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Abstract: Traditional animal husbandry is struggling to meet the surge in global protein demand. To promote the high-
value application of novel protein resources, the functional properties of five insect proteins were determined, and their structural
characteristics were investigated using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), amino acid
composition analysis, Fourier-transform infrared (FT-IR) spectroscopy, and scanning electron microscopy (SEM). Results indicated
that among the five samples, Acheta domesticus (house cricket) possessed the highest protein content at 67.84%. Locusta migratoria
manilensis (Oriental migratory locust) and A. domesticus proteins exhibited high water-holding capacity (WHC) and oil-holding
capacity (OHC). Cryptotympana atrata (black cicada) nymph protein showed the highest foaming capacity and foam stability,
A. domesticus protein exhibited the highest emulsifying capacity, and L. migratoria manilensis and Tenebrio molitor (mealworm)
proteins achieved the highest emulsion stabilities. SDS-PAGE analysis revealed that L. migratoria manilensis and A. domesticus
proteins had relatively high molecular weights (55~130 kDa), whereas C. atrata nymph protein had a lower molecular weight
(10~25 kDa); moreover, the molecular weight was positively correlated with WHC and OHC. C. atrata nymph protein possessed the
highest total amino acid content and a relatively high ratio of hydrophobic to hydrophilic amino acids, contributing to their excellent
foaming capacities and foam stabilities. FT-IR spectroscopy showed the presence of strong absorption peaks for 7. molitor protein
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and Bombyx mori (domestic silk moth) chrysalis protein at 2925 cm™' and 1654 cm', respectively. These peaks corresponded to

the -CH, asymmetric stretching vibration and the amide I band, respectively, influencing their functional properties. SEM revealed

differences in micro-morphology across the five samples. Particle size was smallest in L. migratoria manilensis protein, increasing

the tendency to form network structures and thereby enhancing its WHC. In conclusion, the structural characteristics of insect

proteins are closely related to their functional properties, with A. domesticus and C. atrata nymph proteins demonstrating the most

favorable performance.

Key words: edible insect; insect protein; functional properties; Fourier-transform infrared spectroscopy; scanning electron
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Fig.1 Five insects and the grindings
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Table 1 Approximate composition analysis of five insects (%)

B % Ko EaR ity Ko
e 3ed 3.12+0.20° 67.84 +1.80° 30.98 +2.10° 4.60 £ 0.06"
KB4 2.52+0.16° 17.70 = 1.35° 36.57 £2.33° 3.38 £0.08°
ALkt 5.42 +0.20" 56.60 + 1.06° 33.18£2.16° 3.19£0.12°
Fhr kR 3.18£0.22° 42.62 +1.06° 29.66 £2.51° 2.95+0.28°
e E R 2.80 £0.73° 43.87 +1.38° 18.69 +0.31 4.18+0.07°
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Fig.2 SDS-PAGE profiles of five insect proteins
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Table 2 Determination results of functional properties of five insect proteins

A FHKM(gg) Frbit/(gg) AN/ % TIRARE % LA /% FUAAE R /%
Rk 3.18+0.22° 3.59£0.16° 98.33 +0.78" 92.57+1.19° 70.66 * 0.86" 4136+ 1.17°
e 2.38 £0.14° 2.75+0.10° 23.54 +0.43° 29.95 +0.53" 68.53 +1.32° 37.74 +0.82°

A2 3.65+0.09" 3.55+0.08° 38.59 +0.97 26.96 + 0.43° 67.51+1.08 51.59 £0.83°
& 1.84 £0.08" 2.64 %0.06° 45.56 +0.60° 41.03 +0.38° 65.03 £0.43° 51.07 £1.20°
Y & 1.22+0.12° 1.59 +0.03 117.74 +1.16" 99.78 £ 0.65" 58.61 +0.48" 43.86 +0.95"

