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deep-frying, whose effect on nutritional value and microbial safety is scarcely known. Here we
investigated the effect of these methods on the nutritional value and microbial safety of Oryctes
sp. larvae. Our hypothesis was that cooking the grubs using the four methods had no effect on
their nutritional content and microbial loads and diversity. The grubs were analyzed for proxi-
mate composition, and fatty and amino acid profiles using standard chemical procedures; and
microbial safety using standard culturing procedures. Deep-frying reduced protein and carbo-
hydrate content, but elevated fat content. Boiling lowered ash content, but increased fibre and
carbohydrate composition. Roasting and toasting increased protein and ash contents, respec-
tively. Forty fatty acids were detected in the larvae, of which levels of only five were not
significantly affected by cooking method, while the levels of the others were differentially
affected by the different cooking methods. Amino acid profiles and levels were largely compa-
rable across treatments, but lysine and arginine were higher in all cooked grubs than raw form.
All the cooking methods eliminated Enterobacteriaceae, Shigella sp. and Campylobacter sp. from
the grubs. Except boiling, all methods reduced total viable count to safe levels. Salmonella sp.
were only eliminated by toasting and roasting; while boiling promoted growth of yeast and
moulds. Staphylococcus aureus levels exceeded safety limits in all the cooking methods. These
findings offer guidance on the type of method to use in preparing the grubs for desired nutritional
and safety outcomes.

1. Introduction

The rapidly growing world population which is expected to reach approximately 10 billion by 2050, with most growth occurring in
sub-Saharan Africa and Central, Southern, Eastern and South-Eastern Asia, presents a challenge to sustainable food security and
achievement of the United Nations Sustainable Development Goal (SDG) 2, of zero hunger in these regions [1,2]. As such, the demand
for animal source foods (ASF) like meat, fish, eggs and milk as good sources of high quality nutrients like protein, iron, iodine, vitamins
A and By, zinc, energy and fatty acids is increasing drastically [3]. This challenge calls for a search for sustainable food systems which
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will ensure food security for future generations in a way that is economically, socially and environmentally uncompromising [4].
Conventional livestock farming exerts a lot of pressure on arable land, water, and energy resources, and contributes significantly to
increased environmental footprints [5]. It also releases 14.5 % of all the greenhouse gases attributed to human activity [5]; hence
posing a threat to environmental sustainability. Edible insects, classified among regenerative future foods, generally contain all the
essential macro and micronutrients found in conventional ASF in comparable or superior levels [6-8].

Although not yet validated in human trials, there’s evidence of insect-derived peptides and bioactive compounds with antioxidant,
anti-angiotensin-converting enzymes, anti-dipeptidyl peptidase-IV, anti-glucosidase, anti-lipase, anti-lipoxygenase, anti-cyclo-
oxygenase, anti-obesity, and hepatoprotective activities [9,10]. Such reports indicate that insect consumption could solve human
health problems related to inflammation, free radical damage, diabetes, hypertension, and liver damage, among others, which affect
both the under-nourished and the over-nourished populations alike. Insect consumption, either directly as human food and indirectly
as insect meal, could potentially help in easing the problem of protein malnutrition [11]. Additionally, some insects like crickets have
chitin which during digestion by the enzyme chitinase which is present in the human gastric juice is degraded to chitosan, which
stimulates the growth of beneficial gut bacteria [12,13]. Moreover, greenhouse gas emissions by insects may be mitigated by using
renewable energy sources during production [14]. On this basis, insect production and consumption needs to be promoted among all
populations globally, regardless of their food security situation.

Entomophagy (consumption of insects) began as early as the second and first millennia CE in the East and 384-322 BCE in Europe
[15]. Several reports such as Tao and Li [16] and van Huis et al. [8] have indicated that over 2000 species of insects are consumed by
two billion people in over 113 countries worldwide. However, van Huis et al. [17] opined that two billion is and over estimation of the
number of people who consume insects globally, as the exact number is difficult to determine because of changes in the patterns of
insect consumption over time, lack of knowledge about frequency of insect consumption and non-representative data on actual per-
centage of the national populations that consume insects. Common insects that are consumed include beetles, caterpillars, bees, wasps,
ants, grasshoppers, locusts, crickets, cicadas, leafhoppers, plant-hoppers, termites, dragonflies and flies [18]. Most countries in Africa
practice entomophagy, with the common species consumed varying from one country to another [7], depending on tradition,
nutrition, ecology and economic factors [19].

The coprophagous beetle grubs (Coleoptera: Scarabaeidae) are among the popular edible insects in Africa, southeast Asia and the
Pacific, Central and South America [20-22]. They are the fifth most consumed insects in Kenya after termites, grasshoppers, saturniids
and crickets [23], especially in the western region where they are consumed in ~39 % of the households [24]. Although the grubs are
typically sourced from the wild in farmyard composts of rural animal keepers, they could be reared commercially once the rearing
protocols are developed [24]. It is however not yet known whether the methods used for cooking these grubs prior to consumption
such as boiling, toasting, roasting, sun drying and frying guarantee their nutritional integrity and safety from microbial contaminants.

The methods of cooking edible insects for consumption may enhance their flavour and taste, eliminate food-borne microbial
pathogens and toxins, increase shelf life, and improve bioavailability of nutrients, sensory characteristics and functional properties
[25]. Cooking methods have different effects on the physicochemical and nutritional compositions of foods depending on the duration
and temperature of heating, and magnitude of shear forces [26,27]. Cooking conditions (dry air or steam) and temperature influence
cooking loss (mass of meat before and after cooking), total collagen content, moisture loss and tenderness and juiciness of the cooked
meat product [28]. The effect of processing on the nutritional value of various conventional foods has been widely researched [29-31].
Similar studies have also been carried out for some species of edible insects. For instance, Manditsera et al. [32] reported that boiling at
~100 °C for either 30 min or 60 min reduces protein content and bio-accessibility of iron and zinc in edible beetles (Eulepida mashona)
and crickets (Henicus whellani) as a result of leaching and formation of complexes with other constituents that are more resistant to
digestion. However, studies on the same for several popular edible insects including rhinoceros beetle grubs are scarce. Wild collected
edible insects may also contain different levels of inherent pathogenic and spoilage microorganisms, depending on insect species and
cooking method [33]. For example, Labu et al. [34] detected potentially pathogenic bacteria like Bacillus cereus and fungi such as
Trichoderma asperellum in wild harvested edible grasshoppers (Ruspolia differens), but frying the insects before consumption reduced
the bacterial and fungal loads to recommended food safety limits of <5 log cfu/g and 2-3 log cfu/g, respectively. Gahukar [20] re-
ported that the bacterial diversity and loads of both fresh and processed edible forest insects depended on the geographical area,
swarming season, trading and collection periods. Fermentation of edible insects reportedly induces antimicrobial properties due to
production of lactic acid [35]. Additionally, Belluco et al. [36] reported that although processing reduces microbial load in insect
products, a reduction in coliforms and pathogenic bacteria during the entire production life cycle is still needed. However, the effects of
different cooking methods, on the nutritional and microbial quality of coprophagous edible beetle grubs has scarcely been
investigated.

In this study, we investigated the effect of boiling, roasting, toasting and deep-frying on the nutritional value and microbial safety of
edible Oryctes sp. larvae, relative to their raw form.

