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prolamin (6.26%) and glutelin (10.10%) (P < 0.0001). 
There was no significance difference in water holding 
capacity and oil adsorption capacity. However AE precipi-
tate recorded higher values for emulsion capacity (41.70%), 
emulsion stability (33.61%), foaming capacity (11.11%) 
and foam stability (10.15%). Extraction methods had an 
effect on physio- chemical and functional characteristics of 
the protein concentrates.

Keywords  Aqueous extraction · Cricket meal · Hexane 
extraction · Functional properties · Protein concentrate

Introduction

The outburst of world population has led to a high demand 
for proteins and this poses a big challenge of ensuring food 
and nutrition security. Edible insects are being promoted 
as a sustainable source of proteins and is a viable solution 
in protein deficiency [1]. Globally there are more than one 
million insect species being consumed by different com-
munities and for a long time, edible insects have been col-
lected from the wild [2] hence not available all year round 
and posing a challenge to their sustainable utilization. 
Therefore to meet the world demand there is necessity for 
insect rearing technology. Cultivation of edible insects for 
human consumption has benefits which include high feed 
conversion efficiency and reduced environmental impact 
[3].

Insects fall under the class of arthropods which is fur-
ther divided into orders for instance hemiptera (bugs), 
isoptera (termites), orthoptera (grasshoppers, crickets 
and locusts) among others [4]. Edible insects have been 
documented to be highly nutritious, specifically they are 
rich in proteins, fat and provide considerable amounts of 

Abstract  Protein extracts from edible insects have not 
been exploited fully in product development due to limited 
information on extraction and functionality of the protein 
extracts. Therefore there was a need to evaluate the effect of 
selected protein extraction methods on the physico-chem-
ical characteristics and functional properties of extracted 
proteins. Farmed edible crickets were obtained from 
JKUAT farm in Kenya, freeze dried and ground to powder. 
The proteins were extracted using two methods namely; 
hexane and aqueous extraction. Yield was determined 
gravimetrically and colour by colourimetric method. The 
crude protein, crude fibre, crude fat, crude ash and avail-
able carbohydrates were determined using standard ana-
lytical methods. Protein digestibility was determined using 
enzymatic digestion methods while protein fractions were 
extracted and quantified gravimetrically. The water holding 
capacity was determined using standard AACC procedure. 
Emulsion capacity and stability, foaming capacity and foam 
stability were also investigated. HE recorded the highest 
yield. Lightness and hue angle were significantly affected 
by the extraction method with hexane extraction recording 
higher values compared to aqueous extraction (P < 0.0001, 
P = 0.0003). The proximate components except crude fiber 
were affected by the extraction method. Aqueous extraction 
recorded significantly higher values for globulin (19.42%), 

 *	 Alex K. Ndiritu 
	 alexask.n@gmail.com

1	 Department of Food Science and Technology, Jomo Kenyatta 
University of Agriculture and Technology, Nairobi, Kenya

2	 Department of Environmental Health, University 
of Kabianga, Kericho, Kenya

3	 Department of Pure and Applied Sciences, Technical 
University of Mombasa, Mombasa, Kenya

http://crossmark.crossref.org/dialog/?doi=10.1007/s11694-017-9584-4&domain=pdf


2014	 A. K. Ndiritu et al.

1 3

minerals and vitamins [5, 6], thus a potential solution to 
food and nutrition security. Proteins have been recorded to 
be the dominant nutrient in edible insects with a range of 
58.90–77.13% [7]. Crickets have been shown to have pro-
tein content ranging between 55 and 70.75% [8]. Proteins 
from the crickets (Acheta domesticus) have been shown 
to have high quality compared to soy protein in terms of 
weight gain and maximum nitrogen retention when used as 
feed [7]. Generally all the insect orders are able to meet the 
amino acid requirements for humans set by the WHO [9].

