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Abstract: The health benefits of nutrients provided by edible insects are not properly studied, even though insect intake in Latin 
American and Asia is a cultural tradition since ancient times. Insects from the giant water bug (Belostomidae family) are consumed 
both in Mexico and Thailand, and are known as “Cucarachon de agua” (Lethocerus americanus) and “Mangda” (Lethocerus indicus), 
respectively. Raw samples of these insects were collected on 2014 at Xochimilco channels from Mexico and from Warorot night 
market in Chiang Mai, Thailand to further analyze nutrient composition of samples according to official methods of analysis (AOAC) 
techniques. The nutrient compositions were as following: proteins 60.12% and 53.11%; lipids 5.72% and 8.15%; minerals 5.46% and 
6.75%; fiber 10.95 % and 12.23%; soluble carbohydrates 17.75% and 19.74%, for insects obtained from Mexico and Thailand, 
respectively. Giant water bug shows differences in nutrient composition. It may be the consequence of differences in the environment 
where they acquire the nutrients necessary for growth and reproduction. However, giant water bugs are available all year around and 
are a good source of proteins that could help people to obtain a cheaper source of this important macronutrient. 
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1. Introduction 

Macronutrient malnutrition is characterized as a 

disease of poverty in the midst of plenty. It means that 

while edible sources rich in macronutrients are readily 

available, they are not consumed or not in adequate 

amounts by vulnerable groups due to a lack of 

awareness. People in rural areas suffer of 

undernutrition, mainly protein-energy malnutrition 

(PEM) worldwide, therefore, alternative nutritional 

food sources are needed [1]. Insect consumption has 

played an important role as part of human nutrition in 

many regions around the world, including Latin 

America and Asia, since ancient times [2-4]. The 

composition of many edible insects has been 

published in the literature, and although significant 

variations were found, many insects provide 

satisfactory amounts of energy and protein, meet 
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amino acid requirements for humans, are high in 

monounsaturated and/or polyunsaturated fatty acids, 

and rich in micronutrients, such as copper, iron, 

magnesium, manganese, phosphorous, selenium and 

zinc, as well as riboflavin, pantothenic acid, biotin and 

in some cases, folic acid [3]. The nutritional values of 

edible insects are highly variable, not least because of 

the wide variety of species. Even within the same 

group of edible insect species, values may differ 

depending on their habitat and diet. Moreover, where 

commonly consumed, insects comprise only a part of 

local diet; nevertheless, because of their nutritional 

value, they are still a highly significant food source for 

human population [3]. Mexico and Thailand have a 

long cultural history of eating insects, and in those 

countries, there is a large reproduction of edible 

insects of the giant water bug (Belestomidae family), 

Lethoserus americanus in Mexico and Lethoserus 

indicus in Thailand. Both insect inhabitants from fresh 

water rivers, streams and ponds can be easily collected, 
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either when they are attracted to bright lights or with 

nets directly from the water [5]. The aim of this study 

was to assess macronutrient composition of giant 

water bug from Mexico and Thailand to investigate 

their feasibility as human food and to determine if 

there is a difference in chemical composition of 

insects from two different geographical locations 

where insects are consumed.  

2. Materials and Methods 

2.1 Sampling 

2.1.1 Mexico 

Convenience sampling (sampling method for wild 

or uncultivated foods) [6] of giant water bug was 

provided in summer, 2014 at Xochimilco lakeside area, 

where insects were collected randomly using water 

nets in the bottom of the canals. After collection, 

insects were transported in plastic bags with water 

from their habitat to the laboratory at the Metropolitan 

Autonomous University to determine taxonomy, 

moisture and chemical composition of samples in dry 

basis according with official methods of analysis 

(AOAC) techniques [7, 8].  

2.1.2 Thailand 

Material was bought by their common name 

“Mangda” at Warorot market in Chiang Mai, Thailand 

[5, 9]. The raw bugs of 3 cm long were washed under 

running tap, air-dried with sunlight exposition and 

stored in a can for subsequent air transportation to 

Mexico for taxonomy determination, moisture and 

macronutrient analysis according with AOAC [7]. 

