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Abstract

Macrotermes nigeriensis is increasingly recognized as a nutrient-dense edible insect with significant potential for food and non-food
applications. This review synthesizes current evidence on proximate composition, mineral and vitamin content, amino acid and fatty acid
profiles, functional properties, and safety considerations of its powder. Existing studies consistently report high levels of protein, essential
minerals (Fe, Zn), and vitamin C, together with low concentrations of antinutritional factors. When incorporated into various food matrices
(including cakes, biscuits, and fermented cassava beverages) M. nigeriensis powder markedly enhances protein density, micronutrient
content, and, in some cases, sensory acceptability. Protein isolates exhibit desirable emulsifying and foaming properties, supporting their
potential use in food formulation. Beyond nutrition, the species also provides oils that may serve as unconventional feedstock for biodiesel
production. Overall, M. nigeriensis represents a promising sustainable protein resource, but further multidisciplinary investigation is required
to support its large-scale utilization. Future research should focus on: (i) long-term safety and toxicological evaluation, (i) nutrient
bioavailability and digestibility, (iii) detailed lipid profiling and its health implications, (iv) standardization of processing and preservation

methods, and (v) consumer acceptance and market feasibility beyond endemic regions.
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1. Introduction

In the context of the increasingly urgent need to
develop sustainable, nutritious, and environmen-
tally friendly food sources, edible insects are attract-
ing great attention from the scientific community
and food industry (Abbasi, 2025). Among them,
termites of the genus Macrotermes stand out due
to their high nutritional value, outstanding protein
content, and sustainable exploitation ability
(Cheseto et al., 2024). In particular, Macrotermes
nigeriensis — a termite species native to the African
region — has been traditionally consumed for
generations and is increasingly being researched as
a potential novel food source (Anyiam et al., 2022a).
Many recent studies have noted that M. nigeriensis
possesses a high protein content, is rich in essential
amino acids, has a significant proportion of
unsaturated fatty acids, and is a source of trace
minerals such as iron, zinc, copper, and calcium at

relatively high levels compared to many common
animal sources (Cheseto et al., 2024). In addition to
the core nutritional components, termites also
contain biological compounds, such as polyphenols
and peptides, with antioxidant activity, which
contribute to enhancing the functional value of
food when applied (Khadijah et al., 2025).

Besides its nutritional value, the potential applica-
tions of M. nigeriensis in food are also expanding,
from alternative protein sources and enriched pow-
der to processed products such as snacks, nutrition
bars, and fermented ingredients (Choi et al., 2026).
Some initial tests show that termite powder can im-
prove the protein, mineral, and sensory content of
the product; at the same time, low production costs
and efficient farming and harvesting capabilities
contribute to increasing the sustainability of this raw
material source (Boulogne et al., 2017). However, to
develop it into a commercial food, a comprehensive
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safety assessment is needed, including acute and
subchronic toxicity and potential allergic reactions,
as well as the impact of handling and processing on
the biochemical composition.

Therefore, this review aims to systematize and ana-
lyze the existing data on M. nigeriensis, including
nutritional composition (protein, lipid, amino acid,
fatty acid, and mineral), safety and toxicity factors,
and current and potential applications in the food
sector. This synthesis not only helps to clearly iden-
tify the value of this termite species but also points
out research gaps that need to be further exploited
to promote the application of insects as a
sustainable food source in the future.

2. Processing methods of Macrotermes nigeriensis
powder (MNP)

Table 1 showed that the processing of M. nigeriensis
powder varied significantly across study groups at
all steps, from pretreatment to drying, grinding, and
storage. This reflects the lack of standardization in
the collection and processing of edible insects in
Nigeria and suggests that each study optimized the
process according to its own objectives. In general,
the most common steps were washing, wing-leg
separation, low-temperature drying (40 — 45 °Q),
and grinding to powder, but the details of time,
temperature, and preheat treatment (such as
blanching) varied widely.

In terms of pretreatment, two studies by Anyiam et
al. (2022a; 2023) used a 1 - 2 min blanching step,
which is considered a mild heat treatment to reduce
microorganisms and inactivate enzymes that may
cause discoloration or lipid degradation. In contrast,
Ojinnaka et al. (2013) and Igwe et al. (2011b) did not
perform blanching, leading to the observed differ-
ences in the milled product. In particular, the lack of
blanching combined with the lipid-rich nature of M.
nigeriensis may explain why Qjinnaka et al. (2013)
obtained an oily paste instead of a dry powder,
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suggesting greater oil release during milling.
Another different procedure is that of Omotoso et
al. (2015), where the sample was subjected to a 4-h
cold asphyxiation before drying (a rare method in
insect raw material processing) which may reduce
postharvest  metabolism  but increase the
processing time.

Regarding drying conditions, most studies used low
temperatures (40 — 45 °C) to limit protein denatura-
tion and lipid oxidation. However, drying times var-
ied considerably: Anyiam et al. (2023) reported 8 h,
while Anyiam et al. (2022a) required approximately
12 h to reach constant mass, suggesting that the
initial moisture content or sample size may have
been different. Omotoso et al. (2015) was the only
case to use a higher temperature (60 °C for 4 h),
which shortened the time but risked affecting heat-
sensitive components. The lack of a detailed
description of sample size, drying layer thickness, or
air circulation rate limits the comparison of drying
efficiency between studies.

The grinding and sieving processes also exhibited
heterogeneity. Some studies (Anyiam et al., 2022a)
explicitly described the sieve size (250 pm), while
Anyiam et al. (2023) did not specify the size, making
it difficult to assess the true fineness of the powder.
Notably, Igwe et al. (2011b) used a hand mill, which
may have given a lower degree of homogeneity
than an electric mill. Ojinnaka et al. (2013) were
unable to form a powder and obtained an oily
paste, making the product unsuitable for dry
powder applications. Overall, this difference may
directly affect the solubility, dispersibility, and
subsequent food applications. Compared to M.
bellicosus in the study of Atowa et al. (2021), their
procedure is more standardized and tightly
controlled. All samples were dewinged, cleaned
with deionized water, drained on perforated trays,
and then dried at 65 °C for 12 h, higher and longer
than most studies on M. nigeriensis.

