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The potential of insects as a source of protein for future food and feed is widely admitted in the last couple years
and is the object of numerous studies. The Kjeldahl method is widely used to quantify the crude protein content
of insects which ranges from 8 to 70% of dry mass. This procedure evaluates the total concentration of Nitrogen
(N), which is converted to protein by multiplying it by the nitrogen-to-protein conversion factor (N-factor) for
meat (6.25). Giving that the insect cuticle contents large amounts of fibrous chitin, a polysaccharide rich in N,
and proteins tightly embedded in its matrix, and is not digested by humans or domesticated animals, using the
Kjeldahl method overestimates the digestible protein content of insects. We propose to evaluate digetible ni-
trogen by quantifying N in the cuticle and sustraiting it from the total nitrogen content, and to calculate a new N-
conversion factor which should be similar for all the insects species and their development stages.

Insects are a promising, healthy and sustainable source of high-
quality proteins (van Huis, 2013; Williams et al., 2016). They have been
widely consumed throughout human history (McGrew, 2014). En-
tomophagy is still practised frequently in more than 90 developing
countries (Defoliart, 1995), for a total of 1900 (van Huis, 2013) to 2163
(Jongema, 2012) edible insect species included in different orders, es-
sentially beetles (Coleoptera), caterpillars (Lepidoptera) and bees/
waps/ants (Hymenoptera), followed by grasshoppers and locusts (Or-
thoptera), termites (Isoptera) and other orders (van Huis et al., 2013).
Following tradition and culture, and palatability of the species, people
consumes young stages (larvae or nymphs), pupae or adults, or all
stages of development of these insects. Concerned by the growing
global human population and the expected increasing in protein de-
mand for food and feed, the Food and Agriculture Organization of the
United Nations (FAO) placed recently food production from insects on
the global agenda (FAO, 2009). Insects have several advantages, in-
cluding a higher feed conversion ratio (FCR) than common animal-
based protein sources; considerably lower requirements for water, en-
ergy and land for production and lower ammonia emissions (Oonincx
et al., 2010; van Huis et al., 2013), although more research is required
to valid these advantages at an economically relevant production scale
(Lundy and Parrella, 2015).

The rising interest in insects as a protein resource for humans and
animals is reflected in the flourishing scientific literature. Protein levels

as high as 13-77% of dry biomass have been reported in different insect
types (Kupferschmidt, 2015; Sanchez-Muros et al., 2014; van Huis
et al., 2013) or between 21 and 80% (Williams et al., 2016) (See Table 1
for examples). Clearly the accuracy of the quantification of protein in
insects is central to defining their nutritional benefit.

The majority of research studies on insects as resource for human
food or animal feed use the Kjeldahl standard protocol (FAO, 2003), for
example Lundy and Parrella, (2015), Surendra et al. (2016) or Zielinska
et al. (2015), while some others adopt the derived Dumas technique
(e.g., Yi et al., 2013), following the protocols described in AOAC for
analysis of protein in food (Latimer, 2016). The Kjeldahl method con-
verts nitrogen (N) containing compounds (e.g., proteins, nucleic acids,
amines, organic compounds) into ammonia, which is quantified car-
rying a three steps procedure: digestion of the sample in sulfuric acid,
distillation with excess of base to convert ammonium sulfate to volatile
ammonia which is steam-distilled into a solution of boric acid and then
titration of the ammonium borate with chloric acid (Bruun Jensen
et al., 2016). After quantification nitrogen N is converted to protein by
multiplying it by a food-specific nitrogen-to-protein conversion factor
(N-factor), 6.25 for meat for example (Merrill and Watt, 1973). In the
Dumas method nitrogen is converted to N, by combustion, and the gas
is detected by a thermal conductivity detector. Both methods were
compared and discussed by Muller (2014). Both techniques have the
advantage of being considered standard methods, allowing comparisons
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Table 1

