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Abstract

Nowadays, the health trend has made functional food products popular, especially insect protein
concentrate products. The objective of this research was to study the optimum conditions for the pressurized hot
water extraction of proteins from crickets by response surface methodology. Box-Behnken Design was utilized to
study 3 factors affecting total protein content and protein extraction yield including temperature, time and water
content for protein extraction. The temperature, time and water content for protein extraction used were 120-130°C,
20-60 min and 70-90%, respectively. From the experiments, the optimum conditions for the extraction of proteins
from crickets were the extraction of proteins using temperature at 126°C, time at 45.44 min and water content of

71.42%. By using second-order polynomial equations to predict total protein content and protein extraction yield
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when protein extraction from crickets was performed at the optimum conditions, it was found that total protein
content and protein extraction yield from extraction were 82.49% and 87.10%, respectively. Furthermore, it was
found that the total protein content and protein extraction yield predicted from mathematical models were close
to those obtained from the experiments. The mean relative deviations between predicted values from

mathematical models and those from experiments for total protein content and protein extraction yield were

1.50% and 1.989%, respectively.

Keywords: Cricket, Pressurized hot water extraction of proteins, Response surface methodology
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Table 1 Variables and levels of variables used in protein extraction from crickets

Independent variable

Level

-1 0 +1

Temperature
Time

Water content

120 125 130
20 40 60
70 80 90

Table 2 Total treatments of Box-Behnken Design (BBD) and RSM analysis

Treatment Code
X, X, X,
(Temperature) (Time) (Water content)

1 120 20 80
2 130 20 80
3 120 60 80
4 130 60 80
5 120 40 70
6 130 40 70
7 120 40 90
8 130 40 90
9 125 20 70
10 125 60 70
11 125 20 90
12 125 60 90
13 125 40 80
14 125 40 80
15 125 40 80
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Table 3 Nutritional composition of 100 grams of crickets

Nutritional composition Content

Wet weight Dry weight
Moisture content (%) 71.04 + 0.25 8.31 +0.17
Protein (¢) 18.64 + 0.23 60.35 + 0.20
Fat (¢) 6.25+0.12 27.46 + 0.19
Carbohydrates (g) 4.07 + 0.15 3.88+£0.15
a 0.98 + 0.02 0.35 + 0.02
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e
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Table 4 Total protein and yield of proteins extracted from crickets

Treatment Total protein (%) Yield (%)
1 78.928 72.93
2 80.82 71.75
3 78.57 69.65
4 82.11 70.05
5 80.13 79.52
6 82.71 78.33
7 81.15 80.73
8 82.69 88.97
9 77.19 86.71
10 80.18 94.91
11 81.72 45.37
12 83.75 52.57
13 83.39 70.1
14 83.7 69.62
15 84.14 68.57

Table 5 Regression coefficients and variance analyses of second-order polynomial equations (prediction models)

Coefficient Yield (%) Total protein (%)
3 936.2578 -529.7476
R, -16.3117 9.0277
R, -0.7213 -1.0495
35 4.4565 0.2018
B2 0.0045 0.0025
B, -0.0124 -0.0120
B2 -0.0024 0.0085
B 0.0676 -0.0312
Ris 0.0036 0.0009
Rys -0.0187 0.0025
F-value 55110 3.4528
p-value 0.0374 0.0429
R? 0.9084 0.8614
Adjusted R? 0.7435 0.6119

Statistically significant terms with a confidence level of 95 percent
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Figure 1 Effect of temperature (°C) and time (min) on % total protein for the protein extraction using

70% water content (A), 80% water content (B) and 90% water content (C)
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(A)
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B: Time (min) 30 207120 122 A: Temperature (°C)

122
20 120 A Temperature (°C)

Figure 2 Effect of temperature (°C) and time (min) on % yield for the protein extraction using

70% water content (A), 80% water content (B) and 90% water content (C)
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Table 6 Goals, lower limits, upper limits and importance of variables included in response surface

methodology and predicted values for the optimum conditions

Lower Upper Predicted
Variable Goal Importance

limit limit value
T (°0) in range 120 130 3 130
Time (min) in range 20 60 3 60
Water content (%) in range 70 90 3 70
Total protein (%) maximize 77.19 84.14 1 1
Yield (%) maximize 45.37 9491 1 1

Table 7 Comparison of total protein content and protein extraction yield between experimental values

and predicted values

Predicted Experimental Mean relative deviation
Response variable
value value (%MRD)
Total protein (%) 82.49 83.75 1.50
Yield (%) 87.10 88.86 1.98
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Figure 3 Overlay plot and optimized region of time and temperature for the extraction of cricket proteins
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Figure 4 Cricket protein powders from spray drying

