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Abstract

Entomophagy (eating edible insects) could potentially address human deficiencies of iron, zinc
and vitamin B;,. This article aims to summarise available evidence about the iron, zinc and
vitamin B,, 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 B;, 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 B;, required for
optimal nutrition and health of different human life stages. Moreover, iron, zinc and vitamin B,
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 B, , 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'. Iron, zinc and vitamin B, are
most likely to be deficient among populations in low- and middle-income countries where diets
are mainly plant-based and low in animal products'>?. 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®. Notably,
the bioavailability of non-haem iron and zinc from plant sources is poor due to antinutritional
factors such as phytates®). 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%(®. However, the bioavailability of the non-haem iron component of edible
insects (mainly ferritin- and holoferritin-bound) is relatively unknown‘®”. 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”) while Hilal et al.® 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. Despite the generally high consumption of animal
products in Europe, deficiencies in iron, zinc and vitamin B;, are known to occur among
vegetarian populations®”). 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”., Deficiencies in iron, zinc and vitamin B,,, 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).

Notably, children under 5 years, women of reproductive age
and pregnant women are particularly at high risk owing to
increased nutrient needs'?). 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 By,
Therefore, there is a need to find possible interventions to curb
micronutrient deficiencies of iron, zinc and vitamin Bj,.

Globally, the prevalence of zinc deficiency is estimated to be
17-3%, with the highest in Africa (23-9%) and Asia (19-4%)®). Zinc
performs several important catalytic, structural and regulatory
functions. It regulates the functioning of many metallo-
enzymes'"). 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~13),

Iron performs important roles in the human body such as haem
synthesis, oxygen and electron transport, and immune function-
ality". Anaemia due to iron deficiency affects over 1-2 billion
people globally™). 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!?. 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®!7),

Vitamin B, or cobalamin, is an essential cofactor in metabolic
pathways involving the enzymes methionine synthase and
methylmalonyl-CoA mutase!?. Cobalamin plays an essential role
of promoting better immune health and cellular function, for
instance DNA synthesis, replication and repair, and production of
neurotransmitters®'®), In addition, vitamin By, is required for
efficient erythropoiesis®. Vitamin B,, 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(z’ls). Vitamin B,
deficiency is estimated to affect 10-50% of women of reproductive
age and pregnant women, globally®!”). While vitamin B, is
deemed sufficient in high-income countries, deficiencies are
known to occur among people of older age due to malabsorp-
tion!) and among strict vegetarians®”.

Micronutrient intervention programs at the population level,
such as fortification and supplementation, have been suggested to
curb micronutrient deficiencies in the past™”). 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®). Edible insects also contain vitamins and minerals, for
instance house crickets (Acheta domesticus) contain 17-5-19-3 mg/kg
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and 54-3-67-1 mg/kg on a dry weight basis of iron and zinc,
respectively®?1?? while freeze-dried A. domesticus reportedly
contains 8-58-9-13 pg/100 g of vitamin B, on a dry matter basis'®).
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 B, content of raw and processed edible insects and assess
their potential to contribute to the recommended dietary intakes of
iron, zinc and vitamin B,.

Materials and methods
Article inclusion and exclusion criteria

Data on the zing, iron and vitamin B, 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 B;, 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®?.

Primary studies with original results of analyses for nutrients
including iron and/or zinc and/or vitamin By, 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>” 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® 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)@0) 2 5 1 3 1 3 15
Chakravorty, Ghosh, Yung and Meyer-Rochow (2014)?7) 3 5 1 3 1 3 16
Duarte et al. (2021)@® 3 5 1 3 1 3 16
Akande, Falade, Badejo and Adekoya (2020)?% 3 5 1 3 1 4 17
Anaduaka, Uchendu, Osuji, Ene and Amoke (2021)3? 4 5 1 3 1 3 17
Idowu, Oliyide, Ademolu and Bamidele (2019)3Y 3 5 1 3 1 4 17
Aratjo, Benfica, Ferraz and Santos (2019)#? 2 5 1 5 1 3 17
Hasan et al. (2023)33 5 2 4 1 3 18
Atowa et al. (2021)34 4 5 3 3 1 3 19
Jaji¢ et al. (2022)@% 4 5 1 3 5 1 19
Dobermann, Field and Michaelson (2019)©®) 3 5 1 5 1 4 19
Noyens et al. (2023)¢7 3 5 1 3 5 3 20
Paul et al. (2016)©® 4 5 1 3 5 3 21
Akullo, Agea, Obaa, Okwee-Acai and Nakimbugwe (2018)@% 4 5 1 3 5 3 21
Chakravorty, Ghosh, Yung and Meyer-Rochow (2016)“% 4 5 1 3 5 3 21
Dandadzi, Musundire, Muriithi and Ngadze (2023)“) 4 5 1 3 5 3 21
Melo-Ruiz, Sdnchez-Herrera, Sandoval-Trujillo, Diaz-Gacia and Quirino-Barreda (2016)“? 4 5 1 3 5 3 21
Séré et al. (2021)* 4 5 1 3 5 3 21
Séré et al. (2022)“4) 4 5 1 3 5 3 21
Sarmah, Bhattacharyya, Bhagawati and Sarmah (2022)4% 4 5 1 3 5 3 21
Grden and Sotowiej (2022)1®) 1 5 1 3 1 10 21
Cortazar-Moya et al. (2023)“7) 4 5 1 3 5 3 21
Kepinska-Pacelik et al. (2023)1®) 4 5 1 3 5 3 21
Chen et al. (2024)“9 3 5 1 3 5 4 21
Ray and Gangopadhyay (2021)% 4 5 1 3 5 4 22
Silva et al. (2021)5Y 3 5 1 5 5 3 22
Tanga, Mokaya, Kasiera and Subramanian (2023)®? 4 5 1 ‘3 5 4 22
Chakravorty, Ghosh and Meyer-Rochow (2011)%3 4 5 2 3 5 3 22
Chinarak, Chaijan and Panpipat (2020)¥ 4 5 2 3 5 3 22
Netshifhefhe and Duncan (2021)®° 4 5 1 4 5 3 22
Udomsil, Imsoonthornruksa, Gosalawit and Ketudat-Cairns (2019)¢®) 4 5 1 3 5 4 22
Oliveira et al. (2024)©7 4 5 1 3 5 4 22
Marzoli et al. (2023)®8 4 5 2 3 5 3 22
Kavle, Carne, Bekhit, Kebed and Agyei (2022)%% 3 5 1 3 5 6 23
Khatun et al. (2021)?3 4 5 1 3 5 5 23
Park, Kang and Choi (2022)% 3 5 1 3 5 6 23
Yang et al. (2014)©Y 5 5 1 3 5 4 23
Kroncke et al. (2019)(©? 3 5 1 3 5 6 23
Hlongwane, Siwela, Slotow and Munyai (2022)© 4 5 2 5 5 3 24
Lenaerts, Van Der Borght, Callens and Van Campenhout (2018)(4 4 5 2 3 5 5 24
Kababu, Mweresa, Subramanian, Egonyu and Tanga (2023)(® 4 5 4 3 5 4 25
Kinyuru et al. (2013)®) 5 5 3 5 5 4 27
Jankauskiené et al. (2024)67 4 5 1 3 5 10 28
(Continued)
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Table 1. (Continued)

Author name (date) A B C D E F EuroFIR score
Ranjith et al. (2023)©® 4 5 2 3 5 10 29
Bawa, Songsermpong, Kaewtapee and Chanput (2020)©? 5 5 1 3 5 10 29
Addeo et al. (2021)(™) 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.

