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Abstract

reared edible cricket.

Background: The increasing world population has made researchers to explore and validate alternate food sources
for the future; in that regard, due to the attractive nutritive profile, edible insects ensure the food and feed security in
some developing countries. Crickets are orthopteran edible insects widely eaten around the world not as an emer-
gency food but as a delicacy. This present study aims to stabilise a mass rearing technique of field cricket Coiblemmus
compactus using cost-effective rearing medium and feed materials.

Results: The reared adult crickets were processed and analysed for its proximate, mineral, amino acid, fatty acid and
energy contents. The cost-effective rearing methods were standardised for the cricket species, and the obtained
nutritive values were comparatively higher than other edible meat sources. The cricket Coiblemmus compactus had
50.2+£0.37,26.5040.80,82041.61,55040.48, 10.934+0.19 and 54040.16 g/100 g of crude protein, crude fat, car-
bohydrate, crude fibre, moisture and ash contents, respectively. The cricket also possessed higher amounts of potas-
sium (897.83 +1.55 mg/100 g) and phosphorous elements (604.66 £4.11 mg/100 g) with 458.30+0.29 kcal/100 g
of energy content. The chromatography studies showed the abundance of amino acid and fatty acid contents in the

Conclusions: The attractive and high-protein nutritive profile of edible cricket Coiblemmus compcatus makes itself an
alternate food and feed material to elevate food crisis in developing countries.

Keywords: Entomophagy, Crickets, Gryllidae, Nutrition, Protein source

Background

In recent years, most of the developing countries are fac-
ing a high global demand for food due to various rea-
sons; among them rapid urbanisation and increase in
economies are some major factors (Paul et al., 2016).
Some of the natural factors like climate change, energy
crisis, incidence of pests and plant diseases and dispar-
ity in food distribution may aggravate the demand for
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food and cause food insecurity (Gahukar, 2009, 2011;
Kumar, 2010). In order to satisfy the increased world
population’s food need, the total world’s food production
has to be almost doubled (Huis et al., 2013). As there is
a great hike in consumer population, there is an urgent
need to identify the alternative protein sources for the
developing countries (Samuel et al., 2016). In that regard,
insects are an untapped human food source and a radi-
cal food innovation to solve the anticipated global hun-
ger. Insects can be potentially utilised as an alternative
protein source, and also insect rearing could appear as
one of the ways to enhance food and feed security (Huis
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et al,, 2013). Utilisation of insects as food is termed as
‘entomophagy, and this term is gaining more attention in
recent times due to the urgent need for an alternate food
source. Entomophagy has been practised culturally in
113 countries all around the world (MacEvilly, 2000), and
more than 2,000 insect species were reported to be edible
(Jongema, 2012; Rumpold & Schluter, 2013). In several
parts of the world, orthopteran insects are cultured for
human consumption, and among them crickets are the
most consumed insects (Magara et al., 2019; Oonincx
et al,, 2015; Orinda, 2018; Ramos-Elorduy, 2009). The
most common species includes Brachytrupes membrana-
ceus, Gryllus similis, Gryllus bimaculatus, Gryllotalpa
orientalis and Acheta domesticus (Ayieko et al., 2016;
Orinda, 2018).

India is a rich bio-diversified country inhabited with
more ethnic groups distributed all around whose cultural
practices differ in accordance with their geographical
nature and resource availability. Most of the ethnic peo-
ple of India consume crickets as their traditional food,
and that has made clear that crickets are reliable and
efficient alternate source of food. Edible crickets have
become popular in the past few years, and one of the
major advantages of eating crickets is their impressive
nutritional composition (Magara et al., 2021), as they
were found to be rich sources of proteins and other nutri-
ents (Araujo et al., 2019).

In this world of ever-growing population, the search
for alternate food source is of great concern and edible
insects could be a remedy for that. In this present study,
the field cricket Coiblemmus compactus were reared
under laboratory conditions using green vegetable matter
which is a low-cost and sustainable feed material; then,
the obtained adult crickets were characteristically ana-
lysed to explore its nutritional profile.

Methods

Collection and rearing of crickets

The field crickets of Coiblemmus compactus species were
collected from the grasslands of Madras Christian Col-
lege campus (80°7” E & 12°55’ N) located in Tambaram,
Chennai, Tamil Nadu, which is a tropical dry evergreen
forest with average temperatures of 21 °C (minimum)
and 41 °C (maximum). It is located at 30 MSL elevations
and receives 1300 mm of an average annual rain fall.
Handpicking method and nets were used for the collec-
tion of orthopteran crickets from the study area having
scrub jungle vegetation. A pair of the collected samples
of both the species was preserved (Ghosh & Sengupta,
1982) and then submitted in Zoological Survey of India,
Kolkata, for taxonomic identification and authentica-
tion. The remaining insects were taken for breeding by
following the methods described by Magara et al. (2019)
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and FAO (2020) with some modifications. The crick-
ets were reared in rectangular plastic breeding contain-
ers (60 x 30 x 30 cm), in which egg cartons are arranged
and covered with muslin cloth. The cricket colonies
were fed with fresh cabbage on alternate days and sup-
plied with sufficient quantities of water. A cup of moist
sand was kept inside the culture box to act as an ovitrap
for three days and then incubated in an empty container
for 5-6 days at room conditions (30-35 °C temperature
and 65-70% relative humidity) for hatching. The newly
hatched pinheads were then transferred to spacious cul-
ture boxes and reared with sufficient supply of feed and
water to produce mass colonies. Only during the nursing
period (for the initial 3 days), the pinheads were fed with
rice and wheat flour in addition to cabbage.

Processing of reared crickets for analyses

The reared healthy adult crickets were starved without
food for 24 h prior to be killed to clear their gut contents.
The insects were freeze-killed and then dried in hot air
oven at 70 °C for 8 h. The dried insects were ground into
fine powder using an electric blender, then packed in air-
tight zip lock covers and stored in dry place at room tem-
perature (30—35 °C) for laboratory analyses.

