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Research article
Ερευνητικό άρθρο

ABSTRACT: Mealworms (Tenebrio molitor) are considered the potential novel alternative source of protein for sus-
tainable food production and also have a low ecological footprint. Nonetheless,fresh mealworms have a shorter shelf-
life, therefore, to preserve their nutrient quality and safety it is of utmost importance to optimizethe post-harvest pro-
cessing techniques. Therefore, in the present study two technological forms of oven-dried (60 0Ċ for 2 h) mealworms 
namely whole (full-fat) mealworms (WMW) and de-oiled mealworms (D-OMW) were analysed for nutrient quality, 
microbial count, and aflatoxin B1 safety levels. Both WMW and D-OMW were stored for 56 days at room temperature 
(25 to 30 0C)and were sampled on alternate weeks (days 0, 14, 28, 42, and 56, respectively)for analysis. In comparison 
to WMW, the D-OMW contains high (P < 0.001) contents of crude protein (CP) and dry matter (DM). Notably, at 56 
days of storage interval, the D-OMW is more stable with CP and DM contents having DM (87.3 vs. 77.3%) and CP (76 
vs. 46.0%) contents. In contrast, WMW had high (P < 0.001) content of EE than D-OMW (24.5 vs. 3.30%) at 56 days 
of storage. Moreover, WMW and D-OMW are rich sources of minerals, particularly potassium and phosphorus, with 
no significant (P > 0.05) effect during storage interval. Notably, leucine, lysine, and valine are the abundant amino acids 
in WMW and D-OMW. During the entire storage period, no growth of Escherichia coli, Salmonella, Campylobacters, 
and Clostridium perfringens were found. However, low levels of other coliforms, Enterococci, and Staphylococcus 
aureus were detected in D-OMW than in WMW. Likewise, the aflatoxin B1 contamination level was much lower in 
D-OMW during the entire storage time. This study concluded that storage times affected the nutrient profile and safety 
level of WMW. Nonetheless, the D-OMW was found almost stable and safe even at the storage of 56 days at room 
temperature.
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INTRODUCTION

The yellow mealworms (Tenebrio molitor L., Co-
leoptera: Tenebrionidae) have been considered 

a promising candidate for the cultivation and large-
scale industrial production owing to their ubiquitous 
existence and high rate of consumption (Van Huis, 
2013; EFSA,2015). It is an eatable insect thatis pro-
gressively becoming the focus of attention due to its 
high protein contents, vitamins, and mineral profile 
(Rumpold and Schluter, 2013; Van Huis, 2013).Ad-
ditionally, the Tenebrio molitorL. can easily be pro-
duced in a wide range of environmental states and it 
does not require a huge area for production (Makkaret 
al., 2014). Likewise, a mealworm-based diet has been 
successfully practiced in poultry production (Hus-
sain et al., 2017). Nonetheless, the fresh mealworms 
are highly perishable (short shelf-life)and during the 
post-harvest stage, the mealworms provide a favor-
able environment for microbial growth, mycotoxin 
production, and lipid peroxidation (Klunderet al., 
2012; Kronckeet al., 2019). These changes in meal-
worms are mainly connected with rancidity and al-
teration of nutrient profile (Ramashia et al., 2020).
Therefore, fresh stock of the mealworms is required 
to be stabilized in terms of microbial count, nutrient 
quality, and safety.

Alternatively, chemically and microbiologi-
cally stable mealworms are produced by freezing 
and freeze-drying method after harvesting (EFSA, 
2015;Kronckeet al.,2019). However, these methods 
are expensive because of the long processing for small 
holder insect-rearing farmers. Consequently, alternate 
cost-effective methods are needed to be explored that 
efficiently retain its nutrient profile and safety levels 
for a long period. The available literature on the stor-
age of mealworms and/ or their products developed 
from whole (full-fat) mealworms (WMW) and de-
oiled mealworms (D-OMW) isscarce. Therefore, the 
present study was conducted to evaluate the effect of 
storage interval on nutrient quality, microbiological 
safety, and aflatoxin B1 contamination of two tech-
nological forms of oven-dried mealworms namely 
WMW and D-OMW under room temperature.

