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Quality characteristics and antioxidant activities of rice cookies prepared
with Tenebrio molitor, Protaetia brevitarsis, and Gryllus bimaculatus powder

Han-Byeol Jang'', Ju-yeon Baek'’, Yun Sang Choi’, and Hae Won Jang"*

'Department of Food Science and Biotechnology, Sungshin Women's University
“Research Group of Food Processing, Korea Food Research Institute

Abstract In this study, the quality characteristics of rice cookies supplemented with different types of insect powder
(Tenebrio molitor, Protaetia brevitarsis, and Gryllus bimaculatus) were assessed according to the quantity of insect powder
used (0, 1, 2.5, 5, and 7.5 g). No significant differences were observed in rice cookie densities or water content. The pH
value and spread factor decreased with increasing insect powder content (p<0.05); however, a significant increase was
observed in the loss rate (p<0.05). Crude ash, crude fat, and crude protein content significantly increased with higher
concentrations of insect powder (p<0.05). Moreover, lightness and yellowness decreased, whereas redness increased with
higher insect powder concentrations (p<0.05). Hardness significantly decreased, whereas the antioxidant capacities of 2,2-
diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radicals increased with
higher insect powder concentrations (p<0.05). Finally, insect powder can prove a valuable resource in rice cookie
production, considering its nutritional value, consumer preference, and antioxidant properties.
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Table 1. Ingredient composition of cookies containing various
amounts of edible insects powder

Concentration of insect powder (g)

Ingredients
0 1 2.5 5 7.5
Insect powder 0 1 2.5 5 7.5
Rice powder 100 99 97.5 95 92.5
Butter 60 60 60 60 60
Sugar 30 30 30 30 30
Total 190 190 190 190 190
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Table 2. Density and pH of rice cookies containing various
contents of edible insects powder

Density pH
Control" 1.18+0.06% 7.15+0.04%
TMLI1 1.17£0.07 7.04+0.01°
TML2 1.21+0.08 6.97+0.00¢
TML3 1.2340.02 6.910.03¢
TMLA4 1.18+0.02 6.760.05¢
PBL1 1.22+0.06 6.85+0.03¢
PBL2 1.22+0.03 6.8240.01%"
PBL3 1.15+0.10 6.58+0.02
PBL4 1.13+0.09 6.49+0.02
GBCl 1.20+0.04 6.9440.03%¢
GBC2 1.15+0.07 6.86+0.02°
GBC3 1.14+0.03 6.79+0.02"¢
GBC4 1.15+0.07 6.68+0.01"

DControl: 0g of insects powder, TMLI1: 1g of Tenebrio molitor
powder, TML2: 2.5 g of Tenebrio molitor powder, TML3: 5¢g of
Tenebrio molitor powder, TML4: 7.5 g of Tenebrio molitor powder,
PBL1: 1 g of Protaetia brevitarsis powder, PBL2: 2.5 g of Protaetia
brevitarsis powder, PBL3: 5 g of Protaetia brevitarsis powder, PBL4:
7.5g of Protaetia brevitarsis powder, GBCl: 1g of Gryllus
bimaculatus powder, GBC2: 2.5 g of Gryllus bimaculatus powder,
GBC3: 5 g of Gryllus bimaculatus powder, GBC4: 7.5 g of Gryllus
bimaculatus powder.

JEach data is mean+SD (g/mL).

9 Values in row with different letters are significantly different as
p<0.05 by Ducan’s multiple range test.

Table 3. Spread factor, loss rates of rice cookies containing
various contents of edible insects powder

Spread factor Loss rates (%)
Control" 7.5340.082%%) 16.84+0.21¢
TMLI1 7.43+0.03° 17.210.51%4
TML2 7.36+0.06"° 17.65+0.29*"<
TML3 7.28+0.02° 17.84+0.20*°
TML4 7.13+0.06° 18.18+0.18*
PBLI 7.37+0.07"¢ 17.01£0.29%
PBL2 7.07+0.04¢ 17.39+£0.420¢
PBL3 6.83+0.05° 17.8840.51*
PBLA4 6.6120.08° 18.27+0.27*
GBCl1 7.27+0.07° 17.1440.83%%4
GBC2 7.04+0.08° 17.39:£0.420¢
GBC3 6.79+£0.17° 17.85+0.21%
GBC4 6.59+0.01" 18.18+0.34*

DControl: 0g of insects powder, TMLI1: 1g of Tenebrio molitor
powder, TML2: 2.5g of Tenebrio molitor powder, TML3: 5g of
Tenebrio molitor powder, TML4: 7.5 g of Tenebrio molitor powder,
PBL1: 1 g of Protaetia brevitarsis powder, PBL2: 2.5 g of Protaetia
brevitarsis powder, PBL3: 5 g of Protaetia brevitarsis powder, PBL4:
7.5g of Protaetia brevitarsis powder, GBCl: 1g of Gryllus
bimaculatus powder, GBC2: 2.5 g of Gryllus bimaculatus powder,
GBC3: 5 g of Gryllus bimaculatus powder, GBC4: 7.5 g of Gryllus
bimaculatus powder.

