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Protein fractionsand Functional Propertiesof Dried Imbrasia

oyemensis L arvae Full-fat and Defatted Flours

Abstract

Imbrasia oyemensisis a caterpillar widely consumed in Coéte d’lvoir€&unctional
characteristics of its full-fat and defatted flowere investigated using standard methods.
Defatting led to a significant (R 0.05) reduction of emulsion capacity and stahilthereas
the soluble protein fractions (such as albumin glntklin), dispersibility, bulk density, water
absorption capacity, water solubility index, oilsabption capacity, foam capacity and
stability increased significantly (p<0.05Jhe full-fat and defatted flours had high oil and
water absorption capacities as desirable charatigsrifor use in some foods such as meats,
sausages, breads and cakes. Fevermore, they shagtelulk density and good wettability,
and therefore would be suitable for use as a fanati ingredient in a variety of food

formulations.

Keywords. Functional Properties, Protein fractions, Defattlour, Full-fat flour, Imbrasia

oyemensisLarvae, Insects.
1. Introduction

Increases in world population will require the protlon of vast amount of foods in the latter
half of the twenty-first century. However it wilkedifficult to increase productivity to a level
that satisfies food demand, mainly because of dichavailability of new farm land. This will

lead to shortages of food, especially animal protalVhen total food resources are
insufficient, it is unwise to feed livestock witlragn and other foodstuffs, which can be

consumed directly by humang| [ Therefore, it becomes necessary to look for newces of
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animal protein such as insects, which are richutrients. Most insects are edible, although
there are some toxic species, and they can thrivediet that humans cannot consume. Some
insects are even scavengers, such as saprophagmgrophagers. The latter can contribute

to recycling animal waste].

Insects represent a significant biological resoute is still not fully utilized around the
world. Entomophagy (eating of insects) has a lostphy as part of human diets and a large
number of insect species are consumed in many patise world. For approximately 2.5
billion people, mainly in Africa, Asia and Latin Aerica, eating insects is part of their
common diets in a similar way as eating meat dr. fidore than 1600 species of insects are

eaten worldwidé1].

Insects constitute high quality food for humans aniinals, and there is a great potential and
growing global interest for utilization of inse@s food resource to complement the diets of
continuously growing populations. Indeed, they espnt an important source of proteins (20
to 70% of dry weight), amino acids, fat, carbohyesa various vitamins and others micro-
nutrients (minerals, trace elements). Thereforedtssoffer an important nutritional resource
for humans and are worthy of developmght4, 5]. Recent reports in Nigeria confirm that
insects are indeed excellent sources of proteinadiner important nutrient]. Aside from
high quality protein, the study also found impottanpplements like minerals and vitamins,
even in dried form. Protein content can range gb hs 29.8 percent fémaleptes trifasciata
F., and good quality vitamins A, B2 and C are foumdpis melliferaL. In the Philippines,
the nutritive value o€amaru(mole cricket,Gryllotalpa sp.) was analysed and results showed
that a 150 g serving of the dish provided 28 ang@&rtent of the daily protein and energy

requirement, respectively, of average FilipinossMestn the ages of 19 and @9.
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In Cote d'lvoire, caterpillars are also prized andsumedimbrasiaoyemensiss one of the
most widely eaten insects in the Western and Saui@éte d’lvoire. This caterpillar, sold at
high prices on Abidjan markets, is consumed byngportant population fringe of the country
in replacement of meat and figj. The present paper focuses on the functional jptiegeof
full-fat and defatted flours of driekinbrasiaoyemensidarvae. Indeed, functional properties
of foods are intrinsic physicochemical charactersstwhich affect the behaviour of protein in
food systems during processing, manufacturingagmmand preparatid]. This project was
undertaken to assess the functional propertieBdhemade fromimbrasia oyemensigarvae.
Such functional properties could be used to deteenthe suitability or otherwise of this

larvae as food additive.

