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Abstract 

The rapid increase in global population and the unsustainable conventional meat production have created demand 
for alternative animal-derived protein. Traditionally, soy has been utilised in structuring meat analogues. Currently, 
edible insects are researched as a potential alternative source of proteins and a valuable ingredient in development 
of meat analogues. High moisture extrusion was applied to a mixture of soy protein isolate (SPI) and full or low-fat 
cricket flour (CF) and the impact of cricket inclusion levels as well as extruder barrel temperature on the firmness 
andin vitro protein digestibility was evaluated. The SPI flour was substituted at O (control), 15, 30 and 45% and 
extruded on a laboratory co-rotating twin-screw extruder with a throughput of 1 kg/h at 150 rpm screw speed. 
Cooking temperature was varied at 120, 140 and 160 °C and water flowrate set to 10 ml/min. Texture as evaluated 
on all the treatments by texture profile analysis while the in vitro crude protein digestibility (CPD) was done on raw 
flours and extrudates with 15 and 45% CF inclusion and at 120 and 160 °C. The extrusion temperature had a negative 
correlation (r=-0.49) with the CPD but the CF inclusion had a correlation; r=0.71 (120 °C) and -0.28 (160 °C). The 
highest CPD (50%) was recorded from 45% full-fat CF extruded blend at 120 °C. Firmness was positively influenced 
(r=0.56) by temperature but negatively influenced (r,,,-0.57) by CF inclusions at selected temperatures. Overall 
the low-fat CF blends had lower firmness values compared to their full-fat counterparts and control samples. The 
findings from this research demonstrated to be relevant for processing of high-protein and insect-based meat 
alternatives for food dependencies. 

Keywords: edible insects, Acheta domesticus, full and low-fat, meat analogue 

1. lntroduction 

The demand of high-value animal protein sources for 
human consumption is growing and expected to increase 
by 72% over the next 35 years (Wu et al., 2014). This mounts 
more pressure on the livestock sector to meet the animal 
protein demand to the rapidly growing global population 
(FAO, 2009). However, the meat sector is faced by limited 
resources and its related increasing environmental footprint 
(Steinfeld et al., 2006; Vermeulen et al., 2012). These 
factors have promoted new research for sustainable meat 
alternatives. Traditionally, soy protein has been suggested 
for partial replacement of meat due to the similarity in 
amino acid concentrations (Macdonald et al., 2009) and 
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better texturization properties (Noguchi, 1989). Recently, 
edible insects have been shown to be a potential and a 
sustainable source of food and proteins (Ghosh et al., 2017; 
Van Huis, 2013). In particular, according to Pickova (2018) 
Acheta domesticus is an excellent source of protein, up to 
66.6%, which is significantly higher than the traditional 
protein sources. In addition, Pickova (2018) reported that 
A. domesticus contain higher essential amino acids (EAA) 
and in better proportions than beef, pork, chicken, salmon 
and milk. A. domesticus farming is easy and economical 
(Pickova, 2018) however, mass rearing of this species 
threatened by the A. domesticus densovirus outbreak which 
can cause high mortality rates (Meynadier et al., 1977). 
Currently in Kenya, A. domesticus, is being promoted for 
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large-scale rearing for human consumption and is utilised 
in value added (protein and mineral) products (Kinyuru et 
al., 2015a,b). lt has been reported that the proteins from 
A. domesticus have a reputable functionality tobe applied 
in food industry (Ndiritu et al., 2017). Further, Finke et al. 
(1989) reported that the house cricket was superior to soy 
protein- a plant-derived protein, as a source of proteins 
when fed to weaning rats. Blending of plant and animal
based proteins has been suggested to improve protein 
quality by creating an optimum balance of amino acids 
in food products (Boland et al., 2013) but also serve as a 
means of reducing over-utilisation of one source of protein. 

