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A B S T R A C T

The prevailing global market demands locally produced, sustainable oils or biomedical applications. This study
ocused on evaluating the quality o cricket-derived oils and meals rom Scapsipedus icipe Hugel, Tanga, and
Gryllus bimaculatus De Geer common delicacy in Arica, ollowing standard methods or physicochemical
properties, atty acid composition, and phytochemicals (oxalates, phytates, tannins, and polyphenols). The
cricket oils physicochemical properties aligned with Codex Alimentarius standards or edible oils, including low
solidication temperature (< 2 ◦C), a high reractive index (1.46), and a specic gravity o 0.88. Notably,
peroxide values (1.9 to 2.5 mg mEq O2/kg), acid values (1.1 to 2.2 mg KOH/g), and saponication values
(234–246 mg KOH/g) all are indicative o lightness and unsaturated atty acids. Nutritionally, cricket powder
was rich in protein (56.8–56.9% -) and at (31.7–33.5% -o dry matter), with signicant amounts o essential
omega-3 and omega-6 atty acids. Predominant saturated and monounsaturated atty acids were palmitic
(23.9–31.2 mg/100 g-) and oleic acids (10.9–11.4 mg/100 g- o oil), respectively. Antioxidant values (48.0 to
65.0 mg/100 g), inerred rom total polyphenols, suggests a stable oil with long shel-lie. These results highlight
the promising and sustainable potential o cricket-derived oils or applications in the ood and pharmaceutical
industries.

1. Introduction

Edible insects have long been incorporated into human diets across
dierent regions worldwide, contributing signicantly to improved
livelihoods (van Huis et al., 2013) and a multitude o health benets
(Baiyegunhi et al., 2016). These insects are rich sources o essential
nutrients, such as high-quality protein, ats, minerals, vitamins, as well
as trace elements like phytosterols, alkaloids, and favonoids (Baiye-
gunhi et al., 2016; Cheseto et al., 2015; Durst et al., 2010; van Huis et al.,
2013). As a result, there has been a parallel surge in the commerciali-
zation o edible insects on a global scale (Agbidye et al., 2009; Mmari
et al., 2017).

Among these diverse edible insect options, crickets emerge as a
particularly promising species, largely due to their high protein content
and potential or large-scale production. Consequently, there has been a

growing interest in exploring the applications o cricket oils in various
industries, including ood and pharmaceuticals (Skotnicka et al., 2021).
This burgeoning interest in the utilization o cricket-derived resources is
poised to reshape various sectors and holds signicant promise or
sustainable, nutrient-rich alternatives in our ever-evolving world.

While crickets are increasingly valued or their high protein content,
their lipid content, which includes benecial antioxidants and omega-3
& 6 atty acids, remains underexplored (Tzompa-Sosa et al., 2021).The
lipid content in crickets varies signicantly, ranging rom 22% to 32%,
with dietary composition, developmental stage, and sex all exerting
infuence (Ghosh et al., 2017; Magara et al., 2021); notably, emale
crickets tend to have higher oil content than males. (Kulma et al., 2019).
Cricket oils have shown promise in lowering the risk o coronary heart
disease (Blomquist et al., 1991; Oonincx and Finke, 2020) thanks to their
high content oOmega-3 and Omega-6 atty acids, which can also inhibit
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the production o infammation-inducing prostaglandin hormones
(Tzompa-Sosa et al., 2021). Furthermore, crickets are an excellent
source o vitamin E, renowned or its anti-infammatory properties
(Murugu et al., 2021; Simopoulos, 2010, 2002).

However, due to their high unsaturated atty acid (comprising more
than two-thirds o the total oil) content, cricket oils are susceptible to
deterioration (Tzompa-Sosa et al., 2021). Fortunately, they are also rich
in antioxidants, which can enhance the oil’s quality (Ugur et al., 2021).
The presence and eectiveness o these antioxidants may vary depend-
ing on the species, sex, lie stage, and diet o the crickets (Magara et al.,
2021). Moreover, crickets contain phytochemicals such as phenolic
compounds and phytosterols, which exhibit potential deense proper-
ties, nutritional and pharmacological benets (Jimenez-Garcia et al.,
2018; Opitz and Müller, 2009; Tzompa-Sosa et al., 2021). Nonetheless,
crickets also contain anti-nutrients that can hinder protein digestibility
and mineral availability although these challenges can be addressed
through appropriate processing methods (Khattab and Arnteld, 2009;
Ojha et al., 2021). Jimenez-Garcia et al. (2018)

The increasing use o cricket oils in ood applications is rapidly
gaining attention and momentum, primarily due to their unique prop-
erties and promising potential in a wide array o culinary uses. These
insect-derived oils have shown remarkable versatility, nding applica-
tion in various ood products such as salad dressings, mayonnaise, baked
goods, and conectionery items (Brynning et al., 2020; Phuah et al.,
2023). Their exceptional emulsiying properties, attributed to the pres-
ence o phospholipids, with lecithin being a key component, acilitate
the stabilization o oil and water mixtures, thereby enhancing the
texture and extending the shel lie o baked goods (Bueschelberger
et al., 2015; Olaleye et al., 2023). This multiaceted utility aligns with
the surging demand or evolving insect-based ingredients, where insect
oils emerge as a sustainable and nutrient-rich game-changer in the ood
industry. It harmonizes with shiting consumer preerences or nontoxic,
healthier, and more eco-riendly products while promoting cleaner and
transparent ood labels (Shine, 2020).

In this study, we aimed to bridge the gap in our understanding o
cricket meals and oils due to the scarcity o available data. Our objective
was to provide valuable insights thorough analysis o the proximate
composition o powder meal rom two cricket species. Additionally, we
evaluated their oil’s physicochemical properties, atty acid composition,
and selected anti-nutrient proles.

2. Materials and methods

2.1. Sample collection and preparation

Crickets were procured rom nearby arms within the Nyanza region
o Kenya. Sampled crickets were generally ed a diet comprising
homemade composite four (whole maize, soybean, and amaranth
grain), agricultural side streams such as waste vegetable leaves (kales,
sweet potato leaves, pumpkin leaves), and ripe banana peels. About 5 kg
sample o each cricket sample (G. bimaculatus and S. icipe) were placed
into standard nonwoven bags (12 × 16 inches). The live samples were
rozen at 21 ◦C using a chest reezer, packed with ice-packs into cool
boxes and transported to the International center o Insect Physiology
and Ecology (icipe) laboratories or taxonomic identication using
developed toolkits (Tanga et al., 2018).

