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Protein Fractions, Physicochemical and
Functional Properties of Flour and Oil from the
Shea Caterpillar Cirina butyrospermi Vuillet
Consumed in Northern Cote d’lvoire

ABSTRACT (ARIAL, BOLD, 11 FONT, LEFT ALIGNED, CAPS)

The Shea Caterpillar Cirina butyrospermi Vulillet is one of the most widely eaten insects in
the Northern Céte d’lvoire as alternative protein source. The present study was aimed at
evaluating the physicochemical and functional properties of flours and oil from dried C.
butyrospermi larvae for further food products formulation. Fresh C. butyrospermi larvae were
collected from Vitellaria paradoxa trees in the different regions producing shearbutter in
northern Céte d’lvoire. The larvae were oven dried and ground to obtain crude flour. Flours
and QOil extracted from this insect was analysed for physicochemical properties and fatty acid
constituents using standard methods. The chemical composition revealed that it contains
crude protein about 60.09%, crude fat 22.23%, ash 3.71% and total carbohydrate 6.69%.
These results suggest that C. butyrospermi larvae can be used in human diet to prevent
undernourishment due to protein. Albumin and glutelin constitute the main part of protein
fractions. The defatted flour showed good functional properties such as water and oil
absorption capacity (77.96 and 150.00 % respectively), dispersibility (70.90 %), wettability (5
min) and foam stability (50.05 %) making it suitable for many food product formulations. As
regards oil, it exhibited good physicochemical properties as saponification and stability. Fatty
acids profile reveals that the unsaturated fatty acids accounted for 49.33 % of the total fatty
acids, whereas the saturated fatty acids constituted 49.83 % of the fatty acids. When
compared with oils which have been reported of high quality, C. butyrospermi oil has
potentials that could be exploited for nutritional and pharmaceutical purposes.
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Properties, Northern Céte d’lvoire

1. INTRODUCTION

In the context of sustainable diet, eating of insect (entomophagy) has a significant role to
play in assuring food security and improving the livelihood of many peoples in world [1, 2].
Indeed, entomophagy has a long history as part of human diets [3] and more than 2 000
insect species have been documented in the literature as edible, most of them in tropical and
developing countries[4].In Africa, Asia and Latin America, approximately 2.5 billion people
eat insects as a part of their common diets in a similar way as eating meat or fish. Assiélou
et al. [5] argue that insect’'s consumption has become especially important as the need for
alternative protein sources increases due to rapid urbanisation in developing countries and
the shifts in the composition of global food demand.




Concerning the nutritional content, edible insects have been noted as comparable to

conventional livestock meat[6].They are considered food with satisfactorily energy,
macronutrient and micronutrient (such as minerals copper, iron, magnesium, manganese,
phosphorous, selenium, and zinc and the vitamins riboflavin, pantothenic acid, biotin, and in
some cases folic acid) contents [7]. Many studies have pointed out the high protein content
and the good quality of fats from caterpillar and larvae as Imbrasia oyemensis [8 — 10],
Imbrasia belinae [11], Oryctes boas and Oryctes rhinoceros [12], Oryctes awariensis [5, 13],
Rhynchophorus phoenicis [14], Cirina forda [15].These caterpillars were found to be highly
nutritious and then, contributed to the significant reduction of protein and other nutrient
deficiencies [16]. Moreover, they also provide economic advantages insofar as they create
profitable activities based on their collection, processing and sale on national and
international markets [17].
In Africa, most edible caterpillars belong to Saturniidae, Notodontidae and Sphingidae
families of the order Lepidoptera. Among them, the Cirina butyrospermi Vuillet caterpillar,
commonly known as shitumu, an insect pest of Vitellaria paradoxa, the shearbutter tree [16].
This edible insect is mainly found in the western and south-western regions of Burkina Faso
and neighbouring countries as Cote d’lvoire where they are found mainly in the north region.
Basically, the lifecycle of C. butyrospermi comprises a larval, a nymphal and an adult
stage[18]. The larvae are collected in the rainy season and then, processed into the dried
form and consumed as a delicacy served in snacks or as an essential ingredient in
vegetable soup along with carbohydrate food[19, 20].These larvae are widely accepted and
prized as protein and fat sources the north of Coéte d’lvoire. The present paper focuses on
the physicochemical and functional properties of flours (full fat and deffated) and oil from
dried C. butyrospermi larvae for further food products formulation. Indeed, as regards
functional properties of foods, they are intrinsic physicochemical characteristics affecting the
behaviour of protein in food systems [21]. Also, physicochemical properties and fatty acid
composition of C. butyrospermi larvae oil would reveal any possibility of its use as
conventional oils for human and animal nutrition and industrial purposes.

