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Currently, due to an increase in population, 
animal resources are not enough to feed humans 
and alternative sources need to compensate for 
food shortage [1]. In this respect, insects have 
been suggested as an alternative protein source 
by the Food and Agriculture Organization (FAO) 
[2]. Edible insects have long been used as food 
and feed in various countries [3]. Insects have the 
most biodiversity in the world and are rich sources 
of nutrients for humans and animals. Moreover, 
insect rearing requires a smaller space, less feed 
and less time compared to animal husbandry, 
making insects a favourable alternative to animal 
products [4].

Some of the important groups edible insects 
include grasshoppers, caterpillars, beetles, grubs, 
termites, bees and wasps. Their use is affected by 

region, cultural and religious differences. Various 
technologies have been developed for collection, 
preparation and processing of edible insect [5]. 
Some of these include roasting, smoking, stewing, 
frying and boiling [6]. Insects provide a rich source 
of nutrients such as proteins, carbohydrates, lipids, 
minerals and certain vitamins [7].

Despite all these benefits, edible insects may 
harbour harmful microorganisms, which could 
potentially cause disease upon consumption. 
Attention to food safety issues of edible insects 
such as microorganisms, allergens and toxins are 
the most important factors that have to be re-
spected at development of edible insect products 
for human consumption. For these reasons, atten-
tion to safety and potential hazards of raw insects 
is emphasized [8–10]. 
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a subsequent step. They were used as a control 
for comparison with other methods used in this 
study.

Samples were stored at 4 °C for 1–2 weeks for 
subsequent analyses.

Preparation of samples for analysis
One gram of each sample was blended with 

10 ml sterile distilled water in a sterile condition. 
Three dilutions were prepared for each sample 
(10-1, 10-3, and 10-6). Each 1 ml portion was trans-
ferred into 9 ml distilled water and diluted to yield 
a solution with a concentration of 10-1, 10-3, and 
10-6. A portion of 1 ml of the 1th, 3th and 6th di-
lutions obtained from all samples was inoculated 
on Nutrient agar (Merck, Darmstadt, Germany) 
plates, using a sterile wire loop under a laminar 
airflow hood. The plates were then incubated at 
27  °C for 24–72 h. The experiment was done in 
triplicate for each sample dilution.

Microbial counts determination
The number of bacterial colonies formed 

was counted using a manual colony counter. The 
mean counts were obtained and multiplied with 
the appropriate dilution factor to obtain the 
total viable cells per unit weight of the sample 
expressed as colony-forming units per gram of the 
sample [16].

Bicochemical and pathogencity tests
The morphological, physiological and bio-

chemical tests were performed for each isolate. 
These included the Gram and spore staining, test-
ing of motility, fluorescent pigmentation on King’s 
B medium, NaCl tolerance, oxidative/fermenta-
tion glucose, catalase, methyl red Voges Proskauer 
(MRVP), nitrate reduction, oxidase, arabinose fer-
mentation, starch, lignin, and cellulose hydrolysis 
tests, citrate utilization and levan production. The 
pathogenicity test was carried out on geranium 
plants [16, 17].

Antibiogram tests
Antibiotic sensitivity tests were done by using 

the disk diffusion method. A colony from each 
isolation was suspended in 5 ml of distilled water 
and was uniformly distributed on agar plates in 
triplicates. The antibiotic disks used were chlo-
ramphenicol (30 μg), penicillins (10 μg), amoxicil-
lin (25 μg), tetracycline (30 μg) and azithromycin 
(15 μg; all from Padtan Teb, Tehran, Iran). An an-
tibiotic disk was placed on the surface of the cul-
ture medium plate lawned by bacteria. The agar 
plates were allowed to soak up and incubated at 

The natural and rearing insects may be 
infected with pathogenic microorganisms, includ-
ing bacteria, viruses, fungi and protozoa [11]. The 
traditional processing techniques do not devitalize 
all of them [12]. Certain factors may play a role 
in the primary contamination including collection 
methods, rearing, containers utilized, preservation 
and storage [13]. Therefore, hygiene condition 
during rearing and processing of insects is very im-
portant to reduce contamination. Unfortunately, 
information concerning consumer health and food 
safety aspects of insect products remains limited 
and need widespread research [8, 12, 13].

One of these insects called yellow mealworm, 
Tenebrio molitor L. (Coleoptera: Tenebrionidae) is 
a common pest of stored grain in Iran, and is cur-
rently found worldwide, namely in Asia, Africa, 
USA and United Kingdom) [14]. Mealworm larvae 
are processed industrially in some companies such 
as Hatortempt in China or Chubby Mealworms in 
USA. The processed larvae are consumed as food 
or feed by humans or animals. These insects are 
rich in nutrients, are reared easily and have a short 
life cycle [14, 15].