High moisture extrusion (HME) cooking is one of the 
suitable technologies for incorporating unconventional 
food sources to produce meat- like substitutes. Depending 
on the ingredient composition and by varying process 
parameters such as barrel temperatures, moisture and 
screw speed, the protein-based mixtures are plasticised and 
texturized in a long die into various meat-like structures 
(Noguchi, 1989). According to Akdogan (1999), process 
temperature and the lipid content have a significant effect 
in relation to crude protein digestibility (CPD) and textural 
properties of the HME products. During extrusion cooking, 
the process temperature and lipids control the shearing, 
mechanical energy (Camire et al., 1990; Ilo et al., 2000). 
They also contribute to various chemical and structural 
transformations (Guy, 2001; James and Nwabueze, 2013) 
that can affect the aforementioned properties. In the 
designing of meat substitutes, fibre (5-10% content) has 
been demonstrated to be key in obtaining a desirable 
anisotropic structure (Smetana et al., 2018a). Chitin, which 
is commonly abundant in the exoskeleton of insects is 
indigestible and allergenic to some humans (Van Huis et al., 
2013) and has been shown tobe negatively correlated with 
CPD (Marono et al., 2015). Previous studies have utilised 
edible insects as processed concentrates or defatted insect 
flours in designing of meat analogues and most of them 
have demonstrated a great potential. However, to our best 
ofknowledge, the inclusion of edible house cricket- full-and 
low-fat flours in meat analogues has not been studied. This 
study therefore aimed at investigating the effect of inclusion 
of full and low-fat house cricket flour (CF) at different 
extrusion temperatures on digestibility and firmness, and 
comparing the properties to a standard meat analogue of 
pure soy protein isolate. 

2. Materials and methods 

Research site 

HME trials and formulation of extrusion feeds were 
performed at pilot processing facility and a laboratory 
kitchen respectively, in Fraunhofer Institute for Process 
Engineering and Packaging IVV, (Freising, Germany). 
Laboratory analyses were carried out at the Department 
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of Food Technology and Bioprocess Engineering, Max 
Rubner-Institut, Federal Research Institute of Nutrition 
and Food, (Karlsruhe, Germany). 

Material 

Soy protein isolate ( Glycine max) (SUPRO EX 33 IP) 
was kindly provided by Fraunhofer Institute for Process 
Engineering and Packaging IVV. Full-fat CF (A. domesticus) 
was purchased from EIF, (Chiang Mai, Thailand) while the 
low-fat CF was obtained by defatting the full-fat CF using 
ethanol as solvent. 

Preparation of the low-fat cricket flour 

The full-fat CF was defatted according to the procedure 
outlined by L'Hocine et al. (2006) with some modifications. 
Approximately 100 g offull-fat CF was mixed with analytical 
grade ethanol in ratio of 1:2 and stirred for 30 min. using 
magnetic stirrers. Thereafter, the solvent layer was filtered 
out using a vacuum pump and then the extraction step 
was repeated on the residue two more times to obtain 
maximum defatting. A final rinsing with fresh absolute 
ethanol was done and then the flour was dried overnight 
in a fume hood at room temperature, while the recovered 
filtrate was re-distilled using a rotary evaporator for the 
next fat extraction. 

Determination of proximate composition of ingredients 

Proximate composition was determined according to 
AOAC (1990) methods. Crude protein was determined 
using the Kjeldahl method and total protein content was 
calculated as the amount of total nitrogen multiplied by a 
nitrogen-protein conversion factor of 6.25. The crude fat 
was determined by Soxhlet extraction using ethanol as a 
solvent. The moisture was determined by an oven drying 
method at 105 °C until a constant weight was reached 
before weighing and calculation. Ash was determined by 
incineration of samples in silica crucibles in muffle furnace 
at 550 °C. Finally, total carbohydrate was determined by 
difference ( CHOCDF). All of the analyses were performed 
in triplicate and expressed as mean ± standard deviation. 

Formulation of cricket-soy extrusion feeds 

From extrusion trials, excess lipid >10% in the extrusion 
feed decreased extruder efficiency and reduced the fibre 
formation. Thus, based on proximate composition of 
ingredients, soy protein isolate was substituted with 0, 
15, 30 and 45% of full-fat or low-fat CF. Each blend was 
separately ground into fine flour using thermomix (TM31; 
Vorwerk, Wuppertal, Germany) for 30 sec at 6,000 rpm 
and preconditioned to a moisture of approximately 20%. 
Thereafter, each chemical composition of the blends 
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was calculated based on the proximate composition of 
ingredients and their ratios used. 