2. MATERIAL AND METHODS

2.1. Larvae collection and sample preparation

Alive C. butyrospermi larvae were collected from Vitellaria paradoxa trees in the different
regions producing shearbutter in northern Céte d’lvoire. These are mainly the regions of
Katiola (8°08'15" N and 5°06'07" W), Bondoukou (8°02'23" N and 2°47'54" W), Bouna
(9°16'09" N and 2°59'42" W), Korogho (9°27'41" N and 5°38'19" O), Ferké (9°35'37" N and
511'50" O), Boundiali (9°31'18" N and 6°29'12" O), Odienné (9°30'05" N and 7°33'45" O). At
least 10 kg of Caterpillar were collected per region. The collected caterpillars were
conditioned in a cooler containing ice to maintain their freshness and then transported to the
laboratory for treatment and sample preparation. At the laboratory, the different samples are
put together to form a single batch for flour preparation. Then, 10 kg of larvae were cleaned
with distilled water, drained and oven dried at 65°C for 72 h. the raw flour is obtained by
grinding dry caterpillars using a Moulinex brand.

2.2. Protein fractionation

The modified method of Hu and Essen [22] was used to fractionate proteins of C.
butyrospermi larvae. The extraction solvents were deionized distilled water, 0.5 M NaCl (30
mL: 1 g), 70% ethanol (w/v) and 0.1 M NaOH (25 mL: 1 g). Albumin, globulins, prolamins
and glutelins constitute respectively, the water-soluble fraction, fraction soluble in salt
solution, the ethanol soluble fraction and NaOH soluble fraction. Proteins were extracted by
simply stirring, using a flour to solvent ratio of 1:10 (w/v), for 14-16h at 4°C. Insoluble residue



was removed by centrifugation at 6000 rpm for 30 min. The obtained fractions were dialysate
against their own solvent, then against deionized water. The final dialysates were kept in the
freezer at about -20 °C. The protein amounts of soluble fraction were measured according
the folin ciocalteu’s method of Lowry et al. [23]. Bovine serum albumin (BSA) was used as
the protein standard. The nitrogen content of insoluble fraction (residue) was determined by

Kjeldahl method [24].

2.3.  Oil extraction

Oil was extracted from 3 g of caterpillar flour (full-fat flour) with 70 mL of n-hexane in a
Soxhlet extractor [24]. Then, the solvent was gently evaporated with a rotary evaporatorty
(Heidolph, Hei-Vap, Germany). The extracted lipid was weighted to determine the oil content
of caterpillar. Crude oil was stored at 4 °C in airtight brown sterile glass bottle until further
use for physicochemical analysis.

2.4. Analysis

2.4.1. Chemical Composition

The dry matters contents were determined by drying in an oven at 105°C during 24 h to
constant weight [24]. The crude protein contents were calculated from nitrogen contents
(Nx6.25) obtained using the Kjeldahl method by AOAC [24]. The crude fat content was
determined by continuous extraction in a Soxhlet apparatus for 8 h using hexane as solvent
[24]. The total ash contents were determined by incinerating in a furnace at 550°C [24]. The
carbohydrate contents were determined by deducting the mean values of other parameters
that were determined from 100. Therefore % carbohydrate = 100- (% moisture + % crude
protein + % crude fat + crude fiber + % ash). Energy value was calculated using standard
calculations ([gram of crude protein x 4.0] + [gram of crude fat x 9.0] + [gram of
carbohydrates x 4.0]).

2.4.2. Specific gravity and refractive index

The specific gravity and the refractive index of extracted oil were determined at 25 °C
respectively with a pycnometer and a refractometer (Abbe, Optic Ivymen, Spain) [25].

