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Abstract — This study investigated the effects of culinary 

methods (boiling and frying) on the proximate composition of 

an edible insect commonly known as African Palm Weevil (R. 

phoenicis) Larva(e). The proximate composition (moisture, 

ash, protein, crude fibre, fat and carbohydrate contents) were 

determined using standard methodology of the Association of 

Analytical Chemists (AOAC). Boiling increased the moisture 

and ash content but, decreased the protein, fat, carbohydrate 

(p>0.05) and the fibre content compared to the raw sample. 

On the other hand, frying increased the protein and ash 

contents (p<0.05) but decreased the moisture, fat, 

carbohydrate and fibre contents compared to the raw. The 

decrease in moisture content led to a corresponding increase in 

the protein, and ash contents of the fried sample, which 

indicates high protein and mineral levels of the larvae. Also, 

the lowest moisture content recorded in the fried sample 

compared to the raw and boiled sample was an indication of 

reduction of microbial spoilage, and longer storage shelf life of 

this edible larva. Therefore, frying is recommended as the best 

culinary method for healthy diet. 

 
Index Terms — Edible insects, Rhynchophorus phoenicis, 

culinary methods, proximate analysis. 

 

I. INTRODUCTION
1 

Insects are class of animals that have a chitinous 

exoskeleton, a three-body part (head, thorax and abdomen), 

three pairs jointed legs, compound eyes and two antennae. 

They are classified within the arthropod group and are 

among the most diverse groups of animals on the planet[1]. 

The exoskeleton protect them from the environment. They 

are the only winged invertebrates. They are cold-blooded 

and undergo metamorphosis to be able to adapt to seasonal 

variations. Other common features shared by most kinds of 

insects include ocelli located on the head, a pair of antennae, 

mouthparts consisting of a labrum, a pair of mandibles, a 

pair of maxillae, labium and a tongue-like hypopharynx. 

Insects can be found in almost all ecosystems such as 

terrestrial, fresh water and marine habitats (e.g ponds, dried 

deserts, farm land or field etc). Their feeding habits vary 

similarly, for example, caterpillars feed on foliage of 

vegetation, witchetty grubs feed on roots, cicadas live and 

feed on branches of trees, African palm weevils live and 

feed on trunk of trees while dung beetles thrive in soils etc 

[2]. Insects are fundamental part of the ecosystem, and are 
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inculcalably valuable to man and other biological organisms 

(especially plants). Often, insects are viewed in negative 

contexts (especially as pest). However, the positive roles of 

insects to man and other biological organisms as well as the 

environment cannot be overemphasized. Some of these roles 

include; 

• Plant production: over 100,000 pollinator species 

have been identified worldwide [1]. 

• Waste biodegradation: e.g. Beetle larvae, flies, ants 

and termite clear up dead plant matter, breaking down 

organic matter until it is fit to be consumed by fungi and 

bacteria. They also aid the decomposition of organic matter 

materials thereby facilitating the recycling of carbon, 

nitrogen, and other essential nutrients [1]. 

• Insects are very good source of food which provides 

man with the basic nutrient requirement such as protein, fat, 

minerals and vitamins. E.g calcium, iron and zinc, they form 

a major part of traditional and natural diet [3]. 

• Beside food, insects also provide man with valuable 

products such as honey and silk. According to FAO[4] 

reports, over 1.2 million tonnes of commercial honey are 

produced annually, while silk worms produce more than 

90,000 tonnes of silk [5]. 

The consumption of insect by man is not a new concept in 

many parts of the world today. For example in African and 

Australia, beetle larvae and ants are considered as parts of 

their subsistence diet prepared either boiled or crispy-fried. 

Also crispy-fried locusts and beetles are eaten in Thailand. It 

is estimated that insect eating is regularly practised by not 

less than 2 billion people worldwide, and more than 1900 

insect species have been documented in literature as edible, 

which most of them are in tropical countries [1]. However, 

most commonly eaten insect groups are beetles, caterpillars, 

bees, wasps, ants, grasshoppers, locusts, crickets, cicadas, 

leaf and plant hoppers, scale insects and true bugs, termites, 

dragonflies and flies.  