2. Materials and methods

2.1. Collection and prepar ation of samples

Dried caterpillard. oyemensisvere obtained from the “Gouro” market of Adjamédi@jan,
Cote d’'lvoire). After collection, they were sortadd free from any kind of waste. Then, dried
caterpillars (2 kg) were ground using a porcelastanfor get the full-fat flour. For defatted
flour, cold extraction method was used. Full-faufl was placed in a conical flask and mixed
with hexane; the mixture was stirred by mecharsbaker for 16 hours and then filtered. The
residue was washed again with hexane and filtred.resulting residue was dried in an open

air at 45°C for 24 hours. The dried flours werentstored at 0°C for further analysis.

2.2. Protein Fractionation

Extraction and fractionation dibrasia oyemensigroteins were carried out according to the
modified method of Hu and Essgto]. Four different solvents deionized distilled wat@s

M NaCl (30 mL: 1 g), 70% Ethanol (w/v) and 0.1 M @ (25 mL: 1 g) were used in

sequence to extract virtually all of the proteinslinbrasia oyemensiflours. Full-fat or
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defatted flour was extracted by simply stirringingsa meal to solvent ratio of 1:10 (w/v), for
14-16 h at 4 °C. Insoluble residue was removed ditrdugation at 6000 rprfor 30 min.
Extraction with each solvent was repeated threedjnand all supernatants for each solvent
were pooled to obtain a representative of eachbgimufraction. Each fraction then was
dialyzed against its own solvent followed by dedmu water. Dialysates were stored in a
freezer at about -20 °C. Distilled water-, NaClh&tol and NaOH soluble proteins were
designated “albumin”, “globulin”, “prolamine”, “gtelin”, respectively.

2.3. Protein Content

Each solubility fraction was assayed for proteinteat according to the method of Lowry et
al. [11] using bovine serum albumin (BSA) as the proteandard. In addition, nitrogen
content of unsoluble fraction (residue) was deteadiby micro-Kjeldahl method?2].

2.4. Dispersibility

The dispersibility of flours at selected proteinncentration (2, 4, 6, 8 and 10 %) was
measured according to the method of Mora-Escoletdd [13]. One gram of the flour was
dispersed in distilled water in a 100 mL stoppemashsuring cylinder. Then distilled water
was added to reach a volume of 30 mL, the mixtuas stirred vigorously and allowed to
settle for three hours, the volume of settled plasiwas subtracted from 30 and multiplied by
100 and reported as percentage dispersibility.

2.5. Volume and bulk density measur ement

The volume and bulk density were determined acogrthh the modified method oOkezie
and Bello[14], by pouring 2 g of flour into a 10 mL measurindiger, and then holding the
cylinder on a vortex vibrator for 1 min to obtaic@nstant volume of the sample. The volume
of the sample was recorded against the scale omtiveder. The bulk density value was

calculated as the ratio of mass of the powder had/dlume occupied in the cylinder.
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2.6. Deter mination of wettability

The method described by Onwukia] was adopted. One gram (1 g) of each flour sample w
measured into a 10 énmeasuring cylinder. The cylinder was inverted @tcin above the
water contained in 600 ml beaker. The finger wasdus close the cylinder disallowing the
flour sample from falling. By removing the fingend giving the cylinder a gentle tap, the
flour sample was discharged into the water surfdd¢e time taken by the sample to get
completely wet was recorded as the time of weitgbil

2.7. Water absor ption capacity and water solubility index

The water absorption capacity and solubility in@éxlours fromImbrasiaoyemensigarvae
were evaluated according to Phillipsal [16] and Andersort al [17] methods, respectively.
The full-fat and defatted flours frofmbrasiaoyemensisarvae (2 g) were each weighed into
a centrifuge tube and 50 mL distilled water addBoke content of the centrifuge tube was
shaken for 30 min in a KS 10 agitator. The mixtwas kept in a water-bath (37°C) for 30
min and centrifuged (Ditton LAB centrifuge, UK) &000 rpm for 15 min. The resulting
sediment (M2) was weighed and then dried at 106%bhstant weight (M1). The WAC was

then calculated as follows:

M2 - M1
WAC (%)= ——— X 10C
M2

While the WSI was calculated using the followingiation:

MO - M1
WSI (%)= ———— X 10C
MO

MO is the original weight of sample.
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2.8. Deter mination of oil absor ption capacity

