Aquatic insects consumed in Togo: Diversity
and nutritional potential

ABSTRACT

This studyidentified the species of aquaticinsectsconsumed in Togo, and
determined the chemical composition of the
mostcommonspecies(Cybistertripunctatus (Sharp, 1882) (Coleoptera:Dytiscidae)).
This wasachievedthroughethnoentomologicalsurveys and species identification at
the insectarium of the University of Lomé and itprovided information on
aquaticinsectsconsumed in Togo. Samples of C. tripunctatuswerecollected in the
threelocalitieswhereethnoentomologicalsurveyswerecarried out. Ash, protein,
vitamin and lipid contents weredeterminedaccording to AOAC referencemethods.
Fiber content wasdeterminedusing the Weendemethod. Mineralswereanalyzed by
atomic absorption spectrophotometry and colorimetry. Lipid composition in
fattyacidswasdetermined by gaschromatography, and protein composition in
aminoacidswasdetermined by separation of aminoacidsusing the Biochrom 30+
analyzer. [it is dyticswhich are consumed in the savannah region by the Moba ethnic
theyoccasionally consumed adult dytics. Four species consumed by aborigine
populations were identified. None of these species is sold commercially. According
to the respondents, the consumption of dytics is motivated by their nutritional and
therapeutic virtues. C.tripunctatus consists of 10.32% moisture, 36.52% proteins,
26.98% lipids, 12.60% fibers, 4.94% carbohydrates, and has an energy value of
1804.19 kJ/100g. All essential amino acids are present in C. tripunctatus. Lipids are
rich in unsaturated fatty acids, particularly essential fatty acids. In terms of
micronutrient composition, the species studied is rich in minerals and vitamins. The
mineral content is 10.32% and depends on the nature of the minerals present.
Vitamins content also varies. The ratios of minerals, and fatty acids are balanced.
These data show the socio-economic importance of dytics consumed in Togo and
the quantitative and qualitative richness of C. tripunctatus in nutrients. This species
could therefore contribute to the nutritional balance of consumers.

Keywords: consumed aquatic insects; diversity;dytics; Moba ethnic group; nutritional value;
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1. INTRODUCTION

Continental waters are vastecosystems made up of streams, rivers, lakes, ponds and
estuaries of greatecological value. In theseaquaticecosystems, manyspecies have
established a complexfood web, ensuringbalancedfunctional and sustainablebiocenoses [1].
Moreover, thesebiocenoses have evolved over millenniaseparatelyfrom one another and
underdifferentecological conditions. As a result, many of them have acquired a certain
identity, and eventheirownspecies, resulting in a high level of biologicaldiversity in
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ecosystems [2]. Continental aquaticecosystemsaccount for just 0.8% of the earth's total
surface area, but thistiny fraction is home to at least 6% of the speciesdescribed [3].
Theseecosystems are home to bacteria, plants and animals like fish, mammals, birds,
insects, reptiles and amphibians. Because of this immense biodiversity, riverside populations
have maintained close relationshipswiththeseaquaticecosystems for millennia. Indeed,
continental aquaticecosystemsprovide a means of subsistence for a multitude of people in
developing countries [4]. Populations living neartheseecosystemsharvestfisheryproducts for
food, medicine and other uses [5] or tradethem for income or barter. Despite the
ecologicalinterest and socio-economic, therapeutic and nutritional values of these
continental aquaticecosystems, theirbiologicalspecies have remainedneglected. Indeed,
differentspecies of fauna in continental aquaticecosystems, like insects, are consumed by
aboriginepopulations withoutanystudiesbeingcarried out on theirdiversity, socio-economic
importance and nutritional value [5]. In view of their importance, aquaticinsects can
supplement the dietaryneeds of populations living neartheseecosystems; help-to. treat or
prevent the development of a wide range of diseasesassociatedwith malnutrition and
othersillnesses [6], hence the need to value them. The aim of the presentstudyisto promote
the consumption of aquaticinsects for foodsecurity in Togo. To this end, the species of
aquaticinsectsconsumed in Togo wereidentified, and the chemicalcomposition of the
mostcommonspeciesin the studyenvironment(C. tripunctatus) weredetermined in order to
assessitsnutritional value.

