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Cito A., Dreassi E., Frosinini R., Zanfini A., Pianigiani C., Botta M., Francardi V. – The potential beneficial effects of
Tenebrio molitor (Coleoptera Tenebrionidae) and Galleria mellonella (Lepidoptera Pyralidae) on human health.

The nutritional composition of the edible insect species Tenebrio molitor (Coleoptera: Tenebrionidae) and
Galleria mellonella (Lepidoptera: Pyralidae) was evaluated in view of their feasible consumption in human diet. Larvae
and pupae of both the edible insect species resulted to be a good energy source because of their high total fat content
(37.42-48.97% of dry weight). Fatty acid composition was similar in T. molitor larvae and pupae. Conversely, G.
mellonella larvae contained a higher percentage of medium and long-chain saturated fatty acids (SFA) than pupae (p=
0.015) while G. mellonella pupae showed a higher content of polyunsaturated fatty acids (PUFA) and a lower n-6/n-3
ratio than larvae (p= 0.003 and p= 0.006, respectively). Both the species contained low cholesterol values (13.56-29.08
mg/100 g of dry weight). The ability of the protein extracts from these insects to reduce blood pressure by inhibiting
angiotensin converting enzyme (ACE) has been also investigated. Significantly lower IC50 values were detected either
in T. molitor (0.077-0.097 mg/mL) or G. mellonella (0.046-0.605 mg/mL) protein fractions hydrolyzed by
gastrointestinal proteases than the corresponding crude extracts. Even if the mealworm T. molitor and the waxmoth G.
mellonella show satisfactory values of UFA, low cholesterol contents and the ability to inhibit ACE in vitro, T. molitor
larvae provide the SFA/UFA ratio (0.41) that better meets diet requirements for human health, as well as a high
environmental efficiency of production. These results suggest the potential use of T. molitor larvae in food industry as
ingredient in fortified foods and/or diet supplements for human consumption.
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THE POTENTIAL BENEFICIAL EFFECTS OF TENEBRIO MOLITOR
(COLEOPTERA TENEBRIONIDAE) AND GALLERIA MELLONELLA

(LEPIDOPTERA PYRALIDAE) ON HUMAN HEALTH

INTRODUCTION

Edible insects have been recently proposed as a remar -
kable alternative source of proteins for human consumption
in response to the increasing growth of the world population
estimated about 9.6 billion people in 2050 (VAN HUIS et al.,
2013). Generally, edible insects have been found extremely
nutritious and a good source of proteins, fat and
micronutrients, such as minerals and vitamins (KOUŘIMSKÁ

& ADÁMKOVÁ, 2016). Compared with the traditional
production of protein sources, such as beef, pork and
chicken, breeding insects seems to be more environmentally
sustainable because of lower space requirement, greenhouse
gas emissions and water pollution. In addition, insects show
higher fecundity and feed conversion efficiency than
traditional livestock (VAN HUIS et al., 2013).

“Entomophagy”, referred to the use of insects as food, is
traditionally practiced in many parts of the world, especially
in Africa (VAN HUIS, 2005), Asia (CHEN et al., 2009;
YHOUNGH-AREE, 2010) and Latin America (PAOLETTI &
DREON, 2005; RAMOS-ELORDUY & VJEIO-MONTESINO, 2007)
where insects, mainly harvested from the wild, have been an
important source of energy and micronutrients for millennia
(PAYNE et al., 2016). Diversely, in Europe insects consump -
tion as food is still perceived as something culturally
unacceptable and “disgusting” (HOUSE, 2016; MLCEK et al.,

2014). Actually, no specific regulations are still available in
Europe on the breeding and marketing of insects for human
consumption. Nevertheless, the European legislation, via
Regulation EC 258/97 (repealed from 1 January 2018 by
Regulation EU 2015/2283) states that all insect-based
products belong to one of the categories of “Novel Food”
(FINKE et al., 2015). Regulation EC 258/97 is referred not
only to whole insects and their preparations but also parts of
insects or extracts that can be used as additional ingredients
in food industry, increasing consumer acceptance (RAMOS-
BUENO et al., 2016; TZOMPA-SOSA et al., 2014). 

Fat content is generally between 10 to 60% of dry matter
in edible insects and higher in larval and pupal stages than
adults (XIAOMING et al., 2010). Fatty acid (FA) composition
in insects varies according to the physiological requirements
and the environmental constraints and it is strongly influen -
ced by diet (STANLEY-SAMUELSON et al., 1988). Never -
theless, all insect orders share a similar FA compo sition,
including as major saturated fatty acids (SFA), myristic acid
(14:0), palmitic acid (16:0) and stearic acid (18:0), the
monounsaturated fatty acids (MUFA) palmitoleic acid
(16:1n-7) and oleic acid (18:1n-9) and the polyunsaturated
fatty acids (PUFA) α-linoleic acid (18:2n-6) and α-linolenic
acid (18:3n-3) (RUMPOLD & SCHLÜTER, 2013).