Journal of Food Composition and Analysis 62 (2017) 184-188

Examples of studied insects for food and feed, and the methods used for protein and chitin quantifications. N-f-N to protein conversion factor; *N to protein conversion factor not stated;
CP - crud protein, N-analysis method not declared; AA analysis — amino acid analysis by AA analyzer of by HPLC; - trp — tryptophan not tested in amino acid analyzer; ¥ fiber analysis
method not declared, analyzed according to AOAC 1975; CF - crud fibers, double hot hydrolysis by 1.25% sulfuric acid following 1.25% sodium hydroxide, gravimetric weighing; Total
carb. — total carbohydrates hydrolysis, HPLC; ADF — acid detergent fibers, hot hydrolysis by sulfuric acid or NIR reflectance spectroscopy; TDF - total dietary fiber calculated using
enzymatic hydrolysis (EH): defat, amylase, protease, amiloglucosidase, alcohol precipitation, residual ash and N analysis. TDF = weight (residue of EH)-ash-N x 6.25; N-glucosamine —

total chitin, 72% (w/w) H,SO4 1 h at 30 °C, subsequently 1M H,SO,4 3 h at 100 °C and HPLC analysis; A — calculated from fresh weight.

Scientific name Common name Developmental stage protein analysis Protein,  Dietary fiber analysis Dietary fiber, Reference citation
method (N-f) % (DW)  method % (DW)
Acheta domestica Cricket adults CP (6.25) 15.6 Payne et al. (2016)
Acheta domestica Cricket adults Dumas (6.25)  46.8-68.5 aaaaaaaaaaaaaaaaaaa Caparros et al.
(2016)
Acheta domestica Cricket nymphs CP (6.25) 17.79 4 TDF 1184 Finke (2015)
Acheta domestica Cricket nymphs CP (6.25) 17.79 4 ADF 1.924 Finke (2015)
Acheta domestica Cricket adults Dumas (6.25) 73.6 Yi et al. (2013)
Allomyrina dichotoma Japanese rhinoceros larvae Kjeldahl (6.25) 54.18 TDF 4.03 Ghosh et al. (2017)
beetle
Alphitobius diaperinus Lesser mealworm larvae Dumas (6.25) 58.0 4 Yi et al. (2013)
Alphitobius diaperinus Lesser mealworm larvae AA analysis 49.58 N-glucosamine 4.4-9.1 Janssen et al. (2017)
Alphitobius diaperinus Lesser mealworm larvae Dumas (4.86) 48.60 N-glucosamine 4.4-9.1 Janssen et al. (2017)
Alphitobius diaperinus Lesser mealworm larvae Kjeldahl (6.25) 60.0 Adamkova et al.
(2016)
Analeptes trifasciata Rhinoceros beetle larvae Kjeldahl (*) 22.34 CF 3.66 » Banjo et al. (2006)
Analeptes trifasciata Rhinoceros beetle larvae Kjeldahl (*) 30.28 4 CF 2.00 4 Banjo et al. (2006)
Anaphe infracta African silkworm larvae Kjeldahl (*) 22,124 CF 2.66 * Banjo et al. (2006)
Anaphe recticulata African silkworm larvae Kjeldahl (*) 25.87 4 CF 3.47 4 Banjo et al. (2006)
Anaphe spp. African silkworm larvae Kjeldahl (*) 20.42 2 CF 1.824 Banjo et al. (2006)
Anaphe venata African silkworm larvae Kjeldahl (*) 28.40 A CF 2.54 4 Banjo et al. (2006)
Apis mellifera European honey bee 90% pupae, CP (6.25) 23.44 ADF 12.94 Finke (2005)
10% larvae
Apis mellifera European honey bee bee brood CP (6.25) 15.2 Payne et al. (2016)
Apis mellifera European honey bee bee brood Kjeldahl (*) 19.54 4 TDF 5.454 Adeyeye and