2. Materials and methods
2.1. Insects

Live edible beetle grubs (10 kg) were collected from cattle dung compost in the backyards of various households in Bumula,
Bulondo and Sangalo villages in Bungoma County, western Kenya. The amount of grubs collected in each farm varied greatly from

none to unrecorded quantities, hence the insects were pooled together to amass sufficient quantities which were later subdivided
equally for the different treatments and replicates. The samples were transported alive in the cattle dung compost in plastic bins to the
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International Center of Insect Physiology and Ecology (icipe), Nairobi, for nutritional and microbial analyses. The live samples were
hand-picked from the compost into a clean plastic container and degutted by incising the posterior end —using a clean sharp kitchen
knife — through which undigested gut contents were squeezed out. The degutted grubs were washed using warm flowing tap water
(~30 °C). The grubs were then subdivided into five equal portions which were separately cooked by boiling, roasting, toasting and
deep-frying. Raw grubs were used as an untreated control. Representative images of the grubs cooked differently are presented in
Fig. 1.

2.2. Sample preparation

2.2.1. Toasting

A clean dry stainless steel pan, 26 cm diameter, (RT203, Ramtons) was placed over an open flame on a kitchen gas cooker and
heated to about 150 °C [37] which was verified using a digital kitchen thermometer. Raw edible beetle grubs (1200 g) were placed on a
hot stainless-steel pan and turned regularly for approximately 15 min when they turned golden brown. The toasted insects were then
removed and placed on an aluminum foil and allowed to cool at room temperature (~25 °C). The insects were then packed separately
in airtight plastic containers that had been sterilized using 70 % ethanol and stored in a refrigerator (4 °C) and deep freezer (—20 °C)
awaiting microbial and nutritional analyses, respectively.

2.2.2. Roasting

The raw grubs (1200 g) were placed on a clean oven tray and placed in an oven (Bistrot 665) set at 180 °C [38] and a desired
dryness of 30 % was also set for approximately 15 min when they turned golden brown. Other procedures for handling the grubs prior
to microbial and nutritional analyses were as described above for toasting.

2.2.3. Boiling

Potable water (2 1) was placed in a clean saucepan on a kitchen gas cooker and allowed to boil (100 °C). Raw beetle grubs (1200 g)
were transferred to the saucepan and boiled for 20 min [39] after which they were drained in a kitchen strainer for about 1 min. Other
procedures for handling the grubs prior to microbial and nutritional analyses were as described above for toasting.

2.2.4. Deep-frying

Vegetable cooking oil (2 1), (Fresh Fri, Pwani Oil Ltd, Kenya) was placed in a clean stainless-steel pan (RT203, Ramtons) (26 cm
diameter) over a kitchen gas cooker and allowed to boil (180 °C). Raw beetle grubs (1200 g) were then submerged in the oil and fried
for about 7 min when they turned golden brown [40]. The fried grubs were subsequently placed on an aluminum foil, lined with a
paper towel to soak up excess oil for about 1 min. Thereafter, the grubs were prior to microbial and nutritional analyses handled as
described above for toasting.

2.3. Sample drying

Owing to preliminary observations that oven drying resulted in leakage of oil through the incision on the larvae, we preferred to dry
the insects using freeze drying which extracts frozen moisture through sublimation [41]. Three replicates (200 g each) of grub samples

Fig. 1. Oryctes sp. grubs. A: grubs in the cattle dung compost; B: raw undegutted grubs removed from compost; C: boiled degutted grubs; D: deep-
fried degutted grubs; E: roasted degutted grubs; and F: toasted degutted grubs.
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cooked differently and preserved at —20 °C for nutritional analysis were placed in clean and dry plastic containers and dried in a freeze
dryer (Wizard 2.0, Advantage EL-85, SP Scientific) at —80 °C and 116 psi for three days. After freeze drying, the samples were
separately ground to fine powder using a kitchen blender for approximately 2 min. The kitchen blender was washed and sterilized
using 70 % ethanol after each sample. The powders were transferred into sterile plastic containers and the lid tightly closed. The
airtight containers (prior sterilized using 70 % ethanol) were sealed with para-film at the lid area to further prevent entry of air or
moisture as the samples awaited nutritional analysis.

2.4. Proximate composition analysis

Proximate analysis of boiled, toasted, roasted and deep-fried beetle grubs was determined following standard methods of the
Association of Official Analytical Chemists [42].

2.4.1. Dry matter

Dry matter was determined as described in AOAC [42] method 930.15. Briefly, 2 g of the sample was weighed into a pre-weighed
porcelain crucible and dried in a forced draft air oven (WTB binder, Tuttlingen, Germany) at 135 °C for 2 h after which the sample was
allowed to cool in a desiccator. The sample was later weighed, and its moisture content was calculated. The moisture content of the
sample was calculated as follows:

WDZ - WDU
— X

100 (D)
Wpi — Wno

Dry matter content (%) =

Where:
Wpo — weight of crucible (g)

Wp; — weight of crucible + undried sample (g)
Wp2 — weight of crucible + dried sample (g)
Based on the results from dry matter content computation, moisture was computed as follows:

Moisture content (%) =100% — dry matter (@)

2.4.2. Ash content

Ash content was determined following AOAC [42], method 942.05. Approximately, 2 g of ground sample was weighed into empty
crucibles and incinerated in a muffle furnace (Heraeus-Kundendienst, Diisseldorf, Germany) set at 550 °C for 3 h, after which they were
allowed to cool in a desiccator. The crucible was then weighed, and the weight used to calculate the ash content as illustrated below:

Wy — W,
Ash (%) =—2""2 100 3)
VVA] - VVAU
Where:

Wao — weight of crucible (g)
Wa1 — weight of crucible + undried sample (g)
Waz — weight of crucible + dried sample (g)

2.4.3. Crude protein

Crude protein was determined using the Kjeldahl method as described in AOAC [42], method 984.13. To 1 g of the sample, 2 tablets
of Kjeltabs, 13 ml concentrated sulphuric acid and 2 tablets of antifoam were added. The mixture was digested at 420 °C on the
digestion block heater (Velp DKL 20) for approximately 3 h until the liquid became clear. The mixture was allowed to cool, and the
tubes transferred to a Kjeldahl distillation and titration unit (Velp UDK 159). The nitrogen amount was generated and the protein
amount determined using 5.33 as the nitrogen-to-protein conversion factor which accounts for non-protein nitrogen in insects [43].
The formula used is follows:

100
Crude Protein (%) =N x F x — 4)
DM

Where:

N - Percentage of Nitrogen in the Sample.

F — Nitrogen to protein conversion factor (5.33)
DM - Dry Matter Content of Sample.

2.4.4. Crude fat

Crude fat in the sample was determined using the Randall technique in a solvent extraction unit (Velp SER 148, Velp Scientifica,
Europe) as illustrated in AOAC [42], method 920.29. Briefly, 1 g of the sample was weighed into a labeled filter paper and placed into
extraction thimbles. Exactly 70 ml of diethyl ether were measured into pre-weighed glass cups which were then placed under
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extraction columns. The extraction thimbles were connected to the extractor and lowered into the corresponding glass cup (immer-
sion) and allowed to boil for 30 min. The thimbles were raised out of the solvent and the fat extracted for 60 min. The solvent was
distilled (recovery) after which the glass cups were removed and placed in a fume hood for 30 min to evaporate the solvent. The glass
cups were then placed in an oven set at 105 °C for 30 min to remove any traces of the solvent and moisture and allowed to cool and
weighed. The fat content was calculated as shown below.

Wr — W, 100
— X

Crude Fat (%) = W DM 5)
s

Where:
Wr — weight of extraction cup + fat (g)
Wy — weight of empty extraction cup (g)
Ws — weight of sample (g)
DM - Dry Matter Content of Sample.