FA content in insects is generally comparable to that of
poultry and fish in their degree of unsaturation, but contains
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more PUFA (DEFOLIART, 1991). PUFA content depends on
the ability of insects to synthesize or elongate FA; some
species can synthesize PUFA de novo, others are similar to
vertebrates as they cannot synthesize α-linoleic and α-
linolenic acid and need to include them in their diet.
Terrestrial insects species are generally not able to elongate
and desaturate α-linolenic until eicosapentaenoic acid (EPA;
20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3), as
diversely reported for some aquatic insect species
(SÁNCHEZ-MUROS et al., 2014). Even if the edible insects
generally do not contain EPA and DHA, the long chain
derivatives of α-linolenic acid involved in cardiovascular
prevention, they show a prevalence of unsaturated fatty
acids (UFA) that may have beneficial effects on
cardiovascular disease risk, by partially replacing SFA
(LIVINGSTONE et al., 2012). Indeed, it has been detected a
predominance of UFA in edible insects with an average
SFA/UFA ratio between 0.43 to 0.79 (RUMPOLD &
SCHLÜTER, 2013). In order to be considered beneficial for
human health, the balance of FA groups has to cover an
appropriate range, with an ideal ratio of SFA: MUFA: PUFA
= 3: 4: 3 and an n-6/n-3 ratio = 3:1 (LARN, 2012). 

Fat derived from insects is essentially constituted of
triacylglycerols (TGs), monoacylglycerols (MGs), diacyl -
glycerols (DGs), phospholipids (PLs) and neutral lipids
(NLs). About the 80% of the lipids are present in insects in
the form of TGs which serve as energy deposits for periods
of high energy demand, such as developing eggs,
overwintering or locomotor activity (RUIZ-GUTIÉRREZ &
PÉREZ-CAMINO, 2000). The second most important lipid
class consists of PLs, less than 20% and varies according to
the life stage and insect species (GILBY, 2003; RUIZ-
GUTIÉRREZ & PÉREZ-CAMINO, 2000). NLs consist of a
mixture of components that includes hydrocarbons, free FA,
waxes, FA ethyl and methyl esters, sterols, methyl sterols,
pigments and fat soluble vitamins. Among the insect sterols,
cholesterol is the most important and serves as part of the
cell membrane, as precursor of vitamin D, bile salts and
steroid hormones (e.g. ecdysone and 20-hydroxyecdisone)
and as regulator of developmental processes (RITTER, 1990).
Unlike most animals, insects lack the capacity to synthesize
sterols and must acquire them from the diet. Insects fed on
animal products easily obtain cholesterol from diet and use
it directly in tissues; on the contrary, insects fed on plants
and fungi contain enzymes for the dealkylation of Δ5-
alkylsterols to cholesterol (BELLUCO et al., 2013).
Cholesterol levels in the insect world vary from completely
absent, such as in the edible leaf-cutter ant Atta cephalotes
(Hymenoptera: Formicidae) and also apparently in the
honey bee Apis mellifera (Hymenoptera: Apidae) that is not
able to convert the plant sterols to cholesterol, to
comparable with other animal foodstuffs (1 mg sterol/g
tissue) or higher as reported for the chrysalis Bombyx mori
(Lepidoptera: Bombycidae) (BELLUCO et al., 2013).

Based on data derived from literature, edible insect
species contain proteins of high quality able to fulfill
essential amino acids requirements for human diet (RAMOS-
ELORDUY & VJEIO-MONTESINO, 2007). Essential amino
acids (e.g. methionine, tryptophan, leucine) are between 46-
96% of the total amount of amino acids, suggesting the
potential of insects as source of natural bioactive peptides
with several physiological activities (XIAOMING et al.,
2010). In fact, in the last decades, bioactive peptides with
antitumor (HU et al., 2005), antimicrobial (OTVOS, 2000),
anti-obesity (LEE et al., 2013), antioxidant (PATTA -
RAYINGSAKUL et al., 2017) and angiotensin converting
enzyme (ACE) inhibitory (TAO et al., 2017) activity have

been identified in protein hydrolysates derived from insects.
Among these, ACE inhibitory peptides are of great interest
for cardiovascular disease prevention, since they are able to
inhibit ACE which plays a key role in blood pressure
regulation (ERDOS, 1987).

The present paper was focused on evaluation of the
potential beneficial effects on human health derived from
consumption of the larval and pupal stages of two edible
insect species: the yellow mealworm T. molitor (Coleoptera:
Tenebrionidae) and the waxmoth G. mellonella (Lepi -
doptera: Pyralidae). Both these insects have been recently
reported by EFSA in the list of the biggest potential edible
insect species to be used as food and feed in European
Union (EFSA, 2015). The specific aims of this study were
to select 1) the species and 2) the development stage that
better meet requirements for human health and 3) to assess
the feasible applications of the selected edible insect species
in food industry.

MATERIALS AND METHODS

INSECTS

Insects used for the experiments were obtained from the
mass rearing established at CREA-DC Florence, Italy.

