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ABSTRACT  
 
Background: The larvae of Rhynchophorus phoenicis from palm trees (Elaeis guineensis) can be good food sources but remain 
little used because of lack of knowledge. Objective: This work involves nutritional assessment of the larvae of the palm trees and 
its consumption knowledge. Methods: Sectional study was conducted among people in Lomé. Data were collected using 
questionnaires. The proximate composition moisture, protein levels, fat content, carbohydrates content, ash and essential minerals 
contents were determined. Results: The analysis carried out focused on the dried and roasted larvae. Though the larvae of palm 
trees were known by 71.43% of people, they’re less consumed due to the lack of nutritional knowledge. More than 80% of people 
consume larvae dried or roasted. The proximate composition of the larvae of the palm tree showed that they are rich in protein 
and fat. The effect of the cooking method was examined and the results obtained showed that, with the exception of proteins 
value 29.57 ± 0.49% for roasted larvae, the dried larvae contain more lipids (60.16 ± 1.73%), proteins (30.69 ± 0.70%), mineral 
matter such as calcium (13.94 ± 4.63%), magnesium (237.33 ± 6.61%) and iron (15.38 ± 1.00%). Statistical difference (p > 
0.05) was noted between dried and roasted larvae samples for each parameter expects proteins content. Conclusion: The larvae 
of the palm trees contain not only proteins and fat, but also major minerals. The larvae could be transformed into different value-
added products for human nutrition due to its nutritional properties. This larva may constitute a cheaper source of essential 
nutrients that is easily available and affordable to the natives within the localities where the larvae are found. 
Keywords: Palm trees, Rhynchophorus phoenicis, nutritional value, consumption, Togo. 
 

INTRODUCTION 
 

In Africa, in spite of substantial efforts to increase foodstuffs, malnutrition persists and food insecurity remain a major 

problem of more housekeeping [1]. Although the causes of malnutrition are many and diverse, inadequate intake of 
foods and essential nutrients has been reported to be a major contributory factor to under-five malnutrition [2]. About 

10.7% (815 million) of the world's population suffer from chronic undernourishment [3]. More than thousand millions 
of young people and children suffer from malnutrition in the world including 20 million of children of less than 5 years 

old that suffer chronic malnutrition [4, 5]. In Togo, a study reported 14.3% of malnutrition rates for children of less 

than 5 years old [5]. This prompts the need for more balanced and environmentally friendly methods for producing 
nutritious foods. The use of insects as food is among the many approaches that have been thought to provide a 

long‐lasting solution to this foreseen future deficit in animal protein supply. The adequacy of a diet is determined by 

the amount of nutrients it contains and provides to meet the needs dictated by an individual’s physiological state and 
genetic make-up. 
 

Insects are traditional foods in most cultures in Africa, Asia and Latin America, playing an important role in the history 

of human nutrition [6]. They are an important resource for the native population who, like other indigenous groups, 
deploy much effort in their collection and utilisation as food. It is demonstrated that 100 g of insects contains proteins 

3 to 4 time higher than the one of chicken and pig that could cover nutritional need in minerals and vitamins [4]. In 

tropical Africa, insects represent an appreciated food source, d for some population [7]. So, from the workshop at 
Douala (Cameroun) in 1992 on promotion of non-conventional food resources, it was recognised that the valorisation 

of insects and larvae represents the principal way to face proteins malnutrition [8]. Insects constitute quality food and 
feed, have high feed conversion ratios, and emit low level of greenhouse gases [9]. Some studies were performed to 

evaluate the nutritional value of insects and larvae [10, 11]. Most of the studies reported that the nutritional health 
can be improved by the consumption of novel source of food among which insects, mushroom, snails, and larvae [8, 

12]. 
 

Rhynchophorus phoenicis Fabricius (R. phoenicis) is an edible worm known as « Snout beetles ». It has various 

names from different ethnic groups: Nsombé (Congo), Nten (Akwa Ibom) and Orhu (Edo) in Nigeria [13]. The species 
phoenicis, insect Coleoptera (Curculionidae), is one of the ten species of Rhynchophorinae [14]. The larvae of R. 
phoenicis are mainly found in palm trees (Elaeis guineensis). The female of this Curculionidae lays her egg in hole 
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caused by human activities especially during the collection of palm sap. The larvae are harvested (are the insects 

farmed, if not rather use collected) from dead raffia palm and oil palm trees. From edible insects consumed, larvae of R. 
phoenicis are mainly sold in markets and restaurants [15]. A research work reported that the larvae of R. phoenicis 
are rich sources of essential nutrients [16]. The larvae of palm trees are mainly recommended for pregnant women 
due to its nutritional value [17]. In some regions, the larvae are roasted and eaten with cassava or macabo [18]. The 

use of the larvae in the formulation of bread, biscuits has been reported [19, 20].  
 