High moisture extrusion process 

A laboratory, co-rotating, intermeshing twin screw extruder 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 
a 16 mm screw diameter, a smooth barrel and a length
diameter ratio of 25:1, operating at a speed of 150 rpm 
was used. The extruder was equipped with a gravimetric 
feeder that introduced the blend ingredients at a feed rate 
of 0.4 kg/h giving a throughput of 1 kg/h. While operating, 
process water at ambient temperature was pumped at 
10 ml/min flow rate. The barrel was segmented into five 
temperature controlled zones that were set at 40, 60, 80, 100 
and T °C from the first feeding zone to the fourth zone while 
the last zone was set and stepwise increased to the desired 
cooking temperature ofT=120, 140 or 160 °C, respectively. 
A cooling die with dimensions of 19x2x210 mm was 
attached to the end of the extruder, with water at 80 °C 
at a flow rate of 3.41/min. For each experimental setting, 
samples were collected when the temperatures were stable 
for at least 3 min. Samples were cooled, packed in vacuum 
seal bags and frozen at -20 °C till further analysis. 

Firmness analysis by puncture test 

Firmness was analysed using puncture test as described in 
Bourne (2002). Samples were defrosted to room temperature 
and analysed immediately. For each treatment, 3 samples 
were cut; 10 cm long and had a 1.85 mm thickness, and 
a minimum of 7 measurements were done on random 
positions ofthe sample. A TA-XT2 texture analyser (Stable 
Micro Systems Ltd., Godalming, UK) fitted with a 2 mm 
cylindrical probe was used to penetrate through the sample 
to a distance of 2 mm and at a test speed of 1 mm/sec. The 
maximum force in Newton (N) was recorded and used as 
an indicator of product texture (hardness/shear force). 

In vitro protein digestibility 

Static in vitro digestion method 

A standardised static in vitro digestion protocol was used 
to evaluate the protein digestibility of the extruded meat 
analogues as described in Minekus et al. (2014) with 
minor adoptions. The digestibility assay was done on 
each extruded experimental treatment in triplicate and 
the results were used for calculation of mean values per 
sample. Prior to digestion, samples were freeze dried and 
milled using a laboratory mill (model A 11; IKA, Staufen, 
Germany) for 10 sec. and sieved through stainless steel 
sieves to obtain a particle size between 0.5 to 1 mm. In 
addition, stock solutions were prepared: simulated salivary 
fluid (SSF), simulated gastric fluid (SGF) and simulated 
intestinal fluid (SIF) according to Minekus et al. (2014). For 
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every replicate, 0.5 g of milled sample was weighed in 50 ml 
lid glass and 4.5 ml deionised water was added. Next, 4 ml 
SSF stock solution and 25 µl of 0.3 M CaC12 were added 
then mixed under magnetic stirrer to reproduce the oral 
phase. For gastric phase, 7.5 ml SGF stock solution was 
added followed by 1.6 ml SGF containing pepsin (P6887-
5G, CAS n. 9001-75-6; Merck KGaA, Darmstadt, Germany) 
and 5 µl of 0.3 M CaC12. The pH was adjusted to 3.0 by 
addition of 1 M HCl in the final mixture and/or necessary 
amount of purified water to reach a total volume of 895 µl 
tobe added. Air was flushed out using N2 and the lid was 
closed, and the samples were incubated in a water bath for 
2 h set at 37 °C under agitation. Hourly, the pH was checked 
and if necessary corrected using 1 M NaOH. 

The chyme from the gastric phase was mixed with 11 ml 
of SIF stock solution, followed by 5 ml SIF supplemented 
with pancreatin (P7545-100G, CAS n. 8049-47-6; Sigma) 
and 2.5 ml SIF containing bile extract from porcine (B8631-
lO0G, CAS n. 8006-63-7; Sigma). Then 40 µl ofü.3 M CaC12 
were added to the mixture and pH was adjusted to 7.0 
by addition of 1 M NaOH and/or purified water to reach 
1.46 ml. Again, air was flushed out using N2 followed by 
incubation, for 2 hat 37 °C with a (if necessary) correction 
of the pH using 1 M HCL Thereafter, the supernatant was 
collected into 2 ml Eppendorf tubes, snap-freezed in liquid 
nitrogen and stored at -20 °C until analysis. The digestion 
experiments were performed in triplicates. 