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

Number of Number of different
Insect species Common name publications analyses Life stage
Orthoptera
Chondacris rosea®” Short-horned grasshoppers 1 1 Adult
Chorthippus parallelus®® Meadow grasshopper 1 3 Adult
Ruspolia differens'®®) Long horned grasshoppers 1 5 Adult
Gryllus bimanculatus®%5659 Twin star/black cricket 3 4 Adult
Gryllus assimilis?33257) Jamaican field cricket 3 6 Adult and nymph
Oxya chinensis®® Rice locust 1 1 Adult
Zonoceros variegatus®39 Variegated grasshopper 2 2 Adult
Acheta domesticus?>46:56:6%) House crickets 4 7 Adult
Brachytrupes orientalis®” Mole cricket 1 1 Adult
Brachytrupes membranaceus*? Tobacco cricket 1 1 Adult
Brachytrupes portentosus®? Wild field crickets 1 6 Adult
Gryllodes sigillatus®“®) Banded cricket 1 1 Sub-imago
Coleoptera
Rhynchophorus ferrugineus®59 Sago palm weevil 2 12 Larval
Prionoplus reticularis®® Huhu grubs 1 4 Larval and pupal
Analeptes trifasciata®® Cashew stem girdler 1 1 Adult
Tribolium castaneum®® Red flour beetle 1 3 Larval, pupal and adult
Zophobas morio®®? Super worm 1 1 Larval
Tenebrio molitort3%37:48,51,57,60,62,64,67) Yellow meal worm 9 40 Larval, pupal and sub imago
Allomyrina dichotoma®? Long-lived beetle 1 1 Larval
Protaetia brevitarsis®©) White spotted beetle 1 1 Larval
Holotrichia parallela‘®V Dark black chafer 1 1 Adult
Oryctes monoceros®! 1 1 Larval
Oryctes rhinoceros®® 1 1 Larval
Oryctes boas®V 1 1 Larval
Lepidoptera
Cirina forda®®¥ 1 1 Larval
Cirina butyrospermi®“¥ 1 3 Larval
Samia ricini®® Eri silk worm 1 4 Pupal and pre-pupal
Bombyx batryticatus® Baekgangjam 1 1 Larval
Bombyx morit®258:6%) Silk worm moth 3 3 Larval and pupal
Gonimbrasia belina'®® Mopani worm 1 5 Larval
Gonimbrasia cocaulti®? 1 1 Pupal
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Table 2. (Continued)

Number of Number of different
Insect species Common name publications analyses Life stage
Arsenula armida? Giant silk moth 1 1 Larval
Isoptera
Macrotermes bellicosus®%343%69) 4 4 Adult
Macrotermes subhyalinus'4®) 2 2 Adult
Pseudacanthotermes millitaris‘® 1 1 Adult
Pseudacanthotermes spiniger'®® 1 1 Adult
Macrotermes falciger®® 1 1 Adult soldiers
Macrotermes natalensis® 1 1 Adult soldiers
Odontotermes obesus®® 1 1 Adults
Hymenoptera
Liometopum apiculatum*?) Escamolera ant 1 4 Eggs
Apis mellifera lingustica™ Queen bee 1 1 Larval
Oecophylla smaragdina‘® Green tree ant 1 1 Adult
Hemiptera
Aspongopus nepalensis®? Gondhibug 1 1 Adult
Encosternum delegorguei*? Edible stink bug 1 5 Adult
Diplonynchus rustus“®) Water bug 1 1 Adult
Lethocerus indicus® Giant water bug 1 1 Adult
Total 149

content was provided as well, the iron, zinc and vitamin B,
content results were calculated using the following formula
(equation 1):

content (x, fresh or as is basis)
(1)

= content (x, dry matter basis) x (mc — 100)
100

where x is zinc (mg/100 g), iron (mg/100 g) or vitamin B,
(ng/100 g) and mc is moisture content (%). For different data
sources, means and standard deviations of iron, zinc and vitamin B,
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 B,
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 B,, content of
processed edible insects with lean beef, lean pork, poultry
meat and mature kidney beans

The iron, zinc and vitamin B, content was compared with lean
beef and pork, poultry meat (all cooked and roasted) and boiled
mature kidney beans (Table 3).
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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’?. However, bean consumption is
generally low in industrialised nations (e.g. 3 kg/capita/year for the
United States)’®. 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)""%, but beans are not known to
contain vitamin By,.

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”. They are important sources of iron,
zinc and vitamin B, in the human population. Notably, the iron,
zinc and vitamin Bj, in animal-source foods has good bio-
accessibility.

Comparison of iron, zinc and vitamin B,, 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 By, referred to in
this study, were stipulated by the Institute of Medicine (IOM) of
the National Academies’®””). 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’”®).
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Table 3. Iron, zinc and vitamin B;, content (as is/fresh basis) of edible insect species processed using different processing methods

Tom Bbosa et al.