Table 1
Summary of collection sites and processing methods of M. nigeriensis
Collection site & Pre-treatment Dry|n9 M|II|}ng & Notes References
season conditions sieving
Umudike, Nigeria; Washed, dewinged & de- Milled — sieved ) .
. ! o R - Produced fine Anyiam et al.
early morning, rainy  legged; blanched 1 min in 40°C,8h (not specified
it powder (2023)

season boiling water um)
Umudike, Nigeria; Washed 3 tmes; clerlieges] A HE il ) Milled — sieved Brown fine Anyiam et al.
Mav—lune & de-legged; blanched 2 constant weight 250 um owder (2022a)

Y min (~12 h) H P

o : R ) ) Used to enrich .
Nigeria; early rainy e e 40, Cto constant ~ Milled — oily . Ojinnaka et
season (Mar-May) weight paste 20%) al. 2013)

0,

nger.\a; early Washeq; dewinged; no 40, C to constant Ground (hand Stored at 4 °C Igwe et al.
morning, July blanching weight mill) (2011b)

" Lo Larvae asphyxiated 4 h o Stored airtight in Omotoso et
Ekiti State, Nigeria (fridge) 60 °C for 4 h Blended —_— al. 2015)
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The application of higher temperatures may result
in better microbial reduction but also carries the risk
of lipid oxidation and greater protein denaturation.
In addition, Atowa et al. (2021) clearly described the
grinding step using an electric mill and a 200 pm
sieve, which resulted in a uniform fine powder
thanks to a fully mechanized process. This contrasts
with many studies on M. nigeriensis, which lack
detailed descriptions or use of semi-manual
equipment. Overall, the main difference between
the two species or between research groups lies in
the level of standardization. The protocol of Atowa
et al. (2021) for M. bellicosus is consistent and
controls many important parameters (type of wash,
temperature, time of drying, sieve size), while
studies on M. nigeriensis remain largely at the level
of incomplete experimental descriptions and vary
considerably  between groups, affecting the
comparability of nutritional and functional data.

3. Nutrition composition of M. nigeriensis powder
(MNP)

The nutritional composition of MNP shows marked
variation between different regions, reflecting the
complex effects of habitat, food sources, termite
developmental stages, and post-harvest handling
methods (Table 2).

Table 2
Nutrition composition of MNP (%)

Owerri,  EkitiStateof 2
- o Nigeria
Nigeria Nigeria )
(Muinat
(Igwe et (Omotoso et and Tariq
al., 2011b) al., 2015) 2021)
Moisture 10.78 4.52 3.21
Protein 20.94 37.54 58.99
Lipid 34.23 48.03 18.90
Ash 7.60 324 532
Crude fibre 5.71 5.00 7.09
Carbohydrate 20.74 2.06 148

The moisture content of MNP showed significant
differences between locations. Samples collected in
Owerri, Nigeria, had the highest moisture content
(10.78%), while those from Ekiti, Nigeria (4.52%),
and Zaria (3.21%) were significantly drier, suggest-
ing the influence of drying method and environ-
mental conditions at the collection site (Igwe et al,,
201b; Omotoso et al, 2015; Muinat and Tariq,
2021). When compared with other species, the
moisture content of M. subhyalinus powder at
6.50% was between the above values, while M.
falciger powder (4.1%) and M. bellicosus powder
(4.3%) were similar to the samples from Ekiti and
Zaria, confirming that processing plays a more
important role than species characteristics (Kinyuru
et al, 2013; Siulapwa et al., 2014; Adepoju and
Omotayo, 2014).
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Protein content varied greatly among the three
survey areas, with the sample from Zaria, Nigeria,
exhibiting a very high value (58.99%), far exceeding
the sample from Ekiti, Nigeria (37.54%), and
especially the sample from Owerri (20.94%),
suggesting nutritional differences in populations
due to food sources and habitats (Igwe et al., 2011b;
Omotoso et al., 2015 Muinat and Tarig, 2021).
When compared between species, the protein
value of MNP from Zaria was within or even
exceeded that of M. subhyalinus powder (39.34%),
M. falciger powder (43.26%), M. bellicosus powder
(36.7%), and also the wide range of M. natalensis
powder (34.39 — 47.73%), emphasizing the potential
of Zaria samples as a source of high-quality protein
(Kinyuru et al., 2013; Siulapwa et al., 2014; Adepoju
and Omotayo, 2014; Musundire et al., 2021).

Lipid composition showed opposite trends to pro-
tein, with the Ekiti sample having a very high fat
content (48.03%), followed by Owerri (34.23%),
while the Zaria sample contained much lower lipid
content (18.90%), reflecting the compensation be-
tween lipid and protein in insect body composition
(Igwe et al., 2011b; Omotoso et al., 2015; Muinat and
Tariq, 2021). Compared to other species, the lipid of
the Ekiti sample was comparable to M. subhyalinus
powder (44.82%) and M. falciger powder (43.0%),
while M. bellicosus powder was also high (34.3%). In
contrast, M. natalensis powder had much lower li-
pid content (5.91—8.27%), suggesting that ecologi-
cal diversity strongly influences lipid accumulation
(Kinyuru et al., 2013; Siulapwa et al., 2014; Adepoju
and Omotayo, 2014; Musundire et al., 2021).

In terms of ash content, the Owerri sample (7.60%)
had higher total mineral values than the Zaria
(5.32%) and Ekiti (3.24%) samples, reflecting
differences in geological features and dietary
composition (Igwe et al., 2011b; Omotoso et al.,
2015; Muinat and Tarig, 2021). When compared to
other Macrotermes powders, this content is similar
to M. subhyalinus powder (7.58%) and M. falciger
powder (7.3%), and is also in the lower end of the
M. natalensis powder level (6.53 —10.33%), while M.
bellicosus powder has a very low ash content (1.2%),
suggesting that the difference may be due to
habitat or nest structure (Kinyuru et al., 2013;
Siulapwa et al., 2014; Adepoju & Omatayo, 2014;
Musundire et al., 2021).

For fiber, levels of samples in the three localities are
quite similar (5.00 — 7.09%), with the Zaria sample
being the highest and reflecting the chitin content
in the cuticle (Igwe et al., 2011b; Omotoso et al,,
2015; Muinat & Tarig, 2021). In comparison, M.
subhyalinus powder (6.37%) had similar values,
while M. natalensis powder had significantly higher
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fiber (9.21-10.67%), and M. bellicosus powder had
very low levels (0.3%), suggesting differences in
body size and chitin hardening between species
(Kinyuru et al., 2013; Musundire et al., 2021; Adepoju
& Omotayo, 2014).