Edible insects can be consumed as whole or concealed 
in other products [3], culture has highly influenced the 
consumption [1]. The consumption of edible insects has 
been considered a primitive practice and as a result there 
has been little attention by governments and organizations 
involved in food and nutrition security [10]. However stud-
ies have revealed that people may consume insects more 
when they are in a concealed form such as protein extracts 
and concentrates incorporated in other foods [1, 11].

Researchers have used different methods to extract pro-
teins for instance Yi et  al. [3] used aqueous extraction to 
extracted protein fractions while Babiker et  al. [12] used 
hexane extraction. Defatting has been a common practice 
in concentrating proteins. Hexane has been the commonly 
used solvent in defatting of plant materials such as soy 
bean [13]. However defatting by use of hexane has become 
unpopular due to effects on functionality and safety issues 
[14]. Therefore the focus has shifted to studying solvents 
such as ethanol which has similar defatting potential as 
hexane and also aqueous extraction of proteins. The aim 
of this study was to evaluate the influence of the extrac-
tion methods on the efficiency and protein characteristics of 
farmed insects with a view to advising on the most appro-
priate method for industrial application.

Materials and methods

Sample preparation

The crickets were farmed at Jomo Kenyatta University of 
Agriculture and Technology (JKUAT). They were fed on 
a diet consisting of 21% protein content feed for the first 
14 days after eggs hatching followed by a 14% protein 
diet afterwards. Four weeks after hatching, the diet was 

supplemented with leafy vegetables such as pumpkins, 
cassava and morning glory depending on their availabil-
ity. On the 10th week, 10 kg of crickets were harvested 
freeze dried and ground using a stainless steel blender.

For laboratory analysis, samples were coded (Table 1).

Protein extraction and yield

The cricket meal used for protein extraction consisted of 
59.84 ± 1.64% protein, 4.61 ± 0.21% moisture, 18 ± 0.07% 
crude fat, 4 ± 0.06% crude ash, 7.16 ± 1.26% crude fiber 
and 6.39 ± 1.67% available carbohydrate.

Hexane extraction

The extraction was based on a modified method by 
Babiker et  al. [12]. Cricket meal was mixed with hex-
ane in the ratio of 1:5. The mixture was stirred using a 
mechanical shaker for 16 h and filtered. The residue was 
washed with hexane to remove any traces of oil. The mix-
ture was filtered again and the defatted powder dried in 
open air at 25 °C. The dried powder was sieved through 
500 µm screen the sieved residue was stored at 4 °C after 
determination of yield.

Aqueous extraction

The extraction was based on the method by Yi et al. [3]. 
A 400 g sample of cricket meal was mixed with 1200 mL 
of distilled water and 2 g ascorbic acid and then blended 
using a blender (Signature SG-201) at speed 2 with 
for 1  min. The obtained insect suspension was sieved 
through a stainless steel filter sieve with a pore size of 
500  μm resulting to a filtrate and residue. The residue 
was then freeze dried, weighed to determined yield and 
stored at 4 °C. Centrifugation of the filtrate was then done 

Table 1   Sample codes and description of the protein concentrates

Sample codes Description

HE Hexane extracted protein concentrate
AE precipitate Aqueous extracted protein concentrate (precipitate)
AE_residue Aqueous extracted protein concentrate (residue)

Fig. 1   HE
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at 10,000 rpm for 30 min at 4 °C, after centrifugation the 
supernatant was decanted and the precipitate was freeze 
dried. The precipitate was then weighed (Figs. 1, 2, 3).

Determination of colour

The colour of the samples was determined using a hunter 
lab colour difference meter (Minolta, Tokyo, Japan) accord-
ing to [15]. The colour was measured on the surface of the 
samples. Reflected colour L*, a* and b* values were deter-
mined directly. Results were tabulated and the L*, chroma 
and hue angle values were used to determine the colour 
components of the samples.

Where L = black to white, a = green to red, b = blue to 
yellow.