MATERIALS AND METHODS

Experimental setup and ethical consideration
Tenebriomolitor larvae, a species of darkling bee-

tle, were kept in a tray (80 x 40 cm2) at a density of 5 
larvae per cm square in a worm-growth chamber. The 
mealworms were maintained under standard room 

conditions (set to 25 ± 2 0C and 70% relative humidi-
ty) and a photoperiod of 14 (L):10 (D) h, and were fed 
on 70% wheat bran, and 10% each corn flour, canola 
meal, and fresh potatoes. The T. molitor larvae were 
reared for 12 weeks until harvest.

At harvest time, the individual larva of mealworms 
was carefully separated and frozen at -200C for 24 h, 
and subsequently, blanched in boiling water for 20 Sec 
and then oven-dried. The research was prior approved 
by the Faculty ethical committee of The University of 
Agriculture, Peshawar, Pakistan for a procedure involv-
ing animal welfare and standard laboratory protocols.

Mealworms preparation
Mealworms (Tenebrio molitor L.) were prepared 

by the method described by Khan et al. (2016; 2018) 
in the mealworms research lab at the University of 
Agriculture Peshawar. Briefly, the mealworms were 
oven-dried at 600Ċ for 2 hours. The mealworms 
were further divided into two main fractions name-
ly whole (full-fat) mealworms (WMW) and de-oiled 
mealworms (D-OMW) followed by the drying. The 
former one was crushed as full-fat while the latter 
one was de-oiled using a screw press machine (300 
MPa/minute). Both the fractions were stored in sterile 
cloth bags at room temperature (25-30 0C; humidity, 
45-50%) in September and October. The study last-
ed for 8 weeks. Duplicate samples from WMW and 
D-OMW were taken on alternate weeks (days 0, 14, 
28, 42, and 56, respectively) for onward laboratory 
analysis.

Chemical composition of WMW and D-OMW
The dried samples of WMW and D-OMW were 

ground through a 1 mm mesh sieve, and were analyzed 
for the contents of dry matter (DM), CP, ash, fiber, and 
ether extract (EE) according to the standard methods 
of AOAC (1990). The content of DM was calculated 
by drying the sample in the oven (at a temperature of 
103 °C; method 930.15) till constant weight, and the 
EE content was determined by the standard Soxhlet 
extraction technique (method 920.39). Likewise, the 
N content was determined by the Kjeldahl procedure 
(method 984.13; by a KjeltecTM 2400 auto-analyzer; 
Foss Analytical A/S, Hillerod, Denmark) and CP was 
calculated as N × 6.25. The content of ash in the dried 
insect sample was determined by the incineration at 
550 °C (method 942.05) as stated previously by Khan 
et al. (2017). The fiber content was determined fol-
lowed by digestion with 72% sulphuric acid for 3 
hours. Each analysis was conducted in duplicate.
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The mineral contents were analyzed by atomic ab-
sorption spectrophotometer (Buck Scientific 240VGP, 
Milan, Italy) after digestion of the WMW and D-OMW 
samples with a mixture of nitric, per-chloric, and sul-
phuric acids according to the procedures described by 
AOAC (1995).

Amino acid and vitamins analysis
For determination of amino acid contents anal-

ysis of WMW and D-OMW, ion exchange column 
chromatography method using amino acid analyzer 
was used. Briefly, the dried grounded samples (500 
microns) of WMW and D-OMW have oxidized with 
hydrogen peroxide-formic acid-phenol solution. After 
oxidation, the samples were hydrolyzed by 6 M HCL/ 
phenol for 24 h. The hydrolysate pH was adjusted at 
2.20, using 7.5 M NaOH. After that the mealworms 
samples were diluted first and then filter it to the sam-
ple vials. The split-up of the different amino acids 
was performed by an amino acid analyzer, and their 
amount was calculated based on elution and standard 
solution volumes as reported earlier by Shang-guiet 
al. (2004).