Finally, carbohydrates showed the greatest varia-
tion, with Owerri samples containing high levels of
carbohydrates (20.74%), while Ekiti (2.06%) and
Zaria (1.48%) samples had very low levels (Igwe et
al., 2011b; Omotoso et al.,, 2015; Muinat & Tarig,
2021). The high value of the Owerri sample is similar
to that of M. bellicosus powder (23.2%) and close to
that of M. falciger powder (32.8%), while the low
carbohydrate value of the Ekiti and Zaria samples is
consistent with that of M. subhyalinus (1.89%) and
with that of the sample analyzed by Séré, which was
only 0.92% (Kinyuru et al., 2013; Siulapwa et al,,
2014; Adepoju & Omotayo, 2014; Séré et al., 2022).
This suggests that the carbohydrate composition of
MNP is more strongly dependent on ecological and
processing conditions than on species specificity.

4. Mineral composition of MNP

The mineral content of MNP shows great variability
between locations and species, reflecting the
influence of habitat, species characteristics, and
even developmental stage (Table 3).

Data from Nigeria show that the local collection of
Igwe et al. (2011b) had relatively low calcium and
phosphorus levels of 100 and 14.90 mg/kg,
respectively, while the sample from Ekiti State
(Omotoso et al., 2015) recorded significantly higher
concentrations, especially calcium at 230.67 mg/kg.
However, when compared to other Macrotermes
species, these values are still significantly different;
for example, M. subhyalinus powder had calcium at
7.46 mg/kg (Séré et al., 2022), while M. bellicosus
powder reached an outstanding 2690 — 22650
mg/kg (Adepoju & Omotayo, 2014). This suggests
that the intrinsic differences between other
Macrotermes powders may determine a much
stronger mineral accumulation capacity than the
local populations of Nigeria. This result suggests the
potential for calcium extraction from large
Macrotermes species such as M. bellicosus for
mineral supplementation purposes.

Regarding the macronutrients potassium and
sodium, according to studies by Igwe et al. (2011b)
and Omotoso et al. (2015), MNP ranged from 2757
to 3360 mg/kg and 1120 to 1569 mg/kg, which are
much lower than other species. For example, M.
subhyalinus powders reached potassium levels of
6356.1mg/kg (Séré et al., 2022), while Musundire et
al. (2020) recorded M. natalensis levels of 10577 —
12872 mg/kg, which are nearly 3 — 4 times higher
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than those of Nigerian termites. In contrast, sodium
in Nigerian termites (1120 — 1569 mg/kg) was higher
than that in Nasutitermes spp. powder (1236.1 —
1260.1 mg/kg; Gachihi et al,, 2023) but still lower
than that in M. bellicosus powder (1980 — 9630
mg/kg; Adepoju & Omotayo, 2014).

With trace minerals, the differences were even more
pronounced. Samples from Nigeria had relatively
low levels of zinc and copper (0.97 — 15.50 mg/kg
Zn; 010 = 0.72 mg/kg Cu), while M. natalensis
powder exhibited superior levels, especially copper
409.5 - 468.9 mg/kg and zinc 617.3 — 928.0 mg/kg
(Musundire et al., 2021). M. bellicosus powder also
exhibited consistent and high levels of these ele-
ments, with zinc ranging from 180 to 313 mg/kg and
copper from 190 to 450 mg/kg (Adepoju &
Omotayo, 2014). Iron content also showed a similar
difference: Nigeria recorded only 9.56-10.59
mg/kg, while Kinyuru et al. (2013) found M.
subhyalinus powder reached 53.3 mg/kg, and M.
natalensis powder even spiked to 2020.8 — 4283.0
mg/kg (Musundire et al., 2021). This demonstrates
that not all termite species are equal sources of
trace minerals, and some species may be particu-
larly important in supplementing mineral-deficient
populations.

When comparing species groups, it can be seen
that Macrotermes powder generally outperforms
Nasutitermes powder in most mineral parameters,
especially in iron and zinc (Nasutitermes spp. only
reached iron 7.80 — 8.82 mg/kg and zinc 22.93 -
34.58 mg/kg; Gachihi et al, 2023). However,
Nasutitermes powder still has relatively high calcium
and potassium values, suggesting potential use as
an alternative mineral source in areas where
Macrotermes is not common. Overall, the diversity
in mineral composition among species suggests
that edible insects, especially termites, can be a rich
source of natural micronutrients if the right species
are selected and the collection process is standard-
ized. Taken together, mineral analysis of termite
species from different regions and sources high-
lights that many Macrotermes powders, especially
M. bellicosus powder, M. natalensis powder, and M.
subhyalinus powder, possess superior mineral
contents, making them potential candidates for the
development of natural mineral supplements, as
well as strategies to combat micronutrient
deficiencies in high-risk areas.

5. Antinutrient composition of MNP

The composition of antinutrients among termite
species shows wide variation and is strongly de-
pendent on species and environmental conditions
(Table 4). For MNP, data from Omotoso et al. (2015)
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and Oibiokpa et al. (2018) showed a relatively low
tannin content (0.59 mg/100 g), which is within the
range of values commonly found in edible termite
species. This is higher than that of M. falciger pow-
der, which only reached 0.02 mg/100 g (Kunatsa et
al.,, 2020), but still lower than that of Nasutitermes
spp. powder, where tannins ranged from 0.72 to
1.69 mg/100 g (Gachihi et al., 2023). For species
such as M. bellicosus powder and M. subhyalinus
powder, tannin content was also very low (0.008
mg/100 g in M. bellicosus and 0.047 — 0.055 mg/100
g in M. subhyalinus powder), suggesting that
Macrotermes powder is generally a food source
with negligible tannin levels.

In terms of phytate, its content in MNP was 15.21
mg/100 g, similar to that observed in M. subhyalinus
powder (15.6 — 130 mg/100 g; Ajayi, 2012), but
significantly higher than M. bellicosus powder,
which was only 0.003 mg/100 g (Adepoju &
Omotayo, 2014). Nasutitermes spp. The lowest
phytate levels (0.24 — 0.67 mg/100 g; Gachihi et al.,
2023) suggest that this group has a lower risk of
interfering with mineral absorption than most
Macrotermes species. In addition, M. nigeriensis
powder also contained phytin phosphorus at 4.29
mag/g, suggesting that the extent of mineral binding
via phytin complexes may affect micronutrient
absorption if consumed in large amounts.