Proximate analysis

The moisture content, crude ash, crude fat, crude protein 
and crude fiber of the concentrated cricket proteins was 

(1)Chroma value =
(

a2 + b2
)0.5

(2)Hue angle = tan−1(b ∗ ∕a ∗)

determined according to the standard method of AOAC, 
(2005). The moisture content was determined by oven dry-
ing method at 105 °C where 2 g of the sample were used. 
Crude ash content was analysed by incineration where 5 g 
of the sample were dry ashed in an electric muffle furnace 
(Shimadzu KL- 420, Japan) at 550 °C for 16 h to a constant 
weight. The crude fat was extracted from 5 g of the concen-
trated cricket proteins using Soxhlet apparatus with petro-
leum ether as the solvent and quantified gravimetrically. 
The crude protein content of the concentrated cricket pro-
teins was determined according to the Kjeldahl method and 
conversion factor of 6.25 was used to calculate the crude 
protein content from the nitrogen content. The crude fibre 
was determined by sequential digestion of samples with 
1.25% H2SO4 and 1.25% NaOH using a fibre glass con-
tainer drying in an oven for 5 h at 105 °C and ashing in the 
muffle furnace at 550 °C for 16  h. The fibre content was 
then determined gravimetrically.

The available carbohydrate was calculated based on 
weight difference using crude protein, crude fat, crude 
fibre, and crude ash data as follows.

Determination of in‑vitro protein digestibility

Digestibility of protein in the insects was determined by the 
method outlined by Mertz et al. [16]. Initial protein content 
of the samples was determined using micro-Kjeldahl nitro-
gen determination method. The second stage involved pep-
sin digestion, where 0.2 g of the sample was weighed into 
centrifuge tubes. Then 20  mL buffered pepsin was added 
and mixed. A blank was prepared in the same way but 
without a sample. The tubes were placed in a water bath 
at 37 °C for 2 h with gentle shaking after every 20 min.The 
tubes were then placed in an ice bath for 30 min to attain a 
temperature of 4 °C followed by centrifugation at 6000 rpm 
for 15 min. The supernatant was discarded and 10 mL of 
buffer solution added, then shaking and centrifugation was 
done again. The supernatant was discarded and the resi-
due filtered using a filter paper. The filter paper was rolled 
and inserted into a Kjeldahl flask and dried for 15 min in 
the oven. 10  mL of Conc. Sulphuric acid, 1  g potassium 
sulphate and 1 mL of 10% copper sulphate solution were 
added to the Kjeldahl flask containing the dried filter 
paper and sample. Then digestion, distillation and titra-
tion were done according to the micro-Kjeldahl nitrogen 
determination.

Where A is % protein content in the sample before pep-
sin digestion, B is % protein in the sample after pepsin 
digestion.

(3)
Available carbohydrates(%) = 100 − (crude fibre

+ crude protein + crude ash + crude fat)

(4)Protein digestibility(%) = (A − B)∕A

Fig. 2   AE precipitate

Fig. 3   AE residue
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Determination of protein fractions

The protein fractions were extracted based on a method by 
Agboola [17]. Albumin was determined by mixing 50 g of 
protein extract with 250 mL water, followed by stirring for 
4 h, then centrifuging at 3000 rpm for 30 min. The super-
natant was then freeze dried and then weighed.

Globulin was determined by mixing the residue after 
extracting albumin in 250 mL of 5% NaCl and stirred for 
4 h. The supernatant was transferred to another flask, freeze 
dried and then weighed. Glutelin was determined by dis-
solving the residue after extraction of globulin in 250 mL of 
0.1 M NaOH with continuous stirring for 1 h to extract glu-
telin. The supernatant was freeze dried and then weighed.

Prolamin was determined by dissolving the residue after 
extraction of glutelin in 250 mL of 70% ethanol, followed 
by stirring continuously for 1 h. The supernatant was freeze 
dried and then weighed.

