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Abstract

Entomophagy (eating edible insects) could potentially address human deficiencies of iron, zinc
and vitamin B12. This article aims to summarise available evidence about the iron, zinc and
vitamin B12 content of raw and processed edible insects and compare these with the nutritional
needs of different human life stages. A systematic literature search using specific keywords
(edible insects, iron content, zinc content, vitamin B12 content and nutritional composition) in
Web of Science and Scopus databases was performed. Forty-six studies were reviewed. To
ensure standardised comparisons, articles with nutrient-enriched edible insects were excluded.
The quality of records was assessed using standardised protocols. Results indicate that edible
insects are generally either ‘sources of’ or ‘rich in’ iron, zinc and vitamin B12 required for
optimal nutrition and health of different human life stages. Moreover, iron, zinc and vitamin B12
contents of edible insect species were generally either comparable to or higher than that of (lean)
beef, (lean) pork, poultry and kidney beans. Most insect species were oven processed with
little/no species-specific data for other processing methods. Variations in micronutrient content
existed between processing methods and among oven-processed edible insects. Data
inaccuracies, poor data quality control and lack of insect-specific official analytical methods
contributed to fairly high variations and made comparisons difficult. Based on available data,
edible insects can potentially address human deficiencies of iron, zinc and vitamin B12 despite the
observed variations, data gaps and lack of edible insect matrix-specific official methods, in
addition to limited human bioavailability and efficacy studies.

Introduction

Micronutrient deficiencies are prevalent across the world, mostly affecting low-income countries
in sub-Saharan Africa and Asia. Deficiencies in vitamins and minerals contribute to disease
burden and morbidity, thus affecting human potential globally(1). Iron, zinc and vitamin B12 are
most likely to be deficient among populations in low- and middle-income countries where diets
aremainly plant-based and low in animal products(2,3). For instance, in 2018, mean consumption
of meat (processed and unprocessed) in sub-Saharan Africa and South Asia was reportedly 36 g/
d and 10 g/d, respectively, which were both lower than the global average of 68 g/d(4). Notably,
the bioavailability of non-haem iron and zinc from plant sources is poor due to antinutritional
factors such as phytates(3,5). Regarding edible insects, the primary form of haem iron has a
bioavailability similar to that of animal-source iron (myoglobin and haemoglobin), which is
approximately 25%(6). However, the bioavailability of the non-haem iron component of edible
insects (mainly ferritin- and holoferritin-bound) is relatively unknown(6,7). Notably, iron
bioavailability could vary depending on the insect species and food matrix differences. For
instance, chitin has been cited as a potential inhibitor of iron absorption in maize meals
containing house crickets(7) while Hilal et al.(8) ruled out the effect of meal worm chitin on
absorption of iron from maize porridge.

Conversely, high-income countries reflect high consumption of animal products. For
instance, the regional mean consumption of meat in high-income countries (75 g/d) was higher
than the global average of 68 g/d in 2018(4). Despite the generally high consumption of animal
products in Europe, deficiencies in iron, zinc and vitamin B12 are known to occur among
vegetarian populations(6,7). Among vegetarians, the less strict vegetarians, such as entovegans
(plant and insect-based diet) or even pescatarians (plant- and seafood-based diet), could benefit
from consuming edible insects since it is reported that their attitude towards edible insect
consumption is generally positive(9). Deficiencies in iron, zinc and vitamin B12, have been linked
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with severe consequences such as birth defects, increased
susceptibility to infections, reduced growth, decreased work
performance and productivity, and death(1).

Notably, children under 5 years, women of reproductive age
and pregnant women are particularly at high risk owing to
increased nutrient needs(10). Globally, over a half of pre-school age
children (6–59 months) and at least two-thirds of non-pregnant
women of reproductive age (15–49 years) suffer from some form of
micronutrient deficiency including iron, zinc and vitamin B12(1).
Therefore, there is a need to find possible interventions to curb
micronutrient deficiencies of iron, zinc and vitamin B12.

Globally, the prevalence of zinc deficiency is estimated to be
17·3%, with the highest in Africa (23·9%) and Asia (19·4%)(3). Zinc
performs several important catalytic, structural and regulatory
functions. It regulates the functioning of many metallo-
enzymes(11). In addition, zinc is a component of structural and
regulatory proteins and is involved in cellular growth and
differentiation, immunity maintenance and antioxidant defence
mechanisms(11–13).

Iron performs important roles in the human body such as haem
synthesis, oxygen and electron transport, and immune function-
ality(14). Anaemia due to iron deficiency affects over 1·2 billion
people globally(15). In high-income countries, iron deficiency is
associated with secondary causative disorders or multiple
pathological disorders in people of an older age, while in low-
income countries it is associated with poor nutrition and parasitic
infestations(15). Regarding parasitic infections, hookworms, for
instance, cause iron deficiency anaemia by mechanically rupturing
blood vessels in the intestines in addition to secreting anticoagulant
and antiplatelet agents leading to chronic blood loss, while round
worms (Ascaris lumbricoides) are associated with impaired iron
absorption in the duodenum and jejenum(16,17).

Vitamin B12, or cobalamin, is an essential cofactor in metabolic
pathways involving the enzymes methionine synthase and
methylmalonyl-CoA mutase(2). Cobalamin plays an essential role
of promoting better immune health and cellular function, for
instance DNA synthesis, replication and repair, and production of
neurotransmitters(2,18). In addition, vitamin B12 is required for
efficient erythropoiesis(2). Vitamin B12 deficiency is linked to
megaloblastic anaemia, dysfunction of cellular metabolic pathways
and immune dysfunction, contributing to the pathogenesis of
many diseases such as cardiovascular, kidney and neurovascular
diseases, osteoporosis and cancer progression(2,18). Vitamin B12
deficiency is estimated to affect 10–50% of women of reproductive
age and pregnant women, globally(2,17). While vitamin B12 is
deemed sufficient in high-income countries, deficiencies are
known to occur among people of older age due to malabsorp-
tion(19) and among strict vegetarians(20).

Micronutrient intervention programs at the population level,
such as fortification and supplementation, have been suggested to
curb micronutrient deficiencies in the past(1). In addition, dietary
diversity, an important element of diet quality needs to be
emphasised. To diversify diets with regard to animal food sources,
edible insects could play a pivotal role either as food ingredients or
whole insects.

Edible insects are considered nutritious from a macronutrient
point of view. They are good sources of both macro and
micronutrients. For instance, the protein and fat content of edible
insects ranges from about 35–60% and 2·2–43·0% on a dry weight
basis, respectively, comprising essential amino acids and fatty
acids(9). Edible insects also contain vitamins and minerals, for
instance house crickets (Acheta domesticus) contain 17·5–19·3mg/kg

and 54·3–67·1 mg/kg on a dry weight basis of iron and zinc,
respectively(9,21,22) while freeze-dried A. domesticus reportedly
contains 8·58–9·13 μg/100 g of vitamin B12 on a dry matter basis(23).
Currently there is scant information about the vitamin/mineral data
of edible insects, including quality assessments. Hence, there is a need
to gather existing data about the key micronutrients of interest to
guide nutritionists and policy-makers in the field of nutrition.
Therefore, this review provides an overview of the iron, zinc and
vitamin B12 content of raw and processed edible insects and assess
their potential to contribute to the recommended dietary intakes of
iron, zinc and vitamin B12.