The insect samples were separately weighed into composite portions
each weighing 500 g. Ater thawing, these portions were ground and
placed in 20 cm × 14.5 cm × 8 cm plastic Tupperware containers
(Kenpoly, Nairobi, Kenya). Subsequently, the containers were stored in a
deep reezer at-21 ◦C until ready to undergo analysis or both oil quality
and phytochemical composition (Cricket samples were maintained at
reezing temperatures or a duration o 48 h prior to the commencement
o the oil extraction process).

2.2. Proximate composition o processed cricket meal

Proximate analyses were conducted ollowing the approved methods
outlined by the Association o Ocial Analytical Chemists (AOAC,
1990). Moisture and dry matter were determined by measuring loss ater
oven drying the sample at 105 ◦C or 3 h. The estimation o crude protein
(CP) was conducted using the Kjeldahl method. Initially, the samples
underwent digestion in concentrated Suluric acid, ollowed by titration
in an automatic Kjeldahl analyzer (Velp UDK 159, Velp Scientica,
Europe). To determine the CP value, a nitrogen-to-protein conversion
actor o 6.25 was applied. (Finke, 2007). The determination o crude at
utilized the Soxhlet extraction method, employing petroleum ether as
the extractant. This was carried out in a Soxhlet extractor (Velp SER 148,
Velp Scientica, Europe). The quantication o crude ash involved a
gravimetric approach using a mufe urnace maintained at 550 ◦C or a
duration o 3 h. For the assessment o crude ber, acid digestion ol-
lowed by loss on ignition was conducted using a ber analyzer (FIWE,
Velp Scientica, Europe).

2.3. Extraction o cricket oil

Cricket oil was extracted ollowing the modied Folch’s method
(Igiehon et al., 2021). Five grams omilled samples was transerred into
a conical fask containing 50 mL (chloroorm – methanol, 2:1 v/v, with
10 mg/L butylated hydroxytoluene). The mixture underwent vortexing
or 10 s, then sonication or 10 min and was subsequently let undis-
turbed or 30 min beore centriugation (1500 g, 23 ◦C) or 5 min. The
resulting supernatant was then careully transerred into a separating
unnel where it was combined with 20 mL o 0.9% NaCl solution. Ater
vigorous shaking, the mixture was allowed to settle until a biphasic
system became evident. The upper aqueous phase was then discarded.
The lower phase was dried over anhydrous Na2SO4 into pre-weighed
conical fasks (Fig. 1). The solvent was removed in vacuo, and the per-
centage (%) o the total extracted oils calculated utilizing Eq. (1). The
physicochemical properties o the oil were evaluated on the same day
ater extraction to ensure the preservation o sample integrity. Notably,
the at content was based on proximate values reported in a previous
study (Murugu et al., 2021).
[(weight of conical flask + oil) (the weight of the conical flask)]

(initial weight of the sample) (1)

Fig. 1. Oils extracted rom Scapsipedus icipe (A) and Gryllus bimaculatus (B).
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2.4. Determination o physicochemical properties o cricket oil

2.4.1. Determination o solidication temperature
The solidication temperature o the cricket oil was determined

ollowing the constant cooling rate approach, in accordance with the
ASTM standard test method (Kruka et al., 1995). The oil was careully
introduced into a test tube, lling it halway, alongside a mercury-bulb
glass thermometer positioned at the test tube’s base. Subsequently, the
test tube was positioned on a gasket in a temperature-controlled cooling
bath. At intervals o 1 ◦C reduction in temperature, the test tube was
raised rom the gasket, examined or any sign o cloudiness, and switly
placed back into the cooling bath. The point at which solid at orma-
tions became visible prompted the notation o the thermometer’s
reading as the denitive solidication temperature or the cricket the
oil. This experiment was repeated three times using dierent batches o
cricket oil samples.

2.4.2. Determination o reractive index
The reractive index was assessed using an Abbe’s reractometer in

accordance with the procedure outlined in method 921.08 (AOAC,
2002). To eliminate impurities, insect oil samples (1 mL) were ltered
through a Whatman lter paper no.1. The reractometer’s prism was
meticulously cleaned, dried and set to a temperature o 40.0 ± 0.1 ◦C. A
small amount o insect sample (two- drops) was gently positioned on the
lower prism. Upon securing the prism tightly with the screw head, the
sample was let undisturbed or a duration o 2 min. Subsequently, ad-
justments were made to the reractometer lighting conditions to achieve
a clear reading, which was then documented as the reractive index o
the insect oil. This procedure was conducted in triplicate, employing
distinct batches o the insect oil samples.

2.4.3. Determination o specic gravity
The determination o specic gravity (SG) was conducted ollowing

the procedure outlined in method 920.212 (AOAC, 1998) using a 25 mL
specic gravity bottle. Prior to lling it with insect oil, the empty spe-
cic gravity bottle was calibrated and its initial weight (W1) recorded.
Subsequently, the bottled was lled with insect oil up to the designated
mark, and its weight ater lling (W2) was noted. In a similar manner,
the specic gravity bottle was lled with water and its weight (W3)
recorded. To ensure accuracy, this process was replicated three times
using distinct batches o insect oil. The specic gravity o the oils was
then determined using Eq. (2).

SG = (W2  W1)
(W3  W1) (2)

2.4.4. Determination o peroxide, acid, and saponication values
The determination o peroxide (PV), acid (AV), and saponication

values (SV) was carried out using established AOAC protocols: -AOAC
method No. 965.33, AOAC method No. 920.160 and AOAC method No.
920.160 respectively (AOAC, 1998). To assess the peroxide value (PV), a
sample weighing 2.5 g o insect oil was measured and placed into a glass
stoppered fask. Subsequently, a mixture o glacial acetic acid and
chloroorm in a 3:2 v/v ratio (25 mL), along with saturated potassium
iodide (1 mL), was added to the fask. Ater gentle agitation or 1 min,
the solution was kept in darkness or 30 min. Water (30 mL) was then
added and the fask shaken or 30 s. Two drops o starch solution were
added and the mixture titrated against sodium thiosulphate o 0.01
mol/L concentration until the color changed rom blue to colorless (end
point). A parallel blank was concurrently prepared and analyzed. The
calculation o PV (mEq O2/kg) was perormed using Eq. (3).
(PV = (VS VB)×N × 1000)W (3)

Where:

VS = sodium thiosulphate (mL) titrated against the oil sample.
VB = sodium thiosulphate (mL) titrated against the blank.
N = sodium thiosulphate concentration (mol/L).
W = oil sample weight (g).