2. MATERIAL AND METHODS
2.1 Ethnoentomologicalsurveys

Ethnoentomologicalsurveyswerecarried out throughout Togo in two phases. An
enthnoentomologicalprospecting and pre-survey phase wascarried out betweenSeptember 8
and December 16, 2012 among 30.06f the country'smajorityethnic groups. For eachethnic
group, twolocalitieswereselected. Five householdswereselected per localitygiving a total of
350 pre-surveyedhouseholds. The pre-survey information wasgatheredthrough interviews
focusing on the ecology and. traditional uses (food, economic and medicinal) of
edibleaquaticinsects. These data enabled us to identify the Mobaethnic group as consumers
of aquaticinsects in_<Togo. Ethnoentomologicalsurveys on the consumption of
aquaticinsectswerecarried, out*betweenDecember 14 and 18, 2022 among the Mobaethnic
group. The groups.of individualssurveyed (regardless of religion or level of education) were
men, women and children. The information collectedfrom the subjectsconcerned the species
of aquaticinsectsconsumed in the area visited, the vernacularname of the species,
theirperiod.of :availability in the year, the quantitiesharvested, the stages harvested, their
marketing, cooking.methods, andtherapeuticvirtues, followed by a brief description of
aquaticinsectsconsommed. The ethnoentomologicalsurveyscovered 120 people spread
evenly‘over.3 localities. This preliminary information was essential for guidingfurtherfieldwork
on the capture of dyticspecies and their identification in the laboratory.

2.2 Sampling and conditioning of dytics

Once the results of the surveyshad been tabulated, guides identified as beingfamiliarwith the
speciesconsumed in the environmentssurveyedhelpedwith the actualfield identification of the
speciesconsumed. Dyticswerefishedusingtroubeau nets. The collectedsampleswere sent to
the Laboratory of Entomology at the University of Lomé, wheretheywereidentified to the
specificlevelusingdetermination  keys. Specimens of thesespecieswerecaptured in
threelocalities in Togo where the ethnoentomologicalsurveystook place, namelyLotogou
(10°47'53.7"N ; 0°1'31.6"E), Nanergou (10°54'41.6"N ; 0°9'0.9"E) and Bogou (10°39'28.8"N ;
0°1'31.6"E). Biochemical analyses focused on the C. tripunctatusspecies, the



mostcommonspeciesin the studyenvironment, as itwasfound at all sampling sites. For the
chemical analyses, C. tripunctatusadultswerefishedusingtroubeau nets in
thesesamelocalities at the sameperiod. Theywereplaced in an iceboxwitha cold
accumulatorcontainingice cubes to killthem [7] and thenbrought to the Laboratory of
Biochemistry at the University of Lomé.

2.3 Biochemicalassays

The SCALTEC electronic moisture analyzer (SMO1 Instrument GmH) was used to determine
the moisture contents of the samples

FreshC. tripunctatussampleswereoven-dried at 40° C for 7 days, thenground to powder for
the variousassays.

- Fiber content wasdeterminedusing the Weendemethod|[8].

Afteracidhydrolysisfollowed by basic hydrolysis, the samplesweredried at 150° C-for 1 hour,
thenincinerated at 550° C for 6 hours.

-Ashes (mineral substances), lipids and proteins compositions weredeterminedaccording to
AOAC methods [9].

*Ashesweredetermined by incineratingsamples at 550° C for 5 hours.
*Proteinswereestimated by total nitrogendeterminationusing the Kjeldahl method.
*Lipidswereextractedwith hexane using a soxhlet and the extractsevaporatedunder vacuum
at 35° C using a Buchi R114 rotavapor.

*Phosphorus content wasdeterminedcolorimetricallyusing the phosphovanado molybdate
method [10].

*Othermineralswereanalyzed by atomic absorption spectrophotometry[10].

*To assess the nutritionalquality of C. tripunctatus, Ca/P, Ca/Mg and Na/K ratios
werecalculated.

- The percentage of carbohydrates wascalculated by differencebetween the percentages of
other total constituentsaccording to the following formula [11]:

Carbohydrates=100-(Moisture+Proteins+Lipids+Ashes+Fibers)

- The metabolizableenergy (E) values of the sampleswerecalculatedfrom the protein, lipid,
carbohydrate and fiber values by applying the energy conversion factors via the formula [11]:

E=17 X Proteins+37/X Lipids+17 X Carbohydrates+8 X Fibers

- Lipidfattyacid compositions wereobtained by gaschromatography and the calculated
Omega6/Omegas3 ratio, respectively.