Materials and methods

Article inclusion and exclusion criteria

Data on the zinc, iron and vitamin B12 contents of edible insects
were obtained using the following search strategy: Web of Science
and Scopus were first systematically searched using the following
keywords: (edible insects) AND (iron content) OR (zinc content)
OR (vitamin B12 content) OR (nutritional composition). The
search was carried out in May 2024 and limited to the publication
years from 2001 to May 2024, since the majority of edible insect
research happened after the year 2000. Data from journal articles
were included if they fulfilled the following inclusion criteria:

The insects analysed are listed under the world list of recorded
edible insects(24).

Primary studies with original results of analyses for nutrients
including iron and/or zinc and/or vitamin B12 for any edible insect
species whose scientific names and the extent of processing/
preparation prior to analysis are clearly described.

To ensure a standardised comparison of processed edible insect
foods, articles in which the insects were fortified or enriched with
nutrients and other foods during their processing were excluded.
Processed edible insects for which little or no information about
the method of processing was provided; for instance, dried insect
powders from venders for which processing conditions were not
described, were excluded. In addition, analytical findings with the
highest sample sizes for each edible insect were used for
comparisons with dietary reference values.

Data quality

To evaluate the quality of the data, further analyses of the published
records were conducted using the EuroFIR quality index. EuroFIR
quality guidelines(25) were used to attribute scores of 1–5 (1 = low
quality, 5 = high quality) for seven categories: food description,
component identification, sampling plan, number of analytical
samples, sample handling, analytical method and analytical
method quality control. Each of the seven categories has its own
set of criteria(25) to ensure that an appropriate score is objectively
determined. The combination of scores for each of the categories
were used to calculate the quality index, whose maximum possible
value is 35 (Table 1). Data recorded according to the inclusion
criteria has been grouped to indicate the number of analyses
considered for each insect species (Table 2).

Data extraction and processing

Data extraction was done to include data points which reported a
fresh or as is basis, or for which fresh basis or as is basis could be
calculated on the basis of the data available in the journal article.
Records for which dry basis data were reported, but moisture
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Table 1. Quality index scores for each of the forty-six data sources used for data extraction

Author name (date) A B C D E F EuroFIR score

Mokwunye, Igbinadolor, Mokwunye, Asogwa and Ndubuaku (2021)(26) 2 5 1 3 1 3 15

Chakravorty, Ghosh, Yung and Meyer-Rochow (2014)(27) 3 5 1 3 1 3 16

Duarte et al. (2021)(28) 3 5 1 3 1 3 16

Akande, Falade, Badejo and Adekoya (2020)(29) 3 5 1 3 1 4 17

Anaduaka, Uchendu, Osuji, Ene and Amoke (2021)(30) 4 5 1 3 1 3 17

Idowu, Oliyide, Ademolu and Bamidele (2019)(31) 3 5 1 3 1 4 17

Araújo, Benfica, Ferraz and Santos (2019)(32) 2 5 1 5 1 3 17

Hasan et al. (2023)(33) 3 5 2 4 1 3 18

Atowa et al. (2021)(34) 4 5 3 3 1 3 19

Jajíc et al. (2022)(35) 4 5 1 3 5 1 19

Dobermann, Field and Michaelson (2019)(36) 3 5 1 5 1 4 19

Noyens et al. (2023)(37) 3 5 1 3 5 3 20

Paul et al. (2016)(38) 4 5 1 3 5 3 21

Akullo, Agea, Obaa, Okwee-Acai and Nakimbugwe (2018)(39) 4 5 1 3 5 3 21

Chakravorty, Ghosh, Yung and Meyer-Rochow (2016)(40) 4 5 1 3 5 3 21

Dandadzi, Musundire, Muriithi and Ngadze (2023)(41) 4 5 1 3 5 3 21

Melo-Ruíz, Sánchez-Herrera, Sandoval-Trujillo, Díaz-Gacía and Quirino-Barreda (2016)(42) 4 5 1 3 5 3 21

Séré et al. (2021)(43) 4 5 1 3 5 3 21

Séré et al. (2022)(44) 4 5 1 3 5 3 21

Sarmah, Bhattacharyya, Bhagawati and Sarmah (2022)(45) 4 5 1 3 5 3 21

Grdeń and Sołowiej (2022)(46) 1 5 1 3 1 10 21

Cortazar-Moya et al. (2023)(47) 4 5 1 3 5 3 21

Kępińska-Pacelik et al. (2023)(48) 4 5 1 3 5 3 21

Chen et al. (2024)(49) 3 5 1 3 5 4 21

Ray and Gangopadhyay (2021)(50) 4 5 1 3 5 4 22

Silva et al. (2021)(51) 3 5 1 5 5 3 22

Tanga, Mokaya, Kasiera and Subramanian (2023)(52) 4 5 1 3 5 4 22

Chakravorty, Ghosh and Meyer-Rochow (2011)(53) 4 5 2 3 5 3 22

Chinarak, Chaijan and Panpipat (2020)(54) 4 5 2 3 5 3 22

Netshifhefhe and Duncan (2021)(55) 4 5 1 4 5 3 22

Udomsil, Imsoonthornruksa, Gosalawit and Ketudat-Cairns (2019)(56) 4 5 1 3 5 4 22

Oliveira et al. (2024)(57) 4 5 1 3 5 4 22

Marzoli et al. (2023)(58) 4 5 2 3 5 3 22

Kavle, Carne, Bekhit, Kebed and Agyei (2022)(59) 3 5 1 3 5 6 23

Khatun et al. (2021)(23) 4 5 1 3 5 5 23

Park, Kang and Choi (2022)(60) 3 5 1 3 5 6 23

Yang et al. (2014)(61) 5 5 1 3 5 4 23

Kröncke et al. (2019)(62) 3 5 1 3 5 6 23

Hlongwane, Siwela, Slotow and Munyai (2022)(63) 4 5 2 5 5 3 24

Lenaerts, Van Der Borght, Callens and Van Campenhout (2018)(64) 4 5 2 3 5 5 24

Kababu, Mweresa, Subramanian, Egonyu and Tanga (2023)(65) 4 5 4 3 5 4 25

Kinyuru et al. (2013)(66) 5 5 3 5 5 4 27

Jankauskienė et al. (2024)(67) 4 5 1 3 5 10 28

(Continued)
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Table 2. Selected insect species based on availability of as is/fresh basis data or for those that processed moisture content is reported

Insect species Common name
Number of
publications

Number of different
analyses Life stage

Orthoptera

Chondacris rosea(27) Short-horned grasshoppers 1 1 Adult

Chorthippus parallelus(38) Meadow grasshopper 1 3 Adult

Ruspolia differens(65) Long horned grasshoppers 1 5 Adult

Gryllus bimanculatus(36,56,60) Twin star/black cricket 3 4 Adult

Gryllus assimilis(23,32,57) Jamaican field cricket 3 6 Adult and nymph

Oxya chinensis(60) Rice locust 1 1 Adult

Zonoceros variegatus(30,34) Variegated grasshopper 2 2 Adult

Acheta domesticus(23,46,56,69) House crickets 4 7 Adult

Brachytrupes orientalis(27) Mole cricket 1 1 Adult

Brachytrupes membranaceus(44) Tobacco cricket 1 1 Adult

Brachytrupes portentosus(33) Wild field crickets 1 6 Adult

Gryllodes sigillatus(48) Banded cricket 1 1 Sub-imago

Coleoptera

Rhynchophorus ferrugineus(49,54) Sago palm weevil 2 12 Larval

Prionoplus reticularis(59) Huhu grubs 1 4 Larval and pupal

Analeptes trifasciata(26) Cashew stem girdler 1 1 Adult

Tribolium castaneum(28) Red flour beetle 1 3 Larval, pupal and adult

Zophobas morio(32) Super worm 1 1 Larval

Tenebrio molitor(35,37,48,51,57,60,62,64,67) Yellow meal worm 9 40 Larval, pupal and sub imago