Olaleye (2016)
Apis mellifera European honey bee bee brood Kjeldahl (*) 23.0 4 CF 2194 Banjo et al. (2006)
Blaptica dubia Orange-spotted adults Dumas (6.25) 59.2 4 Yi et al. (2013)
cockroach
Bombyx mori Silkworm larvae Kjeldahl (*) 22.89 4 TDF 5.23 4 Adeyeye and
Olaleye (2016)
Bombyx mori Silkworm pupae CP (6.25) 17.9 Payne et al. (2016)
Bombyx mori Silkworm pupae Kjeldahl (*) 21.65 4 TDF 5.85% Adeyeye and
Olaleye (2016)
Brachytrupes orientalis Mole cricket adults Kjeldahl (6.25) 65.7 CF 8.75 Chakravorty et al.
(2014)
Brachytrypes spp. Cricket adults Kjeldahl (*) 6.47% CF 1.04 4 Banjo et al. (2006)
Chondacris rosea Short-horned adults Kjeldahl (6.25) 68.9 CF 12.38 Chakravorty et al.
grasshopper (2014)
Cirina forda Pallid emperor Moth larvae Kjeldahl (*) 29.52 4 CF 2.63 4 Banjo et al. (2006)
Curculionidae Snout beetle larvae Kjeldahl (*) 20.12 4 TDF 6.49 4 Adeyeye and
Olaleye (2016)
Cytacanthacris aeruginosus Short horned adults Kjeldahl (*) 1334 CF 1.65 4 Banjo et al.(2006)
unicolour grasshopper
Galleria mellonela Waxworms larvae CP (6.25) 15.39 4 TDF <0.80% Finke (2015)
Galleria mellonela Waxworms larvae CP (6.25) 15.39 4 ADF 1.624 Finke (2015)
Gonimbrasia belina Mopane caterpillar larvae CP (6.25) 35.2 Payne et al. (2016)
Gryllodes sigillatus Cricket adult Kjeldahl (6.25) 70.0 TDF 3.65 Zielinska et al.
(2015)
Gryllus bimaculatus Two-spotted cricket adults Kjeldahl (6.25) 58.32 TDF 9.53 Ghosh et al. (2017)
Hermetia illucens Black soldier fly larvae AA analysis 36.00 N-glucosamine 4.4-9.1 Janssen et al. (2017)
Hermetia illucens Black soldier fly larvae CP (6.25) 17.5 Payne et al. (2016)
Hermetia illucens Black soldier fly larvae Dumas (4.67) 37.7 N-glucosamine 4.4-9.1 Janssen et al. (2017)
Hermetia illucens Black soldier fly prepupae Dumas (6.25) 43.7 CF 10.1 Surendra et al.
(2016)
Imbrasia belina Emperor moth larvae Kjeldahl (*) 54-58 Dube et al. (2013)
M. falciger Termite alate Kjeldahl (*) 21.2 Dube et al. (2013)
M. falciger Termite wingless Kjeldahl (*) 41.8 Dube et al. (2013)
Macrotermes bellicosus War-like Termite alate, queen Kjeldahl (*) 2254 CF 3.02 Banjo et al. (2006)
Macrotermes natalensis War-like Termite alate, queen Kjeldahl (*) 24.7% CF 2.46 4 Banjo et al. (2006)
Macrotermes spp. Termite alate CP (6.25) 24.5 Payne et al. (2016)
Macrotermes spp. Termite soldiers Kjeldahl (*) 20.59 4 TDF 4.454 Adeyeye and
Olaleye (2016)
Odontotermes sp. Termite Kjeldahl (6.25) 33.67 CF 6.30 Chakravorty et al.
(2016)
Macrotermes subylanus Termite dewinged Kjeldahl (6.25) 39.34 TDF 6.37 Kinyuru et al. (2013)
Pseudacanthotermes militaris ~ Sugarcane termite dewinged Kjeldahl (6.25) 33.51 TDF 6.59 Kinyuru et al. (2013)
Macrotermes bellicosus War-like Termite dewinged Kjeldahl (6.25) 39.74 TDF 6.21 Kinyuru et al. (2013)
Pseudacanthotermes spiniger Termite dewinged Kjeldahl (6.25) 37.54 TDF 7.21 Kinyuru et al. (2013)
Oecophylla smaragdina Weaver ant Kjeldahl (6.25) 55.28 CF 19.84 Chakravorty et al.