Since information on the beneficial or delete
rious microbial load of insects is scarce, the 
present study was conducted on yellow mealworm 
larvae to clarify the dimensions of this issue.

Materials and methods

Insect culture
The mealworm (T. molitor) larvae were reared 

on wheat bran and pieces of carrot as a source 
of food and humidity in plastic containers under 
controlled laboratory conditions (temperature 
at 27 ± 1 °C, relative humidity 55 ± 5 %, in dark-
ness) in Razi Laboratory, Tehran, Iran. Mealworm 
larvae were obtained from a local producer in 
Sari-Iran and reared in the laboratory by the fol-
lowing methods:
–	 Treatment 1 (T1): 50 g of larvae were washed 

with distilled water for a minute and then dried 
in the sun for 1 day; 

–	 Treatment 2 (T2): 50 g of larvae were washed 
with distilled water for a minute and then 
boiled in beaker for 30 s and then were dried 
for 24 h at 60 °C in an oven;

–	 Treatment 3 (T3): 50 g of larvae were washed 
with distilled water for a minute and then 
boiled for 1 min and finally dried for 48 h at 
70 °C in an oven;

–	 Treatment 4 (T4): The ready-made dried meal-
worm larvae were purchased from the market 
and stored in the refrigerator at 4 °C for use in 
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27 °C for 24–48 h. The diameter of the inhibition 
zone was measured and expressed in millimetres. 
The results were recorded as resistant (R) or sen-
sitive (S) [18].

Extraction of bacterial DNA
Bacterial DNA of all target strains was 

extracted by the boiling method. The bacte-
ria were grown on Nutrient agar at 27  °C for 
48 h. A  few colonies of each bacterium were put 
in a  test tube containing lysis buffer containing 
500 μl of 1% NaOH and 10 μl of 0.5% SDS. The 
mixture was boiled in a water bath (ZenithLab, 
Changzhou, China) for 15 min and then subjected 
to centrifugation for 15 min at 16 089 ×g. A volume 
of 100 μl of the supernatant containing DNA was 
transferred to a tube and stored at –20  °C for 
a week [19].

16S rRNA gene amplification and sequencing
The polymerase chain reactions (PCR) for 

amplification of the bacterial 16S rRNA genes 
were performed in a total volume of 25 μl us-
ing master mixture (12.5 μl; Amplicon, Odense, 
Denmark), distilled water (9.5 μl), primers (2 μl) 
and extracted DNA solution (1 μl). The primer 
pair, forward (Eubak3): 5’-ATA TAT AAG CGG 
CCG CAG AAA GGA GGT GAT CC-3’) and 
reverse (Eubak3): 5’-ATA TAT AAG CGG CCG 
CAG AGT TTG ATC ATG CCT C-3’ was used. 
The PCR amplification was carried out using the 
PCR thermal cycler Mycycler (Bio-Rad, Hercules, 
California, USA) using a hot-start procedure. The 
PCR protocol used was 4 min at 94  °C, followed 
by 35 cycles of 60 s at 94  °C, 45 s at 60  °C, 60 s 
at 72 °C, and a final extension step was performed 
for 10 min at 72 °C. PCR products were separated 
by using 0.8 % agarose gel electrophoresis in Tris-
borate-EDTA (TBE) buffer.

DNA sequencing and phylogenetic analysis
Purified PCR products were sent to Microsynth 

(Balgach, Switzerland) for sequencing. The se-
quences were then trimmed with Chromas V 2.6.6 

(Technelysium, South Brisbane, Australia) and 
assembled with DNA Baser Assembler  V  5.15.0 
(Heracle BioSoft, Arges, Romania). The se-
quences of approximately 1.5 kb were evaluated 
using BLAST (Basic Local Alignment Search 
Tool) in GenBank database (National Center for 
Biotechnology Information, Bethesda, Maryland, 
USA). The phylogenetic tree was constructed after 
trimming the unaligned regions by the maximum 
likelihood using MEGA 6.0 software (Pennsylva-
nia State University, Pennsylvania, USA). The tree 
topologies were evaluated using bootstrap analysis 
based on 1 000 replicates and using the method 
based on the Tamura-Nei model [20].

Results and discussion

The total viable counts of dried meal-
worm larvae for treatments T1, T2 and T4 were 
2.19 × 105 CFU·g-1, 2.16 × 105 CFU·g-1, and 
2.04 × 105 CFU·g-1, respectively. No microbial 
growth was observed for T3 samples after 72 h. 
The six species, which were isolated and identified 
from dried larvae samples, included Staphylococ­
cus succinus, Escherichia coli, Enterococcus galli­
narum, Bacillus cereus, B. atrophaeus and Crono­
bacter sp. The predominant bacteria included 
E.  coli, S. succinus, E. gallinarum and B. cereus 
(Tab. 1).