2.4.3. Acid, peroxide, iodine and saponification values

All these parameters were determined according to AOAC [24] official methods. The acid
index was determined by titration using a a solution of KOH (1N) in the presence of
phenolphthalein. lodine value was measured by titration using a sodium thiosulfate (0.1 N)
solution. The titrated solution consists of 30 mL carbon tetrachloride, 0.4 g oil, 25 mL of Wijs
reagent and 10 mL of acetate mercury. As regards the peroxide value, a mixture of acetic
acid — chloroform: 3/2 (v/v) added to a potassium iodine solution were titrated with a solution
of sodium thiosulfate (N/100). Concerning the saponification value, after the treatment of 2 g
oil using alcoholic potash (0.5 N), the titration was done with a hydrochloric acid (0.5 N)
solution in the presence of phenolphthalein.

2.4.4. FEatty acid composition.

The European Communities [26] method was used to determine the fatty acid composition of
extracted oil. Fatty acids were converted to their methyl esters (FAMESs) as follow: a mixture
of 2 mL of n-heptane and 0.2 mL of a methanolic solution of potassium hydroxide (2N) was
made and stirred strongly for 30 s and allow to stand for 5 min. the FAMEs are found in the



upper phase which was used for quantification by gas chromatography. The internal
standard (erucic acid) was added to FAMEs and then, 1 pL of the mixture was injected into a
gas chromatograph (Shimadzu, GC 14 A, Japan) equipped with a flame ionization detector
(FID) and a capillary column TRD1 (60 m X 0.25 mm i.d. X 0.25 pm film thickness). Nitrogen
was the carrier gas with a flow rate of 23 mL/min. A temperature of 250°C has been set for
detector and injector. For the column, the temperature starts at 100 degrees, then it was
programmed to increase by 5°C every minute until reaching 220°C. The internal standard
was used to correct chromatographic areas. Fatty acid amounts were estimated as the
equation below:

Area of the fatty acid
Yield of each fatty acid = X 100
Area of total fatty acid in the oil
sample

Area of the fatty acid

Yield of each fatty acid = — . X
Area of total fatty acid in the oil sample

2.4.5. Functional properties

The water absorption capacity of flours from C. butyrospermi larvae were evaluated
according to Phillips et al. [27] method. For the oil absorption capacity, the method of
Beuchat [28] was used. The foaming capacity (FC) and stability (FS) of flour was studied
according to the method of Coffman and Garcia [29]. The dispersibility of flours was
measured according to the method of Mora-Escobedo et al. [30]. The volume and bulk
density were determined according to the method of Okezie and Bello [31]. The method
described by Onwuka [32] was adopted for wettability.

2.5. Statistical Analysis.

All experiments in this study are reported as means of three replicate analyses. One-way
analysis of variance (ANOVA) was carried out to compare the mean values. Differences in
the mean values were determined using Duncan’s multiple range tests (SAS, 1990).

3. RESULTS AND DISCUSSION
3.1. Proximate composition

Table 1 presents biochemical composition of C. butyrospermi crude flour. With a moisture
value of 4.44 %, these results reveal that C. butyrospermi larvae had high dry matter (95.56
%) than those reported for other larvae such as O. owariensis (91.59 %), O. rhinoceros (83.3
%) and R. phoenicis (88.7 %) [33, 5]. The high dry matter content should be advantageous
since it is well known that low moisture ensures higher shelf stability of dried product. Thus,
microbial proliferation is reduced, and storage life may be prolonged if stored inside
appropriate packaging materials under good environment conditions [34].

The ash content of 3.71 % obtained in the present study is not very different from the one
reported by Koffi et al. [14] for the palm (Elaeis guineensis) weevil R. phoenicis larvae. But it
is higher than values reported for several edible insects such as C. forda (1.50 %), Oryctes
boas (1.50 %) and Zonocerus variegatus (1.20 %) commonly eaten in South-western Nigeria