Iron SD Zinc SD Vitamin B, SD
Edible insect species Processing methods n mg/100 g ng/100 g
C. rosea” Oven dried®” 3 4.4 611 NR
B. orientalis” Oven dried®” 3 5.17 235 NR
C. parallelus™ Freeze dried? 3 1.78 0-08 543 0-1 NR
R. differens Oven dried® 15 5874 60-43 1274 4.49 2.75 0-61
G. bimanculatus Dried (method NR)(©?) 763 0-57 21.57 0-02 NR
Air dried®® 3 695 1-24 1396 222 NR
Oven dried®® 5 7 1 15 1 NR
G. assimilis adult Raw®®? 5 0-72 0-07 1-36 0-07 NR
Freeze dried® 3 NR NR 1106 025
Oven dried®357) 6 841 0-14 2207 0-22 1368 0-52
Blanched®) 3 NR NR 5.75 0-01
G. assimilis nymph Oven dried®” 3 823 0-21 25.57 0-43 NR
0. chinensis sinuosa .Dried (method NR)®© 3 879 1-62 1337 1-41 NR
Z. variegatus Oven dried2% 6 1413 253 9.24 12.55 260-0 10-0
A. domesticus Raw(® 3 1.48 0-03 6-96 0-02
Oven dried(?356:69) 6 6-36 2:21 20 23 6-38 0-89
Microwave dried®6% 3 625 0-02 2381 0-01 3.78 1.79
Freeze dried®?) 3 NR NR 8-96 0-49
Blanched®) 3 NR NR 2:13 0-2
Dried (method NR)®“®) 3 57 0-19 NR NR
B. membranaceus” Oven dried*¥ 3 4.45 0-01 565 0-01 NR
B. portentosus” Oven dried®? 6 10-11 2:15 11.77 297 NR
G. sigillatus Oven dried“® 3 413 0-04 9.83 0-04 NR
T. castaneum larvae® Dried (method NR)®®) 3 3.05 0-24 4.93 0-05 NR
Pupae Dried (method NR)®) 3 3.75 0-65 2:93 0-16 NR
Adult Dried (method NR)@®®) 3 3.37 ' 0-37 3.8 0-14 NR
A. trifasciata Oven dried®® 6 65-94 17-67 85-74 22:35 726:8 117-83
Z. morio Raw®®?) 5 0-8 0-07 0-87 0-1 NR
P. reticularis larvae” Freeze dried®® 9 1.06 0-18 1.87 0-29 NR
P. reticularis pupae” Freeze dried®” 3 122 0-08 196 0-05 NR
R. ferrugineus™ Blanched®” 9 0-42 0-13 2:8 0-23 NR
R. ferrugineus™ Freeze dried“” 9 1.08 0-51 0-99 0-98 NR
T. molitor larvae Dried (method NR)(©?) 3 6-47 0-1 1191 0-77 NR
Oven dried®"6?) 6 541 0-42 12.06 0-62 NR
Vacuum dried(®? 3 NR 1229 NR
Freeze dried(®>%% 3 NR 9.92 0-81 0-1
Blanched(® 3 NR NR 0-24 0-01
Blanched, freeze dried® 73 NR NR 0-61 0-07
Blanched, bloated dry®® 18 876 167 4.93 0-77 NR
Oven dried®+67) 27 5.40 0-90 1312 1-40 NR
Raw*(®4 3 NR NR 0-31 0-02
Blanched, oven dried®* 3 NR NR 03 0-05
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Table 3. (Continued)
Iron SD Zinc SD Vitamin B, SD
Edible insect species Processing methods n mg/100 g ng/100 g
Blanched, microwave dried(* 6 NR NR 033 0-04
Blanched, vacuum microwave dried 3 NR NR 0-42 0-05
Dried (method NR)®7) 15 9.05 1243 9.51 1-19 NR
T. molitor Pupae Oven dried 3 6-37 0-21 1288 1.08 NR
T. molitor Sub imago Oven dried 3 4-43 0-05 7-83 0-03 NR
A. dichotoma Dried (method NR)© 3 479 0-78 6-33 0-93 NR
P. brevitarsis Dried (method NR)(©?) 3 10-48 1.08 11-3 0-26 NR
H. parallela Air dried® 3 2717 3 14-89 1-89 NR
0. Monoceros Oven dried®V 3 251 61 876 36 NR
0. rhinoceros Oven dried®? 3 12 0-16 0-65 0-08
0. boas Oven dried® 3 147 82 212 21 NR
S. ricini larvae Spray dried®® 6 41505 7.98 3.42 02 NR
S. ricini pupae Spray dried®? 6 42351 7-4 343 0-19 NR
Oven dried®? 3 5 2.5 0-2 0-01 200 10
B. batryticatus Dried (method NR)®©% 3 698 2:33 232 0-45 NR
B. mori pupae Dried (method NR)©% 3 4.98 0-4 16-65 274 NR
Oven-dried®>5®) 6 3-80 1.41 13-75 1.77 200 10
C. forda Oven dried®¥ 3 2785 31 138 165 310 40
G. belina larvae Degutted, salt water boiled and sun dried(? 24 177 7-48 11-56 1.03 NR
Trader pre-sundried, washed and sun dried, 9 891 1.03 10-12 0-98 NR
oven dried®
Trader pre-sundried, boiled, oven dried® 9 13-07 1-64 11-81 124 NR
Trader pre-sundried, boiled, salted, oven 9 14.91 1.34 1121 0-54 NR
dried®
Trader pre-sundried, fried, oven dried® 9 16-9 0-27 11-79 0-92 NR
G. cocaulti pupae Oven dried®? 18 2 82 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®? 3 818 0 ‘ 262 0 NR
M. bellicosus Sun dried, freeze dried(©® 6 110-02 328 10-21 183 NR
M. bellicosus Oven dried3439) 9 18289 22385 14612  231.16 340 40
M. subhyalinus Freeze dried®® 6 49.86 1.37 757 262 NR
Oven dried**) 3 5.8 0-09 65 0-04 NR
P. millitaris Freeze dried® 6 5725 1-05 12:21 0-87 NR
P. spiniger Freeze dried®® 6 591 2:43 6-48 1-66 NR
M. falciger soldiers Raw®®) 4 6827 4 188 0
M. natalensis soldiers Raw!®) 4 992 5 15-9 0
0. obesus Oven dried®®® 3 30-89 1.06 10-90 0-42 NR
A. mellifera lingustica Queen Oven dried™ 3 5.49 0-06 232 0-21 NR
L. apiculatum * Sun dried, oven dried“? 3 333 0-99 1.29 0-19 NR
0. smaragdina* Oven dried“? 3 4.62 0-08 56 0-64 NR
A. nepalensis* Oven dried®? 3 11-62 0 4.07 0-87 < 0-50
E. delegorguei Raw( 3 109 0-24 211 0-02 NR
Sun dried“) 3 13-61 0-06 5.54 0-22 NR
(Continued)

https://doi.org/10.1017/50954422425000071 Published online by Cambridge University Press


https://doi.org/10.1017/S0954422425000071

Table 3. (Continued)

Tom Bbosa et al.

Iron SD Zinc SD Vitamin B, SD
Edible insect species Processing methods n mg/100 g ng/100 g
Toasted*! 3 19-98 134 2:23 0-01 NR
Microwave dried! 3 14-79 0-53 5-13 0-1 NR
Oven dried“? 3 12-39 0-12 349 0-32 NR
D. rustus Sun dried® 3 90-05 0-06 6-57 0-15 NR
L. indicus Sun dried“ 3 4821 0-14 6-36 018 NR
Lean beef, bottom round cut™  Cooked and roasted 24 474 1-61
Poultry (Chicken meat)™ Cooked and roasted 1.04 1-00 0-34
Lean pork (Ham){™ Cooked and roasted 097 248 0-67
Mature kidney beans(™? 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 from more 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

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.’”) 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.®”
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 Acufa et al.®V specified
the typical portion size per person as the amount of insects
equivalent to a 220 g capacity chilli container in Mexico. Following a
cross-sectional study among insect eating communities in central
and southwestern Uganda, Kasozi et al.®? 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 B, 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®®, 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)®® is
very similar to the protein content of beef (16-:62-21-80% on fresh
weight basis)®>%%), 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
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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® insect orders, which
include the following: orthoptera'?, coleoptera‘'V), lepidoptera®,
isoptera”), hymenoptera®® and hemiptera®. The highest number
of insects were adults® followed by the larval stage'® and
pupae®, while sub-imago and eggs comprised only two and one of
the insect species, respectively. Data on zinc and/or iron and/or
vitamin B;, 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 B, 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 plasma mass spectrometry (ICP-MS)
and titrimetric methods. The main techniques used for vitamin B,
analyses included immunoassays and spectrophotometric tech-
niques, sometimes coupled with a chromatographic technique.
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Effect of processing on the zinc, iron and vitamin B;,
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 B,
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 876-0 mg/100 g. There was
scant data on vitamin By, content. Blanched T. molitor had a
vitamin B, content of 0-2 pg/100 g, whereas oven-dried Analeptes
trifasciata contained 726-8 pg/100 g.

An unfairly high value of vitamin B, (138-19 + 195-06 mg/100 g)
for Z. variegatus was obtained from the average of values reported by
Anaduaka et al.®% (276:12 + 21-64 mg/100 g) and Atowa et al.®?
(026 = 0-01 mg/100 g). Both authors®®*% used a spectrophoto-
metric technique for vitamin B;, 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 B,, 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 B,, values reported for raw
A. domesticus by Bawa et al.® (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 B, 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
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Fig. 1. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
flow chart for literature search and study
selection.

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

Comparison of iron, zinc and vitamin B,, 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 B,
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 B}, 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 B;, content. Notably, most heat treatments involving a
blanching step reflected a lower vitamin B;, content in edible insect
species than in pork, beef, poultry and kidney beans. Results also
indicate that there were few records of vitamin B;, content for the
edible insect species studied.

Comparison of iron, zinc and vitamin B,, 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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Fig. 2. Box plot of iron and zinc content of oven dried edible insects (fresh and as is basis).