2.2 Nutrients Content Analysis 

2.2.1 Moisture 

Sample moisture content was determined by using 

the direct drying method. Homogenized sample by 

weight of each organism 10 g was dried in an oven 

Felisa (Felisa S.A. de C.V., Jalisco, Mexico) at 60 °C 

for 24 h. Dry samples were powdered in a mortar, and 

then passed through a 30-mesh size. The obtained fine 

powder was used for further analysis. 

2.2.2 Proteins 

Sample protein content was determined according 

to the principle of the Kjeldahl method  [7]. Sample 

of 5 g was digested with 15 mL of concentrated 

H2SO4, using an electrically heated aluminum block 

digester. The resulting digest was diluted, and then 

made alkaline with 50 mL 40% NaOH. This was 

followed by rapid steam distillation of ammonia from 

the diluted digest into 25 mL of 4% H3BO3 for manual 

titration with 0.2 N HCl. A convention factor of 6.25 

was used to convert the measured nitrogen content to 

protein content. All samples were analyzed in 

triplicate, and the results were expressed as g/100 g 

dry basis of sample [8, 10]. 

2.2.3 Minerals 

Ash content was determined using a dry ashing 

method at 600 °C in a muffle furnace Felisa (Felisa 

S.A. de C.V., Jalisco, Mexico) for 6 h to constant 

weight to eliminate the organic matter. Remaining 

inorganic material was cooled and weighed. All 

samples were analyzed in triplicate, and the results are 

expressed as g/100 g dry basis of sample.  

2.2.4 Lipids  

Lipid content determination was performed by the 

semi continuous solvent extraction method [7]. The 

sample of 10 g was extracted with 180 mL petroleum 

ether on a Soxhlet apparatus (Sigma-Aldrich, Mexico 

city, Mexico) at 120 °C for 6 h. Petroleum ether was 

removed by evaporation and the lipid residue was 

weighed. All samples were analyzed in triplicate and 

the results are expressed as g/100 g dry basis of 

sample. 

2.2.5 Fiber 

Raw fiber determination of the sample (10 g) was 

performed by acid hydrolysis with H2SO4 0.255 N, 

followed by alkaline hydrolysis with NaOH 0.313 N 

in a Labconco apparatus (Labconco corporation, 

Kansas city, USA). Sample was analyzed in triplicate 

and results expressed as g/100 g dry basis of sample. 

2.2.6 Soluble Carbohydrates 

Carbohydrate content on dry basis was calculated 



Macronutrient Composition of Giant Water Bug (Lethocerus sp.) Edible  
Insect in Mexico and Thailand 

 

351

by difference according to the following Eq. (1): 

Soluble carbohydrates =  

[100 – (protein + lipids + ash + raw fiber)]   (1) 

3. Results and Discussion 

Insects are underutilized in most countries, even 

though they may be used for nutritional programs to 

fight against malnutrition and to improve alimentary 

security of populations in different countries of the 

world facing undernutrition. 

Giant water bugs are some of the largest insects 

worldwide, which are known as “Cucarachón de agua” 

in Mexico (Fig. 1a) and “Mangda” in Thailand    

(Fig. 1b) [5]. This insect is available all year around, 

but the best collection periods are on spring and 

summer time, because on autumn and winter, their 

availability diminishes (Table 1). 

These insects belong to the Belostomidae family 

(Table 2) and reproduce in streams, ponds and other 

water environments. Most of insects are consumed in 

rural areas but not as part of population’s regular diet, 

which might be due to the lack of knowledge about of 

nutritional benefits that these insects may provide for 

human populations.  

3.1 Moisture 

Moisture is almost half of the insect’s weight in 

both Mexican and Thai samples, being slightly higher 

in the insects of Thailand (Table 3). Due to the high 

content of water, raw samples might suffer a 

decomposition process, causing for microorganism 

growth. So, for preservation and further consumption, 

insect samples must be dried and stored in dried 

containers or any other appropriate package.  

3.2 Proteins 

Proteins comprise one of the five classes of 

complex biomolecules found in cells and tissues, 

except for DNA, RNA, polysaccharides and lipids. 

The diet must contain not only enough protein and 

amino acids, but also enough non-protein energy to 

permit the optimal utilization of dietary protein [11]. It 

has been estimated that protein requirements are 0.8 

g/kg of weight for adults. This estimation is about 50 

g/d for adult women (body weight about 63 kg) and 

63 g/d for men (body weight about 79 kg) [12]. 