The fattyacid composition of lipidswasobtained by separatingtheirmethyl esters using a
gaschromatographi (HP 6890 series GC System). Beforehand, the fattyacids are
convertedintomethyl esters by transesterification of the rawlipidsusing a methanolic solution
of:borontriflueride [12]. The omega 6 found in the lipids of the speciesstudiedislinoleicacid
and the omega 3 is a-linolenicacid. The Omega6/Omega3 fattyacid ratio wascalculatedfrom
the Omega6 and Omega3 in the lipids of the insectstudied.

-The aminoacid composition of the insectwasobtained by separating the
variousaminoacidsusing the Biochrom 30+ aminoacidanalyzer.

-Aminoacid ratios werecalculatedusing the reference source WHO/FAO/UNO [13].
Aminoacid ratios (Raa) is the percentage ratio of the content of essential aminoacids in
samplestothat of the corresponding essential aminoacidsrecognized as favorable by a
reference source werecalculatedusing the following formula :

_ Content of an essential amino acid in the sample N
44 = Favorable content of the homologous amino acid according to OMS/FAO/ONU(1985)

100



The aminoacid index wasthendeduced for the species. The aminoacid index of a speciesis
the minimum Raa value of the species.

- Vitaminswereassayedaccording to AOAC methods [14].

Vitamins indifferentsamplesweredeterminedcolorimetrically. Optical
densitywasmeasuredusing a Jenway model 6300  colorimeter. Calibration
curveswereobtainedpreparing a range of solutions of the correspondingvitaminmolecule.

2.4 Statisticalanalysis

The rawresultsfrom the ethnoentomologicalsurveyswereused to calculate the
meanfrequencies of aquaticinsectsreported as consumed in differentlocalities. of the
Mobaethnic group [7] using Excel software. With regard to thechemical analyses, all tests
werecarried out in triplicate. The mean values of the components werecalculated on the
basis of the threereplicates. Theywereassignedtheir standard deviations (SD):

3. RESULTS
3.1 Diversity of aquatic insects consumed in Togo

Ethnoentomological investigations have identified 4 species of agquatic insects consumed in
Togo by the Moba ethnic group. They belong to the Dytiscidae family and are divided into 2
genera (Table 1).

Table 1. Taxonomy of consumed dytic species

Genera Scientific names of species

Cybister  Cybistertripunctatus(Sharp; 1882)
Cybister senegalensis (Aubé, 1838)
CybistervulneratusKlug, 1834

Hydaticus Hydaticusdorsigers (Aubé, 1838)

3.2 Dytic consumption frequencies by the Moba ethnic group

In all the localitiessurveyed, the dyticsconsumed have the same local name “Gnokoukouna”.
Forty-five out-=of 120 peopleinterviewed (37.5%) from the Mobaethnic group
saidtheyoccasionallyconsumedraw or processeddytics (table 2).

Table2.Dytic consumption frequencies by the Moba ethnic group

Locations surveyed Dytic consumption frequencies (%)

Lotogou 325

Nanergou 42.5

Bogou 375

Total 37.5 3.3

Socio-
economic aspects of dyticsconsumed in Togo

According to the majority of respondents (77.5%), dytics are available all year round (Table
3). Beingaquaticinsects, dytics are collected by chance as part of fishingactivities.
Onlytraditionalfishingiscarried out with nets actuallyintended for harvestingfish. However, the
quantitiescaught are small. The numbercaughtisgenerallylessthan 10 individuals, according



to 93% of respondents. According to the samerespondents, onlyadultdytics are eaten
(100%), and dytics are not soldcommercially (0%). They can beeatenraw (40%). More often,
however, they are cooked (60%) by braisingafterremoval of the wings (92.7%), and in a few
rare cases by roasting (7.3%). Consumption of dyticsallowstreatment of nasal haemorrhage
(98%).