T. molitor specimens were maintained in plastic boxes
(20 x 14 x 10 cm) with aeration slits on the top and
located in a climate chamber (27±1 °C; RH 40-50 %);
they were fed on a diet suitable to guarantee a fat
composition of high quality and good growth conditions
for T. molitor (DREASSI et al., 2017). The breeding diet
was composed of yeast (5%), wheat flour (47.5%) and
oat flour (47.5%) with addition of carrot pieces as a
source of water. Diet was replaced once a month and
dead insects removed twice a week to ensure safety
conditions for insects. Larvae that reached 25-30 mm in
length, and all pupae were weighed, separately collected
in vials (30 g/vial) and frozen at -50 °C for 24 hours
before freeze-drying to determine their moisture content.
All samples were then kept at -20 °C until they were
used for analysis.

G. mellonella specimens were kept in plastic boxes (18 x
15 x 7 cm) with aeration slits on the top, located in a climate
chamber (24±1°C; RH 50-60%) and fed on a diet based on
honey (21.5%), beeswax (9.6%), glycerin (10.6%), corn
flour (10.6%), wheat flour (21.5%), whole wheat flour
(10.6%), milk powder (10.6%), and yeast (5%). Diet was
sterilized, before use, to inhibit mould growth and
substituted once a month. Dead insects were removed twice
a week to ensure safety conditions for insects. G. mellonella
late instar larvae and chrysalides were weighed, separately
collected in vials (30 g/vial) and treated as described above
for T. molitor. 

FAT CONTENT DETERMINATION

Fat was extracted from insects with Folch method,
approved by the Association of Analytical Chemists
(AOAC), with minor modifications (FOLCH et al., 1957).
Briefly, 5 g of dried insects, obtained as described above,
were placed in a glass centrifuge tube with 50 mL of
CHCl3:CH3OH mixture (2:1 v/v) and homogenized for 5
min using an IKA Labortechnik homogenizer model T25
basic (IKA WERKE GmbH & Co., Staufen Germany).
Butylated hydroxytoluene (100 µM) was added to the
extraction mixture to inhibit lipid peroxidation.

After filtration, the sample was centrifuged at 4,000 rpm
for 5 min. The CHCl3 layer was separated and another
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aliquot of extraction solvent was added to residue. The
organic fractions were extracted with 20 mL of KCl 0.7%
solution, washed at the interface twice with the “upper
phase” (obtained from CHCl3/CH3OH/H2O (53:27:20 v/v)
mixture) and dried. The residue was weighed for fat
percentage determination and then used for FA analysis. 

FA ANALYSIS BY GC-MS AND GC-FID
The fat samples, obtained as described above, were

prepared for GC analysis by converting to fatty acid methyl
esters (FAME) with 14% BF3 methanolic solution according
to the method described by MORRISON & SMITH (1964). The
sample (10 mg) was combined with 1 mL of BF3 methanolic
solution and kept at 90°C for 1 h and then, after cooling,
extracted with 1 mL of n-hexane. After centrifugation at
4,000 rpm for 5 min, the n-hexane phase was used for GC
analysis. 

The analysis was carried out using a gas chromatograph
VARIAN 3900 with CP-8400 auto injector coupled to an
ion-trap mass spectrometer (VARIAN Saturn 2000 MS-
MS). A SPTM-2380 fused silica capillary column (60 m x
0.25 mm I.D., 0.2 µm film thickness; Supelco, Bellefonte
U.S.A.) was used. 

Oven temperature was programmed from 100 to 240°C at
10°C/min and then increased to 260°C at 5°C/min; finally,
the oven was maintained at 260°C for 10 min. Injector
temperature was set at 230°C; 1 µL aliquots were injected
and the split ratio of 1:10 was used. Helium was employed
as carrier gas with a flow rate of 1 mL/min. The ion-trap
mass spectrometer was operated in the electron impact
ionization (EI) mode with an ionization voltage of 70 eV.
The analyses were performed with a filament-multiplier
delay of 9 min and data acquisition was carried out in the
range m/z 50-650 in full scan mode. The transfer line was
maintained at 250°C, the manifold and trap temperatures
were set at 80 and 150°C, respectively. Instrument control
and mass spectrometry data were managed by a personal
computer running the Saturn GC-MS WorkStation software
(6.30 version).

The GC-FID analyses were carried out using a GC-FID
(Perkin Elmer Clarus 500 GC) and a split/splitless injector.
Injector and detector temperatures were set at 230 and
280°C, respectively. Helium was employed as carrier gas
with a flow rate of 1 mL/min; 1 µL aliquots were injected
and the split ratio of 1:10 was used. The fused silica
capillary column and the oven temperature program
described for GC-MS analysis were employed. Data
acquisition was carried out using Perkin Elmer TotalChrom
Navigator software v 6.3.1.

The identification of the chromatographic peaks was
made by comparison with MS spectra and retention times of
the available standards, with National Institute of Standards
and Technology (NIST) library and also on the basis of
elution data provided in literature (SÁNCHEZ-ÁVILA et al.,
2009). 

LC ANALYSIS OF CHOLESTEROL

Cholesterol was extracted from 5 g of dried insects and
analyzed by HPLC according to the modified method
described by MANZI et al. (1996).