Protein content in Mexican and Thai samples showed 

60.12 ± 0.5 g/100 g and 53.11 ± 0.8 g/100 g of 

proteins, respectively (Table 4). Thus, these insects are 
 

 
(a) “Cucarachón deagua” from Mexico               (b) “Mangda” from Thailand    

Fig. 1  Insects of the giant water bug (Belostomidae family). 
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Table 1  The availability of giant water bug. 

Season Availability 

Winter x 

Spring + 

Summer + 

Autumn x 

x: low availability; +: high availability. 
 

Table 2  Taxonomical classification of giant water bug. 

Category Mexico Thailand 

Order Hemiptera Hemiptera 

Family Belostomidae Belostomidae 

Genus Lethocerus Lethocerus 

Specie Americanus Indicus 

Common name Cucarachón de agua Mangda 
 

Table 3  Moisture content (%) in giant water bug 

(Lethocerus sp.) samples from Mexico and Thailand. 

Content Mexico Thailand 

Moisture (%) 52.25 55.09 

Dry matter (%) 47.75 44.91 
 

Table 4  Nutrient composition (g/100 g dry sample) of 
giant water bug (Lethocerus sp.). 

Nutrient Mexico Thailand 

Proteins 60.12 ± 0.50 53.11 ± 0.80 

Lipids 5.72 ± 0.40 8.15 ± 0.70 

Minerals 5.46 ± 0.70 6.75 ± 0.30 

Fiber 10.95 ± 0.80 12.23 ± 0.60 

Soluble carbohydrates 17.75 19.74 

Protein = N (%) × 6.25; soluble carbohydrates obtained by 
difference; all values are the mean of triplicates. 
 

a valuable source of proteins that may help to fulfill 

protein requirements for humans. Although the quality 

of proteins for nutritional purposes, determined by 

their amino acid composition [13], was not 

determined in this study, due to the nutritional value 

that these insects may offer, they represent a cheap 

source of animal protein [5], and so their consumption 

should be encouraged to help those people who can 

not afford other protein sources and contribute to low 

down protein-energy malnutrition (PEM) which 

results from an inadequate calorie or protein intake. In 

addition, a bilateral Student’s t-test for independent 

samples was performed to analyze for differences 

between Mexican and Thai samples. Results showed 

that protein content is higher in Mexican samples that 

that in Thai ones (P < 0.05), which must be due to 

environmental differences from the areas where 

insects were collected [3]. 

3.3 Minerals 

Minerals are simple chemical elements, which 

presence and roles are important for cellular activities. 

Their contribution to health maintenance is essential. 

There are more than 20 necessary minerals for 

metabolism control and for keeping tissues functions.  

Total mineral analysis shown in Table 4 

demonstrated that both samples do contain minerals, 

being found 5.46 ± 0.7 g/100 g and 6.75 ± 0.3 g/100 g 

for Mexican and Thai samples, respectively. Statistical 

analysis (bilateral Student’s t-test) showed no 

significant difference between samples tested (P > 

0.05). In fact, most of minerals are distributed widely 

among every kind of food, so almost every diet will 

include enough of them [14].  

3.4 Lipids  

Lipids are important macro-nutrients due to their 

participation on a wide range of metabolic and 

regulatory processes, for example, they are essential 

for the absorption of fat-soluble vitamins. In addition, 

ω3 and ω6 are essential fatty acids that have beneficial 

effects for human health, such as, heart support, 

mental health, immune functions, inflammatory 

processes, reduction of glucose intolerance, as well as 

insulin resistance prevention, among others. 

Recommended fatty acids intake ranges from 20% to 

35% of the daily food intake. For a 2,000 calories diet, 

this represents 56 g to 78 g of fat, and for a 3,000 

calories diet, 83 g to 117 g of fat [15]. Lipid content 

analysis showed that Mexican and Thai samples 

contain about 5.72 ± 0.4 g/100 g and 8.15 ± 0.7 g/100 

g, respectively (Table 4). Statistical analysis 

demonstrated significant differences in lipids content 

between Mexican and Thai samples, being higher in 

Thai samples (P < 0.05), which again, just as 
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happened with proteins, may be due to differences in 

the environment composition where insects grow and 

reproduce. On the other hand, according to the 

requirements for an adequate nutritional status in 

humans, and as happens with other foods, it is not 

possible to fulfill lipid requirements only with one 

kind of food, in this case with giant water bug. 