In Nigeria, Niger Delta region in particular, one of the 

most common edible insects is the Rhynchophorus phoenicis 

larva commonly known as the African palm weevil. This is 

a species of beetles that belong to the family of curculionide. 

The larvae are cherished as food in many African 

communities (Nigeria in particular). In Nigeria, this larvae 

are consumed by so many tribes examples Ijaw, Yoruba, 

Igbo and in the Niger Delta region these edible larvae are 

seen hawked by vendors along highway, streets and markets 

in states such as Bayelsa, Delta, Rivers, Edo and Akwa 

Ibom [6]. @ 
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Previously, the edible palm weevil larvae were eaten as 

bush delicacy among local farmers in rural communities. 

But now, it is made available for commercial purposes and 

are sold in large quantities in rural and urban markets. They 

are either consumed raw, or processed, (boiled, roasted or 

fried) [7]. Since these larvae provide cheap sources of 

animal proteins, minerals, vitamins and energy compared to 

the conventional animal proteins, minerals and vitamins 

sources, their consumption has been on the increased. This 

has motivated many researchers to investigate the proximate 

composition and pollution levels in these edible beetle 

larvae [7], [8] – [13]. However, these studies fail to evaluate 

the common culinary practices such as boiling and frying 

which may affect the proximate composition of these edible 

larvae. It is against this background that the common 

culinary methods, boiling and frying were chosen in order to 

determine their effects on the proximate composition of R. 

phoenicis larvae. 

 

II. MATERIALS AND METHODS 

A. Study Area 

Bayelsa State is amongst the six states that make up 

Nigeria’s South-South geopolitical zone. The state is 

geographically located within latitude 040 15” North, 050 23 

South and longitude 050 22” West and 060 45” East.Bayelsa 

State lies in the heaviest rainfall area in Nigeria with heavy 

rain forest and a short dry season (from November to 

March). The state is a picturesque tropical rain forest with 

an area of about 21,110 square kilometers. Bayelsa State 

shares boundaries with Delta State in the North, River State 

in the East and the Atlantic in the West and South. 

 

 
Fig 1. Map Showing Sample Area 

 

Bayelsa State has a riverine and estuarine setting. Many 

communities are almost/or in most cases surrounded by 

water making them inaccessible by road. There are four 

main languages in Bayelsa State, these include: Izon, 

Nembe, Ogbia and Epie-Atissa. The major occupations in 

the state are fishing, farming, palm oil milling, palm wine 

tapping, local gin making, trading, carving and weaving. 

The State’s vegetation is characterized by mangrove forest 

and thick force with arable lands for cultivation. The state is 

also one of the coastal area of Nigeria where there is 

massive oil exploitation and exploration, accounting over 

30% of the Nigerian oil production. There are hundreds of 

oil well and flow stations across the state. However, the 

sampling area was Amassoma. 

Amassoma is located at Bayelsa central geo-political zone 

and it is approximately 30km away from the state capital 

city, Yenagoa. The town is situated at 4.970 North latitude, 

6.110 East longitude, and 79 metres elevation above the sea 

level. Two third of the land is surrounded by water and is 

the host community of the Niger Delta University [14]. The 

palm weevil (R. phoenicis) larvae are normally abundant 

during the dry season and is collected by local farmers. 

B. Sample Collection and Preparation 

R. phoenicis larvae were purchased from local farmers in 

Amassoma, Southern Ijaw Local Government Area of 

Bayelsa State. The larvae were kept in a plastic container 

and convey to the Central Research Laboratory, Department 

of Chemical Sciences, Niger Delta University, Wilberforce 

Island, Bayelsa State, Nigeria. Upon preparation samples 

were washed thoroughly and rinsed with distilled water, and 

divided in three parts labelled raw, boiled and fried as 

shown in Figure 2, 3 and 4. The sample labelled boiled was 

put into aluminum pot containing 200ml of distilled water 

and boiled for 30mins on a stove at low temperature. The 

sample labelled fried was put into a frying pan containing 

100ml of water and it was left to boil to dryness and the oil 

of the larvae was used to stir-fry it. R. phoenicis larvae were 

weighed before and after processing in order to calculate 

water lose. 

