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HIGHLIGHTS:

= Rhynchophorus phoenicis is a good source of fat, protein, and crude fiber.

= Linoleic acid, oleic acid, and palmitic acid made up most of the fatty acid concentrations of R. phoenicis.
= Fe, Mn, and Zn are the most important metal compounds of R. phoenicis.

= Consumption of larvae might be used to combat malnutrition deficiencies.
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ABSTRACT

Background: Edible insects are rich in protein, amino acids, fat, vitamins, and trace
elements. However, they are the potential carriers of toxicants, allergenic substances,
anti-nutrients, and pathogens. The present study aims to determine the proximate and
nutritional, fatty acid, metal composition, and microbial load of palm weevil larvae
(Rhynchophorus phoenicis Fabricius, (Coleoptera: Curculionidae)), an insect species
commonly consumed in Nigeria.
Methods: Twenty five R. phoenicis were randomly collected in April, 2021 from
different local farms. The insects were exterminated by freezing and thereafter defrosted
at room temperature in the laboratory; with the exception of the samples for moisture
analysis, they were oven dried to a constant weight at around 65 °C for 24 h, grounded,
and analyzed for proximate content, fatty acids, metals, and microbial load following
standard laboratory procedures.
Results: The results show that R. phoenicis contained 45.60% crude fat, 15.79% crude
fiber, and 5.25% crude protein by weight. Linoleic acid, oleic acid, and palmitic acid
made up most of the fatty acid concentrations at 54.13, 23.86, and 14.19%, respectively.
Iron (Fe) content was the highest metal (4.923 ppm), followed by manganese (Mn; 2.767
ppm) and zinc (Zn; 1.04 ppm). The isolated microorganisms were mold and yeast (5x10
Colony Forming Unit (CFU)/g), Staphylococcus sp. (33x10° CFU/g), and
Micrococcus/Bacillus substilis sp. (5x10° CFU/g).
Conclusion: The high nutritional composition present in R. phoenicis evaluated in this study,
compared to the dietary protein value obtained from other animal food sources, suggests the
need for their adoption as animal protein and essential fatty acid sources in human diets.
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Introduction

Insects make up the largest animal category in the world,
accounting for 76% of all species (Stork, 2018). They are
crucial elements of ecosystems as well as Kkillers of
agricultural crops, disease carriers, and good sources of
nutrients. In the industrialized world, insects are seen as a
suitable substitute for animal products in both rural and
urban settings (Chia et al., 2019). Eighteen orders totaling
more than 2,300 species, of which five are at least well-
documented, are edible (Tang et al., 2019). There have been
reports of edible desert locusts, cutworms, termites, blue
butterfly larvae, backstroke eggs, and insect fly maggots
from Africa, Asia, and Latin America (Yin et al., 2017).

"Entomophagy" is the name given to the practice of
eating insects. According to Tang et al. (2019) and
Zabentungwa et al. (2021), entomophagy may be a viable
approach to helping people in several nations throughout the
world have better nutritional health. Depending on the
region, the type of insects accessible, and the ethnic group
involved, the ritual may appear different (Johnson, 2010).
Edible insects are mostly significant biological resources that
are rich in dietary protein, amino acids, fat, carbs, different
vitamins, and trace minerals (Alamu et al., 2013; Xiaoming
etal., 2010).

According to estimates, 81.4% of all proteins are of
vegetable origin, with cereals alone accounting for 57% of
those proteins and oil seeds and nuts for 16.8% (Oso and
Ashafa, 2021). These natural protein resources are being
overharvested due to the population surge, and imported
food is becoming more expensive (Tang et al., 2019).
Therefore, it is vital to carry out research to find local
alternative protein sources globally. It has been believed that
since insects are frequently consumed by many organisms,
including humans, they could be a desirable replacement
(Banjo et al., 2006; Shantibala et al., 2014). Most edible
insects are widely accessible, affordable, and have a high-
quality protein content that is required to supplement the
cereal-based meals eaten in developing nations.

Villagers in Owo, Ondo State, and other states in Nigeria
use Rhynchophorus phoenicis Fabricius, 1801, (Coleoptera:
Curculionidae), also known as African palm grubs or palm
weevils and frequently referred to as "Ekuku" in Yoruba
dialect, as a good substitute for meat in the soup. Treatment
of children's coughs was also thought to benefit from its
consumption by Ogoni tribe of Nigeria (Okaraonye and
lkewuchi, 2008). These mature larvae are typically collected
by farmers or agricultural households from inside the trunks
of fallen palm trees, where adults lay their eggs and raise
their young. It measures more than 2 cm in width, and 5 cm
in length, and resembles a squishy, cream-colored grub
(Okoli et al., 2019).