Determination of functional properties

Emulsion capacity and stability

Emulsion capacity and emulsion stability were determined 
based on a method by Naczk et al. [18].

Emulsion capacity  One gram of protein concentrate was 
dissolved in 100 mL of distilled water. The suspension was 
homogenized for 10  min. At the 5th minute corn oil was 
added continuously and stirred. The emulsion was centri-
fuged at 3000  rpm for 10  min. Volume of the emulsified 
layer was then recorded.

Emulsion stability  One gram of protein concentrate was 
dissolved in 100 mL of distilled water. The suspension was 
homogenized for 10  min. At the 5th minute corn oil was 
added continuously and stirred. The emulsion was heated 
at 85 °C for 30 min then cooled back to room temperature. 
The samples were centrifuged at 3000 rpm for 10 min. The 
volume of the emulsified layer was then recorded.

Water holding capacity

Water holding capacity (WHC) was assessed by the 
approved AACC procedure [19]. One gram of the sample 

(5)

Emulsion capacity% = (volume of emulsified layer∕

volume of the suspension) × 100.

(6)
Emulsion stability% = (volume of emulsion layer∕

volume of suspension) × 100.

was put in a centrifuge tube followed by 3 mL of water. 
The samples in the centrifuge tubes were then put in a 
centrifuge (Beckman CS-6 centrifuge) and centrifuged to 
2060 rpm for 10 min. The supernatant was then decanted 
and the volume of water in the supernatant determined.

Fat absorption capacity

Fat-absorption capacity (FAC) was determined using the 
procedure of Lin and Humbert [20]. A protein concen-
trate (0.3 g) was put in a pre-weighed 50 mL centrifuged 
tube and then mixed with corn oil (3 mL) for 1 min. After 
centrifugation at 2060  rpm for 30  min (Beckman CS-6 
centrifuge), the supernatant was discarded and the tubes 
were re-weighed. The % FAC was expressed using the 
following equation:

Foam capacity and stability

The method described by Coffmann and Garcia [21] was 
used. Ten grams of protein concentrates were distributed 
in 100 mL of distilled water, the suspension was blended 
for 2 min using a blender (Signature SG-201) at speed 2. 
The initial solution volume (V1) and final volume after 
mixing (V2) were recorded. Foaming capacity (FC) was 
calculated as

Foaming stability (FS) was determined as the foam 
volume (V3) that persisted after 5 min.

Data analysis

Data was reported in means and standard deviations. 
To determine the effect of the extraction methods on 
the physic-chemical characteristics, data was analysed 
using one way analysis of variance (ANOVA) followed 
by determining differences among the mean values by 
Bonferroni’s method at P ≤ 0.05. Data analysis was per-
formed using Stata, version 12.

(7)

Water holding capacity = (volume of water added

− volume of water in the supernatant)∕

weight of the sample.

(8)
Fat absorption capacity(%) = 100 × (weight of sample

+ oil∕weight of sample).

(9)FC =
((

V2 − V1

)

∕V1

)

× 100

(10)FS =
((

V3 − V1

)

∕V1

)

× 100
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Results and discussion

Yield and colour of protein concentrates

The yield of hexane and aqueous extraction procedures and 
colour characteristics of the protein concentrates is shown 
in (Table 2). Aqueous extraction gave two protein concen-
trates i.e. AE precipitate and AE residue. The yield of hex-
ane extraction was the highest with HE recording (66.35%) 
while aqueous extraction had the least yield with AE Pre-
cipitate recording (32.72%).

Hexane extraction and aqueous extraction were aimed 
at removing fat and consequently the protein content of the 
concentrate could be higher. The higher yield in hexane 
extraction could be attributed to the fact that losses tend to 
occur during aqueous extraction [3]. The high yield shows 
the efficiency of the hexane extraction method. Other than 
hexane, ethanol and methanol are other organic solvents 
that have been utilized in deffating and consequently pro-
tein concentration. Ethanol has shown comparable defat-
ting efficiency as hexane however methanol has proven to 
be a poor option [13]. There is a need to modify the pro-
tein extraction procedures for purposes of improving on the 
functionality of the protein extracts.