Table 8 Physical and chemical qualities of cricket protein powder products

Qualities Defatted cricket powder Spray dried cricket protein powder
Solubility (%) 13.78 92.34
Moisture content (%) 5.24 3.69
Protein (%) 62.03 80.25
Water activity (a,,) 0.37 0.23
Color
L* 56.43 79.84
a* 4.15 1.95
b* 21.66 17.87
C 22.06 17.90
°h 79.17 83.76
4. unagy 45.44 unit 9ntuvhnisleludluddnsou nsoswennin

a o a & A a
anznmangadlunisanalusiulase A Ans
a a X o v X o A a
wsnansavanglusiulavse lagldnadaunsanniunisu
sfusuudunazinludnsidiu 28.58 : 71.42 Junaulsn
Winu nsesdiuresntn @n waw 27) A8E1919U19

nduinlUlgludlud fremaunss 1,500 rom Uiy 3

'
a

a v ¥ L a a
wil suneldnnuiuiounnd 126 evraaldod Uy

il U

10

YSudsunaeaud sianglaviavusvesansazanalsiunls
fpuealaingmsudu 22.5 °Brix YuAanIeA3 09viuAg
wuuniudes tnefmungamgividiuazuieandu 160

a a v a X A da
parwaLtyd way 80 asAwawdud LonalusAulwsaid
ANasalunisazate Segay 92.34 Welguiy

o

a LA Av o a % o 9 a
WQG]‘UBNR]QMiﬂMl&lNWUﬂﬁ‘UUN’IﬁJuLLa%ﬂ’]iaﬂﬂIU‘i(ﬂu



a

NIATInermansuazmealulag WnInedeauasivsidl U9 27 atunl 2 weunguniau-enau 2568

wuinflauanunsalunisazanesiios Sovas 13.78
Fuuntsatalusausedtmnauaziuieieinios
Fuiauunuies aunsadiuanuanansolunisazans
Y9995 m3nldEe 6.70 i muddu wazliuslusiiy

A da

JwIaniivIunalusiugs Sevay 80.25 uarlvsesay

Nandn 87.10

5. inAnssuusznna

Hideveveunm a1vineimansuazinalulad
1158113 ANENITNGINTTTINYIR UvInedenalulad
Svnadau g unanauas lviaseyazily

msldgunsaluazinesilonns Wusdrehds

6. References

[1] Song, VY.S. and et al. 2018. Extraction of chitin
and chitosan from larval exuvium and whole
body of edible mealworm, Tenebrio molitor.
Entomological Research. 48(3): 227-233.

[2] Sihamala, O. and et al. 2018. Nutritional value
of edible insects in Kalasin Province. King
Mongkut’s Agricultural Journal. 36(2): 98-105.
(in Thai)

[3] Amarender, RV. and et al. 2020. Lipid and
protein extraction from edible insects — Crickets
(Gryllidae). LWT - Food Science and Technology.
125: 109222.

[4] Wattanathorn, J. and et al. 2012. Aphrodisiac
activity of Kaempferia parviflora. American
Journal of Agricultural and Biological Sciences.
7(2): 114-120.

[5] Promkhan, S., Saithi, S. and Wongbasg, C. 2020.
Effect of drying conditions and shelf life of
crispy cricket product. Khon Kaen Agriculture
Journal. 48(1): 1-12. (in Thai)

[6] Tangkhavanich, B., Kobayashi, T. and Adachiy, S.
2013. Properties of rice stem extracts obtained by
using subcritical fluids. Bioscience, Biotechnology,

and Biochemistry. 77(10): 2112-2116.

11

[7]

[10]

[11]

[12]

[13]

(14]

[15]

Rodsamran, P. and Sothornvit, R. 2018.
Physicochemical and functional properties of
protein concentrate from by-product of coconut
processing. Food Chemistry. 241: 364-371.
Association Official Analytical Chemists. 2023.
Official Methods of Analysis of AOAC
International. 22"¢ edition. Rockville, MD:
AOAC International.

Kunapornsujarit, D. and Intipunya, P. 2013.
Effect of spray drying temperature on quality
of longan beverage powder. Food and Applied
Bioscience Journal. 1(2): 81-89. (in Thai)
Hemathulin, S., Rin, S. and Reunstip, R. 2023.
Study of optimum conditions for soy milk
production by response surface methodology.
Journal of Science and Technology, Ubon
Ratchathani University. 25(3): 75-86.

Bureau of Nutrition, Department of Health,
Ministry of Public Health. 2018. Food Composition
Table of Thai Foods. https://nutrition2.ana
mai.moph.go.th/th/thai-food-composition-table/
download?id=61523&mid=31993&mkey=m_do
cument&lang=th&did=18032. Accessed 14 July
2023. (in Thai)

Wiwatphanit, K. 1999. Insects: Future Human
Food. Bangkok: Institute of Thai Traditional
Medicine. (in Thai)

Rianpreecha, C. 2017. Foam-mat Drying of Ripe
Papaya Pulp. M.Sc. Thesis, Khon Kaen University.
Nugthum, M. and et al. 2021. Effects of
maltodextrin and inlet air temperature on
quality of spray-dried mangosteen powder.
KMUTT Research & Development Journal.
44(2): 329-338. (in Thai).

Sonsomboonsuk, S. 2018. Development of
Instant Bael Powder Product by Spray Drying.

M.Eng. Thesis, Suranaree University of Technology.

(in Thai)


https://nutrition2.ana/