Degree of protein hydrolysis 

Specifically, the degree of protein hydrolysis (DH) was 
determined based on the reaction of primary amino groups 
(NH2) in the digestate supernatant with o-phthaldialdehyde 
(OPA) as described in Nielsen et al. (2001) with some 
adoptions. Beforehand, the supernatants were thawed and 
centrifuged at 7,000 rpm for 10 min. The preparation of 
the OPA reagent, assay and measuring sequence during 
quantification was done as illustrated in cA Cary 50 UV-Vis 
spectrophotometer (Varian Inc, Palo Alto, CA, USA) was 
used to take readings at 340 nm. The following equations 
were used for calculations. 

DH = h / htot X 100% (1) 

Where h is the number of hydrolysed bonds and is 
determined as follows: 

serine-NH2 = OD sample - ODblank / ODstandard - ODblank 
x 0.9516 meqv / L x 0.1 x 100 / X x P (2) 

where serine-NH2 = meqv serine NH2/ g protein; X = g 
sample; P = protein % in sample; 0.1 is the sample volume 
in litre (1). h is then: 

h = (serine-NH2 - ß) / ex meqv / g protein (3) 
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where ex and ß for soy protein isolate was 0.970 and 0.342 
while for the A. domesticus flour and its formulations 
(not been examined) are estimated to be 1.00 and 0.40, 
respectively. Where htot is the total number of peptide 
bonds per protein equivalent and is given as 7.8 for soy 
protein isolate and 7.6 as the estimate for the A. domesticus 
flour and the resulting formulations (not examined yet), 
respectively, according to Adler-Nissen (1986). 

Statistical analysis 

Firmness and digestibility replicate values for the treatments 
were analysed using one-way analysis of variance (one
way ANOVA) using STATA/IC 12.0 statistical software 
(StataCorp, College Station, TX, USA). Means were 
compared using Bonferroni's test adjusted at 95% confidence 
level. The correlation analysis between different extrusion 
temperatures and cricket inclusion levels on firmness and 
digestibility was carried out using Pearson's regression 
model. 

3. Results and discussion 

Composition of ingredients and formulated blends 

Table 1 shows the proximate composition of the various 
ingredients. The SPI had highest crude protein content 
and lowest fat content of about 81 and 1%, respectively. 
The proximate composition of SPI were found comparable 
to Van Eys et al. (2005) while that of whole/full-fat CF 
was similar to findings by Rumpold and Schlüter (2013). 
However, the reported protein content ofwhole CF (61%) 
maybe be overestimated since the nitrogen (N) detected by 
the Kjeldahl analysis which is then multiplied by N-factor 
of 6.25 does not originate from proteins; some come from 
chitin and other N-containing molecules (Janssen et al., 
2017; J onas-Levi and Martinez, 2017). Defatting of full-fat 
CF was found to reduce the fat content by approximately 
51 %, indicating that ethanol as defatting solvent and at the 
set conditions described in protocol above was sufficient. 
However, a study by James and Nwabueze (2013), reported 
an 80% fat removal on soy bean flour using ethanol but at 
different conditions (3 h soaking in ethanol and 4,000 rpm 
centrifugal separation). Protein content substantially 

increased by 12%, this shows an increase in nitrogen content 
in low-fat CF. Meanwhile, the ash content decreased by 19% 
after defatting CF The CHOCDF/fibre content in low-fat 
CF was double that contained in full-fat CF and according 
to Irungu et al. (2018b) the crude fibre make up about 
54% of the total CHOCDF of A. domesticus. Noteworthy, 
defatting using alcohol has been reported to remove the 
ethanol-soluble carbohydrates primarily sugars (Theander 
and Westerlund, 1987) and some proteins fractions (Pace 
et al., 2004); these compounds are key to chemical changes 
during thermal processing. 

As outlined in Table 2, among the blends the control had 
the highest protein content and lowest fibre content. 
Blends containing the full-fat CF had higher fat contents 
as compared to the low-fat CF blends and the control. The 
highest value for fat content (12%) was obtained at 45% 
full-fat CF inclusion. On the other hand, the low-fat CF 
blends recorded higher protein, ash and CHOCDF/fibre 
contents as compared to the full-fat blends. 