The hexane extraction procedures was dominant based 
on lightness and hue angle compared to aqueous extraction 
(P < 0.0001) with HE recording the highest value for light-
ness (L*) and hue angle while AE precipitate and AE resi-
due the least. The brown colour of the protein concentrates 
is attributed to melanin [22] therefore the high L* recorded 
in HE could be due to higher removal of melanin during the 
defatting process [23]. Based on the hue angle all the pro-
tein concentrates were within the orange region [24]. There 
was significance difference in the chroma values however 
with slight numerical difference, the low values indicated 
lower saturation. Potentially positive visual appeal could 

result to a higher probability to taste and liking of a food 
product [25]. Colour is a major attribute that influences the 
acceptance or rejection of edible insects [26]. Evidently the 
protein extraction methods significantly affected the yield 
and colour characteristics of the protein concentrates.

Proximate composition of protein concentrate

Crude protein was the highest proximate component while 
crude ash was the least. HE recorded the highest crude pro-
tein content while AE precipitate and AE residue the least 
(Table 3). The protein content of the protein concentrates 
was similar to 64.38% reported by [8]. The protein content 
of AE precipitate and AE residue was within 65–75% and 
58–69% reported in Precipitate and residue respectively 
from five different insects including Acheta domesticus [3].

Hexane extraction proves to be a suitable method for 
concentrating proteins to be used in the food industry. 
Soy proteins are highly utilized as non- meat ingredients 
in the meat industry. The protein content of concentrated 
soy protein is 62–69% [23], this shows that the protein 
concentrates obtained in this study matches well with soy 
protein concentrates. Therefore the protein concentrates 
in this study have the potential of being used as a supple-
ment for soy protein in the food industry. In addition the 
proteins from the concentrates is highly digestible (Table 4) 
which further illustrates its suitability in utilization in food 
processing.

Hexane extraction proved to be a more proficient defat-
ting method compared to aqueous extraction with the HE 
recording the least crude fat while residue recording the 
highest (P < 0.0001). Similarly high fat extraction yield was 
realized through solvent extraction compared to aqueous 
extraction [27]. The crude fat content of the protein con-
centrates was lower than 18.55–22.80% reported in crick-
ets [8, 28]. Hexane extraction proves to be a more effective 

Table 2   Yield and colour 
characteristics of Acheta 
domesticus protein concentrates 
(n = 3)

Means with different superscript letters in each column are significantly different at p < 0.05

Protein concentrates Yield (%) Lightness (L*) Hue angle Chroma

HE 66.35 ± 0.87c 65.50 ± 0.52b 81.08 ± 0.31b 12.69 ± 0.51a

AE precipitate 32.72 ± 1.34a 58.53 ± 0.46a 77.84 ± 0.08a 13.61 ± 0.18ab

AE residue 48.32 ± 0.92b 59.07 ± 0.85a 78.30 ± 1.32a 14.13 ± 0.20b

Table 3   The proximate 
composition (% dry weight 
basis) of Acheta domesticus 
protein concentrates (n = 3)

Means with different superscript letters in each column are significantly different at p < 0.05

Protein concentrate Crude protein Crude fat Ash Fibre Available CHO

HE 72.63 ± 0.83c 6.76 ± 0.133a 4.50 ± 0.06b 7.51 ± 0.29a 8.61 ± 0.79a

AE precipitate 66.66 ± 0.82b 13.91 ± 0.24c 2.93 ± 0.24a 6.29 ± 0.54a 10.21 ± 0.86ab

AE residue 65.79 ± 1.30ab 11.49 ± 0.13b 3.13 ± 0.19a 6.22 ± 0.72a 13.38 ± 1.33b

P value 0.0003 <0.0001 0.0001 0.0476 0.0034
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method and has been previously used in extraction of sweet 
lupin pea protein and soy proteins [13, 29]. Fat is the sec-
ond most dominant proximate component in crickets there-
fore removing it results to an increase in other proximate 
components.