According to the results, the presence of bacte-
ria was detected in all samples and found to be re-
markably different in samples treated by different 
drying methods. The most microbial load was ob-
served at sun-drying conditions. According to the 
results, sun-dried samples (T1) had a considerable 
microbial load in all three dilutions (10-1, 10-3, and 
10-6), 2.51 × 105 CFU·g-1, 1.49 × 105 CFU·g-1, and 
1.07 × 105 CFU·g-1, respectively. Meanwhile, in T2 
and T4 samples, the microbial load was observed 
only in 10-1 dilution, and no bacteria grew on Nu-
trient agar plates in other dilutions. It is worth 
mentioning that in both T2 and T4 samples, only 
B. cereus was detected.

Tab. 1. Analysis of bacteria in dried Tenebrio molitor larvae.

Treatments
Total bacterial counts 

[CFU·g-1]
Bacteria isolated

T1 Sun-dried 2.19 × 105 Enterococcus gallinarum, Staphylococcus succinus, 
Escherichia coli, Bacillus atrophaeus, Cronobacter sp.

T2 Boiling and drying for 24 h 2.16 × 105 Bacillus cereus

T3 Boiling and drying for 48 h < LOD < LOD

T4 Market products 2.04 × 105 Bacillus cereus

LOD – limit of detection.
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The morphological and biochemical charac-
terization of the bacteria isolated from different 
samples of dried mealworm larvae is shown in 
Tab. 2 and Tab. 3. The tolerance of Staph. succinus 
to high concentrations of NaCl (10 %) in medium 
is shown in Tab. 3. According to the pathogenic-
ity test on the healthy geranium plants, symptoms 
appeared as necrotic lesions in some samples and 
with bacteria E. coli (most hypersensitivity reac-

tions shown), B. cereus, E. gallinarum, Staph. suc­
cinus and B. atrophaeus.

The isolates were sensitive to amoxicillin, azi-
thromycin, chloramphenicol and tetracycline 
(Tab. 4). E. coli K4 was the only one that showed 
resistance to all antibiotics. On the other hand, 
Staph. succinus (K2), B. atrophaeus (K5, K9) and 
Cronobacter sp. (K6, K10) were sensitive to all an-
tibiotics. E. gallinarum (K1, K7, K11) and B. cereus 

Tab. 2. Characteristics of the bacteria isolated from Tenebrio molitor larvae.

 Species identity

Enterococcus  
gallinarum

Staphylococcus 
succinus

Bacillus 
atrophaeus

Escherichia  
coli

Cronobacter 
sp.

Bacillus 
cereus

Bacillus 
cereus

Treatment T1 T1 T1 T1 T1 T2 T4

Gram staining G+ G+ G+ G– G– G+ G+

Motility – – + + + + +

Shape Cocci Cocci Rods Rods Rods Rods Rods

Colony colour White White/Yellow White Cream Yellow White White

Spore – – + – + + +

Heat test + – + – + + +

King’s B medium – – – – – – –

Treatment: T1 – sun-dried, T2 – boiling and drying for 24 h, T3 – boiling and drying for 48 h, T4 – market products.
(+) – positive, (–) – negative.

Tab. 3. Biochemical characteristics of bacteria isolated from Tenebrio molitor larvae.

 Species identity

Enterococcus  
gallinarum

Staphylococcus 
succinus

Bacillus 
atrophaeus

Escherichia  
coli

Cronobacter 
sp.

Bacillus 
cereus

Bacillus 
cereus

Treatment T1 T1 T1 T1 T1 T2 T4

Tests

Levan production – – – – – – –

6.5% NaCl + + + + + + +

10% NaCl – +* – – – – –

Oxidase + – + – – – –

Catalase – + + + + + +

Voges Proskaeur + – + – + + +

Methyl red + – – + – – –

Nitrate reduction + + + + + + +

Arabinose V – + + + – –

O/F test F O F F F F F

Citrate utilization – – + – – + +

Starch hydrolysis V – + – + – –

Cellulose hydrolysis – – – – – – –

Lignin hydrolysis – – + – – + +

Hypersensitivity reaction 
on geranium

+ + + ++ – + +

Treatment: T1 – sun-dried, T2 – boiling and drying for 24 h, T3 – boiling and drying for 48 h, T4 – market products.
(+) – positive, (–) – negative, * – tolerates 16% NaCl, V – variable, O – oxidative, F – fermentation.
Hypersensitivity reaction: (+) – positive, (++) – moderate, (+++) – severe, (–) – weak.
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(K3, K8) showed resistance to penicillin and to no 
other antibiotic. As a result, majority of bacteria 
were found resistant to penicillin (54.5 %). 

