
o

ol

)

ofNi
£

i
&

O>¥

(Labo-Gene 1248R, GYROZEN Co., Ltd., Daejeon, Korea). 94

r%‘ﬂ
ot

k=3
< nhexane (Daejung Chemicals & Metals Co., Ltd) 0.2 3] A3lo] o2
212 nmol N BRFEAZ FRES SHAT. TEFHol o9l free oil S
Arrslon ¥ E&S otglo] Aoz A4t

initial oil (g)—free oil (g)

initial oil (2) * 100

Encapsulation efficiency (%) =

_2‘|_



2.3. A #4
7 22 Minitab ver. 18 (Minitab 18 Inc., State College, Pennsylvania,

USA)E o]&3ste] FAHEY(one-way analysis of variance)S AA]3F% L,

meantSDZ el ow Zt

A\
ox,
(-

Hit gk 7] FHALE P<005 FFEo=

Tukey’s multiple range testE Z3lo] 2 A&t}
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T2 $= alcalase 715 EIHE 9

m
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(e}
3.1.1. alcalase 7}

37 ot

3.1.

"W
=

=K

t

Alcalase 7F38ll A%

A}(cavitation)©l]

=]

o=
[€)

2ol b

of & oyA

o

}

)

olaf &= Al

} 3 tHChung et al., 2016;

Z1eYs

=
=

A€

]
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fIfe)
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i

s

Jo et al, 2017). 7Fsl gt A9 87.21-9091%9 &5 WEWUA

7
No

o
1o
il

A 2 7§ 43.49+3.11% = 7}isl

ZO
~~

A7t &
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e

ALl 7]

o
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=
0
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el
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file)
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9/]

Al

(2021) <]
A9 R. phoenicis +%

o2 AZtHEY. Fogang et al

FEE A7

7

3

EEERE

il

phoenicis %< pH

(T. molitor, 7. morio, A. diaperinus, A.

=
K3

o] -&-3f

arL
L

g, 559

Aew e,

103%

=i
=

A3 865
< HERHATHYI et

Eis

B

=
=
il
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ol fel
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o] Q9lo] wel etz th(Zhao et al, 2016; Miron

’
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al., 2013).
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Table 2. The hydrolysis yield and protein extraction vyield
of Protaetia brevitarsis larvae prepared by alcalase-mediated
hydrolysis with different time (0-6 hour: P0, HP0.5, HP1.5, HP3,
HP6)

Hydrolysis yield (%) Protein extraction yield (%)
PO 43.49+3.11°D? 33.51+0.16"
HPO.5 87.21+2.41" 94.74+4.23"
HP1.5 89.21+1.06" 96.30+3.42%
HP3 89.95+1.714 97.06+3.59"
HP6 90.91+0.79% 95.54+3.124

DAl values are mean+SD
YMeans followed by the same letter (A-B) are not significantly different by

Tukey’s multiple range test at 2<0.05.
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Table 3. Proximate composition of Protaetia brevitarsis larvae

protein hydrolysates prepared by alcalase-mediated hydrolysis

with different time (0-6 hour:P0O, HP0.5, HP1.5, HP3, HP6)

Crud Crude Crude
Moisture € ) Carbohydrate
(%) fat protein ash (%)
(o] (o]
(%) (%) (%)
PO 6.12+0.3421% ND¥  31.81+0.75° 17.29+0.33%  44.78+1.41%
HPO5  4.06+1.31%8 ND 43.19+2.26%  9.38+0.31°  43.37+3.25%
HP15 450+2.05°8 ND 43012755  923+027°  43.26+453"
HP3 4.01+2.07° ND 43112598 923+020°  43.65+4.46
HP6 3.49+0.71" ND 431142514 9.14+0.20%  44.27+3.02%

DAl values are mean+SD

YMeans followed by the same letter (A-B) are

Tukey’s multiple range test at 2<0.05.