Nutritional analyses of reared crickets

The processed cricket samples were subjected to proxi-
mate composition, mineral, amino acid, fatty acid and
energy content analyses using standard methods.

Proximate composition analyses

Determination of crude protein content (Bureau of Indian
standards IS: 7874 [2014])

The crude protein content of the sample was determined
by calculating the difference in percent by mass of total
nitrogen, and that of ammoniacal nitrogen is multiplied
by the conversion factor (f=6.25).

Crude protein (g) =625(X—-Y)

where X is the percent by mass of total nitrogen and Y the
percent by mass of ammoniacal nitrogen.

Estimation of total nitrogen About 2 g of the sample
is taken in the Kjeldahl flask, to which 10 g of potas-
sium sulphate, 0.5 g of copper sulphate and 25 mL of
concentrated sulphuric acid are added. The flask slightly
heated in an inclined position until frothing ceases. The
heat is increased until the acid boils vigorously and the
mixture gets clear or until oxidation is complete (about
2 h). Cool the contents of the flask and transfer quan-
titatively to the round-bottomed flask with 200 mL of
water, to which few pieces of pumice stone added to pre-
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vent bumping. Sufficient quantity of sodium hydroxide
solution is added to make the solution alkaline and to
form an acid layer below. The apparatus is assembled
taking care of the tip of the dip tube to extend below
the surface of the standard sulphuric acid solution in the
receiver. The contents of the flask were mixed by shak-
ing and distilled until all ammonia passes over into the
standard sulphuric acid solution. Now it is titrated with
standard sodium hydroxide solution.

Estimation of ammoniacal nitrogen About 2 to 4 g of
the sample is shaken and filtered with water. The filtrate is
then transferred to the distillation flask and then diluted
to about 200 mL with water. About 5 g of magnesium
oxide is added to the solution and the flask connected to
the condenser by means of the connecting bulb tube, and
about 100 mL of liquid is distilled into the receiver con-
taining standard sulphuric acid and methyl red indicator
solution. The content in the receiver is titrated with stand-
ard sodium hydroxide solution.

Determination of crude fat (Bureau of Indian standards IS:
7874 [2014])
About 2.5 g of the sample is extracted with petroleum
ether or hexane, in a Soxhlet, and the extract is dried on
a steam bath for 30 min and cooled in a desiccator. Alter-
nate drying and weighing at 30-min interval done until
the difference between two successive weighing is less
than one mg. The lowest mass is noted, and the fat con-
tent is calculated using the formula
Crude fat (g) = 10004 = Ma)

m
where M, is the mass in ‘g’ of the extraction flask with
dried extract; M, the mass in ‘g’ of extraction flask; m the
mass in ‘g’ of the dried sample.

Determination of crude fibre (Bureau of Indian standards IS:
7874 [2014])
The fat-free residues left over from the crude fat deter-
mination is taken in a one-litre conical flask, and respec-
tive methodologies (Bureau of Indian standards IS: 7874,
2014) were followed for determining the crude fibre con-
tent using the formula.

Crude fibre (g) = 1000 — Ma)

m

where M; is the mass in ‘g’ of the Gooch crucible and
contents before ashing; M, the mass in ‘g’ of Gooch cru-
cible containing asbestos and ash; m the mass in ‘g’ of the
dried sample.
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The moisture and ash contents in the sample were
determined using the methods as described in Bureau of
Indian standards IS: 7874 (2014). The carbohydrate con-
tent of the sample had been calculated by difference
method (CTL, 2014), where the other nutrient constitu-
ents in the sample were determined individually, summed
up and subtracted from the total weight of the food.

Quantitative estimation of minerals

The calcium and magnesium contents present in the test
sample were estimated by following the methods rec-
ommended by the bureau of Indian Standards IS: 5949
(2010). The quantities of zinc and iron present in the
sample were determined by dry ashing the test sample
and subjecting that to flame atomic absorption spectros-
copy (FAAS) (AOAC, 2016a, 2016b, 2016c). The phos-
phorous content in the test sample was determined using
the NMKL-AOAC colorimetric method (AOAC, 2016a,
2016b, 2016c¢). The sodium and potassium contents in the
test samples were determined using flame photometric
methods (AOAC, 2016a, 2016b, 2016c).

Determination of amino acid composition

The amino acid quantifications for the test samples were
done using HPLC by following the methods described in
standard manual, USP30-NF25 pharmacopeial forum
(2013). The mobile phase was prepared by dissolving
about 15.2 g of trimethylamine in 800 mL of water and
adjusted to pH 3.0 with phosphoric acid, then diluted
to 1000 mL with water. 850 mL of the prepared solution
was added to 150 mL of a mixture of 2 volumes of pro-
panol and 3 volumes of acetonitrile. The test sample to
be examined (processed and dried insect powder) was
dissolved in the mobile phase to obtain a concentration
of 1.0 mg/mL. In the stationary phase, octadecylsilyl sil-
ica gel for chromatography (3 pm) was used. The mixed
amino acids were dissolved to obtain a concentration of
1.0 mg/mL and used as a reference solution. 20 uL of test
solution and standard was injected, with the flow rate as
1.0-1.5 mL/min and detected at 220 nm in 90 min run-
ning time.