The development of nutritious food supplements can

benefit from knowledge about the nutritional value of these
edible insects (Shantibala et al., 2014). Despite the nutritional
potential of edible insects, there are safety risks associated
with insect consumption. However, there is limited
information about the likelihood that it may contain harmful
metals and bacteria. From the point of view of food safety,
humans may consume food borne pathogens, allergens,
toxicants, and anti-nutrients through entomophagy (Rumpold
and Schliter, 2013), which may be responsible for food
related diseases and human or animal death. Assessment of
microbial loads in food source is commonly used in the
evaluation of food microbiological quality or to certify the
possible safety of foods (Ebenebe and Okpoko, 2015). So, the
current study aimed to characterization R. phoenicis proximate
analysis, fatty acid, metals, and microbial load compositions to
determine its safeness for consumption.

Materials and methods

Sample collection and preparation

Twenty five R. phoenicis samples were randomly taken in
April, 2021 from an oil palm plantation in Owo, Ondo State.
Following Banjo et al. (2006) procedure, the insects were
exterminated by freezing. The ice-covered samples were next
allowed to defrost at room temperature in the laboratory, and
then, with the exception of the samples for moisture analysis,
they were oven dried to constant weight at around 65 °C for 24
h. Before being processed into a powder through an electric
grinder (Binatone model, Japan), the larvae were surface
sterilized. Each grounded sample was stored in clearly
marked, airtight plastic containers, and stored in the same air-
dried oven that was used for all laboratory tests.

Moisture Content (MC) determination

A clean empty crucible was weighed as W, and 5 g of
pulverized R. phoenicis sample was added to it and then
reweighed as W,. This was dried for 24 h at 105 °C in a hot
air oven. To ensure full drying, the dried sample was chilled
in a desiccator before being placed back in the oven.
Readings were made using the same timing until constant
values were obtained, and the weight was taken as Wj;
(AOAC, 2012).

The MC percentage was obtained by the following formula:
%MC=[(W,-W,)/(W,—W1)x100]

Proximate analysis

The samples were examined in triplicate for moisture,
ash, and crude fiber using the AOAC (2012) recommended
techniques using the micro Kjeldahl method to measure
nitrogen. The nitrogen content was transformed into protein
by multiplying it by a ratio of 6.25. The difference was used
to determine carbohydrates.
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Ash content determination

The crucible was initially weighed and recorded as Wi,
and 2 g of the crushed R. phoenicis sample was then added,
resulting in a new weight of W,. The crucible was then
heated to 500 °C in a muffle furnace (Gilson Company Inc,
USA) for 6 h, after which the sample was allowed to cool
and weighed once again as W3 (AOAC, 2012). Percentage
ash content was calculated as:
%ASh=[(Wz—W,)/(W,-W,;)x100]

Crude fiber determination

A 1 L of conical flask marked "W," was filled with 2 g of
the defatted sample. Then, 200 ml of boiling, 1.25% sulfuric
acid (H,SO,) (Avondale Laboratories, UK), and 200 ml of
water were carefully added, and the mixture was heated for
30 min while keeping the volume constant with a cooling
finger. After being filtered using muslin fabric and washed
with distilled water, the heated sample was filled into the
conical flask with a spatula.

About 200 ml of 1.25% boiling sodium hydroxide
(NaOH) (Meru Chem PVT. Ltd. Mumbai, India) was added
to the sample and heated at a fixed temperature sustained
with cooling finger for 30 min. The residue was completely
washed with hot distilled water and then once with 10%
hydrochloric acid (HCI) before the sample was filtered using
a poplin towel. It was then allowed to cool in a desiccator
and weighed as W, after being dried in an oven overnight at
105 °C. After that, it was burned to ash at 550 °C for 90 min
in the muffle furnace. After cooling, it was weighed as W3
and recorded (Ademola and Abioye, 2017).

The fiber percentage was achieved by the following formula:
Y%Fiber=[W,~W,/W;x100]

Crude fat determination

A clean washed 250 ml extraction flask was oven dried at
105 °C and weighed. About 30 g of the grounded sample was
then weighed into a labelled permeable thimble. Thereafter,
the thimble mouth was sealed with white clean cotton wool.
Two hundred ml petroleum ether (Avondale Laboratories,
UK) was added into a 250 ml extraction bottle (AOAC, 2012).