Table 3. Socio-economic aspects of dyticsconsumed in Togo

Socio-economic aspects Frequencies (%)
Period of availability Year-round 77.5
Seasonal 22.5
Quantity harvested Less than 10 individuals 92.3
More than 10 individuals 7.3
Stage consumed Adult 100
Larval 0
Marketing Sold 0
Not sold 100
Consumption mode Raw 40
Cooked 60
Cooking method Braising 92.7
Roasting 7.3
Therapeutic properties Treats nasal hemorrhage 97.6
No virtue 2.4

3.4 Chemical composition of C. tripunctatus

3.4.1Proximate composition and energy value

Table 4 shows the proximate composition of C. tripunctatus. It shows that 100 g of C.
tripunctatus contains 10.32+ 0.1 g moisture, 36.52+ 0.46g proteins, 26.98+ 1,62 g lipids,
12.60 + 0.14q fibers, 4.94 + 1.46g carbohydrates, and 8.62+0.33g ashes (Table 4). It is a
high-energy food, with calorific values.of 1804.19 + 33.25kJ/100g.

Table 4.Proximate composition (%) and energy value (kJ/100g) of C. tripunctatus

Parameters analyzed: Proximate composition (%) and energy value (kJ/100g)

Moisture 10.32+0.1
Ashes 8.62 £ 0.33
Proteins 36.52 £ 0.46
Lipids 26.98 £ 1,62
Fibers 12.60+0.14
Carbohydrates 494 +1.46
Energy 1804.19 + 33.25

3.4.2 Mineral composition

The mineral composition of C. tripunctatus is rich in macronutrients like calcium (82.88 +
0.46mg/100g), magnesium (44.27+ 0.81mg/100g), phosphorus (82.14+ 0.26 mg/100g),
potassium (474.13+ 2.09 mg/100g), sodium (161.83+ 2.2 mg/100g) and trace elements such
as iron (14.36+ 0.09 mg/100g), copper (1.97 £ 0.00mg/100g), zinc (6.07 + 0.00mg/100g) and
manganese (3.64 mg/100g) (table 5).




Table 5. Mineral composition (mg/100g)ofC. tripunctatus

Minerals Average minerals content(+ SD)
Calcium 82.88 + 0.46

Magnesium 4427 +0.81

Phosphorus 82.14 +0.26

Potassium 474.13 £ 2.09

Sodium 161.83 2.2

Iron 14.36 £ 0.09

Manganese 3.64 + 0.05

Copper 1.97 £ 0.00

Zinc 6.07 + 0.02

Table 6 shows the Sodium/Potassium, Calcium/Phosphorus and Calcium/Magnesium ratios
for C. tripunctatuswhichare 0.34, 1.01 and 1.87 respectively.

Table 6. Sodium/Potassium, Calcium/Phosphorus and Calcium/Magnesium ratios for
C. tripunctatus

Ratios Values
Sodium/Potassium 0.34
Calcium/Phosphorus 1.01
Calcium/Magnesium 1,87

3.4.3 Amino acid composition

The amino acid composition of C. tripunctatus'is shown in Table 7. Of the 20 protein-forming
amino acids anchored in the human genome, 18 have been identified in C. tripunctatus
contains all the essential amino acids.

Table 7 : Amino acid profile (g/100g total product) of C. tripunctatus

Amino acids Values(+ SD)
Isoleucine 1.33+£0.04
Leucine 2.52+0.15
Lysine 1.43 £ 0.09
Methonine 0.49 £+ 0.01
Phenylalanine 1.48 £ 0.02
Tryptophan 0.44 + 0.04
Threonine 0.85+0.17
Valine 1.81 £ 0.02
Arginine 1.03 +0.01
Histidine 2.24 +0.02
Alanine 2.83+0.22
Aspartic acid 2.82 +0.03
Glutamic acid 3.96 £ 0.29
Cystine 0.79 +£0.00
Glycine 4.24 + 0.02
Proline 2.86 +0.19
Serine 1.20 £ 0.07

Tyrosine 5.90 + 0.86




The amino acid index of this insect is 75.29%, i.e. less than 100% of that of the reference
protein (table 8). An amino acid index below 100 indicates that the concentration of at least
one essential amino acid is limiting. Methionine and cystine are the first limiting amino acids
for C. tripunctatus, followed by tryptophan, lysine and threonine. The valine, leucine,
methionine, isoleucine, tyrosine, histidine and phenylalanine values obtained for this dytic
exceed the WHO, FAO and UN recommendation [13].