2.4.5. Crude fibre

Crude fibre was determined by acid digestion and loss on ignition in a fibre analyzer (FIWE, Velp Scientifica, Europe) according to
Method 962.09 of AOAC [42], with few modifications. Ground sample (1 g) was weighed into a glass crucible and 150 ml of 1.25 %
sulphuric acid and n-octanol (antifoam agent) added, and the mixture was boiled for 30 min. The sulphuric acid was drained, and the
contents washed with 30 ml of hot deionized water. After draining, 150 ml of preheated sodium hydroxide and 3 drops of n-octanol
were added, and the mixture boiled for 30 min. The mixture was filtered and washed 3 times with hot deionized water. The contents
were washed with cold deionized water to cool the crucibles followed by washing thrice with 25 ml of acetone. The acetone was
drained, and the crucibles removed and placed in an oven set at 105 °C for 1 h and allowed to cool. The crucibles were weighed, and the
weight recorded to get the dry weight of the crude fibre plus ash content. The contents were then incinerated in a muffle furnace at
550 °C for 3 h, allowed to cool and the weights recorded and used to calculate the crude fibre content as follows:

F,—F, 100
= X

Crude Fibre (%) 7 DM ©6)
0

Where:

F1 — weight of crucible and sample after fibre extraction and oven drying (g)
Fy — weight of crucible and sample after incineration (g)

Fo — weight of empty crucible (g)

DM - Dry Matter Content of Sample.

2.4.6. Neutral Detergent Fibre
Neutral Detergent Fibre (NDF) was determined in a fibre analyzer (FIWE, Velp Scientifica, Europe) following the procedure out-
lined in van Soest et al. [44]. Ground sample (1 g) was weighed into a pre-weighed dry crucible and the weight recorded. The crucibles
were then attached to the fibre extractor and 100 ml of neutral detergent solution. The mixture was then heated to boiling and refluxed
for 60 min followed by filtration and washing once with hot water and twice with cold acetone. The crucibles were then removed, and
the contents dried in an oven set at 135 °C for 2 h, allowed to cool in a desiccator and the weights recorded. The contents were then
incinerated in a muffle furnace at 550 °C for 2 h, cooled and the weights recorded and used to calculate the NDF content as follows.
Wyw, 100

NDF (%) =—2"%_

"VS - W() W (7)

Where:

NDF _ Neutral Detergent Fibre.

Wy - weight of crucible + sample after fibre extraction and oven drying (g)
Wy _ weight of empty crucible (g)

Ws _ weight of crucible + sample (g)

DM - Dry Matter Content of Sample.

2.4.7. Acid detergent fibre

Acid Detergent Fibre (ADF) was determined in a fibre analyzer (FIWE, Velp Scientifica, Europe) following the procedure outlined in
van Soest et al. [44]. Ground sample (1 g) was weighed into a pre-weighed dry crucible and the weight recorded. The crucibles were
attached to the fibre extractor and 100 ml of acid detergent solution. The mixture was heated to boiling and refluxed for 60 min. The
mixture was then filtered and washed once with hot water and twice with cold acetone. The crucibles were then removed, and the
contents dried in an oven set at 135 °C for 2 h, allowed to cool in a desiccator and weighed The ADF content was computed as follows:

Wiw, 100

w9 8
Wy — Wy DM ®

ADF (%) =

Where:
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ADF _ Acid Detergent Fibre.

Wa _ weight of crucible + sample after fibre extraction and oven drying (g)
Wy _ weight of empty crucible (g)

Ws _ weight of crucible + sample (g)

DM - Dry Matter Content of Sample.

2.4.8. Available carbohydrates
Amount of available carbohydrates was determined as follows:

Available carbohydrates = 100 — (moisture + ash + crude fat + crude fiber) ()]

2.5. 0Oil extraction

[45] As a prerequisite for efficient gas chromatography analysis, oil was extracted from three replicates of beetle grubs cook using
different methods described above according to Igiehon et al. [46], with modifications. Briefly, 10 ml of dichloromethane and
methanol (2:1 v/v) were added to 1 g of each sample in 50 ml falcon tubes. The mixtures were vortexed and sonicated at 20 kHz for 10
min in an ice bath and centrifuged at 4200 rpm for 10 min. The supernatants were transferred into clean falcon tubes and placed in a
hooded chamber to evaporate any remaining solvent, leaving only the crude oil extract. The extracts (100 mg) from each replicate
were separately weighed into clean narrow-necked vials.

2.6. Analysis of fatty acids

To each vial containing 100 mg of oil extract, 1 ml sodium methoxide solution was added. The solution was prepared by dissolving
2000 mg of sodium methoxide into 20 ml of dry methanol. The mixture was vortexed for 1 min, sonicated for 10 min and incubated
over a water bath (70 °C) for 1 h. Hexane (1 ml) was added to each vial, vortexed for 1 min and transferred to Eppendorf tubes. The
mixture was centrifuged at 14000 rpm for 20 min. The supernatant (100 pul) was filtered into clean wide necked vials and 900 pl hexane
added by passing it through anhydrous sodium sulphate on inserts fitted in 1 ml pipette tips. Aliquot (1 pl) of the mixture was analyzed
in a 7890A gas chromatograph linked to a 5975C mass selective detector (Agilent Technologies Inc., Santa Clara, CA, USA). The carrier
gas was helium at a flow rate of 1.25 ml min~!. The oven temperature was programmed from 35 °C to 285 °C at 10 °C/min. The
standard, methyl octadecanoate (0.2-125 ng/pL) prepared from octadecanoic acid (>95 % purity) (Sigma-Aldrich, St. Louis, MO) was
analyzed by GC-MS to generate a linear calibration curve (peak area vs. concentration) with the equation; [y = 5E +07x +2E +07]
which gave 12 = 0.9997. The fatty acids in the samples were quantified using this regression equation. ChemStation B.02.02 software
was used for the data acquisition.

2.7. Analysis of amino acids

Each sample (200 mg) was separately transferred into a 5 ml micro-reaction vial into which 2 ml of 6 N HC] was added and closed
after careful introduction of nitrogen gas. For tryptophan analysis, 100 mg from each of the samples was separately transferred into a 5
ml micro-reaction vial into which 2 ml of 6 N NaOH was added and then capped after careful introduction of nitrogen gas. The samples
were hydrolyzed for 24 h at 110 °C. After the hydrolysis, the mixtures were evaporated to dryness under a vacuum. The hydrolysates
were reconstituted in 1 ml 90:10 water: acetonitrile, vortexed for 30 s, sonicated for 30 min, and centrifuged at 14,000 rpm. The
supernatant was analyzed by LC-MS. The compounds were identified and quantified using authentic sample mixture (amino acid
standard solution (AAS 18) purchased from Sigma-Aldrich (Chemie GmbH, Munich, Germany). Serial dilutions of the authentic
standard containing 18 amino acids (1-105 pg/pl) was also similarly analyzed by LC-MS to generate linear calibration curves (peak
area vs. concentration) used for the external quantification of the sample amino acids. The chromatographic separation was achieved
on an Agilent system 1100 series (MA, USA) using ZORBAX SB-C18, 4.6 x 250 mm, 3.5 pm column, operated at 40 °C. Mobile phases
used were made up of water (A) and acetonitrile (B) each with 0.01 % formic. The following gradient was used: 0-8 min, 10 % B; 8-14
min, 10-100 % B; 14-19 min, 100 % B; 19-21 min, 100-10 % B; 21-25 min, 10 % B. The flow rate was held constant at 0.5 ml min !
and the injection volume was 10 pL. The LC was interfaced to a quadruple mass spectrometer. The mass spectrometer was operated on
ESI-positive mode at a mass range of m/z 50-600 at 70 eV cone voltage.