Water- and fat-soluble vitamins were determined 
through HPLC adopting the procedure of Kartsova 
and Koroleva, (2007).

Microbiological analysis
Microbiological analysis of WMW and D-OMW 

was executed by standard plate methods as described 
by Stastniket al. (2021). Briefly, the samples (10 g) of 
WMW and D-OMW were prepared in duplicates. The 
growth of the following groups of microorganisms 
was determined by standard procedures. The Rapid E. 
coli Agar was used for the E. coli and other coliforms 
at 37 °C for 24 h and Campylobacter on Mueller-Hin-
ton (MH) agar. The Enterococci growth was observed 
at 42 °Cfor 24 h on Compass Enterococcus agar, 
while Clostridium perfringens at 45 °C for 24 h on 
TSN Agar plate, Staphylococcus aureus at 37 °C for 
24 h on Baird-Parker agar with rabbit plasma, Salmo-
nella at 37 °C for 24 h by double enrichment meth-
od on Rapid Salmonella Agar plate. The plates were 
counted using a colony counter for each microorgan-
ism. The counts were shown as colony-forming units 
per gram CFU/g.

Aflatoxin B1 analysis
Contamination levels of Aflatoxin B1 were de-

termined according to the procedure of Gilbert and 
Anklam, (2002). Briefly, for AflatoxinB1 analysis, 

ground samples of WMW and D-OMW (10 g each; 
1 mm particle size) were mixed in methanol and wa-
ter (80:20), and were shaken for 30 min, and then fil-
ter (Whatman≠ 1). The filtrate was than mixed with 
acetonitrile (1:1)and pass through MycoSepa clean-
up columns. Finally, it was diluted in the water and 
methanol (mobile phase) and used for HPLC analy-
ses. Mycotoxins in mealworms larvae were analyzed 
in duplicates.

Statistical analysis
Data on the effect of storage interval on nutrient 

quality and safety of WMW and D-OMW was con-
ducted using an ANOVA of statistical software SAS. 
In case of significant difference (P < 0.05) between 
treatments, then Duncan’s Multiple Range test was 
used for analysis. 

RESULTS
The effects of post oven-drying interval on the ba-

sic chemical composition of the WMW and D-OMW 
are summarized in Table 1. Compared to WMW, 
The D-OMW had high (P < 0.001) contents of DM 
(87.3 vs. 77.3%) and CP (76 vs.46.0%) on day 56 of 
storage. Furthermore, The D-OMW is more stable in 
terms of DM and CP during storage intervals. On the 
other hand, WMW had high(P < 0.001)content of EE 
than D-OMW (24.5 vs.3.30%) at 56 days of storage. 
Moreover, the contents of ash and fiber did not vary 
(P > 0.05)during the storage period for both WMW 
and D-OMW.

The effects of storage intervals on the mineral 
profile (mg/kg) of WMW and D-OMW are presented 
in Table 2. Importantly, the mineral profile of meal-
worms during storage times did not vary (P > 0.05). 
Notably, both the fractions of mealworms were found 
to be rich in most nutritive elements, especially phos-
phorus and potassium in terms of macronutrients, and 
Zn in terms of micronutrients. Whereas, lower con-
tents of calcium, manganese, iodine, and selenium 
were found in WMW and D-OMW.

The effects of storage intervals on the amino acid 
contents of WMW and D-OMW are presented in Ta-
ble 3. The storage intervals had no significant (P > 
0.05) effects on the amino acid profile of both fric-
tions of mealworms. Notably, the levels of the im-
portant amino acids were found to be considerable, 
especially leucine, lysine, and valine in both WMW 
and D-OMW.
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Effects of storage interval on the vitamin levels of 
WMW and D-OMW are presented in Table 4. Both 
WMW and D-OMW contained substantial detectable 
levels of various vitamins particularly B-complex vi-
tamins. Both meal worms contained significant quan-
tities of inositol and choline. However, lower contents 
of folic acid, biotin, and pyridoxine were found.

