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Physicochemical properties of supercritical carbon dioxide defatted
mealworm (Zenebrio molitor) powder and protein isolate

Yangji Kim' and Seok Joong Kim"*

'Department of Food and Nutrition, Dongduk Women’s University

Abstract  Supercritical carbon dioxide (;CO2) extraction was applied for the defatting of mealworm to prepare defatted
powder (DP) and protein isolate (PI) and compare the process to press and hexane extraction, with respect to DP and PI
physicochemical properties. (CO2 DP was obtained by extracting 34.40% oil at 41.37 MPa, 40°C for 180 min, and the
product contained 71.66% crude protein, which is similar to that of hexane DP and higher than that of press DP. In using
alkali protein extraction to prepare PI from DP, (CO2 was as effective as hexane and better than press. (CO2 produced
brighter DP and PI than press, but not as much as hexane. Protein solubility was similar in all DP, with minimum values
at pH 5. The highest water adsorption capacity was noticeable for (CO2 PI, and (CO2 DP showed an oil adsorption
capacity comparable to that of hexane DP. (CO2 DP and PI had better foaming capacity than press DP and PI and showed

superior emulsion activity compared to others.
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Mechanical Solvent Supercritical
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Press Hexane sCO2
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114°C 100 mL, 68.7°C  41.37 MPa, 40°C

| Defatted‘ powders l |
| Alkali extractionl (025 N NaOJ—i)
‘ Precipitation (2l N HCI, pH 4.4‘1)
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Fig. 1. Scheme for preparing procedure of defatted powder and
protein isolate from dried mealworm. Press, hexane and sCO2
(supercritical carbon dioxide) indicate the different defatting
methods.
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Table. 1. Recovery yields and proximate composition of dried mealworm and defatted powder

Mealworm Yield" Composition(%, w/w)
(%, wiw) Moisture Ash Protein Lipid Others®
Dried mealworm - 5.02+0.16% 2.96+0.15* 41.86+0.15° 35.72+0.07* 14.45
Press” 62.30:£4.43%® 4.04+0.14° 3.88+0.03° 65.95+3.39° 5.48+0.02° 20.64
Defatied Hexane 58.84+026°  3.5240.08  4.03+0.02°  73.55£235  0.13£0.00° 18.77
P LC02 64.11+0.46° 5.27+0.02% 4.27+0.01¢ 71.66+2.74¢ 2.69+0.00¢ 16.11

YAmount of defatted powders obtained from 100 g dried mealworm.

IData represents the mean+one standard deviation (n=3). Different letters within a column indicate significantly different values according to

Duncan multiple range test (p<0.05).
de.g. carbohydrates and vitamins.
“Press, hexane, and (CO2 indicate the defatting methods.
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Table 2. Amino acid composition of dried mealworm

Essential amino acid (%) Non-essential amino acid (%)

Isoleucine 1.72 Alanine 3.71
Leucine 3.58 Arginine 245
Lysine 2.49 Aspartic acid 4.00
Methione 0.39 Glutamic acid 5.65
Phenylalanine 1.79 Glycine 2.51
Threonine 1.92 Proline 2.80
Valine 3.12 Serine 2.38
Histidine 1.46 Tyrosine 3.29
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Fig. 2. Yield of oil extraction from dried mealworm by
supercritical carbon dioxide of 41.37 MPa and 40°C. Data
represents the mean+one standard deviation (n=3). Different letters
indicate significantly different values according to Duncan multiple
range test (»p<0.05).
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Fig. 3. Protein contents of defatted powder (pale) and protein
isolated (dark) of mealworm measured by Kjeldahl (A) and
Bradford assay (B). Press, hexane, and (CO2 indicate the defatting
methods. Data represents the mean+one standard deviation (n=3).
Different letters indicate significantly different values according to
Duncan multiple range test (p<0.05).