However, these insects may contribute to health 

maintenance by means of the enrichment of people’s 

diet. In addition, current dietary recommendations for 

ω3 fatty acids are 1.6 g/d for men and 1.1 g/d for 

women, whereas ω6 fatty acids recommendations are 

17 g/d for men and 12 g/d for women [16]. In this 

context, another worth mentioning fact is that the fatty 

acids profile in giant water bug includes 

mono-unsaturated fatty acid (MUFA) and 

poly-unsaturated fatty acid (PUFA), as well as ω3 and 

ω6 fatty acids, which has been demonstrated in 

previous analysis on 2011 of giant water bug from 

Xochimilco, Mexico [17]. Thus, these edible insects 

may be an important source of lipids for people that 

can not afford other lipid sources and so contribute to 

human population’s health maintenance.  

3.5 Fiber 

Insects with a hard body which have high chitin 

content have high fiber and ash content [18]. Besides, 

the amount of fiber seems to be associated with that of 

the ash; the higher the fiber content, the greater the 

amount of ash. The insects studied here are consumed 

in their adult stage, so they have a hard exoskeleton 

made of chitin, a natural source of fiber 

(N-acetylglucosamine) needed for appropriate food 

digestive processes. Samples comparison regarding 

fiber content showed no significant differences 

between Mexican and Thai samples (P > 0.05), being 

found 10.95 ± 0.8 g/100 g and 12.23 ± 0.6 g/100 g of 

fiber, respectively. According to the recommendations 

of Codex Alimentarius, a product qualifies as a source 

of fiber if it contains 3 g/100 g, and it can be described 

as high in fiber if it contains 6 g/100 g or more [19]. 

Furthermore, epidemiologic studies suggested that 

colon cancer can diminishe by fiber consumption, and 

so, between 20 g/d and 30 g/d of fiber are 

recommended. Besides, some kinds of fiber absorb bile 

acids, the main metabolite of cholesterol, so fiber 

consumption may be helpful for diminishing 

cholesterol blood levels [20]. In addition, other studies 

showed that fiber consumption may be an effective 

mean of reducing blood pressure, as well as lowering 

the risks of coronary heart disease. For the 

aforementioned, the consumption of the insects studied 

here would not just be an alternative source of nutrients 

as energy supply, but also would provide this important 

component that could contribute to people’s health.  

3.6 Soluble Carbohydrates 

Soluble carbohydrates are an important source of 

energy that is not in high amounts in the insects 

assessed in this study, being 17.75 g/100 g and 19.74 

g/100 g for Mexican and Thai samples, respectively. 

However, due to the high amounts of proteins found 

in these insects, it is likely that the excess of proteins 

can be transformed into carbohydrates by means of 

gluconeogenesis, so the lack of immediate energy 

sources may be overcome by metabolic processes. 

4. Conclusions 

In Mexico and Thailand, giant water bug is an 

edible insect available all year around and is 

commonly consumed by people living in rural areas. 

The analysis performed in this study demonstrated 

that these insects are a valuable source of nutrients 

that may contribute to health maintenance of people 

living in rural areas. In addition, results showed that 

there are some differences regarding the amounts of 

nutrients found in samples depending on the area 

where insects were collected. Mexican samples have 

higher amounts of proteins than Thai samples, while 

in contrast, the lipid content found in Thai samples is 

higher than that in Mexican insects. And there were no 

differences found for the rest of the nutrients analyzed. 
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Both samples of insects are not only an alternative 

source of energy, but also an important source of fiber 

that may help to prevent cardiovascular diseases. 

Lastly, differences found may be due to environmental 

variations of the area where insects reproduce and 

acquire their nutrients necessary for growth and 

reproduction. 

References 

[1] DeFoliart, G. R. 1999. “Insects as Food: Why the 
Western Attitude Is Important.” Annual Review of 
Entomology 44: 21-50. 

[2] Menzel, P., and D’Alusio, F. 1998. Man Eating Bugs: 
The Art and Science of Eating Insects. Berkeley, 
California: Ten Speeds Press.  