 

 
Fig. 2. Raw R. Phoenicis Larvae 

 

 
Fig 3. Boiled R. Phonenicis Larvae 
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Fig. 4. Fried R. Phoneicis Larvae 

 

C. Proximate Analysis 

The percentage of the proximate composition of R. 

phoenicis larvae were determined using the conventional 

method of the Association of Official Analytical Chemists 

(AOAC) [15]. All chemical analysis were determined in 

triplicate. 

D. Determination of Moisture Content 

The initial weight of three (3) empty dishes labelled raw, 

boiled and fried were taken, and then three gram (3 g) of 

each sample (raw, boiled and fried) was weighed and placed 

on each dish as labelled. Samples were dried in an oven at 

1050C to a constant weight for about three to five hours (3-

5hrs). Thereafter, the percentage moisture content for each 

sample was determined. 

E. Ash Content 

The ash content of a sample is the residue left after ashing 

in a furnace at about 5500C-6000C till the residue turn white 

or grey. In this study the ash content was determined by 

weighing three gram (3 g) of the oven dried samples (raw, 

boiled and fried) into three different crucibles of known 

weight. The crucibles and contents were then placed in a 

vecstar furnace at 5500C for 1hrs and all the samples turn 

white. The percentages of ash was calculated by subtracting 

the ash weight from initial weight. 

F. Determination of Protein Content 

The protein content of raw, boiled and fried samples of R. 

phoenicis larvae were determined by Kjedahl methods [15]. 

This involves the conversion of protein and organic nitrogen 

to ammonium sulphate by digesting 0.5 g of the samples 

with concentrated sulphuric acid (5ml of conc. H2SO4) in a 

micro Kjedahl catalyst (1.5 g CuSO4 and 1.5 Na2SO4). The 

digest was then cooled and diluted with distilled water and 

treated with 10ml of 40% NaOH and distilled in a Kjedahl 

distillation flash. The liberated ammonia was collected in a 

flash containing 10ml of 5% boric acid solution and the total 

nitrogen was determined titrimetrically. The percentage of 

protein in the samples were calculated using the 6.25 

(gravimetric factor of protein). 

G. Determination of Fat Content 

The analysis of fat content was carried out by weighing 

approximately 5 g of each oven dried sample into a round 

bottom flash and extracted with 350ml petroleum ether. The 

extract was washed with diluted alkaline solution and 

filtered via sodium sulphate column. Then the remaining 

extract was evaporated, dried and weighed. Thereafter, the 

percentage fat was calculated. 

H. Determination of Fiber Content 

Crude fiber represents the organic residue left behind 

after a given material has been treated under standardized 

condition with light petroleum, boiling with dilute H2SO4, 

NaOH solution, HCl, alcohol and ether. Thus, the fiber 

content of this study was determined by weighting 

approximately 1.5 g of defatted samples (raw, boiled and 

fried) in to three different beakers and boiled with 100ml of 

H2SO4 for 30mins. Thereafter, the residues were washed 

thoroughly with hot water till they were acid free. Again, 

each residue was boiled in 100ml of NaOH solution for 

30mins and the content left were filtered and washed 

severally with hot water to free the base. Thereafter, the 

residues were dried and weighed and the percentage fiber of 

the samples were calculated. 

I. Determination of the Carbohydrate Content 

The total percentage (%) of carbohydrate content in the 

samples (raw, boiled and fried) were calculated by the 

standard equation 100% - (%moisture + %protein + %fat + 

%fiber +%ash).  

 

III. RESULTS AND DISCUSSION 

A. Proximate Composition 

The proximate composition of raw and processed R. 

phoenicis larvae are very important to determine their 

nutritional value in conformity to the range of dietary 

requirements and commercial specification set by regulatory 

bodies for food products. The proximate composition 

(moisture, ash, protein, total lipid, crude fiber and 

carbohydrate contents) of raw and processed R. phoenicis 

larvae are presented in Table 1. 