The covered permeable thimble was then placed into the
condenser and the apparatus was gathered for extraction,
which lasts for 6 h after the permeable thimble was removed
and the extraction flask was placed in the water bath to
remove traces of petroleum ether from the sample (AOAC,
2012). Then the weight was recorded as Ws.

Fat percentage was determined as follows:
Y%Fat=[(W5s—W,)/W,;x100]

W, weight of ground sample; W,: weight of empty
extraction flask; Ws: weight of extraction flask+oil.

Protein content determination

About 0.5 g of pulverized sample was weighed into a dried

500 ml macro-Kjeldahl flask (Thomas Scientific, USA) and
mixed with 20 ml of distilled water. The flask was spun at
1,000 rpm for 15 min and permitted to rest for about 30 min.
Two tablets of mercury catalyst (UNICAT Catalyst
Technologies, USA) were added with 30 ml of conc. H,SO,
(Avondale Laboratories, UK). The flask was boiled carefully
under controlled heat on the digestion stand till a pure digest
was achieved and was heated for another 5 h. The flask was
cool down and distilled water (100 ml) was gently added to it.
Thereafter, 10 ml of the digest was placed into an
uncontaminated 750 ml macro Kjeldahl flask. The residue was
washed four times with 50 ml of distilled water and an aliquot
was poured into the flask. About 20 ml of H;BO; indicator
solution (Fisher Scientific, USA) was added into a 250 ml
erlenmeyer (conical) flask placed under the distillation
apparatus with 750 ml Kjeldahl flask attached to the
distillation apparatus. Then, 150 ml of 10 N NaOH was
gradually emptied into the flask and permitted to cool below
30 °C, by letting enough cold water to run through and also
modifiable heat to reduce bubbling and avert suck back.
About 40 ml of the concentrate was collected and the
distillation was stopped. To determine NH,-H, the distillate
was titrated using a 25 ml burette graduated at 0.1 ml intervals
with 0.01 N standard HCI (Ademola and Abioye, 2017).
Nitrogen percentage was calculated by the formula below:
%Nitrogen= [(NAXTV)x(0.014xDF)/volume of
aliguotxweight of sample)]x100

NA: normality of acid (0.01 N); TV: titer value; DF: dilution
factor; volume of aliquot: 10 ml.

Fatty acid analysis

For about 5 min, 50 mg of extracted fat content of the
sample was esterified (saponified) in dry methanol at 95 °C
with 3.4 ml 0.5 M potassium hydroxide (KOH) and the
mixture was neutralized with 0.7 M HCI. Thereafter, to
attain a complete methylation process, the mixture was
heated for 5 min at 90 °C with adding 3 ml of 14% boron
trifluoride in methanol. Fatty acid methyl esters were
removed from the mixture with redistilled n-hexane thrice
(Rashid et al., 2008). The sample was concentrated to 1 ml
prior to gas chromatography analysis and 1 upl was
introduced into the injection port of the Hewlett Packard
6,890 Gas Chromatograph-Mass Spectrometer (GC-MS)
attached with Hewlett Packard 5,973 mass spectroscopy
detector (Botinestean et.al., 2012).

Metals test

One g of the sample was weighed into a crucible and
ashed at 550 °C for 5 h in a muffle furnace and then cooled
in a desiccator. The ashed samples were dissolved in 1 ml
nitric acid (HNO;) and 1 ml HCI, respectively and then
made up to 100 ml. Afterward, metals were detected using
Atomic Absorption Spectrophotometry (AAS), (Model UV
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4.1, Thermo Scientific, United Kingdon) (Iwegbu and Igene,
2022).

Microbial load determination

-Media

The media used were Eosin Methylene blue (EMB)
(Neogen, USA), MacConkey Agar (Biolife, Nigeria),
Potatoe Dextrose Agar (PDA) (Titan Biotech Ltd., India),
Tryptone Agar (TA) (Biolife, Nigeria), and Nutrient Agar
(NA) (Biolife, Nigeria). All the media were pre-stored
according to the manufacturer’s prescription.