In the present study, no growth of E. coli, Salmo-

nella, Campylobacters, and Clostridium perfringen-
scontamination was noted in WMW and D-OMW 
throughout the trial. However, significantly low lev-
els of other coliforms, Enterococci, and Staphylococ-
cus aureus were detected in D-OMW than in WMW. 
Nonetheless, the aflatoxin B1 contamination levels 
were lower in D-OMW than that of WMW (Table 5).

Table 1. Effects of storage intervals(days 0 to 56) on the chemical composition of oven-dried whole (full-fat) mealworms (WMW) and 
de-oiled mealworms (D-OMW)

Nutrients (%, DM basis)
Days DM CP EE Crude fiber Ash

W
M

W

0 90.0 50.0 35 5.51 3.51
14 87.5 49.1 30 5.5 3.03
28 84.6 48.5 28 5.07 2.81
42 80.6 47.5 25.7 4.90 2.51
56 77.3 46.0 24.5 4.58 2.37

D
-O

M
W

0 90.1 76.5 5.01 5.50 3.5
14 89.5 76.2 5 5.5 3.23
28 88.6 76.0 4.8 5 2.8
42 87.6 76.0 4. 03 4.81 2.61
56 87.3 76.0 3.30 4.58 2.57

SEM .016 0.028 .013 0.011 0.016
Significance *** *** *** ns ns

Data on day 0 indicated the value after oven-drying
DM, dry matter, CP, crude protein, EE, ether extract
SEM, standard error of the mean
ns, non-significant (P > 0.05), ***, P < 0.001

Table 2. Effects of storage interval (days 0 to 56) on the mineral profile (mg/kg) of oven-dried whole fat mealworm and de-oiled 
mealworm

WMW D-OMW
Minerals day-0 d-14 d-28 d-42 d-56 day-0 d-14 d-28 d-42 d-56 SEM Sig
Calcium 262 262 260 260 260 262 262 260 260 260 .224 ns
Phosphorus 2,190 2,100 2,092 2,085 1,990 2,190 2,160 2,092 2,090 2010 1.83 ns
Magnesium 435 435 430 430 430 435 435 430 430 430 .236 ns
Sodium 388 388 386 386 386 388 388 385 385 385 0.16 ns
Potassium 2950 2950 2950 2950 2940 2950 2950 2940 2935 2930 0.149 ns
Chloride 1620 1610 1610 1600 1600 1620 1610 1610 1600 1600 0.031 ns
Iron 19.00 17.00 16.00 13.00 13.00 19.00 17.00 16.00 15.00 15.00 0.21 ns
Zinc 30.2 30.2 30.2 30.2 30.0 30.2 30.2 30.2 30.0 30.0 0.01 ns
Copper 3.6 3.5 3.5 3.5 3.5 3.6 3.6 3.5 3.5 3.5 0.04 ns
Manganese 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 0.02 ns
Iodine 0.12 0.10 0.10 ND ND 0.12 0.10 ND ND ND .001 ns
Selenium 0.100 0.100 0.100 ND ND 0.100 0.100 0.100 ND ND .000 ns

WMW; whole (full-fat) mealworms
D-OMW; De-oil mealworms
ns, non-significant (P > 0.05); SEM, standard error of mean; Sig, significance
ND, not detected
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Table 3. Effects of storage interval (days 0 to 56) on the amino acid contents (g/kgcrude protein) of oven-dried whole (full-fat) meal-
worms (WMW) and de-oiled (D-OMW) mealworms