An Agilent 1100 series liquid chromatograph system
(Agilent Technologies, Palo Alto U.S.A.) including a
vacuum solvent degassing unit, a binary high-pressure
gradient pump and an UV detector was used.
Chromatographic separation was performed using a ready-
to-use prepacked Phenomenex Luna LC-18 column
(Phenomenex, 250 x 3 mm, 5 μm). The column was eluted

with 100% methanol, at a flow-rate of 0.6 mL/min and the
elution profile monitored at 210 nm. Cholesterol content
was determined by comparison with solutions of cholesterol
standard (Sigma-Aldrich, St Louis U.S.A.) ranging between
5-500 µg/mL.

ACE INHIBITORY ACTIVITY

Protein extraction
Protein fraction was extracted from dried insects

according to the modified method described by
VERCRUYSSE et al. (2005). Briefly, 10 g of dried insects
were homogenized at 13,500 rpm for 5 min in a IKA
Labortechik blender T25 basic model (IKA Werke GmbH &
Co., Staufen Germany) with 5 mL of Tris/HCl buffer 50
mM pH 7.4. The homogenate was centrifuged at 5,000 rpm
for 10 min and the supernatant collected and filtered.
Protein content was measured at 280 nm using a
spectrophotometer UV-vis QIAxpert, equipped with a
diode-array detector (QIAGEN, Hilden Germany).

Enzymatic hydrolysis
Protein extract was hydrolyzed by the gastrointestinal

enzymes pepsin, trypsin and α-chymotrypsin (Sigma-
Aldrich, St Louis U.S.A.), according to the modified
method described by VERCRUYSSE et al. (2005). 

To simulate digestion that occurs in the stomach the pH
of the crude protein extract was lowered to 2 by adding HCl
1M. Pepsin, previously dissolved in HCl 10 mM, was added
to the crude protein extract (enzyme/substrate 1:250 w/w)
and the mixture was incubated for 2 h 30 min at 37 °C. 

The digestive process that occurs in the small intestine
was simulated by incubating the crude protein extract with
trypsin and α-chymotrypsin (1:1 enzyme/substrate 1:250
w/w) for 2 h 30 min at 37 °C, after raising pH to 6.5 with
NaOH 5 M. The samples were centrifuged at 5,000 rpm for
10 min and the supernatant filtered and kept at -20 °C until
use.

ACE inhibitory activity assay
ACE inhibitory activity was detected in crude protein and

in the corresponding hydrolyzed protein extracts and
measured by an indirect assay method based on the quantity
of hyppuric acid (HA) released by ACE from N-hyppuryl-L-
histidyl-L-leucine (HHL). HA quantity was determined by
RP-HPLC according to the method described by WANG et al.
(2011) with slight modifications. Different concen trations of
each sample, ranging between 10 mg/mL to 1 μg/mL, were
prepared in 0.1 M borate buffer containing NaCl 0.3 M at
pH 8.3. Each sample (40 μL) was pre-incubated with 25 μL
of ACE 0.1 mU/mL (ACE enzyme from rabbit lung
purchased from Sigma-Aldrich, St Louis U.S.A.), dissolved
in 0.1 M borate buffer containing NaCl 0.3 M at pH 8.3 for
10 min at 37 °C; 40 μL of HHL 6.5 mM, dissolved in the
same buffer, were then added and the samples were
incubated for 30 min at 37 °C. Enzyme reaction was
terminated by adding 85 μL of HCl 1 M. Blank sample was
obtained replacing sample solution with borate buffer. 

The synthetic ACE inhibitor captopril (Sigma-Aldrich, St
Louis U.S.A.) was prepared at different solutions, between
0.5 mg/mL and 0.1 ng/mL in water and used as positive
control. All samples were centrifuged at 5,000 rpm for 20
min and filtered before RP-HPLC analysis. 

RP-HPLC analysis
ACE inhibitory activity was detected by an Agilent 1260

Infinity series liquid chromatograph system (Agilent
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Technologies, Palo Alto U.S.A.), including a vacuum
solvent degassing unit, a binary high-pressure gradient
pump, an auto sampler and an UV-DAD detector. 

Chromatographic separation was performed by injections
of 20 μL of each sample into a ready-to-use prepacked LC-
18 column (Phenomenex Ultracarb, 4.6 x 150 mm, 5 µm).
The column was eluted by a mixture of ACN (25%) and
H2O containing 0.05% CH3COOH (75%) at a flow rate of
0.8 mL/min. The elution profile was monitored at 228 nm to
detect HHL and HA. 

ACE inhibition degree, expressed in percentage, was
calculated from the equation:

Ainhibitor is the peak area of HA produced in presence of
ACE inhibitors, Ablank is the peak area of HA in the blank
sample. The ACE inhibition was expressed as the
concentration of protein sample that inhibit 50% of ACE
activity (IC50), assuming that the activity of the blank is
equal to 100% (WANG et al., 2011).

STATISTICAL ANALYSIS

All analyses were run in sextuplicate and data expressed
as means ± standard deviations (sd). IC50 derived from the
ACE inhibitory activity assays were calculated as
described by VERCRUYSSE et al. (2005). To compare
differences between species and development stages
(larvae and pupae) data were statistically analyzed by
using one-way ANOVA and means compared by using
unpaired Student’s t-tests. 