Allomyrina dichotoma(60) Long-lived beetle 1 1 Larval

Protaetia brevitarsis(60) White spotted beetle 1 1 Larval

Holotrichia parallela(61) Dark black chafer 1 1 Adult

Oryctes monoceros(31) 1 1 Larval

Oryctes rhinoceros(30) 1 1 Larval

Oryctes boas(31) 1 1 Larval

Lepidoptera

Cirina forda(34) 1 1 Larval

Cirina butyrospermi(44) 1 3 Larval

Samia ricini(50) Eri silk worm 1 4 Pupal and pre-pupal

Bombyx batryticatus(60) Baekgangjam 1 1 Larval

Bombyx mori(52,58,60) Silk worm moth 3 3 Larval and pupal

Gonimbrasia belina(63) Mopani worm 1 5 Larval

Gonimbrasia cocaulti(52) 1 1 Pupal

(Continued)

Table 1. (Continued )

Author name (date) A B C D E F EuroFIR score

Ranjith et al. (2023)(68) 4 5 2 3 5 10 29

Bawa, Songsermpong, Kaewtapee and Chanput (2020)(69) 5 5 1 3 5 10 29

Addeo et al. (2021)(70) 4 5 3 3 5 10 30

A, food description; B, component identification; C, sampling plan; D, number of analytical samples; E, sample handling; F, analytical method and analytical quality control. All categories score
from 1 to 5 except F which is scored from 1 to 10. Highest possible EuroFIR score= 35. 1= low quality, 2= better than low quality but less than intermediate, 3= intermediate, 4= less than high
quality but better than intermediate, 5 = high quality.
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content was provided as well, the iron, zinc and vitamin B12
content results were calculated using the following formula
(equation 1):

content x; fresh or as is basisð Þ
¼ content ðx; dry matter basisÞ � ðmc � 100Þ

100

(1)

where x is zinc (mg/100 g), iron (mg/100 g) or vitamin B12
(μg/100 g) and mc is moisture content (%). For different data
sources,means and standard deviations of iron, zinc and vitaminB12
were calculated (Table 3). Where more than one author reported on
the same edible insect, new means and standard deviations were
calculated, while for those with only one author, the reported
technical or biological mean and standard deviation were used.
Logarithmic box plots were made for the iron, zinc and vitamin B12
concentrations of the different insect orders using the chart builder
function of JMP Pro software, version 17. Using JMP Pro software,
the data were log transformed and extreme values were excluded
from the box plots (Supplementary Data) on the basis of
unacceptably high values and standard deviations. To compare
with dietary reference values, a heatmap was applied (Fig. 3).

Comparison of iron, zinc and vitamin B12 content of
processed edible insects with lean beef, lean pork, poultry
meat and mature kidney beans

The iron, zinc and vitamin B12 content was compared with lean
beef and pork, poultry meat (all cooked and roasted) and boiled
mature kidney beans (Table 3).

Kidney beans (Phaseolus vulgaris), also referred to as ‘common
bean’ is the most important legume for human consumption,
especially in low-income settings. Bean consumption is highest in
low- and middle-income countries; for instance, the highest
consumption of beans in Africa is estimated at 60 kg/capita/year
for western Kenya and Rwanda(73). However, bean consumption is
generally low in industrialised nations (e.g. 3 kg/capita/year for the
United States)(73). Kidney beans are good sources of both macro
and micronutrients. For instance, boiled mature kidney bean seed
flour contains carbohydrates (54·49%), protein (24·04%), iron
(21·07 ppm) and zinc (17·94 ppm)(74), but beans are not known to
contain vitamin B12.

Poultry (14·7 kg/capita), pork (11·1 kg/capita) and beef (6·4 kg/
capita) represent the first, second and third most consumed meat
types globally, respectively(75). They are important sources of iron,
zinc and vitamin B12 in the human population. Notably, the iron,
zinc and vitamin B12 in animal-source foods has good bio-
accessibility.

Comparison of iron, zinc and vitamin B12 contents of edible
insects with recommended dietary allowances (RDA)

The extracted nutrition data was further compared with
recommended dietary allowances (RDA) for different human life
stages (Fig. 3). The RDA of iron, zinc and vitamin B12 referred to in
this study, were stipulated by the Institute of Medicine (IOM) of
the National Academies(76,77). A solid food was regarded as a
‘source of” a nutrient if the micronutrient value was found greater
than 15% of the RDA and regarded as being ‘rich in’ a
micronutrient if the micronutrient value doubles that of the
requirement for ‘source’(78).

Table 2. (Continued )

Insect species Common name
Number of
publications

Number of different
analyses Life stage

Arsenula armida(47) Giant silk moth 1 1 Larval

Isoptera

Macrotermes bellicosus(31,34,39,66) 4 4 Adult

Macrotermes subhyalinus(44,66) 2 2 Adult

Pseudacanthotermes millitaris(66) 1 1 Adult

Pseudacanthotermes spiniger(66) 1 1 Adult

Macrotermes falciger(55) 1 1 Adult soldiers

Macrotermes natalensis(55) 1 1 Adult soldiers

Odontotermes obesus(68) 1 1 Adults

Hymenoptera

Liometopum apiculatum(42) Escamolera ant 1 4 Eggs

Apis mellifera lingustica(70) Queen bee 1 1 Larval

Oecophylla smaragdina(40) Green tree ant 1 1 Adult

Hemiptera

Aspongopus nepalensis(53) Gondhibug 1 1 Adult

Encosternum delegorguei(41) Edible stink bug 1 5 Adult

Diplonynchus rustus(45) Water bug 1 1 Adult

Lethocerus indicus(45) Giant water bug 1 1 Adult

Total 149
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Table 3. Iron, zinc and vitamin B12 content (as is/fresh basis) of edible insect species processed using different processing methods