IND: Not detected
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Fig. 5. Degree of hydrolysis of Protaetia brevitarsis larvae
protein hydrolysates prepared by alcalase-mediated hydrolysis
with different time (0-6 hour:P0O, HP0.5 HP1.5 HP3 HPS6).

All values are mean+SD
Means followed by the same letter (A-B) are not significantly different by

Tukey’s multiple range test at 2<0.05.
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{kDa} M Pi HPO.S HPLS HP3 HPo

29kDa wep

17kDa =

14.3 EDa mmp

65kDa wmp

35kDa wmp
1.6 kg wmp

Fig. 6. Sodium dodecyl sulphate—polyacrylamide gel
electrophoresis (SDS-PAGE) of Protaetia  brevitarsis larvae
protein hydrolysates prepared by alcalase-mediated hydrolysis
with different time (M: Molecular weight marker; 0-6 hour: PO,
HP0.5, HP1.5, HP3, HP6).
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3.1.4. 7 otm =4t

guge 239 Fo dUAon AgrFe BE Bfon i AT 5

%2
o
K
.
il
2
NS

1 TH Alves et al,, 2019). Alcalase 78] Al 7te] w& 3 dulo]
Z2EAFZF G 7EREHE ] olu| it A Table 49 UeERH AT 713

% Tyr, Lys, Leu, Met, Val, Ile, Thr, Asp, Phe?] H] &2 Z7}3dl o™ His, Gly,

Ala, Pro Hl&< ZA&sidv. & opn|=it = 7heiEs] &

TR AL e FolA Aol glATE Dgobn Ak Aol A A E A
2 HrEA]l QR oA AH s st ofn| wmAbS el ol

A BE bR foAH R A4 R AATHKIm et al, 2019). HP

0& Bobulial F Val, Lys, Hisel 743 ®ol Ffslolgiglon aa 74

o
T
i
>

) ¥ molalol F/LSMA Wl Fol = Val, Lys, Leu %ol 713 %
Atk BCAA #X2 ofv] Ak

e o] S E Wopy)w

i3

Aol A shd 5 Qb Bgohulmato

e

= 30%= AA|EH Leu, Ile, Valo]l 2dtH(Alves
et al, 2019). o]&]g ofF|:=AbLe fFolu AolaWs Fl AT FF A LH
£S5 WAt gl JrhH(Wagenmakers, et al, 1990). BCAAY 74l
T FoHom Frdlew T otni=4l 5 BCAAS %M &

12.66%, HP0.5+ 16.24%, HP1.5+ 17.17% 2 7I5wdl& &3 Fodoz2 F71st
Ao Z YEYTE e AFA ofv| it S diAe] f3t 5

AqeS Soh(Li et al, 2019). wEbA, GElF o] YA 5o JFS WX =
Fst 9ol F AFA opnwale] FALE Fast Gly, Ala, Val, Leu, Ile, Pr

[e]
o, Phe, Mete] 254 obr:ito @ deld ek F ohvlwit 3 254 ofvlx

ol

o

ko

kel Hl&-& PO 49.26%, HPO.5 45.03%, HP1.5 44.45%= ZFAaglom 44 of
Hl =4 vl &2 PO 20.43%, HPOS 26.83%, HP15 2754%= 7tFiall & <7t
© S Bt ol ZWATA A3 (Fig 8)¢= FAFE AFS HEh AT
dedor & Aol ARER AP RFAFT ofvwmAle ThedEE

o dE By 5o Ve el =&l 2 Aoy, 9
=
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Table 4. Amino acid composition of Protaetia brevitarsis larvae

protein hydrolysates prepared by different time of
alcalase-mediated hydrolysis
Traits 0 Tlm%.éh) 15
Amino acid (%)
Essential amino acid