Edible insects have played a nutritional role in the diet of people in many parts of the world [21]. They are currently 

being promoted as an inexpensive alternative source of protein in underdeveloped countries due to the rising cost of 
conventional animal protein and the foreseen future deficit in its supply. In some areas of Togo, the larvae of palm 

trees are available all year round in palm‐growing communities and the consumption has grown into a traditional 

habit. The larvae have been well appreciated by people. So, for the question, “what is your interest in consuming larvae 
of palm trees?” the answers are not objective. However, it is necessary to investigate the nutritional value of the larvae of 

palm trees in order to make a scientific recommendation resource to encourage their consumption [10, 11]. Evaluation of 
the nutritive value of this larva becomes important as the insect larva could form a base for new food products of 

considerable nutritive value. This work was performed to investigate the nutritional value of larvae of R. phoenicis 
from the rot palm trees consumed in Togo. 
 

1. MATERIALS AND METHODS 
 

1.1. Area of study and site of samples collection 
 

The biochemical composition was carried out in the laboratory of Food control and normalisation of Institut Togolais 

de Recherche Agronomique (ITRA) and in the laboratory of Food Sciences and Technology of Ecole Supérieure des 

Techniques Biologiques et Alimentaires (ESTBA), University of Lomé (Togo). 
 

Live larvae were collected in two different palm groves in Notsè a site located in the Plateaux region of Togo. Palm 

groves were far from each other of 4 km. Notsè is located in region of Plateaux at 100 km from Lomé. The region of 

Plateaux precisely is at 6° 30’ and 8° 20’ latitude and 0° 52’ and 1° 38’ East longitude. 
 

1.2. Data and samples collection 
 

First of all, an investigation was performed to collect information concerning the importance of larvae of palm trees. 
Base on questionnaires, local names, cooking methods and consumption of larvae of palm trees were collected from 

the people in Lomé, capital of Togo. The information was collected from a total of 70 people in different sectors of 
Agoè, Agbalépédo, Djagblé, Gbossimé, Totsi and at University of Lomé. 
 

Live larvae of R. phoenicis were collected from rot palm trees (Elaeis guineensis) which were used for the extraction 

of palm sap. The live larvae collected from the rot palm tree were assembled to one sample and dry in the oven at 
65°C for 48 hours. The samples were divided in two parts. The first part was kept dry and the second part was 

roasted 15 minutes using hotplate at a temperature of 105°C. Each dry and roasted sample was ground and the flour 

was packaged in aluminium paper and stored at ambient temperature of the laboratory. The photography of larvae of 
R. phoenicis from palm trees is presented in Figure 1. 

 

 
Figure 1: Photography of fresh larvae of Rhynchophorus phoenicis of palm trees 

  
1.3. Determination of proximate composition 
 

The moisture content was estimated by gravity method using 5 g of larvae sample which has been placed in the oven 

BINDER at 105°C for 4 hours according to NF T60-201 (1984). The ash content was determined by complete 

incineration of 5 g of samples in the oven mark VULCANTM 3-550 at 550°C during 6 hours as described by NF ISO 
6884 (1986). The total protein content was carried out by Kjeldahl method using TECATOR KJELTEC System 1002 

Tecator apparatus according to NF V18-100 (1977). The crude protein content was calculated by multiplying the 
percentage of total nitrogen by the conversion factor 6.25. The lipid content was determined based on the Soxhlet 

method according to NF V 03-904 (1973). Briefly, 5 g of each larva samples were putted into a Soxhlet extraction 
cartridge. The assembly was placed in the extractor (RAFATEC II, 1050 Extractor). The n-hexane was used as the 
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solvent for the extraction for 6 hours. At the end of the extraction, the glasses containing the fat were removed and 

placed in an oven 105°C for 15 minutes. The carbohydrate content has been determined by the differential method 
according to [22]. According to the principle of this method, the sample is essentially made of water, minerals, 

proteins, fats and carbohydrates. The content of carbohydrates was determined by deduction according to the 
following expression:  
 