Edible insect species Processing methods n

Iron SD Zinc SD Vitamin B12 SD

mg/100 g μg/100 g

C. rosea* Oven dried(27) 3 4·4 6·11 NR

B. orientalis* Oven dried(27) 3 5·17 2·35 NR

C. parallelus* Freeze dried(29) 3 1·78 0·08 5·43 0·1 NR

R. differens Oven dried(65) 15 58·74 60·43 12·74 4·49 2·75 0·61

G. bimanculatus Dried (method NR)(60) 3 7·63 0·57 21·57 0·02 NR

Air dried(56) 3 6·95 1·24 13·96 2·22 NR

Oven dried(36) 5 7 1 15 1 NR

G. assimilis adult Raw(32) 5 0·72 0·07 1·36 0·07 NR

Freeze dried(23) 3 NR NR 11·06 0·25

Oven dried(23,57) 6 8·41 0·14 22·07 0·22 13·68 0·52

Blanched(23) 3 NR NR 5·75 0·01

G. assimilis nymph Oven dried(57) 3 8·23 0·21 25·57 0·43 NR

O. chinensis sinuosa Dried (method NR)(60) 3 8·79 1·62 13·37 1·41 NR

Z. variegatus Oven dried(30,34) 6 14·13 25·3 9·24 12·55 260·0 10·0

A. domesticus Raw(69) 3 1·48 0·03 6·96 0·02

Oven dried(23,56,69) 6 6·36 2·21 20 2·3 6·38 0·89

Microwave dried(23,69) 3 6·25 0·02 23·81 0·01 3·78 1·79

Freeze dried(23) 3 NR NR 8·96 0·49

Blanched(23) 3 NR NR 2·13 0·2

Dried (method NR)(46) 3 57 0·19 NR NR

B. membranaceus* Oven dried(44) 3 4·45 0·01 5·65 0·01 NR

B. portentosus* Oven dried(33) 6 10·11 2·15 11·77 2·97 NR

G. sigillatus Oven dried(48) 3 4·13 0·04 9·83 0·04 NR

T. castaneum larvae* Dried (method NR)(28) 3 3·05 0·24 4·93 0·05 NR

Pupae Dried (method NR)(28) 3 3·75 0·65 2·93 0·16 NR

Adult Dried (method NR)(28) 3 3·37 0·37 3·8 0·14 NR

A. trifasciata Oven dried(26) 6 65·94 17·67 85·74 22·35 726·8 117·83

Z. morio Raw(32) 5 0·8 0·07 0·87 0·1 NR

P. reticularis larvae* Freeze dried(59) 9 1·06 0·18 1·87 0·29 NR

P. reticularis pupae* Freeze dried(59) 3 1·22 0·08 1·96 0·05 NR

R. ferrugineus* Blanched(54) 9 0·42 0·13 2·8 0·23 NR

R. ferrugineus* Freeze dried(49) 9 1·08 0·51 0·99 0·98 NR

T. molitor larvae Dried (method NR)(60) 3 6·47 0·1 11·91 0·77 NR

Oven dried(57,62) 6 5·41 0·42 12·06 0·62 NR

Vacuum dried(62) 3 NR 12·29 NR

Freeze dried(62,64) 3 NR 9·92 0·81 0·1

Blanched(64) 3 NR NR 0·24 0·01

Blanched, freeze dried(64) 3 NR NR 0·61 0·07

Blanched, bloated dry(35) 18 8·76 1·67 4·93 0·77 NR

Oven dried(51,67) 27 5·40 0·90 13·12 1·40 NR

Raw*(64) 3 NR NR 0·31 0·02

Blanched, oven dried(64) 3 NR NR 0·3 0·05

(Continued)
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Table 3. (Continued )

Edible insect species Processing methods n

Iron SD Zinc SD Vitamin B12 SD

mg/100 g μg/100 g

Blanched, microwave dried(64) 6 NR NR 0·33 0·04

Blanched, vacuum microwave dried(64) 3 NR NR 0·42 0·05

Dried (method NR)(37) 15 9·05 12·43 9·51 1·19 NR

T. molitor Pupae Oven dried 3 6·37 0·21 12·88 1·08 NR

T. molitor Sub imago Oven dried 3 4·43 0·05 7·83 0·03 NR

A. dichotoma Dried (method NR)(60) 3 4·79 0·78 6·33 0·93 NR

P. brevitarsis Dried (method NR)(60) 3 10·48 1·08 11·3 0·26 NR

H. parallela Air dried(61) 3 27·17 3 14·89 1·89 NR

O. Monoceros Oven dried(31) 3 251 61 876 36 NR

O. rhinoceros Oven dried(30) 3 1·2 0·16 0·65 0·08

O. boas Oven dried(31) 3 147 82 212 21 NR

S. ricini larvae Spray dried(50) 6 415·05 7·98 3·42 0·2 NR

S. ricini pupae Spray dried(50) 6 423·51 7·4 3·43 0·19 NR

Oven dried(52) 3 5 2·5 0·2 0·01 200 10

B. batryticatus Dried (method NR)(60) 3 6·98 2·33 2·32 0·45 NR

B. mori pupae Dried (method NR)(60) 3 4·98 0·4 16·65 2·74 NR

Oven-dried(52,58) 6 3·80 1·41 13·75 1·77 200 10

C. forda Oven dried(34) 3 27·85 3·1 13·8 1·65 310 40

G. belina larvae Degutted, salt water boiled and sun dried(63) 24 17·7 7·48 11·56 1·03 NR

Trader pre-sundried, washed and sun dried,
oven dried(63)

9 8·91 1·03 10·12 0·98 NR

Trader pre-sundried, boiled, oven dried(63) 9 13·07 1·64 11·81 1·24 NR

Trader pre-sundried, boiled, salted, oven
dried(63)

9 14·91 1·34 11·21 0·54 NR

Trader pre-sundried, fried, oven dried(63) 9 16·9 0·27 11·79 0·92 NR

G. cocaulti pupae Oven dried(52) 3 18 2 8·2 0·1 400 100

Arsenula armida Degutted, salted and griddle dried 3 5·76 0·10 6·45 0·10 NR

C. butyrospermi* Oven dried(43) 3 8·18 0 2·62 0 NR

M. bellicosus Sun dried, freeze dried(66) 6 110·02 3·28 10·21 1·83 NR

M. bellicosus Oven dried(31,34,39) 9 182·89 223·85 146·12 231·16 340 40

M. subhyalinus Freeze dried(66) 6 49·86 1·37 7·57 2·62 NR

Oven dried*(44) 3 5·8 0·09 6·5 0·04 NR

P. millitaris Freeze dried(66) 6 57·25 1·05 12·21 0·87 NR

P. spiniger Freeze dried(66) 6 59·1 2·43 6·48 1·66 NR

M. falciger soldiers Raw(55) 4 682·7 4 18·8 0

M. natalensis soldiers Raw(55) 4 992 5 15·9 0

O. obesus Oven dried(68) 3 30·89 1·06 10·90 0·42 NR

A. mellifera lingustica Queen Oven dried(70) 3 5·49 0·06 2·32 0·21 NR

L. apiculatum * Sun dried, oven dried(42) 3 3·33 0·99 1·29 0·19 NR

O. smaragdina* Oven dried(40) 3 4·62 0·08 5·6 0·64 NR

A. nepalensis* Oven dried(53) 3 11·62 0 4·07 0·87 < 0·50

E. delegorguei Raw(41) 3 10·9 0·24 2·11 0·02 NR

Sun dried(41) 3 13·61 0·06 5·54 0·22 NR

(Continued)
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While the insect serving size is a significant factor in this regard, a
consensus on this matter was not found in the literature. Maya
et al.(79) examined the impact of exposing families to insect-based or
plant-based dinner menus on dietary patterns, meat intake and
protein intake over a 6-week period; however, standard insect
serving sizes were not defined. Furthermore, the typical serving sizes
of edible insects could vary depending on seasonal availability and
different cultural settings. For instance, Yhoung-Aree et al.(80)

estimated an average edible insect consumption level of 15 g per
person per day for school age children (6–13 years) for a range of
edible insects consumed in Thailand, while Acuña et al.(81) specified
the typical portion size per person as the amount of insects
equivalent to a 220 g capacity chilli container inMexico. Following a
cross-sectional study among insect eating communities in central
and southwestern Uganda, Kasozi et al.(82) reported the typical
amount of grasshoppers eaten by an adult per day as 345·86 g and
310·69 g in peri-urban and rural areas, respectively.