?Each data is mean+SD.

9 Values in row with different letters are significantly different as
p<0.05 by Ducan’s multiple range test
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Table 4. Water content, crude ash, crude fat and crude protein of rice cookies containing various contents of edible insects powder

Water content (%) Crude ash (g/100 g) Crude fat (%) Crude protein (%)
Control" 1.53+0.1577 0.24+0.01" 25.40+2.00" 3.8240.02"
TMLI 3.10£0.26% 0.32+0.01¢ 27.22+0.02%¢ 4.38+0.03!
TML2 3.10£0.10% 0.38+0.01° 28.2140.254 4.71£0.07¢
TML3 3.00:£0.00° 0.41+0.01° 28.75+0.1070¢ 5.53+0.08¢
TMLA4 2.73+0.25¢ 0.46+0.00° 29.16+0.07*° 6.02+0.04°
PBL1 3.27+0.25° 0.20+0.01° 28.93+0.22%0¢ 4,07+0.02
PBL2 4.23+0.25* 0.32+0.01¢ 27.86+0.08% 4.32+0.03'
PBL3 4.43+0.40" 0.39+0.01¢ 29.48+0.34* 5.02+0.04"
PBL4 437£0.21*° 0.51+0.01* 28.16+0.38>4 5.62+0.07°
GBCl1 3.23+0.42% 0.33+0.01¢ 29.2240.94% 4.10£0.06
GBC2 3.57+0.55%¢ 0.33+0.01¢ 28.85+0.32%0¢ 4.54+0.03"
GBC3 4.10£0.17* 0.37+0.00° 29.65+0.51* 5.30+0.06°
GBC4 3.83+0.35%¢ 0.41+0.01° 26.71+0.03¢ 6.11+0.03°

“Control: 0 g of insects powder, TML1: 1 g of Tenebrio molitor powder, TML2: 2.5 g of Tenebrio molitor powder, TML3: 5 g of Tenebrio molitor
powder, TML4: 7.5 g of Tenebrio molitor powder, PBL1: 1 g of Protaetia brevitarsis powder, PBL2: 2.5 g of Protaetia brevitarsis powder, PBL3:
5 g of Protaetia brevitarsis powder, PBL4: 7.5 g of Protaetia brevitarsis powder, GBC1: 1 g of Gryllus bimaculatus powder, GBC2: 2.5 g of
Gryllus bimaculatus powder, GBC3: 5 g of Gryllus bimaculatus powder, GBC4: 7.5 g of Gryllus bimaculatus powder.

YEach data is mean=SD.

=Values in row with different letters are significantly different as p<0.05 by Ducan’s multiple range test.
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Table 5. Color and hardness of rice cookies containing various contents of edible insects powder

L b Hardness
Control" 75.41+1.4979 1.91£0.05' 17.64+0.82* 19.85+1.43°
TML1 67.962.14%¢ 0.75+0.17¢ 16.35+0.48" 15.99+0.28"
TML2 62.96+2.21¢ 0.62+0.26¢ 15.06:+£0.68% 8.294+0.58°
TML3 54.61+£1.02% 3.08+0.13¢ 14.62+0.44° 5.21£0.09¢"
TML4 50.89+0.74" 3.80+0.21° 14.34+0.41f 4.26+0.54"
PBL1 62.98+1.18¢ 2.66+0.08¢ 18.01£0.23* 19.63+1.13°
PBL2 57.07+1.01%" 4.12+0.42¢ 17.94+0.57* 14.9440.76°
PBL3 46.13+1.80' 6.48+0.28" 16.75+0.52" 10.0240.55¢
PBL4 42.22+0.96 7.03+0.17° 15.72+0.21¢%4 6.71+0.45°
GBCl 69.89+2.12" 0.0340.24" 16.09+0.55" 16.7240.47
GBC2 65.2743.60% 1.3240.26" 14.91+0.63% 7.24+0.67¢
GBC(C3 58.21+0.89° 2.5740.29° 14.24+0.29%f 6.30+0.42%¢
GBC4 52.37+1.092" 3.2440.17¢ 13.68+0.66" 4.46+0.79"

“Control: 0 g of insects powder, TML1: 1 g of Tenebrio molitor powder, TML2: 2.5 g of Tenebrio molitor powder, TML3: 5 g of Tenebrio molitor
powder, TML4: 7.5 g of Tenebrio molitor powder, PBL1: 1 g of Protaetia brevitarsis powder, PBL2: 2.5 g of Protaetia brevitarsis powder, PBL3:
5 g of Protaetia brevitarsis powder, PBL4: 7.5 g of Protaetia brevitarsis powder, GBC1: 1 g of Gryllus bimaculatus powder, GBC2: 2.5 g of
Gryllus bimaculatus powder, GBC3: 5 g of Gryllus bimaculatus powder, GBC4: 7.5 g of Gryllus bimaculatus powder.