The oxalate content showed more pronounced dif-
ferences. In MNP, oxalate ranged from 1.03 to 2.03
mg/g, much lower than M. falciger powder, which
had oxalate levels up to 14.08 mg/g (Kunatsa et al.,
2020). M. bellicosus powder had intermediate val-
ues (8.0 mg/g), while M. subhyalinus powder was
very low at 0.054 — 0.117 mg/g (Ajayi, 2012). In con-
trast, Nasutitermes spp. also recorded only 0.027—
0.788 mg/g (Gachihi et al., 2023), suggesting that
this group generally has significantly lower oxalate
levels than most Macrotermes, thereby reducing the
risk of oxalate stone formation if used as food.

The difference is even bigger in the group of
saponins and other secondary compounds. MNP
contained 0.99 —1.47 g/100 g of saponins, which is
significantly lower than that of M. falciger powder
(57 g/100 g) and M. bellicosus powder (20 g/100 g)
(Omotoso et al., 2015; Kunatsa et al., 2020; Adepoju
and Omotayo, 2014). These are very high values, far
exceeding the range commonly found in many
natural food sources, suggesting that dosages
should be considered when exploiting these species
as food. Additionally, M. nigeriensis powder
contained 0.32 g/100 g of alkaloids and 0.19 g/100
g of flavonoids, two compounds that have not been
reported in most other Macrotermes species,
suggesting chemical differences and the potential
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to produce unique bioactivities (Omotoso et al.,
2015).

Overall, antinutrient data show that Macrotermes
species are generally low in tannins, but phytate
and oxalate levels vary widely by species. MNP have
an intermediate  antinutrient  profile,  while
Nasutitermes spp. generally have the lowest levels
of nutritional inhibition. Species such as M. falciger
and M. bellicosus require further evaluation for heat
treatment or processing to reduce saponins and
oxalates before use. Due to this chemical diversity,
termites are not only a remarkable source of protein
and minerals but also have the potential to be
developed into functional foods if processing is
optimized to limit antinutrients.

6. Vitamin composition of MNP

According to Table 5, the vitamin composition of
Macrotermes powders shows significant variation
between studies and geographical areas, reflecting
differences in species, sampling period, and
environmental conditions.

Table 5
Vitamin composition of MNP and other powder (mg/100 g)
MNP Marcrotermes Cirina
bellicosus forda
(Igwe et i
al, 2011b) (Adepoju & (Atowa et
Omotayo, 2014) al., 2021)
Vitamin A 035 0.01-0.33 6.89
Vitamin C 17.76 0.97-3.58 9.13
Riboflavin 1.56 0.01-0.32 5.31
Thiamin 0.67 0.09-0.87 0.64
Niacin 2.74 0.85-159 1.08

For MNP, data from Igwe et al. (2011b) showed that
vitamin A content was 0.35 mg/100 g, which is in
the average range compared to M. bellicosus
powder in Adepoju & Omotayo (2014), where
values ranged from 0.01 to 033 mg/100 g.
However, when compared to Cirina forda powder
in Atowa et al. (2021), vitamin A content was
significantly higher at 6.89 mg/100 g, suggesting
that this species has the potential to be a
significantly ~ better source of provitamin A
micronutrients depending on ecological conditions
and postharvest handling. The vitamin C content of
MNP is 17.76 mg/100 g, which was much higher
than the 0.97 — 3.58 mg/100 g of M. bellicosus
powder reported by Adepoju & Omotayo (2014).
This was even significantly higher than the 9.13
mg/100 g in Atowa et al. (2021). This suggests that
M. nigeriensis powder may be one of the richest in
vitamin C among the Macrotermes powders, which
could contribute significantly to the antioxidant
capacity if used as food.
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Table 3

Mineral composition of MNP and other powder (mg/kg)

Hao et al.

M. nigeriensis

M. nigeriensis Ekiti State,

M. subhyalinus

M. falciger
faldig M. natalensis

M. subhyalinus

M. bellicosus

Nasutitermes spp

Minerals Nigeria Nigeria . (Siulapwa et al., . (Séré et al., . (Gachihi et al.,
(Kinyuru et al., 2013) (Musundire et al., 2021) (Adepoju & Omotayo, 2014)
(Igwe et al., 2011b) (Omotoso et al., 2015) 2014) 2022) 2023)

Calcium 1.00 230.67 5.87 7.8 - 7.46 2690 — 22650 562.8 —1285.0
Phosphorus 14.90 103.47 = = 1446.7 — 2466.4 = 14630 — 35850 =
Magnesium 60.96 125.0 = 490 = 49.86 1070 — 2360 =
Potassium 3360.00 2757.0 = 1270 10577 — 12872 6356.1 7510 — 16250 2446.1-2601.0
Sodium 1120.00 1569.0 = 1270 2475.5-3380.3 748.2 1980 — 9630 1236.1-1260.1
Cobalt 0.20 - - - - - - -
Selenium 0.04 - - - - - - -
Chromium 0.25 - - - - - - -
Copper 0.72 0.10 = 7.0 409.5 - 468.9 = 190 - 450 =
Iron 9.56 10.59 533 85 2020.8 —4283.0 1.76 85— 142 78 - 88.2
Zinc 0.97 15.50 8.1 = 617.3 —928.0 13.18 180 - 313 2293 -3458
Manganese 0.81 1.26 = 15 = = 96 - 227 =

Note: “-" not detected.