(continued on next page)
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Journal of Food Composition and Analysis 62 (2017) 184-188

Scientific name Common name Developmental stage  protein analysis Protein,  Dietary fiber analysis Dietary fiber, Reference citation
method (N-f) % (DW)  method % (DW)
(2016)
Oecyphylla smaragdina Weaver ant adults CP (6.25) 10.8 Payne et al. (2016)
Oryctes boas Scarab beetles larvae Kjeldahl (*) 27.46 2 CF 3.59 4 Banjo et al. (2006)
P. sulcatus Smith Wasp larvae AA analysis 45.02 Ying et al. (2010)
(-trp)
P. sulcatus Smith Wasp larvae Kjeldahl (*) 57.88 Ying et al. (2010)
Polistes sagittarius Saussure Wasp larvae AA analysis 36.11 Ying et al. (2010)
(-trp)
Polistes sagittarius Saussure Wasp larvae Kjeldahl (*) 46.17 Ying et al. (2010)
Protaetia brevitarsis White-spotted flower larvae Kjeldahl (6.25) 44.23 TDF 11.06 Ghosh et al. (2017)
chafer beetle
Rhynchophorus phoenicis Snout beetles larvae Kjeldahl (*) 31.61 4 CF 3.14 4 Banjo et al. (2006)
Rhynchophorus phoenicus Palm weevil larvae larvae CP (6.25) 15.9 Payne et al. (2016)
Schistocerca gregaria locusts adult Kjeldahl (6.25) 76.0 TDF 2.53 Zielinska et al.
(2015)
Teleogryllus emma Emma field Cricket adults Kjeldahl (6.25) 55.65 TDF 10.37 Ghosh et al. (2017)
Tenebrio molitor Mealworm larvae Dumas (6.25) 5234 Yi et al. (2013)
Tenebrio molitor Mealworm larvae AA analysis 44,71 N-glucosamine 21 Janssen et al. (2017)
Tenebrio molitor Mealworm larvae CP (6.25) 20.00 4 TDF 1.394 Finke (2015)
Tenebrio molitor Mealworm larvae CP (6.25) 20.00 2 ADF 2.40 A Finke (2015)
Tenebrio molitor Mealworm larvae CP (6.25) 20.9 Payne et al. (2016)
Tenebrio molitor Mealworm larvae Dumas (¥) 68.6 Yi et al. (2016)
Tenebrio molitor Mealworm larvae Dumas (4.75) 44.8 N-glucosamine 21 Janssen et al. (2017)
Tenebrio molitor Mealworm larvae Kjeldahl (6.25) 52.35 TDF 1.97 Zielinska et al.
(2015)
Tenebrio molitor Mealworm larvae Kjeldahl (6.25) 53.22 TDF 6.26 Ghosh et al. (2017)
Tenebrio molitor Mealworm larvae Kjeldahl (6.25) 63.0 Adamkové et al.
(2016)
V. basalis Smith Wasp larvae AA analysis 43.91 Ying et al. (2010)
(-trp)
V. basalis Smith Wasp larvae Kjeldahl (*) 53.18 Ying et al. (2010)
V. mandarinia mandarinia Wasp larvae AA analysis 52.20 Ying et al. (2010)
Smith (-trp)
V. mandarinia mandarinia Wasp larvae Kjeldahl (*) 54.59 Ying et al. (2010)
Smith
Zonocerus variegatus Variegated adults Kjeldahl (*) 29.07 4 CF 2.60 4 Banjo et al. (2006)
grasshopper
Zophobas morio Giant mealworm larvae Dumas (6.25) 51.6 4 Yi et al. (2013)
Zophobas morio Giant mealworm larvae CP (6.25) 19.85 4 EH 1.54 4 Finke (2015)
Zophobas morio Giant mealworm larvae CP (6.25) 19.85 4 ADF 2.50 4 Finke (2015)
Zophobas morio Giant mealworm larvae Kjeldahl (6.25) 39.0 Adamkova et al.

(2016)

between studies. It is also universal, precise, reproducible, and in-
expensive, and until 2013 more than 46,000 articles referred or used
the Kjeldahl method in different research areas such industrial analysis
of food, environment (water, waste water), agriculture or health
(Chromy et al., 2015; Saez-Plaza et al., 2013).