Tyrosine 2.48+0.28BV? 5.67+0.374 5.75+0.714
Lysine 5.00+0.118 5.99+0.06"8 6.58+0.474
Leucine 3.95+0.36° 6.29+0.06% 6.86+0.56%
Methionine 0.87+0.028 1.48+0.08* 1.47+0.04*
Valine 5.43+0.238 6.02+0.00% 5.71+0.00"8
Threonine 3.68+0.108 4.65+0.034 4.47+0.18%
Histidine 4.22+0.12% 3.45+0.11" 3.30+0.19"
Non-essential amino acid
Glycine 8.10£0.014 7.25+0.148 6.76+0.248
Serin 6.08+0.06% 7.25+0.06% 7.68+0.98%
Alanine 7.47+0.20% 6.26+0.218 5.92+0.128
Glutamic acid 16.01+0.03% 13.95+0.024 13.51+1.08%
Arginine 5.07+0.13% 4.74+0.18% 4.62+0.28%
Asparagine 8.19+0.208 9.26+0.0948 9.64+0.47*
Isoleucine 3.30+0.124 3.92+0.114 4.72+0.924
Phenylalanine 2.93+0.24" 4.01+0.08% 3.96+0.234
Proline 17.2242.144 9.80+1.10® 9.05+0.34"

DAIl values are mean+SD

YMeans in each row followed by the same letter (A-B) are

different by Tukey’s multiple range test at 2<0.05.
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3.1.5. pH
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Table 5. pH of Protaetia brevitarsis larvae protein hydrolysates prepared by alcalase-mediated

hydrolysis with different time (0-6 hour: PO, HP0.5, HP1.5, HP3, HP6)

PO HPO0.5 HP1.5 HP3 HP6

pH  7.360+0.060*"?  6.929+0.047° 6.889+0.039% 6.882+0.050°C 6.857+0.048°

DAIl values are meantSD

YMeans followed by the same letter (A-C) are not significantly different by Tukey’s multiple range test at 2<0.05.
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SHAE FAdsta T8 ol &3 A] 7] wol G HIe FHE& HU}
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Fig. 7. Solubility of Protaetia brevitarsis larvae protein
hydrolysates prepared by alcalase-mediated hydrolysis with
different time (0-6 hour:P0O, HP0.5, HP1.5, HP3, HP6) at various

pH conditions.
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Z1 4+ 2 tH(Singhal et al., 2016).
& dFdAE ZheEEdlE 9A Akele] BT wbdo]l Frhstd &=t &
B EAo] % sAEta 31t (Soria-Hernandez et al., 2015; Park et al.,

2021). webA, Tkl E A Aol A7 A whbe o] FUhkE g B o]
of #iH 7eH SAY Tk FEE Aom AAHM dutHow Tl
L HARE AEiel AR E dEhdol fFEtAlR AbEetr]el A g etthaL
Z} ¥ th(Garcia-Moreno et al.,, 2021).

1

)
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Table 6. Particle size, zeta—potential and poly dispersity index
analysis of Protaetia brevitarsis larvae protein hydrolysates
prepared by alcalase-mediated hydrolysis with different time (0-6
hour:P0, HP0.5, HP1.5, HP3, HP6)

Zeta potential

Diameter (nm) (V) PDI
PO 153.32+5.06"1% -29.31+1.23% 0.50+0.124
HP0.5 138.10£9.578 -30.99+2.56"P 0.57+0.00*
HP1.5 125.92+12.99¢ -28.60+1.67" 0.40+0.13"
HP3 131.46+7.68° -28.86+3.56" 0.51+0.11*
HP6 141.05+6.79" -31.97+2.47" 0.57+0.00%

VAl values are mean+SD
YMeans followed by the same letter (A-C) are not significantly different by

Tukey’s multiple range test at £<0.05.
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Surface tension —= Surface hydrophobicity

52 A 1 16
5 B AB .

1 ] ATB & . 14 ;
50 B 7 ]2/\-{
z 0 I I = E
§€49 L \\ {10 %2
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748 | AN 18 €5
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; 47 + S be be 16 on'g‘
7 ‘~\¥ R
— . ~ e
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6 %\\\ =

45 r \\\i 4 2
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PO HPO0.5 HP1.5 HP3 HP6

Fig. 8. Surface tension and surface hydrophobicity of Protaetia
brevitarsis larvae protein hydrolysates prepared by
alcalase-mediated hydrolysis with different time (0-6 hour:PO,
HP0.5, HP1.5, HP3, HP6).