Determination of fatty acid composition

The dried insect samples were processed, and their
respective methyl esters were subjected to fatty acid
analyses using the GC-FID (gas chromatography flame
ionisation detection) technique by following the stand-
ard methods as described in the International Organiza-
tion for Standardization ISO 5509 (2000) and Wang et al.
(2015). The fat material in the test sample was extracted
with petroleum ether using the Soxhlet apparatus, and
the obtained extract was taken for the analyses. 1 pL of
the processed sample was injected at 200 °C as initial



Lokeshkumar et al. The Journal of Basic and Applied Zoology

Table 1 Growth parameters of reared adult Coiblemmus
compactus

Male Female

Length Width Weight Length Width Weight
(em) (em) (9) (ecm) (em) (9)

1.90£0.13 060£0.04 049£0.10 1.98+0.13 0.67£0.07 0.88=+0.13

Table 2 Proximate compositions of Coiblemmus compactus

S.No Parameter Coiblemmus
compactus
(9/100 g)
1 Carbohydrate 8204161
2 Total fat 26.50+0.80
3 Crude protein 50204037
4 Crude fibre 550+£048
5 Moisture 10.934+0.19
6 Ash 540+0.16

oven temperature for 1 min and subsequently increased
to 230 °C at 1.5 °C/min and then held at that constant
temperature for 1 min. The injector was set at 250 °C and
the detector at 280 °C. Nitrogen was used as the carrier
gas at a flow rate of 1 mL/min.

Determination of energy content
The quantities of all nutritive components were con-
verted to food energy using the standard factor that
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weight. The food energies of all components are added
together to determine the total nutritional energy con-
tent of the food sample (FAO, 2003).

Results

Rearing of crickets

The rearing technique was successful for the crickets
Coiblemmus compactus. The eggs collected through the
ovitraps were incubated in room condition, which took
3 to 4 days for hatching. The hatched pinheads reared in
fresh culture boxes emerged as adults in 43 +2 days. The
length, width and height of the reared adult crickets were
recorded and tabulated.

The male Coiblemmus  compactus  attained
1.90£0.13 cm and 0.60%0.04 cm of average length and
width, and also weighed about 0.4910.10 g. The same of
female had 1.98£0.13 cm length, 0.67+0.07 cm width
and 0.88+0.13 g of body weight (Table 1).

Nutritional analyses of crickets

Proximate composition of Coiblemmus compactus

The nutrient composition of reared Coiblemmus com-
pactus is presented in Table 2). The crude protein level
was found to be 50.24+0.37 g/100 g, which comprises of
half of the total body weight of the insect species. Appre-
ciable amounts of fat content (26.50+0.80 g/100 g)
with comparatively lower levels of carbohydrates
(8.20£1.61 mg/100 g) were determined (Fig. 1).

Mineral composition of Coiblemmus compactus
Potassium (897. 83+1.55 mg/100 g) and phos-

expressed the amount of available energy per unit of phorous  elements (604.66+4.11 mg/100 g)
60 -
50.2
50 4
| 40 4
o
S
<
| 30 26.5
a
©
=
20 -
10.93
10
0 T T T T 1
Carbohydrate Total fat Crude protein Crude fibre Moisture Ash
Fig. 1 Graph showing the proximate compositions of Coiblemmus compactus
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Table 3 Mineral composition of Coiblemmus compactus
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Table 4 Energy contents of Coiblemmus compactus

S.No Mineral Coiblemmus Energy content Coiblemmus compactus (kcal /100 g)
compactus
(mg/100 g) Energy calories 458304029
1 Calcium (Ca) 213.664+3.86
2 Magnesium (Mg) 10940.82
3 Phosphorous (P) 604664411 presented in Table 5, which depicts the maximum
4 Sodium (Na) 246.66 4262 quantities of asparagine (1.38+0.04 mg/100 g),
5 Potassium (K) 897.83+1.55 methionine (1.07+£0.02 mg/100 g) and threonine
6 Iron (Fe) 5514045 (0.93£0.00 mg/100 g) among them. Other amino acids
7 Zinc (Zn) 82440047 were present in minimal quantities (Fig. 4).

were found to be abundantly available, whereas
the sodium (246.66+2.62 mg/100 g), «cal-
cium (213.66+3.86 mg/100 g) and magnesium

(10940.82 mg/100 g) elements were determined to be
present in moderate levels. Iron (5.51+£0.45 mg/100 g)
and zinc (8.2440.047 mg/100 g) compounds were
detected in lower levels (Table 3 and Fig. 2).

Determination of the energy contents of Coiblemmus
compactus

Table 4 reveals the energy contents in the test sample,
where 100 g of processed powder of Coiblemmus com-
pactus yielded 458.30 £ 0.29 kcal of energy.

Quantification of amino acids from Coiblemmus compactus

using high-pressure liquid chromatography (HPLC) technique
The HPLC peak graph of the analysed test sample is
presented in Fig. 3, and the values were interpreted
accordingly. The levels of amino acids in Coiblem-
mus compactus were quantified, and the values are

Quantification of fatty acid levels using gas chromatography
flame ionisation detection (GC-FID) techniques

The test sample was analysed for the fatty acid content
using the GC-FID studies, and from the obtained peak
graph (Fig. 5), the fatty acid levels were estimated. It is
inferred that the test sample contained higher amounts
of methyl linoleate (32.79+£0.43 mg/100 g), methyl
palmitate (30.214+0.23 mg/100 g) and cis 9 oleic acid
methyl ester (28.70+£0.60 mg/100 g) along with mod-
erate detectable quantities of methyl octadecanoate
(6.72+0.09 mg/100 g) (Table 6 and Fig. 6).