Table 8.index values for Amino acid forC. tripunctatus

Amino acids Reference WHO/ Index values for
FAO/ONU (1985) C. tripunctatus

*Threonine 0.9 94.44

Valine 1.3 139.23

*Methionine +Cystine 1.7 75.29

Isoleucine 1.3 102.30

Leucine 1.9 132.63

Tyrosine +Phenylalanine 1.9 388.42

Histidine 1.6 140

*Lysine 1.6 89.39

*Tryptophan 0.5 88

Amino acid index 100 75.29

*Limiting amino acid

3.4.4Lipid characteristics

3.4.4.1 Fatty acid composition of C. tripunctatus

The results of the chemical screening carried out on C. tripunctatus lipids are shown in table
9. The lipids of the species studied contain saturated fatty acids such as myristic acid (1.09
0.00 %), isopalmitic acid (36.61+ 0:01 %) andistearic acid (7.17 + 0.01 %). Monounsaturated
fatty acids are also present in this species. These are oleic acid (34.13%) and elaidic acid
(2.77 £ 0.01 %). With the exception of elaidic acid, which is trans-configured, all the other
fatty acids in the lipids ofsthe species studied are cis-configured. The polyunsaturated fatty
acids contained in the lipids are linoleic acid (6.54 + 0.00 %) and a-linolenic acid (1.63 + 0.02
%).

Table 9. Percentage (%) of fatty acids ofC. tripunctatus

Fatty.acids Percentage(+ SD)
Myristic acid (C14:0) 1.09+0.00
Isopalmitic acid (C16:0) 36.61+0.01
Stearic acid(C18:0) 7.17+0.01

Oleic acid cis (CI8 :1) 34.13+0.01
Elaidic acidtrans (C18 :1) 2.77+0.01
Linoleic acid (C18 :2n 6) 6.54 + 0.00

Acide a-linolénique (C18:3) 1.63+0.02

3.4.4.2 Degree of lipid saturation

The percentages of saturated and unsaturated fatty acids (monounsaturated and
polyunsaturated) in the lipids of C. tripunctatus are shown in Table 10.It appears that C.
tripunctatus contains more than 48% unsaturated fatty acids. Monounsaturated fatty acids



represent 39.88% and polyunsaturated fatty acids represent8.17%.Concerning the
Omegab/Omega3 ratio of fatty acids in the insect studied, the value is 4.01.

Table 10. Lipid saturation (%)and Omega6/Omega3 ratioforC. tripunctatus

Lipid saturation and Values(x SD)
Omegab/Omega3 ratio

Saturated fatty acids 50.95 + 0.03
Monounsaturated fatty acids 39.88 +0.00
Polyunsaturated fatty acids 8.17+ 0.02
Unsaturated fatty acids 48.06+0.02
Omegab/Omega3 4.01

3.5.5 Vitamin composition

The specie studied has variable vitamin contents (table 11) per. 100g: retinol (0.04 *
0.00mg), thiamin (1.89 £+ 0.01 mg), riboflavin (2.2 + 0.01 mg), niacin (7.17+'0.06 mg) and
tocopherol (3.29 + 0.16 mg).