All values are mean+SD

Means followed by the same letter (A-B) are not significantly different by
Tukey’s multiple range test at 2<0.05.

Means followed by the same letter (a-c) are not significantly different by

Tukey’s multiple range test at 2<0.05.
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PO HPO0.5 HP1.5 HP3 HP6
Fig. 9. Contact angle of Protaetia brevitarsis larvae protein hydrolysates prepared by different time of

alcalase-mediated hydrolysis (0-6 hour:P0, HP0.5, HP1.5, HP3, HPS6).

All values are mean=SD

Means followed by the same letter (A-B) are not significantly different by Tukey’s multiple range test at 2<0.05.
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Fig. 10. Emulsifying activity index (A) and emulsifying stability index (B) of Protaetia brevitarsis
larvae protein hydrolysates prepared by alcalase-mediated hydrolysis with different time (0-6 hour:PO,
HPO0.5, HP1.5, HP3, HP6).

All values are mean=SD

Means followed by the same letter (A-B) are not significantly different by Tukey’s multiple range test at 2<0.05.
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3.1.12. SEM(scanning electron microscopy)

Aol By A fF AL DY Alcalase 7hrEafAlgtel] wE 2 dubo] kX

AN

1

fro U mAFRE BEHS7] Yl FAPH AN 7 (Scanning  Electron
Microscope, SEM)< AF&dlom oln X & Fig. 11 YeERAT. S uto] 25
AfE A FHA)S xHo] AL EqrAe x4 & dojg FHe o

RS e 2539 Agnt 18983 POB)S Golg AA7E A E o] &2

A Fde 2o g wol 7 FEA AL ek 3 dHE Bt oY

>

B w247 doly] MEA = ek 7
TR 94 FUE e on AERa Az wet FEe) 44t $eHdA
O mebA s A%e Btk & AAntE obmetebdl RAR JEEHUL 1
TY 947 deEdn wand 4997 f48 292 el 9l thDukare
et al., 2021).

o

_49_



SEM HV: 5.0 kV WD: 10.03 mm 1 L MIRA3 TESCAN SEM HV: 5.0 kV WD: 10.16 mm L MIRA3 TESCAN
SEM MAG: 200 x Det: SE 200 pm SEM MAG: 200 x Det: SE 200 pm
View field: 1.38 mm  Date(m/dly): 10/20/21 Jeju National University View field: 1.39 mm  Date(m/dly): 10/20/21 Jeju National University

A
SEM HV: 5.0 kV WD: 10.81 mm | Ll MIRA3 TESCAN| SEM HV: 5.0 kV WD: 10.88 mm | MIRA3 TESCAN|
SEM MAG: 200 x Det: SE 200 pm SEM MAG: 200 x Det: SE 200 pm
View field: 1.38 mm  Date(m/dly): 11/08/21 Jeju National University View field: 1.38 mm  Date(m/dly): 11/08/21 Jeju National University

SEM HV: 5.0 kV WD: 10.23 mm | MIRA3 TESCAN| SEM HV: 5.0 kV WD: 10.21 mm MIRA3 TESCAN
SEM MAG: 200 x Det: SE 200 pm SEM MAG: 200 x Det: SE 200 pm
View field: 1.39 mm  Date(m/dly): 10/20/21 Jeju National University View field: 1.38 mm  Date(m/dly): 10/20/21 Jeju National University