-Isolation and identification of organisms

Five g of the sample (R. phoenicis) was milled
aseptically, transferred into 45 ml of sterile distilled water,
and then mixed thoroughly (Ebenebe and Okpoko, 2015).
One ml of the dilution was transferred into another tube
containing 9 ml of sterile distilled water to obtain 10", the
dilution protocol continued to obtain 10° (Braide and
Nwaoguikpe, 2011). One ml was inoculated from dilution
10° into the sterile plate and the prepared sterilized media
was poured on it (pour plate method). It was allowed to
congeal and incubated at a temperature of 37 °C for 48 h
(Nwaehujor et al., 2022). Colonies developed on the
corresponding media plates were counted and used in
estimating the bacterial loads in the sample after incubation
(Nwaehujor et al., 2022). The bacterial count was done with
the use of a digital colony counter (Labtech, model AVI-
659, India). Cultural physiognomies, color change in media,
and morphological features studied on culture plates were
used to identify the bacteria (Hemalata and Virupakshaiah,
2016). Authentication of bacterial isolates identities were
achieved by further referencing their physiognomies with
those found in the Bergy’s manual of determinative biology
(Prescott et al., 2011).

Data analysis

Data were subjected to Microsoft excel to find the mean

and standard deviation of triplicate samples. Statistics for
Social Science Packages (SPSS) version 21 was also used
for Pearson correlation (p<0.05).

Results

The proximate analysis showed that R. phoenicis
contained 45.60+3.31% weight of crude fat and
15.79+0.74% crude fiber. The MC was 22.00+£2.55% while
ash content, crude protein, and carbohydrate were 1.9940.71,
5.25+0.30, and 9.36+0.18%, respectively.

The larvae of R. phoenicis contained nine fatty acids.
Linoleic acid 54.13+0.001%, oleic acid 23.86+2.17%, and
palmitic acid 14.191+0.15% had the highest fatty acid
concentrations, respectively. Stearic acid concentration was
5.77+0.74%, arachidic acid 1.79+0.22%, myristic acid
0.09+0.03%, palmitoleic acid 0.05+0.01%, margaric acid
0.11+0.01%, and linolenic acid concentration was
0.005£0.00%.

The highest metal composition of R. phoenicis was iron
(Fe) (4.923 ppm). Manganese (Mn) composition was
2.767+0.54 ppm, zinc (Zn) 1.038+0.10 ppm, lead (Pb)
0.003+0.00 ppm, and copper (Cu) composition was
0.291+0.09 ppm. However, chromium (Cr) and nickel (Ni)
composition was measured 0.001+0.00 ppm. Cadmium (Cd)
was not detected in the palm weevil larvae.

Microbes were only detected in the samples cultured with
PDA, NA, and TA. The microbial count for PDA was 5x10”
Colony Forming Unit (CFU)/ml and the organism isolated
was bacterium. For NA, the count load was 33x10° CFU/ml
and Staphylococcus was isolated. TA recorded 5x107
CFU/ml and Micrococcus and Bacillus subtilis were
isolated. No fungus was observed in the sample.

Pearson correlation revealed that yeast and B. substilis
had a significant relationship (p<0.05) with Ni, Cu, ash
content, crude fat, and crude fiber. Meanwhile,
Staphylococcus had a significant relationship (p<0.05) with
Mn and Fe (Table 1).

Table 1: Pearson correlation of microbial load with metals and proximate contents

Nickel (Ni) Ma(”,a"’r‘]r)‘ese Iron (Fe) CFC”S)‘” Chr(‘():”r‘)'“m Ash Content  Crude Fat ,C:fggre
Yeast 0,991 0317 0.167 0,883 0.991" 0.699" 0.901 0.888 "
p-value 0.001 0.603 0.788 0.047 0.001 0.038 0.037 0.044
Staphylococeus 0.623 0.977" 0.933" 0.854 0.623 0.082 0.834 0.849
p-value 0.262 0.004 0.021 0.065 0.262 0.895 0.079 0.069
Bacillus substilis 0.991 0.317 0.167 0.883" 0.991" 0.899" 0.901 * 0.888"
p-value 0.001 0.603 0.788 0.047 0.001 0.038 0.037 0.044

*: Correlation is significant at the 0.05 level (2-tailed).
**: Correlation is significant at the 0.01 level (2-tailed).
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Discussion