These procedures actually measure nitrogen, and have been vali-
dated for protein determination for meat, eggs or milk products and
grains, using a specific conversion factor for different food assuming
that all the nitrogen present is in the form of protein (Merrill and Watt,
1973). The N-factor for meat is 6.25, based on the idea that proteins
content approximately 16% of Nitrogen (Merrill and Watt, 1973), and is
also commonly and incorrectly used for insects (Kinyuru et al., 2013;
Ramos-Elorduy Blasquez et al., 2012; Surendra et al., 2016; Zielinska
et al., 2015). However, not all the nitrogen contained in insects and
detected by these methods originate from proteins. The exoskeleton of
arthropods (cuticle), is built primarily of chitin fibres, a polysaccharide
of glucosamine and N-acetylglucosamine, both containing N atoms.
Moreover not all the proteins in insects seems to be digestible for hu-
mans and animals. During the sclerotisation stage of development,
numerous and diverse cuticular proteins harden the cuticle by linking
the chitin fibres, through the reactions of quinones with the functional
groups of these proteins (Andersen et al., 1995; Hopkins and Kramer,
1992). However these indigestible proteins are generally ignored or
assumed to be available to animals (Bell, 1990), but Bosch et al. (2014)
considered that some differences in protein digestibility from different
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insects resulted from different cuticular protein-sclerotisation Thus,
protein content calculated using Kjeldahl analysis and conversion fac-
tors developed for other foods would be expected to overestimate the
protein content of the whole insect, as it does not distinguish between
easily-digested proteins, inaccessible proteins, chitin, and other N-
containing molecules.

The logical conclusion would be that a different N conservation
factor, specific to insects, is needed to allow the correct determination
of proteins from a total nitrogen. In mushrooms, rich in chitin, the
conservation factor is 4.39 (Wang et al., 2014). However the amount of
chitin and non-digestible protein in insect cuticle is very variable: hard
cuticles have a high protein contents between 70 and 85% (dry weight)
and a low chitin content of 15-30%, while soft cuticles contains about
50% each of chitin and proteins (Chapman, pp. 483, 2013). As a con-
sequence, protein quantity may vary enormously among different
stages of the same animal life cycle (Hepburn, 1985). Nymphs and
adults of insects with hemimetabolous (incomplete) metamorphosis
(e.g. locusts and crickets) have a hard exoskeleton in contrast to larvae
of insects with holometabolous (complete) metamorphosis (e.g. flies
and beetles) that are often covered by a soft, thin cuticle. Thus, detailed
studies would be needed to develop specific N conservation factors for
each insect species and for each age/stage of each species. Janssen et al.
(2017) began such a solid work with larvae of three insect species.
However the wide variety of edible insects (as stated, at least 1900
species following van Huis, 2013) at their different development stages,
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Fig. 1. The proposed process to quantify the nutritious proteins form insects: Digestible
protein content = (Total N — non-digestible N) x conversion factor.

and heterogeneity in composition with respect to chitin and cuticular
proteins would make it an impossible task.

We propose to evaluate the insect digestible protein contents. This
can be done by subtracting the N quantity of the fibrous and other in-
digestible materials from the total N contents of the insect. The N-
conversion factor for the digestible fraction should be similar in all
insects. The non-digestible N content consisting of chitin and the pro-
teins linked to the matrix of the cuticle, should be quantified by
Kjeldahl method after an enzymatic procedure, based on the AOAC
method (Prosky et al., 1988): briefly, after insect grinding, and lipid
extraction, the insect meal is treated step by step, with alpha-amylase,
protease, and amyloglucosidase, in proper solutions concerning pH and
temperature, the fibres are then precipitated, filtered, dried and
weighted. Cuticular non digestible Nitrogen is expected to be in the
final sample and its amount can be known following the Kjeldahl
method. But the different procedures which calculate dietary fibers, like
acid detergent fibers or the suggested enzymatic method, contain an-
other step of protein deduction from the weight material. These pro-
teins are calculated as 6.25 multiply the measured N from the non-
digested fraction. For insects this calculation is wrong, as it under-
estimates the true dietary fiber content due to the N from chitin. The
right way for quantifying insects’ chitin is through hydrolysis of the
carbohydrates and analysis of N-glucosamine (Janssen et al., 2017).
Thus, knowing the precise chitin amount dose not contribute for the
nutritional protein quantification, as described before: we have to cal-
culate the total N and the total non-digestible N multiplied by the
conversion factor (Fig. 1).