To determine the acid value (AV), 2 g o insect oil sample was
weighed into a 250 mL conical fask. Subsequently, 50 mL o neutralized
ethyl alcohol was introduced to the fask. The resulting mixture was
boiled in a water bath maintained at 80 ◦C or 5 min. Aterward, titration
against 0.1 mol/L potassium hydroxide with phenolphthalein as the
indicator. The calculation o the oil’s AV in milligrams o potassium
hydroxide (mg KOH/g) was perormed using Eq. (4).
(AV =A×M × 561)W (4)

Where:

A = potassium hydroxide (mL) used.
M = KOH concentration (mol/L).
W = oil sample weight (g).

To determine the saponication value (SV), 2 g o insect oil was
weighed into an Erlenmeyer fask. 25 mL o alcoholic potassium hy-
droxide (0.5 mol/L) was then added and the mixture was boiled under a
refux condenser or 30 min. The mixture was then cooled and titrated
against hydrochloric acid (0.5 mol/L) using phenolphthalein as the in-
dicator. A blank was similarly prepared, analyzed and SV (mg KOH/g)
calculated using Eq. (5).
(SV =(VB VS)×N × 2805)W (5)

Where:

VB = hydrochloric acid (mL) titrated against the blank.
Vs = hydrochloric acid (mL) titrated against the oil sample.
N = hydrochloric acid concentration (mol/L).
28.05 = the equivalent molecular weight o potassium hydroxide
(0.5 mol/L).
W = oil sample weight (g).

2.5. Coupled gas chromatography–mass spectrometry (GC–MS) analysis
o atty acids

Gas chromatography-mass spectrometry (GC–MS) was utilized or
the analysis o the atty acid composition, employing methyl esteri-
cation method previously described (Cheseto. et al., 2020). A portion o
the insect oil sample (0.1 g) was combined with sodium methoxide in
methanol (0.5 mL) at a concentration o 15 mg/mL, vortexed or 10 s,
sonicated or 5 min and then incubated at 60 ◦C or 1 h. Following this,
deionized water (100 μL) was introduced to the mixture and vortexed or
1 min. To extract the resulting methyl esters, a 1 mL n-hexane
(GC-grade) was introduced to the sample, ollowed by centriugation at
14,000 rpm or 5 min. The supernatant was then dried using anhydrous
sodium sulate beore being transerred into 2 mL clear glass GC-vials.
The injection o methyl esters (1 µL) into a GC–MS system was carried
out using an auto sampler 7683 (Agilent Technologies, Inc., Beijing,
China) operating in the splitless mode. The GC–MS comprised a 7890A
gas chromatograph (Agilent Technologies, Inc., Santa Clara, CA, USA)
equipped with a 5975 C mass selective detector (Agilent Technologies,
Inc., Santa Clara, CA, USA). During analysis, the inlet temperature o the
GC was maintained at 270 ◦C, while the transer line temperature was
set to 280 ◦C. For the column oven, the temperature was programmed to
rise rom 35 ◦C to 285 ◦C. The initial temperature o 35 ◦C was held or 5
min, ollowed by an increment o 10 ◦C per minute until reaching 280
◦C. This temperature was maintained or 20.4 min. A low bleed capillary
column ((5%-phenyl)-methylpolysiloxane, (HP5 MS)) with dimensions
o 30 m length × 0.25 mm internal diameter, and 0.25 μm lm
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thickness) (J&W, Folson, CA, USA), was employed, utilizing helium as
the carrier gas with a fow rate o 1.25 mL/min. The mass selective
detector was sustained at quadrupole (180 ◦C) and ion source (230 ◦C)
temperatures. Electron impact (EI) mass spectra were acquired with an
acceleration energy o 70 eV, scanning ragment ions over a mass range
o 40–550 m/z in ull scan mode. A 3.3-min solvent delay time or the
lament was set. Identication o atty acids was achieved by comparing
their methyl ester ragmentation patterns and retention times with
known atty acid methyl ester standards where available, and tenta-
tively, rom reerence spectra present in library–MS databases such as
the National Institute o Standards and Technology (NIST) 05, 08, and
11. To establish a linear calibration curve, standard methyl octadece-
noate (Sigma-Aldrich, St. Louis, MO) with a purity o ≥ 95% and known
concentrations (0.2, 5, 25, 50, 75, 100, and 125 ng/μL) was subjected to
the same GC–MS conditions. The resulting curve (y = 7E + 06x – 4E +
07, R2 = 0.9757) was employed or external quantication o atty acid
methyl esters. The quantities o atty acid methyl esters were expressed
both in mg/100 g o oil and as a percentage.

2.6. Determination o phytochemical composition

2.6.1. Determination o oxalic acid content
The oxalic acid content was assessed using high perormance liquid

chromatography (HPLC) (SDD/m20A, Shimadzu, Kyoto, Japan) as
previously described (Libert and Franceschi, 1987) with modications
by (Yu et al., 2002). In brie, 0.5 g sample o ground insects was mixed
with 10 mL o 0.5 mol/L hydrochloric acid and heated or 10 min at 80
◦C. The mixture was allowed to cool to room temperature and 25 mL o
distilled water was added, centriuged at 10,000 rpm or 10 min at 25
◦C, ltered and an aliquot (20 µL) injected to the HPLC system equipped
with a photodiode array detector set at 210 nm and a C-18 column (250
mm length x 4.6 mm internal diameter, and 5.0 μm particle size, ACE,
Advance Chromatography Technologies, Aberdeen, Scotland). Suluric
acid (0.01 mol/L) was used as the mobile phase. The oxalic acid content
was quantied by extrapolation rom a linear calibration curve obtained
rom known oxalic acid standard concentrations (10–100 µg/mL).

2.6.2. Determination o phytic acid content
The phytic acid content in the insect sample was analyzed using

HPLC based on a method described earlier by (Camire and Clydesdale,
1982) with slight modication. First, 5 g o the blended insect sample
was mixed with 3% suluric acid and subsequently, phytic acid precip-
itated using iron (III) chloride, centriuged at 2500 rpm or 10 min ater
which the supernatant was discarded. The precipitate was washed with
30 mL o distilled water, and subsequent to another round o centriu-
gation under identical conditions, the supernatant was then discarded.
The iron (III) chloride -phytate complex was converted to sodium phy-
tate by adding 3 mL o sodium hydroxide (1.5 mol/L) and sonicating or
5 min. The volume o the mixture was adjusted to 30 mL with distilled
water and then boiled or 30 min to precipitate iron (III) hydroxide. The
cooled sample was centriuged and the supernatant was quantitatively
transerred to a 50 mL volumetric fask. The precipitate was rinsed with
10 mL o distilled water and the supernatant was added to the volu-
metric fask. The volume was made up to 50 mL with distilled water. A
0.45 µm syringe microlter was used to lter the sample. A 20 µL aliquot
o the ltered sample was injected into an HPLC system equipped with
an octadecylsilyl C-18 column (250 × 4.6 mm x 5.0 μm) and a reractive
index detector. Potassium dihydrogen phosphate (0.025 mol/L) was
used as the mobile phase. The phytic acid content was quantied by
extrapolation rom a linear calibration curve obtained rom standard-
ized sodium phytate o the concentration range rom 50 to 1000 µg/mL.