2.8. Assessment of microbial quality

Three replicates of each cooked grub sample (5 g) were ground using a kitchen grade blender and suspended in 45 ml sterile
peptone water in 50 ml falcon tubes to form stock solutions. For microbial analysis, the cattle dung compost from which the grubs were
obtained was also analyzed in triplicates. Serial dilution was done by adding 1 ml from the stock solution into 9 ml peptone water in a
15 ml falcon tube using sterile pipette tips. This was repeated to obtain solutions between 102 and 10~° for isolation and analyses of
total viable count (TVC), Staphylococcus aureus, Salmonella sp., Shigella sp., Campylobacter sp., Enterobacteriaceae and fungi. Isolation
and analyses were done on six different types of media namely plate count agar (PCA), mannitol-salt agar, salmonella-shigella agar,
Campylobacter blood free selective agar base, violet red bile agar (VRBA) and potato dextrose agar (PDA) (Fig. 2).
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2.8.1. Enumeration of total viable count, Enterobacteriaceae, Staphylococcus aureus and yeast and moulds

Plate count agar (PCA) (Oxoid, UK), mannitol-salt agar (Himedia, India) and potato dextrose agar (PDA) (Oxoid, UK) were prepared
according to the manufacturers’ instructions for enumeration of total viable count, Staphylococcus aureus, and yeast and moulds count,
respectively. All the media were autoclaved at 121 °C for about 3 h, and allowed to cool to 45 °C. An aliquot of each sample (0.1 ml)
was drawn from stock solutions of 10™%, 107> and 10~ and poured into sterile culture plates. Each medium (20 ml) was poured into
each culture plate containing the sample and swirled to homogenize the mixture. The mixture was left for approximately 20 min to
solidify. Culture plates containing PCA and mannitol-salt agar were incubated at 35 °C for 48 h, whereas those containing PDA were
incubated at 25 °C for 72 h. Violet red bile agar (VRBA) (Oxoid, UK) used for enumeration of Enterobacteriaceae was also prepared as
per manufacturer’s instructions, boiled on a hot plate to dissolve the contents and allowed to cool to 50 °C and removed from the hot
plate into a sterile hooded chamber. Aliquots of each sample (0.1 ml) were drawn from stock solutions of 107, 10™> and 107° and
pipetted into sterile culture plates, followed by the media. The mixtures were swirled and left for 20 min to solidify. The plates were
incubated at 35 °C for 48 h. Counting was done and colonies expressed as colony forming units per gram (cfu/g). For calculation of
TVC, Enterobacteriaceae and yeast and moulds, colonies growing on 10~* culture plate was used to determine the colony count. For
Staphylococcus aureus, colonies growing on 10> culture plate was used to determine the colony count. For statistical accuracy, culture
plates should have a countable number of colony forming units (30-300) and not be overcrowded to avoid miscalculation due to
overlapping colonies which explains the culture plates selected in this study [47].

2.8.2. Detection of Salmonella, Shigella and lactose fermenting bacteria

Salmonella-shigella (SS) agar (Oxoid, UK) was prepared as per the manufacturer’s instructions and boiled to dissolve the medium.
The homogenized medium was allowed to cool to about 45 °C, poured into sterile culture plates and left in a sterile hooded chamber for
8 h to solidify. The sample was then streaked onto the medium using a sterile loop and incubated at 35 °C for 24 h. Presence of black
colonies indicated presence of Salmonella; whereas pink colonies indicated the presence of lactose fermenters; and colourless colonies
indicated the presence of Shigella sp [48].

2.8.3. Campylobacter sp.

Campylobacter blood free selective agar base (Oxoid, UK) was prepared as per the manufacturer’s instructions and autoclaved at
121 °C for about 3 h. The medium was then allowed to cool to about 45 °C, poured into sterile culture plates inside a sterile chamber
and left for 8 h to solidify. The specimens from 107> stock solutions prepared as described above were streaked onto the solidified
media using a sterile loop and incubated at 37 °C for 72 h in a microaerobic atmosphere. Presence of white colonies indicated presence
of Campylobacter sp. in the specimens.

2.9. Data analysis

Statistical analyses were carried out using IBM® SPSS® Statistics 20 (IBM Corporation, Armonk, NY, USA) at a = 0.05. Analysis of
variances were carried out to determine effect of cooking methods on nutritional composition and logs of microbial counts. Means

Fig. 2. Pathogens detected in cooked Oryctes sp. larvae products. A: microbial colonies on plate count agar (PCA); B: colonies of yeast and moulds
on potato dextrose agar (PDA); C: Enterobacteriaceae colonies on violet red bile agar; D: bacterial colonies on Salmonella-Shigella agar-Black and
colourless for Salmonella sp. and Shigella sp., respectively; and E: Campylobacter sp. colonies
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were separated using Tukey’s Honestly Significant Difference (HSD) test. Fatty acids which were detected in grubs from only one
treatment were not statistically analyzed, but their means and standard deviations of the means were computed and presented.

3. Results
3.1. Effect of cooking method on nutritional composition

Apart from crude fibre content, other proximate compositions of the beetle grubs were significantly affected by the cooking method
(Table 1). Compared to raw samples, boiling significantly reduced dry matter content of the grubs, whereas other cooking methods
statistically increased the dry matter content. The highest increase in dry matter content arose from deep-frying.

Ash contents of raw, toasted and deep-fried grubs were statistically comparable. However, significant increase and decrease in ash
content relative to raw grubs were recorded with roasting and boiling, respectively.

Compared to raw grubs, toasting, roasting and boiling significantly increased crude protein content of the grubs; whereas deep-
frying statistically reduced the crude protein content. The highest crude protein content (48.4 %) was recorded in the roasted
grubs, but this value was comparable to the crude protein contents of the toasted grubs.

Unlike protein content, crude fat significantly decreased in toasted, roasted and boiled grubs compared to raw samples, while deep-
fried grubs had statistically higher crude fat content than the raw grubs. The lowest crude fat content (19.9 %) was recorded in the
toasted grubs, and it was statistically comparable with that of roasted grubs, but lower than that of boiled grubs.

The contents of NDF in toasted and boiled grubs were comparable to that of raw grubs. However, roasting and deep-frying
significantly reduced NDF content compared to raw grubs, although the content in roasted grubs was comparable to those of toas-
ted and boiled grubs.

Compared to raw grubs, all the cooking methods increased ADF contents of the grubs, with the highest increase recorded in boiled
grubs. However, ADF contents of toasted, roasted and deep-fried grubs were statistically comparable.

Carbohydrate contents of raw, toasted and roasted grubs were statistically comparable. Although boiled and toasted grubs had
statistically comparable carbohydrate contents, boiled grubs had significantly higher carbohydrate content than raw grubs. In addi-
tion, carbohydrate contents of boiled and toasted grubs were significantly higher than that of roasted and deep-fried grubs. Deep-fried
grubs also had a significantly lower carbohydrate content than raw grubs.