 

 
TABLE 1: PROXIMATE COMPOSITION OF RAW, BOILED AND FRIED AFRICAN PALM WEEVIL (R. PHOENICIS) LARVAE FROM BAYELSA STATE, NIGERIA 

Sample  

(R. phoenicis) 

Proximate Composition 

Moisture (%) Ash (%) Fat (%) Fiber (%) Protein (%) Carbohydrate (%) 

Raw 59.50 + 0.71 6.29 + 0.06 60.35 + 0.07 14.50 + 0.71 26.25 + 0.01 66.89 + 0.42 

Boiled 65.50 + 0.71 9.36 + 0.02 54.25 + 0.07 8.66 + 0.06 25.08 + 0.02 62.85 + 0.04 

Fried 44.50 + 0.71 13.29 + 0.06 48.50 + 0.71 11.29 + 0.06 31.53 + 0.68 49.11 + 0.28 



    EJFOOD, European Journal of Agriculture and Food Sciences 

Vol. 2, No. 4, August 2020 

 

 

DOI: http://dx.doi.org/10.24018/ejfood.2020.2.4.67                                                                                                                                                      Vol 2 | Issue 4 | August 2020 4 
 

B. Moisture Content 

Table 1 showed that the proximate composition of R. 

phoenicis larvae was significantly influenced by the culinary 

methods (boiling and frying). The moisture content for raw, 

boiled and fried were 59.50 + 0.71%, 65.50 + 0.91% and 

44.50 + 0.71% respectively. Boiling increased the moisture 

content of the larvae while frying reduced the moisture 

content. This can be attributed to the absorption of water by 

the larvae during boiling while reduction during frying is as 

a result of evaporation of water by the sample when frying 

at high temperature. The results of this study is similar to the 

findings of Bassey et al.,[16] which reported that, frying and 

grilling reduced the moisture content of three fish species 

collected from Nigerian coastal waters. Also, Marimuthu et 

al.,[17] have reported a decrease in moisture content of all 

cooking methods except the boiled filters of striped 

snakehead fish. The reduction in moisture content is 

advantageous as it could lead to reduction in the larvae 

susceptibility to microbial spoilage, oxidative degradation of 

poly unsaturated fatty acid, and conversely improves the 

quality of the larvae especially for longer preservation [18]. 

C. Ash Content 

The results in table 1 also shows that the ash content of 

the larvae was influenced by the culinary methods. The ash 

content was in the decreasing order of fried (13.29 + 0.06%) 

> boiled (9.36 + 0.02%) > raw (6.29 + 0.06%). Generally, 

the ash content or residue indicates a measure of the mineral 

content of the original food [19]. Therefore, the increase in 

ash content during processing (frying and boiling) indicated 

an increase in the mineral content of the larvae. Similarly, 

Bassey et al.,[16], reported an increase in ash content during 

boiling, grilling and frying in three Nigerian fish species 

namely; C. senegalenis, C. nigrodigitatus and P. 

quadratifilis. The percentage increase of the processing 

methods were in the order of frying > grilling > boiling 

respectively. Also, Ersoy and Ozeren [20] reported that, 

frying and grilling led to significant increase in the ash 

content of African catfish. 

D. Protein Content 

The protein content of the edible larvae (R. phoenicis) 

increased in the order of fried (31.53 + 0.6%) > raw (26.25 

+ 0.01%) >boiled (25.08 + 0.02%). Studies have shown 

that, loss of moisture content could simultaneously increase 

the protein content of biota [16],[21] – [23]. Roksana et 

al.,[24] have also observed similar trend that, loss of 

moisture content led to a significant increase in the protein 

content in boiled silver pomfret fish compared to the raw 

samples. Therefore, in this study, frying had the greatest 

moisture losses compared to boiled and the raw sample 

showed the highest protein content. 

E. Fat Content 

The fat content of the larvae shows a significant 

difference (p< 0.05) in order of raw (60.35 + 0.07%) > 

boiled (54.25 + 0.07%) > fried (48.50 + 0.71%). The 

reduction of fat during boiling and frying could be related to 

loss of oil and evaporation of water, and the fat content in 

the fried sample was significantly reduced (p > 0.05). The 

result of fat content in the boiled sample is contrary to the 

findings of Bassey et al.,[16] in three fish species from 

Nigerian coastal waters. 

F. Crude Fiber Content 

Theoretically, crude fiber content is the materials that are 

indigestible in human and animal systems and the 

indigestible fraction could be successively isolated via acid 

and alkaline digestion. However, crude fibre do not actually 

measure the real percentage of the food that is unavailable to 

man because during chemical treatments (e.g acid and 

alkaline digestion) crude fibre estimation, a greater loss in 

fibre materials take place [25]. 

