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Abstract

The objective of this study was to prepare a protein gel using isolated soy protein and insect protein,
and to evaluate its quality characteristics and nutritional properties. Insect protein has emerged as a
novel protein source; however, when used alone, it often exhibits suboptimal processing properties
and presents challenges for economic efficiency. Therefore, our aim was to explore the processing
properties and quality characteristics by incorporating a blend of commonly used soy protein isolate
and protein of Hermetia illucens. As the proportion of insect protein added to the protein gel increased,
several parameters changed. Specifically, pH, lightness, and water holding capacity decreased with
higher insect protein content. Conversely, redness and the essential amino acid index increased as
more insect protein was incorporated. Notably, the T2 treatment demonstrated the highest values for
hardness and chewiness. By investigating the quality characteristics of the gel in relation to the content
of insect protein and providing insights into the industrial application of food and feed utilizing insect
protein extract, this research contributes to the utilization of insect protein as a sustainable protein

resource for enhancing food security and environmental protection.

Keywords: insect, protein extract, gel, processing, feed, food
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322 Figure 1. The effect of isolated insect larva protein on pH value of protein gel. * Significant
323 difference among treatments was presented by different letters on top of column (p<0.05). V) T1: 12%

324 ISP, T2: 8% ISP + 4% IIP, T3: 4% ISP + 8% IIP, T4: 12% IIP.

325

326

327

13



328  Table 1. The formulation of protein gel composed of isolated insect protein.

Treatments
Ingredients (%)
T1 T2 T3 T4
Water 84 84 84 84
Konjac 1.5 1.5 1.5 1.5
Carrageenan L.5 1.5 L.5 1.5
Soybean oil 1.0 1.0 1.0 1.0
Isolated soy bean protein (ISP) 12 8 4 0
Isolated insect' protein (IIP) 0 4 8 12
Total 100 100 100 100
329 "insect: black soldier fly larva
330
331

14



332  Table 2. The effect of isolated insect larva protein on instrument color value, moisture content and

333  water holding capacity (WHC) of protein gel

Trait T1" T2 T3 T4

CIE L* 61.00+0.75% 40.37+0.86° 34.69+1.07° 30.98+1.24¢

CIE a* -1.81+0.21¢ 2.49+0.14° 3.49+0.19° 4.8240.59°

CIE b* 11.31+0.32 11.3240.61 11.05+0.48 11.98+1.21
Moisture content (%) 89.40+2.79 88.66+1.72 88.79+1.14 88.74+2.15
WHC (%) 80.14+0.81° 65.42+1.84° 53.67+4.84° 17.17+3.13¢

334  *9Sjgnificant difference among treatments was presented by different letters on side of value (p<0.05).

335  DTI: 12% ISP, T2: 8% ISP + 4% IIP, T3: 4% ISP + 8% IIP, T4: 12% IIP.

336

337
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338  Table 3. The effect of isolated insect larva protein on texture profile of protein gel

Trait T1V T2 T3 T4
Hardness (kgf) 1.14+0.14° 2.07+0.05% 1.09+0.06 0.20+0.01°
Springiness 0.88+0.01° 0.710.02¢ 0.94+0.01° 0.95+0.01°
Cohesiveness 0.80+0.01* 0.53+0.01° 0.59+0.01° 0.77+0.05%
Gumminess (kgf) 0.89+0.09" 1.09+0.06° 0.64+0.03° 0.15+0.01¢
Chewiness (kgf) 0.78+0.08" 0.79+0.05 0.61+0.03" 0.13+0.01°

339  *dSjgnificant difference among treatments was presented by different letters on side of value (p<0.05).

340 VTI1: 12% ISP, T2: 8% ISP + 4% IIP, T3: 4% ISP + 8% IIP, T4: 12% IIP.

341

342
343
344

345
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346

347
348
349

350

351

352

Table 4. The effect of isolated insect larva protein on amino acid profile of protein gel

Trait (mg/g of protein) T1Y T2 T3 T4
His 25.84+0.25¢ 28.01+0.11¢ 33.69+0.12° 48.38+0.04"
Tle 40.79+0.34 39.630.39 39.3240.16 39.97+1.04
Leu 81.48+1.12° 79.32+0.57" 74.48+0.18% 69.1342.38°
Lys 66.5140.03 72.110.67° 64.230.43b 62.18+1.66¢
Met+Cys 0.66+0.04¢ 1.090.03¢ 3.12+0.18 5.37+0.87°
Phe+Tyr 92.60+1.27° 92.38+0.51° 91.2840.62° 82.86+0.01°
Thr 42.14+0.05" 43.18+0.47%  42.98+0.16% 44.08+0.32°
Val 40.29£0.04° 41.50+0.43¢ 43.79+0.33 51.03+0.89°
Asp 124.13£0.59*  120.67+0.40°  113.8740.03°  105.3242.75°
Ser 58.36+0.35° 55.61£0.01" 51.24+0.09¢ 40.46+0.724
Glu 212.29+0.65 206.08+0.12 208.63+1.00 202.52+3.07
Pro 51.16£1.24 53.315.21 53.00+1.89 38.9945.00
Gly 43.05+0.13¢ 43.95+0.46" 46.01£0.09° 53.09+1.38?
Ala 44.09+£0.26¢ 52.64+0.40¢ 68.80£0.20° 110.38+0.64°
Arg 76.60+0.46° 70.52+0.71° 65.56+0.23¢ 46.24+1.63¢
Essential amino acid 0.95+0.01¢ 1.03+0.00° 1.1620.01° 1.28+0.01

index?

=4 Significant difference among treatments was presented by different letters on side of value (p<0.05).

Bolded text indicates essential amino acid.

D'T1: 12% ISP, T2: 8% ISP + 4% IIP, T3: 4% ISP + 8% IIP, T4: 12% IIP.

% Essential amino acid index was calculated according to reference essential amino acid value for

human from FAO/WHO/UNU (1985).
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