Fig. 11. Images observed by Scanning electron microscope of
Protaetia brevitarsis larvae protein hydrolysates prepared by
alcalase-mediated hydrolysis with different time (A) Defatted
Protaetia brevitarsis larvae powder; (B) P0; (C) HP0.5; (D)
HP1.5; (E) HP3; (F) HP6. Images with a 200 um scale bar

provided were taken at 200x magnification.
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Table 7. Changes in particle diameter, zeta potential and polydispersity index of emulsions stabilized by

various concentration of Protaetia brevitarsis larvae protein hydrolysates during storage

) Particle diameter (nm) Zeta potential (mV) Polydispersity index
Protein D
ays
0,

conc. (%) | 1 5 10 0 1 5 10 0 1 5 10
) 12498+ 13585+ 13993+ 15817+ | -32.18+ -32.33+ -30.64+ -30.16% | 0.24+ 0.23+ 0.20+ 0.25+
3.06%Y? 431" 298P 1288% | 109° 115  1.38% 2578 | 0018 0.01%* 002 0114
5 12693+ 140.63+ 149.00+ 153.60+ | -31.29+ -31.32+ -2931+ -30.24+ | 0.22+ 0.22+ 0.22+ 0.21+
11799 243% 400" 220% | 094>  0.685°" 1178 066% | 0.01%  0.01% 0015 0.02%°
3 131.99+ 14653+ 161.25+ 163.33+ | -30.31+ -30.41+ -2855+ -29.84+ | 0.22+ 0.23+ 0.23+ 0.23+
1.62%  243% 45182 599B8Ca | (524 (0 73ABb 1 27A% (42480 | 0018 0.01%% 0014  0.01%
A 13298+ 14773+ 16456+ 168.99+ | -30.10+ -30.49+ -2897+ -29.47+ | (.23« 0.23+ 0.24+ 0.23+
1.62%4 2418 2014 6408 | 043¢ 0.4948¢ 0728 0.85%BP | 0,014 0.00%B  0.00%  0.014%
. 129.89+ 152,16+ 16855+ 179.88+ | -29.85+ -29.89+ -2854+ -2854+ | (.23« 0.24+ 0.24+ 0.25+
3518 5058 398%  12.13% | 046 1.27%° 095 1.19% | 0.014%  0.00%  0.00%  0.05%

DAIl values are mean+SD

YSamples designated with different capital letter

(A-D) indicated significant difference (P<0.05) when compared between

different storage days (same sample). Samples designated with different lower case letter (a-d) indicated significant

difference (P<0.05) when compared between different samples (same storage days).
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Table 8. The surface tension (mN/m), protein adsorption (Cy—Ce)

and adsorbed protein percentage (AP%) of emulsiions stabilized

by various concentration of Protaetia brevitarsis larvae protein

hydrolysates
Protein Surface tension Co—Ce AP
conc. (%) (mN/m) (mg/mL) (%)
1 48.81+0.1441% 0.360.10¢ 11.22+1.39"P
2 48.40+0.224 0.47+0.165¢ 8.67+0.1448
3 47.78+0.20° 0.71+0.1248 12.30+1.99"
4 4759+0.73° 0.81+0.04* 11.50+0.23*
5 47.170.75° 0.66+0.04A8 8.03+0.62°

VAIl values are mean+SD

YMeans followed by the same letter (A-C) are not significantly different by

Tukey’s multiple range test at 2<0.05.
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Fig. 12. Changes in creaming index(%) of emulsions stabilized by various concentration of Protaetia
brevitarsis larvae protein hydrolysates during storage.
Samples designated with different capital letter (A-C) indicated significant difference (£<0.05) when compared between

different storage days (same sample). Samples designated with different lower case letter (a-c) indicated significant

difference (P<0.05) when compared between different samples (same storage days).
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Fig. 13. Encapsulation efficiencies(%) of limonene by various
concentration of Protaetia brevitarsis larvae protein hydrolysates
during storage.

Samples designated with different capital letter (A) indicated significant

difference (P<0.05) when compared between different storage days (same
sample). Samples designated with different lower case letter (a-b) indicated
significant difference (P<0.05) when compared between different samples

(same storage days).
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