Table 4

Antinutrient composition of MNP and other powder

Macrotermes nigeriensis Macrotermes facilger Marcrotermes bellicosus Macrotermes subhyalinus Nasutitermes spp

(Omotoso et al., 2015; Oibiokpa et al., 2018) (Kunatsa et al., 2020) (Adepoju & Omotayo, 2014) (Ajayi, 2012) (Gachihi et al., 2023)

Tannin (mg/100 g) 0.59 0.02 0.008 0.047 - 0.055 0.72 - 1.69
Phytate (mg/100 g) 15.21 = 0.003 15.6 =130 0.24 -0.67
Phytin phosphorus (mg/g) 4.29 - - - -

Oxalate (mg/q) 1.03 -2.03 14.08 8.0 0.054 - 0.117 0.027 - 0.788
Saponin (g/100 g) 0.99 - 1.47 57.00 20 = =

Alkaloids (g/100 g) 0.32 = = = =
Flavonoid (g/100 g) 0.19 - - - -

Note: “-" not detected.
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For the B vitamin group, MNP continued to show
outstanding values. Riboflavin content was 1.56
mg/100 g, significantly higher than the 0.01 - 0.32
mg/100 g of M. bellicosus powder (Adepoju &
Omotayo, 2014), and extremely lower than the
Cirina forda (5.31 mg/100 g) reported by Atowa et
al. (2021), although the difference was narrower. On
the other hand, thiamin in MNP was 0.67 mg/100 g,
similar to some values from M. bellicosus powder
(0.09 - 0.87 mg/100 g; Adepoju & Omotayo, 2014),
and the Cirina forda powder 0.64 mg/100 g
reported by Atowa et al. (2021). Niacin was
recorded at 2.74 mg/100 g, significantly higher than
0.85 = 1.59 mg/100 g (Adepoju & Omotayo, 2014)
and far exceeding 1.08 mg/100 g of Atowa et al.
(2021). These results suggest that MNP is a species
with a relatively higher content of B vitamins than
M. bellicosus powder in many studies, especially for
riboflavin and niacin.

Overall, analysis of Table 5 shows that MNP stands
out with higher levels of vitamin A, C, and B vitamins
than some other species of the genus, while M.
bellicosus powder shows strong variability from
study to study. These differences again reflect the
importance of environmental conditions, sample
source, and post-harvest handling methods. Thanks
to its high and stable vitamin content in many pa-
rameters, MNP shows significant potential for de-
velopment as a source of micronutrient supple-
ments or ingredients in nutritionally enhanced
products.

7. Fatty acid of MNP

Table 6, the fatty acid profile of MNP shows a clear
predominance of unsaturated fatty acids, of which
oleic acid (C18:1) has the highest proportion at
52.45% (Igwe et al., 2011b). This value far exceeds
that of M. bellicosus powder in the study of Atowa
et al. (2021), which only reached 23.89%, and is also
in the same range as other Macrotermes species
rich in oleic acid, such as M. subhyalinus powder,

Table 6
Fatty acid of MNP and other powder (%)

Hao et al.

reaching 48.60-50.04% (Séré et al., 2022; Kinyuru et
al., 2013). This suggests that M. nigeriensis powder
tends to be rich in MUFA, which is considered
beneficial for the cardiovascular system and lipid
metabolism. Regarding linoleic acid (C18:2), an
essential PUFA, MNP recorded a level of 7.57%,
which is much lower than M. bellicosus powder
(19.92%, Atowa et al., 2021) and even lower than M.
subhyalinus (7.01 - 10.75%; Kinyuru et al., 2013; Séré
et al, 2022), suggesting that Macrotermes species
can be divided into two groups: those rich in PUFA
(e.g., M. bellicosus powder) and those rich in MUFA
(monounsaturated lipids) (e.g., M. nigeriensis, M.
subhyalinus powder).

Although the PUFA content of M. nigeriensis is not
high, the balance between oleic and linoleic acid still
provides a lipid profile beneficial to health.
Saturated fatty acids (SFA) in MNP were relatively
high, mainly due to palmitic acid (31.39%), but still
within the typical range for the Macrotermitinae
family. In comparison, M. bellicosus had only 9.27%
palmitic acid (Atowa et al., 2021), indicating a large
variation between studies and possibly due to diet
or collection period. Meanwhile, M. subhyalinus
powder (27.26% - 27.65%; Kinyuru et al., 2013; Séré
et al., 2022) had values closer to MNP, suggesting
a more stable trend within the Macrotermes group
regarding palmitic acid.

The stearic acid content of M. nigeriensis (7.14%)
was also similar to other species, such as M.
subhyalinus (6.34 - 11.93%). The TUFA content of
MNP was 60.64%, higher than the TSFA (39.35%),
indicating the predominance of cardioprotective
lipids. This structure is also similar to M. subhyalinus,
which has a total unsaturated content of up to
64.95% (Kinyuru et al., 2013; Séré et al., 2022).

In contrast, M. bellicosus in the study of Atowa et al.
(2027 has a very high PUFA content (26.69%), but
significantly lower MUFA, resulting in a distinct lipid
profile that clearly reflects the intrinsic nutritional
diversity among the species

MNP M. bellicosus M. subhyalinus
(Igwe et al., 2011b) (Atowa et al., 2021) (Kinyuru et al., 2013; Séré et al., 2022)

Lauric acid (C12:0) 0.20 - 0.07
Myristic (C14:0) 0.62 8.01 0.38-1.06
Palmitic acid (C16:0) 31.39 9.27 27.26 — 27.65
Palmitoleic acid (C16:1) 0.62 7.89 119-417
Stearic acid (C18:0) 7.14 5.29 6.34 - 11.93
Oleic acid (C18:1) 52.45 23.89 48.60 — 50.04
Linoleic acid (C18:2) 7.57 19.92 7.01-10.75
Total unsaturated fatty acid (TUFA) 60.64 - 35.05 - 40.96
Monounsaturated fatty acid (MUFA) 53.07 36.57 64.95
Polyunsaturated fatty acid (PUFA) 7.57 26.69 51.75 - 5277
Total saturated fatty acid (TSFA) 39.35 36.57 7.26-1218

Note: “-" not shown.
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Data showed that MNP had a TSFA content of
39.35%, which was significantly higher than that of
M. subhyalinus in two recent studies (12.18% —
Kinyuru et al., 2013; 7.26% — Séré et al., 2022), but
comparable to M. bellicosus (36.57% — Atowa et al,,
2021). This relatively high TSFA level was mainly due
to palmitic acid (31.39%) and stearic acid (7.14%)
contents, reflecting the relatively stable lipid profile
of the species. In a nutritional context, not-so-low
TSFA levels may mitigate the health advantage over
MUFA/PUFA-rich species; but combined with the
prominent high MUFA ratio of MNP, the overall
fatty acid profile still suggests a fairly balanced lipid
quality (Sun et al., 2025). Overall, MNP's TSFA is in-
termediate to high among Macrotermes, reflecting
a lipid profile that is stable yet flexible enough to
support the nutritional value of this species.

