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Physicochemical Characteristics and Oxidative Stabilities of Defatted Mealworm Powders
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ABSTRACT

Mealworm, a type of edible insect, is a

superior food material suitable for industrial products. In this study, four different

defatted mealworm powders were prepared to determine proper manufacturing conditions. Solvent extraction method reduced
lipid contents of mealworms more than pressed mealworms, and lowered lipid contents caused bright colors and good
physicochemical properties for powders. In comparison, differences among milling machines used for making powders were
strongly related with average size of particles. Meanwhile, the predicted shelf-life of defatted mealworm powders judged by
accelerated experiments was 1 year or longer. To enhance shelf-life of mealworm powders, addition of tocopherol to
mealworm powders at a concentration of 0.2% could intensify oxidative stability and microbial inhibition.
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Table 1. Manufacture conditions of four defatted meal-
worm powders

Milling Defatting Addition of
machine method tocopherol (%)
PDF-C" Cutter mill Pressed -
PDF-H-X  Hammer mill Pressed -
PDF-H-O Hammer mill Pressed 0.2
SDF-C Cutter mill ~ With n-hexane -

Y PDF-C: defatted with pressure and ground with a cutter mill,
PDF-H-X: defatted with pressure and ground with a hammer
mill, PDF-H-O: defatted with pressure, ground with a hammer
mill, and tocopherol added, SDF-C: defatted with solvent and
ground with a cutter mill.
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Table 2. Lipid contents, average particle sizes, and color values of four mealworm powders

Lipid contents Average particle

Hunter’s color value

(%) size (pum) L a b
PDF-C 13.2+0.1° 157 52.71+0.23° 4.6020.06° 11.55+0.23°
PDF-H-X 13.3£0.2% 103 50.38+0.80° 4.73£0.05" 10.72+0.26°
PDF-H-O 13.4+0.1° 110 53.26+1.05° 4.56+0.09° 10.9620.18"
SDF-C 2.0+0.2° 162 71.59+0.62° 1.92+0.16° 7.43+0.54°

Results are shown as meant+S.D. with three replicates.

Y PDF-C: defatted with pressure and ground with a cutter mill, PDF-H-X: defatted with pressure and ground with a hammer mill,
PDF-H-O: defatted with pressure, ground with a hammer mill, and tocopherol added, SDF-C: defatted with solvent and ground with

a cutter mill.

? Different superscripts within rows (*) represent significantly different at p<0.05 by Duncan's multiple range test.
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Table 3. Physicochemical properties of four mealworm powders

PDF-C" PDF-H-X PDF-H-O SDF-C
WAC (g/g sample) 1.48+0.03% 1.48+£0.02° 1.49+0.03° 2.7240.23°
OAC (g/g sample) 1.260.05° 1.03+0.03° 1.06+0.01° 2.05£0.38°
Emulsion activity index 0.54+0.07° 0.34+0.03° 0.36:0.03¢ 0.630.00°
Emulsion stability (%) 60.69+5.14° 63.90£6.61° 64.45+3.19° 99,73+0.39°
Foam expansion capacity (%) 3.65+0.35" 4.01+0.27° 3.88+0.29° 5.80+0.28"
Foaming stability (%) 87.5243.15 92.12+4.41 93.215.82 91.31+2.86

Results are shown as meantS.D. with three replicates.

Y PDF-C: defatted with pressure and ground with a cutter mill, PDF-H-X: defatted with pressure and ground with a hammer mill,
PDF-H-O: defatted with pressure, ground with a hammer mill, and tocopherol added, SDF-C: defatted with solvent and ground with

a cutter mill.