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 B, for
all human life stages. The content of iron (0-89 mg/100 g), zinc
(0-44 mg/ 100 g) and vitamin B;, (0-0 pg/100 g) of boiled mature
kidney beans indicated that they are ‘poor in’ iron, zinc and
vitamin B;, 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 B;, content was
available, Ruspolia differens, G. assimilis, Z. variegatus, A.
trifasciata, O. rhinoceros and B. mori were ‘rich in’ vitamin By,
for all human life stages, while Aspongopus nepalensis can be
considered a ‘source of” vitamin By, for all human life stages. While
T. molitor, Cirina forda and Macrotermes bellicosus were ‘rich in’
vitamin B, for infants, they can be considered poor in vitamin By,
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 By, for the majority of the human population
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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“®®” 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 By, of edible
insects in this study were generally consistent with those
recommended by the EuroFIR guidelines for assessment of methods
of analysis (EuroFIR GAMA)®®”), the lack of method consistency and
lack of validated official analytical methods for edible insect matrices
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 B, 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
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[Fe and Zn (mg/d), Infants Adolescents Adults Pregnancy | Lactation | Older people
vitamin B12 (ng/d) (7-12 (14-18 years) (19-50 years)
months)
Fe |Zn |B2| Fe Zn Bp Fe Zn Bp Fe Zn B Fe Zn B |Fe| Zn |Bn
M|F|M|F M|F|M|F M| F
\B. Orientalis (OD)
C. rosea (OD)

C. parallelus (FD)

IR. differens (OD)

G. bimanculatus (OD)

O. chinensis sinuosa (DM)
G. assimilis adult (OD)

4. domesticus (OD)

\B. membranaceus (OD)

\Z. variegatus (OD)

B. portentosus (OD)

G. sigillatus (OD)

4. trifasciata (OD)

\Z. morio (R)

\P. reticularis larvae (FD)
R. ferr (BI)

0. Monoceros (OD)

O. rhinoceros (OD)

0. boas (OD)

T. molitor larvae (OD)

T. molitor pupae (OD)

7. 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)

. mellifera lingustica (Queen bee) (OD)
\L. apiculatum (SD, OD)
0. smaragdina (OD)

. nepalensis (OD)

\E. delegorguei (MD)

L. indicus (SD)

\D. rustus (SD)

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

& Poor in, [ source of, and [l rich in Fe, Zn or vitamin B2 for a specific group.[] Fe, Zn and vitamin B2 content not reported.

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.

indication that the procedure was developed and validated for edible
insect matrices. Worryingly, Atowa did not mention the exact
AOAC method number, which also makes it difficult to know which
food matrix the method had been validated for. Therefore, despite
the use of recommended instrumental techniques, there is need to

performance requirements®®),
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Fig. 3. Heatmap representing the
adequacy of iron, zinc and vitamin By,
content from edible insect species for
different human life stages.

develop and validate official analytical methods for edible insect
matrices in reference to AOAC guidelines for standard method

Relatedly, method quality control procedures were not
considered. There were no records of analytical method validity
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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®%*?), Notably, standard reference materials
based on edible insects do not yet exist. A few articles®*’? used cod
muscle and/or fish protein as standard reference materials, which
might not be appropriate for edible insect matrices. Kinyuru
et al.®® 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® for most records reduces confidence in the
accuracy of the recorded data for zinc, iron and vitamin B;,
contents of edible insects. Only a few studies***7®) 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®”).

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

The observed wide variations in the iron, zinc and vitamin B,
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 B;, 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 B;, content. This could indicate that observed differences
are species specific and may not necessarily be a reflection of
taxonomic distance®.

Developmental stages

A few studies have reported on iron, zinc and vitamin B, contents
of more than one insect developmental stage because most of the
times each insect is eaten at a certain life stage®. Nevertheless,
more than one stage of some insects can be consumed, for instance,
the adult and nymph stages of A. domesticus®. Hence, this study
also highlights the lack of comprehensive data for iron, zinc and
vitamin B, 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 B;, 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®>*?), Results published by Ssepuuya et al.*9
indicate that R. differens harvested in Uganda had significant
variations in their iron, zinc and vitamin B, contents across the
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two swarming seasons and different districts. Similar findings
were recorded by Kababu et al.®” 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 B,
contents®. Such differences can be explained by differences in
substrate micronutrient content and possible regulation to
maintain insect body homeostasis and prevent toxicity(®. 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®”, Therefore, the iron,
zinc and vitamin B;, content closely depends on the diet of edible
insects.

Processing

Processing conditions could lead to changes in iron, zinc and
vitamin B, contents of edible insects. In cultures where insects are
a traditional delicacy, they are either consumed raw or
processed®®). 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®”*® while R. differens
(wings and legs removed) can be eaten raw in Tanzania®. 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®®).
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®®”. Such novel technologies include freeze
drying, oven drying, fluidised bed drying and microwave
drying®®. The iron, zinc and vitamin B,, 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™D.

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 B,
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 By, 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 B;, contents of
different edible insect species.


https://doi.org/10.1017/S0954422425000071
https://doi.org/10.1017/S0954422425000071

Zinc, iron and vitamin B;, in edible insects

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

Most of the edible insects studied (for which data were available) have
more zinc, iron and vitamin By, 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.'™) that the median iron content of crickets (5-46 mg/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)1??,
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®. 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)1°V, 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 consumed meat 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 B,, content of R. differens, A. domesticus and G. assimilis is
higher than that of roasted beef for instance. Similarly, the vitamin
B;, content values reported for T. molitor larvae (1-08 pg/100 g), L.
migratoria adults (0-84 pg/100 g), G. assimilis adults (2-88 pg/
100 g) and Shelfordella lateralis adults (13-21 pg/100 g dry basis)
are either comparable to or higher than pork meat (1 pg/100 g)('%2).
All edible insects were superior to kidney beans in terms of vitamin
By, content irrespective of species, since kidney beans do not
contain any vitamin Bj,. 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
B, for some insect species; for instance, most pre-blanched insects
in our study could have lost some of the vitamin B;, due to
leaching.

Comparison of zinc, iron and vitamin B,, 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 ”® 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.
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For most edible insects, data on vitamin B, contents are not
available, making comparisons with dietary reference values
difficult. Furthermore, while it is possible that vitamin B, content
varies by species®, processing methods!!°, geographical region of
sourcing®® and diet® 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
B,, of edible insects

The current study did not report about the bioaccessibility and
bioavailability of iron, zinc and vitamin B;, from edible insects.
Notably, inhibitors such as phytates for insects fed on a plant-based
diet”), different processing methods'®” 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)®.
Generally, non-haem iron and zinc in edible insects exist in
protein-bound forms to ferritin, transferrin, and other transport
and storage proteins®. Non-haem iron (mainly ferritin- and
holoferritin-bound) is reportedly the most abundant form in edible
insects but its bioavailability is relatively unknown®”). However,
the reviewed articles reported only total iron without indicating the
amount of haem v. non-haem iron. The bioaccessibility and
bioavailability of vitamin Bj, could be influenced by processing
and the form of the vitamin in the edible insects!!®”. This review
article only reported about total vitamin B, (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 B, in edible insects.

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

With regard to iron, zinc and vitamin By, 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'®-'%®) 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'% 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’% did not specify the particular species and quantities of
caterpillars used. A study conducted by Kipkoech et al.'® 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.1%” 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.1?”).

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 By, are also scarce. To the best of our knowledge, no data
are currently available on the bioavailability of vitamin Bi,.
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 B;, 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 B;, 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 B, 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.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/50954422425000071

Financial support. This manuscript was funded by VLIR-OUS through the
Global Minds — KU Leuven doctoral scholarship programme, Belgium, in a
sandwich arrangement with Makerere University, Uganda.

Competing interests. The authors declare no conflicts of interest.