Discussion

The main aim of our present study was to utilise market
waste vegetables (organics) as cricket feed and to raise
protein rich crickets using sustainable methods. This
cricket species, Coiblemmus. compactus, was found to
be suitable for sustainable rearing and could be produced
in mass number. Throughout the study, no major disease
or infection has been observed attacking the colonies,
as the culture was maintained dry always with minimal
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Fig. 2 Graph showing the mineral compositions of Coiblemmus compactus
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Fig. 3 Peak graphs denoting the amino acids quantified using the HPLC technique

Table 5 Amino acid contents of Coiblemmus compactus

S.No Amino acids Mean and SD
(mg/100 g)

1 Aspartic acid 6.0787 +£0.04
2 Glutamic acid 0.3372+0.02
3 Asparagine 0.43784+0.01

4 Serine 1.5247+£0.06
5 Glutamine 0.3289+0.01

6 Glycine 0.4978 +£0.00
7 Threonine 0.9090+0.00
8 Arginine 0.46154+0.02
9 Alanine 0.119040.00
10 Cysteine 0.1077+0.00
1 Tyrosine 0.5058 +0.00
12 Histidine 0.526040.00
13 Valine 0.1078+£0.00
14 Methionine 1.303640.06
15 Isoleucine 0.9727+£0.02
16 Phenylalanine 0.2233+0.01

17 Leucine 0.304240.01

18 Lysine 0.217440.00
19 Proline 0.938240.00
20 Tryptophan 0.0979+0.00
21 Taurine 0.053040.02

supply of water for drinking. But still, the reared edible
insect has to be subjected for detection of microbial load
in them. Such quality and sensory studies are required in
future to stabilise this cricket Coiblemmus compactus as

a standard edible cricket. In addition to this, several post-
harvest processing, preserving and shelf life determina-
tion studies are required for standardisation of this edible
cricket.

Many researchers who have explored the nutritional
and food security assuring potentials of crickets have
recommended them for human food and animal feed
source (EFSA, 2015; Frigerio et al., 2020; Sun-Water-
house et al., 2016). The nutritional contents of the crick-
ets were found to vary among the same species which
are influenced by their habitat, food habits, climate and
sex (Finke & Oonincx, 2014; Musundire et al., 2016). The
evaluated proximate values of Coiblemmus compactus
were compared with that of other food sources (Fig. 7),
and it was inferred that our test insect had higher quan-
tities (50.2010.37 g/100 g) of protein which was more
than that of spirulina (referred as ‘single cell protein’).
These crickets could be used to eradicate protein defi-
ciency diseases, especially among infants as crickets pos-
sess higher protein levels than the recommended dietary
protein allowance for Indian man (55-60 g/day) (National
Institute of Nutrition- ICMR, 2011). Researches were
made on evaluating the efficacy of crickets as supplemen-
tary diet for school children and found to fight protein
deficiency diseases, such as Marasmus and Kwashior-
kor. It showed better growth and learning among them
(Homann et al., 2017; Kipkoech et al., 2017).

The cricket Coiblemmus compactus was found to pos-
sess 26.50+0.80 g/100 g of fat, which is comparatively
higher than the red meats (beef and pork) (Fig. 7). For
treating some ailments, high-fat diets are prescribed
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by dieticians, and in that regard, crickets could make a  mineral elements for human health. Crickets have a
great contribution to satisfy lipid requirements. It was  higher content of ash (2.96 to 20.50 g/100 g dry weight)
reported that generally Gryllus bimaculatus and Acheta ~ when compared to goat, broiler and pork meat (Magara
domesticus represents higher lipid contents in two dif- et al.,, 2021). The cricket of the present study contained
ferent forms as phospholipids and triglycerols which are  considerable amounts of ashes even when fed with sim-
then utilised to derive the energy content for its physical  ple and inexpensive diet.

activities (Ekpo et al., 2009; Tzompa-Sosa et al., 2014). The reared Coiblemmus compactus possessed higher
The higher the ash content, the higher the value of the amounts of potassium, which is an essential mineral
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Fig. 5 Peak graphs denoting the fatty acids determined using the GC-FID technique
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Table 6 Fatty acid contents of Coiblemmus compactus

S.No Formula Fatty acid Mean and SD (mg/100 g)
1 C4.0 Methyl butyrate <0.01+0.00
2 C6:0 Methyl hexanoate <0.01+0.00
3 8.0 Methyl octanoate <0.01+0.00
4 C10:0 Methyl decanoate <0.01+0.00
5 C11:0 Methyl undecanoate <0.0140.00
6 C13.0 Methyl tridecanoate <0.01+0.00
7 C12:0 Methyl laurate <0.01£0.00
8 C14.0 Methyl tetradecanoate <0.01+£0.00
9 C141 Myristoleic acid methyl ester 0.78940.05
10 C15:0 Methyl pentadecanoate <0.01+£0.00
11 C15:1 Cis 10 pentadecanoic acid methyl ester <0.01£0.00
12 C16:0 Methyl palmitate 30.21634+0.23
13 C16:1 Methyl palmitoleate 1.8813+£0.09
14 C17:0 Methyl heptadecanoate <0.0140.00
15 171 Cis-10-Heptadecenoic acid methyl ester <0.01+£0.00
16 C180 Methyl octadecanoate 6.7253+0.09
17 C181n9+ Trans 9 elaidic acid methyl ester <0.01+0.00
18 C18:1n9C Cis 9 oleic acid methyl ester 28.7033+0.60
19 C18:22n6+ Linolenaidic acid methyl ester <0.01+0.00
20 C18:2n6 Methyl linoleate 3279134043
21 C20:0 Methyl arachidate <0.01+0.00
22 C18:3n6 Gamma Linolenic acid methyl ester 04656+ 0.04
23 C20:1 Methyl cis 11 eicosenoate <0.01£0.00
24 C18:3n3 Methyl linolenate <0.01+0.00
25 C21:0 Methyl heneicosanoate <0.01£0.00
26 C20:2 Cis 11,14 eicosadienoate <0.01+£0.00
27 €220 Methyl docosanoate <0.01+0.00
28 C20:3 Cis 8,11,14 eicosatrienoate <0.01£0.00
29 C22:1n9 Methyl erucate <0.01+0.00
30 C20:3n3 Cis 11,14,17 eicosatrienoate <0.01+0.00
31 233 Methyl tricosanoate (cis-13,16-Docosadienoic acid) <0.01£0.00
32 C22:4n3 Methyl cis 5,8,11,14 eicosopentanoic acid <0.01£0.00
33 C22:2 Cis 13,16 docosadienoate <0.01£0.00
34 240 Methyl lignocerate <0.01+0.00
35 C22:5n3 Methyl cis 5,8,11,14,17 eicosopentanoate <0.01+0.00
36 C24:1 Methyl nervoate <0.01£0.00
37 C22:6n3 Cis 4,7,10,13,16,19 docosohexanoate <0.01£0.00