This approach consumes time, but should replace the converted N-
content evaluation methods for quantifying insect protein content that
is nutritious for humans and animals.

Acknowledgments

We thank the Research Authority in Tel Hai College (Israel) that
funded our first experiments on insects for food and feed. The authors
would like to express their gratitude to Dr. Carly Golodets for proof-
reading this manuscript, and two anonymous reviewers and the
Handling Editor for their very constructive comments and suggestions.

References

Adéamkova, A., Koufimska, L., Borkovcova, M., Kulma, M., Mléek, J., 2016. Nutritional
valuse of edible coleoptera (Tenebrio molitor, Zophobas morio and Alphitobius
diaperinus) reared reared in the Czech Republic. Potravinarstvo 10 (1), 663-671.
http://dx.doi.org/10.5219/609.

Adeyeye, E.L, Olaleye, A.A., 2016. Nutrient content of five species of edible insects
consumed in South-West Nigeria. EC Nutr. 56, 1285-1297.

Andersen, S.0., Hojrup, P., Roepstorff, P., 1995. Insect cuticular proteins. Insect Biochem.

Journal of Food Composition and Analysis 62 (2017) 184-188

Mol. Biol. 25 (2), 153-176.

Banjo, A.D., Lawal, O.A., Songonuga, E.A., 2006. A survey on entomophagy prevalence in
Zimbabwe. Afr. J. Biotechnol. 5, 298-301. http://dx.doi.org/10.5897/AJB05.250.

Bell, G.P., 1990. Birds and mammals on an insect diet: a primer on diet composition
analysis in relation to ecological energetics. Stud. Avian Biol. 13.

Bosch, G., Zhang, S., Oonincx, D.G.A.B., Hendriks, W.H., 2014. Protein quality of insects
as potential ingredients for dog and cat foods. J. Nutr. Sci. 3.

Bruun Jensen, A., Evans, J., Jonas-Levi, A., Benjamin, O., Martinez, J.-J.I., Dahle, B.,
Roos, N., Lecocq, A., Foley, K., 2016. Standard methods for Apis mellifera brood as
human food. J. Apic. Res. 56. http://www.tandfonline.com/doi/full/10.1080/
00218839.2016.1226606.

Caparros, M.R., Alabi, T., Nieus, C., Blecker, C., Danthine, S., Bogaert, J., et al., 2016.
Optimisation of a cheap and residential small-scale production of edible crickets with
local by-products as an alternative protein-rich human food source in Ratanakiri
Province, Cambodia. J. Sci. Food Agric. 96 (2), 627-632. http://dx.doi.org/10.1002/
jsfa.7133.

Chakravorty, J., Ghosh, S., Jung, C., Meyer-Rochow, V.B., 2014. Nutritional composition
of Chondacris rosea and Brachytrupes orientalis: two common insects used as food by
tribes of Arunachal Pradesh, India. J. Asia Pac. Entomol. 17, 407-415. http://dx.doi.
org/10.1016/j.aspen.2014.03.007.

Chakravorty, J., Ghosh, S., Megu, K., Jung, C., Meyer-Rochow, V.B., 2016. Nutritional
and anti-nutritional composition of Oecophylla smaragdina (Hymenoptera:
Formicidae) and Odontotermes sp. (Isoptera: Termitidae): two preferred edible in-
sects of Arunachal Pradesh, India. J. Asia Pac. EntomoL. 19 (3), 711-720. http://dx.
doi.org/10.1016/j.aspen.2016.07.001.

Chapman, R.F., 2013. The Insects, Structure and Function. In: Simpson, S.J., Douglas, A.E.
(Eds.), fifth edition. Cambridge University Press, pp. 929.

Chromy, V., Vinklarkova, B., Sprongl, L., Bittova, M., 2015. The Kjeldahl method as a
primary reference procedure for total protein in certified reference materials used in
clinical chemistry. I. A review of Kjeldahl methods adopted by laboratory medicine.
Crit. Rev. Anal. Chem. 45, 106-111.