% Carbohydrates = 100% - (% Water + % Ash + % Proteins + % Lipids)                    (1) 
 

The theoretical energetic value was calculated using the Merrill and Watt coefficients as described by FAO [23], where 

1 g of lipids correspond to 9 kcal, 1 g of proteins and carbohydrate each other correspond to 4 kcal. The calorific 
value per 100 g of the dried sample was obtained as follows:  
 

Calorific value (kcal/ 100g) = (% Lipids x 9) + (% Proteins x 4) + (% Carbohydrates x 4) (2) 
   

1.4. Determination of mineral content 
 

The determination of the content of magnesium (Mg), iron (Fe), calcium (Ca), zinc (Zn) and copper (Cu) were carried 

out by flame atomic absorption spectrometry (ASA), while cadmium (Cd) and lead (Pb) content were determined 
using electrothermic absorption spectrometry (ASA) mark VARIAN according to the method described in standard NF 

EN 14082 [24]. Phosphorus (P) content was determined using molecular absorption spectrometry according to NFT90-

023 (1982). Each mineral in samples was quantified by using the standard solution of each mineral from which 
standard curve was plotted out. Briefly, 2 mL of oxygen water, 2 mL of concentrate nitric acid and 1.5 mL of 

concentrate sulphuric acid were added to the sample and kept at 80°C for 3 hours in bain-marie for mineralisation. 
Then, the solution obtained was filtered in glass phial of 50 mL and completed with distilled water. All determinations 

were carried out in duplicate. 
 

2. Statistical analysis 
Results were expressed as the mean ± Standard error. Means and standard deviations were calculated using 

Microsoft Excel 2013. Sphinx Plus²-V5 was used for investigation data collection and calculation of percentages. 

Significance threshold was set at p < 5%.  
 

3. RESULTS 
 

3.1. Local names of larvae of palm tree in Togo 
The results from the investigation on local name of larvae of palm trees according to ethnic group were presented in 

Table 1. It appears that the local names of larvae of palm trees are related to each ethnic group. 
 

Table 1: Local names of larvae of palm trees used in Togo. 

Ethnic groups Local names 

Ewé and Watchi Asra, Asran, Dékpoményon, Gbamido, Tatran, Gbomi, Konokounou 
Guin and Mina Atran 
Kabyé Abilé, Kpatouluon, Alasa, Kpakpatona 

 

3.2. Knowledge and frequency of consumption of the larvae of palm trees 
 

The results on the knowledge and the frequency of consumption of larvae of palm trees were summarized in table 2. 
The results showed that 71.43% of the respondents know the larvae of R. phoenicis against 21.43% don’t know it. 

Among 71.43% of people who know the larvae of palm trees, 41.43% have consumed it and 30% of people don’t 
consume it. However, with 41.43% of consumers only 6.90% of people consume usually larvae against 37.93% of 

people who consume rarely the larvae of palm trees. Furthermore, larvae are mainly consumed roasted (58.62%), 
dried (20.69%), boiled (13.79%) and fresh without treatment (6.90%). Thus, nearly 80% of people used drying and 

roasting to cook larvae of palm trees. 
 

Table 2: Knowledge and frequency consumption of larvae of palm trees. 

 Responses Number of people Percentage (%) Total 

Knowledge Yes Once consume 29 41.43 50 (71.43%) 
Never consume 21 30 

No answer 5 7.14 5 (7.17%) 

No Once heard 5 7.14 15 (21.43%) 
Know people who consume 10 14.29 

Consumption Usually consume 2 6.90 29 (100%) 
No answer 16 55.17 

Consume rarely 11 37.93 

Cooking 
methods 

Drying 6 20.69 29 (100%) 
Roasting 17 58.6 

No treatment 2 6.90 
Boiling 4 13.79 
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3.3. Biochemical contents of larvae of R. phoenicis 
 

Results obtained showed that the dried and roasted larvae of R. phoenicis contained low level of moisture .The lipid 
content were 6.29 ± 0.42% (roasted larvae) and 60.16 ± 1.73% for dry larvae. The proteins contents were 

respectively 30.69 ± 0.70% for dry larvae and 29.57 ± 0.49% for roasted larvae. No statistical difference was 

observed. 
 