Accordingly, the iron, zinc and vitamin B12 contents utilised for
the comparisons in this study were based on the weight per 100 g of
edible portion of the edible insect, which is consistent with the
nutrition labelling regulation in the European Union(83), and also
compares favourably with 100 g of beef, which is the reference used
in food composition tables. For example, the protein content of 100
g of mealworm larvae (13·68–22·32% on fresh weight basis)(84) is
very similar to the protein content of beef (16·62–21·80% on fresh
weight basis)(85,86). In light of the aforementioned considerations,
this article estimates a serving of beef to be equivalent to a serving
of meal worms (and by extension, other insect species) based on
protein consumption.

Results

Data search and quality

With the ‘English’ filter activated, the search yielded 515 and 62
results for Web of Science and Scopus, respectively. Book chapters,
proceeding papers, editorial material and reviews (n= 211) were
excluded. Articles were screened on the basis of title and abstract to
eliminate those not relevant to the topic, such as oil extraction,
antioxidant properties and microbial properties (n= 212), and

duplicates (n= 5). Further screening was done by carrying out a
full text search to obtain the remaining forty-six records used for
data extraction (Fig. 1).

The overall EuroFIR quality index scores ranged from 15 to 30
for all the records assessed (Table 1). Generally, most articles
(89·1%) were of low-to-moderate quality (EuroFIR index score
7–25) while only 10·9% were of high quality (EuroFIR index score
26–35).

Number of analyses and edible insect developmental stages
used for data extraction

Table 2 presents the edible insect species for which as is and fresh-
weight data are available. The forty-six articles included contain
forty-six species of edible insects from six(6) insect orders, which
include the following: orthoptera(11), coleoptera(11), lepidoptera(8),
isoptera(7), hymenoptera(3) and hemiptera(4). The highest number
of insects were adults(26) followed by the larval stage(18) and
pupae(5), while sub-imago and eggs comprised only two and one of
the insect species, respectively. Data on zinc and/or iron and/or
vitamin B12 content were available for only one developmental
stage for the majority of edible insects studied. The edible insects
for which data on more than one developmental stage were
available include Samia ricini (larvae and pupae), Bombyx mori
(larvae and pupae), Prionoplus reticularis (larvae and pupae),
Tribolium castaneum (larvae, pupae and adults), Tenebrio molitor
(larvae, pupae and sub-imago) and Gryllus assimilis (adult and
nymph). The most represented insect species was T. molitor (nine
publications).

Instrumental techniques used to obtain iron, zinc and
vitamin B12 results

The main instrumental techniques used for iron and zinc analyses
were atomic absorption spectrometry (AAS) (either flame or oven
AAS), inductively coupled plasma-optical emission spectrometry
(ICP-OES), inductively coupled plasmamass spectrometry (ICP-MS)
and titrimetric methods. The main techniques used for vitamin B12
analyses included immunoassays and spectrophotometric tech-
niques, sometimes coupled with a chromatographic technique.

Table 3. (Continued )

Edible insect species Processing methods n

Iron SD Zinc SD Vitamin B12 SD

mg/100 g μg/100 g

Toasted(41) 3 19·98 1·34 2·23 0·01 NR

Microwave dried(41) 3 14·79 0·53 5·13 0·1 NR

Oven dried(41) 3 12·39 0·12 3·49 0·32 NR

D. rustus Sun dried(45) 3 90·05 0·06 6·57 0·15 NR

L. indicus Sun dried(45) 3 48·21 0·14 6·36 0·18 NR

Lean beef, bottom round cut(71) Cooked and roasted 2·4 4·74 1·61

Poultry (Chicken meat)(71) Cooked and roasted 1·04 1·00 0·34

Lean pork (Ham)(71) Cooked and roasted 0·97 2·48 0·67

Mature kidney beans(72) Boiled 2·94 1·07 0·00

*Underwent processing/preparation but results are reported on fresh weight basis. NR, not reported; SD, standard deviation. Where data was pooled frommore than one author, n (sample size)
reflects the pooled sample size from the different authors. For C. rosea and B. orientalis the author did not report the standard deviation of the three replicates
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Effect of processing on the zinc, iron and vitamin B12

contents of selected insect species

Data extraction was done to include data points which reported on
an as is or fresh weight basis, or for which fresh or as is basis could
be calculated. Table 3 indicates the iron, zinc and vitamin B12
contents of the edible insects processed using different methods, on
an as is or fresh basis.

The iron content (mg/100 g) varied from 0·4 for blanched
Rhynchophorus ferrugineus to 992·0 mg/100 g for Macrotermes
natalensis soldiers. When it comes to zinc content, oven-dried
S. ricini pupae has an amount of 0·2 mg/100 g, while oven-dried
Oryctes monoceros contain a substantial 876·0mg/100 g. There was
scant data on vitamin B12 content. Blanched T. molitor had a
vitamin B12 content of 0·2 μg/100 g, whereas oven-dried Analeptes
trifasciata contained 726·8 μg/100 g.

An unfairly high value of vitamin B12 (138·19± 195·06mg/100 g)
forZ. variegatuswas obtained from the average of values reported by
Anaduaka et al.(30) (276·12 ± 21·64 mg/100 g) and Atowa et al.(34)

(0·26 ± 0·01 mg/100 g). Both authors(30,34) used a spectrophoto-
metric technique for vitamin B12 quantification with variations in
extraction procedures and wavelengths at which the quantifications
were carried out (530 and 325 nm) (Table 3). The high value of
vitamin B12 reported by Anaduaka et al. could be caused by errors
during data processing and reporting, hence it was omitted from
Table 3.

Similarly, the average of vitamin B12 values reported for raw
A. domesticus by Bawa et al.(69) (0·50 ± 0·84 mg/100 g, as is basis)
was omitted from Table 3 because the unacceptably high standard
deviation could be caused by a reporting error for one of the values
and hence cannot be exclusively explained by the differences in the
substrates used.

Supplementary Fig. 1 shows the results of the effects of
processing on iron, zinc and vitamin B12 contents of edible insects.
Results indicate that oven drying was mostly used. Data on oven-
dried insects (Fig. 2) indicates wide variations in iron and zinc
content among different insect orders, as indicated by the box

plots. For the majority of the treatments, the vitamin B12 content of
the edible insect species was not studied.

Comparison of iron, zinc and vitamin B12 content of edible
insects with lean beef, lean pork, poultry meat and mature
kidney beans

Most edible insect species have a higher content of iron (g/100 g, as is
basis) than lean beef (2·4 mg/100 g) and kidney beans (2·94 mg/
100 g), except raw A. domesticus, G. assimilis and Zophobas morio;
oven-dried O. rhinoceros; freeze-dried Chorthippus parallelus and
P. reticularis; and blanched R. ferrugineus (Table 3). Similarly, most
edible insects have a higher iron content than lean pork (0·97 mg/
100 g), except raw G. assimilis and Z. morio, and blanched
R. ferrugineus. Most of the studied edible insects have a higher zinc
content than either poultry (1·00 mg/100 g) or mature kidney beans
(1·07 mg/100 g), except oven-dried S. ricini, and O. rhinoceros, and
raw Z. morio. There were thirteen species in either raw, toasted or
oven-dried form that had lower zinc contents than either lean beef
(4·74 mg/100 g) or pork (2·48 mg/100 g). Regarding vitamin B12,
A. domesticus (raw), R. differens (oven-dried) and G. assimilis
(freeze-dried, oven-dried and blanched),O. rhinoceros (oven-dried),
Gonimbrasia cocaulti (oven-dried), B. Mori (oven-dried) and
S. ricini (spray-dried) had higher contents of vitamin B12 than lean
beef, lean pork, poultry and mature kidney beans, while all edible
insects were superior to boiled mature kidney beans with regard to
vitamin B12 content. Notably, most heat treatments involving a
blanching step reflected a lower vitamin B12 content in edible insect
species than in pork, beef, poultry and kidney beans. Results also
indicate that there were few records of vitamin B12 content for the
edible insect species studied.