for the good health of human. Potassium, which is
supposed to be obtained from our regular diet, has
more health benefits like lowering the blood pres-
sure, prevents renal diseases, reduces osteoporosis,
prevents heart disease and lowers the risks of hyper-
calciuria and kidney stones (He & MacGregor, 2008).
Also, it is needed for maintenance of total body fluid
volume, acid and electrolyte balance and normal cell
function (Young, 2001). Phosphorous is the second
abundant element estimated in both the test crickets,

which has much health benefits including the osteo-
porosis treatment (Heaney, 2004). Calcium is the
bone and teeth supporting mineral, which are mod-
erately present in both the crickets. The calcium lev-
els in the cricket were found to be lesser than that of
drumstick leaves (314+71.0 mg/100 g) but higher
than that in betel leaves (207 +14.9 mg/100 g), mint
leaves (205 =+ 31.8 mg/100 g) and the whole milk of cow
(118 +2.9 mg/100 g) & buffalo (121+3.0 mg/100 g)
(USDA, https://fdc.nal.usda.gov/index.htmL). Adding
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Fig. 6 Graph showing the fatty acid profile of Coiblemmus compactus

cricket meal to diet improves the nutritive quality of
the food and also helps to overcome micronutrient
deficiencies.

Asparagine, methionine and threonine are the amino
acids detected from the cricket among which methio-
nine is an essential amino acid. The nutrients compo-
sition also depends upon the processing methods like
drying, smoking, cooking, roasting, deep-frying and
toasting) (Huis et al., 2013; Musundire et al., 2014). The
heat drying for the processing of crickets would have
been a reason for reduced projection of amino acids.
In the view of large-scale processing, freeze drying
wouldn’t be a suitable way to market insects at low cost
(as our actual aim is to make insects as cheaper protein
source). Therefore, heat drying is a possible way for
processing crickets in larger scale quantities.

Methyl palmitate and methyl linoleate were the two
fatty acids detected at higher levels in the cricket tested.
Some studies have proved the anti-inflammatory (Saeed
et al,, 2012) and phagocytosis inhibitory effect (Cai et al.,
2005) of methyl palmitate; therefore, it is reported to be
safe for vertebrates and widely used in cosmetics, phar-
maceutics and industrial applications (Pearson, 2007).
Methyl linoleate has showed anti-proliferative activity
(Lampronti et al., 2003) and also found to possess good
antifungal and antioxidant activity (Pinto et al.,, 2017).
As a traditional medicine, Nigerians apply the intestinal
content of mole crickets (Gryllotalpa africana) over the

surface of patients to treat athlete’s foot (Fosaranti, 1997;
Rajkhowa & Rokozeno, 2016). Methyl linoleate possessed
anti-melanogenic activity and could be widely utilised in
cosmetics industry as whitening agent to treat hyperpig-
mentation conditions (Ko et al., 2018). Further studies on
cricket extracts would help us to determine the bioactive
compounds to evaluate their pharmaceutical bioactivity.
Besides promoting them as food, highlighting their phar-
maceutical activity and making people to understand its
application on cosmetics would be easier.

Edible insects possess some benefits like attractive
nutrient quality, less environmental impact and easy
to farm capacity to prove their potentials, but the real
challenge lies in the consumer acceptance part (Huis
et al,, 2013; Rumpold and Schliiter 2013). Some of the
socio-cultural barriers like food taboo remain an obsta-
cle among people for granting space for edible insects
on their plates. Insects are often assumed as emergency
foods to be consumed only during starvation, sometimes
the wriggling larvae are seen with disgust and aversion
from various reportings (De Foliart, 1999; MacEvilly,
2000), it was understood that the physical outlook of
insect makes it to be rejected for food purpose, and many
different studies confirmed that people are more ready
to accept or eat products containing the less visible or
invisible (more processed) insect ingredients (Schosler
et al,, 2012; Pascucci and de-Magistris 2013; de-Magistris
et al.,, 2015; Tan et al., 2015; Gmuer et al., 2016; Caparros
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Megido et al., 2016). The processed (dried and milled)
insect powder resembles the edible cereal flour which is
used for cooking. Therefore, proportional mixing of the
cricket flour with other ingredients makes them com-
pletely concealed with their full nutrient potentials. This
study proves that crickets has higher nutritive values and
also can be farmed like other meat animals for mass pro-
duction. Further, the protein contents of the crickets have
to be studied in detail so that they can be isolated and
their exact use can be explored. Cricket farming could be
widely practiced as the developing countries are in much
need of alternate protein sources, and thereby, it may
support the livelihood of some farmers.

Conclusions

The evaluation on the nutritive composition of labora-
tory-reared Coiblemmus compactus has made it clear
that it is a high protein edible insect along with appre-
ciable quantities of fat and allied minerals in that. The
feasible feature of raising them over vegetable wastes is
another matter of significance, as that method doesn’t
require much of the capital investment. On comparing
with other food sources, this species of cricket has been
proved to nutritionally effective to be used as food and
feed source. Further scientific investigations on the thera-
peutic nature of these edible insects may draw the inter-
est of consumers over them. Thereby, edible insects could
be effectively used as an alternate food and feed source to
overcome the pressure exerted on food and feed produc-
tion in many developing countries.

Abbreviations

HPLC: High-Pressure Liquid Chromatography; GC-FID: Gas Chromatography
Flame lonisation Detection; MSL: Mean Sea Level; FAO: The Food and Agri-
culture Organization; CTL: Chennai Testing Laboratory; IS: Indian Standards;
FAAS: Flame Atomic Absorption Spectroscopy; AOAC: Association of Official
Analytical Collaboration; ISO: International Organization for Standardization;
NIN: National Institute of Nutrition.