Data were checked for normality and homogeneity of
variance using Shapiro-Wilk and Levene tests and
calculations were performed by Stat Graphics Plus Package
4.1 version (Statgraphics Plus Package 4.1, Manugistics,
Inc., Rockville U.S.A.). Differences at the P < 0.01 and P <
0.05 were reported as significant.

RESULTS

TOTAL FAT CONTENT AND FA COMPOSITION

IN T. MOLITOR AND G. MELLONELLA
The average of total fat based on dry weight was similar

in larval vs pupal stage within the same edible insect species
(Table 1). T. molitor and G. mellonella larvae showed a
similar total fat percentage based on dry weight (p= 0.123)
while it was higher in G. mellonella pupae than T. molitor
pupae (p= 0.023) (Table 1). 

The most prevalent FA in T. molitor larvae and pupae
were, among the SFA, myristic acid (14:0), palmitic acid
(16:0) and stearic acid (18:0), among the MUFA, oleic acid
(18:1n-9), 16:1n-5 acid and palmitoleic acid (16:1n-7) and,
among the PUFA, α-linoleic acid (18:2n-6) and α-linolenic
acid (18:3n-3) (Table 1). Four unidentified FA (tr 34.08,
39.53, 42.70 and 47.83 min, respectively) were found in T.
molitor larvae and pupae. T. molitor pupae showed a higher
content of pentadecyclic acid (15:0) and a higher content of
the unidentified FA detected at tr= 47.83 min than larvae (p=
0.040 and p= 0.004, respectively). No significant
differences were found in SFA, MUFA and PUFA content,
such as in n-6/n-3 and SFA/UFA ratio, comparing T. molitor
larvae vs pupae (Table 1).

The most abundant FA in G. mellonella larvae and pupae
were: palmitic acid and stearic acid, among the SFA,
palmitoleic acid, heptadecenoic acid (17:1n-6) and oleic

acid, among the MUFA, α-linoleic acid and α-linolenic acid,
among the PUFA (Table 1). Medium and long-chain SFA
content was higher in G. mellonella larvae vs pupae (p=
0.015); on the contrary, pupae showed a higher content of
PUFA than larvae (p= 0.003). Therefore, a higher SFA/UFA
ratio was found in G. mellonella larvae vs pupae (p= 0.006),
while pupae contained a lower n-6/n-3 ratio than larvae (p=
0.002). A similar MUFA content was found in both the
developmental stages (p= 0.302). 

The beetle T. molitor and the waxmoth G. mellonella
show a different FA composition which seems to reflect the
different physiological regulation that occurs in each insect
species (STANLEY-SAMUELSON et al., 1988). Indeed, capric
acid (10:0), tridecyclic acid (13:0), 14:1n-5 acid, 14:2n-3
acid and myristoleic acid (14:1n-3) were present in T.
molitor but not in G. mellonella, while the four unidentified
FA (tr 34.08, 39.53, 42.70 and 47.83 min, respectively) were
present in both the species. Generally, T. molitor larvae
showed a lower SFA percentage and, consequently, a lower
SFA/UFA ratio than G. mellonella larvae (p< 0.0001).
SFA/UFA ratio was lower in T. molitor pupae vs G.
mellonella pupae (p< 0.0001). Conversely, PUFA content
was higher in T. molitor larvae than G. mellonella larvae
(p= 0.002) while a lower n-6/n-3 ratio was detected in G.
mellonella larvae and pupae than in the corresponding T.
molitor development stages (p< 0.0001). 

CHOLESTEROL CONTENT

No significant differences were found in total cholesterol
content in T. molitor larvae vs pupae (18.37±2.918 vs
13.56±6.747 mg/100 g on dry weight basis; p= 0.032) and
in G. mellonella larvae vs pupae (26.52±7.915 vs
29.08±10.048 mg/100 g on dry weight basis; p= 0.386)
neither comparing T. molitor vs G. mellonella larvae (p=
0.169) and pupae (p= 0.090) (Fig. I).

ACE INHIBITORY ACTIVITY

All the IC50 values detected in protein samples
hydrolyzed by gastrointestinal proteases were significantly
lower than the corresponding not hydrolyzed samples (p<
0.01) (Fig. II). No significant differences were detected
between T. molitor larvae vs pupae, while IC50 value
measured in protein hydrolysate from G. mellonella pupae
resulted to be significantly higher than those obtained from
G. mellonella larvae (p= 0.004) and T. molitor pupae (p=
0.011), respectively (Table 2). However, all the IC50 values
obtained from insect protein extracts (hydrolyzed and not
hydrolyzed) were significantly higher than captopril (IC50 =
(2.36 ± 0.25) x 10-6 mg/mL).

DISCUSSION

In the present paper we analyzed the nutritional compo -
sition of two edible insect species recently proposed among
those suitable to be reared in Europe for food and feed, in
an attempt to improve knowledge about the potential health
benefits arising from their consumption in human diet.