Authorship. Tom Bbosa: funding acquisition, conceptualisation, data
collection, data curation, and original article writing. Dorothy Nakimbugwe:
funding acquisition, supervision (supporting), project administration, and
manuscript review and editing. Christophe Matthys: supervision (supporting),
data curation, and manuscript review and editing. Mik Van Der Borght: funding
acquisition, supervision (lead), data curation, project administration, manu-
script review and editing, and the corresponding author.

Ethical standards. Ethical approval was not required.

References

1. Stevens GA, Beal T, Mbuya MNN, et al. (2022) Micronutrient deficiencies
among preschool-aged children and women of reproductive age world-
wide: A pooled analysis of individual-level data from population-
representative surveys. Lancet Glob Health 10, e1590-e1599.

https://doi.org/10.1017/50954422425000071 Published online by Cambridge University Press

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Tom Bbosa et al.

. Gramer G & Hoffmann GF (2020) Vitamin B,, deficiency in newborns

and their mothers—Novel approaches to early detection, treatment and
prevention of a global health issue. Curr Med Sci 40, 801-809.

. Bailey RL, West KP & Black RE (2015) The epidemiology of global

micronutrient deficiencies. Ann Nutr Metab 66, 22-33.

. Miller V, Reedy JM, Cudhea F, et al. (2022) Global, regional, and national

consumption of animal-source foods between 1990 and 2018: Findings
from the Global Dietary Database [Internet]. Artic Lancet Planet Health.
Available from: www.thelancet.com/

. Gupta S, Brazier AKM & Lowe NM (2020) Zinc deficiency in low- and

middle-income countries: Prevalence and approaches for mitigation. J
Hum Nutr Diet 33, 624-643.

. Mwangi MN, Oonincx DGAB, Stouten T, et al. (2018) Insects as sources

of iron and zinc in human nutrition. Nutr Res Rev 31, 248-255.

. Mwangi MN, Oonincx DGAB, Hummel M, et al. (2022) Absorption of

iron from edible house crickets: A randomized cross-over stable isotope
study in humans. Am J Clin Nutr 115, 1146-1156.

. Hilaj N, Zimmermann MB, Galetti V, et al. (2022) The effect of

dechitinization on iron absorption from mealworm larvae (Tenebrio
molitor) flour added to maize meals: Stable-isotope studies in young
females with low iron stores. Am J Clin Nutr 116, 1135-1145.

. Zhou Y, Wang D, Zhou §, et al. (2022) Nutritional composition, health

benefits, and application value of edible insects: a review. Foods 11, 3961.
Serra-Majem L (2017) HLPE high level panel of experts a report by the
high level panel of experts on food security and nutrition nutrition and
food systems HLPE Reports series [Internet]. Available from: https://
www.researchgate.net/publication/327746061

Zastrow ML & Pecoraro VL (2014) Designing hydrolytic zinc metal-
loenzymes. Biochemistry 53, 957-978.

Skrajnowska D & Bobrowska-Korczak B (2019) Role of zinc in immune
system and anti-cancer defense mechanisms. Nutrients 11, 2273.
Olechnowicz J, Tinkov A, Skalny A, et al. (2018) Zinc status is associated
with inflammation, oxidative stress, lipid, and glucose metabolism. J
Physiol Sci 68, 19-31.

Ganz T (2019) Erythropoietic regulators of iron metabolism. Free Radic
Biol Med 133, 69-74.

Camaschella C (2019) Iron metabolism and its disorders iron deficiency.
Blood 133, 30-39.

Bhat V, Vasaikar S, Nxasana N, et al. (2013) Prevalence of intestinal
parasites in primary school children of Mthatha, Eastern Cape Province,
South Africa. Ann Med Health Sci Res 3, 511.

Banu H, Khanum H & Hossain MA (2014) Relationships between
anaemia and parasitic infections in adolescent girls of Bangladesh. J Zool
42, 91-103.

Mikkelsen K & Apostolopoulos V (2019) Vitamin B,,, folic acid, and the
immune system. In: Maryam M, Nima Rezaeyi, editors. Nutr Immun.
Second edition. [cited 2023 Oct 30], 104-111. https://doi.org/10.1007/
978-3-030-16073-9

Lavrisa Z, Hristov H, Hribar M, et al. (2022) Dietary intake and status of
vitamin By, in Slovenian population. Nutrients 14, 334.

Wang T, Masedunskas A, Willett WC, et al. (2023) Vegetarian and vegan
diets: Benefits and drawbacks. Eur Heart ] 44, 3423-3439.

Finke MD (2015) Complete nutrient content of four species of
commercially available feeder insects fed enhanced diets during growth.
Zoo Biol 34, 554-564.

Finke MD (2002) Complete nutrient composition of commercially raised
invertebrates used as food for insectivores. Zoo Biol 21, 269-285.
Khatun H, Claes J, Smets R, et al. (2021) Characterization of freeze-dried,
oven-dried and blanched house crickets (Acheta domesticus) and
Jamaican field crickets (Gryllus assimilis) by means of their physico-
chemical properties and volatile compounds. Eur Food Res Technol 247,
1291-1305.

Jongema Yde (2017) World list of recorded edible insects [Internet].
Available from: https://www.wur.nl/en/research-results/chair-groups/pla
nt-sciences/laboratory-of-entomology/edible-insects/worldwide-species-
listhtm

Salvini S, Oseredczuk M, Roe M, et al. (2009) Guidelines for quality index
attribution to original Guidelines for Quality Index attribution to original


https://doi.org/10.1017/S0954422425000071
https://www.thelancet.com/
https://www.researchgate.net/publication/327746061
https://www.researchgate.net/publication/327746061
https://doi.org/10.1007/978-3-030-16073-9
https://doi.org/10.1007/978-3-030-16073-9
https://www.wur.nl/en/research-results/chair-groups/plant-sciences/laboratory-of-entomology/edible-insects/worldwide-species-list.htm
https://www.wur.nl/en/research-results/chair-groups/plant-sciences/laboratory-of-entomology/edible-insects/worldwide-species-list.htm
https://www.wur.nl/en/research-results/chair-groups/plant-sciences/laboratory-of-entomology/edible-insects/worldwide-species-list.htm
https://doi.org/10.1017/S0954422425000071

Zinc, iron and vitamin B;, in edible insects

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Guidelines for Quality Index attribution to original Guidelines for
[Internet]. Available from: https://www.eurofir.org/wp-content/uploads/
2014/05/3.-Guidelines-for-Quality-Index-attribution-to-original-data-from-
Scientific-literature-or-reports-for-EuroFIR-data-interchange.pdf
Mokwunye IU, Igbinadolor R, Mokwunye FC, et al. (2021) Nutrient
composition of Cashew Stem Girdler Analeptes trifasciata (Coleoptera:
Cerambycidae) and its suitability for feed and as food. Afr Entomol 29, 87—
95.

Chakravorty J, Ghosh S, Jung C, et al. (2014) Nutritional composition of
Chondacris rosea and Brachytrupes orientalis: Two common insects used
as food by tribes of Arunachal Pradesh, India. ] Asia Pac Entomol 17,407-
415.

Duarte S, Limio J, Barros G, et al. (2021) Nutritional and chemical
composition of different life stages of Tribolium castaneum (Herbst). |
Stored Prod Res 93, 101826.

Akande OA, Falade OO, Badejo AA, et al. (2020) Assessment of Mulberry
Silkworm Pupae and African Palm Weevil larvae as alternative protein
sources in snack fillings. Heliyon 6, €03754.

Anaduaka EG, Uchendu NO, Osuji DO, et al. (2021) Nutritional
compositions of two edible insects: Oryctes rhinoceros larva and Zonocerus
variegatus. Heliyon 7, €06531.