3.2. Effect of cooking method on fatty acid composition

A total of 40 fatty acids were detected in the samples (Table 2). However, not all were detected in samples from each cooking
method. Only four saturated fatty acids (SFA) (Numbers 1, 5, 14 and 26 in Table 2), and one monounsaturated fatty acid (MUFA) ((E)-
9-Hexadecenoic acid) were detected in grubs across all the treatments, but at statistically different compositions. The content of
tetradecanoic acid and hexadecanoic acid methyl esters were comparable in raw, toasted and roasted grubs, but they were significantly
higher in boiled and deep-fried grubs. Although analysis of variance detected a significant effect of cooking method on the level of
dodecanoic acid methyl ester, no mean differences between any treatments were detected using Tukey’s test. The levels of octade-
canoic acid methyl ester were significantly higher in samples from all the cooking methods than in raw grubs, with the highest increase
recorded in the deep-fried grubs. Comparable levels of (E)-9-Hexadecenoic acid were recorded in all the grubs, except boiled grubs
which contained a significantly higher level.

Five SFA (Numbers 9, 10, 13, 18 and 29), one MUFA (9-heptadecenoic acid methyl ester) and one polyunsaturated fatty acid
(PUFA) (linoleic acid methyl ester) were present in only raw grubs. Fourteen SFA (Numbers 2-4, 6, 11-12, 19, 22-25, 27-28, and 30),
three MUFA ((E)-2-Octadecenoic acid, (Z)-9-Hexadecenoic acid and (Z)-9-tetradecenoic acid) and one PUFA (gamma-linolenic acid
methyl ester) were not detected in the raw grubs. Fourteen fatty acids were present in only one of the heat treatments. Six (Numbers 3,
6,11, 25, 27 and 28), two (3-Methyltridecanoic acid and gamma-linolenic acid methyl esters), three (Numbers 4, 12 and 23) and one
((E)-2-Octadecenoic acid) in roasted, boiled, toasted and deep-fried grubs, respectively. Other fatty acids were detected in grubs from
two or more treatments at statistically different levels.

Total SFA were most abundant in the boiled and deep-fried grubs, but were significantly lower in the raw, toasted and roasted
grubs. Boiling and deep-frying also significantly increased the amount of MUFA unlike roasting and toasting which significantly
reduced their levels. Interestingly, the MUFA levels in raw grubs were comparable to the content in all cooked grubs. Other than raw

Table 1

Dry matter basis proximate compositions (mean percentage + SD) of Oryctes sp. grubs cooked differently.
Form Dry matter Ash Crude protein Crude fat Crude fibre NDF ADF Carbohydrates
Raw 96.8 + 0.1° 7.0 + 0.6" 38.9 + 1.8° 30.0 + 1.2° 0.35 + 0.00% 20.1 +0.7° 15.7 + 1.2° 20.6 + 1.3%
Toasted 97.1 £ 0.1° 6.3 + 0.5% 48.4 +1.19 19.9 + 0.5° 0.35 + 0.01% 18.7 + 0.6™ 18.4 + 1.1° 22.1 + 1.6
Boiled 95.5 +0.1% 5.2 + 0.5° 43.7 £ 1.8° 22.5 + 0.9° 0.34 + 0.017 18.6 + 1.4* 22.3 +1.2° 23.8 +1.0¢
Roasted 97.3 +£0.1° 10.0 + 1.0° 47.0 +0.5% 21.7 + 0.9 0.36 + 0.02% 17.0 + 0.9° 18.3 + 0.5° 18.2+0.3°
Deep-fried 97.8 +0.19 7.5+ 0.3 32.9 + 0.2 49.0 + 0.8¢ 0.36 + 0.01% 14.1 + 1.0° 19.8 + 0.1° 8.0 £ 1.0
F (4.10) 259.1 24.6 75.2 549.1 2.5 17.1 20.6 95.5
P <0.001 <0.001 <0.001 <0.001 0.109 <0.001 <0.001 <0.001

Values bearing different letters within the same column are significantly different (P < 0.05).
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Table 2
Dry matter basis fatty acid composition (mean pg/g + SD) of oil extracted from Oryctes sp. grubs cooked differently.
Fatty acids Raw Toasted Boiled Roasted Deep-fried F value df P
Saturated fatty acids (SFA) methyl esters
1. Tetradecanoic acid 0.49 + 0.10? 0.22 £+ 1.86 + 0.25° 0.11 + 0.003* 2.01 + 0.22° 104.864 4, <0.001
0.02% 10
2.3-Methyltridecanoic acid - - 0.67 + 0.18 - - - - -
3.3-Methyltetradecanoic acid - - - 0.18 + 0.02 - - - -
4.12-Methyltridecanoic acid - 0.33 £ 0.03 - - - - - -
5. Dodecanoic acid 0.20 + 0.06° 0.15 + 0.63 + 0.48° 0.63 + 0.09° 0.72 + 0.09° 4.438 4, 0.026
0.01* 10
6.8-Methyldecanoic acid - - - 0.17 + 0.02 - - - -
7.13-Methyltetradecanoic acid 0.03 + - - 0.11 + 0.32 £ 0.04¢ 143.096 2,6 <0.001
0.002* 0.007°
8. Pentadecanoic acid 0.07 + 0.02* - 0.22 + 0.01° - - 127.975 1,4 <0.001
9.10-Methyldodecanoic acid 0.007 + - - - - - - -
0.0001
10.3,7,11,15- 0.02 £ 0.001 - - - - - - -
Tetramethylhexadecanoic acid
11. Octanoic acid - - - 0.43 + 0.01 - - - -
12. Tridecanoic acid - 0.18 + 0.03 - - - - - -
13.12-Methyltetradecanoic acid 0.18 + 0.02 - - - - - - -
14. Hexadecanoic acid 11.87 + 38.43 + 715.9 + 95.3° 46.39 + 701.55 + 100.534 4, <0.001
2.02% 1.122 16.99% 105.52° 10
15.10-Methylhexadecanoic acid 1.17 + 0.05" - - 0.93 + 0.04* 1.12 + 0.02" 32.737 2,6 0.001
16.14-Methylhexadecanoic acid 0.53 + 0.13° - 2.02 + 0.38° - 2.12 + 0.27° 30.214 2,6 0.001
17. Decanoic acid 0.26 + 0.02% 39.12 + 2.46 + 0.25% 0.15 + 0.01?* - 496.939 3,8 <0.001
2.96"
18.4,8,12-Trimethyltridecanoic acid 1.83 +£0.19 - - - - - - -
19.15-Methylhexadecanoic acid - 0.92 + - 0.88 £+ 0.03% - 1.775 1,4 0.254
0.04%
20. Heptadecanoic acid 0.42 + 0.04° 0.83 + - - 88.52 1,4 0.001
0.07"
21. Undecanoic acid 0.75 + 0.04° 0.12 + 1.14 £+ 0.16° - - 86.838 2,6 <0.001
0.01%
22. Nonanoic acid - - - 0.32 + 0.03" 0.19 + 0.02? 36.185 1,4 0.004
23.5,9,13-Trimethyltetradecanoic acid - 0.03 + - - - - - -
0.003
24. Heptadecanoic acid 0.01 + - 0.30 + 0.02° 0.01 £ 0.001* - 488.265 2,6 <0.001
0.003*
25.5,9-Dimethyldecanoic acid - - - 0.02 + 0.002 -
26. Octadecanoic acid 1.04 + 0.37% 16.64 + 35.95 + 32.03 + 1.03¢ 41.90 + 1.66¢ 38.149 4, <0.001
2.27° 9.91% 10
27.9-Methyltetradecanoic acid - - - 0.03 + 0.003 - - - -
28.10-methylundecanoic acid - - - 0.01 + 0.002 - - - -
29.11-methylnonadecanoic acid 1.75 £ 0.12 - - - - - - -
30.18-methylnonadecanoic acid - 0.98 + 2.80 + 0.13° 2.80 + 0.13° 4.36 + 0.11°¢ 332.256 3,8 <0.001
0.14*
31. Arachidic acid 0.83 & 0.04* - - - 1.76 + 0.14° 112.706 1,4 <0.001
>"SFA 21.49 + 97.91 + 763.96 + 85.18 + 756.06 + 109.798 4, <0.001
2.46° 1.65° 89.64° 17.99° 106.60" 10
Monounsaturated fatty acids (MUFA) methyl esters
32. (E)-2-Octadecenoic acid - - - - 0.08 + 0.02 - - -
33. (E)-9-Hexadecenoic acid 1.36 + 0.13% 0.34 + 4.86 + 1.55" 1.83 + 0.06% 1.92 + 0.24° 17.026 4, <0.001
0.05% 10
34. (Z)-9-Hexadecenoic acid - - 0.90 + 0.05° 0.04 £ 0.003* - 862.997 1,4 <0.001
35.9-heptadecenoic acid 0.72 £ 0.01 - - - - - - -
36. (Z)-9-tetradecenoic acid - - - 0.84 £+ 0.02 — - — —
37. (E)-9-Octadecenoic acid 85.20 + 38.29 + - - - 174.830 1,4 <0.001
2.89° 5.427
38. (Z)-9-Octadecenoic acid 3242 + - 326.92 + 89.81 + 209.13 + 21.013 3,8 <0.001
3.44° 90.95" 14.98°° 35.72°
>"MUFA 119.71 + 38.64 + 332.67 + 92.53 + 211.12 + 20.035 4, <0.001
1.07°° 5.44° 91.85" 14.91° 35.94° 10
Polyunsaturated fatty acids (PUFA) methyl esters
39. Gamma-linolenic acid - - 0.34 + 0.02 - - - - -
40. Linoleic acid 53.42 + 2.33 - - - -
> PUFA 53.42 + - 0.34 + 0.02° - 1553.90 1,4 <0.001
2.33°