Comparison of iron, zinc and vitamin B12 contents of edible
insects with recommended dietary allowances (RDA)

Regarding roasted lean beef, results indicated that while it can be
regarded as a ‘source of’ iron for infants, adolescents and lactating
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Records (n = 577) 
identified from: Web of 
Science search (n = 515) 

and Scopus (n = 62)

Excluded books, book chapters, 
proceeding papers and editorial 
material and reviews (n = 211)

Records excluded for eligibility criteria (full text) (n = 103)
● No composition data of Fe, Zn and vitamin B12 (n = 60)
● Conversion on product basis not feasible (n = 27)
● Records where insect species are not listed on the world 

list of edible insects (n = 2)
● Sample size not reported or less than 3 (n = 11)
● Unclear species name (n = 3)

Records removed before 
screening (n = 5)

Records screened
(n = 572)

Records excluded for eligibility 
criteria (title/abstracts) (n = 212)

Records screened
(n = 361)

Studies included in the 
review (n = 46)

Records accessed for 
eligibility (n = 149)

Fig. 1. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
flow chart for literature search and study
selection.
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women, and ‘rich in’ iron for male adults and the elderly, it is ‘poor
in’ iron for female adults and pregnant women (Fig. 3). Generally,
roasted lean beef was found to be ‘rich in’ zinc and vitamin B12 for
all human life stages. The content of iron (0·89 mg/100 g), zinc
(0·44 mg/ 100 g) and vitamin B12 (0·0 μg/100 g) of boiled mature
kidney beans indicated that they are ‘poor in’ iron, zinc and
vitamin B12 for all human life stages.

With regard to iron, most of the studied insects can be
considered ‘rich in’ or ‘sources of’ iron for different human life
stages, except for C. parallelus (female adolescents and pregnant
women); G. assimilis, Z. morio, P. reticularis and R. ferrugineus (all
human life stages); O. rhinoceros (infants, adolescents, female
adults, pregnant women and lactating women); and T. castaneum
and Liometopum apiculatum (pregnant women).

Most insect species are rich in zinc. However, the zinc content
of G. assimilis is poor for male adults and elderly, pregnant and
lactating women. Z. morio and O. rhinoceros are poor sources of
zinc for all human life stages except infants. Liometopum
apiculatum is a poor source of zinc for adolescents, male adults
and elderly, pregnant and lactating women.

Among the studied species for which vitamin B12 content was
available, Ruspolia differens, G. assimilis, Z. variegatus, A.
trifasciata, O. rhinoceros and B. mori were ‘rich in’ vitamin B12
for all human life stages, while Aspongopus nepalensis can be
considered a ‘source of” vitamin B12 for all human life stages.While
T. molitor, Cirina forda and Macrotermes bellicosus were ‘rich in’
vitamin B12 for infants, they can be considered poor in vitamin B12
content for other human life stages, as shown in Fig. 3.

Discussion

Generally, edible insects could fulfil the dietary reference values of
iron, zinc and vitamin B12 for the majority of the human population

across different life stages. However, laboratory analytical gaps and a
dearth of micronutrient data have been identified.

Data quality

Decent sampling and sample preparation procedures are necessary
for accurate and reliable analytical results. Sampling and sample
preparation gaps could have contributed to the inaccuracy and lack
of precision of the results obtained. In this study, for instance, it
was not clear whether the sampling sites reflected consumption,
different seasons and important outlets, while some authors did
not report about appropriate stabilisation treatments for the
samples. In addition, regarding food description, a few
authors(46,60) who purchased ready-made insect powder lacked
details about sample treatment, such as the extent of drying and the
drying method for some edible insects such as A. domesticus,
Protaetia brevitarsis and B. mori.

Furthermore, analytical method and analytical method quality
control generally scored poorly using the EuroFIR index. This could
be partly attributed to the lack of already validated official analytical
methods adapted to edible insect matrices. While instrumental
techniques used for analysis of iron, zinc and vitamin B12 of edible
insects in this study were generally consistent with those
recommended by the EuroFIR guidelines for assessment of methods
of analysis (EuroFIRGAMA)(87), the lack ofmethod consistency and
lack of validated official analytical methods for edible insectmatrices
remain a challenge. An analytical method refers not only to an
instrumental technique used, but also to steps such as sample pre-
treatments and reporting of results. The lack of validated official
analytical methods for edible insects is reflected by unreasonable
variations in some of the values for iron, zinc and vitamin B12 of the
studied insect species. For instance, Atowa et al.’s method of analysis
was based on AOAC (88) standard procedures, even if there is no

Fig. 2. Box plot of iron and zinc content of oven dried edible insects (fresh and as is basis).
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indication that the procedure was developed and validated for edible
insect matrices. Worryingly, Atowa did not mention the exact
AOACmethod number, which alsomakes it difficult to knowwhich
food matrix the method had been validated for. Therefore, despite
the use of recommended instrumental techniques, there is need to

develop and validate official analytical methods for edible insect
matrices in reference to AOAC guidelines for standard method
performance requirements(88).

Relatedly, method quality control procedures were not
considered. There were no records of analytical method validity

Fe and Zn (mg/d), 
vitamin B12 (µg/d)

Infants 
(7-12

months)

Adolescents 
(14-18 years)

Adults 
(19-50 years)

Pregnancy Lactation Older people

Fe Zn B12 Fe Zn B12 Fe Zn B12 Fe Zn B12 Fe Zn B12 Fe Zn B12

M F M F M F M F M F

B. Orientalis (OD)

C. rosea (OD)

C. parallelus (FD)
R. differens (OD)

G. bimanculatus (OD)

O. chinensis sinuosa (DM)

G. assimilis adult (OD)

A. domesticus (OD)

B. membranaceus (OD)

Z. variegatus (OD)

B. portentosus (OD)

G. sigillatus (OD)

A. trifasciata (OD)

Z. morio (R)

P. reticularis larvae (FD)

R. ferrugeneus (Bl)

O. Monoceros (OD)

O. rhinoceros (OD)

O. boas (OD)

T. molitor larvae (OD)

T. molitor pupae (OD)

T. molitor sub imago (OD)

H. parallela (AD)

A. dichotoma (DM)

P. brevitarsis (DM)

T. castaneum larvae (DM)

T. castaneum pupae (DM)

T. castaneum adult (DM)

S. racini larvae (SpD)

S. racini pupae (SpD)

Bombyx mori pupae (OD)

B. batryticus (DM)

C. forda (OD)

G. belina larvae (SD, Bo, OD)

G. cocaulti pupae (OD)

A. armida (GrD)

C. butyrospermi (OD)

M. subhyalinus (FD)

P. millitaris (FD)

P. spiniger (FD)

M. falciger soldiers (R)

M. bellicosus (OD)

M. natalensis soldiers (R)

O. obesus (OD)

A. mellifera lingustica (Queen bee) (OD)

L. apiculatum (SD, OD)

O. smaragdina (OD)

A. nepalensis (OD)

E. delegorguei (MD)

L. indicus (SD)

D. rustus (SD)

The recommended dietary allowances of iron, zinc and vitamin B12 that were used for the heat map were stipulated by the Institute of
Medicine (IOM) of the National Academies.