The crude protein value (5.25%) observed in the present
study is not comparable to the mean value of 21.91%
reported by Okoli et al. (2019) and is lower than the value
of 10.51% (late larvae stage) reported by Omotoso and
Adedire (2007) for the larvae of the same insect species
collected from different locations in Bayelsa State, Nigeria
and Igbokoda, Ondo State, Nigeria. These differences
could be due to variations in the dietary habits of the
insects, age (stage of development), or different ecotypes
(Okoli et al., 2019). Nevertheless, the protein content of the
R. phoenicis larvae recorded in this study could be a good
source of dietary protein when compared with the protein
content percentage (3.8-4%) of milk (Jacob et al., 2013;
Onyeike et al., 2005). Likewise, Ehounou et al. (2019)
stated that the protein content of R. phoenicis larvae (29.9
mg/100 g) collected from Ebimpé in Anyama, Cote
d'Ivoire is higher than that of N’dama beef (22.16 mg/100
g) and tuna fish (25.56 mg/100 g) examined. However, the
crude fat content in the present study was high and close to
50.23% recorded by Tang et al. (2019) in edible
Lepidopteran and Heteropteran larvae and higher than
33.05 and 21.54% recorded in fresh and roasted
Rhychophorus ferruginous larvae collected from Ondo
State, Nigeria (Owolabi and Ajiboyede, 2022). The 15.35%
crude fat content found in Oryctes rhinoceros obtained
from Ese-odo area of Ondo State, Nigeria (Offiah et al.,
2019) was lower than 66.61 and 62.15% present in fresh R.
phoenicis larvae sourced from Akwa Ibom State, Nigeria
and Warri, Delta State, Nigeria documented by Edijala et
al. (2009) and Ekpo et al. (2009), respectively. This
indicates that the insect could serve as an essential source
of fat for developing countries that have low access to
seafood and as dietary fat supplements in animal feed
formulation for husbandry in developed countries
(Hlongwane et al., 2020). Furthermore, the carbohydrate
value was consistent with 6.71 and 15.98% carbohydrate
content of sting bugs and cicada, respectively (Mlcek et al.,
2014; Raksakantong et al., 2010), and higher than 7.82%
carbohydrate content of R. phoenicis (Omotoso and
Adedire, 2007). However, the value obtained in the present
study was lower than that of (25.87%) in roasted larvae
found by Edijala et al. (2009). In the present study, the
carbohydrate content of R. phoenicis probably suggests
that insects are an energy-giving food and should be used
as food rather than a supplement (Ekpo et al., 2009). The
ash content of 1% observed in this study was significantly
lower than 8.02-11.83% obtained from insect larvae of R.
phoenicis and O. rhinoceros in an earlier investigation
(Offiah et al., 2019; Omotoso, 2015). The difference in the
results might be due to differences in food substrate, insect
developmental stage, and agro-ecological zone, as stated
by Opara et al. (2012).

The physiological role of crude fiber in sustaining
appropriate peristaltic movement of the intestinal tract
cannot be underscored (Awobusuyi et al., 2020).
Constipation and intestinal problems may result from a
low-fiber diet (Bessa et al., 2020). The crude fiber content
(15.79%) observed in the present study were higher than
0.2-3.3% reported by Banjo et al. (2006) and Ekop et al.
(2010) from 14 dried common edible insects in South
western Nigeria and Gymnogryllus lucens, Heteroligus
meles, R. phoenicis, and Zonocerus variegatus collected
from different locations in Akwa lbom State, Nigeria,
respectively. Also higher than 0.18 and 3.70% recorded by
Owolabi and Ajiboyede (2022) in fresh and roasted R.
phoenicis larvae collected from Okitipupa in Ondo State,
Nigeria and 9.72% in Oryctes rhinoceros larvae sourced
from Ese Odo area of Ondo State, Nigeria (Offiah et al.,
2019). Hence, R. phoenicis based diets could help empty
gastrointestinal content, control weight, reduce body fat,
and also promote satiety when consuming small amounts
of food. However, the high MC (22%) increases the risk of
microbial contamination, deterioration of the larvae, and
reduction of shelf life, except after a reduction from
processing (Banjo et al., 2006).

Feng et al. (2017) reported that, unlike other animal fats,
edible insect fats possess higher essential fatty acid
content, which is necessary for the human body, and hence
edible insect fat has a high nutritional value. The oleic acid
value detected in this study was less than 35.05%
mentioned by Tang et al. (2019) for R. phoenicis but higher
than the oleic acid that can be found in beef (10.52%).
Oleic acid belongs to the monounsaturated fatty acid
family, and it is very important in the human diet because
it helps reduce blood pressure and cure inflammatory,
immune, and cardiovascular diseases (Sales-Campos et al.,
2013). The highest value of fatty acid content recorded was
linoleic acid (54.13%), indicating that the studied R.
phoenicis larvae have an appreciable value compared to
pork (7.29%), chicken (14.00%), and beef (36.10%).
Linoleic acid is the major ingredient of polyunsaturated
fatty acids in insects and has been proven to be anti-
inflammatory, acne-reductive, and skin-lightening. With
the risk of saturated fatty acids overtaking unsaturated fatty
acids as food in pork and beef, matured larvae or adults of
edible insects could be a better source of monounsaturated
fatty acids and polyunsaturated fatty acids, which are
healthier for the human diet (Tang et al., 2019).