Table 3: Proximate composition (% of dry matter) of dried and roasted larvae of 
palm trees. 

Parameters  Dried larvae Roasted larvae 

Moisture (%) 6.32  ± 2.15 7.33 ± 0.75 

Dried matter (%) 93.67 ± 2.15 92.66 ±  0.75 

Ash (%) 4.90  ± 0.80 1.24  ± 0.62 

Proteins (%) 30.69 ± 0.70 29.57 ± 0.49 

Lipids (%) 60.16 ± 1.73 6.29  ± 0.42 

Carbohydrates (%) 6.01  ± 2.29 55.57 ± 0.15 

Calorific value (kcal/ 100 g) 688.36 ± 21.93 397.17 ± 14.27 

The values represent the mean ± standard error of two determinations 
 

3.4. Minerals contents of larvae of R. phoenicis 
 

The Rhynchophorus phoenicis larvae contained significant amount of important minerals (Table 4). The results 

showed that the magnesium levels was 237.33 mg/100g for dry larvae and 128.16 mg/100g for roasted larvae. The 

iron (15.38 ± 1.00 mg/100g) and calcium (13.94 ± 4.63 mg/100g) are well represented in dried larvae. The cadmium 
and lead content in dried and roasted larvae are 0.006 mg/100g of cadmium and 0.002 mg/100g of lead. There was 

no significant difference between samples (p > 0.05). 
 

Table 4: Minerals contents of dried and roasted larvae of palm trees. 

Parameters  Dried larvae Roasted larvae 

Magnesium (mg/100 g) 237.33 ± 6.61 128.16 ± 6.48 

Iron (mg/100 g) 15.38 ± 1.00 9.21  ± 0.03 

Calcium (mg/100 g) 13.94 ± 4.63 6.91  ± 0.74 

Zinc (mg/100 g) 6.26  ± 0.06 3.98 ± 0.03 

Copper (mg/100 g) 3.43  ± 0.07 3.24  ± 0.04 

Phosphorus (mg/100 g) 1.03  ± 0.29 0.99  ± 0.29 

Cadmium (mg/100 g) 0.006  ± 0.001 0.005  ± 0.001 

Lead (mg/100 g) 0.002  ± 0.001 0.002  ± 0.001 

The values represent the mean ± standard error of two determinations. 
 

4. Discussion 
 

In Togo, though the larvae of palm trees were known by 71.43% of people, they’re less consumed due to the lack of 

nutritional knowledge and food practices. Among the consumers, more than 80% of the respondents consume larvae 
dried or roasted. Thus, the dry and roasted larvae were used for nutritional evaluation. The results of the proximate 

composition and mineral contents of larvae of palm trees showed that the moisture was 6.32% for dried larvae and 
7.33% for roasted larvae. The ash content of R. phoenicis was 4.90% and 1.24% respectively for dry larvae and 

roasted larvae. The ash content is similar to the one previously reported by Ekpo and Onigbinde [13] and less than the 

7.70% reported for roasted larvae [15] and 1.00 ± 0.19% reported for dried larvae [25]. This may thus suggest that 
the larva is rich in mineral content. The proteins contents of insects is between 45.6 to 79.6% of dry matter according 

to [7]. In this study, the content of proteins in dried larvae is 30.69 % and 29.57 % for roasted larvae. The high 
protein content of the larva highlight the potential of the larva as food to combating protein deficiency. Nevertheless, 

these values were higher than 22.06 % for dry larvae [13], 27.57 % for roasted larvae [15] and 24.43 ± 1.30% for the 
dried [25] previously reported. The larvae of R. phoenicis are a good source of digestive proteins which can cover food 

imbalances [26]. Malnutrition in developing countries is more a problem of caloric and protein deficiency [27]. They 

could be used to respond to proteins’ needs which is between 23 to 56 g/kg [28]. Malaisse [7] reported a fat content of 
insects between 8.1 to 35.0% of dry matter. The fat content of the larvae of palm trees obtained is respectively 60.16 

% for dry larvae and 6.29 % for roasted larvae. This result is higher than 15.36 ± 0.82% reported by Okunowo et al. 
[25]. These values were lower than the 66.61 % of dry matter reported by Ekpo and Onigbinde [13] and 62.15 % of 

dry matter for fresh larvae reported by Edijala et al. [15]. On the other hand, the fat content in this study was above 