Acknowledgements

The first author is thankful to the Managing trustee, Living In Fine Environ-
ment (LIFE) Trust—India—for their valuable support rendered to carry out this
research work.

Author contributions

BAD designed the outline of this research work and supervised the entire
study. VL carried out insect collection, rearing, processing and other laboratory
analyses. JJ helped with the chromatography techniques. MGR supervised the
article writing and helped with manuscript correction. All the authors read
and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The dataset of the present study is available with the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests among them.

Author details

'Department of Advanced Zoology and Biotechnology, Guru Nanak College,
Chennai, Tamil Nadu, India. 2Zoo Outreach Organisation, Saravanampatti PO,
Coimbatore, Tamil Nadu 641035, India.



Lokeshkumar et al. The Journal of Basic and Applied Zoology

Received: 18 May 2021 Accepted: 16 April 2022
Published online: 08 May 2022

References

AOAC. (2016a). International: Official Methods of Analysis 20" edition, 999.11.
Lead, Cadmium, Copper, Iron and Zinc in foods.

AOAC. (2016b). International: Official Methods of Analysis 20" edition, 995.11.
Phosphorous (total) in foods.

AOAC. (2016c). International: Official Methods of Analysis 20™ edition, 969.23
Sodium and Potassium in foods.

Araujo, R.R. S, Dos Santos Benfica, T. A. R, Ferraz, V. P, & Santos, E. M. (2019).
Nutritional composition of insects Gryllus assimilis and Zophobas morio:
Potential foods harvested in Brazil. Journal Food Composition and Analysis,
76, 22-26. https://doi.org/10.1016/.jfca.2018.11.005

Ayieko, M. A, Ogola, H. J., & Ayieko, I. A. (2016). Introducing rearing crickets
(Gryllids) at household levels: Adoption, processing and nutritional
values. Journal of Insects as Food and Feed, 2, 203-211.

Bureau of Indian Standards IS: 5949. (2010). Indian Standard: Methods for
volumetric determination of calcium and magnesium using EDTA. Bureau
of Indian Standards, Manak Bhavan, New Delhi. 1991. (Second revision)
(RA2010).

Bureau of Indian Standards IS: 7874. (2014). Indian Standard: Methods of tests
for Animal feeds and feeding stuffs 7874 (Part I). Bureau of Indian Standards,
Manak Bhavan, New Delhi. 1975 (RA: 2014).

Cai, P, Kaphalia, B. S, & Ansari, G. A. S. (2005). Methy! palmitate: Inhibitor of
phagocytosis in primary rat Kupffer cells. Toxicology, 210, 197-204.

Caparros Megido, R, Gierts, C,, Blecker, C, Brostaux, Y., Haubruge, E., Alabi, T, &
Francis, F. (2016). Consumer Acceptance of Insect-Based Alternative Meat
Products in Western Countries. Food Quality and Preference, 52, 237-243.

CTL (Chennai testing Laboratory, NABL accredited laboratory). (2014). Standard
operating procedures for testing carbohydrates in food materials. 262.

De Foliart, G. R. (1999). Insects as food: Why the Western attitude is important.
Annual Review of Entomology, 44, 21-50.

De-Magistris, T, Pascucci, S., & Mitsopoulos, D. (2015). Paying to see a bug on
my food: how regulations and information can hamper radical innova-
tions in the European Union. British Food Journal, 117(6), 10.

EFSA. (2015). Scientific Committee. Risk profile related to production and
consumption of insects as food and feed. European Food Safety Authority
Journal, 13, 4257.

Ekpo, K. E., Onigbinde, A. O, & Asia, I. O. (2009). Pharmaceutical potentials of
the oils of some popular insects consumed in southern Nigeria. African
Journal of Pharmacy and Pharmacology, 3, 51-57.

FAO. (2003). Food energy- Methods of analysis and conversion factors (p. 2003).
FAQ.

FAO. (2020). Guidance on sustainable cricket farming, A practical manual for
farmers and inspectors. Food and Agriculture Organization of the United
Nations, Bangkok, 2020.

Finke, M. D., & Oonincx, D. (2014). Insects as food for insectivores. In J. Morales-
Ramos, G. Rojas, & D. I. Shapiro-llan (Eds.), Mass production of beneficial
organisms: invertebrates and entomopathogens (pp. 583-616). New York,
NY: Academic Press. https://doi.org/10.1016/B978-0-12-391453-8.00017-0

Fosaranti, J. O. (1997). The place of insects in the traditional medicine of south-
western Nigeria. Food Insects Newsletter, 10, 1-5.

Frigerio, J,, Agostinetto, G., Sandionigi, A, Mezzasalma, V., Berterame, N. M. and
Casiraghi, M. (2020). The hidden ‘plant side’ of insect novel foods: a DNA-
based assessment. Food Research International.

Gahukar, R. T. (2009). Food security: The challenges of climate change and
bioenergy. Journal of Current Sciences., 96, 26-28.

Gahukar, R.T. (2011). Food security in India: The challenge of food production
and distribution. Journal of Agricultural and Food Information., 12(3-4),
270-286.

Ghosh, A. K. and Sengupta, T. (1982). Insect collection, preservation and study.
Zoological Survey of India.

Gmuer, A, Nuessli Guth, J, Hartmann, C, & Siegrist, M. (2016). Effects of the
degree of processing of insect ingredients in snacks on expected emo-
tional experiences and willingness to eat. Food Quality and Preference, 54,
117-127.

(2022) 83:26

Page 11 of 12

He, F. J,, & MacGregor, G. A. (2008). Beneficial effects of potassium on human
health. Physiologia Plantarum, 133, 725-735.

Heaney, R. P. (2004). Phosphorus nutrition and the treatment of osteoporosis.
In Mayo clinic proceedings, 79.