2.6.3. Determination o tannin content
The tannin content was analyzed using the modied vanillin-

hydrochloric acid method with catechin (5 mg/mL; Sigma-Aldrich
Chemie, Steinheim, Germany) being used as the standard (Price and

Butler, 1977). First, 250mg o blended insect sample was mixed with 4%
hydrochloric acid in methanol (10 mL). The mixture was shaken or 20
min and centriuged at 4500 rpm or 10 min. The supernatant was
quantitatively transerred into a 25mL volumetric fask. The residue was
extracted again with 1% hydrochloric acid in methanol (5 mL). The
second supernatant was combined with the rst supernatant and diluted
to 25 mL. Seven concentrations (0–100 µg/mL) o standard catechin
were also prepared. One mL o the extract and standard aliquot were
each transerred to a test tube that contained 5 mL reshly prepared
vanillin-hydrochloric acid reagent (equal volumes o 8% hydrochloric
acid in methanol and vanillin in methanol). The mixture was let un-
disturbed or 20 min and then the absorbance was measured in a 1-cm
glass cell at 500 nm using a spectrophotometer (Zeiss PMQ I1). The
tannin content was expressed as percent catechin equivalent rom a
linear calibration curve generated.

2.6.4. Determination o total polyphenols
The total polyphenol content o the insect sample was analyzed using

the Folin–Ciocalteu method (Cong-Cong et al., 2017). First, 10 g o the
blended insect sample was mixed with 50% aqueous methanol (20 mL)
at 80 ◦C or 1 h. The solution was then ltered and the volume was made
to 50 mL. A portion o the solution (1 mL) was transerred to a volu-
metric fask (50 mL) and the ollowing reagents were added: 20 mL o
water, 2.5 mL o Folin–Ciocalteu reagent, and 10 mL o 17% sodium
carbonate. The mixture was homogenized and then the volume adjusted
to 50 mL with distilled water. The solution was let undisturbed or 20
min and then the absorbance was measured in a 1 cm glass cell at 765
nm using a UV–visible spectrophotometer (SP65, Gallenkamp, UK). The
total polyphenol content was calculated as gallic acid equivalents (GE)
rom a linear calibration curve generated.

2.7. Data analysis

To ascertain disparities in the proximate composition, physical-
chemical properties, atty acid constituents, and phytochemical
makeup o the oils derived rom the two distinct cricket species, the
unpaired t-test was used or data that met the assumptions o normality
and equal variances. In cases where the given assumptions were not met,
Welch’s t-test was utilized. The statistical analysis was perormed using
R sotware, version 4.0.5 (R Core Team and R Development Core Team,
2018).

3. Results

3.1. Proximate composition o cricket powder

The analysis comparing the nutritional composition o the two
cricket species are presented (Table 1). The data show that both crude
protein and ber content o G. bimaculatus and S. icipe powder did not
vary signicantly. However, G. bimaculatus had signicantly higher
crude at content (33.5%) compared to S. icipe (31.7%). Similarly,
G. bimaculatus had a higher crude ash content (5.4%) than S. icipe
(5.3%). Overall, the energy content per 100 g o cricket species was high,
with G. bimaculatus having a slightly higher value o 529.2 kcal/100 g

Table 1
Proximate composition o processed powder o Gryllus bimaculatus and Scapsi-
pedus icipe.
Cricket
Species

Crude
protein
[%]

Crude at
[%]

Crude
ash [%]

Crude
ber [%]

Energy
(Kcal/100
g)

Scapsipedus
icipe

56.80 ±
0.40a

31.74 ±
0.25a

5.25 ±
0.02a

5.71 ±
1.39a

512.66

Gryllus
bimaculatus

56.90 ±
1.33a

33.51 ±
0.16b

5.41±
0.06b

8.39 ±
2.28a

529.2

P- value 0.9092 0.0005 0.0123 0.1564
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compared to S. icipe (512.66 kcal/100 g).

3.2. Physicochemical properties o cricket oil

The physicochemical properties o oils rom G. bimaculatus and
S. icipe are described in Table 2. The dierences recorded or reractive
index and specic gravity were not statistically signicant. The peroxide
(PV) and saponication values (SV) o oil rom G. bimaculatus and S. icipe
were not signicantly dierent. The AV o oil rom S. icipe was 2-olds
higher than that recorded or G. bimaculatus (Table 2).

3.3. Composition o atty acids in cricket oils

The atty acid proles o S. icipe and G. bimaculatus are presented in
Fig. 2 and Table 3. The atty acid groups ollowed the order: SFA >

MUFA > PUFA or G. bimaculatus, while that o S. icipe ollowed the
order: SFA > PUFA >MUFA. Palmitic acid and stearic acids were pre-
dominantly higher compared to other saturated atty acids (SFA) in
S. icipe and G. bimaculatus accounting or 81 and 80%, respectively.
Caprylic and pentadecanoic acids were not detected in G. bimaculatus.

The total monounsaturated atty acid (MUFA) content in S. icipe was
higher than in G. bimaculatus by 1.04 olds. Oleic acid was the most
predominant MUFA in both cricket species. Butenoic and myristoleic
acids were not detected in S. icipe. The total polyunsaturated atty acid
(PUFA) content in S. icipe was 1.3 olds higher than that o
G. bimaculatus. Linoleic acid represented more than two thirds o total
PUFA in both cricket species.

4. Phytochemical properties of cricket oils

The phytochemical composition o G. bimaculatus and S. icipe are
presented in Table 4. Oxalates did not vary signicantly between the two
cricket species. The phytate concentration diered signicantly between
G. bimaculatus and S. icipe. However, total polyphenols in G. bimaculatus
were signicantly lower compared to S. icipe.

4. Discussion

Fat is the second largest proximate component o edible insects ater
crude protein, which is consistent with our current ndings or
G. bimaculatus and S. icipe. In this study, at content in the two crickets
ranged between 32 and 34%, similar to that reported by (Murugu et al.,
2021). The quantities reported here are not exhaustive and are varied
based on the at extraction method used and physiological status o the
insects (Laroche et al., 2019; Psarianos et al., 2022).

The solidication temperature values (2–7 ◦C or G. bimaculutus and
2–5 ◦C or S.icipe) presented in this study were lower than the values

reported or termites (Macrotermes subhylanus Rambur) (8–12 ◦C) and
grasshoppers (R. dierens) (10–15 ◦C) (Kinyuru, 2021). This low solid-
ication temperature is an indication that the cricket oils are fuids at
room temperature (Ekpo et al., 2009).