For the oil absorption capacity, the method of Beuf18] was used. One gram of each flour
sample was mixed with 10 mL of oil for 30 min imaxer (Vari-whirl-mixing control set at
fast speed). The sample was then allowed to starmban temperature for 30 min. It was then
centrifuged at 5000 rpm for 30 min, using a spinfi&gitton LAB centrifuge, UK) and the
volume of the supernatant noted in a 10 mL graduagdinder. The density of the oil was
determined too. The volume of oil absorbed was iplidtd by the density of the oil to

determine the weight of oil so absorbed.

(V1-V2)xF
OAC (%= W— X 10C

Where:
V = Initial volume of oil used 1

V = Volume remaining (not absorbed) 2
P = density of the oil used

W = Weight of sample

2.9. Foam capacity and foam stability:

The foam capacity (FC) and stability (FS) of flodrem Imbrasia oyemensidarvae were
studied according the method of Coffman and Gaitda Three (3) g of each flour were
transferred into clean, dry and graduated (50 nylinders. The flour samples were gently
levelled and the volumes noted. Distilled water (8Q) was added to each sample; the
cylinder was swirled and allowed to stand for 120h while the change in volume was

recorded every 15 min.
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Vt - Vg
FC (%= — —  X10C
Vo
FC
FS (%= ———  X10C
FCo

Where \4 is the original volume of sample (mL), Vt is ttaal volume after different times

(mL) and FG is the foam capacity (FC) at O min.

2.10. Determination of emulsion capacity and stability

The method of Beuchft8] was used. 2 g of each flour sample and 50 mllieddtwater were
blended at room temperature for 30 sec in Phililenhder at 1600 rpm. After complete
dispersion, vegetable oil (Gino) was added contiisioin 10 mL portions from a burette.
Blending continued until the emulsion breakpoinhéne a separation into two layers/phases)
was observed. The emulsion capacity was expressedLaof oil emulsified per gram of

sample and was expressed as %:

Ve X 100
V xW

EC (%.=

Where:

W = weight of sample

Ve = Volume of emulsion layer E



162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

V = Total volume of mixture

For the emulsion stability, the emulsion so prepasas then allowed to stand in a 250 mL
graduated cylinder over time and the volume of éheulsion layer read. The stability was

measured in terms of the amount of oil that waaimet! in the emulsion layer and given by:

VET x 100
\%

ES (% =

Vet = Emulsion volume at Time (T)

V = total volume of the mixture

2.11. Determination of swelling index

The swelling capacity of the samples was determirsialg the method of Liet al [20], with
slight modification. One gram (1 g) of the flourngale was dispersed in 10 mL of cold
distilled water in a graduated centrifuge tube. $Shgpension was left at room temperature for
5 min to absorb water but not to swell. After 5 rtfie mixture was centrifuged at 2000 rpm
for 30 min and the volume of the sediment recordednitial volume. Another 1 g of the
sample was dispersed in a centrifuge tube of knesight and the suspensions heated in
boiling water for 30 min. The suspension was cottertbom temperature under the tap water
and then centrifuged at 2000 rpm for 30 min. usanmagnetic stirrer. The volume of the

heated sediment was recorded as final volume:

Swelling index = Final Vol. after heating / Initigbl. before heating
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2.12. Statistical analysis

All experiments in this study are reported as meainghree replicate analyses. One-way
analysis of variance (ANOVA) was carried out to gare the mean values of the two flours.
Differences in the mean values were determinedguBiuncan’s multiple range tests (SAS,

1990).

3. Results and Discussion

3.1. Soluble and insoluble fractions

Table 1 presents the Protein content of the soluble amdluible fractions of the caterpillar
flours. As regards these results, glutelin was fbtinbe the major component in both full-fat
(31.20 %) and defatted (32.21 %) fours. It is vik@lbwn that glutelin is generally associated
to elasticity and toughness properties in flqza§. Aloumin was the second component with
content of 11.96 % in crude flour and 18.51% inatted flour. These results suggest that
defatting oflmbrasia oyemensiffour significantly increase its glutelin and afhin contents.
The statistical analysis showed no significantedéhce in globulin418% in full-fat flour
and 4.19 % in defatted flour) and prolamim.44 % in full-fat full-fat flour and4.16 % in
defatted flour) contents.