Table 11. Vitamin contents (mg/100g dry weight) of C. tripunctatus

Vitamin Average vitamin contents(+ SD)
Retinol (A) 0.04 +0.00

Thiamin (B,) 1.89+0.1

Riboflavin (B,) 22+01

Niacin (Bs) 7.17 £ 0.06

Tocopherol (E) 3.29+£0.16

4. DISCUSSION
3.1 Diversity and socio-economic aspects of aquaticinsects in Togo

In Togo, aquaticinsects have been reported to beconsumed by the Mobaethnic group. A
non-exhaustive list..ofs4 specieswasdrawn up in the course of thisstudy, and all the
speciesconsumedwereadultsbelonging to the Dytiscidaefamily.
Comparingedibleaquaticinsectswith the list of insectspeciesconsumed in Togo compiled by
Badanaro [45], .the numberissmall. Edibleaquaticinsectsaccount for just 14% of the
insectspeciesconsumed in Togo. Globally, the number of
aquaticinsectsisgenerallylowcompared to terrestrialspecies. Theyrepresentonly 6.58% of
consumedinsectspecies [16]. Seventy-eight(78) belonging to 22 genera and are consumedin
27 countries, mainly Mexico and Asia (China, Japan). The
mostwidelyconsumedaquaticinsectfamilies in the world are the Dytiscidae and
Hydrophilidae, which are the most diverse and largest in size [17]. The number of
aquaticinsectspeciesconsumedisthereforegenerallysmallcomparedwithterrestrialspecies. The
dyticspeciesconsumed by the Mobaethnic group have the samevernacularname
“Gnokoukouna” in thisethniccommunity. Indeed, veryoften, whenseveralinsectspecies are
eatentogether, they all share a commonvernacularname. Local populations finditdifficult to
distinguishbetweenindividualspecies. This linguistictendencyreflects long-standing
traditionalknowledge of the species [18]. The information provided by local people on the
ecology and traditional uses (food, economic and medicinal) of the



edibleaquaticinsectsconsumed in Togo demonstratesthat local people have in-
depthknowledge of theseinsects and have been usingthem for a long time.

According to Johnson [19],someinsects are available all year round,
includingmanyaquaticspecies. This is the case withdytics, which, according to respondents
in the presentstudy, are permanentlypresent in water reservoirs all year round. However, the
quantities of dyticsharvested are small, contributing to a reduction in theirconsumption. It
shouldbenotedthatconsumers are complaining about the scarcity of dyticsthesedays,
resulting in smallharvests. The scarcity of insectsis the main reason for the decline in the
consumption of dyticswithin the consumingethnic group and the factthat no
speciesismarketed, as isalso the case for insectconsumptionamongaboriginal groups in
Madagascar [20].Furthermore, entomophagyisdecliningamong populations < in_tropical
countries, whereitwas once widespread due to the westernization of diets. In“tropical
countries, insects are seen as a usefulresource, but not always a positive one, as they are
associatedwith ancestral, rural dietsthat are not conducive to development. Thus, the trend
isreversed in relation to the Western population, whichwillpreferproductsthatevoke a “return
to nature”, whereas populations in tropical countries are more
inclinedtowardsprocessedproducts [21].

Dytics are known to have therapeuticvirtueswithin the ethniccommunitysurveyed in Togo.
They are used to treat nasal haemorrhage in thiscommunity. The samespecies are used as
an anti-diuretic in China [22]. Indeed, severalauthors’ [23, 24, 25] have
alsoreportednumerousedibleinsectspecies as havingtherapeutic and stimulatingvirtues.
Clinical trials need to becarried out on thesedyticspecies to provetheirefficacy.

3.2 Biochemicalanalysis of C. tripunctatus

The moisture content of C. tripunctatusis 10.32% relative to itsfresh mass. This
islowerthanthatfound by Shantibala et al.{5] on the samespecies (38.03%). However, these
contents are all lowerthan the moisture contents of conventionalmeatproductssuch as beef,
chicken, pork and fish, which have moisture contents in the 40-70% range [11]. The
lowmoisture content of C. tripunctatusraises the relative concentrations of otherfood
components. The ashfrom the incineration of C. tripunctatus has been used to quantify a
number of minerals (calcium,.phosphates, sodium, potassium, iron, zinc) essential to the
organism and contained. in theinsect. The levels of the mineralsobtained in
duringthisworkconfirmthatthisbeetleprovides the populations that consume itwith a
sufficientquantity=of “minerals. The value of minerals contentisrelatively high for the
beetlestudied (8.62%), like manyedibleinsects. [21,26] Indeed, compared to the values
reported forsmeatproducts [11], insects are known to berich sources of different macro and
trace elements. Sedium and potassium regulate the water content of the human body and
help “smaintainthe acid-base balance. Thesetwoelements have been found in
significantquantities in C. tripunctatus. Considering the Na/K ratio, whichisequal to 0.34 and
thereforelessthan 1, wededucethatconsumption of C. tripunctatuswould have a positive
effectcombatingcardiovasculardisease [27,28]. Calcium and phosphorus are necessary for
bonegrowth. Calcium deficiency causes growth retardation, rickets in children, spasmophilia
in adults and osteoporosis in the elderly. As intestinal absorption of calcium is favorable
when the Ca/P ratio isbalanced, as is the case for C. tripunctatus, the intake of
theseelements by C. tripunctatusisbeneficial. The Calcium/Magnesium ratio of C.
tripunctatusis close to 2, whichfavourssignificant calcium fixation in the organism [29].
Oligominerals like zinc, copper and maganese have also been found in C. tripunctatus. Zinc
is essential for cellgrowth and woundhealing. It enables the properutilization of group B
vitamins and vitamin A. Copper promotes intestinal absorption of iron, isinvolved in the
formation of redbloodcells, plays a role in energy production and contributes to the synthesis