Values bearing the same letters within a row are not significantly different (P < 0.05).
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grubs, PUFA were only detected in boiled grubs, but at significantly lower levels.
3.3. Effect of cooking method on amino acid composition

A total of 13 amino acids, 8 of them essential, were detected in the grubs (Table 3). Significant differences in the levels of the amino
acids across treatments were only detected for lysine, histidine, arginine, valine and phenylalanine. Levels of lysine and arginine were
lowest in raw grubs, and highest in the boiled grubs. Histidine levels were lowest in raw grubs and statistically comparable across the
cooking methods; whereas valine levels were lowest in deep fried grubs, and comparable across other treatments. Phenylalanine levels
were higher in toasted and boiled grubs than the rest of the treatments. Phenylalanine was the most abundant amino acid in the grubs
followed by tyrosine; whereas the least abundant amino acid was threonine and methionine.

3.4. Effect of cooking method on microbial quality

The type and/or load of microbes analyzed were influenced by the cooking methods (Table 4). Compared to the raw grubs, all
cooking methods significantly reduced TVC, with toasted grubs having the lowest counts. The counts of YMC in the grubs were
comparable in all the treatments except in boiled grubs where they were significantly higher. Enterobacteriaceae was detected in only
the substrate and raw grubs. Interestingly, the raw grubs contained significantly higher loads of TVC and Enterobacteriaceae than the
substrate. The loads of S. aureus were comparable in the raw grubs and substrate samples, but thy were significantly reduced in all the
heat cooking methods. Salmonella sp. were detected in all the samples except in the toasted and roasted grubs. Shigella sp. and
Campylobacter sp. were only detected in the raw grubs and substrate, respectively.

4. Discussion

Our data show that ash contents of Oryctes sp. closely compare with the values (4-15 %) reported in roasted or dried Oryctes
rhinoceros in Nigeria [38,49-51]. Contrastingly, lower ash contents (1.5-4.2 %) have been reported in Oryctes boas and other species of
beetle grubs from related genera such as Aphodius rufipe, Rhynchophorus phoenicis, Apomecyna parumpunctata and Analeptes trifasciata
[52]. Meanwhile, our data on protein and carbohydrate contents of the grubs corroborate the values reported in other studies [50,51],
but Bolaji et al. [38] reported higher protein values (53-63 %) and lower carbohydrate values (0.1-6.6 %) in edible beetle grubs. Our
data on dry matter content of the grubs corroborate the values reported by other authors [38,50], but Anaduaka et al. [51] reported a
markedly lower dry matter content of 74 % in edible beetle grubs. On the other hand, all the three previous studies cited reported
markedly lower fat contents of the grubs (9-15 %) than in our case. The crude fibre values in this study were slightly similar to those
reported in Oryctes rhinoceros grubs (1.4 %) but considerably lower than that of other edible beetle grubs which contain 1.96-25.14 %
crude fibre [33]. The NDF compositions of the grubs in this study (~14-20 %) is within the range (17-21 %) reported in Tenebrio
molitor, Zophobas atratus and Bombyx mori [53]. The ADF composition of the grubs (~16-22 %) were remarkably higher than the
ranges reported in Tenebrio molitor and Hermetia illucens (8-11 % and 5-9 %, respectively) [54]. Our studies also concur with findings
of Chakravorty et al. [55] and Ghosh et al. [56] who reported higher proportions of saturated fatty acids than monounsaturated and
polyunsaturated fatty acids in Odontotermes sp. and honey bee. However, Ghosh et al. [57] reported higher proportions of mono-
unsaturated fatty acids in Allomyrina dichotoma larvae, Protaetia brevitarsis larvae and Tenebrio molitor larvae, which are used as food
and feed in South Korea. The contradictions in nutritional profiles of the grubs compared to previous reports may be attributed to
inter-species variation, cooking methods, and dietary sources, and hence the nutrient contents of the insects which are influenced by
vegetation, climate and soil characteristics [58-60].

Our data indicate that toasting, roasting and deep-frying increased dry matter contents of the grubs, while boiling reduced the dry
matter content relative to raw grubs. The most marked increase in dry matter content arose from deep-frying, probably as a result of
markedly higher temperature during deep-frying (180 °C) than during boiling (100 °C) and roasting (150 °C). High temperatures cause

Table 3

Dry matter basis amino acid composition (mean mg/g + SD) extracted from Oryctes sp. grubs cooked differently.
Amino acid Raw Toasted Boiled Roasted Deep-fried F4,10) P
1. Alanine 0.30 + 0.0% 0.23 + 0.06% 0.23 + 0.06% 0.20 + 0.0° 0.23 +0.1° 2.0 0.171
2. Lysine” 0.27 + 0.06° 0.60 + 0.0™ 0.67 + 0.06° 0.60 + 0.0 0.53 +0.1° 36.7 <0.001
3. Histidine® 0.20 + 0.0% 0.27 + 0.06% 0.30 + 0.0° 0.30 + 0.0° 0.30 + 0.0° 8.5 0.003
4. Arginine 0.30 + 0.0% 0.40 + 0.0° 0.50 + 0.0° 0.43 + 0.06™ 0.47 + 0.1° 13.3 0.001
5. Threonine® 0.10 + 0.0% 0.10 + 0.0% 0.10 + 0.0% 0.10 + 0.0° 0.10 + 0.0° 2.5 0.176
6. Glutamic acid 0.43 + 0.06° 0.40 + 0.0% 0.40 + 0.0° 0.37 + 0.06* 0.37 + 0.06* 1.2 0.382
7. Proline 0.57 +0.1% 0.60 + 0.0% 0.53 + 0.06% 0.50 + 0.0% 0.50 + 0.0° 1.7 0.226
8. Valine® 0.33 + 0.06%° 0.40 + 0.0° 0.40 + 0.0° 0.33 + 0.06™ 0.30 + 0.0° 4.5 0.024
9. Methionine® 0.13 + 0.067 0.10 + 0.0% 0.10 + 0.0% 0.10 + 0.0° 0.07 + 0.1 1.3 0.351
10. Tyrosine 0.90 + 0.3* 0.78 + 0.06% 0.78 + 0.06% 0.47 + 0.06* 0.67 + 0.1° 2.9 0.078
11. Isoleucine® 0.43 + 0.06% 0.50 + 0.0° 0.53 + 0.06% 0.43 + 0.06% 0.43 +0.1° 2.5 0.109
12. Leucine® 0.57 £ 0.1% 0.53 + 0.06% 0.60 + 0.0% 0.53 + 0.06* 0.50 + 0.0° 1.1 0.415
13. Phenylalanine® 2.27 + 0.06% 2.80 + 0.1° 2.70 + 0.1° 2.40 + 0.1% 2.33 +0.1° 17.9 <0.001