Fat is the main responsible of the insect energy level
(BELLUCO et al., 2013). Thus, in the rearing conditions
described above, both the edible insect species showed a
total fat content between 40% to 50% (based on dry weight)
able to improve energy intake in human diet. The total fat
content measured in T. molitor is consistent with data
previously reported (ranged from 32.8% to 43.1% in larvae
and from 30.8% to 36.7% in pupae) (FINKE, 2002; MORALES-
RAMOS et al., 2015; PAUL et al., 2017; RAKSAKAN  TONG et al.,
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2010; RAVZANAADII et al., 2012; SIEMIANOWSKA et al., 2013).
Diversely, it has been reported a significant lower fat content
of dry weight in T. molitor pupae (32.1%) vs larvae (35.9%)
(MORALES-RAMOS et al., 2015). On the other hand, the total
fat content in G. mellonella larvae is lower than values
previously reported in literature, which range between
51.40% to 60.00% in specimens raised on an unspecified
diet (BARKER et al., 1998; BLÁSQUEZ et al., 2012). No further
reports regarding the total fat content in G. mellonella pupae
are currently available in published literature.

Previously published data about FA composition of T.
molitor and G. mellonella are widely variable and mainly
derived from the larval stages. Generally, SFA, MUFA and

PUFA percentages detected in T. molitor and G. mellonella
larvae were found to be strongly influenced by their feeding
diets (BARKER et al., 1998; BLÁSQUEZ et al., 2012; FINKE,
2002; MORALES-RAMOS et al., 2015; PAUL et al., 2017;
RAKSAKANTONG et al., 2010; RAVZANAADII et al., 2012;
SIEMIANOWSKA et al., 2013).

Comparing FA composition of the two edible insects
species (larval and pupal stages) to the values recommended
by LARN (2012), T. molitor shows a better balance of FA
groups, ensuring a lower content of SFA (~28%) and a
higher content of MUFA (~49%) and PUFA (~22%) than G.
mellonella and, consequently, a SFA/UFA ratio more
suitable for human health . On the other hand, the waxmoth
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  T. molitor G. mellonella

Total Fat (%) larvae pupae p-value
L. vs P.c larvae pupae p-value

L. vs P.c

 45.00 ± 7.00 37.42 ± 3.42 0.177 42.17 ± 4.52 48.97 ± 1.31 0.140

FAb Common name Family name  
10:0 Capric acid SFA 0.02±0.001 0.03±0.009 0.369 - -
12:0 Lauric acid SFA 0.58±0.094 0.64±0.093 0.448 0.04±0.003  0.02±0.004 0.002**
13:0 Tridecylic acid SFA 0.08±0.023 0.10±0.006 0.186 - -
14:0 Myristic acid SFA 5.89±1.116 5.68±0.379 0.731 0.62±0.001  0.23±0.022 0.001**
14:1n-5 acid MUFA 0.42±0.137 0.37±0.062 0.521 - -
14:2n-3 acid PUFA 0.21±0.063 0.19±0.030 0.541 - -
14:1n-5 Myristoleic acid MUFA 0.01±0.002 0.01±0.001 0.138 - -
15:0 Pentadecyclic adic SFA 0.08±0.004 0.09±0.008  0.040* 0.27±0.031 0.16±0.051 0.033*
16:0 Palmitic acid SFA  19.00±1.140  17.87±1.542 0.336 35.98±0.918 34.68±0.376 0.086
16:1n-5 acid MUFA  1.50±0.345 1.49±0.144 0.953 0.51±0.083 0.26±0.003 0.006**
16:1n-7 Palmitoleic acid MUFA  1.97±0.205 1.79±0.126 0.193 3.55±0.006 1.62±0.072 0.006**
17:0 Margaric acid SFA  0.07±0.007 0.07±0.009 0.726 0.65±0.067  0.23±0.010 < 0.0001**
16:2n-4 acid PUFA  0.30±0.082 0.27±0.016 0.488 0.04±0.035  0.12±0.021 0.025*
ni (tr 34.08min)  0.06±0.020 0.10±0.023 0.080 0.10±0.007  0.02±0.014 0.001**
17:1n-6 acid MUFA  0.07±0.007 0.06±0.002 0.835 1.55±0.006  0.78±0.083 0.006**
18:0 Stearic acid SFA  2.96±0.237 3.38±0.199 0.051 2.84±0.007  1.74±0.125 0.007**
18:1n-9 Oleic acid MUFA  45.48±2.071 45.24±0.995 0.846 40.64±2.899 43.97±1.089 0.136
ni (tr 39.53min)  0.19±0.013 0.20±0.018 0.657 0.02±0.007 0.01±0.022 0.585
18:2n-6 PUFA 20.55±2.467 21.26±1.519 0.652 6.99±0.996 10.04±0.919 0.018*
20:0 Arachidic acid SFA 0.10±0.035 0.12±0.002 0.473 0.29±0.250  0.16±0.060 0.422
ni (tr 42.70 min) 0.33±0.096 0.32±0.029 0.570 0.08±0.013  0.06±0.053 0.575
18:3n-3 PUFA 0.33±0.096 0.32±0.029 0.870 1.82±0.469  5.79±1.438 0.010**
20:1n-9 Eicosenoic acid MUFA 0.06±0.019 0.06±0.009 0.630 0.01±0.490  0.02±0.035 0.490
20:2n-6 acid PUFA 0.02±0.006 0.03±0.007 0.198 0.11±0.034  0.04±0.032 0.052
ni (tr 47.83min) 0.06±0.016 0.37±0.102 0.004** 0.05±0.043  0.05±0.040 0.923
n-3 0.96±0.161  0.87±0.063 0.376 1.82±0.469  5.79±1.438 0.010**
n-6 20.64±2.475 21.36±1.512 0.649 8.66±1.245 10.86±0.952 0.072
SFA 28.78±0.796 28.06±0.974 0.345 40.70±1.464 37.22±0.208 0.015*
MUFA 49.50±1.851 49.02±0.772 0.652 42.71±3.186 45.04±1.182 0.302
PUFA 21.41±2.640 22.07±1.542 0.691 8.96±1.458 15.98±1.283 0.003**
n-6/n-3 21.78±3.089 24.49±1.704 0.193 4.86±0.677  1.98±0.677 0.006**
SFA/UFA 0.41±0.016 0.39±0.018 0.433 0.79±0.045  0.61±0.005 0.002**