YEach data is mean £ SD.

=Values in row with different letters are significantly different as p<0.05 by Ducan’s multiple range test.

Table 6. DPPH and ABTS radical scavenging activity of rice
cookies containing various contents of edible insects powder

DPPH radical ABTS radical
scavenging activity (%) scavenging activity (%)

Control" 11.06+1.212" 10.99+1.73¢2
TMLI 15.704£5.13# 18.81+2.20"
TML2 29.14+0.07" 20.77+1.07°
TML3 81.10+1.38° 27.68+2.76°
TML4 89.41+0.88° 43.63+2.98°
PBLI1 47.89+2.72¢ 22.05+0.40°F
PBL2 83.27+0.65° 39.92+2.35%
PBL3 80.74+3.00° 58.66+0.87"
PBL4 74.11£2.09° 74.11+£0.95%
GBCl 41.43+2.08° 22744243
GBC2 81.24+1.69° 33.99+1.19¢
GBC3 88.63+0.16 50.16+0.45°
GBC4 89.29+1.60° 64.40£1.27°

DControl: 0 g of insects powder, TMLI1: 1g of Tenebrio molitor
powder, TML2: 2.5g of Tenebrio molitor powder, TML3: 5¢g of
Tenebrio molitor powder, TML4: 7.5 g of Tenebrio molitor powder,
PBL1: 1 g of Protaetia brevitarsis powder, PBL2: 2.5g of Protaetia
brevitarsis powder, PBL3: 5 g of Protaetia brevitarsis powder, PBL4:
7.5g of Protaetia brevitarsis powder, GBCl: 1g of Gryllus
bimaculatus powder, GBC2: 2.5 g of Gryllus bimaculatus powder,
GBC3: 5 g of Gryllus bimaculatus powder, GBC4: 7.5 g of Gryllus
bimaculatus powder.

“Each data is mean+SD.

9 Values in row with different letters are significantly different as
p<0.05 by Ducan’s multiple range test.
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Table 7. Consumer preference test of cookies containing various contents of edible insects powder
Color Flavor Texture Overall acceptability
Control" 5.38+1.09%%) 4.31£1.20%¢ 3.69+1.45% 4.38+1.0280¢
TMLI1 3.88+0.96°¢ 3.50+1.32¢ 3.94+1.29% 3.88+1.15%¢
TML2 3.56+1.46%¢ 3.56+1.59¢ 2.44+1.03¢ 2.63+1.41¢
TML3 3.31+1.66° 3.19+1.60° 3.81+1.80% 3.25+1.57%¢
TML4 3.75£1.57%¢ 3.38+1.63¢ 3.88+1.93" 3.44+1.59%4
PBL1 5.06+0.85% 3.50+1.59¢ 3.19£1.56%¢ 3.44+1.50%
PBL2 4.13£0.96" 3.31+1.45¢ 4.00+1.26° 3.44+1.46%
PBL3 4.56£1.09¢ 4.00+1.90% 4.25+1.61%¢ 4.06+2.02"¢
PBL4 3.69+2.09°¢ 3.69+2.12¢ 4.31£1.49%¢ 4.00£1.97°¢
GBCl 5.00+0.73 5.25+0.93*° 4.69+1.40%° 5.00£0.97*°
GBC2 4.38+0.50%¢ 5.06+1.1270¢ 4.81£1.22% 4.94+0.93°
GBC3 5.19+1.22¢ 5.56+1.09° 5.38+1.63* 5.50+1.51*
GBC4 4.88+1.41%° 5.25+1.34%° 4.81£1.22% 5.00+£1.26*°

“Control: 0 g of insects powder, TML1: 1 g of Tenebrio molitor powder, TML2: 2.5 g of Tenebrio molitor powder, TML3: 5 g of Tenebrio molitor
powder, TML4: 7.5 g of Tenebrio molitor powder, PBL1: 1 g of Protaetia brevitarsis powder, PBL2: 2.5 g of Protaetia brevitarsis powder, PBL3:
5 g of Protaetia brevitarsis powder, PBL4: 7.5 g of Protaetia brevitarsis powder, GBC1: 1 g of Gryllus bimaculatus powder, GBC2: 2.5 g of
Gryllus bimaculatus powder, GBC3: 5 g of Gryllus bimaculatus powder, GBC4: 7.5 g of Gryllus bimaculatus powder.

YEach data is mean=SD.

=Values in row with different letters are significantly different as p<0.05 by Ducan’s multiple range test.
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