In vitro protein digestibility of raw ingredients 

The degree ofhydrolysis is a key parameter in monitoring 
the reaction in protein hydrolysis (Nielsen et al., 2001). 
In Table 3, the CPD was higher (39.81 %, P<0.01) in 
SPI compared to the CF (28.73 and 29.95%). Probable 
explanation for the high CPD in SPI could be due to low 
anti-nutritional factors such as oligosaccharides which 
are usually eliminated during the manufacturing process 
as well as the high protein content (Jiang et al., 2009; 
Stein, 2008). On the other hand, the adult house cricket 
contains about 19% of indigestible chitin (Barker, 1997; 
Chapman, 2013), this is a polysaccharide of glucosamine 
and N-acetylglucosamine and has been found tobe difficult 
to digest in humans gut (Belluco et al., 2013; Finke, 2007). 

There was no significant differences (P=0.90) observed 
for the CPD values between the two CF (average CPD 
29.34%). This indicated that the solvent defatting of CF 
had no measurable effect on the CPD. 

Table 1. Proximale composition of raw ingredients on dry matter basis (g/100).1•2 

lngredients 

Soy protein isolate 

Full-fat cricket flour 

Low-fat cricket flour 

Protein 

81.64±0.03 

61.39±0.33 

68.48±0.16 

1 Values are means ± standard deviation. 
2 CHOCDF = total carbohydrate calculated by difference. 
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Fat 

0.99±0.16 

24.80±0.67 

12.12±0.65 

Moisture 

9.83±0.48 

3.70±0.17 

5.33±0.34 

Ash 

3.90±0.25 

5.09±0.01 

4.12±0.92 

CHOCDF/fibre 

3.64±0.13 

5.02±1.22 

9.95±0.59 
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Table 2. Chemical composition of formulations, calculated by ratios (g/100).1,2 

Formulations Protein Fat Moisture Ash CHOCDF/fibre 

100% SPI 81.64±0.03 0.99±0.14 9.83±0.40 3.90±0.20 3.64±0.30 
15% full-fat CF 78.60±0.07 4.56±0.06 8.91±0.33 4.07±0.26 3.84±0.14 
15% low-fat CF 79.66±0.02 2.65±0.04 9.15±0.36 3.93±0.17 4.58±0.21 
30% full-fat CF 75.56±0.10 8.13±0.10 7.99±0.26 4.26±0.34 4.03±0.34 
30% low-fat CF 77.69±0.03 4.30±0.06 8.48±0.32 3.97±0.14 5.54±0.13 
45% full-fat CF 72.52±0.14 11.70±0.19 7.07±0.20 4.43±0.42 4.26±0.61 
45% low-fat CF 75.71±0.05 5.99±0.15 7.80±0.29 3.99±0.11 6.47±0.09 

1 Values are means ± standard deviation. 
2 CF= cricket flour; CHOCDF = total carbohydrate calculated by difference; SPI = soy protein isolate. 

Table 3. Degree of hydrolysis of raw feed materials.1,2 

lngredients 

Soy protein isolate 

Full-fat cricket flour 

Low-fat cricket flour 

1 Entries are means ± standard error. 

Degree of hydrolysis (%) 

39.81±1.238 

28.73±1.50b 

29.95±1.18b 

2 Different superscript letters indicate statistical difference (P<0.05). 

In vitro protein digestibility of extrudates 

Generally, the CPD values obtained for extrudates (reported 
in Table 4) were considerably higher than those of the raw 
flours in Table 3. This could be attributed to extrusion 
cooking. The combined thermal-mechanical process 
(shearing action of the rotating screws and the heating in the 
extruder barrel) have reported to have a positive effect on 
protein digestibility (Berk, 2013; Chen et al., 2011). This is 
through protein structure modification and/or inactivation 
of anti-nutritionals factors that can occur even at mild HME 
(Singh et al., 2007). 

At 120 °C, inclusion of A. domesticus flour had a positive 
correlation (r=0.71) with CPD. The highest CPD (50%) 
was recorded at inclusion of 45% full-fat CF. There was no 
significance difference (P=0.39) in CPD values between the 
15% and the 45% low-fat extruded blends (-46%) as shown 
in Table 4. The increase in CPD with increase in level of 
CF substitution can be attributed to the high quality of 
protein in A. domesticus. According to Finke et al. (1989) A. 
domesticus which is an animal-derived protein have better 
protein digestibility than the soy protein which is of plant 
origin. A study by Irungu et al. (2018a) found an increase 
in CPD of A. domesticus meal-based aquafeed pellets at 
25 g/100 g substitution. Similarly, Azzollini et al. (2017) 
recorded an improvement of protein digestibility upon 
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Table 4. Degree of hydrolysis (%) of extrudates at different 
temperatures.1,2,3 