[35]. This indicates that C. butyrospermi larvae constitute good source of mineral elements
insofar as the ash content indicates a rough estimation of the mineral content of the product.
As regards proteins, the studied larvae could be categorized as protein-rich edible
caterpillar. Indeed, with a value of 60.09 %, the protein content of C. butyrospermi is greater
than those found for larvae of C. forda (20.0 %) [36], I. oyemensis (57.77 %) [8], O. boas (26
%) [35] and O. owariensis (50.64 %) [5]. The high protein content obtained in this study
suggests that C. butyrospermi larvae can support the protein need of the vulnerable
populations such as poor peasants, pregnant woman and children, and solve the problem of
malnutrition especially in developing countries where children suffering from kwashiorkor (a
protein deficiency condition). Moreover, the fat content of 22.23 % could indicate that this
caterpillar as well as several studied larvae constitute an ideal energy food since lipids are
the main energy source and the energy value is mainly affected by the proportion of fat in
the sample [37]. The obtained energy value (467.79 kcal/100 g DW) shows that the
consumption of 100 g dry larva would provide about 25 % the daily energy intakes
recommended for a 70 kg person. Therefore, this edible insect could be categorized as a
source energy diet and represent a good alternative to prevent the risk of food chain
insecurity in developing countries.

It is noteworthy that C. butyrospermi larvae are poor in carbohydrates since their content
was found to be lower than values reported for many edible insects consumed in Nigeria
with values ranged from 7 to 20 % [38]. Koffi et al. [14] found a carbohydrate content of
23.04 % for R. phoenicis larvae. As reported by Raksakantong et al. [39], C. butyrospermi
could be categorized as a low-carbohydrate—high protein (LC—HP) diets. Such diets have a
reduced intake of calories, resulting in a predictable degree of weight loss and, a significantly
beneficial effect on a variety of cardiovascular risk factors [40].

Table 1. Chemical composition of dry Cirina butyrospermi larvae

Values (%)

Parameters-Components

Moisture 4.44 + 0.02
Dry matter 95.56 + 0.02
Ash 3.71+£0.04
Crude fats 22.23+0.14
Crude proteins 60.09+0.13
Carbohydrates 6.69 + 0.33
Energy value (kcal/1009) 467.79+£0.6

Values given are the averages of at least three experiments +SE.
3.2.  Protein fractions

C. butyrospermi proteins were fractioned from its full-fat and defatted flours based on their
solubility in different solvents. The results given in table 2, show that in both full-fat and
defatted flours, albumin fraction was predominant, followed by glutelin, globulin and
prolamin. Statistical analysis revealed significant difference in values obtained for the two
flours suggesting that defatting influence protein fractions, especially for albumin (43.96 % in
full-fat flour and 44.83 % in defatted flour) and globulin (25.98 % in full-fat flour and 34.77 %
in defatted flour) content which increase. Akpossan et al. [9] found similar results for /.
oyemensis larvae. As reported by Roche et al. [41], Albumin, the major protein fraction of the
studied edible insect, exerts important antioxidant activities. The molecule acts through its
multiple-binding sites and free radical-trapping properties. For example, these authors argue
that administration of albumin to patients with Acute Respiratory Distress Syndrome (ARDS)



confers robust protection against oxidative stress and a favourable influence on redox-
signalling processes regulating inflammation. As regards glutelin, the secondary major
protein fraction of the studied edible insect, it is generally associated to elasticity and
toughness properties in flours [42].

Table 2. Protein fractionation of dry Cirina butyrospermi larvae flours

Flour samples

Fractions Fullfat Defatted
Albumin 43.96 + 0.22° 44.83 + 0.09°

Soluble fraction (%) Globulin 12.07 + 0.65° 8.10 £ 0.152
Prolamin 10.63 + 1.04° 6.01 +£0.09
Glutelin 25.98 + 1.91° 34.77 + 0.99°

Insoluble fraction (%) 10.34 + 1.01° 6.28 + 0.42°

Values given are the averages of at least three experiments +SE. In each line, values assigned with
different letters are significantly different at P < 0.05. Those with identical letters are not different.

3.3.  Functional properties.

The functional properties of flours from C. butyrospermi larvae were summarized in table 3.
It is noteworthy that defatting greatly influences functional characteristics insofar as
significant (p < 0.05) differences were observed in all parameters except dispersibility. The
dispersibility indicates reconstitutability of a mixture in water. The value obtained (70.90 and
71 %) were higher compared to those found by Dué et al. [43] for wild edible mushrooms
Volvariella volvacea (48.64 %) and Armillaria mellea (37.49 %) indicating the better ability of
C. butyrospermi flours to reconstitute in water to give a fine and consistent paste. Such a
useful functional property in various food product formulations [30].