Idowu AB, Oliyide EO, Ademolu KO, et al. (2019) Nutritional and anti-
nutritional evaluation of three edible insects consumed by the Abeokuta
community in Nigeria. Int ] Trop Insect Sci 39, 157-163.

Soares Aratjo RR, dos Santos Benfica TAR, Ferraz VP, et al. (2019)
Nutritional composition of insects Gryllus assimilis and Zophobas morio:
Potential foods harvested in Brazil. ] Food Compos Anal 76, 22-26.
Hasan MM, Uddin M], Faruque MO, et al. (2023) The sex specific
differences on nutritional composition of adult wild field cricket,
Brachytrupes portentosus (Lichtenstein AAH, 1796) in Bangladesh. |
Insects as Food Feed 9, 1089-1096.

Atowa CO, Okoro BC, Umego EC, et al. (2021) Nutritional values of
Zonocerus variegatus, Macrotermes bellicosus and Cirina forda insects:
Mineral composition, fatty acids and amino acid profiles. Sci Afr 12,
€00798.

Jaji¢ I, Krstovi¢ S, Petrovi¢ M, et al. (2022) Changes in the chemical
composition of the yellow mealworm (Tenebrio molitor L.) reared on
different feedstuffs. ] Anim Feed Sci 31, 191-200.

Dobermann D, Field LM & Michaelson LV (2019) Impact of heat
processing on the nutritional content of Gryllus bimaculatus (black
cricket). Nutr Bull 44, 116-122.

Noyens I, Schoeters F, Van Peer M, et al. (2023) The nutritional profile,
mineral content and heavy metal uptake of yellow mealworm reared with
supplementation of agricultural sidestreams. Sci Rep 13, 11604.

Paul A, Frederich M, Uyttenbroeck R, et al. (2016) Nutritional
composition and rearing potential of the meadow grasshopper
(Chorthippus parallelus Zetterstedt). J Asia Pac Entomol 19, 1111-1116.
Akullo, J., Agea, J. G, Obaa, B., et al. (2018) Nutrient composition of
commonly consumed edible insects in the Lango sub-region of northern
Uganda. Int Food Res ] 25, 159-165.

Chakravorty J, Ghosh S, Megu K, et al. (2016) Nutritional and anti-
nutritional composition of Oecophylla smaragdina (Hymenoptera:
Formicidae) and Odontotermes sp. (Isoptera: Termitidae): Two preferred
edible insects of Arunachal Pradesh, India. J Asia Pac Entomol 19, 711-
720.

Dandadzi M, Musundire R, Muriithi A, et al. (2023) Effects of drying on
the nutritional, sensory and microbiological quality of edible stinkbug
(Encosternum delgorguei). Heliyon 9, e18642.

Melo-Ruiz V, Sanchez-Herrera K, Sandoval-Trujillo H, et al. (2016)
Influence of environmental conditions on insect reproduction and
chemical composition of escamoles (Liometopum apiculatum M). ] Insects
Food Feed 2, 61-65.

Séré A, Bougma A, Bazié BSR, et al. (2021) Chemical composition, energy
and nutritional values, digestibility and functional properties of defatted
flour, protein concentrates and isolates from Carbula marginella
(Hemiptera: Pentatomidae) and Cirina butyrospermi (Lepidoptera:
Saturniidae). BMC Chem 15, 46.

https://doi.org/10.1017/50954422425000071 Published online by Cambridge University Press

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

15

Séré A, Bougma A, Bazié BSR, et al. (2022) Nutritional and functional
properties of defatted flour, protein concentrates, and isolates of
Brachytrupes membranaceus (Orthoptera: Gryllidae) (Drury: 1773) and
Macrotermes subhyalinus (Isoptera: Blattodea) (Rambur: 1842) from
Burkina Faso. Insects 13, 764.

Sarmah M, Bhattacharyya B, Bhagawati S, et al (2022) Nutritional
composition of some commonly available aquatic edible insects of Assam,
India. Insects 13, 976.

Grden AS & Solowiej BG (2022) Macronutrients, amino and fatty acid
composition, elements, and toxins in high-protein powders of crickets,
Arthrospira, single cell protein, potato, and rice as potential ingredients in
fermented food products. Appl Sci 12, 12831.

Cortazar-Moya S, Mejia-Garibay B, Lépez-Malo A, et al. (2023)
Nutritional composition and techno-functionality of non-defatted and
defatted flour of edible insect Arsenura armida. Food Res Int 173, 113445.
Kepinska-Pacelik ], Biel W, Podsiadto C, et al. (2023) Nutritional value of
banded cricket and mealworm larvae. Foods 12, 1-16.

Chen M, Kan J, Zhang Y, et al. (2024) Combined analysis of metabolomics
and biochemical changes reveals the nutritional and functional character-
istics of Red Palm Weevil Rhynchophus ferrugineus (Coleoptera:
Curculionidae) Larvae at different developmental stages. Insects 15, 294.
Ray M & Gangopadhyay D (2021) Effect of maturation stage and sex on
proximate, fatty acid and mineral composition of eri silkworm (Samia
ricini) from India. ] Food Compos Anal 100, 103898.

Silva LB, De Souza RG, Da Silva SR, et al. (2021) Development of Tenebrio
molitor (Coleoptera: Tenebrionidae) on poultry litter-based diets: Effect
on chemical composition of larvae. J Insect Sci 21, 1-7.

Tanga CM, Mokaya HO, Kasiera W, et al. (2023) Potential of insect life
stages as functional ingredients for improved nutrition and health. Insects
14, 136.

Chakravorty ], Ghosh S & Benno Meyer-Rochow V (2011) Chemical
composition of Aspongopus nepalensis Westwood 1837 (Hemiptera;
Pentatomidae), a common food insect of Tribal people in Arunachal
Pradesh (India). Int J Vitam Nutr Res 81, 49-56.

Chinarak K, Chaijan M & Panpipat W (2020) Farm-raised sago palm
weevil (Rhynchophorus ferrugineus) larvae: Potential and challenges for
promising source of nutrients. ] Food Compos Anal 92, 103542.
Netshithethe SR & Duncan FD (2021) Nutrient composition of
Macrotermes species consumed in the Vhembe District, Limpopo
Province, South Africa. J Insects Food Feed 8, 95-100.

Udomsil N, Imsoonthornruksa S, Gosalawit C, et al. (2019) Nutritional
values and functional properties of house cricket (Acheta domesticus) and
field cricket (Gryllus bimaculatus). Food Sci Technol Res 25, 597-605.
Oliveira LA, Pereira SMS, Dias KA, et al. (2024) Nutritional content,
amino acid profile, and protein properties of edible insects (Tenebrio
molitor and Gryllus assimilis) powders at different stages of development. J
Food Compos Anal 125, 105804.

Marzoli F, Tata A, Massaro A, et al. (2023) Microbiological and chemical
safety of Bombyx mori farmed in north-eastern Italy as a novel food
source. J Insects Food Feed 9, 1047-1061.

Kavle RR, Carne A, Bekhit AEDA, et al. (2022) Macronutrients and
mineral composition of wild harvested Prionoplus reticularis edible insect
at various development stages: Nutritional and mineral safety implica-
tions. Int J Food Sci Technol 57, 6270-6278.

Park ES, Kang MH & Choi MK (2023) Nutritional composition and
antioxidant properties of edible insects sold in Korea. J Insects Food Feed 9,
245-254.

Yang Q, Liu S, Sun J, et al. (2014) Nutritional composition and protein
quality of the edible beetle Holotrichia parallela. J Insect Sci 14, 139.
Kroéncke N, Grebenteuch S, Keil C, et al. (2019) Effect of different drying
methods on nutrient quality of the yellow mealworm (Tenebrio molitor
L.). Insects 10, 84.