Extrudates 120 °C 

0% CF (100% SPI) 42.44±0.34d8 
15% full-fat CF 47.37±0.56bA 
15% low-fat CF 44.95±1.85CA 
45% full-fat CF 50.21±0.91 8A 
45% low-fat CF 46.18±0.32CA 

1 Entries are means val ues ± standard error. 
2 CF= cricket flour; SPI = soy protein isolate. 

160 °C 

48.79±0.758A 
37.87±1.69b8 
38.96±3.67b8 

42.88±1.60b B 

41.85±0.40b8 

3 Different superscripts (8 • b, 0) within the same column and different subscripts 
(A. 8) within the same row indicate statistical difference (P<0.05). 

addition of grinded mealworm to wheat-based extruded 
blends. On the other hand, the lower CPD values in low-fat 
extruded blends as compared to the full-fat counterparts 
may have been due to high CHOCDF /fibre; which compose 
mainly of indigestible chitin (Chapman, 2013; Finke, 2002). 
Similarly, low CPD values were recorded at substitution 
levels of 45% CF which typically had highest levels of 
CHOCDF /fibre (-5.40%). These results agree with Marono 
et al. (2015) who found that insect meals with higher chitin 
content had decreased CPD. 

Further, at 120 °C fewer or slower deleterious reactions 
to CPD are anticipated. A study by Bhattacharya et al. 
(1988) reported that even at 140 °C andin conjunction 
with short residence time and higher moisture of 35%, the 
adverse effects of Maillard reaction during extrusion are 
very minimal. This was supported by a negative correlation; 
r=-0.49 with CPD as the temperature increased from 120 
to 160 °C. 

At 160 °C, all extruded blends recorded lower CPD values 
than their corresponding blends at 120 °C except for the 
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control samples. Altogether, the extruded blends were 
significantly different (P<0.01) at both temperatures. 
The increase in CPD for the control samples (+6%) with 
temperature was attributed to possible deactivation of 
the heat labile protein inhibitors; SPI can contain as high 
as 40% of trypsin inhibitor activity of that found in raw 
soybeans (Baker and Rackis, 1986). On the other hand, 
the decrease in CPD values for the extruded blends was 
speculated to the formation/effects of Maillard's reaction 
and other heat-induced protein-lipid reactions that forms 
complexes that impede or resist protein digestibility 
(Smith and Friedman, 1984). According to literature, these 
reactions are expected: Bjorck and Asps (1983) reported 
that extrusion cooking under high temperature conditions 
causes Maillard's reaction. This reaction between reducing 
sugars and amino acid forms complexes and also results to 
drastic loss of amino acids and in particular lysine as it's 
the most reactive protein-bound amino acid due to its free 
E-amino group, thus low DH (Camire et al., 1990). In the 
present study, extruded blends postulated to contain higher 
lysine content due to high amounts of soy (Steinetal., 2013) 
such as the 15% CF blends, recorded a greater decrease 
in CPD values than the 45% CF blend; (average 8 and 6% 
respectively). Similarly, the full-fat CF extruded blends that 
were presumed to have higher sugars recorded a greater 
decrease in CPD values than the low-fat CF counterparts; 
average 8 and 5% respectively. The later, extruded blend 
containing low-fat CF, is presumed to have less reducing 
sugars as a result of alcohol defatting (Bainy and Tosh, 
2008) as compared to the full-fat CF blend. 

As at 160 °C, inclusion of the A. domesticus flour had a 
negative correlation (r=-0.28) with the CPD. The highest 
CPD was recorded at 100% SPI / 0% CF and this treatment 
was statistically different (P<0.01) from the rest of extruded 
blends. On the other hand, there was no statistical difference 
(P=0.13) between the cricket-soy extruded blends as shown 
in Table 4. The drop in CPD values at this high HME 
temperature may be attributed to the gradual addition 
of reactants that favoured the aforementioned adverse 
physiochemical reactions as well as their rapid reactivity. 

The use of INFOGEST in vitro digestion procedure to 
assess the digestibility is considered most reliable, however 
due to its newness it proved a difficulty in comparing data 
from other literature. 