WMW D-OMW
day-0 d-14 d-28 d-42 d-56 day-0 d-14 d-28 d-42 d-56 SEM Sig

Isoleucine 8.82 8.82 7.64 6.89 6.83 8.81 8.80 8.63 7.89 6.87 .008 ns
Leucine 13.6 13.4 11.6 10.7 9.37 13.6 13.4 12.9 11.7 9.9 .025 ns
Lysine 10.8 9.98 9.96 8.79 7.94 10.7 9.98 9.93 9.76 8.98 .018 ns
Methionine 3.15 2.89 2.59 2.57 2.38 3.12 3 2.98 2.95 2.79 .005 ns
Phenylalanine 8.67 8.56 8.45 8.29 8.27 8.72 8.62 8.53 8.35 8.34 .026 ns
Proline 11 11 10.7 9.86 8.67 11 11 10.6 9.62 9.78 .038 ns
Serine 8.5 8.15 7.97 7.58 6.89 8.5 8.05 7.94 7.59 7 .027 ns
Threonine 7.55 7.35 6.9 5.96 5.88 7.5 7.45 6.89 6.02 5.94 .032 ns
Tryptophan 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 .000 ns
Tyrosine 13.1 13 11.9 10.9 10.6 13 13 11.8 11.6 10.9 .035 ns
Valine 12.5 12.1 10.6 10.5 9.86 12.5 12.1 11.6 10.7 10.5 .023 ns

ns, non-significant (P > 0.05); SEM, standard error of mean; Sig, significance

Table 4. Effects of storage interval(days 0 to 56) on the vitamins profile of oven-dried whole fat mealworms(WMW) and de-oiled 
mealworms (D-OMW)

WMW D-OMW
Vitamins day-0 d-14 d-28 d-42 d-56 day-0 d-14 d-28 d-42 d-56 SEM Sig
Vitamin A (IU/kg) 3400 3400 3370 3370 3370 3400 3400 3400 3380 3370 2.43 ns
Vitamin D2 (IU/kg) 520 520 510 510 510 510 500 500 500 500 .012 ns
Vitamin E (mg/kg) 163 160 155 155 155 163 160 155 155 150 1.13 ns
Vitamin C (mg/kg) 100 100 90 90 90 100 100 100 100 90 .034 ns
Thiamine (mg/kg) 1.7 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 .002 ns
Riboflavin (mg/kg) 11.4 10.3 10 10 9.70 11.4 10.3 9.38 9.38 9.15 1.13 ns
Niacin (mg/kg) 35.3 35.3 34.1 34.0 33.8 35.3 35.3 34.8 34.5 34.1 1.21 ns
Pyridoxine (mg/kg) 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 .001 ns
Folic Acid (mg/kg) 0.65 0.65 0.64 0.59 0.59 0.65 0.65 0.62 0.62 0.62 .001 ns
Biotin (mg/kg) 0.38 0.34 0.34 0.25 0.25 0.38 0.30 0.30 0.25 0.25 .014 ns
Choline (mg/kg) 1,246 1,242 1240 1240 1240 1250 1250 1247 1245 1245 .051 ns
Inositol (mg/kg) 225 220 220 215 210 225 225 220 220 220 1.23 ns

ns, non-significant (P > 0.05); SEM, standard error of mean; Sig, significance

Table 5: Effects of storage interval (days 0 to 56) on microbiological count (CFU/g) and aflatoxin B1 (μg/kg) contamination of WMW 
and D-OMW

WMW D-OMW SEM Sig
day-0 d-14 d-28 d-42 d-56 day-0 d-14 d-28 d-42 d-56

E. coli ND ND ND ND ND ND ND ND ND ND - -
Salmonella ND ND ND ND ND ND ND ND ND ND - -
Other coliforms 2.5 3 5.5 6.5 7 2.5 3 4.5 6.5 6 .001 ***
Enterococci 2.3 4.3 4.8 5.2 5.3 2.30 4.30 4.20 4.80 5.1 .002 ***
Campylobacters ND ND ND ND ND ND ND ND ND ND - -
S. aureus 2.1 5.1 6.1 6.1 7.1 2.1 5.1 5.1 5.1 5.5 .013 **
Cl. perfringens ND ND ND ND ND ND ND ND ND ND - -
Aflatoxin-B1 .01 .81 1.7 2 3.01 .01 .21 .70 .903 2.01 .021 ***