[3] Van Huis, A., Van Itterbeeck, J., Klunder, H., Mertens, E., 
and Halloran, A. 2013. Edible Insects: Future Prospects 
for Food and Feed Security. Rome: FAO. 

[4] Sahagún, F. B. 1979. Florentine Codex. Florence, Italy: 
Giunti Barbera Publishers. (in Spanish) 

[5] Weil, C. 2006. Fierce Food: The Intrepid Diner’s Guide 
to the Unusual, Exotic and Downright Bizarre. USA: 
Penguin Group. 

[6] Greenfield, H., and Southgate, D. A. T. 2003. Food 
Composition Data, Production Management and Use, 
2nd ed.. Rome: FAO. 

[7] Association of Official Analytical Chemists (AOAC). 
1995. Official Methods of Analysis, 16th ed.. Arlington, 
V.A.: AOAC. 

[8] Nielsen, S. S. 2010. Food Analysis Laboratory Manual, 
2nd ed.. USA: Springer. 

[9] Hopkins, J., Bourdain, A., and Freeman, M. 2004. 
Extreme Cuisine: The Weird and Wonderful Foods That 
People Eat. Singapore: Periplus Editions (HK) Ltd.. 

[10] Gehrke, C. W., Rexroad, P. R., Schisla, R. M., Absheer, J. 
S., and Zumwalt, R. W. 1987. “Quantitative Analysis of 
Cysteine, Methionine, Lysine and Nine Other Amino 

Acids by a Single Oxidation—4 h Hydrolysis Method.” J. 
Assoc. Off. Anal. Chem. 70 (1): 171-4. 

[11] Pencharz, P. B. 2012. “Protein and Amino Acids.” In 
Present Knowledge in Nutrition, 10th ed., edited by 
Erdman, J. W., Macdonald, I. A., and Zeisel, S. H. USA: 
Wiley-Blackwell, 69-82. 

[12] Mahan, L. K., and Escott-Stump, S., eds. 1998. Nutrition 
and Diet Therapy, 9th ed.. México: McGrawHill. (in 
Spanish)  

[13] Yhoung-Aree, J., Puwastien, P., and Attig, G. A. 1997. 
“Edible Insects in Thailand: An Unconventional Protein 
Source?” Ecology of Food and Nutrition 36: 133-49. 

[14] Melo, V., and Cuamatzi, O. 2007. Biochemistry of 
Metabolic Processes, 2nd ed.. Mexico: Reverté 
Publishing Company. (in Spanish) 

[15] Lichtenstein, A. H., and Jones, P. J. H. 2012. “Lipids: 
Absorption and Transport.” In Present Knowledge in 
Nutrition, 10th ed., edited by Erdman, J. W., Macdonald, 
I. A., and Zeisel, S. H. USA: Wiley-Blackwell, 118-31. 

[16] Jones, P. J. H., and Papamandjaris, A. A. 2012. “Lipids: 
Cellular Metabolism.” In Present Knowledge in Nutrition, 
10th ed., edited by Erdman, J. W., Macdonald, I. A., and 
Zeisel, S. H. USA: Wiley-Blackwell, 132-48.  

[17] Melo, V., Quirino, T., García, M., Sánchez, K., and 
Sandoval, H. 2012. “Database Composition of Fatty 
Acids from Mexican Giant Water Bug Edible Insect.” 
Presented at the 10th Euro Fed Lipid Congress on “Fats, 
Oils and Lipids: From Science and Technology to 
Health”,   September 23-26, 2012, Cracow, Poland. 

[18] Raksakantong, P., Meeso, N., Kubola, J., and 
Siriamornpun, S. 2010. “Fatty Acids and Proximate 
Composition of Eight Thai Edible Terricolous Insects.” 
Food Research International 43 (1): 350-5. 

[19] Johnson, I. T. 2012. “Dietary Fiber.” In Present 
Knowledge in Nutrition, 10th ed., edited by Erdman, J. 
W., Macdonald, I. A., and Zeisel, S. H. USA: 
Wiley-Blackwell, 97-117.  

[20] Roskoski, R. 1997. Biochemistry, 1st ed.. México: 
McGrawHill. (in Spanish)  

 