of many vital substances. It isalsonecessary for hemoglobin formation and redbloodcell
maturation [30,31]. C. tripunctatusconsumed by the Mobaethnic group in Togo constitutes an
important source of animal protein (36.52%), a valuehigherthanthatobtained in India by
Shantibala et al[5] in the samespecies (22.64%). Comparison of thiscontentwiththat of adults
of otheraquaticinsectsconsumed, or withfish or meat shows thatC. tripunctatusconsumed in
Togo isricher in proteinthanLethocerusindicus (Lepeletier et Serville, 1825) (Hemiptera :
Belostomatidae) (22.08%), Hydrophilusolivaceous Fabricius, 1781 (Coleoptera :Dytiscidae)
(25.08%), beef (18.2%) and fish (18.3%) [5,11], however, C. tripunctatusislessprotein-
richthanadults of otheraquaticinsects like Laccotrephesmaculatus (Fabricius, 1775)
(Hemiptera : Nepidae) (66.5%) and Crocothemisservila (Drury, 1770) (Libellulidae) (70.48%)
that are alsoconsumed [5]. Proteinquality in foodisdetermined by its essential aminoacid
content. All essential aminoacids are present in the protein portion “of C.
tripunctatus.Comparison of the protein composition of thisinsectwith the WHO/FAQ/ONU
Reference [13] shows that the valine, leucine, isoleucine, tyrosine, histidine and
phenylalanine values obtained for thisdyticexceed the referencerecommendation, however,
in decreasingorder, threonine, lysine, tryptophan, methionine:, and cystine are
limitingaminoacids for C. tripunctatus. Theseresults are in line withthose;of Mabossy-
Mobouna et al. [32], whonotedlow concentrations of tryptophan and sulfuraminoacids
(methionine and cystine) in the caterpillarimbrasiatruncataAurivillius,1909 (Lepidoptera :
Saturniidae). A dietbased on C. tripunctatusneeds to besupplementedwithfoodsrich in these
essential aminoacids. The high protein content of C. triptnctatusis suggestive of itspotential
in combatingproteindeficiency in developing countries.. This. insect can provide a cheaper
source of essential nutrientsthatisreadilyavailable and: affordable to aborigines in the
localitieswhereitisconsumed.

The lipid content of C. tripunctatusisquite high. On a freshinsect mass basis, the lipid content
of C. tripunctatus (26.98%) ishigherthan theiamountfound in mostconventionalfoods like
beef, chicken, egg and milk [11]. The lipid saturation values show that the
speciesstudiedcontainsaturatedfattyacidlevels of 50.95%. This ishigherthanrecommended by
the French Food Safety Agency(AESSA), whichadvises a maximum dietaryintake of 33%
saturatedfattyacids [33].Indeed; high levels of saturatedfattyacids in the diet are considered
to beriskfactors for cardiovasculardisease. Saturatedfattyacids are excellent energynutrients,
but theirconsumption in high proportions can increase the risk of cardiovasculardisease and
promote the formation -of. thrombosis, leading to cardiovasculardisease [34].
Monounsaturatedfattyacids are alsopresent in thisspecies.These are oleicacid (34.13%) and
elaidicacid (2.77%),. whichis the trans isomer of oleicacid.The high oleicacid content is a
nutritionaladvantage, as ipidswith high levels of unsaturatedfattyacids are good for
humanconsumption. With the exception of elaidicacid (2.77%), whichis trans-configured, all
the otherfattyacids in the lipids of the insectstudied are cis-configured. Fortunately, the
quantityfoundin thisinsectislow, as excessive consumption of trans fattyacidsislikely to have
a negative. impact on health, just like saturatedfattyacids [35]. At very high doses, these
“trans” fattyacids, like saturatedfattyacids, are capable of increasinglevels of LDL-
cholesterol, or badcholesterol, whileloweringlevels of HDL-cholesterol, or good cholesterol
[36]. The polyunsaturatedfattyacidscontained in theselipids are linoleic a (6.54%) and o-
linolenic (1.63%) acids. The level of polyunsaturatedfattyacidunsaturationobserved in the
insectstudiedislow (8.17%), sincetheir content islessthan 15% of fattyacids [33].
Theirpresence in foodisbeneficial to health, as they have the potential to lower LDL
cholesterollevels in the blood [37].This speciescontains the two essential fattyacids
(linoleicacid and a-linolenicacid) that are the precursors of the twofattyacidfamilies Omega6
and Omega3.The speciesstudied has an Omega6/Omega3 ratio of lessthan 5.This
underlines the nutritionalquality of thisinsect'soil, as such a ratio reduces the risk of
cardiovasculardisease [38]. Linoleic and a-linolenicacids are essential to the functioning of
the human body. In fact, linoleicacidisinvolved in the formation of phospholipids in cell