The ash content of HE was the highest while the least 
was recorded in AE precipitate and AE residue. Evidently 
hexane extraction resulted to a significantly higher ash con-
tent (P < 0.0001). The values obtained in this study were 
within 3.55–5.10% reported in adult Acheta domesticus [8]. 
From this study it is clear that the extraction methods used 
had significant effect on the ash content of the protein con-
centrates. The considerable good ash content of the protein 
concentrates signifies good mineral composition.

Hexane and aqueous extraction had no significant influ-
ence on the crude fibre content of the protein concentrates 
(P = 0.0467). The crude fiber content of the protein con-
centrates was close to 7.8% as reported by [30]. Studies 
have concluded that crude fibre in insects represents chitin 
since chitin has a linear structure to that of cellulose [28]. 
Chitin-chitosan has been extracted from insects for use as 
a supplement, this is due to it’s potential in reducing blood 
cholesterol and in the management of obesity [31]. New 
evidence have shown that humans have an enzyme that 
can breakdown chitin hence enhancing its utilization in the 
body.

AE residue had the highest available carbohydrate con-
tent while there was no significance difference in the other 
protein concentrates. The available carbohydrate was close 
to 3.55–9.10% reported by [9]. The variation observed in 
nutrient content could be attributed to differences in diets, 
environment and age of insect [32].

Protein digestibility and protein fractions

The protein digestibility and protein fractions of the protein 
concentrates are shown in Table 4. The hexane and aqueous 
extraction methods had no influence on the protein digest-
ibility of the protein concentrates (P = 0.0822) however 
studies have shown that heat processing of edible insects 
may either decrease or increase the protein digestibility of 
edible insects [33].

There was no significance difference in protein digest-
ibility of the protein concentrates (P = 0.0822). The protein 

digestibility of the protein concentrates was within 76–98% 
reported by [34]. Additionally the protein digestibility of 
the protein concentrates was close to 85% for salmon and 
89% for beef [35]. Protein digestibility is a key parameter 
that shows the quality of cricket proteins [36]. The good 
protein digestibility of the cricket proteins proves the suit-
ability of application of cricket protein concentrates in for-
mulation of food products.

There was a general trend in protein fraction distribution 
with globulin being the highest component, followed by 
glutelin and albumin and prolamin being the least compo-
nent. There was significance difference in protein fraction 
distribution, AE Precipitate recorded the highest amount of 
globulin while HE recorded the least (P < 0.0001). AE Pre-
cipitate had the highest amount of prolamin while HE and 
AE residue had the least. Globulin and albumin have been 
found in considerable amounts in inago [37]. According to 
Akpossan et al. [38] glutelin was the major component in 
defatted caterpillar flour, followed by albumin, prolamin 
and globulin was the least. Additionally glutelin has been 
recorded as the major protein component in edible insects 
[39]. The variation in distribution of protein fraction with 
other studies could be due to sex [37] species difference 
and method used in determination.

Functional properties

The extraction procedures had influence on the functional 
properties of the protein concentrates (Table 5). The aque-
ous extraction showed high values for emulsion capacity 
and emulsion stability with the AE Precipitate recording 
the highest value. There was no significance difference 
in emulsion and emulsion stability in HE and AE residue 
(P = 0.0053).