Homann, A. M., Ayieko, M. A, Konyole, S. O,, & Roos, N. (2017). Acceptability of
biscuits containing 10% cricket (Acheta domesticus) compared to milk
biscuits among 5-10-year-old Kenyan schoolchildren. Journal of Insects as
Food and Feed, 3, 95-103. https://doi.org/10.3920/JIFF2016.0054

Huis, V. A, Van Itterbeeck, J, Klunder, H., Mertens, E.,, Halloran, A., Muir, G, &
Vantomme, P, (2013). Edible Insects - Future Prospects for Food and fFeed
Security. FAO Forestry Paper, 171.

ISO 5509. (2000). International Standard: Animal and vegetable fats and oils -
Preparation of methyl esters of fatty acids (Second edition — 2000-04-01).

Jongema, Y. (2012). http://www.wageningenur.nl/en/Expertise-Services/
Chair-groups/ Plant-Sciences/Laboratory-of-Entomology/Edible-insects/
Worldwide-species-listhtm (version updated 2014). pp. 157-158.

Kipkoech, C,, Kinyuru, J. N, Imathiu, S., & Roos, N. (2017). Use of house cricket
to address food security in Kenya: Nutrient and chitin composition
of farmed crickets as influenced by age. African Jouranl of Agricultural
Research, 2,3189-3197.

Ko, G.S.S, Shrestha, S., & Cho, S. K. (2018). Sageretia thea fruit extracts rich in
methyl linoleate and methyl linolenate downregulate melanogenesis via
the Akt/GSK3( signaling pathway. Nutrition Research and Practice, 2(1),
3-12.

Kumar, P. (2010). Functioning of public distribution system in India: An empiri-
cal evaluation. Outlook on Agriculture, 39, 177-184.

Lampronti, I, Martello, D, Bianchi, N., Borgatti, M., Lambertini, E., Piva, R, Jabbar,
S., Choudhuri, M. S. K, Khan, T. H., & Gambari, R. (2003). In vitro antiprolifer-
ative effects on human tumor cell lines of extracts from the Bangladeshi
medicinal plant Aegle marmelos Correa. Phytomedicine, 10, 300-308.

Mackvilly, C. (2000). Bugs in the system. Nutrition Bulletin, 25, 267-268.

Magara, H. J, Tanga, C. M,, Ayieko, M. A, Hugel, S.,, Mohamed, S. A, Khamis,

F. M, Salifu, D, Niassy, S., Sevgan, S, Fiaboe, K. K. M., Roos, N,, & Ekesi, S.
(2019). Performance of Newly Described Native Edible Cricket Scapsipe-
dus icipe (Orthoptera: Gryllidae) on Various Diets of Relevance for Farm-
ing. Journal of Economic Entomology. https://doi.org/10.1093/jee/toy397

Magara, H. J. O, Niassy, S., Ayieko, M. A,, Mukundamago, M., Egonyu, J. P, Tanga,
C. M, Kimathi, E. K, Ongere, J. O, Fiaboe, K. K. M., Hugel, S., Orinda, M. A,,
Roos, N., & Ekesi, S. (2021). Edible crickets (orthoptera) around the world:
distribution, nutritional value, and other benefits-a review. Frontiers in
Nutrition, 7, 537915.

Musundire, R., Zvidzai, C. J,, Chidewe, C, Samende, B. K., & Manditsera, F. A.
(2014). Nutrient and anti-nutrient composition of Henicus whellani
(Orthoptera: Stenopelmatidae), an edible ground cricket, in south-east-
ern Zimbabwe. International Journal of Tropical Insect Science, 34, 223-231.

Musundire, R., Zvidzai, C. J,, Chidewe, C,, Samende, B. K., & Chemura, A. (2016).
Habitats and nutritional composition of selected edible insects in Zim-
babwe. Journal of Insects as Food and Feed, 2, 189-198. https://doi.org/10.
3920/JIFF2015.0083

National Institute of Nutrition (NIN), Hyderabad, (ICMR). (2011). Dietary guide-
lines for Indians - A Manual (Second edition).

Oonincx, D. G, Broekhoven, V. S., Huis, V. A, & Loon, V. J. J. (2015). Feed conver-
sion, survival and development, and composition of four insect species
on diets composed of food by-products. PLoS ONE. https://doi.org/10.
1371/journal.pone.0144601

Orinda, M. A. (2018). Effects of housing and feed on growth and technical
efficiency of production of Acheta domesticus (L) and Gryllus bimaculatus
for sustainable commercial crickets production in the lake Victoria region,
Kenya. (Doctoral dissertation, JOOST). Available online at: http://irjooust.
ac.ke:8080/xmLui/handle/123456789/8852.

Pascucci, S., & de-Magistris, T. (2013). Information bias condemning radical
food innovators? The case of insect-based products in the Netherlands.
International Food and Agribusiness Management Review, 16(3), 10.

Paul, A, Frederich, M., Uyttenbroeck, R, Hatt, S., Malik, P, Lebecque, S., Hamaidi,
M., Miazek, K., Goffin, D., Willems, L., Deleu, M., Fauconnier, M., Richel, A,
Pauw, E. D, Blecker, E. D., Monty, A, Francis, F, Haubruge, E., & Danthine,
S.(2016). Grasshoppers as a food source? A review. Biotechnology,
Agronomy, Society and Environment, 20(1), 337-352.


https://doi.org/10.1016/j.jfca.2018.11.005
https://doi.org/10.1016/B978-0-12-391453-8.00017-0
https://doi.org/10.3920/JIFF2016.0054
http://www.wageningenur.nl/en/Expertise-Services/Chair-groups/
http://www.wageningenur.nl/en/Expertise-Services/Chair-groups/
https://doi.org/10.1093/jee/toy397
https://doi.org/10.3920/JIFF2015.0083
https://doi.org/10.3920/JIFF2015.0083
https://doi.org/10.1371/journal.pone.0144601
https://doi.org/10.1371/journal.pone.0144601
http://ir.jooust.ac.ke:8080/xmLui/handle/123456789/8852
http://ir.jooust.ac.ke:8080/xmLui/handle/123456789/8852

Lokeshkumar et al. The Journal of Basic and Applied Zoology (2022) 83:26

Pearson, R. (2007). The safety of fatty acid methyl esters and their acceptability
as immediate previous cargoes to be used in foods after further process-
ing. (http:// www.apag.org/issues/methyl.htm).