Table 1: Protein content of the soluble and insolubletfcaxs Imbrasia oyemensigours

Insoluble fraction

Flour samples Solublefraction (%)
(%)
Albumin Globulin Prolamin Glutelin
Full-fat 11.96 +0.09 4.18+0.44 4.44x0.70 31.20 +1.47 7.85+0.30
Defatted 18.51+0.24 4.19+0.08 4.16+0.12 32.21+0.59 6.77 £0.30
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3.2. Functional properties

The functional properties of flours play importante in the manufacturing of products. In
present study the functional properties of fulldatl defattedimbrasiaoyemensi$lours were
evaluated.

3.2.1. Nitrogen solubility profile

The solubility of a protein is the thermodynamicnifiestation of the equilibrium between
protein—protein and protein solvent interactigag]. Solubility of a protein is one of the
critical functional attributes required for usefasd ingredient, because it greatly influences
other properties such as emulsification, gelatiod gfobaming[23]. Thus, it is an important
property governing the functional behavior of pneseand their potential application to food
processing. The pH effect on protein solubilitgli®wn inFig.1. It reveals lower solubility in
alkaline media. Higher solubility values were ob& in acid media and the isoelectric points
(IEP) values are 4, and 7.6. At the isoelectrinpdihere is no net charge on the protein;
resulting in no repulsive interactions and the @ietprotein interactions disfavoring
solubility [24]. The minimum solubility was found to be 0.11 anti3dmg/mL (at pH 4) and
0.0 and 0.03 mg/mL (at pH 7.6) for full-fat and akéd flours, respectively. On either sides
of this pH, the solubility was increased up to maim values at the extreme levels of pH.
Generally, the dependency of the solubility on @d been attributed to the change in the net
charges carried by the flour protein as the pH gkafe5]. The high net charge acquired at
both acid and alkaline pH's caused arise in satylilie to unfolding of the flour protein with
the degree of unfolding being greater at acidia ttiee alkaline pH22]. The possession of 2
isoelectric points (IEP 4 and 7.6) suggests thdirasia oyemensisas more than one major

protein constituent.
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= = = Full fat flour — Defatted flour

Figure 1: Effect of pH on protein solubility dmbrasiaoyemensi$lours

3.2.2. Dispersibility and wettability

The dispersibility of a mixture in water indicatés reconstitutability[26]. The better
temperature, ionic composition, pH and agitatiogrde of the solvent are major factors
affecting dispersibilityf23]. This property is a means of comparing the solybdit a protein
in water, and this property is widely used in tloeif and powder studie$he dispersibility of
full-fat and defatted. oyemensidlours is shown inTable 2. The results indicated that
defatted flour had higher dispersibility than fal-flour. Also, for both, it was higher at low
concentration (2%) than high. As shown Trable 2 the dispersibility of full-fat flour

decreased significantly (R 0.05) with increasing the level of oyemensisprotein
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concentration (2%, 4%, 6%, 8% and 10%). As regafefatted flour, it also decreased
significantly (P< 0.05) but until concentration of 6%. These resimticated that increasing
of protein concentration wasn’t favourable for étdredispersibility of. oyemensiflours. On

the over side, defatting increased significantlig ttiispersibility suggesting that fats might
play a negative role on this functional propertiieTdispersibility of a mix in water indicates
its reconstitutionability. The higher the dispeil#jp the better the reconstitution property
[26]. Higher dispersibility enhances the emulsifyingl &maming properties of proteins, which

was observed during making of bread, macaroni an#ies[27].

As regards wettability, it is an important propeviynen protein powders are dispersed to
produce aqueous beverages and bafss Wettability of proteins is affected by surface
polarity, topography, texture, area and by the asizé microstructure of the protein particles
[29]. The results presented Trable 2 shows that full-fat flour wet slowly (50.33 min)hile
defatted sample wet very quickly (9.67 min). Thiglm be due to presence or absence of fat.