Defoliart, G.R., 1995. Edible insects as minilivestock. Biodivers. Conserv. 4, 306-321.

Dube, S., Dlamini, N., Mafunga, A., Dhlamini, Z., Mukai, M., 2013. A survey on en-
tomophagy prevalence in Zimbabwe. Afr. J. Food Agric. Nutr. Dev. 13 (1).

Food and Agriculture Organization of the United Nations (FAO), 2003. Food Energy —
Methods of Analysis and Conversion Factors. Retrieved April, 2017 from: http://
www.fao.org/uploads/media/FAO_2003_Food_Energy_02.pdf.

Food and Agriculture Organization of the United Nations (FAO), 2009. How to Feed the
World in 2050. Retrieved 1 January 2017 from: www.fao.org/fileadmin/templates/
wsfs/docs/expert_paper/How_to_Feed_the World_in_2050.pdf.

Finke, M.D., 2005. Nutrient composition of bee brood and its potential as human food.
Ecol. Food Nutr. 44, 257-270. http://dx.doi.org/10.1080/03670240500187278.

Finke, M.D., 2015. Complete nutrient content of four species of commercially available
feeder insects fed enhanced diets during growth. Zoo Biol. 34 (6), 554-564. http://
dx.doi.org/10.1002/z00.21246.

Ghosh, S., Lee, S.-M., Jung, C., Meyer-Rochow, V.B., 2017. Nutritional composition of five
commercial edible insects in South Korea. J. Asia Pac. Entomol. 20 (2), 686-694.
http://dx.doi.org/10.1016/j.aspen.2017.04.003.

Hepburn, H.R., 1985. Structure of the integument. In: Kerkut, G.A., Gilbert, L.I. (Eds.),
Comprehensive Insect Physiology Biochemistry and Pharmacology, Vol. 3 —
Integuments, Respiration and Circulation. Pergamon Press.

Hopkins, T.L., Kramer, K.J., 1992. Insect cuticle sclerotization. Annu. Rev. Entomol. 37,
273-302.

Janssen, R.H., Vincken, J.-P., van den Broek, L.A.M., Fogliano, V., 2017. Nitrogen-to-
protein conversion factors for three edible insects: Tenebrio molitor, Alphitobius dia-
perinus, and Hermetia illucens. J. Agric. Food Chem. 65, 2275-2278. http://dx.doi.
org/10.1021/acs.jafc.7b00471.

Jongema, Y., 2012. List of Edible Insects of the World. Wageningen University, The
Netherlands.

Kinyuru, J.N., Konyole, S.0., Roos, N., Onyango, C.A., Owino, V.O., Owuor, B.O.,
Estambale, B.B., Friis, H., Aagaard-Hansen, J., Kenji, G.M., 2013. Nutrient compo-
sition of four species of winged termites consumed in western Kenya. J. Food
Compos. Anal. 30, 120-124. http://dx.doi.org/10.1016/j.jfca.2013.02.008.

Kupferschmidt, K., 2015. Buzz food. Sciencemag 350 (6258), 267-269.

Latimer, G.W. (Ed.), 2016. Official Methods of Analysis of AOAC International, 20th
Edition.

Lundy, M.E., Parrella, M.P., 2015. Crickets are not a free lunch: protein capture from
scalable organic side-stream via high-density populations of Acheta domesticus. PLoS
One 10 (4), e0118785.

McGrew, W.C., 2014. The other faunivory revisited: insectivory in human and non-human
primates and the evolution of human diet. J. Hum. Evol. 71, 4-11.

Merrill, A.L., Watt, B.K., 1973. Energy Value of Foods—Basis and Derivation. US Dept. of
Agriculture, Agriculture Handbook No. 74, 105 pp.

Muller, J., 2014. Dumas or Kjeldahl for Reference Analysis? Comparison and
Considerations for Nitrogen/Protein Analysis of Food and Feed. FOSSpp. 1 P/N
1026738.

Oonincx, D.G.A.B., van Itterbeeck, J., Heetkamp, M.J.W., van den Brand, H., van Loon,
J.J.A., van Huis, A., 2010. An exploration on Greenhouse gas and ammonia pro-
duction by insect species suitable for animal or human consumption. PLoS One 5
(12), e14445.