Pinto, M. E. A, Araujo, S. G, Morais, M. I,, Sa, N. P, Lima, C. M., Rosa, C. A, Sique-
ira, E. P, Johann, S., & Luciana, A. R. S. L. (2017). Antifungal and antioxidant
activity of fatty acid methyl esters from vegetable oils. Anais Da Academia
Brasileira De Ciencias, 89(3), 1671-1681.

Rajkhowa, D., & Rokozeno, D. M. K. (2016). Insect-based medicine: A review of
present status and prospects of entomo-therapeutic. International Jour-
nal of Agriculture Environment and Biotechnology, 9, 1069-1079. https://
doi.org/10.5958/2230-732X.2016.00135.2

Ramos-Elorduy, J. (2009). Anthropo-entomophagy: Cultures, evolution and
sustainability. Entomological Research, 39,271-288.

Rumpold, B. A, & Schluter, O. K. (2013). Nutritional composition and safety
aspects of edible insects. Molecular Nutrition and Food Research, 57,
802-823. https://doi.org/10.1002/mnfr.201200735

Saeed, N. M., El-Demerdash, E., Abdel-Rahman, H. M., Algandaby, M. M.,
Al-Abbasi, F. A, & Abdel-Naim, A. B. (2012). Anti-inflammatory activity
of methyl palmitate and ethyl palmitate in different experimental rat
models. Toxicology and Applied Pharmacology, 264, 84-93.

Samuel, P. P, Govindarajan, R, Krishnamoorthy, R, Leo, V. J, Selvam, A, Parama-
sivan, R, & Arunachalam, N. (2016). Entomophagy and entomotherapy
practiced among the indigenous populations of Western Ghats of Tamil
Nadu, India. International Journal of Zoology Studies, 1(1), 30-33.

Schosler, H., de Boer, J., & Boersema, J. J. (2012). Can we cut out the meat of the
dish? Constructing consumer-oriented pathways towards meat substitu-
tion. Appetite, 58(1), 39-47.

Sun-Waterhouse, D., Waterhouse, G. I, You, L., Zhang, J, Liu, Y, Ma, L, Goa, J.,

& Dong, Y. (2016). Transforming insect biomass into consumer wellness
foods: A review. Food Research International, 89, 129-151. https://doi.org/
10.1016/j.foodres.2016.10.001

Tan, H.S. G, Fischer, A. R. H, Tinchan, P, Stieger, M., Steenbekkers, L. P. A, &
Trijp, V. H. C. M. (2015). Insects as food: Exploring cultural exposure and
individual experience as determinants of acceptance. food Quality and
Preference, 42, 78-89.

Tzompa-Sosa, D. A, Yi, L., van Valenberg, H. J, van Boekel, M. A, & Lakemond,
C. M. (2014). Insect lipid profile: Aqueous versus organic solvent-based
extraction methods. Food Research International, 62, 1087-1094. https://
doi.org/10.1016/j.foodres.2014.05.052

USDA (United States Department of Agriculture) Food Data central Database.
https://fdc.nal.usda.gov/index.htmL

USP30-NF25, Pharmacopeial Forum. (2013). Staff Liaison: Lawrence Evans,
Ph.D., Senior Scientific Associate Expert Committee: (DSN) Dietary Sup-
plements: Non-Botanicals, 31(5), 1345.

Wang, J, Wu, W, Wang, X, Wang, M., & Wu, F. (2015). An effective GC method
for the determination of the fatty acid composition in silkworm pupae
oil using a two-step methylation process. Journal of the Serbian Chemical
Society, 80(1), 9-20.

Young, D. B. (2001). Role of potassium in preventive cardiovascular medicine.
Kluwer Academic Publishers.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.apag.org/issues/methyl.htm
https://doi.org/10.5958/2230-732X.2016.00135.2
https://doi.org/10.5958/2230-732X.2016.00135.2
https://doi.org/10.1002/mnfr.201200735
https://doi.org/10.1016/j.foodres.2016.10.001
https://doi.org/10.1016/j.foodres.2016.10.001
https://doi.org/10.1016/j.foodres.2014.05.052
https://doi.org/10.1016/j.foodres.2014.05.052
https://fdc.nal.usda.gov/index.htmL

	Nutritive evaluations of laboratory-reared edible field cricket Coiblemmus compactus Chopard, 1928 (Orthoptera: Gryllidae), for utilising them as an alternate protein source
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Collection and rearing of crickets
	Processing of reared crickets for analyses
	Nutritional analyses of reared crickets
	Proximate composition analyses
	Determination of crude protein content (Bureau of Indian standards IS: 7874 [2014])
	Estimation of total nitrogen 
	Estimation of ammoniacal nitrogen 

	Determination of crude fat (Bureau of Indian standards IS: 7874 [2014])
	Determination of crude fibre (Bureau of Indian standards IS: 7874 [2014])

	Quantitative estimation of minerals
	Determination of amino acid composition
	Determination of fatty acid composition
	Determination of energy content


	Results
	Rearing of crickets
	Nutritional analyses of crickets
	Proximate composition of Coiblemmus compactus
	Mineral composition of Coiblemmus compactus
	Determination of the energy contents of Coiblemmus compactus
	Quantification of amino acids from Coiblemmus compactus using high-pressure liquid chromatography (HPLC) technique
	Quantification of fatty acid levels using gas chromatography flame ionisation detection (GC-FID) techniques


	Discussion
	Conclusions
	Acknowledgements
	References