So, defatting greatly influences the wettability.

Table 2: Dispersibility and wettability ofmbrasia oyemensitours

Flour Dispersibility (%) Wettability
samples (min)
2% 4% 6% 8% 10%

Full-fat 88.73+2.63 80.90+2.32 74.64 +0.63 71.61+0.67 59.71+1.65 50.33+0.58

Defatte

= 94.61+2.26 91.12+2.31 84.80+1.88 83.51+0.3% 81.63+0.33 9.670.58

3.2.3. Bulk density

Bulk density is a measure of heaviness of a flamge. It is important for determining

packaging requirements, material handling and eaptin in wet processing in the food
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industry[28]. The bulk density of full-fat and defattédoyemensi$lour was found to be 1.00
and 1.04 g/mL Table 3). It worth to note that the bulk density reportedhe present study
for the two samples is higher than the previousigorted values fot. belina (0.67-0.71

g/mL) [30]. Higher bulk density is desirable for the gre&ase of dispersibility and reduction
of paste thickness which is an important factoconvalescent and child feedifgl]. Thus,

the full-fat and defatted. oyemensidlour could possibly be used in food formulatios a
supplement for child food. The high bulk densitylobyemensidlours indicates that they

would serve as good thickeners in food products.

Table 3: Bulk density ofimbrasia oyemensi$ours

Flour samples Bulk Density (g/mL)

Full-fat 1.00 + 0.000%

Defatted 1.04 +0.02

3.2.4.Water and oil absor ption capacity

Hydration or rehydration is the first and perhapssimcritical step in imparting desirable
functional properties to proteins in a food systémeractions of water and oil with flours are
very important in food transformation because d@frtkeffects on the flavour and texture of
foods. Intrinsic factors affecting water bindingpperties of food flours with relatively high
protein contents include amino acid compositionptgin conformation and surface
polarity/hydrophobicity[32]. Water absorption capacity describes flour — watesociation
ability under limited water supply. The resultswdter and oil absorption capacity of the two
samples are shown ihable 4. The defatted. oyemensiglour (65.44 to 86.89 %) had higher
water absorption capacity (WAC) than the full-flmiuir (56.90 to 66.07 %). These values are

higher than those reported for the Jackfruit séauat (25 %)[33] and for African yam bean
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(17 %)[34]. The results obtained are however lower than tldg@irina forda (300.00 %)
reported by Omotosf85] and than those of mushroom flours reported by Aremal.[36].
This shows thak oyemensiss slowly hydrophilic. The difference in proteimstture and the
presence of different hydrophilic carbohydrates hhige responsible for variation in the
WAC of the flours. Indeed, flours with high WAC hewmore hydrophilic constituents such as

polysaccharidefs6].

The highest oil absorption capacity (OAC) was founddefatted flour at 2 % of sample
(84.08 %) and the lowest in full-fat flour at 10 & sample (56.71 %). Oil absorption
capacity is important since oil acts as flavouniretr and increases the palatability of foods
[23]. The result obtained shows thHatoyemensidlours are high flavour retainer and may

therefore find useful application in food systemshsas ground meat formulations.
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Table 4: Water and oil absorption capacitylofbrasia oyemensi#ours

Water Absorption Capacity (WAC) (%)

Oil Absorption Capacity (OAC) (%)

Flour
samples 2% 4% 6% 8% 10% 2% 4% 6% 8% 10%

) ] T 646lt 63,40 + : ] f ] ]
Full-fat 56,90 +1,39° 61,20+0,89° 66,07 +0,55 A h | 7812£045° 67093065 6493:0.80' 60.23:147° 56.71£0.74
Defatted 65,44 +581° 79,06+0,07° 86,89+138° 7915+0,00° 78,58 +0,55 | 84.08 +0.43" 79.30+0.44° 69.92+1.15° 70.26+0.44° 62.68 +0.57°
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3.2.5.Emulsifying properties