Bulk density was observed in the range of 0.44 — 0.53 g/mL. Defatted flour shows the
highest value. However, bulk density values found in this study are lower than those
reported for /. belina (0.67 — 0.71 g/mL) and /. oyemensis (1.00 — 1.04 g/mL) larvae [11, 9].
This suggests that the studied flours were less heavy and therefore, they would occupy more
space and require relatively more packaging materials. Also, bulk density is an indication of
porosity and it has been reported to depend on the combined effects of interrelated factors
such as the intensity of attractive interparticle forces, particle size, and number of contact
points [44].

As suggest by Akpossan et al. [9], results show that the high fat content greatly influences
the wettability. Indeed, defatted flour wet very quickly (5 s) while wettability for full-fat flour
was found to be 180 s. Therefore, the defatted flour would be useful to produce aqueous
beverages and batters since wettability was reported to be an important property when
protein powders are dispersed to make these products. Also, Wettability of proteins is
affected by surface polarity, topography, texture, area and by the size and microstructure of
the protein particles [45].

The water absorption capacity (WAC) represents the ability to bind water molecules under
deficient water conditions. This ability is generally attribute to the protein and carbohydrate
content. In this study, the water absorption capacities were found to be lower than values
observed for various edible larvae flours such as O. owariensis (220.33 %) and R. phoenicis
(281.73 %) [5, 14]. The low values of water-absorption-capacity WAC might be due to the
low carbohydrate content since according to Aremu et al. [46], flours with high water
absorption capacity have more hydrophilic constituents such as polysaccharides. Broadly
speaking, WAC is commonly used in starch flours. For having carbohydrates in the form of
starches, they can absorb water, greater or lesser amount of water depending on their
degree of transformation into an aqueous medium. This is one of the main reasons why this



figure is low. On the other hand, the flours under study only went through the drying process.
This implies a low degree of transformation of the components.

Regarding solubility in water, were not mentioned. Insert this part.

As regards the oil absorption capacities, they are in the range of 119 — 150 %. It is an
essential parameter since oil increase the mouth feel of food and act as flavour retainer in
certain food products. C. butyrospermi would be a good sample for this property compared
to others edible insects such as Z variegatus [47]. Therefore, the studied larvae flours would
find useful application in food systems such as ground meat formulations.

Results showed very low foamability (2.09 %) for the full-fat flour while a value of 30.52 %
was obtained for defatted flour. This suggests clearly that defatting increase foamability. So,
crude flour from C. butyrospermi larvae is not a good foaming agent, unlike defatting flour
(with Foam stability of 50.05 % after 120 min) that could be useful to improve the texture,
consistency and appearance of foods such as cake and ice cream which requires a certain
percentage of foam [48]. Low foamability can be related to highly ordered globular proteins,
which resists surface denaturation [49].

Table 3. Functional properties of dry Cirina butyrospermi larvae flours

. Values

Properties Full-fat flour Defatted flour
Dispersibility, (%) 71.00 £0.17° 70.90 £ 0.41°
Bulk density, (g/mL) 0.44 +0.06° 0.53 + 0.08°
Wettability, (s) 180.00 + 0.00° 5.00 + 0.00°
Water solubility index, 17.15 +0.05° 30.00 £ 0.02°
Water absorption capacity, (%) 7117 £1.43° 77.96 + 0.50°
Oil absorption capacity, (%) 119.00 + 1.00° 150.00 + 2.00°
Foaming capacity, (%) 2.09 +0.01° 30.52 +0.01°
Foam stability, (%) 2.33+0.01° 50.05 + 0.01°

Values given are the averages of at least three experiments +SE. In each line, values assigned with
different letters are significantly different at P < 0.05. Those with identical letters are not different.

3.4. Physicochemical properties of oil

Physicochemical characteristics of C. butyrospermi oil are shown in Table 4. The oil from the
studied larvae was fluid at room temperature (approximately 16°C). Specific gravity was of
0.91 while refractive index was found to be 1.465. These values were in close agreement
with values reported for conventional edible oils [50]. The refractive index of oils depends on
their molecular weight, fatty acid chain length, degree of unsaturation, and degree of
conjugation. In view of this refractive index, it seems that oil from C. butyrospermi larvae has
fatty acids with high number of carbon atoms and several double bonds [51]. Moreover, this
parameter suggests that the studied oil is of edible quality and is disqualified for varnish
manufacturing in chemical industry.