As expected, a  DNA fragment of 1.5 kb was 
amplified from the 16S rRNA gene by all 11 rep-
resentative isolates (Fig. 1). Sequence alignment 
showed that the bacteria isolated from the dried 
larvae belonged to the genera Enterococcus, Bacil­
lus, Staphylococcus, Escherichia and Cronobacter. 
Analysis of the 16S rRNA gene sequences of the 
strains showed that 72.2 % of bacteria belonged to 
the Firmicutes phylum and others belonged to the 
Proteobacteria phylum. The accession numbers are 
mentioned in Tab. 5.

A dendrogram with 16S rRNA sequences of 
11 representative bacterial isolates from dried 
T. molitor larvae split them into three distinct clus-
ters: bacilli, Enterococcus spp. and Cronobacter 
spp. The strains of the same species shared 100% 
similarity within the group. The analysis revealed 
a  negligible genetic variability among the mem-
bers of the same species. The most distinct cluster 
was formed by Bacillus spp. which showed a simi-
larity of 34 % with two other species of the same 
genus. Acinetobacter pittii was used as an outgroup 
(Fig. 2).

The results indicated a diverse bacterial com-
munity composition in mealworm larvae. The 

Tab. 4. Antibiogram results of bacterial isolates.

Identity of isolates Treatment
Antibiotic

Amoxicillin
 (25 µg)

Chloramphenicol 
(30 µg)

Penicillins
(10 µg)

Azithromycin
 (15 µg)

Tetracycline
(30 µg)

K1 Enterococcus gallinarum T1 S S R S S

K2 Staphylococcus succinus T1 S S S S S

K3 Bacillus cereus T2 S S R S S

K4 Escherichia coli T1 R R R R R

K5 Bacillus atrophaeus T1 S S S S S

K6 Cronobacter sp. T1 S S S S S

K7 Enterococcus gallinarum T1 S S R S S

K8 Bacillus cereus T4 S S R S S

K9 Bacillus atrophaeus T1 S S S S S

K10 Cronobacter sp. T1 S S S S S

K11 Enterococcus gallinarum T1 S S R S S

Treatment: T1 – sun-dried, T2 – boiling and drying for 24 h, T3 – boiling and drying for 48 h, T4 – market products.
R – resistant, S – sensitive.

M B K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11

1 500 bp –

Fig. 1. Gel electrophoretic separation of polymerase chain reaction-amplified 
six bacterial 16S rDNA genes showing a single band of approximately 1.5 kb. 

Lanes: M – molecular size marker (100 bp DNA ladder; Fermentas, Dublin, Ireland), B – negative control, K1 to K11 – bacterial 
isolates from dried mealworm samples (identification is given in Tab. 4).
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characterized bacteria belonged to the phyla Pro-
teobacteria and Firmicutes. Phenotypic and PCR 
analyses confirmed the presence of six bacterial 
species, namely, Staph. succinus, E. coli, E.  galli­
narum, Cronobacter sp., B. cereus and B. atro­

phaeus. According to available reports, two of the 
genera (Staphylococcus and Bacillus) are known as 
the main bacteria in the gut of many insect species 
and may be beneficiary to their hosts. However, 
some Staphylococcus and Bacillus species cause 
food spoilage or food poisoning that is the conse-
quence of using improper processing and storage 
techniques [21, 22]. Further, some strains of E. coli 
and B. cereus are known as pathogens [23, 24]. 

According to our observation, the best way to 
eliminate microbial contaminants is to treat the 
larvae by one-minute boiling followed by drying 
them at 70 °C temperature for 48 h (T3). Some 
bacteria, like the members of Enterobacteriaceae, 
were eliminated during boiling and heating tech-
niques, but not the endospore-forming bacteria 

Tab. 5. Identification of isolates based on 16S rDNA sequencing 

Sample
code

Treatment
Strain 
code 

Species Family
Accession 

number
Similarity 

[%]