The emulsifying properties are usually attributedhe flexibility of solutes and exposure of
hydrophobic domains. Food emulsions are thermodicaiy unstable mixtures of
immiscible liquids. The formation and stability eulsion is very important in food systems
such as salad dressifgy, 38]. As shown inTable 5 the emulsion capacity was higher for
defatted flour than full-fat flour at 2 % proteiosncentration and, also for both, it was higher
at low concentration (2%) than high. The emulsi@pacity of full-fat as defatted flour
decreased significantly (B 0.05) with increasing the level df oyemensisproteins
concentration. These values were higher than tregsarted for defatted groundnut cake flour
(28.10 %)[37] and for roasted pean[88]. The emulsifying activity results were 80.85 and
86.46 % respectively for full-fat and defatted flowhereas the emulsion stability was 84.76
and 87.21 % for the two samples, respectively. i#seilts obtained were much higher than
those reported by Fekria et &7] for defatted groundnut cake flour and Omot{as} for
Cirina fordalarva protein. The capacity of proteins to enhaheeformation and stabilization
of emulsion is important for many applications iakes, coffee whiteners, and frozen
desserts. In these products varying emulsifyingstatilizing capacities are required because

of different compositions and stresses to whicls¢hgroducts are subjectiad)].
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310 Table5: Emulsifying properties dimbrasia oyemensifours

Flour Emulsion Capacity Emulsion Stability
samples (EC) (%) (ES) (%)
2% 4% 6% 8% 10% 2% 4% 6% 8% 10%

Full-fat  80,85+0,98% 46,66+1,20' 25,90+0,60° 21,65%0,58° 16,84+0,23°|84,76+0,34° 91,22+0,73" 79,72+0,25" 88,14%0,35° 84,58 +0,61°

87,21+

031 86,40 +1,02° 71,70+ 1,42° 82,78 +0,93° 74,22 +0,63°

Defatted 86,46+ 1,38" 43,80+1,63° 24,43+0,72° 21,61+0,64° 14,93%0,11°
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3.2.6. Foaming capacity and foam stability

The foaming capacity (FC) of a protein refers te #mount of interfacial area that can be
created by the protein and foam stability (FS) nef® the ability of protein to stabilize
against gravitational and mechanical streg¢g@ls Foam formation and foam stability are a
function of the type of protein, pH, processing neoels, viscosity and surface tension. The
full-fat I. oyemensi$lour showed no foam whereas the defatted floarfloeaming capacity of
18.006 % and foaming stability of 27.19 %able 6). These values are greater than some
insect flours as reported by some workérbeling 11.8 %[30] andRhyncophorugphoenicis

10 % [41]. Akubor and Chukwu42] reported that foams are used to improve the textur
consistency and appearance of foods. Graham atipp®3] linked good foamability with
flexible protein molecules, which reduces surfaagsion. Low foamability on the other hand
can be related to highly ordered globular protewbich resists surface denaturation. The
basic requirements of proteins as good foaming tagene the ability to (i) adsorb rapidly at
air water interface during bubbling, (ii) undergapid conformational change and
rearrangement at the interface, and (iii) form hesive viscoelastic film via intermolecular
interactions. The first two factors are essentml lietter foamability whereas the third is

important for the stability of the foapQ].

Table 6: Foaming properties dmbrasia oyemensitours

Flour

Foaming Capacity (FC) (%) Foaming Stability (FS) (%) Bulk Density (g/mL)
samples
Full-fat 0.00? 0.00? 1.00 + 0.0005°
Defatted 18.006 +2.37° 27.19 £0.98° 1.04£0.02°




333 4. Conclusion

334 The data obtained in this study showed that defattiave significant effect on functional
335 properties of dried. oyemensiglours. The high protein content of both flourslicated that
336 they could be a valuable protein. Moreover, highulsitity of both flours at acid pH makes
337 them suitable in beverages. Furthermore, full-fad defatted flours had high oil and water
338 absorption capacities as desirable characteri$ticsuse in some foods such as meats,
339 sausages, breads and cakes. Both the full-fat efadteld flours showed high bulk density and
340 would be suitable for use in weaning food. The gaedtability of the two flours makes them

341  suitable for use in textured meats and baked pitsduc

342
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