The reractive index values or oil extracted rom the cricket species
(1.460 ± 0.02 or G. bimaculutus and 1.470 ± 0.02 or S.icipe) were
similar to that rom edible caterpillar (Imbrasia oyemensis Rougeot)
(1.4675 ± 0.0002), (Patrice et al., 2015) This is in agreement with
reractive index values or groundnut (1.464 ± 0.002) and acacia oils
(A. colei 1.473 ± 0.001; A. tumida 1.474 ± 0.000) (Falade et al., 2008).
The high reractive index seems to conrm presence o unsaturated atty
acids or presence o long chain atty acids (Eromosele and Paschal,
2003). Interestingly, the reractive index o both cricket species closely
mirrors that o common vegetable oils, as outlined in the Codex Ali-
mentarius or ats and oils (Table 5) (FAO/WHO, 2001)

The specic gravity o the two cricket oils were comparable to the
values reported elsewhere (Macrotermes bellicosus, 0.90 ± 0.01) (Ekpo
et al., 2009), but less dense than that reported or edible caterpillar
(0.942 ± 0.02), (I. oyemensis) (Patrice et al., 2015), termites (0.93 ±
0.01), (M. subhylanus) and grasshoppers (R. dierens) (0.94 ± 0.02),
(Kinyuru, 2021) and conventional edible oils (Conophor oil 0.912
±0.912; Raw linseed oil 0.931±0.936) (Akpuaka and Nwankwor,
2000). Thereore, oils rom G. bimaculatus and S. icipe could be consid-
ered lighter than conventional oils and hence be useul in high value
industries like pharmaceuticals.

The chemical properties o the oils such as saponication (SV),
peroxide (PV) and acid values (AV) oten indicate the stability o the oils
during processing and storage (Guillén and Cabo, 2002). The dierences
in chemical properties are largely dependent on the atty acid prole,
which in turn depends on the insect species, sex, developmental stage
and diet (Kinyuru et al., 2013; Lehtovaara et al., 2017; Oonincx et al.,
2015). The AV o G. bimaculatus (1.10 ± 0.01 mg KOH/ g) and S. icipe
(2.19 ± 0.36 mg KOH/ g) were similar but higher than that reported or
palm weevil larvae (Rhynchophorus phoenicis Fabricius) (1.62 ± 0.31 mg
KOH/ g) (Tiencheu et al., 2013). However, the AV or both crickets were
lower than the values reported or rhinoceros beetle larvae
(O. owariensis) (3.73 ± 0.02 mg KOH/ g) (Assielou et al., 2016) and the
recommended value or Codex Alimentarius standard or a virgin oil
(4.0 mgKOH/ g) (Codex Alimentarius, 2019).

Both S. icipe and G. bimaculatus had 2.5–19.1- and 2–14.7-times
higher PV, respectively, than that reported or rhinoceros beetle larvae
(O. owariensis) (0.96± 0.02 mEq O2/ kg) (Assielou et al., 2016), termites
(M. subhylanus) (0.19 ± 0.01 mEq O2/ kg) and grasshoppers
(R. dierens) (0.14 ± 0.02 mEq O2/ kg) (Kinyuru et al., 2010). On the
other hand, these cricket species had lower PV compared to commercial
oils like olive oil (8 mEq O2/kg) and palm oil (8 mEq O2/kg) (Azlan
et al., 2010).

The PV o the cricket species was below the Codex general standards
or good oils (10 mEq O2/kg) (Codex Alimentarius, 2019). The low PV
and AV ound in the cricket species could be attributed to the existence
o antioxidants such as α-tocopherol (Kinyuru et al., 2010; Murugu et al.,
2021). This implies that oils rom both cricket species would be less
susceptible to oxidation during processing and storage (Ekop et al.,
2010; Musundire et al., 2014) and thus could be utilized in ood pro-
cessing industries.

The Saponication Value (SV) serves as a metric or determining the
average molecular weight o the atty acids within an oil. A heightened
SV corresponds to a reduced average molecular weight o the atty acids,
while a lower SV signies the opposite. In the realm o the ood industry,
the SV o edible oils emerges as a crucial indicator o oil quality. An
elevated SV suggests a prevalence o short- and medium-chain atty
acids in the oil, characteristics generally deemed more avorable rom a
nutritional standpoint (Tiencheu et al., 2021). The saponication values
or G. bimaculatus and S. icipe, at 246 mg KOH/g and 243 mg KOH/g,
respectively, surpassed those o certain other cricket species such as
Brachytrupes membranaceus (180 mg KOH/g) (Tiencheu et al., 2021) and

Table 2
Physicochemical characteristics o Gryllus bimaculatus and Scapsipedus icipe oil.
Parameter Insect species t value P-value

G. bimaculatus S. icipe

Solidication temperature
(◦C)

2 – 7 2 – 5

Reractive index 1.46 ± 0.02a 1.47 ±
0.02a

2.598 0.1047

Specic gravity 0.88 ± 0.01a 0.89 ±
0.06a

2.36 0.0774

Acid value (mg KOH/g) 1.10 ± 0.01a 2.19 ±
0.36b

180.29 <

0.001
Peroxide value (mEq O2/kg) 1.92 ± 0.45a 2.49 ±

0.95a
22.89 0.3581

Saponication value (mg
KOH/g)

246 ± 3.02a 234 ±
9.51a

2.064 0.108

In the same row, means (±standard deviations) with the same superscript letters
are not signicantly dierent at P ≥ 0.05.
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Acheta domesticus (216.5 mg KOH/g), (Kamau et al., 2017). Notably,
these values were ound to be comparable to the saponication values o
coconut oil (>250 mg KOH/g) (FAO/WHO, 2001), a well-known and
widely used oil according to FAO/WHO (2001). This suggests that
G. bimaculatus and S. icipe oils exhibit saponication values that are
particularly noteworthy, aligning closely with the properties o a
recognized and commonly utilized oil like coconut oil.

Fatty acid proles in edible insects largely depends on diets, which
explains why the palmitic and stearic acid were recorded as the most
predominant SFAs in G. bimaculatus and S. icipe (Opitz and Müller,
2009). Scapsipedus icipe had similar values or palmitic acid as those
reported elsewhere by (Starčević et al., 2017). However, palmitic values
reported or G. bimaculatus were higher by 1.3 olds to that reported by
(Starčević et al., 2017). Stearic acid values were consistently higher than
those reported elsewhere by (Starčević et al., 2017; Yang et al., 2006).
On the contrary, both cricket species had considerably higher SFA values
than that recorded or the dagaa sh (39.4%) and Nile tilapia (34.2%)
when compared to whole milk (67.4%) as demonstrated in the Kenya
ood composition table (Codex Alimentarius, 2019; FAO and Kenya,
2019; Yang et al., 2006).