In this study, the culinary methods (boiling and frying) 

significantly affect the fibre content of the edible insect (R. 

phoenicis) larvae. The fibre content was in the decreasing 

fibre order of raw (14.50 + 0.71%) > fried (11.29 + 0.06%) 

> boiled (8.66 + 0.06%). The reduction of fibre content of 

the boiled and fried sample may be due to the loss of 

chemical components (such as cellulose, hemicellulose, 

pectic substance, gums, mucilage or ligin) of one or more 

dietary fibre or the alteration of some structural functionality 

of the fibre content in the sample [26]. The reduction of 

fibre content in this study corresponds to the findings of 

Vidal-Valverde et al., [27] which reported that, cooking 

reduced the fibre content of lentils due to decrease in 

hemicellulose. Likewise, Thed and Philips, [28] reported 

that, microwave heating and deep fat frying of potato 

products led to reduction of appreciable amount in vitro 

digestible starch but significantly increased both the 

resistant starch (RS) and water-insoluble dietary fibre (IDF) 

due to indigestible starch (dietary fibre) formed by the 

action. 

Diets with high fibre content such as cereals, fruits and 

vegetables have been known to performed various 

therapeutic functions which includes; large volume of fecal 

bulk, decreasing time of intestinal transit, reliefs of 

constipation, cholesterol and glycemic levels, trapping of 

substances that can be dangerous to the human health 

(mutagenic and carcinogenic agents), stimulating the 

proliferation of the intestinal flora etc [29]. Therefore, the 

raw sample with the highest fibre content (14.50 + 0.71%) 

would be more suitable in terms of fibre consumption. 

G. Carbohydrate Content 

The carbohydrate content was determined in order to 

know the total energy content of this edible insect larvae. 

The carbohydrate content were in the order of raw (66.89 + 

0.42%) > boiled (62.85 + 0.04%) > fried (49.11 + 0.28%) 

respectively. The culinary methods significantly decreased 

the percentage carbohydrate content and the fried sample 

ranked the lowest value of 49.11 + 0.28%. However, the 

high carbohydrate content in these larvae indicate their 

suitability as a good source of energy to consumers. 
 

TABLE 2: COMPARISON OF THE EFFECTS OF DIFFERENT CULINARY METHODS ON THE PROXIMATE COMPOSITION OF R. PHOENICIS AND OTHER FISH 

PRODUCTS 
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Sample 

Percentage Proximate Composition 

References Culinary 

methods 

Moisture 

(%) 
Ash (%) Protein (%) Fat (%) 

Carbohydrate 

(%) 

African Palm 

Weevil (R. 

phoenicis) 

Raw 59.50 + 0.71 6.29 + 0.06 26.25 + 0.01 60.35 + 0.07 66.89 + 0.42 

This study Boiled 65.50 + 0.71 9.36 + 0.02 25.08 + 0.02 54.25 + 0.07 62.85 + 0.04 

Fried 44.50 + 0.71 13.29 + 0.06 31.53 + 0.68 48.50 + 0.71 49.11 + 0.28 

Polydactylus 

quadratifilis 

Raw 77.00 + 3.60 1.28 + 0.07 15.79 + 1.23 4.08 + 0.21 1.85 

[16] 

Boiled 72.50 + 2.78 1.47 + 0.12 17.86 + 0.86 4.26 + 0.10 3.91 

Grilled 61.47 + 2.54 2.25 + 0.11 28.05 + 1.99 6.31 + 0.15 1.92 

Fried 56.33 + 3.04 2.40 + 0.13 34.93 + 1.30 7.35 + 0.14 0.00 

Chrysicthys 

Nigrodigitatus 

Raw 74.47 + 0.98 1.28 + 0.04 12.10 + 1.28 4.29 + 0.25 7.86 

Boiled 71.27 + 1.37 1.64 + 0.06 17.10 +1.57 4.50 + 0.65 5.49 

Grilled 58.00 + 2.08 4.03 + 0.12 24.36 + 0.45 6.37 + 0.75 7.24 

Fried 51.40 + 3.23 4.23 + 0.13 26.61 + 0.88 8.12 + 0.61 10.41 

Cynoglossue 

senegalensis 

Raw 77.40 + 1.71 17.61 + 0.11 17.61 + 1.93 3.35 + 0.19 1.09 

Boiled 71.33 + 0.94 1.69 + 0.11 20.68 + 1.68 3.99 + 0.27 2.31 

Grilled 61.70 + 2.04 3.27 + 0.17 24.20 + 0.88 6.10 + 0.63 4.28 

Fried 56.97 + 2.01 4.18 + 0.14 28.66 + 2.91 7.49 + 0.28 2.70 

Snake head fish 

(Channa striatus) 