Payne, C.L.R., Scarborough, P., Rayner, M., Nonaka, K., 2016. A systematic review of
nutrient composition data available for twelve commercially available edible insects,
and comparison with reference values. Trends Food Sci. Technol. 47, 69-77. http://
dx.doi.org/10.1016/j.tifs.2015.10.012.

Prosky, L., Asp, N.G., Schweizer, T.F., Devries, J.W., Furda, 1., 1988. Determination of
insoluble, soluble, and total dietary fiber in foods and food products: interlaboratory



A. Jonas-Levi, J.-J.I. Martinez

study. J. AOAC Int. 71, 1017-1023.

Ramos-Elorduy Blasquez, J., Pino Moreno, J.M., Martinez Camcho, V.H., 2012. Could
grasshoppers be a nutritive meal? Food Nutr. Sci. 3, 164-175.

Saez-Plaza, P., Michalowski, T., Navas, M.J., Asuero, A.G., Wybraniec, S., 2013. An
overview of the Kjeldahl method of nitrogen determination. Part I. Early history,
chemistry of the procedure, and titrimetric finish. Crit. Rev. Anal. Chem. 43,
178-223.

Sanchez-Muros, M.-J., Barroso, F.G., Manzano-Agugliaro, F., 2014. Insect meal as re-
newable source of food for animal feeding: a review. J. Clean. Prod. 65, 16-27.
Surendra, K.C., Olivier, R., Tomberlin, J.K., Jha, R., Khanal, S.K., 2016. Bioconversion of
organic wastes into biodiesel and animal feed via insect farming. Renew. Energy 98,

197-202. http://dx.doi.org/10.1016/j.renene.2016.03.022.

van Huis, A., 2013. Potential of insects as food and feed in assuring food security. Annu.
Rev. Entomol. 58, 563-583.

van Huis, A., van Itterbeeck, J., Klunder, H., Mertens, E., Halloran, A., Muir, G.,
Vantomme, P., 2013. Edible Insects: Future Prospects for Food and Feed Security.
FAO Forestry Paper. pp. 171.

Wang, X.M., Zhang, J., Wu, L.H., Zhao, Y.L., Li, T., Li, J.Q., Wang, Y.-Z., Liu, H.-G., 2014.

Journal of Food Composition and Analysis 62 (2017) 184-188

A. mini-review of chemical composition and nutritional value of edible wild-grown
mushroom from China. Food Chem. 151, 279-285.

Williams, J.P., Williams, J.R., Kirabo, A., Chester, D., Peterson, M., 2016. Nutrient con-
tent and health benefits of insects. In: Dossey, A.T., Morales-Ramos, J.A., Guadalupe
Rojas, M. (Eds.), Insects as Sustainable Food Ingrediens, Production, Processin and
Food Applications. Elsevier, Amsterdam, pp. 61-84.

Yi, L., Lakemond, C.M.M., Sagis, L.M.C., Eisner-Schadler, V., van Huis, A., van Boekel,
M.A.J.S., 2013. Extraction and characterization of protein fractions from five insect
species. Food Chem. 141 (4), 3341-3348. http://dx.doi.org/10.1016/j.foodchem.
2013.05.115.

Yi, L., Van Boekel, M.A.J.S., Lakemond, C.M.M., 2016. Extracting Tenebrio molitor pro-
tein while preventing browning: effect of pH and NaCl on protein yield. J. Insects
Food Feed 3 (December), 1-12. http://dx.doi.org/10.3920/JIFF2016.0015.

Ying, F., Xiaoming, C., Long, S., Zhiyong, C., 2010. Common edible wasps in Yunnan
Province, China and their nutritional value. For. Insects Food Hum. Bite Back 93.

Zielinska, E., Baraniak, B., Karas, M., Rybcznska, K., Jakubczyk, A., 2015. Selected species
of edible insects as a source of nutrient composition. Food Res. Int. 77, 460-466.
http://dx.doi.org/10.1016/j.foodres.2015.09.008.

188



	The high level of protein content reported in insects for food and feed is overestimated
	Acknowledgments
	References