Firmness 

There was a strong positive correlation (r=0.56) between the 
process temperature on firmness. At 120 °C, the firmness 
values were very low for all samples and this indicated less/ 
no structures were formed. The firmness gradually increased 
with temperature, and there was a significant difference 
(P<0.01) on all the extrudates at different temperatures 
Table 5. According to Chefteletal. (1992) high extrusion 
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Table 5. Penetration stress (N) of extrudates at different process 
temperature.1 •2•3 

Extrudate 120 °C 140 °C 

0% CF (100% SPI) 3.85±0.WA 6.13±Q.2QCB 

15% full-fat CF 3.83±0.198A 12.83±0.238
8 

15% low-fat CF 1.43±0.13b A 3.46±Q.1Qb8 
30% full-fat CF 3.12±0.2QbA 6.81±0.24b8 

30% low-fat CF Ü.87±Q.Q2CA 2.02±0.0SCB 

45% full-fat CF 1.42±Q.35CA 6.43±0. 1ßCbB 

45% low-fat CF Ü.36±0.Q2dA 1.00±0.32d8 

1 Entries are means val ues ± standard error. 
2 CF= cricket flour; SPI = soy protein isolate. 

160 °C 

14.41±0.24bc 

17.04±0.278c 
4.18±0.Q5bc 

8.75±Q.23CC 

2.61±0.QßCC 

8.66±0.12cc 

3.17±0.Q?dc 

3 Different superscripts (8• b, c) within the same column and different subscripts 
(A. 8) within the same row indicate statistical difference (P<0.05). 

temperatures promote the texturization and structure 
formation process, and this would presumably explain 
the differences in firmness at difference temperatures. The 
highest penetration stress was recorded from the 100% 
SPI extruded samples followed by extrudates containing 
the full-fat CF. According to Osen and Schweiggert-Weisz 
(2016), pure SPI was reported to form a plasticised rigid 
structure of layered fibres at high temperatures. On the 
other hand, the full-fat CF blended samples formed a rigid 
surface structure believed to arise from the surface moisture 
evaporation as a result ofheated lipids (Dobraszczyk et al., 
2006). In fact, during measurement ofthe control and full
fat CF blend samples, two peaks were formed; one during 
the initial puncture and the other when probe penetrated. 
This confirms surface hardening and the presence of the 
rigid layers. Similar observations were reported by Ottoboni 
et al. (2018) who speculated formation of an external layer 
on extruded blends of Hermetia Jllucens larvae + wheat 
(25:75 NO oil) with ether extract of 31.5 g/kg wet basis. 

Cricket inclusion had a negative correlation; r=-0.72, -0.35, 
-0.64 on firmness at temperatures of 120, 140 and 160 °C 
respectively. All the extrudates were significantly different 
at (P<0.01 except for the 15% full-fat CF blend and the 
control (-3.80 N) at 120 °C and also the 30 and 45% full
fat blends (-8.70 N) at 160 °C, with both at (P=0.10). The 
decrease in firmness with CF inclusion followed a shift 
from the rigid structures of 100% SPI, to a more directional 
fibrous structure. This could be as a result of additional 
components that improve fibre formation such as fibre 
(Smetana et al., 2018a). However, at inclusion levels of 45% 
CF, the firmness was greatly reduced. Similar observations 
were reported by Smetana et al. (2018b) who found that 
inclusion of high amounts of defatted concentrates of 
Tenebrio molitor and Alphitobius diaperinus biomass to 
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soy concentrates greatly decreased the cutting force of 
textured high moisture intermediates. 

4. Conclusions 

From the CPD results it can be suggested that mild HME 
at 120 °C of house CF can be used to improve the protein 
digestibility in cricket-soy based meat analogues. In 
addition, up to 45% ofunprocessed CF (without defatting) 
can be utilised in the process of developing meat alternatives 
with better CPD. Findings from the firmness suggests that 
A. domesticus flour can be used to improve the structure 
of extruded cricket-soy blends from rigid and layered to a 
softer and fibrous texture. However, high levels of CF and 
lipid content (in the case of full-fat blends) are no suitable 
for texture modelling and that defatting of CF is necessary 
in cricket-soy based meat analogues. lt is important to 
consider more experimental treatments/conditions trials in 
order to optimise both the protein digestibility and textural 
properties of a cricket-soy based meat analogue. Further 
studies, such as the lipid oxidation and sensory analysis 
are also needed in order to consider A. domesticus flour 
inclusion in the development of meat analogues. 
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