E: A RR FENF FMBEGERE EF (P<0.05); vtk % g hkindk.
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*3 AMEHREANSERAN (g/100g)
Table 3 Amino acid composition of five insect proteins (g/100 g)
FIRER R kg KA ALk Fhr R 3P R
SRR > 4.66 £0.03 1.62 £0.05 5.22+0.02 5.02+0.03 7.09 +0.02
AR # 4.12£0.19 1.05+0.07 4.47+0.02 4.47+0.05 2.72+0.05
ST EBR 7.06 +0.20 1.76 £0.03 7.38 +0.04 8.14+0.01 3.90 +0.13
SRR AR #* 3.42+0.05 1.41 £0.20 3.55+0.03 3.66 +0.05 2.23 £0.09
T ARAER #* 1.42+0.06 0.61+0.10 1.41+0.12 1.02 +0.06 0.69 +0.07
& 2B #* 0.90 +0.12 0.38 +0.02 1.03 £0.10 1.03 £0.12 1.03 £0.06
HRER # 3.45+0.03 1.19 £0.04 3.63 £0.05 3.93+0.01 3.56 +0.08
AT # 5.38+0.10 2.35+0.03 4.63£0.07 4.51 £0.09 3.52+0.02
205 # 1.65 £0.06 1.34 £0.06 1.61 £0.20 1.62 £0.05 4.37+0.04
F AR 0.61 +0.08 0.25 +0.08 0.91 +£0.04 0.76 £ 0.06 0.35+0.01
RAZ B 7.94 +0.05 2.79 £0.13 8.21 +0.09 8.92 +0.02 6.54 +0.04
B2 BR 12.15+0.11 3.48+0.01 11.52+0.07 13.10+0.14 8.01 +0.06
EX .73 3.00 +0.05 1.08 +0.03 3.48+0.10 3.04 +0.06 3.45+0.12
H A ER 4.13£0.02 5.83 +0.09 3.60 +0.15 5.09 +0.02 4.26 £0.05
R R 5.78 £0.08 2.77 £0.04 4.55+0.04 4.73 £0.05 4.37 £0.09
B 2 BR 4.00 £0.06 1.92 £0.06 5.02+0.07 6.81+0.07 12.36 £ 0.03
Pl B * 432+0.14 1.91£0.15 4.24 £0.06 3.89 +0.02 7.80 +0.06
SR 6.71 £0.08 1.98 £0.09 4.89 £0.03 538 £0.04 13.18 £ 0.05
& R 80.70 33.72 79.35 85.12 89.43
&l RIRER 32.06 11.71 32.93 33.40 29.11
g TR BB 32.61 10.72 32.19 32.61 38.64
g FREAR 48.09 22.01 47.16 52.51 50.79

JE: 1 # K56 F A Essential Amino Acids ; 2.* % H/K &AM Hydrophobic Amino Acids.

2.4 BB U RE RN

HAMREBER O AELFEER (R3), BEK
AUHAL,  SHA 4 B R AU 0 TR R A s S WHO
HetehrntE (277 mggh. Hrb, #HH (33.40 g/100 ).
R KR (3293 g/100 g) FIZKEEIE (32.06 g/100 g)
R L FRER SR, AT Zielinska 2 1IE 1 B
HEAGEUEN. HEXEEMNOLFAERESE
(11.71 g/100 g & FH e s g™, maeds &0
RETFEAMBRESR LN ER. 4, 2R
R A S R X =P b 75 B R 1 B A T
B TR, A T R R AR R X —
A BB MR IR A RS R N Th AR )
DS, FERAD R BRES R, MR RSB M IR
T (38.64/100 g), KAWL (10.72 2/100 g,
AT A A RE 7K P R LA RS PR B A 5 1 IX — 4518

TERSVYE 7, WEMEE R B R AR S &R
(89.43 g/100 g), i /K FERR / 56 K 2 J: R LL 4] e ¢
m, HEHEBEZ/ N FRIEA MG, FII L

100

(117.74%) 23w T R VURFE S . SR K e Wi I 58
KR IR & B R (22.01 g/100 @), /KRR /3E
IKE IR LB AR, Pl itz (23.54%) ;
TEVR R AR € PE 7 T, B /KA FH A2 4 8 5 T S A2 0 1
SCBEN, SRR R RE I ) A B K ZOE R R
(32.61 /100 g 1 38.64 /100 g), Kk —F K kFaE
PEFE FLRRRE S IS (92.57% 11 99.78%).

25 EaRaFEMELEM

FFp B A AN IE R T (1 600~
1700 cm D FIEERZ 1145 (1 530 em ™D $945 W 5 W 0k
(3. b, 751070 cm I, BRF &N E
DUFh B s A REAE R UG, IR ) s T P=0 BY
P-O-C X AR 4Rzl 2 B i o 2 e L T R 5
A PERE TR Ly P #E 1 235 em ! AT, FLANEE
BIE RRAERS, W S0 A S T L TTT A C-O A 4R R3] o
fE 1450 em ' PRHIE, #F SRRSO 3 AN B 5, 2 AIE 04
U9 J& F-CH, F1-CH,- (A X BRIk 3h. 7 2 920 cm ' it
T, BN HBRRAE T S B, 1RSI ) B T -CH,-




MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.7

RXF B iR . PERiE, FLHEHE AT 2 920 cm ' [
A RFAET I, BRA e B Rt B B T R R
(RRFAEIE ), 7E 3300 cm ' BEIE, B S RO i 0 3
VAT O-H iR sN A N-H 4 iRsh ">, Wi 58 fE
KRR IZE A KR . Ak b, R
(IR I (3299, 1401 A1 1 044 cm ) H5HE Y
FREMZEREE, WHRETHESHTFRRSENE
SV AN rhasla NN 7

a
1075
14541 236
3304 2929 16491532 b
070
2960 14491 246
3308 1 649! 523 .
- [ .
Ny e
\3_;91 2929 /1\'{5{3%5“ 20 d
‘\ — 1649 ™ T~
- 1/f"’\y/f ¥ asgl 2451066
292 1536 ©
3299 2923 1649
1 4011 2311 044
3299 2934 1528
| 1654

3 5100 3 0100 2 5100 2000 1500 1 OIOO S(I)O
BeH / em!
B3 ZMERERM FT-IR Bk
Fig.3 FT-IR spectra of five insect proteins
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