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Optimization of conditions for producing extruded cricket powder using response
surface methodology and improving its properties with organic acids
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Abstract

Crickets, a high-quality alternative protein source, can be value-added through processing into high-protein cricket
powder. The extrusion process is a simple and efficient food processing method that offers high yields with minimal
waste. It also enables customization of formulations, shapes, textures, colors, flavors, and nutritional values as desired.

Moreover, the addition of hydrocolloids, maltodextrin, and organic acids with the extrusion process can enhance the
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surface methodology and improving its properties with organic acids

properties of extruded cricket powder. This research aimed to determine the optimal conditions for producing cricket
powder with the extrusion process to achieve the highest property using the Response Surface Methodology (RSM).
It also investigated the effects of organic acid pretreatments on improving the properties of extruded cricket powder.
The optimization of ECP production focused on three factors: the ratio of cricket powder (CP) to maltodextrin (MD)
(x1), the content of carboxymethyl cellulose (CMC) (x2), and the water content (x3). These factors were studied to
maximize the response values, including protein content, solubility, and whiteness index. The experimental design
followed a Central Composite Design (CCD) with a total of 20 experiments. The regression analysis using RSM showed
that the optimal conditions for producing extruded cricket powder were a CP:MD ratio of 83:17, 1.6% CMC, and 41%
water content by weight of cricket powder, respectively. These conditions resulted in the highest values for protein
content (63.0%), solubility (74.9%), and whiteness index (46.7%). The verification of the model revealed that the
experimental values and the predicted values had a deviation of less than 5%, indicating that the model was reliable
for predicting response values. Additionally, the pretreatments of ECP with organic acids, including citric acid, fumaric
acid, and ascorbic acid, were applied at concentrations of 0, 0.2, 0.4, 0.6, 0.8, and 1.0% by weight of cricket powder.
This study found that as the concentrations of all three organic acids increased, the solubility, whiteness index, and
antimicrobial activity of the extruded cricket powder were significantly improved. The addition of fumaric acid at a
concentration of 1% in the extrusion process resulted in the highest property of ECP. The results of this study confirmed
that RSM was an effective method for determining the optimal conditions for producing extruded cricket powder. The
addition of organic acids in extruded products enhances the properties of the product. This is considered an effective

way to add value to crickets by utilizing them as a raw material in high-protein food products.

Keywords: Extrusion technology, cricket, extrude cricket powder, response surface methodology, organic acids
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Table 1 Independent variables and levels of CCD applied to instant extruded cricket powder ingredients.

Independent variables Levels
Code Real - -1 0 +1 +Ol
Ratio of CP:MD (% total weight
X 75:25 80 : 20 88 :12 95:5 100:0
! cricket powder basis)
CMC content (% total weight
X 0.3 1.0 2.0 3.0 3.7
2 cricket power basis)
Water content (% total weight
X 23.2 30.0 40.0 50.0 56.8

cricket powder basis)
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Table 2 Response values for Y1, Y2 and Y3 with different combinations of X, X, and X, in CCD.

Code level of variables'

Response values®

No. X, X, X, Y, Y, Y,
(%) (%) (%) (%) (%) (%)
1 80:20 1.0 30 60.8 72.5 48.9
2 88:12 2.0 40 64.8 75.8 45.1
3 88:12 2.0 40 65.1 73.9 44.5
4 95:5 1.0 50 68.7 71.2 42.9
5 88:12 2.0 40 64.4 75.9 45.1
6 88:12 37 40 64.6 72.2 43.9
7 88:12 2.0 57 64.2 75.0 445
8 88:12 0.3 40 65.2 65.8 43.8
9 80:20 3.0 50 56.8 72.0 46.1
10 88:12 2.0 23 64.0 65.0 44.6
11 100:0 2.0 40 69.6 75.5 40.8
12 95:5 1.0 30 67.8 60.5 40.9
13 95:5 3.0 50 68.7 75.8 41.8
14 75:25 2.0 40 56.0 73.8 52.5
15 88:12 2.0 40 64.8 73.5 45.1
16 80:20 3.0 30 58.0 73.5 47.9
17 88:12 2.0 40 67.0 75.1 44.9
18 88:12 2.0 40 65.4 77.4 43.4
19 95:5 3.0 30 67.2 74.8 425
20 80:20 1.0 50 61.5 71.8 47.4

1x1: Ratio of CP:MD (%), X): CMC content (%), X Water content (%).
2Y1: Total protein content (%), Yz: Solubility (%), Y3: Whiteness index.
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R’ Model Lack of fits
Responses Second order polynomial equations
(p-value) (p-value)
Y1 =653+ 4.3x1 - 0.7x2 + 0.9x12 + O.9x1x2 0.9713 <0.0001 0. 5641
=75.3+23x +1.9x —2.1x* — 1.8x >+
Y 2 ® 2 3 0.8823 0.0013 0.1352
2 2.2x X_+ 1.7x X
12 12
Y =447 - 3.1x1 + 0.7x12+ 0.6x1x3 0.9711 <0.0001 0.3914

169



170 Hathaigan Kokkaew and Nisakorn Srithanyarat

[
~ a

2. MINATTANBAINDUARDI

AMTALATERARAINTA AR IF DA
(Three-dimensional response surface plots) wEadbALAR
msasnudasasdulsiaszlasdasdiuues CPMD
(x,) U300 CMC (x ) wazSan o (x)) J9ntwaneell
wosfydadinauauadLTumllEw (Y,) 92108130
lumsazane (Y) Lmzﬁ"ﬁﬁmwm's(n) MYIATAALE
NIRaURUEY Figure 1 waaslifininiesandiuues
CP:MD Lﬁu%m«hNalﬁﬂ’%mm‘[ﬂsﬁulum%m‘%manfwgm
(Y) Lﬁu%uamaamaﬁﬁaéwﬁag B9UITIN AT
CP:MD fnatBsuindonmainysunmlusawlundo st
TunsassmmdnumsRnysanm CMC f9naLisaude
ﬂ%mm‘[ﬂiﬁﬂum%\‘]ﬁ%@Laﬂﬂ?“ng@ \fiosannmsidin cMc
YSunmunniiunlleraaansduinuveslysdu lsauds
gﬂﬁwmUmﬂ%uszwj’mm:mumnanwgﬂfu Farn 1A
nAaAmsigarnefivaimldsduaaas (Chuaychan &
Benjakul, 2016) vmAUSunmminlidansnadassunm
Iﬂsﬁﬂum%@%’%maﬂ%ﬂg@

Design-Expert® Software

vi

Design-Expert® Software

Y1

X1=Axt
X2 =83

Actual Factor
che=17

Design-Expert® Software

Y1

x1=A3
X2 =82

Actual Factor
Cixt =91.49

s

IR

gy
gl

&

Figure 1 Response surface plots for the effect
of independent variables (x1, ratio of cricket powder
to maltodextrin; X, CMC content; X water content)

on protein content (Y1)
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Figure 2 Response surface plots for the effect
of independent variables (x1, ratio of cricket powder
to maltodextrin; X, CMC content; X, water content)

on solubility capacity (YZ)
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Figure 3 Response surface plots for the effect of
independent variables (x1, ratio of cricket powder to
maltodextrin; X, CMC content; X water content) on

whiteness index (Y3)
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