WMW; whole (full-fat) mealworms
D-OMW; De-oil mealworms
SEM, standard error of mean; Sig, significance; ***, P < 0.001
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DISCUSSION
Mealworms have been identified as a potential 

source of protein, fats, amino acids, and fatty acids 
(Food and Agriculture Organization (FAO) in 2012 
and 2013). Due to their nutrient-rich composition, 
mealworms are considered a valuable supplement for 
animal feed and can be used to address under nutrition 
in certain populations, such as children (Chakravar-
thyet al., 2016).Compared to conventional livestock 
species, mealworms are generally considered to emit 
fewer greenhouse gases (Oonincxet al., 2010).Owing 
to the Short generation interval of insects and their su-
perior nutritional quality make them a promising tool 
to address issues of hunger and poverty, particularly 
in developing countries such as Pakistan. Insect rear-
ing has the potential to produce natural, high-protein 
animal feed products that can help address protein 
deficiencies in both animal and human diets. How-
ever, safety is a major concern for the insect-rearing 
community, especially when it comes to harvesting 
and processing insects for human consumption. In 
this context, drying is considered the most common-
ly used methods for processing insect biomass, and 
it has been shown to be effective in preserving the 
nutrient properties and safety of insect-based prod-
ucts (Hernandez-Alvarez et al., 2021; Parniakov et 
al., 2022). In the present study, we examined the sta-
bility and safety of post-oven drying of WMW and 
D-OMW stored under room temperature for 56 days.

It is interesting to compare the high nutritional 
value of mealworms with the nutrient content of ov-
en-dried WMW and D-OMW. Both of these by-prod-
ucts are also rich sources of nutrients, particularly 
proteins and fats, and fall within the reported range 
of values in the literature for mealworms (Nowak et 
al., 2016). Based on the evidence published to date, 
mealworms have been found to contain 30% to 65% 
CP (Rumpold and Schluter, 2013; Van Huis, 2013), 
which is comparable to soybean meal. This highlights 
the potential of using these by-products as alternative 
protein sources for animal feed (Jin et al., 2016).How-
ever, as mentioned earlier, the DM content of WMW 
and D-OMW can change during storage, which can 
affect the nutrient content. In terms of CP content, the 
stability of D-OMW during storage suggests that it 
may be a more reliable source of protein compared to 
WMW, which experiences some reduction in CP con-
tent over time. This reduction could be due to various 
factors such as microbial growth, enzymatic activity, 
and the oven-drying process used to produce WMW.

Literature shows that the differences in the mineral 
composition of insect-based products may be due to 
various factors, including the substrate used, rearing 
conditions, and analytical protocols (Bonazzi and Du-
moulin, 2011). However, this study found that both 
fractions of oven-dried mealworms were rich sources 
of minerals, and also the mineral profile of these prod-
ucts did not significantly change during the storage 
interval.Despite this, literature suggests that most ed-
ible insects are good sources of vitamins, particularly 
vitamin B complex (Finke, 2002; Bukkens 2005). In 
this study, the thiamine (vitamin B1) content in both 
WMW and D-OMW was found to range from 1.4 to 
1.7 mg per kg of dry tissue. However, edible insects 
are not considered to be good sources of vitamin A 
and α-tocopherol contents, according to available 
literature (Bukkens, 2005). Additionally, moder-
ate levels of choline and inositol were also found in 
mealworms, further highlighting their potential as a 
valuable source of nutrients for animal feed. 