Overall, MNP possesses a fatty acid profile charac-
terized by high MUFA content, with a clear domi-
nance of oleic acid, accompanied by moderate
PUFA and stable SFA levels. This balanced distribu-
tion not only contributes to the formation of
favorable lipid quality but also positions the species
as a potential source of lipids for nutritional supple-
ments and functional food products. In particular, in
the context of increasing demand for sustainable
protein-lipid sources from insects, MNP emerges as
a promising candidate due to its high fat content,
which increases the energy density of the product.
However, to optimize the application directions,
especially in areas such as food, clinical nutrition, or
industry, more detailed data on the structure and
variation of fatty acid composition, as well as the
influence of processing, habitat, and growth stage,

Table 7
Amino acid of MNP and other powder (mg/100 g)
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are needed. This information will help to more
accurately orient the strategies for exploitation and
application of lipids from this species.

8. Amino acid of MNP

Based on the data summarized in Table 7, the
amino acid profile of MNP exhibits a relatively high
and balanced protein quality, suggesting that this
species is a potential nutritional source.

The essential amino acid (EAA) contents, such as ly-
sine (2695 mg/100 g), leucine (3395 mg/100 g),
valine (2153 mg/100 g), threonine (1838 mg/100 g),
and isoleucine (1886 mg/100 g), are at remarkable
levels, reflecting the potential to contribute well to
human EAA requirements. In particular, leucine (an
amino acid important for muscle protein synthesis)
is present at relatively high levels compared to
many other insect species. In addition, the high glu-
tamic acid and aspartic acid content (5688 and
2984 mg/100 g) suggests a potential for natural
umami flavor, which may be useful in applications
for developing foods with stronger flavors
(Oibiokpa et al., 2018).

When compared to M. bellicosus powder (Atowa et
al,, 2021), this species generally has higher amino
acid concentrations than MNP on most parameters.
For example, leucine and lysine in M. bellicosus
powder reached 5307 and 4204 mg/100 g, far ex-
ceeding those of MNP. The arginine and glutamic
acid content was also more than twice as high. This
may be due to differences in sample type, environ-
mental conditions, diet, or life stage, but overall
suggests that M. bellicosus powder has a superior
protein quality within the group.

M. nigeriensis M. bellicosus * M. falciger M. subhyalinus *
(Oibiokpa et al., 2018) (Atowa et al., 2021) (Siulapwa et al., 2014) (Séré et al., 2022)

Lys 2695 4204 - -

Thr 1838 2927 1950 9176 — 12759
Val 2153 3364 2170 186 — 5610
Met 341 532 820 =

Iso 1886 2982 1890 1465 - 3607
Leu 3395 5307 3160 7817 — 8753
Phe 1956 2879 1970 =

Try 1033 = 350 =

His 1343 2081 2650 1557 — 2078
Arg 2630 4646 3010 686 — 5786
Asp 2984 4672 3730 9159 - 13666
Ser 2231 3446 2080 4432 — 6842
Glu 5688 8878 4680 9492 — 11804
Pro 2581 3800 1930 1604 — 7426
Gly 2630 4156 1890 8447 — 12006
Ala 2595 4045 2740 3440 - 4831
Cys 175 184 130 =

Tyr 2083 3159 3440 =

* Convert from mg/100 g protein to mg/100 g, “-" not detected.
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Meanwhile, M. falciger powder exhibited a more
heterogeneous amino acid profile compared to
MNP (Siulapwa et al.,, 2014). Although many amino
acids, such as cysteine and tryptophan, appeared at
relatively low levels (ranging from 130 to around
350 mg/100 g), others, particularly tyrosine (3440
mg/100 g) and leucine (3160 mg/100 g) were com-
parable to or even higher than those in MNP. This
reflects a notable variability in protein composition
within this species.

In contrast, M. subhyalinus showed extremely broad
and elevated amino acid ranges, with essential amino
acids such as threonine, valine, leucine, and histidine
reaching 9176 — 12759, 186 — 5610, 7817 8753, and
1557 = 2078 mg/100 g, respectively (Séré et al., 2022).
Non-essential amino acids, including aspartic acid
(9159 - 13666 mg/100 g), glutamic acid (9492 — 11804
mg/100 g), glycine (8447 — 12006 mg/100 g), and
serine (4432 — 6842 mg/100 g), were also markedly
high. The exceptionally wide ranges reported for this
species likely stem from differences in diet,
developmental stage, or sample pooling across
individuals, emphasizing the substantial nutritional
variability within the genus Macrotermes.

Taken together, MNP exhibits a complete amino
acid profile and is rich in EAA, although lower than
M. bellicosus and M. subhyalinus, but superior to M.
falciger. This suggests that MNP remains a high-
quality protein source, capable of meeting
nutritional requirements in protein-fortified foods,
dietary supplements, or in the development of new
nutritional products. The diversity in amino acid
composition among Macrotermes species also
suggests the potential for optimal species selection
for specific nutritional purposes, while reinforcing
the role of Macrotermes as a sustainable and
bicavailable protein source.

Hao et al.

9. Biological impact of MNP

Evaluation of nutritional safety and toxicity is a nec-
essary step before expanding the food application
of MNP (Figure 1). One of the semi-chronic toxicity
studies was conducted on rats to determine the ef-
fects of consuming termite powder in the diet. The
results showed that supplementation of MNP at a
rate of 25% to 75% in the rat diet for 28 days did
not cause significant weight gain compared to the
control group. However, the concentrations of total
cholesterol, free cholesterol in the liver, and high-
density lipoprotein cholesterol in the plasma in-
creased gradually with the supplementation dose,
while triacylglycerol increased significantly only at
75%. Notably, atherosclerosis risk indicators were
not significantly affected. Thus, moderate termite
supplementation (< 50%) can help maintain stable
blood lipids and partially replace animal saturated
fat (Igwe et al., 2011a).