The refractive index is positively related to iodine value, which is a measure of the degree of
unsaturation in the oil and gives an idea of their oxidative stability since it could be used to
quantify the amount of double bonds present in the oil. For this study, the obtained iodine
value was of 115.85 g 1,/100 g, which is higher than the 105.19 g 1,/100 g and 48.35 g 1,/100
g reported for I. oyemensis [10] and Rhynchophorus palmarum [52] larvae, respectively. The
high iodine value implies high nutritional value insofar as unsaturated fatty acids are
recommended for human consumption.

The peroxide value of oil from C. butyrospermi larvae was 3.12 £ 0.02 mEq/Kg, which is less
than the maximum acceptable value of 10 meq KOH/g set by the Codex Alimentarius
Commission. It is well known that the peroxide value is used as an indicator of deterioration
of ails, thus low peroxide value indicates resistance of the oil to peroxidation during storage.



Fresh oils have peroxide values lower than 10 meq O2/kg and before oil becomes rancid, its
peroxide value must be between 20 and 40 meq O2/kg [53]. The studied oil is therefore
stable and would not easily go rancid.

Acid value recommended for oil to be used in cooking is in the range of 0.00 to 3.00 mg
KOH/g. So, with an acid value of 1.97 mg KOH/g, oil from C. butyrospermi larvae could be
suitable for cooking. Moreover, the free fatty acid value obtained (0.92 %) is very lower than
the maximum limit of 5% for free fatty acids in high grade palm oil in Nigeria [54]. This
suggests that the studied oil is not much susceptible for fat degradation process during oil
extraction too and it could have a long shelf life, which allows it to be consumed as virgin
edible oil.

The saponification value of C. butyrospermi oil was found to be 299,17 mg KOH/g of oil. This
value is higher than that reported for R. palmarum (151.79 mg KOH/g of oil) and |.
oyemensis (184.20 mg KOH/g of oil) respectively by [52, 10]. Saponification value is an
index of average molecular mass of fatty acids in oil sample. High saponification value
indicated the presence of greater number of ester bonds, suggesting that the fat molecules
were intact. This corroborate the low acid value and free fatty acids obtained. Due to its high
saponification properties, the studied oil would be useful in soap making industry.

Table 4. Physicochemical properties of oil from dry Cirina butyrospermi larvae

Parameters Properties Values
Refraction index 1.465 + 0.002
Specific gravity 0.91+0.10
Acid value (mg KOH/g) 1.97 +£0.17
Free fatty acid (% oleic acid) 0.92 £ 0.03
Saponification value (mg KOH/g) 299.17 £ 542
lodine value (g 1,/100 g) 115.85+0.8
Peroxide value (meq O,/kg) 3.12+£0.5

Values given are the averages of at least three experiments +SE.
3.5. Fatty acid composition

Figure 1 depict the fatty acid profile of C. butyrospermi larvae oil. Data summarised in Table
5 showed that the oil had similar content of unsaturated (49.33 %) and saturated (49.83 %)
fatty acids. The presence of both saturated and unsaturated fatty acids in this insect could
be an advantage since they may complement the functions of one another. The major
unsaturated fatty acids were linolenic acid (27.83 %), oleic acid (12.14 %) and linoleic acid
(6.97 %). Linoleic and linolenic acids are important essential fatty acids required for growth,
physiological functions and body maintenance [55]. Also, oleic acid as well as linoleic and
linolenic acids had been shown to be hypocholesterolemic [56]. the most abundant saturated
fatty acids (SFA) were stearic acid (31.85 %) and palmitic acid (17.16 %). These two fatty
acids are often used in food industries to provide texture and softness to products [57].
Moreover, stearic acid has been shown to be free from deleterious effect on plasma
cholesterol in young healthy men [58].