@ Essential amino acids.
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Table 4

Effect of cooking method on microbial safety of Oryctes sp. grubs.
Product TVC (logefu/ YMC (logcfu/ Enterobacteriaceae (logcfu/ S. aureus (logcfu/ Salmonellasp.  Shigellasp. ~ Campylobacter sp.
form 2) 8) g) 9
Substrate 5.95 + 0.00° 4.95 + 0.00* 5.43 + 0.00* 7.11 £ 0.22° ++ -- ++
Raw 9.78 + 0.04¢ 5.26 + 0.00% 8.27 + 0.00° 7.05 + 0.07° ++ ++ --
Toasted 5.11 + 0.22° 4.95 + 0.00° 0 5.95 + 0.00° - - -- --
Boiled 6.95 + 0.00° 6.10 + 0.04° 0 6.20 + 0.09° ++ -- - -
Roasted 5.95 + 0.00" 5.11 £ 0.22% 0 5.95 =+ 0.00% -- .- .-
Deep-fried 5.95 + 0.00" 4.95 £ 0.00% 0 5.95 =+ 0.00% + + -- --
F 56 667.16 48.53 3193741.80 60.97
P <0.001 <0.001 <0.001 <0.001

Log cfu/g values are presented as Means + S.D. Values bearing the same letters within a column are not significantly different (p > 0.05). + +
indicates that the microorganisms were detected in all replicates while - - indicates the microorganisms were absent in all replicates. TVC-total viable
count, YMC- yeast and mold count.

evaporation of water and a build-up of pressure within the food crust, causing cracks [61]. On the contrary, the reduction of dry matter
contents of the grubs as a result of boiling could be due to imbibition of water by the grubs, raising moisture content [62,63].

Whereas toasting and deep-frying did not affect the ash content of the grubs relative to raw grubs, boiling reduced the ash content,
while roasting increased it. This may be a result of leaching out of minerals into the boiling water while roasting could have markedly
reduced the moisture content of the grub, hence concentrating the ash [64]. The high content of ash in the roasted grubs partly
corroborates the report by Baek et al. [65] that roasted mealworm Tenebrio molitor contained higher ash contents than the deep-fried
samples. On the other hand, our findings contradict that of Kouabitheu et al. [66] that fried termite Macrotermes subhyalinnus and
saturniid Imbrasia obscura, contained higher ash contents than raw samples of the insects. The comparability of ash content in raw,
toasted and deep-fried grubs coincides with our data on moisture contents which were comparable in grubs cooked by these methods.
This may account for similar level of concentration of nutritional components [65].

With the exception of deep-frying, all the other cooking methods resulted in an increase in protein content of the grubs, with
toasting causing the highest increase. These results corroborate other studies that toasted Ruspolia differens had higher protein content,
while the deep-fried grasshoppers recorded the lowest protein content [67]. Nyangena et al. [68] also reported lower protein content
in both boiled and roasted Acheta domesticus, Hermetia illucens, Ruspolia differens and Spodoptera littoralis compared to the toasted insect
samples. The report by Ssepuuya et al. [64] that increase in protein content of Ruspolia differens is approximately proportional to loss in
crude fat content corroborates our findings. Dry cooking of food at more than 100 °C results in moisture loss, thus concentrating the
protein in the product [69]. Heat treatment (>100 °C) during food cooking may also result in loss of antioxidant protection within the
food rendering the protein susceptible to attack by reactive oxygen species (ROS) leading to the formation of carbonyl derivatives and
Schiff bases [70]. During boiling of food, some protein leaches into boiling water [71], which may partly explain our record of lower
protein content in boiled grubs than toasted grubs. The statistical comparability of protein content of boiled grubs with roasted grubs
but not with toasted grubs may be a result of dependence of the loss of protein on the heating temperatures, which were lower in
toasting (150 °C) than roasting (180 °C), and varying heat transfer mechanisms like air currents velocity, flowrate, duration, and
chamber pressure [72].

We recorded ~25-34 % reduction in fat content in the grubs due to toasting, boiling, and roasting, but >63 % increase in the same
due to deep-frying. The former could be mainly attributed to the effect of heat [64], and leaching of the fat into the boiling water in
case of boiling [62,63]. On the other hand, the observed increase in fat content of the grubs is consistent with reports on other
deep-fried foods [73,74]. Deep-fried food take-up oil mostly during cooling after frying [73,74]. In most cases of immersion and during
the frying process, the internal pressure in the food created by the pressure loss across the crust when steam escapes the product
opposes the oil capillary pressure, preventing oil uptake [73,74]. The pressure gradient however reverses during cooling, causing oil to
infiltrate the product. The elevated fat content of the deep-fried grub may therefore be that of the commercial frying oil rather than the
innate fat of the grubs. Consumption of deep-fried grubs could therefore provide different nutritional outcomes to consumers than the
grubs prepared using other methods. Deep-frying of food also has a limitation of increasing its calorie content which puts the consumer
at risk of obesity and cardiovascular diseases [75].

We found that the crude fibre content of the grubs was not affected by any cooking method, which corroborates a report by Yisa
et al. [76] on G. bimaculatus, R. differens and B. alcinoe. This implies that the influence of the cooking heat on the cell wall structures is
similar. Meanwhile, all processing methods reduced NDF content of the grubs compared to the raw grubs. Similarly, all methods
reduced ADF content compared to raw grubs, except boiling. These findings corroborate the report by Dhingra et al. [77] that heating
decreases the amount of soluble components of fibre due to solubilization of the polysaccharides.

The carbohydrate contents of the grubs were increased by boiling, but decreased by deep-frying. This could be because water
hydrates starch, leading to gelatinization which increases digestibility of starch [78]. On the other hand, deep-frying is known to
reduce the content of digestible starch due to the formation of amylose-lipid complexes [79].

Several studies have reported anti-nutrients in edible insects, which are ingested after consuming plant matter, that inhibit the
absorption of important nutrients [60]. For instance, Musundire et al. [80] reported presence of tannins, cyanogenic glycosides, al-
kaloids, oxalates, and saponins in varying quantities in Henicus whellani which may have both positive and negative effects. Trace
values of tannins, phytates and oxalates that interfere with the biovailability of proteins and minerals have been reported in Oryctes
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monoceros and Oryctes boas in Nigeria [81]. Boiling has been found to reduce the levels of anti-nutrients in edible insects to permissible
levels [82], although drying has been reported to concentrate the levels of tannins, oxalic acid, phytic acid, hydrogen cyanide and
trypsin inhibitor in Acheta domesticus [83]. There is therefore need for further exploration on the presence and quantities of
anti-nutrients in edible insects.