R. phoenicis has been documented to have appreciable
amounts of mineral elements such as calcium (Ca),
phosphorus (P), magnesium (Mg), potassium (K), and
sodium (Na), which are necessary for the human body
system (Ehounou et al., 2019; Elemo et al., 2011). The
ability of R. phoenicis larvae to contain metals and their
amounts are of importance. All metals detected were in
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appreciable and moderate amounts in this study. Pb was
detected and was not above the toxic level of 0.35 ppm
(Kumar et al., 2020). This makes the insect ideal for
consumption, but its accumulation in the human body over
time could be of concern. The Fe amount recorded in this
study was far below what Ehounou et al. (2019) and Tang
et al. (2019) recorded for the same species. R. phoenicis
larvae could serve as a Fe supplement for iron-deficient
people, especially pregnant women. As Fe is very
important in the functioning of cells and is one of the
essential components of red blood cells (Ehounou et al.,
2019), when it is above the required limit, it becomes toxic
by increasing free radicals in the body or damaging the
liver (Ekop et al., 2010). Similarly, Mn, Zn, and Cu
prevent cardiomyopathy, muscle degeneration, growth
retardation, impaired spermatogenesis, immunologic
dysfunction, and bleeding disorders and strengthen the
immune system (Akullo et al., 2018; Saris et al., 2000;
Thomas, 2018). Zn is necessary for the proper functioning
of the immune system. It is also essential in cell formation,
wound healing, and the breakdown of glucose (Lin et al.,
2018). The Mn content of the larvae in the study is
relatively low compared to the 7.17 ppm in roasted larvae
recorded by Owolabi and Ajiboyede (2022). Chaney
(2006) stated that the presence of Mn in palm weevil larvae
is a constituent of arginase and pyruvate carboxylase.
Therefore, R. phoenicis larvae can supply necessary
nutritive elements together with other foods that are rich in
other essential minerals for healthy human diets and
growth (Alamu et al., 2013).

Some insects act as vectors or submissive intermediate
hosts of vertebrate pathogens such as bacteria, protozoa,
viruses, or helminths (Reineke et al., 2012). It has been
found that R. phoenicis carries an appreciable microbial
flora, mainly bacteria. The bacterial flora seen in R.
phoenicis included Staphylococcus spp., Micrococcus, and
B. substilis. The Pearson correlation showed that there was
a positive relationship between the isolated microbes and
some metals, as well as their proximate contents. The
presence of metals in R. phoenicis larvae lends credence to
the findings of Tan (2022), who documented that metals
such as Cd and Pb generally accumulate in soil and are
absorbed by crops grown in such soil, which are in turn
consumed by the insect feeding on such a plant or crop.
There was a positive correlation between the isolated
bacteria and the proximate and metal composition of R.
phoenicis larvae, since the larvae are typically enriched in
these mineral elements, thus providing a conceivably
favourable environment for the microbes to live and breed
(Tang et al., 2019). There is, however, no fear about the
effects of this bacterium, since humans are healthy carriers
of the organisms (Geraldine and Beth, 2008). They can
also be found in fish, pork, meat, or any other food in most

countries, including Nigeria. Moreover, processing under
good hygiene would further reduce their presence (Banjo et
al., 2006; Ebenebe and Okpoko, 2015).

Conclusion

The current study showed that R. phoenicis larvae could
be a good source of dietary protein, fiber, carbohydrate,
mineral elements such as Fe, Zn, and Mn, and moderately
rich fatty acids. These findings revealed the potential
nutritional quality of the larvae in mitigating nutritional
deficiency and promoting good health. The relatively high
nutrient value of R. phoenicis indicates its promising role
in combating human nutritional imbalance and highlights
the need for its incorporation in human diets as an alternate
source of animal protein and essential fatty acids. It is,
therefore, recommended that R. phoenicis mass rearing be
encouraged and increased in order to bridge the animal
protein supply gap in developing countries. The larvae in
this study, on the other hand, have a high MC, and their
short shelf life can be resolved with prompt processing.
More attention should be focused on assessing the risk
factors in the edible insect groups. This study did not
examine the anti-nutritional factor and vitamin constituents
of the larvae; therefore, further studies are recommended
for the exploration of the larvae anti-nutritional factor and
vitamin constituents.
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