The high polyunsaturated fatty acids (PUFA) content (34.80 %) when compared to those of
veal (8.22 %), pork (11.81 %), chicken (23.44 %) and eggs (21.98) [59] would corroborate
the high iodine value obtained in this study. So, diet with excessive amounts of omega-6
PUFA and a very high omega-6/omega-3 ratio, has been reported to promote the
pathogenesis of many diseases, including cardiovascular disease, cancer and inflammatory
and autoimmune diseases [60]. C. butyrospermi larvae oil shown a ratio omega-6/omega-3
of 0.25 which is extremely lower than the critical ratio of 5.00 recommended by nutritionists
to reflect the need for a nutritional equilibrium. In addition, the ratio PUFA/SFA was of 0.70.
This value is in close agreement with the ratio of 0.8 associated with desirable levels of



cholesterol and reduced coronary heart diseases. Unlike, PUFA/SFA ratio as low as 0.2 has
been associated with high cholesterol level with high risk of coronary heart disorders.
Therefore, the studied insect oil has the potential of being used in the dietetic management
of certain coronary heart diseases. Furthermore, this oil showed very low and desirable ratio
omega-6/omega-3 compared to conventional oils such as soybean, walnut, olive, corn and
sunflower oils with respective omega-6/omega-3 ratios of 8, 8.1, 34, 72.5 and 670 [50]. This
suggests that C. butyrospermi larvae oil would be more balance confirming its suitability for
human consumption.

Fig. 1. Gas chromatograms of fatty acids methyl esters of C. butyrospermi oil
analysed

o 800
* 3 5
N i 3
2 600—=] < v
a = 9}
an e
8 o
= —
400—
= =
w= 2 2 7| A .
— L o B 1 Y5 +
= o] &) Q : (2]
— Ll i l\lﬂ . ~
I 145 i e

IIII]IIIIIIITIWIIilll|ll[l

15 20 25 30 35 40
Time [min]

lIIl|lllT’lIll
5 10

Table 5. Fatty acid composition of oil from dry Cirina butyrospermi larvae

Fatty acid Saturation Values (%)
Essential

Linoleic acid Omega 6 polyunsaturated 6.97 £ 0.01
Linolenic acid Omega 3 polyunsaturated 27.83+£0.1
Non-essential

Myristoleic acid Omega 5 monounsaturated 0.45 0.0
Palmitoleic acid Omega 7 monounsaturated 1.50+£0.0
Margaroleic acid Omega monounsaturated 0.15+£0.0
Oleic acid Omega 9 monounsaturated 12.14 + 0.02
Eicosenoic acid Omega 9 monounsaturated 0.05+0.0
Erucic acid Omega 9 monounsaturated 0.22 £ 0.0
Selacholeic acid Omega 9 monounsaturated 0.02 £ 0.0
Lauric acid Saturated 0.06 £0.0
Myristic acid Saturated 0.48+0.0
Palmitic acid Saturated 17.16 £ 0.05
Stearic acid Saturated 31.85+0.02
Arachidic acid Saturated 0.29+0.0
Behenic acid Saturated 0.03+0.0
Ratios

SFA 49.83



MUFA 14.53

PUFA 34.80
PUFA / SFA 0.70
n6/n3 0.25

Values given are the averages of at least three experiments +SE
Polyunsaturated Fatty Acids: PUFA; Saturated Fatty Acids: SFA

4. CONCLUSION

The present study on C. butyrospermi larvae suggests that this edible insect could be
considered as an alternative and valuable source of protein and oil accounting for more than
80% of nutrients. Proteins are mainly consisting of albumin and glutelin fractions. Functional
properties of flours from dried C. butyrospermi larva showed good dispersibility, wettability
and water and oil absorption capacity indicating their usefulness in food systems such as
ground meat formulations. Also, the defatted flour exhibited good foaming properties making
it suitable for products where foaming is important. As regards the oil, it contains high
amount of unsaturated fatty acids (49.33 %) mainly consisting of linolenic, linoleic and oleic
acid which were desirable for a healthy nutrition. Furthermore, the obtained PUFA/SFA and
omega-6/omega-3 ratios suggest that the studied oil would be nutritionally more balanced
than most of the conventional oils such as soybean, walnut, olive, corn and sunflower. Also,
C. butyrospermi larvae oil exhibited good physicochemical properties as saponification and
stability corroborating its usefulness for nutritional, pharmaceutical and industrial
applications.
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