Table 1 – Average of total fat (based on dry weight) and fatty acid composition (g/100 g total FA) in T. molitor and G. mellonellaa.

a Values are expressed in mean ± sd (n=6).
b FA are arranged on the basis of retention time (tr), common name and family are indicated for each one. 
c p-values comparison between larvae (L.) vs pupae (P.) within the same species;
* values significantly different between larvae and pupae within the same species (p < 0.05);
** values significantly different between larvae and pupae within the same species (p < 0.01); ni means not identified; - means not
detected.



G. mellonella pupae show the n-6/n-3 ratio more closest to
the values recommended for heart disease prevention (2:1)
(LARN, 2012). As reported above, FA composition of
insects can be modified via feed; in fact, it has been recently
reported the possibility to reduce the n-6/n-3 ratio detected
in T. molitor larvae (22:1) to the recommended values by
LARN (3:1) by adding an n-3 FA natural source, such as
linseed, to their breeding diet (FRANCARDI et al., 2017). 
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Fig. I – Cholesterol content
(mg/100 g based on dry
weight) in T. molitor and G.
mello nella larvae and pupae.

Fig. II – Dose-response curves
of the crude extracts and gas -
trointestinal hydrolysates from
T. molitor l and G. mel lonella
larvae and pupae obtained by
HPLC analysis.

Species Developmental 
stage IC50 (mg/mL) p-valuea

L. vs P.

T. molitor
larvae 0.097±0.046

0.233
pupae 0.077±0.075

G. mellonella
larvae 0.046±0.030

0.004**
pupae 0.605±0.212

Table 2 – IC50 values (mg/mL) obtained from ACE inhibition in
vitro assay of T. molitor and G. mellonella protein extracts
hydrolyzed by the gastrointestinal enzymes.

a p-values comparison between larvae (L.) vs pupae (P.) within
the same species;
** values significantly different between larvae and pupae within
the same species (p < 0.01).

In literature, few data related to the cholesterol content in
T. molitor and G. mellonella are available; cholesterol
values have been determined by FINKE (2015) both in the
beetle T. molitor and in the waxmoth G. mellonella late
instar larvae (51.3 mg/100g in T. molitor and 75.3 mg/100g
in G. mellonella, based on fresh weight) and result to be
similar to those reported in present work (52.96±8.383
mg/100g based on fresh weight in T. molitor larvae;
66.41±19.974 mg/100g based on fresh weight in G.
mellonella larvae). Cholesterol content has been also
determined in T. molitor pupae by HUANG et al. (2005) and
was 40 mg/100g based on fresh weight vs 35.99±16.84
mg/100g based on fresh weight in T. molitor pupae
analyzed in the present work.

Diversely, cholesterol content based on dry weight in T.
molitor larvae is about 4.5-fold less than the value reported
by RAMOS-BUENO et al. (2016) (82.6 mg/100g based on dry
weight). On the other hand, it has been observed in the
lepidopteran Heliothis zea (Lepidoptera: Noctuidae) that
replacing Δ 5-alkylsterols with Δ 7-alkylsterols, Δ 5,7-
alkylsterols or Δ O-sterols in feeding diet results in insects
that contain little, if any, cholesterol and sterols that cannot
be absorbed by the human digestive tract (RITTER, 1983;
RITTER, 1986). This has also been observed in T. molitor
which tends to produce and accumulate 7-dehydrocho -



lesterol, opening the prospective to obtain cholesterol-free
specimens (SVODOBA & LUSBY, 1994).