The emulsion capacities obtained in this study were 
lower than 46.8% while the emulsion stability were greater 
than 8.5% obtained in large African cricket (Gryllidae sp) 
[40]. Similarly the emulsion capacity of the protein con-
centrates was higher than 14.93% and the emulsion stabil-
ity was lower than 74.22% obtained in defatted Imbrasia 
oyemensis Larvae flour [38]. The observed deviation in 
emulsion capacity and stability could be attributed to par-
tial denaturation of proteins and change in the distribution 
of molecular charge that exposes hydrophobic aminoacids 

Table 4   Protein digestibility 
and protein fractions (%) of 
Acheta domesticus protein 
concentrates (n = 3)

Means with different superscript letters in each column are significantly different at p < 0.05

Protein concentrates Protein digestibility (%) Albumin Globulin Glutelin Prolamin

HE 84.23 ± 0.74a 7.05 ± 0.02b 14.49 ± 0.03a 8.37 ± 0.02a 4.27 ± 0.02b

AE precipitate 85.28 ± 0.20a 6.29 ± 0.11a 19.42 ± 0.59c 8.25 ± 0.05a 6.26 ± 0.01c

AE residue 84.70 ± 0.23a 6.09 ± 0.08a 17.86 ± 0.07b 10.10 ± 0.06c 4.05 ± 0.47b

P value 0.0822 <0.0001 <0.0001 <0.0001 <0.0001
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[41].The ability of the protein concentrates to form emul-
sions is of important specifically in communited meats, 
salad dressing and in cake production [40].

There was no significance difference in water holding 
capacity of the protein concentrates (P = 0.0371). The water 
holding capacity of the protein concentrates was close to 
2.38 mL/g reported in Gryllidae sp [40]. However the pro-
tein concentrates exhibited higher water holding capac-
ity than 1.87  mL/g obtained in yellow mealworm protein 
extract [42]. The good water holding capacity of the protein 
concentrates is desirable in processes where water reten-
tion is preferred such as in the meat and baking industry. 
The deviation observed could be attributed to differences 
in amino acid profile, conformation, hydrophilicity, protein 
concentration, charge characteristic and conformation of 
the protein concentrates [43].

Hexane and aqueous extraction had no significance 
effect on the oil adsorption capacity of the protein concen-
trates. The oil adsorption capacity of the protein concen-
trates was higher than 178.7% reported in Cirinia forda 
[44] and 233% reported in Yellow Mealworm protein 
extract [42]. The difference in the availability of the non- 
polar side chains to bind fat could potentially explain the 
observed difference in oil adsorption capacity [45]. The 
considerably high oil adsorption capacity exhibited by the 
protein concentrates shows the potential of protein con-
centrates in enhancing flavour characteristics of processed 
foods [44].

Aqueous extraction showed higher values for foaming 
capacity and foam stability with AE precipitate recording 
the highest values while HE recording the least values. The 
foaming capacity and foam stability of the protein concen-
trates were considerably lower than 61 and 21.2% respec-
tively obtained in soy protein isolates [46]. This explains 
the undesirable foaming capacity and foam stability of the 
protein concentrates. The protein concentrates however 
exhibited considerably stable foams with a half time of 
about 5 min. Foam stability is highly influenced by protein 
structure, protein concentration and ionic strength [3] and 
this could explain the low foam stability. Additionally the 
protein concentrates had fat and this could also explain the 

low foaming capacity [47]. Clearly the protein concentrates 
are not suitable as foaming agents.

Conclusion

From the study it is clear that the extraction methods had 
an effect on the physio -chemical characteristics and func-
tional properties of the protein concentrates. However hex-
ane extraction method exhibited more desirable results for 
yield, colour, crude protein, crude ash and available carbo-
hydrate. The hexane extraction was very effective in defat-
ting the cricket meal which was a major focus in this study. 
Hexane extraction has been previously tested in concentra-
tion of plant proteins and could be potential utilized in the 
industry to concentrate insect proteins. On the other hand 
aqueous extraction demonstrated better emulsion capac-
ity, emulsion stability, foaming capacity and foam stabil-
ity. Therefore hexane extraction is suitable when the focus 
is acceptability and nutrition while aqueous extraction is 
desirable when the attention is functionality.
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