o3 FE3 gE AAHY FEXEL Yo}
gret AdEe] Wsle FHaAskd 4 ltiMariod 5,
2010; Roy &, 2006). ol21gt 453} &= Fdolxe] whald 3
Fe 7HYS w029 AMEE om7t ok & 4 9tk o

o] A % FE&E (CO2EA (64.11%)7F HAAHER](58.84%) 1.
£ 2102 YEtH(Table 1). ¥2HEA|9] 4 Cco2EA] <}
| B F88 FAK62.30%)3F5 A% B g 2 B
FolM= 71 otk @3, Sondt Hwang(2017)
17} R Roks §840|gka Rauslg oy €x
o] #E Ay Fgo] Fol B A} AJolE B o]
Aol A AR Al NFE ] Soxhlet B 02 o]
obd w20z /I FEIAUL YHER|AME TL(114°C)
ox] 2=3F Qbzbel] o3t YX|s A FHo] Hria ddEh

02, & 2 Eabekx] Eutz e RS o) g
kS Kjeldahl @ Bradford & 714 Wio® 2A3 Ax ot
W o] Skt Ao UelthFig 3). 2l Aol
£ Folg Hiedl, 89X B2 ohd 3RS Kjeldahd ol A
=9kl Nk Eejohwe] whild SheRS BradfordHollA =T
AE S0 CO28A e A 2 KjeldahlH =743
(71.66%)7} Bradfordd] 273 X(55.00%)H 0} =4 Wi Eajot
o] A= Braford® %4(93.67%)°] Kjeldahls #H(75.98%)R.t}h =

gitt. ol % el vd A 92 2 o) B ox W

A=)
Ri

y

o R
>
g

o

>
=
o I =
X, N,

3}
=4
]_

k)

P

fir /e rlo nd = G 4o
)
2
>~

e

o] 5ol 7108 Ao YRk 2, Kjeldahi e 5 2
At B4 F ALAS 6258 B9 HuAe Ageie ng

W] Ao EA] widd wild ko] o =4 Yoe St
WA 4= 9) o™ BradfordH-> Coomassie blue 250 A]2Fo] 3=
Z A9 arginine 2 lysine Z710l Ajtste] WAlsks Y2
o83l dlAS HHshs oz Wl FR o3 a7t

ras



520 =2 E 388 x] A 52 WA 5 E (2020)

100
£
5 80 | b
‘E b
a
§ %07
2
(&)
g 40 +
>
Q
c -
E’. 20
°
o 0

Press Hexane SC0o2

Fig. 4. Extraction rate of protein during protein isolate
preparation from defatted powder of mealworm. Press, hexane,
and (CO2 indicate the defatting methods. Data represents the
meantone standard deviation (n=3). Different letters indicate
significantly different values according to Duncan multiple range
test (p<0.05).
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Fig. 5. Protein solubility profile of defatted powder (black) and
protein isolate (white) of mealworm. Press, hexane, and (CO2
indicate the defatting methods. Data represents the meanzone
standard deviation (n=3).
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Table 3. Hunter Lab color of defatted powder and protein isolate of mealworm

Col Defatted powder Protein isolate
olor
Press” Hexane sC02 Press Hexane sCO2
L* 48.63+0.15*) 72.73+0.48° 70.90+0.30° 51.95+0.07¢ 61.50+0.29° 58.35+0.58"
a* 7.63+£0.07* 2.77+0.09° 3.44+0.06° 6.12+0.03¢ 2.85+0.03° 3.23+0.14°
b* 15.39+0.06° 12.22+0.07° 14.27+0.10° 14.28+0.10° 9.80+0.05¢ 10.80+0.29°

DData represents the meantone standard deviation (n=3). Different letters within a column indicate significantly different values according to

Duncan multiple range test (p<0.05).
IPress, hexane, and (CO2 indicate the defatting methods.
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Fig. 6. Water adsorption capacity (A) and oil adsorption
capacity (B) of defatted powder (pale) and protein isolate (dark)
of mealworm. Press, hexane, and (CO2 indicate the defatting
methods. Data represents the mean+one standard deviation (n=3).
Different letters indicate significantly different values according to
Duncan multiple range test (p<0.05).
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Fig. 7. Foaming capacity (A) and foam stability (B) of defatted
powder (pale) and protein isolate (dark) of mealworm. Press,
hexane, and (CO2 indicate the defatting methods. Data represents
the mean+one standard deviation (n=3). Different letters indicate
significantly different values according to Duncan multiple range
test (p<0.05).
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