Oleic acid was the most predominant MUFA in both crickets, which is
consistent with the ndings reported or other cricket species (FAO and
Kenya, 2019; Starčević et al., 2017; Yang et al., 2006). However, these
values or both cricket species were lower compared to that recorded or
the eld crickets (Gryllus testaceusWalker and Gryllus assimilis Fabricius)
(FAO and Kenya, 2019; Starčević et al., 2017). The considerable varia-
tion might be attributed to eed and geographical dierences. Previous
studies on crickets and termites have reported that palmitoleic acid was
the second most abundant MUFA (Starčević et al., 2017).

Oleic acid has been reported to have modulatory eects in health and
disease. For instance, (Sales-Campos et al., 2013) demonstrated the
potential role o oleic acid in enhancing immune unction by modulating
leucocytes, reducing infammation including its role in wound healing
as well as in cancer prevention. Additionally, a review o intervention
studies conrmed the role o oleic acid in reducing cardiovascular risk

when added to milk as a substitute to counter the eects o saturated
atty acids with direct implications in lowering cholesterol levels
(Lopez-Huertas, 2010).

Linoleic acid as the predominant PUFA was in agreement with
ndings reported or other cricket species (Starčević et al., 2017; Yang
et al., 2006). The linoleic acid value reported here are within the range
o values reported or crickets elsewhere (Yang et al., 2006). Nonethe-
less, G. bimaculatus and S. icipe showed lower linoleic acid values
compared to that reported or other crickets such as Homorocoryphus
nitidulus Scopoli (Womeni et al., 2009) and Jamaica eld crickets
G. assimilis ed on dierent oil blend diets (Starčević et al., 2017). The
presence o essential atty acids - arachidonic, eicosatetraenoic, eicosa-
pentaenoic and docosahexaenoic acids in G. bimaculatus and S. icipe
could contribute to key roles in children’s growth and development
when incorporated in their daily diets through conventional oods
(Wainwright, 1992). In addition, the presence o eicosenoic acids
(gondoic and paullinic acid) in both cricket species could lead to their
potential utilization in the cosmetic industry. All the dierences
observed in the MUFA and PUFA content in the crickets could be
attributed to the variation o diet composition (Kinyuru et al., 2010;
Starčević et al., 2017; Womeni et al., 2009). Both crickets had less PUFA
content compared to dagaa sh (36.22%) and Nile tilapia (31.97%) as
reported in the Kenya ood composition table (FAO and Kenya, 2019).

Nutritionally, the consumption o oods with high contents o SFA is
undesirable due to their association with high risk o cardiovascular
diseases. This is contrary to the intake o unsaturated atty acids (UFA),
known to reduce the prevalence o cardiovascular diseases (Simopoulos,
2004). This thereore implies that G. bimaculatus and S. icipe are nutri-
tionally superior in terms o quality due to higher PUFA/SFA ratios
compared to that derived rom bee and whole milk (FAO and Kenya,
2019). However, PUFA/SFA ratios in both crickets are lower compared
to that rom Nile tilapia and dagaa sh (FAO and Kenya, 2019). Higher
ratio o omega 6 (n-6) to omega 3 (n-3) atty acids has also been deemed
undesirable, as it is linked to high risk o immunological disorders
(Wainwright, 1992). According to (Gogus and Smith, 2010), a joint

Fig. 2. Representative overlaid total ion chromatogram o the atty acid prole. A = Scapsipedus icipe and B = Gryllus bimaculatus. Numbers 1–33 atty acid identied
as shown in Table 3.
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report rom FAO and WHO recommended a ratio o n-6 to n-3 o <5:1,
while Canada recommended a range (4:1 to 10:1) or a balanced ood.
The cricket species studied had ratios o n-6 to n-3 that were within the
ranges (4:1 to 55:1) recommended (Starčević et al., 2017; Yang et al.,
2006). This ratio is largely dependent on the insect’s diet (Starčević
et al., 2017), which implies that diet manipulation could lead to the
production o cricket products that have maximum positive impact on
human health.

In this study, we conducted a comprehensive analysis o the atty
acid composition o two cricket oils and compared it with that o other
reported ood sources (Fig. 3). The comparison demonstrated that

cricket oil exhibits a composition that aligns avorably with common
well-established vegetable oils like sunfower oil (Harun, 2019), peanut
oil (Giurè et al., 2016), olive oil (Giurè, 2010), palm oil (Japir et al.,
2017), and coconut oil (Rohman et al., 2021)

Our analysis reported several noteworthy atty acids present in the
cricket’s sample, such as Omega-3 atty acids (eicosapentaenoic acid,
EPA, and docosahexaenoic acid, DHA), Omega-6 atty acids (linoleic
acid, LA, and γ-linolenic acid, GLA), and monounsaturated atty acids
(oleic acid). In the context o pharmaceutical use, Omega-3 atty acids,
particularly EPA and DHA, have demonstrated anti-infammatory and
neuroprotective properties, suggesting their potential in the treatment

Table 3
Composition o atty acids (% o total atty acids *, (mg/100 g) *) o Scapsipedus icipe and Gryllus bimaculatus.
Peak
No.

tR
(min)

Fatty Acid Methyl Ester Fatty acid Insect species t value P-value

S. icipe G. bimaculatus

1a 4.56 Methyl butanoate Butanoic acid (C4:0) 0.001±0.0a (0.2) 0.004±0.0b (0.54) 6.298 0.001
2 a 11.23 Methyl heptanoate Enanthic acid (C7:0) 0.09±0.01a (14.46) 0.21±0.03b (31.72) 6.641 0.001
3 a 13.67 Methyl octanoate Caprylic acid (C8:0) 0.06±0.02a (9.93) Nd 7.250 0.001
4 a 15.80 Methyl decanoate Capric acid (C10:0) 0.04±0.04a (5.76) 0.02±0.01a (3.34) 1.617 0.09
5 a 17.23 Methyl undecanoate Undecanoic acid (C11:0) 0.26±0.02a (40.81) 0.35±0.1a (52.69) 1.479 0.106
6 a 18.98 Methyl dodecanoate Lauric acid (C12:0) 0.31±0.04a (48.48) 0.35±0.02a (51.94) 1.341 0.125
7 a 20.07 Methyl tridecanoate Tridecylic acid (C13:0) 0.22±0.06a (33.83) 0.42±0.07b (62.83) 3.643 0.010
11 a 21.32 Methyl tetradecanoate Myristic acid (C14:0) 5.43±0.85b