Based on our knowledge, this is the first report about the
ACE inhibitory capacity of the protein hydrolysates from
T. molitor and G. mellonella obtained by simulating
gastrointestinal digestion. An increase of ACE inhibitory
activity has been detected in insect protein hydrolyzed by
the gastrointestinal proteases (pepsin, α-chymotrypsin and
trypsin) compared to the corresponding not hydrolyzed
samples, as also reported by other authors (VERCRUYSSE et
al., 2005). ACE inhibitory activity has been previously
detected in protein extracts treated by gastrointestinal
proteases and derived from three different insect species:
B. mori, Bombus terrestris (Hymenoptera: Apidae), and
Spo dop tera littoralis (Lepidoptera: Noctuidae)
(VERCRUYSSE et al., 2005). Except for G. mellonella pupae,
IC50 values assessed in T. molitor and G. mellonella result
to be 10-100 fold less than those detected in the bumblebee
B. terrestris (4.97 mg/mL), in the cotton leafworm larvae
S. littoralis (2.86 mg/mL) and in the silkworm larvae B.
mori (0.7 mg/mL) (VERCRUYSSE et al., 2005). Similarly, a
higher IC50 value (0.588-0.623 mg/mL) has been measured
in protein hydrolysate from the weevil Rhynchophorus
ferrugineus (Coleoptera: Dryophthoridae) larvae treated
by gastrointestinal proteases (CITO et al., 2017). DAI et
al. (2013) investigated ACE inhibitory activity of the
protein fraction from T. molitor larvae hydrolyzed by
alcalase, detecting a higher IC50 value (0.39 mg/mL) than
that reported in the present work (0.097 mg/mL) (DAI et
al., 2013). Even if comparisons across these studies
should be handled with care, since ACE inhibitory
activity has been measured by performing different
assays, data reported in the present paper confirmed the
capacity of protein hydrolysates from T. molitor and G.
mellonella to inhibit ACE, opening the possibility to
purify and identify bioactive peptides with high
antihypertensive properties. 

It has been recently reported that consumption of some
edible insect species may be effective in area affected by
under-nutrition, as they tend to have a high content of energy
and micronutrients; diversely, they could exacerbate public
health problems related to over-nutrition, mainly
cardiovascular diseases, due to their high energy and SFA
content (PAYNE et al., 2016). The yellow mealworm T.
molitor, raised in the breeding conditions reported above,
guarantees either a good balance between SFA and UFA or a
low cholesterol content if compared to other fats of animal
origin (e.g. egg= 371 mg/ 100g edible part; pork= 62mg/
100g edible part) (CARNOVALE & MARLETTA, 2000). In
addition, an interesting ACE inhibitory activity has been
detected in protein hydrolysate from larval and pupal stages
of this coleopteran. Thus, given the high nutritional quality, T.
molitor may be also a promising contender for diet
consumption in area affected by over-nutrition, where heart
disease prevention is required. Indeed, the relationship
between SFA replacing by UFA and reduction of blood
cholesterol and among FA consumption, blood cholesterol
and coronary heart disease is strongly evident (STEWART et
al., 2004). Besides, several metabolic ward studies showed
that dietary cholesterol is a major determinant of blood
cholesterol concentrations and, for this reason, a reduced
consumption of dietary cholesterol intake is recommended to
prevent serious cardiovascular damages, such as ischemic
heart disease (NAKAMURA et al., 2004). 

Since untreated hypertension is associated with a major
risk of cardiovascular disease, an additional form of
protection for the cardiovascular system may be also

provided by the presence of bioactive peptides in the protein
hydrolysate from this coleopteran able to reduce blood
pressure by ACE inhibition. However, the capacity of these
compounds to inhibit ACE in vitro assayed does not imply
their effectiveness in vivo; for this reason, the antihy -
pertensive effects of these bioactive peptides should be
necessarily assayed on accepted animal models to study
human hypertension, such as spontaneously hypertensive
rats (MARTINEZ-MAQUEDA et al., 2012).

Both the mealworm T. molitor and the waxmoth G.
mellonella have been promoted as two of the most promising
edible insects species for mass-rearing on an industrial scale
(RUMPOLD & SCHLÜTER, 2013). Although the G. mellonella
life cycle is shorter than that of T. molitor, it is also more
expensive to rear, due to complex rearing procedures and the
expensive diet. This is similar to other Lepidopteran species
(SINGH & MOORE, 1985). Conversely, T. molitor rearing
requires inexpensive ingredients (oat flour, wheat flour and
yeast) directly dispensed without any further preparation. As
regards the developmental stages (larvae and pupae), the use
of T. molitor larvae is preferable since in the rearing
conditions adopted in the present work, pupal stage lasts for
only 7-8 days at 26-28°C while in larval stage lasts up to 6-8
months, ensuring a continuous and abundant availability of T.
molitor larvae (DREASSI et al., 2017).

Tenebrio molitor larvae may be used as ingredient in food
industry in various processing operations and thereby
enhance production of meals with healthy additions of
nutrients, such as fortified food or as health supplements for
human diet, even if a special attention should be paid to the
diet composition to be used as breeding substrate for this
edible insect species (DREASSI et al., 2017; RICCIARDI &
BAVIERA, 2016). In addition, the use of the larval stage of
this edible coleopteran, as incorporated as a processed
ingredient should obtain a greater consumer acceptance
rather than presented whole (HOUSE, 2016).

Since nutritional composition of the edible insect species
can be affected by their extraction conditions (PURSCHKE et
al., 2016), further investigations are still necessary to select
the extraction methods more suitable to preserve their
nutritional and functional properties, likewise evaluation
and development of satisfactory decontamination and
storage methods is required.
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