? Different superscripts within rows (*) represent significantly different at p<0.05 by Duncan's multiple range test.
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Fig. 1. Changes in peroxide values of four mealworm
powders during storage.
Results are shown as meant+S.D. with three replicates.
PDF-C: Defatted with pressure and ground with a cutter mill (sto-
raged at 20C, 35C, 507C).
PDF-H-X: Defatted with pressure and ground with a hammer mill
(storaged at 20TC, 35C, 507).
PDF-H-O: Defatted with pressure, ground with a hammer mill, and
tocopherol added (storaged at 20°C, 35C, 507).
SDF-C: Defatted with solvent and ground with a cutter mill (sto-
raged at 20C, 35C, 50C).
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Fig. 2. Changes in acid values of four mealworm powders
during storage.
Results are shown as meant+S.D. with three replicates.
PDF-C: Defatted with pressure and ground with a cutter mill (sto-
raged at 20C, 35T, 507C).
PDF-H-X: Defatted with pressure and ground with a hammer mill
(storaged at 20T, 35C, 507C).
PDF-H-O: Defatted with pressure, ground with a hammer mill, and
tocopherol added (storaged at 20T, 35C, 507).
SDF-C: Defatted with solvent and ground with a cutter mill (sto-
raged at 20C, 35C, 50C).
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Fig. 3. Changes in VBN contents of four mealworm pow-
ders during storage.
Results are shown as meant+S.D. with three replicates.
PDF-C: Defatted with pressure and ground with a cutter mill (sto-
raged at 20°C, 35C, 507).
PDF-H-X: Defatted with pressure and ground with a hammer mill
(storaged at 20C, 35C, 507).
PDF-H-O: Defatted with pressure, ground with a hammer mill, and
tocopherol added (storaged at 20°C, 35C, 507).
SDF-C: Defatted with solvent and ground with a cutter mill (sto-
raged at 20C, 35C, 507).
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Table 4. Changes in microbial counts of four mealworm powders during storage (unit: logCFU)

Mealworm powders”

Temperature Period

(©) (day) PDF-C PDF-H-X PDF-H-O SDF-C
0 3.36:+0.02%°8% 3.57+0.029 3.07+0.02 1.87+0.037
10 3.22+0.10°C 3.84+0.03* 3.68+0.03%8 2.90+0.05°°
20 3.25+0.05b® 3.79+0.02% 3.24+0.01%® 3.00+0.01%¢

20 30 3.3340.05%¢ 3.70+0.01°* 3.55+0.04%8 2.80+0.04°
40 3.34+0.11%¢ 3.65+0.03°4 3.53+0.01%® 2.70:£0.02%°
50 3.43+0.03%® 3.59+0.04% 3.4140.058 2.62+0.03°¢
60 3.42+40.06 3.45+0.03°* 3.16+0.018 2.63+0.02°¢
0 3.36+0.06% 3.57+0.024 3.07+0.02%C 1.87+0.03%P
10 3.20£0.05%C 3.76+0.03% 3.3440.02°8 1.74+0.04°P
20 3.28+0.02°4¢ 3.64+0.05% 3.3740.01°8 2.30+0.10°°

35 30 3.32+0.06°%® 3.72+0.05% 3.33+0.10°8 1.59+0.11°
40 3.45+0.05%8 3.84+0.04* 3.1340.05° 0.57+0.51°
50 3.8240.04* 3.11+0.03® 3.11+0.03%8 0.57+0.51C
60 3.24+0.09%B 3.34+0.04° 3.02:0.02°¢ 1.77+0.07°°
0 3.36+0.02%8 3.57+0.02% 3.07+0.02%¢ 1.87+0.03%°
10 3.4240.06°8 3.81£0.02°4 3.2440.06% 1.87+0.03°
20 3.1340.05¢ 3.95+0.04% 3.24+0.04°8 1.54+0.06°°

50 30 3.43+0.08"8 4.02+0.01%4 3.3240.06°¢ 1.77+0.07°°
40 3.70:£0.02% 2.97+0.07¢¢ 3.09+0.05"8 1.16+0.15°
50 2.74+0.04% 3.13+0.02% 2.98+0.02°8 1.16+0.15°°
60 3.10+0.02¢ 3.39+0.03°* 3.3140.03" 1.39+0.09°°

Results are shown as mean+S.D. with three replicates.

Y PDF-C: defatted with pressure and ground with a cutter mill, PDF-H-X: defatted with pressure and ground with a hammer mill,
PDF-H-O: defatted with pressure, ground with a hammer mill, and tocopherol added, SDF-C: defatted with solvent and ground with

a cutter mill.

? Different superscripts within rows (*”°) represent significantly different at p<0.05 by Duncan's multiple range test.
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