It is widely accepted in the literature that the qual-
ity of protein is determined by its amino acid profile 
(Rumpold and Schluter, 2013). The Tenebriomolitor 
meal has been reported to contain a higher concen-
tration of lysine, methionine, and threonine (De Mar-
coa et al., 2015). In this study, both of the oven-dried 
mealworms were found to be a good source of most 
essential amino acids. Interestingly, the amino acid 
profile of drying mealworms in this study was found 
to be comparable to that of soybean and fishmeal 
(Hussain et al., 2017). However, in both WMW and 
D-OMW, methionine was the limiting amino acid in 
the drying sample and during the entire storage peri-
od. This means that commercial synthetic methionine 
must be incorporated into the diet of poultry if meal-
worms are used as a protein supplement.

Recently various research studies have demon-
strated the impact of different drying procedures on 
microbial testing of mealworms (Grabowski and 
Klein, 2017; Kronckeet al., 2019). Importantly, 
spore-forming bacteria such as clostridium species 
that can cause food poisoning in humans have been 
reported in yellow mealworms (Swicket al., 2016; 
Vandeweyeret al., 2017). Microbiological analysis 
of mealworms, in this study, shows that there was no 
detection of microbial growth for E. coli, Salmonel-
la, Campylobacters, and Clostridium perfringens in 
WMW and D-OMW throughout the trial. 

According to our results, there was no detection 
of microbial growth for E. coli, Salmonella, Campy-
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lobacters, and Clostridium perfringens in either over-
dried WMW or D-OMW throughout the trial. The 
absence of microbial growth in both fractions of the 
mealworms in this study indicates that the drying and 
storage conditions used were effective in preventing 
the growth of these harmful bacteria. The absence of 
pathogenic bacteria such as E. coli and Salmonella 
in mealworms, as reported in both Ravzanaadii et al. 
(2012) and the present study, suggests that they can be 
safely consumed by humans or used as animal feed. 
However, it is important to note that other microor-
ganisms, such as coliforms, Enterococci, and Staphy-
lococcus aureus, were detected in some samples in the 
present study. Therefore, proper processing, handling 
and storage of mealworms are still necessary to en-
sure food safety.

The lower contamination levels of aflatoxin B1 in 
D-OMW compared to WMW could be attributed to 
the lower moisture content in D-OMW. High mois-
ture content in WMW may facilitate higher microbial 
growth, which in turn increases the risk of aflatoxin 
contamination. Although there is no regulation for 
aflatoxin contamination in insects, the EU has set a 
maximum safe level (10-15 μg kg-1) for foodstuffs 
of plant origin. Interestingly, a study by Bosch et al. 
(2017) reported that Tenebriomolitor larvae have high 
tolerance against aflatoxin B1, which could also con-
tribute to the lower contamination ratio of aflatoxin 
in this study. However, further research is needed to 
better understand the factors influencing aflatoxin 
contamination in insects and to establish safe limits 
for consumption.

CONCLUSION
Based on the results of this study, it can be con-

cluded that D-OMW is a safe and stable source of nu-
trients even after storage for extended periods at room 
temperature without any preservatives. The nutrient 
profile of D-OMW remained almost stable during the 
entire storage period, and there was no significant 
change in the mineral and amino acid profiles. More-
over, the absence of microbial growth for E. coli, Sal-
monella, Campylobacter, and Clostridium perfringens 
in both fractions of mealworms indicated that the dry-
ing and storage conditions used were effective in pre-
venting the growth of harmful bacteria, and they are 
safe for consumption or use as animal feed. However, 
it is important to note that aflatoxin B1 contamination 
levels were higher in WMW than D-OMW. The high 
toxins load may be associated with the high fates con-
tents being attacked by the fungal spores. The same 
spores in the deoiled samples may have not thrived 
well due to a lake of fate substrate for their growth. 
Overall, D-OMW can be considered a safe and stable 
source of nutrients for human food consumption or 
animal feed.
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