membranes and moleculesregulating cellular functions, reproductive functions and
plateletfunctions [35]. a-Linolenicacidplaysspecificroles in the development and physiology
of the retina, brain and nervous system [39]. Futhermore, as the speciesstudiedisrich in
bothproteins and lipids, itsenergy value isvery high. A comparison of the total energysupplied
by the insectstudiedwiththat of conventionalfoods in West Africa [11] shows thatitis more
energeticthanmost of the conventionalfoods, notablytubers (manioc, yam), cereals (maize,
sorghum, rice), meats (beef, chicken) and legumes (beans, soya), whosethe energy values
fallwithin the range of energysupplied by insects for the samefood mass.

C. tripunctatusalsocontainsappreciablequantites of all the vitaminsrequired. It
containsappreciablequantities of retinol, thiamine, riboflavin, niacin and tocopherolmakingit a
species of good nutritionalquality. The presence of vitamins in C. tripunctatusconfirms the
conclusion of severalauthors [40,41,42] thatinsects are an important source of vitamins.
Thesevitamins have severalfunctions in the body. Vitamins A and E.are antioxidants,
whilethe B vitamins are co-enzymes [33].

The fiber content of the speciesstudiedis high compared to conventionalmeatproducts [11].
This species can thereforecontribute to better digestion for people.of all ages. Indeed, fiber
in the diet can improve intestinal health [43]. In addition, fiber has.a positive effect on
acceleratingsatiety, thuslimiting the risk of overeating. This helpspreventobesity [44]. On the
other hand, insects are not a great source of carbohydrates according to severalauthors
[15,18,45]. The content obtained in thisstudy for the speciesstudiedisalsolow, confirming the
findings of theseauthors. Carbohydrates represent the primary source of energyavailable to
the humanorganism [46]. However, an excess of carbohydrates contributes to a number of
adverse effects on the body, includingobesity. ‘As insects are low in carbohydrates and high
in fiber, theirconsumptionisbeneficial in avoidingobesity, a risk factor for a number of
pathologies, notablycardiovasculardisease and diabetes.

5. CONCLUSION

In thisstudy, four species of aquaticinsectswereidentified as beingconsumedwithin the
Mobaethnic group in Togo. ThesewereC. tripunctatus, C. senegalensis, C. vulneratus and H.
dorsigers. Thesespecieshelong:to. the Dytiscidaefamily. The list of aquaticinsectsconsumed
in Togo drawn up in'thisstudyis not exhaustive. This work, whichprovides an initial overview
of the aquaticinsectsconsumed in Togo, must befollowed by intensive studies in the
aquaticecosystems:of the study area. C. tripunctatus, whosechemical composition has been
analyzed, contains all" the essential aminoacidsrequired by the human body. It
provideslipidsrich. in  unsaturatedfattyacids, especially essential fattyacids. It
alsoprovidesminerals and vitamins essential for the functioning of the human body. The
ratios of aminoacids, essential fattyacids and minerals in thisinsect are balanced. As a result,
it has an% excellent nutritional value. The quantity and qualityrichnessof C.
tripunctatusnutrientssuggestthatitcouldbe an essential tool for applications in the agri-food
and pharmaceutical industries.
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