Hlongwane ZT, Siwela M, Slotow R, et al. (2022) Effect of geographical
location, insect type and cooking method on the nutritional composition
of insects consumed in South Africa. J Insects Food Feed 8, 537-556.

. Lenaerts S, Van Der Borght M, Callens A, et al. (2018) Suitability of

microwave drying for mealworms (Tenebrio molitor) as alternative to


https://www.eurofir.org/wp-content/uploads/2014/05/3.-Guidelines-for-Quality-Index-attribution-to-original-data-from-Scientific-literature-or-reports-for-EuroFIR-data-interchange.pdf
https://www.eurofir.org/wp-content/uploads/2014/05/3.-Guidelines-for-Quality-Index-attribution-to-original-data-from-Scientific-literature-or-reports-for-EuroFIR-data-interchange.pdf
https://www.eurofir.org/wp-content/uploads/2014/05/3.-Guidelines-for-Quality-Index-attribution-to-original-data-from-Scientific-literature-or-reports-for-EuroFIR-data-interchange.pdf
https://doi.org/10.1017/S0954422425000071

16

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

freeze drying: Impact on nutritional quality and colour. Food Chem 254,
129-136.

Kababu M, Mweresa CK, Subramanian S, et al. (2023) Variability in
nutrient composition of the edible long-horned grasshopper (Ruspolia
differens) in Uganda and its potential in alleviating food insecurity. Food
Sci Nutr 11, 3558-3574.

Kinyuru JN, Konyole SO, Roos N, et al. (2013) Nutrient composition of
four species of winged termites consumed in western Kenya. J Food
Compos Anal 30, 120-124.

Jankauskiené A, Aleknavicius D, Kiselioviené S, et al. (2024) The influence
of different sustainable substrates on the nutritional value of Tenebrio
molitor larvae. Foods 13, 365.

Ranjith M, Kalleshwaraswamy CM, Deshmukh SS, et al (2023)
Nutritional value of representative termite species with an emphasis on
Odontotermes obesus (Rambur). Curr Sci 124, 257-260.

Bawa M, Songsermpong S, Kaewtapee C, et al. (2021) Effect of diet on the
growth performance, feed conversion, and nutrient content of the house
cricket. J Insect Sci 20, 1-10.

Addeo NF, Roncarati A, Secci G, et al. (2021) Potential use of a queen bee
larvae meal (Apis mellifera ligustica Spin.) in animal nutrition: A
nutritional and chemical-toxicological evaluation. ] Insects Food Feed 7,
173-186.

Kralik G, Kralik Z, Gréevi¢ M, et al. (2018) Quality of chicken meat. In:
Yusel B, Taskin T, editors. Animal Husbandry and Nutrition. Osijek,
Croatia: InTech, 63-82. http://dx.doi.org/10.5772/intechopen.72865.

US Department of Agriculture (2019) Food data Central [Internet].
Available  from: https://fdc.nal.usda.gov/fdc-app.html#/food-details/
175194/nutrients

Uebersax MA, Cichy KA, Gomez FE, et al. (2023) Dry beans (Phaseolus
vulgaris L.) as a vital component of sustainable agriculture and food
security—A review. Legum Sci 5, e155.

Olanipekun OT, Omenna EC, Olapade OA, et al. (2015) Effect of boiling
and roasting on the nutrient composition of kidney beans seed flour
[Internet]. Sky J Food Sci 4, 024-029.

Whitton C, Bogueva D, Marinova D, et al. (2021) Are we approaching
peak meat consumption? Analysis of meat consumption from 2000 to
2019 in 35 countries and its relationship to Gross Domestic Product.
Animals 11, 3466.

Institute of Medicine (1998) Dietary reference intakes for thiamin,
riboflavin, niacin, vitamin B, folate, vitamin By, pantothenic acid, biotin,
and choline. diet. ref. intakes thiamin, riboflavin, niacin, vitam. By, folate,
vitam. By,, pantothenic acid, Biot. Choline. Washington DC: The National
Academies Press. https://www.ncbi.nlm.nih.gov/books/NBK114310/
Institute of Medicine (2002) Dietary reference intakes for vitamin A,
vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese,
molybdenum, nickel, silicon, vanadium, and zinc : a report of the panel on
micronutrients, subcommittees on upper reference levels of nutrients
[Internet]. Washington, DC: National Academy Press. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK222310/pdf/Bookshelf_
NBK222310.pdf

WHO, FAO (2007) Food labelling. [Internet]. World Health
Organization; [cited 2023 Nov 9]. Available from: https://www.fao.org/
3/a1390e/a1390e.pdf

Maya C, Wilderspin DE, Costa AlIA, et al. (2024) Introducing menus of
three weekly insect- or plant-based dinner meals slightly reduced meat
consumption in Danish families: Results of a randomized intervention
study. Appetite 203, 1-12.

Yhoung-Aree ], Puwastein P & Attig GA (1997) Edible insects in Thailand:
An unconventional protein source? Ecol. Food Nutr 36, 133-149.

Acufia AM, Caso L, Aliphat MM, et al. (2011) Edible insects as part of the
traditional food system of the Popoloca town of Los Reyes Metzontla,
Mexico. J Ethnobiol 31, 150-169.

Kasozi KI, Namazi C, Basemera E, et al. (2019) Inorganic pollutants in
edible grasshoppers (Ruspolia nitidula) of Uganda and their major public
health implications. Afr Health Sci 19, 2679-2691.

Drewnowski A, Maillot M & Darmon N (2009) Should nutrient profiles be
based on 100g, 100 kcal or serving size? Eur J Clin Nutr Nature Publishing
Group 63, 898-904.

https://doi.org/10.1017/50954422425000071 Published online by Cambridge University Press

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Tom Bbosa et al.

Nowak V, Persijn D, Rittenschober D, et al. (2016) Review of food
composition data for edible insects. Food Chem 193, 39-46.

Hwang YH & Joo ST (2017) Fatty acid profiles, meat quality, and sensory
palatability of grain-fed and grass-fed beef from Hanwoo, American, and
Australian crossbred cattle. Korean J Food Sci Anim Resour 37, 153-161.
Jung EY, Hwang YH & Joo ST (2015) Chemical components and meat
quality traits related to palatability of ten primal cuts from Hanwoo
carcasses. Korean ] Food Sci Anim Resour 35, 859-866.

Castanheira I, Saraiva M, Rego A, et al. (2016) EuroFIR guidelines for
assessment of methods of analysis: GAMA. Food Chem 193, 82-89.
AOAC International (2016) Guidelines for standard method performance
requirements [Internet]. Available from: https://www.aoac.org/wp-conte
nt/uploads/2019/08/app_f.pdf

Nielsen SS (2017) Introduction to food analysis. In: Nielsen SS, editor.
Food Anal Food Sci Text Ser. [Internet]. 5th ed. USA: Springer
International Publishing, 3-15. Available from: www.springer.com/serie
$/5999

Ambrus A. (2008) Quality assurance. In: Tadeo JL, editor. Anal Pestic
Food Environ Samples [Internet]. New York: CRC Press; [cited 2023 Dec
9]. 125-145. Available from: https://rgmaisyah.files.wordpress.com/2013/
12/analysis-of-pesticides-in-food-and-environmental-samples.pdf
Sun-Waterhouse D, Waterhouse GIN, You L, et al. (2016) Transforming
insect biomass into consumer wellness foods: A review. Food Res Int
89, 129-151.