(841.53)
3.7 ± 0.58a (554.17) 2.926 0.021

12 a 22.37 Methyl pentadecanoate Pentadecanoic acid (C15:0) 0.08±0.03a (12.03) Nd 4.643 0.004
15 a 23.66 Methyl hexadecanoate Palmitic acid (C16:0) 23.89±0.63a

(3699.45)
31.18±0.7b
(4668.27)

13.406 <0.001

16 a 24.05 Methyl heptadecanoate Margaric acid (C17:0) 1.44±0.1a (222.85) 1.4 ± 0.27a (210.5) 0.206 0.423
19 a 25.55 Methyl octadecanoate Stearic acid (C18:0) 17.26±1.56b

(2670.53)
14.71±1.36a
(2200.85)

2.138 0.049

20 a 26.21 Methyl nonadecanoate Nonadecanoic acid (C19:0) 0.73±0.13a
(113.23)

0.83±0.13a (123.93) 0.92 0.204

28 a 27.07 Methyl eicosanoate Arachidic acid (C20:0) 0.004±0.0a (0.64) 0.01±0.0b (1.41) 2.229 0.044
29 b 27.87 Methyl heneicosanoate Heneicosylic acid (C21:0) 0.5 ± 0.07b (76.66) 0.32±0.08a (47.37) 2.827 0.023
31 b 28.66 Methyl docosanoate Behenic acid (C22:0) 0.37±0.03b

(757.61)
0.01±0.0a (1.34) 20.073 <0.001

33 b 30.21 Methyl tetracosanoate Lignoceric acid (C24:0) 0.28±0.02a (43.98) 0.26±0.03a (38.56) 1.239 0.141∑SFA (%) 50.96 57.60
8 b 20.10 Methyl (9Z)-decenoate Caproleic acid (C10:1) Nd 0.14±0.02a (21) 10.341 <0.001
9 b 21.01 Methyl (9Z)-dodecenoate Lauroleic acid (C12:1 n-3) 0.16±0.02a (24.56) 0.12±0.04b (18.19) 1.443 0.111
10 a 21.15 Methyl (9Z)-tetradecenoate Myristoleic acid (C14:1) Nd 0.09±0.01a (13.37) 15.678 <0.001
13 b 23.24 Methyl (9Z)-hexadecenoate Palmitoleic acid (C16:1) 11.14±0.97b

(1727.07)
9.22±0.63a
(1382.17)

2.869 0.022

18 a 25.24 Methyl (9Z)-Octadecenoate Oleic acid (C18:1 n-9) 11.4 ± 0.81a
(1767.2)

10.94±0.81a
(1639.54)

0.69 0.263

26 b 26.86 Methyl (11Z)-eicosenoate Gondoic acid (C20:1 n-9) 1.56±0.25b (241.3) 0.86±0.18a (128.92) 3.968 0.008
27 b 26.99 Methyl (13Z)-eicosenoate Paullinic acid (C20:1 n-7) 0.01±0.0a (0.92) 0.01±0.0a (1) 1.314 0.129
32 b 30.03 Methyl (13Z)-tetracosenoate Nervonic acid (C24:1 n-9) 0.05±0.01a (7.71) 0.29±0.06b (43.34) 6.467 0.001

∑MUFA (%) 24.33 23.24
14 b 23.55 Methyl (7Z,10Z,13Z)-hexadecatrienoate Hexadecatrienoic acid (HTA)

(C16:3 n-3)
Nd 0.01±0.0a (0.91) 12.901 <0.001

17 a 25.21 Methyl (9Z,12Z)-octadecadienoate Linoleic acid (C18:2 n-6) 23.56±0.25a
(3647.9)

23.34±0.51a
(3493.35)

0.673 0.268

21 a 26.34 Methyl(9Z,12Z,15Z)-octadecatrienoate Linolenic acid (C18:3 n-3) 0.21±0.1a (32.1) 0.32±0.04a (48.6) 1.823 0.071
22 b 26.35 Methyl (5Z,11Z,14Z)-eicosatrienoate Sciadonic acid (C20:3 n-6) 0.86±0.09a

(133.18)
0.79±0.04a (118.49) 1.192 0.149

23 b 26.40 Methyl (5Z,8Z,11Z,14Z-eicosatetraenoate Arachidonic acid (C20:4 n-6) Nd 0.01±0.0a (0.95) 8.123 <0.001
24 b 26.45 Methyl (6Z,9Z,12Z,15Z-octadecatetraenoate Eicosatetraenoic acid (ETA) (C20:4

n-3)
Nd 0.01±0.0a (1.12) 12.422 <0.001

25 a 26.54 Methyl(5Z,8Z,11Z,14Z,17Z)-
eicosapentaenoate

Eicosapentaenoic acid (EPA)
(C20:5 n-3)

0.08±0.0a (12.17) 0.07±0.0a (10.97) 1.524 0.101

30 a 28.12 Methyl (4Z,7Z,10Z,13Z,16Z,19Z)-
docosahexaenoate

Docosahexaenoic acid (DHA)
(C22:6 n-3)

0.01±0.0a (1.7) 0.01±0.0a (1.87) 0.534 0.31

∑PUFA (%) 24.71 19.16
∑PUFA: ∑SFA 0.48 0.33
∑n-6/∑n-3 53.09 44.70

Peak No. = Peak Number.
a = atty acid identity conrmed with authentic standard.
b = atty acid tentatively identied; tR (min) = Retention time (minutes); * = Mean ± standard deviations o triplicate determinations. In the same row, means

(±standard deviations) with the same superscript letters are not signicantly dierent at P ≥ 0.05. *Values in parenthesis are atty acid values (mg/100 g oil sample).
SFA= saturated atty acids; MUFA=monounsaturated atty acids; PUFA= polyunsaturated atty acids;∑n-6= sum o linoleic, sciadonic and arachidonic acids;∑n-3=
sum o lauroleic, linolenic, ETA, EPA and DHA acids.
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o neurological disorders (Holub, 2002; Mori, 2017; Simopoulos, 2002;
Swanson et al., 2012). Moreover, the presence o GLA has been associ-
ated with anti-infammatory eects and may nd applications in con-
ditions related to infammation (González-Fernández et al., 2020; Li
et al., 2020; Sinclair et al., 2003).