striped 

Raw 77.20 + 1.39 0.77 + 0.12 13.90 + 2.89 5.90 + 0.45 - 

[17] 

Boiled 77.00 + 0.31 1.10 + 0.13 15.20 + 0.96 6.10 + 1.40 - 

Baked 74.90 + 0.33 1.30 + 0.12 14. 20 + 1.82 7.80 + 0.39 - 

Fried 71.60 + 1.48 1.60 + 0.13 17.30 + 1.26 10.70 + 1.85 - 

Grilled 72. 00 + 0.53 1.7 + 0.15 16.10 + 0.10 8.60 + 0.67 - 

Black sea Anchovy 

(Engraulis 

encrasicolus, 

linnaeus 1758 

Raw 62.85 + 0.03 1.48 + 0.01 22.71 + 0.04  

 [23] 

Grilled 54.63 + 0.07 1.97 + 0.00 25.55 + 0.16 17.51 + 0.19 

Baked 52.83 + 0.03 1.32 + 0.01 22.58 + 0.10 20.54 + 0.13 

Fried 49.55 + 0.08 2.02 + 0.01 24.44 + 0.16 23.30 + 0.09 

Microwave 

cooked 
52.50 + 0.06 1.82 + 0.00 22.63 + 0.09 22.34 + 0.18 

Rainbow trout fish 

(oncorhynchynchas 

mykiss   walbaum 

Raw 73.38 + 0.02 1.35 +0.01 19.80 + 0.04 3.44 + 0.01 - 

[21] 

Fried 62.69 + 0.02 1.66 + 0.01 26.34 + 0.23 12.70 + 0.08 - 

Boiled 69.16 + 0.04 1.61 + 0.03 20.66 + 0.67 4.32 + 0.75 - 

Baked 65.83 + 0.07 1.41 + 0.00 23.26 + 0.00 6.21 + 0.43 - 

Grilled 65.83 + 0.05 1.54 + 0.03 25.00 + 0.41 5.95 + 1.49 - 

Microwave-

cooked 
63.52 + 0.08 1.53 + 0.01 29.04 + 0.48 4.52 + 0.06 - 
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TABLE 3: PROXIMATE COMPOSITION OF RAW AND PROCESSED R. PHOENICIS LARVAE COMPARED TO CONVENTIONAL ANIMAL MEAT PRODUCTS. 

 

IV. CONCLUSION 

The proximate composition of the edible insect 

commonly known as African palm weevil (R. phoenicis) 

larvae revealed the basic nutrient requirements (such as 

proteins, minerals, fat, fibre and carbohydrate) for healthy 

diet. Literature search in the study also revealed that the 

nutritional value of this edible insect larvae could compete 

favourably with the conventional animal and fish products. 

However, the common culinary methods (boiling and 

frying) had a significant influence on the proximate 

composition of the larvae. For example, boiling increased 

the moisture and ash contents but decreased the protein, fat, 

fibre and carbohydrate contents of the larvae. While frying 

increased the protein and ash contents but, decreased the 

moisture, fat, fibre and carbohydrate contents as compared 

to the raw sample. The decrease in moisture content led to a 

corresponding increase in the ash and protein contents of 

the larvae in the fried sample, and these are the main 

nutrients in food. Although high heat during frying may 

cause denaturation of proteins but the amino acid content is 

retained [32]. Thus, the lowest fat, and moisture contents 

which minimize spoilage by reducing microbial activities 

would enhance shelf life of the larvae for longer storage. 

The highest protein and the ash content were found in the 

fried samples. Therefore, frying could be recommended as 

the best culinary method for the preparation of R. phoenicis 

larvae for healthy diet. 
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