Mmari MW, Kinyuru JN, Laswai HS, et al. (2017) Traditions, beliefs and
indigenous technologies in connection with the edible longhorn grass-
hopper Ruspolia differens (Serville 1838) in Tanzania. ] Ethnobiol
Ethnomed 13, 60.

van Huis A (2022) Cultural significance of locusts, grasshoppers, and
crickets in sub-Saharan Africa. J Ethnobiol Ethnomed 18, 24.

Ssepuuya G, Smets R, Nakimbugwe D, et al. (2019) Nutrient composition
of the long-horned grasshopper Ruspolia differens Serville: Effect of
swarming season and sourcing geographical area. Food Chem 301,
125305.

Bednarska AJ, Opyd M, Zurawicz E, et al. (2015) Regulation of body metal
concentrations: Toxicokinetics of cadmium and zinc in crickets.
Ecotoxicol Environ Saf 119, 9-14.

Melgar-Lalanne G, Hernéndez-Alvarez A] & Salinas-Castro A (2019)
Edible insects processing: Traditional and innovative technologies. Compr
Rev Food Sci Food Saf 18, 1166-1191.

Netshifhefhe SR, Kunjeku EC & Duncan FD (2018) Human uses and
indigenous knowledge of edible termites in Vhembe District, Limpopo
Province, South Africa. S Afr J Sci 114, 10.

van Huis A (2017) Cultural significance of termites in sub-Saharan Africa.
J Ethnobiol Ethnomed 13, 8.

Hartmann C & Siegrist M (2016) Becoming an insectivore: Results of an
experiment. Food Qual Prefer 51, 118-122.

Payne CLR, Scarborough P, Rayner M, et al. (2016) Are edible insects
more or less “healthy” than commonly consumed meats? A comparison
using two nutrient profiling models developed to combat over- and
undernutrition. Eur J Clin Nutr 70, 285-291.

Halliru A, Muhammad A & Ahmed A (2022) Comparative proximate and
mineral compositions between beans seed and dried edible grasshopper.
Bayero ] Pure Appl Sci 13, 92-96.

Schmidt A, Call LM, Macheiner L, et al. (2019) Determination of vitamin
By, in four edible insect species by immunoaffinity and ultra-high
performance liquid chromatography. Food Chem 281, 124-129.
Oonincx DGAB & Finke MD (2021) Nutritional value of insects and ways
to manipulate their composition. ] Insects Food Feed 7, 639-659.
Manditsera FA, Luning PA, Fogliano V, et al. (2019) Effect of domestic
cooking methods on protein digestibility and mineral bioaccessibility of
wild harvested adult edible insects. Food Res Int 121, 404-411.

Fedosov SN, Nexo E, Heegaard CW, et al. (2023) Protein binding assays
for an accurate differentiation of vitamin B, from its inactive analogue. A
study on edible cricket powder. Food Chem X [Internet]. Elsevier Ltd;
9,100824. https://doi.org/10.1016/j.fochx.2023.100824

Kipkoech C (2019) Nutrient profile, prebiotic potential of edible cricket,
and effect of cricket-based porridge on growth, haemoglobin and fatty acid


http://dx.doi.org/10.5772/intechopen.72865
https://fdc.nal.usda.gov/fdc-app.html#/food-details/175194/nutrients
https://fdc.nal.usda.gov/fdc-app.html#/food-details/175194/nutrients
https://www.ncbi.nlm.nih.gov/books/NBK114310/
https://www.ncbi.nlm.nih.gov/books/NBK222310/pdf/Bookshelf_NBK222310.pdf
https://www.ncbi.nlm.nih.gov/books/NBK222310/pdf/Bookshelf_NBK222310.pdf
https://www.fao.org/3/a1390e/a1390e.pdf
https://www.fao.org/3/a1390e/a1390e.pdf
https://www.aoac.org/wp-content/uploads/2019/08/app_f.pdf
https://www.aoac.org/wp-content/uploads/2019/08/app_f.pdf
https://www.springer.com/series/5999
https://www.springer.com/series/5999
https://rgmaisyah.files.wordpress.com/2013/12/analysis-of-pesticides-in-food-and-environmental-samples.pdf
https://rgmaisyah.files.wordpress.com/2013/12/analysis-of-pesticides-in-food-and-environmental-samples.pdf
https://doi.org/10.1016/j.fochx.2023.100824
https://doi.org/10.1017/S0954422425000071

Zinc, iron and vitamin B;, in edible insects

107.

levels of school children. Thesis [Internet], 203. https://www.academia.edu/
67895588/Nutrient_profile_prebiotic_potential_of_edible_cricket_and_effe
ct_of_cricket_based_porridge_on_growth_haemoglobin_and_fatty_acid_le
vels_of_school_children

Konyole SO, Omollo SA, Kinyuru JN, et al. (2019) Effect of locally
produced complementary foods on fat-free mass, linear growth, and iron

https://doi.org/10.1017/50954422425000071 Published online by Cambridge University Press

108.

17

status among Kenyan infants: A randomized controlled trial. Matern
Child Nutr 15, 1-12.

Bauserman M, Lokangaka A, Gado J, et al. (2015) A cluster-randomized
trial determining the efficacy of caterpillar cereal as a locally available and
sustainable complementary food to prevent stunting and anaemia. Public
Health Nutr 18, 1785-1792.


https://www.academia.edu/67895588/Nutrient_profile_prebiotic_potential_of_edible_cricket_and_effect_of_cricket_based_porridge_on_growth_haemoglobin_and_fatty_acid_levels_of_school_children
https://www.academia.edu/67895588/Nutrient_profile_prebiotic_potential_of_edible_cricket_and_effect_of_cricket_based_porridge_on_growth_haemoglobin_and_fatty_acid_levels_of_school_children
https://www.academia.edu/67895588/Nutrient_profile_prebiotic_potential_of_edible_cricket_and_effect_of_cricket_based_porridge_on_growth_haemoglobin_and_fatty_acid_levels_of_school_children
https://www.academia.edu/67895588/Nutrient_profile_prebiotic_potential_of_edible_cricket_and_effect_of_cricket_based_porridge_on_growth_haemoglobin_and_fatty_acid_levels_of_school_children
https://doi.org/10.1017/S0954422425000071

	A systematic review of zinc, iron and vitamin B12 content of edible insects and comparison with dietary reference values
	Introduction
	Materials and methods
	Article inclusion and exclusion criteria
	Data quality
	Data extraction and processing
	Comparison of iron, zinc and vitamin B12 content of processed edible insects with lean beef, lean pork, poultry meat and mature kidney beans
	Comparison of iron, zinc and vitamin B12 contents of edible insects with recommended dietary allowances (RDA)

	Results
	Data search and quality
	Number of analyses and edible insect developmental stages used for data extraction
	Instrumental techniques used to obtain iron, zinc and vitamin B12 results
	Effect of processing on the zinc, iron and vitamin B12 contents of selected insect species
	Comparison of iron, zinc and vitamin B12 content of edible insects with lean beef, lean pork, poultry meat and mature kidney beans
	Comparison of iron, zinc and vitamin B12 contents of edible insects with recommended dietary allowances (RDA)

	Discussion
	Data quality
	Factors affecting the iron, zinc and vitamin B12 composition of the studied insect species
	Species differences
	Developmental stages
	Ecosystem and insect habitat
	Edible insect diet
	Processing

	Comparison of zinc, iron and vitamin B12 contents of edible insects with lean beef, lean pork, poultry meat and mature kidney beans
	Comparison of zinc, iron and vitamin B12 contents of edible insects with dietary reference values
	Bioaccessibility and bioavailability of iron, zinc and vitamin B12 of edible insects
	Contribution of edible insects to the improvement of the human nutrition status of iron, zinc and vitamin B12
	Limitations of this study

	Conclusions
	References