M: male, F: female, ND: nutrient was not determined, R: raw, OD: oven dried, FD: freeze dried, AD: air dried, Bl: blanched, SpD: spray 
dried, Bo: boiled, SD: sun dried, MD: microwave dried, DM: Purchase pre-dried and conditions unknown, GrD: Griddle dried.
Where more than one author reported on the same edible insect, new means and standard deviations were calculated, while for those
with only one author, the reported technical or biological mean and standard deviation was used.

Poor in, source of, and rich in Fe, Zn or vitamin B12 for a specific group. Fe, Zn and vitamin B12 content not reported.
Fig. 3. Heatmap representing the
adequacy of iron, zinc and vitamin B12
content from edible insect species for
different human life stages.
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for all the records used for data extraction. One consideration for
method validity, which was lacking for all records, is the
incorporation of appropriate standard reference materials in the
method of analysis(87,89,90). Notably, standard reference materials
based on edible insects do not yet exist. A few articles(59,70) used cod
muscle and/or fish protein as standard reference materials, which
might not be appropriate for edible insect matrices. Kinyuru
et al.(66) used in-house control materials, which are not certified
reference materials despite being of edible insect matrices. This
article therefore proposes future research into the development of
edible insect matrix-based certified reference materials to
guarantee the accuracy of analytical results obtained.

Furthermore, the lack of any forms of laboratory and/or
method certification(25) for most records reduces confidence in the
accuracy of the recorded data for zinc, iron and vitamin B12
contents of edible insects. Only a few studies(46,67,68) reported to
have some form of laboratory/method accreditation. In terms of
data precision, individual data records were good except for a few
records where precision was uncertain since standard deviations
were not recorded, for instance the iron and zinc content of
Chondacris rosea and Brachytrupes orientalis(27).

Factors affecting the iron, zinc and vitamin B12 composition
of the studied insect species

The observed wide variations in the iron, zinc and vitamin B12
contents of edible insects could be explained by a number of factors
such as insect species, developmental stage, geographic and
climatic conditions, insect’s food intake, processing methods and
methods of analysis applied (see supra). It is however not yet
known which of the factors have the biggest influence on
nutritional composition of edible insects.

Species differences
The differences in iron, zinc and vitamin B12 contents of edible
insects are species specific. Different species of edible insects, even
within the same insect order, exhibit differences in iron, zinc and
vitamin B12 content. This could indicate that observed differences
are species specific and may not necessarily be a reflection of
taxonomic distance(6).

Developmental stages
A few studies have reported on iron, zinc and vitamin B12 contents
of more than one insect developmental stage because most of the
times each insect is eaten at a certain life stage(6). Nevertheless,
more than one stage of some insects can be consumed, for instance,
the adult and nymph stages of A. domesticus(91). Hence, this study
also highlights the lack of comprehensive data for iron, zinc and
vitamin B12 content of all the possible consumable life stages. The
variations in iron and zinc content within species could be
explained by differences in developmental stages in some edible
insects.

Ecosystem and insect habitat
Ecosystem factors such as season of harvesting and geographical
origin of the harvested insect can lead to variations in iron, zinc
and vitamin B12 contents of edible insects in case of wild
harvesting. The long-horned grasshopper (R. differens) for
instance, is generally harvested from the wild during two annual
swarming seasons(92,93). Results published by Ssepuuya et al.(94)

indicate that R. differens harvested in Uganda had significant
variations in their iron, zinc and vitamin B12 contents across the

two swarming seasons and different districts. Similar findings
were recorded by Kababu et al.(65) for R. differens harvested in
Uganda. This could be attributed to differences in food sources in
different geographical locations, as well as seasonal changes.

Edible insect diet
The chemical composition of edible insects is generally
influenced by their diet composition. For instance, A. domesticus
fed on five differently formulated commercial feed-based diets
expressed significant differences in the iron, zinc and vitamin B12

contents(69). Such differences can be explained by differences in
substrate micronutrient content and possible regulation to
maintain insect body homeostasis and prevent toxicity(6). It
was demonstrated that the zinc content of the body of Gryllus
assimilis is regulated by changes in assimilation and elimination
rate depending on the dietary zinc content(95). Therefore, the iron,
zinc and vitamin B12 content closely depends on the diet of edible
insects.

Processing
Processing conditions could lead to changes in iron, zinc and
vitamin B12 contents of edible insects. In cultures where insects are
a traditional delicacy, they are either consumed raw or
processed(96). For instance, raw edible termite body parts or whole
raw/alive termites can be eaten as they emerge from the mound
holes in many parts of sub-Saharan Africa(97,98) while R. differens
(wings and legs removed) can be eaten raw in Tanzania(96). Both
termites and R. differens can also be processed using different
techniques such as steaming, roasting, smoking, frying, stewing
and curing for better sensory quality and improved shelf life(96).
Novel technologies aimed at utilising edible insects as ingredients
in a non-recognisable form such as powders/flours have been
developed to increase consumer interest in developed countries,
such as those in Europe(99). Such novel technologies include freeze
drying, oven drying, fluidised bed drying and microwave
drying(96). The iron, zinc and vitamin B12 contents of edible
insects (on as is basis) processed using different techniques are
presented in Table 3. Processing methods could alter the iron and
zinc content of edible insects to varying extents either negatively or
positively(41).

In addition, the extent of the effect of a processing method on
iron and zinc contents of edible insects depends on the edible insect
species. This could be attributed to species-specific differences in
matrices mineral release. Comparisons between processing
methods were difficult for many of the processing methods in
this study because of existing data gaps, especially for vitamin B12
content. Therefore, the data were disaggregated by insect orders,
which also created a problem of very large variations due to
different individual insect matrices as indicated by logarithmic
scale box plots (Supplementary Fig. 1).

Oven drying is the most commonly used processing method,
with data gaps still evident for other processing methods used,
such as freeze drying, toasting and microwave drying. For
instance, microwave-dried processing was not used for Z.
variegatus which makes it difficult to compare the effect of the
microwave drying processing on iron, zinc and vitamin B12 levels
with available data for other processing methods. Therefore,
more analyses are needed to provide more data on the effect of
processing methods on iron, zinc and vitamin B12 contents of
different edible insect species.
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Comparison of zinc, iron and vitamin B12 contents of edible
insects with lean beef, lean pork, poultry meat and mature
kidney beans

Most of the edible insects studied (forwhichdatawere available) have
more zinc, iron and vitamin B12 than lean pork and beef, poultry and
mature kidney beans (Table 3) despite the existence of wide
variations. Consistent with our findings, it was reported by Payne
et al.(100) that themedian iron content of crickets (5·46mg/100 g) and
honeybees (18·50 mg/100 g) is 180% and 850% greater than that of
raw beef (1·95 mg/100 g), which has the highest iron content out of
three commonly consumed meat types (beef, poultry and pork)(100).
Notably, this review reflects even higher quantities of iron in the
different meat types due to roasting, whereas Payne et al.’s
comparison was with raw beef.