25.30% of fresh matter previously reported in the literature [10]. The larvae of R. phoenicis contained high proteins 
and fat and so are extremely energetic [27]. The carbohydrates contents obtained is 6.01% for dry larvae with 688.36 
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Kcal /100g of dry matter. This value is higher than 1.2% of dry matter reported by Nzikou et al. [26]. The variations in 

the nutritional composition of the larvae reported here and those previously reported for R. phoenicis may be due to 
the variations in the source, diet and age of the larvae analysed [21]. Because of their high protein content, 

consumption of the R. phoenicis larvae can be used as a human food supplement to balance diet [25]. The larvae is 
currently being promoted as an alternative source of protein and micro nutrient deficiency for preventing severe acute 

malnutrition (SAM) and possibly anemia [29, 30] and can be incorporated into biscuits for a nutritious snack for 

pregnant women [20]. 
 

Insects are known to be rich sources of various macro and trace elements. These elements are probably accumulated 
for future use in adult exoskeletal and connective tissue synthesis. Results of the mineral composition of R. phoenicis 
show that 100g sample of the insect will meet the RDA values for iron, zinc, copper, manganese and magnesium in 
most third world countries. Iron deficiency is a major problem in women diets, particularly among pregnant women, 

in the developing world [31]. So, the concentrations (dry weight bases) of the larvae of palm trees contained more 
minerals such as magnesium 237.33 mg/100g dry larvae and 128.16 mg/100g roasted larvae and iron 15.38 mg/100g 

for dry larvae and 9.21 mg/100g roasted larvae. These values are higher than 7.54 mg/100 g of magnesium and 

12.24 mg/100 g of iron reported by Banjo et al. [10] and 6.25 ± 0.06 mg/kg of iron reported by Markmanuel et al. 
[32]. The calcium content is 13.94 mg/100g for dry larvae and 6.91 mg/100g for roasted larvae, and phosphorus 

content is 1.03 mg/100gfor dry larvae and 0.99 mg/100g for roasted larvae are less than 39.58 mg/100 g (calcium) 
and 126.4 mg/100 g (phosphorus) reported by Banjo et al. [10]. Copper content is 3.43 mg/100g dry larvae, 3.24 

mg/100g roasted larvae and 3.98 mg/100g roasted larvae for zinc. This results are respectively higher than Cu (3.31 

± 0.04 mg/kg) Zn (5.36 ± 0.11 mg/kg) reported by Markmanuel et al. [32]. These results showed that the 
consumption of the larvae of palm trees could cover the minerals need for humans [17] which is for a man of 70 kg, 1 

to 3 mg of copper, 0.5 to 1.2 for calcium, 0.35 for magnesium and 0.010 to 0.020 for iron per day [33]. The lead and 
cadmium contents are respectively 0.006 mg/100g and 0.002 mg/100g. These values are less than 0.039 mg/100g of 

cadmium and 0.08 mg/100g of lead reported by Ekpo and Onigbinde [13]. The presence of these minerals could be 
explained the contaminations accumulated in the palm trees due to the area [34]. However, the cadmium and lead 

contents obtained are less than 0.1 to 0.5 mg/kg of lead in poultry meat and 2 mg/kg of cadmium in molluscs and 

cephalopods set by Codex standard 193 [34]. This larva may constitute a cheaper source of essential nutrients that is 
easily available and affordable to the natives within the localities where the larvae are found. The observed properties 

show that the larvae of palm trees are good food stuffs and can be used for human food [16]. 
 

5. CONCLUSION 
 

This work has been undertaken to evaluate knowledge on the cooking methods, the frequency of consumption and 

the nutritional value of the larvae of R. phoenicis through a survey and the determination of the proximate 
biochemical composition. Although, the larvae of the palm tree are known, they are less consumed due to the lack of 

nutritional knowledge. The most wide spread cooking methods for consumption remains drying and roasting. It arises 

from the physicochemical analyses that the contents of proteins, lipids and minerals of the larvae of the palm tree are 
rather interesting. The high percentages of proteins, lipids and major minerals such as iron, calcium and magnesium 

show that the larvae can be used to compensate food imbalances in some essential nutrients. 
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