In a 28-day experiment on 24 4-week-old male
mice, the addition of dried termite powder at 25%,
50%, and 75% to the diet did not cause significant
weight gain compared to the control group. Hema-
tological indices such as total blood protein, albu-
min, hematocrit, hemoglobin, and red blood cell
count all increased with the supplemented dose.
Notably, liver enzyme activities (ALT, AST) and
plasma concentrations of total bilirubin, urea, and
creatinine did not change significantly, indicating
that the termite-supplemented diet did not cause
liver and kidney toxicity. The study results confirmed
that the MNP-supplemented diet was safe in terms
of liver, kidney, and hematological functions and
could be recommended for use as a nutritional sup-
plement in human and animal diets, especially for
growing children and lactating mothers, to improve
food insecurity and malnutrition (Igwe et al., 2014).

MNP DIET SUPPLEMENTATION OBSERVED BIOLOGICAL EFFECTS CONCLUSION &
(25%, 50%, 75%) 4UP — NOCHANGE < DOWN POTENTIAL APPLICATIONS
m NO SIGIFICANT WEIGHT | W NOT LONG-TERM TOXIC
@ SR yom. LONEROL) CERTAIN PHYSIOLOGICAL
PROTEIN i e GRADUAL INCREASE =
TOTAL CHOLESTEROL
- FREE CHOLESTEROL (VER) S0t < s r'?SSEf ?86‘52&2%’%
@2% HDL CHOLESTEROL npocbltond
k. el TRIACYLGLYCEROL (at 75%) ATHEROSCLEROSIS
RISK INCREASE
LIVER & KIDNEY FUNCTION POTENTIAL APPLICATIONS
—_ALT P 4 NUTRITIONAL SUPPLEMENTS (9
ESSENT'AL = ¢IS)1T'AL BILIRUBIN NO SRANGE 4 FoRTIFIED FOODS d
FATTYACIDS | —— UREA ﬂ NO TOXICITY 4 PROTEIN-RICH ANIMAL FEED v
RAT/MOUSE MODEL g i 4 MALNUTRITION INTERVENTION
(e.g., 28 DAYS, YOUNG MALE) HEMATOLOGY (MICE) &)
I TOTAL BLOOD PROTEIN uproues ,‘
HEMATOCRIT SAFE FOR MODERATE
(
RED BLOOD CELLCOUNT o | CONSUMPTION (< 50%)

Figure 1. Biological impacts of M. nigeriensis.
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The combination of existing evidence suggests that
MNP is not only safe for long-term use but may also
provide certain physiological benefits due to its high
protein, mineral, and essential fatty acid content.
The lack of liver and kidney damage, no changes in
body weight, and no impact on cardiovascular risk
factors at moderate levels of consumption suggest
that this termite species meets the criteria for a
novel food source.

In addition, modest improvement in hematological
parameters suggests its ability to support hemato-
poiesis, which is particularly important for popula-
tions prone to micronutrient deficiencies. These
data, when viewed in the context of the need for
sustainable and affordable protein sources in devel-
oping countries, suggest that MNP is a potential
candidate for nutritional supplements, fortified
foods, protein-rich animal feed, or intervention
strategies against malnutrition. However, to expand
its application on an industrial scale, further studies
are needed to evaluate chronic toxicity, metabolic
interactions, effects on intestinal microflora, and
stability of the biochemical composition during
storage and processing.

Hao et al.

10. Applications of MNP

In addition to its nutritional value and chemical
composition, MNP has also been extensively inves-
tigated for its potential applications in a variety of
food products. Recent studies have focused on
evaluating the role of termite meals as a nutritional
enhancer, a substitute for traditional ingredients,
and a protein-lipid source capable of improving the
formulation quality and functional value of prod-
ucts. Table 8 shows that MNP is a highly versatile
ingredient in the food and non-food industries, with
both nutritional and technological effects being
prominent. First, when used as a substitute for
wheat powder in cakes and biscuits, termite meals
significantly increase protein content (up to almost
double at 20%), while improving essential minerals
such as magnesium, potassium, and phosphorus,
while maintaining low levels of anti-nutritional fac-
tors. However, the optimum inclusion level is only
around 5%, as this is the highest sensory accepta-
bility in both cakes and biscuits, while higher levels
reduce the textural guality (Ojinnaka et al., 2013;

Ogunlakin et al., 2018).

Table 8
Food and functional applications of MNP in various products
Application Product / Matrix Inclusion Level Main Outcomes References
« Highest sensory acceptability at 5%, comparable to
control (p < 0.05). « Protein increased from 10.04% —
Wheat powder 0-20% termite  19.57% (at 20%). * Mg, K, P increased significantly. « Qjinnaka et
N Cake o ) )
substitution in cakes powder Antinutrients (tannin, phytate, saponin, oxalate) al. (2013)
remained low. — Suitable for protein-enriched bakery
products.
* Protein increased 9.80% — 17.07%; fat, fiber, ash and
o ) moisture increased. « Carbohydrate and caloric value .
Biscuits enrichment Biscuits go_wz doe/ro e decreased. * Spread ratio increased (8.55—11.00), break Stgatfn(lgg%)
strength decreased (283—-259 g). * 5% had highest ’
acceptability (color, aroma, overall liking).
« Protein increased from 1.35—32.65 g/100 g; fat and
Nutrient Mahewu fiber also increased. « Fe, Zn, vitamin C, riboflavin
enhancement of (fermented 0—40% termite  increased notably. « Carbohydrates reduced Anyiam et
fermented cassava cassava powder 84.90-15.65 g/100 g. * 30% inclusion had best sensory  al. (2022a)
mahewu beverage) acceptance. — Strong potential for combating
micronutrient deficiencies.
* RNI contribution greatly improved for children 6-9
Contribution to Mahewu fortified years: protein (46.4%), Fe (72.7%), Zn (45.4%), vitamin Aamiet
recommended with 30% termite  30% C (87.1%). * Similar trends for children 1015 years. « Ca al. (2022b)
nutrient intake (RNI) powder (MECM) remained low (1.98-1.06%). — Effective vehicle for '
improving protein and micronutrient intake in children.
* pH decreased (6.45—3.65); titratable acidity increased
) (0.10-0.38%). * At 42 h: protein (21.02%), Fe (52.69%),
i) . . 3O%Iterm|te— Fermenta-tion: 0 - Zn (69.46%), vitamin C (155.71%) improved; protein Anyiam et
fermentation time fortified cassava I o . o
o IEEW sy mahewu 48 h d\g.estlb.\llty 62.42%. » At 48 h: largest reductwon; in al. (2023)
antinutrients (phytate 164%, oxalate 176%, tannin
141%).
« Extraction yield: 62.1% (alkali) and 68% (salt). *
Protein extraction ) ) Alkali extraction Flgirest prgtgin con.te.nt: salt .e.xtract (68.68 /100 g)..° ’
and functional Termite protein (pH 10) and salt Best emulsifying activity/stability at pH 10; best foaming ~ Anyiam et
isolates capacity/stability at 6% salt. — Functional properties al. (2024)