From an industrial standpoint, these atty acids can have diverse
applications. For instance, oleic acid, a monounsaturated atty acid, is
commonly used in the production o cosmetics, soaps, and pharmaceu-
ticals (Almeida et al., 2006; Bengal, 2013; Ekpo et al., 2009; Foodcircle,
2023). Additionally, Omega-3 atty acids are sought ater or their use in
nutritional supplements and unctional oods (Cencic and Chingwaru,
2010), contributing to both the pharmaceutical and health industries.
Unortunately, the pharmaceutical industry has yet to ully capitalize on
the untapped potential o cricket oil.

This underutilization can be attributed to several actors, including
the pharmaceutical industry’s limited awareness o cricket oil as an
ingredient and the regulatory hurdles associated with introducing new

pharmaceutical products to the market (Dossey et al., 2016; Stull and
Patz, 2020). Nevertheless, there is a noticeable surge in interest among
pharmaceutical companies regarding cricket oil. As research on the
health benets o cricket oil continues to expand, coupled with an
increasing ocus on product development, it is oreseeable that cricket
oil will gain broader acceptance and integration into the pharmaceutical
industry.

Phytochemicals such as oxalates, phytates and tannins are consid-
ered anti-nutrients as they chelate minerals like calcium and magnesium
consequently making them unavailable or absorption and utilization in
the body (Udousoro et al., 2018). In addition, oxalates could lead to
ormation o calcium oxalate complexes in kidneys hence, kidney stones
(Kunatsa et al., 2020). Although tannins are considered anti-nutrients,
they have been shown to have both biological and pharmacological
activity such as anti-oxidative, antibacterial, antiviral,
anti-infammatory, immune-modulatory and cardio-protective (Kumari
and Jain, 2012). The values reported in this study or oxalates and
tannins were lower, while those o phytates were higher compared to
those reported or crickets (Henicus whellani Chopard) (Kumari and Jain,
2012; Kunatsa et al., 2020).

The oxalates and phytate concentration presented or the edible
crickets studied were higher than values reported earlier or our edible
insects consumed in Nigeria: crickets (Gymnogryllus lucensWalker), yam
bettles (Heteroligus meles Billberg), palm weevils (R. phoenicis) and
grasshoppers (Zonocerus variegatus Linnaeus) (Ekpo et al., 2009). How-
ever, only G. bimaculatus had higher tannin levels compared to values
reported or G. lucens (Ekpo et al., 2009; Omotoso and Adesola, 2018)
reported tannin level (0.54–1.13 mg/100 g) in our edible insects while
(Chakravorty et al., 2016) reported values (496.67–615 mg/100 g) in
two edible insects in India. The tannins values reported in edible insects
in India were higher compared to that obtained or G. bimaculatus and
S. icipe. With respect to recommended permissible levels (oxalates: 250
mg/100 g; phytates: 250–500 mg/100 g) (Ekop et al., 2010; Musundire
et al., 2014), both crickets in this study have insignicant levels o
anti-nutrients.

Total polyphenols are used to indicate the antioxidant capacity o a
ood (Viuda-Martos et al., 2011). In the study o (Liu et al., 2012),
polyphenols were demonstrated to inhibit lipid oxidation in black chaer
beetle (Holotrichia parallela Motschulsky) extracts. Thereore, the pres-
ence o polyphenols in G. bimaculatus and S. icipe oils could contribute to
their preservation during their application as ood ingredients. The
cricket species in this study had about 0.01–0.06 times lower poly-
phenols compared to edible insects reported elsewhere including
crickets (Henicus whellani and A. domesticus), mealworms (Tenebrio
molitor), superworms (Zophobas morio Fabricius), and palm weevils
(Rhynchophorus errugineus Olivier) (Botella-Martínez et al., 2021).
However, the polyphenol concentrations reported or G. bimaculatus and
S. icipe were about 5 times higher than the value reported in other
studies or termites (Macrotermes acilger) (Kunatsa et al., 2020).

In China, the use o insects as antioxidants have been associated with
the treatment o diseases linked to oxidative stress such as immunode-
ciency, cancer and heart disease (Liu et al., 2012). (Liu et al., 2012)
urther demonstrated the ability to use insects and insect products as
nutraceuticals in alleviating oxidative induced diseases as well as being
natural antioxidant additives in the ood industry. The variability o
phytochemicals in edible insects is reliant on the species type, gut
emptying by starvation prior to harvesting, portion o insect used or
extract, methods and solvents used in the extraction o phytochemicals
(Botella-Martínez et al., 2021). Processing techniques o insects into
value-added products to reduce anti-nutrient actors have received
limited research attention (Imathiu, 2020), although some traditional
cooking methods like boiling have revealed remarkable reduction in
anti-nutrient level in ew oods (Palermo et al., 2014)

Table 4
Phytochemical composition (mg/100 g) o Gryllus bimaculatus and Scapsipedus
icipe.

Insect species t value P-value

G. bimaculatus S. icipe

Oxalates 97.01 ± 9.14a 75.13 ± 5.94a 1.993 0.076
Phytates 10.33 ± 6.00b 3.85 ± 0.44a 3.23 0.012
Tannins1 1.56 ± 1.08a Nd* 4.342 0.003
Total polyphenols2 48.00 ± 4.49a 65.00 ± 1.79b 2.797 0.021

In the same row, means (±standard deviations) with the same superscript letters
are not signicantly dierent at P ≥ 0.05. Nd*= Not detected.
1 Catechin equivalents.
2 Gallic acid equivalents.

Table 5
Reractive index o common vegetable oils.
Type o oil Reractive index

S. icipe oil 1.440 - 1.480
G. bimaculutus oil 1.450 - 1.490
Peanut oil 1.460 - 1.465
Maize oil 1.465 - 1.468
Mustard oil 1.461 - 1.469
Sesame oil 1.465 - 1.469
Soybean oil 1.466 - 1.470
Sunfower oil 1.461 - 1.468
Palm oil 1.458 - 1.460

Source: Codex Alimentarius: Fats, Oils and Related Products
–(FAO/WHO, 2001).

Fig. 3. Comparison o atty acid composition in popular vegetable edible oils
and crickets S. icipe and G. bimaculutus.
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5. Conclusion

In conclusion, cricket oils presented in this study have demonstrated
great potential or utilization in ood and pharmaceutical industry based
on their physicochemical characteristics. These oils are less susceptible
to rancidity as exhibited by their low peroxide and acid values. These
implies cricket oils are a healthier option or incorporation into human
and animal diets based on higher MUFAs and lower SFAs values when
compared to conventional animal and plant sources. Our ndings have
shown that the presence o bioactive compounds in cricket oils oer
consumers huge opportunities related to protection rom many chronic
diseases. Scaling the health-promoting properties o both cricket species,
would require their integration into market-driven consumer appealing
and amiliar ood products. However, eective processing methods to
signicantly reduce anti-nutrient concentrations to saer levels would be
crucial.
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