Similarly, Locusta migratoria and A. domesticus reportedly
contain higher amounts of iron and similar amounts of zinc,
compared with beef, pork and poultry(6). Relatedly, it was reported
that edible grasshoppers (Z. variegatus) contain up to 10 and 1·2
times more iron and zinc, respectively, than bean seeds
(P. vulgaris)(101). However, several factors (discussed earlier) could
explain why up to thirteen edible insects were inferior to beef and
pork in terms of zinc content. Therefore, on the basis of the
overview, insect species having high zinc and iron contents can be
selected as a source of these micronutrients and could be a
substitute for commonly consumedmeat types, even for non-strict
vegetarian population groups such as pescaterians and ento-
vegetarians who are likely to be open to eating edible insects.

Among the edible insects for which data is available, the
vitamin B12 content of R. differens,A. domesticus andG. assimilis is
higher than that of roasted beef for instance. Similarly, the vitamin
B12 content values reported for T. molitor larvae (1·08 μg/100 g), L.
migratoria adults (0·84 μg/100 g), G. assimilis adults (2·88 μg/
100 g) and Shelfordella lateralis adults (13·21 μg/100 g dry basis)
are either comparable to or higher than pork meat (1 μg/100 g)(102).
All edible insects were superior to kidney beans in terms of vitamin
B12 content irrespective of species, since kidney beans do not
contain any vitamin B12. For Z. variegatus, Anaduaka et al.
reported an unreasonably high value of 276·12 ± 21·64 mg/100 g.
The latter could be attributed to serious errors during laboratory
analysis or data processing, and ultimately a lack of official
analytical methods for edible insects (see supra). There is also likely
a negative effect of processing on the observed low levels of vitamin
B12 for some insect species; for instance, most pre-blanched insects
in our study could have lost some of the vitamin B12 due to
leaching.

Comparison of zinc, iron and vitamin B12 contents of edible
insects with dietary reference values

Generally, the edible insects included in this study can be
considered as ‘rich in’ or ‘sources of’(78) iron and zinc for different
human life stages irrespective of the processing methods used
(Fig. 3). Some edible insect species could be considered poor/
inadequate in iron and zinc for different human life stages. These
include raw, freeze-dried or blanched insect species, oven-dried
O. rhinoceros and sun-dried/oven-dried L. apiculatum. The raw
and blanched insects could have had a high moisture content,
which creates a dilution effect on iron and zinc. In addition, during
blanching there is a likelihood of iron and zinc loss due to leaching
into the blanch water. Drying methods have also been reported to
have varying effects on the iron and zinc contents depending on the
edible insect species.

For most edible insects, data on vitamin B12 contents are not
available, making comparisons with dietary reference values
difficult. Furthermore, while it is possible that vitamin B12 content
varies by species(6), processing methods(103), geographical region of
sourcing(94) and diet(69) certain variations obtained were unrea-
sonably high. Some of the unfairly high variations could possibly be
explained by methodological differences and inter-laboratory
errors for means and standard deviations calculated from results of
more than one author.

Bioaccessibility and bioavailability of iron, zinc and vitamin
B12 of edible insects

The current study did not report about the bioaccessibility and
bioavailability of iron, zinc and vitamin B12 from edible insects.
Notably, inhibitors such as phytates for insects fed on a plant-based
diet(7), different processing methods(104) and the form of iron
(haem v. non-haem) could influence the bioaccessibility and
bioavailability of iron and zinc.

Regarding the form of iron, edible insects contain both haem
and non-haem iron. The primary form of haem-iron in edible
insects is found in cytochromes and its bioavailability is reportedly
similar to that of vertebrate iron (myoglobin and haemoglobin)(6).
Generally, non-haem iron and zinc in edible insects exist in
protein-bound forms to ferritin, transferrin, and other transport
and storage proteins(6). Non-haem iron (mainly ferritin- and
holoferritin-bound) is reportedly themost abundant form in edible
insects but its bioavailability is relatively unknown(6,7). However,
the reviewed articles reported only total iron without indicating the
amount of haem v. non-haem iron. The bioaccessibility and
bioavailability of vitamin B12 could be influenced by processing
and the form of the vitamin in the edible insects(105). This review
article only reported about total vitamin B12 (cobalamin) recorded
for various edible insects without indicating the amount of the
inactive form (cobalamin analogues) and the active form of
cobalamin. In addition, there is scant data about the bioaccessi-
bility and bioavailability of vitamin B12 in edible insects.

Contribution of edible insects to the improvement of the
human nutrition status of iron, zinc and vitamin B12

With regard to iron, zinc and vitamin B12, there is a dearth of human
nutrition intervention studies that have determined the efficacy of
consuming edible insects to improve nutritional outcomes. Only a
few human nutrition intervention studies(106–108) have determined
the efficacy of dietary edible insect inclusion to alleviate iron
deficiency anaemia. Notably, all three studies were done in children.
Following a cluster-randomised controlled trial among 6 month old
infants fed on a caterpillar-cereal diet for 18 months, Bauserman
et al.(108) reported higher haemoglobin levels and fewer anaemia
cases among the test group compared with those that were fed on a
control (usual) diet without caterpillars, while there were no
differences in body iron stores for both groups. However, Bauserman
et al.(108) did not specify the particular species and quantities of
caterpillars used. A study conducted by Kipkoech et al.(106) among
3–4·5-year-old children demonstrated that a 5% substitution of
maize flour with cricket powder in porridge flour resulted in an
improved nutritional status similar to milk-based porridge after
6 months of daily supplementation. This indicates that edible insects
could improve the iron content of complementary foods similarly to
milk. Conversely, Konyole et al.(107) reported that after 9 months of
feeding termite (Macrotermes subhyalinus)-containing complemen-
tary foods impaired iron status and led to higher prevalence of
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anaemia among 6-month-old infants as compared with maize
fortified with micronutrients. Notably, the edible insects considered
in the three studies were mixed with other food matrices, which
could have impacted bioavailability, hence the specific impact of
edible insects could not be isolated, as noted by Konyole et al.(107).

Limitations of this study

The existing literature on the nutritional content of edible insects is
limited with respect to iron and zinc contents, while data on
vitamin B12 are also scarce. To the best of our knowledge, no data
are currently available on the bioavailability of vitamin B12.
Research on the bioavailability of iron and zinc from edible insects
in humans also appears to be limited. In addition, there are few
human intervention studies investigating the efficacy of edible
insects as a source of iron, zinc, and vitamin B12 to alleviate
deficiencies. Finally, substantial variations in the micronutrient
levels studied have been observed, which may be due to the
diversity of analytical techniques by different authors that are not
validated for edible insect matrices, significant errors in laboratory
analysis or data processing. This ultimately highlights the lack of
official analytical methods for edible insects.

Conclusions

Edible insect species generally have high contents of iron, zinc and
vitamin B12 and can potentially fulfil the nutrient gaps of a vast
majority of the human population. However, there is limited
research into the bioavailability and efficacy of iron, zinc and
vitamin B12 to prevent deficiencies in the human population. In
addition, data gaps are evident for a number of edible insects
considering the different possibilities for processing edible insects.
Furthermore, data inaccuracies are likely to have contributed
towards the existing large variations in the available data. Therefore,
more research is required to determine the micronutrient content of
differently processed edible insects, and critical analytical consid-
erations, such as data quality assessment, are required for better data
quality. In addition, there is a need to develop and apply standard
methods of analyses for edible insect matrices.
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