properties extraction (0.5 M)

suitable for food formulation and alternative protein
development.
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Another valuable application is the nutritional forti-
fication of mahewu from fermented cassava. A 30%
MNP inclusion level significantly improved protein,
fiber, vitamin C, riboflavin, and minerals, while
reducing carbohydrates, creating a more balanced
nutritional profile. Notably, MECM (mahewu forti-
fied with 30% MNP) met the high levels of the rec-
ommended intake (RNI) for children 6 — 15 years of
age, especially for protein, iron, and zinc, showing
great potential for reducing micronutrient deficien-
cies and improving food security (Anyiam et al.,
2022b). In addition, fermentation lasting up to 42 —
48 h further improved the nutritional value,
increased protein digestibility, and significantly
reduced antinutrients, confirming the role of
fermentation in optimizing product quality (Anyiam
et al, 2023).

In terms of functional properties of proteins, protein
extraction from termites showed high vyields (62—
68%), with good foaming and emulsifying proper-
ties, especially at alkaline pH or when salt was
added. This opens the way for the development of
functional protein ingredients for applications in
protein-rich foods or meat substitutes (Anyiam et
al.,, 2024). In addition to food, oil from M. nigeriensis
has also been noted to have potential as a biofeed-
stock for biodiesel production, suggesting a poten-
tial expansion into the sustainable energy sector
(Kalu-Uka et al., 2027).

Overall, the data demonstrates that M. nigeriensis is
not only a valuable source of protein and micronu-
trients for nutritionally fortified foods but also a
promising technological raw material due to its su-
perior functional properties. This reinforces the fea-
sibility of exploiting termites as a valuable and mul-
tipurpose bioresource.

Hao et al.

11. Potential and challenges of MNP

MNPs exhibit great application potential due to
their superior nutritional value and versatility in pro-
cessing (Figure 2). Studies have shown that the ad-
dition of termite powder to baked goods, biscuits,
and mahewu significantly increases the protein con-
tent, essential amino acids, iron, zinc, and vitamin
C, while maintaining low levels of antinutrients
(Ojinnaka et al., 2013; Ogunlakin et al., 2018). At the
same time, termite protein isolates also show good
emulsifying and foaming properties, opening up
opportunities for applications in the development
of formulated foods and novel protein-rich prod-
ucts (Anyiam et al., 2024). In addition to food, ter-
mite oil has also been identified as a potential non-
traditional lipid feedstock for biodiesel production
(Kalu-Uka et al., 2021). This evidence suggests that
this species could become a promising alternative
protein source, especially in the context of increas-
ing demand for sustainable nutritional ingredients.
However, the exploitation and application of MNP
still face many challenges. Seasonal characteristics
make it difficult to maintain a stable source of raw
materials, while the collection and processing pro-
cess still relies mainly on manual methods, increas-
ing fluctuations in product quality. Some risks re-
lated to food safety, such as microbial contamina-
tion, parasites, or heavy metal accumulation, have
not been systematically assessed. In addition, the
level of consumer acceptance of insect foods, alt-
hough improved, remains a major obstacle in many
regions outside West Africa. The lack of standardi-
zation in drying, grinding, preservation, and pro-
cessing of raw materials also makes commercializa-
tion difficult.

POTENTIAL % & CHALLENGES

POTENTIAL: NUTRITIONAL VALUE & PROCESSING VERSATILITY

@T 2] ‘QT |

CHALLENGES: TECHNICAL BARRIERS & SAFETY

S Q £

( PrOTEIN ] (mMiNoAcIDS) | Fe,zn | (VITAMINC )
; INCREASE

& U

BISCUITS [ MAHEWU
[ IR VALUE ADD|TION

pe— & PROTEIN
ﬂ Eed
[ BIODIESEL | (" EMULSIFICATION )

MANUAL | (* MICROBES & | {'ACCEPTANCE
EE"”"A“”] [PROCESSING] [ J [ ]

HEAVY METALS LEVEL

> RESEARCH GAPS —rrl

& (__) ) NEED FOR INTERDISCIPLINARY
RESEARCH
CHRONIC GUT

TOXiCITY  MICROBIOTA ,@ @
SENSITIVE @ NUTRITION FO0D SAFETY

POPULATIONS  BIOAVAILABILITY TECHNOLOGY

Figure 2. Potential and challenges of M. nigeriensis.
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Although existing data indicate that M. nigeriensis is
safe in short-term toxicity tests (Igwe et al., 2011b;
Igwe et al., 2014), there are still many gaps that need
to be further investigated to support industrial-scale
product development. Specifically, there has been
no assessment of chronic toxicity, effects on the gut
microbiota, or potential effects on sensitive popula-
tions such as young children and pregnant women.
The lipid composition, fatty acid profile, mineral bi-
oavailability, and nutritional improvement mecha-
nisms of fermentation with cassava have also not
been thoroughly analyzed. Therefore, interdiscipli-
nary research integrating nutrition, food technol-
ogy, and food safety is needed to fully exploit the
potential of this termite species while overcoming
existing challenges and promoting sustainable
commercialization in the future.

12. Conclusions

Macrotermes nigeriensis is a nutrient-dense edible
insect with notable potential for food and non-food
applications. Current evidence highlights its high-
quality protein, essential minerals and vitamins, fa-
vorable fatty acid composition, and functional pro-
tein properties suitable for product development.
Its successful incorporation into bakery items and
fermented beverages further demonstrates its value
in improving protein density and micronutrient in-
take. Despite these advantages, wider utilization
remains constrained by seasonal availability, lack of
standardized processing, limited toxicological and
bicavailability data, and low consumer acceptance
outside of local areas. Future studies should focus
on safety evaluation, optimization of processing
methods, and assessment of long-term nutritional
benefits. Overall, M. nigeriensis represents a
promising sustainable protein source, but more
scientific evidence and technological developments
are needed to support large-scale applications.
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