The fatty acid profiles varied considerably across the grubs cooked differently, with only five of the forty detected fatty acids
occurring in the grubs across all the treatments; and a variable number and amounts of fatty acids uniquely occurring in grubs cooked
using the different methods. This is a clear indication of different chemical processes accompanying the different cooking methods,
which require more detailed investigations. These chemical changes could be due to moisture loss during heat preparation which
concentrates some fatty acids, lipid oxidation, loss of the fatty acid into the cooking medium, oozing of the fatty acids out of the food
matrix or release of lipids bound to other nutritional components after the bonds are broken [84]. Differences in fatty acid profiles
associated with cooking methods have also been reported in beef [84] and other edible insects like mealworms [85] and grasshoppers
[64].

We detected 13 amino acids, of which eight were essential amino acids. A previous study on Oryctes rhinoceros larva in Nigeria
detected 17 amino acids, seven of which were essential amino acids [49]. The differences between our results and those in previous
findings could be attributed to differences in species and geographical locations [58-60]. Future studies to ascertain the species of the
beetle grubs in western Kenya where the studied grubs were collected is warranted to confirm their effect on nutritional value. We
detected methionine and threonine as the limiting amino acids in the grubs, which corroborates reports on other edible insects like
termites, moth caterpillars and crickets [86]. Meanwhile, phenylalanine was the predominant amino acid, demonstrating that the
protein of the grubs has high emulsification capacity [87]. The marked differences in levels of some amino acids across the different
cooking methods may be attributed to oxidative damages, amino acid side chain modification, or modification of aromatic amino
acids, the extent of which varies with cooking time and temperature [88].

Although all the heat cooking methods reduced the TVC compared to raw grubs, only toasted grubs contained about 5 log cfu/g,
which is the safety limit set out in the standards on edible insect products in Uganda and Kenya [89,90]. Apart from boiling, the TVC in
the grubs cooked using the rest of the methods were very close to 5.7 log cfu/g which is the limit for minced meat which is recom-
mended as a benchmark where standards on edible insects are lacking [91,92]. This reduction in TVC in the grubs by the heat pro-
cessing methods may be a result of the high temperatures which dehydrates the grubs, lowering their water activity [93]. The total
viable counts in this study are comparable to those of other raw edible insects [92,94]. Interestingly, the grubs contained higher TVC
than their breeding substrates. This might be due to the exposure of the substrate to ultraviolet radiation from the sun which are known
to damage bacterial DNA by suppressing metabolic activities and inhibiting gene expressions [95]. Further research is necessary to
provide insight on the exact effect of ultraviolet radiation on the DNA of the diverse microorganisms reported in this study.

Apart from boiling which increased yeast and moulds counts compared to raw grubs, all cooking methods had no effect on the
counts of these microbes. This may be explained by the highest moisture (lowest dry matter) and carbohydrate contents of boiled grubs
which favour microbial growth [93,96]. Unlike the report by Nyangena et al. [68] that both boiling and toasting eliminated yeast and
moulds in other edible insects namely H. illucens, A. domesticus, R. differens and S. littoralis, complete elimination of these microbes was
not achieved with the beetle grubs. This may be attributed to intrinsic differences brought about by different rearing environments
[68]. The yeast and mold levels in the heat cooked grubs exceeded the limits for edible insects and minced meat (<3 log cfu/g) [34,89,
90].

All the cooking methods eliminated Enterobacteriaceae which occurred in the raw grubs [and their substrate]. Enterobacteriaceae
includes microorganisms like Escherichia sp., Salmonella sp. and Campylobacter sp. whose presence is usually an indicator of poor
hygiene during food handling and processing [97]. Elimination of these organisms from the grubs could be attributed to the high
treatment temperatures which inactivate the microorganisms by either lowering their water activity or denaturing their protein
composition [93]. The Enterobacteriaceae counts in the raw grubs were comparable to those reported for raw R. differens (6.89-7.83 log
cfu/g) [98].

All cooking methods reduced S. aureus counts, but the counts exceeded <1 log cfu/g safety limit set for edible insects-based food in
Uganda and Kenya [89,90]. Complete elimination of S. aureus due to these treatments is expected as all thermal treatments were above
the survival temperature range for S. aureus of 6.5-50 °C [99]. It is probable that the S. aureus detection in the grubs subjected to
different heat treatment may have been because of handling after the treatment or exposure to air [8,94].

Only toasting and roasting eliminated Salmonella sp. in the grub samples, partly corroborating van Huis et al. [8] that although
boiling is effective in eliminating enteric bacteria, some spore-forming bacteria prevail. Campylobacter sp. however was only detected
in the substrate but not in the raw or processed products. According to Wynants et al. [100], when Salmonella sp. is present at low levels
in the substrate, it may not be detected in the raw insect due to exclusion by intrinsic microorganisms within the insect. Salmonella sp.,
Shigella sp. and Campylobacter sp. are pathogenic bacteria and major causes of food poisoning that may cause human gastroenteritis,
diarrhoea and dehydration, while S. aureus may cause nausea and vomiting [101]. No trace of these bacteria is therefore tolerated in
standards of edible insects and/or 25 g of minced meat [89-91].

Notably, the sustainability of the insect value chain is dependent on several factors which also have an effect on the safety of insect
products namely the biology of the species, entomophagy knowledge, changing efficiency of traditional methods, farming conditions,
processing, transport, and storage conditions, and consumer awareness and acceptance [102].

5. Conclusion and recommendations
Cooking methods greatly affected the nutritional value and safety of edible Oryctes sp. larvae. Deep-frying markedly reduced
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protein, NDF and carbohydrate content of the grubs, but remarkably elevated their fat content. Boiled grubs had the lowest dry matter
and ash content, but with the highest ADF and carbohydrate composition. Roasting and toasting spiked the protein and ash content of
the grubs, respectively. Only five out of the forty fatty acids detected occurred in grubs across all the treatments; and six, two, three and
one fatty acids were uniquely detected in only raw, roasted, boiled, toasted and deep-fried grubs, respectively. Saturated fatty acids
were most abundant in the boiled grubs, while levels of MUFAs were mostly elevated in boiled and deep-fried grubs. Other than raw
grubs, PUFAs were only detected in boiled grubs, but at much lower levels. Levels of most amino acids were comparable across
treatments, while some of them notably lysine and arginine were elevated in all the cooking methods compared to raw grubs. All the
processing methods eliminated Enterobacteriaceae, Shigella sp. and Campylobacter sp. from the grubs. Aside from boiling, all methods
reduced total viable count to safe levels. All grub products in this study had exceedingly high Staphyloccus aureus levels hence post-
processing handling of both the personnel and equipment needs to be carefully observed. However, Salmonella sp. were only elimi-
nated by toasting and roasting; while boiling promoted the growth of yeast and moulds. These findings will guide the choices on the
type of method to employ under specific consumer needs.

The anti-nutrients present in the edible rhinoceros beetle larvae in this study were not quantified. It is important to note that anti-
nutrients may hinder absorption of nutrients. Therefore, further investigation is warranted on the presence and quantity of anti-
nutrients in Oryctes sp. and how different cooking methods may affect them.

Limitations of the study

The weaknesses of this study are (i) there were no independent biological replicates within cooking methods due to limited
availability of the samples, and (ii) the chemical composition of the commercial cooking oil used in frying the grubs was not deter-
mined, hence limiting explanation of its effects on the nutritional value and microbial content of the grubs.
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