K4-1 T1 K1 Enterococcus gallinarum Enterococcaceae MK956183 97

K4-2 T1 K2 Staphylococcus succinus Staphylococcaceae MK956184 98

K4-3 T2 K3 Bacillus cereus Bacillaceae MK956185 93

K4-4 T1 K4 Escherichia coli Enterobacteriaceae MK956186 98

K4-5 T1 K5 Bacillus atrophaeus Bacillaceae MK956187 97

K4-6 T1 K6 Cronobacter sp. Enterobacteriaceae MK956188 100

K4-7 T1 K7 Enterococcus gallinarum Enterococcaceae MK956189 97

K4-8 T4 K8 Bacillus cereus Bacillaceae MK956190 93

K4-9 T1 K9 Bacillus atrophaeus Bacillaceae MN339594 99

K4-10 T1 K10 Cronobacter sp. Enterobacteriaceae MN339595 97

K4-11 T1 K11 Enterococcus gallinarum Enterococcaceae MN339596 99

Accession number according to the GenBank (National Center for Biotechnology Information, Bethesda, Maryland, USA).
Treatment: T1 – sun-dried, T2 – boiling and drying for 24 h, T3 – boiling and drying for 48 h, T4 – market products.

such as B. cereus, which were could survive in high-
temperature conditions. A comparison of different 
treatments showed that the number of endospore-
forming bacteria decreased in different ways, but 
none of the treatments could eliminate them. 
Therefore, the best way to eliminate these bacteria 
is to boil the larvae for a long time. For such treat-
ments, the quantity, quality and nutritional value 
of the treated larvae must be taken into account 
[12, 25, 26]. The results of this study showed that 
different drying methods, in particular T2 and 
T3, reduced the microbial load to a desirable ex-
tent. Experiments also showed that high tempera-
tures and longer time of boiling caused qualitative 
changes including decomposition of larvae and 
possibly reduced their nutritional value. 

Several studies on microbial populations of 
dried insects were published previously. Klun-
der et al. [12] worked specifically on two spe-
cies of Tenebrio molitor and Acheta domesticus. 
For mealworm larvae, the authors of the study 

K10  sp.Cronobacter

K3 Bacillus cereus
K8 Bacillus cereus

K5 Bacillus atrophaeus
K9 Bacillus atrophaeus

K2 Staphylococcus succinus
K7 Enterococcus gallinarum

K1 Enterococcus gallinarum
K11 Enterococcus gallinarum

BB4 Acinetobacter pittii
K4 Escherichia coli

K6  sp.Cronobacter

100
34

55
100

98
100

100
100

100

0.06
Fig. 2. Maximum likelihood tree based on the 16S rDNA sequences of bacterial isolates.



	 Microbiological quality of dried mealworm larvae

	 341

recorded 7.7 log CFU·g-1 for total microbial 
counts, 6.8 log CFU·g-1 for Enterobacteriaceae 
and 2.1 log CFU·g-1 for endospore-forming bac-
teria. The study showed that a short heating step 
reduced the bacterial counts significantly, being 
suitable to eliminate Enterobacteriaceae and 
some spore-forming bacteria. In the case of proc-
essed and dried Oryctes monocerus larvae, a variety 
of pathogenic bacteria were reported, includ-
ing Staph. aureus, Pseudomonas aeruginosa and 
B. cereus together with some non-pathogenic bac-
teria such as Bacillus subtilis or Bacillus firmus [27]. 
The presence of pathogenic microbes was posed to 
be a threat to consumers and preventive measures 
were recommended to avoid risk from feeding 
on these contaminated insects. Similar data were 
obtained for dried mealworm larvae regarding 
contamination with Staphylococcus and Bacil­
lus species. In another study, the microbiological 
analysis on Tenebrio molitor and Locusta migratoria 
migratorioides showed that both insects contained 
high microbial loads with different bacterial com-
munities. The bacteria in mealworm larvae were 
found to be from genera Propionibacterium, Hae­
mophilus, Staphylococcus and Clostridium [28]. 
The latter results showed that a processing step is 
needed to reduce risks involved with the consump-
tion. Mujuru et al. [29] investigated the micro-
biological quality of processed Gonimbrasia belina 
under various traditional drying methods, namely, 
boiling in salted water and sun-drying, roasting, 
drum roasting and hot-ash drying. Microbiological 
tests indicated relatively low total bacterial counts 
(10–2 500 CFU·g-1), coliforms, Staph. aureus and 
E. coli being the major bacterial contaminants. 
Also, some G. belina samples were contaminated 
with various yeasts and fungi. Results of that study 
showed that processing method and handling are 
the major factors determining the contamination.

In Tanzania, the microbiological quality of 
wild-harvested and processing methods of Ruspo­
lia differens was analysed. The results showed high 
microbial loads in fresh R. differens. Furthermore, 
high counts after transportation to the market and 
plucking of wings and legs were observed for to-
tal aerobes, endospore-forming bacteria as well as 
for yeasts and moulds. A significant reduction in 
all bacteria was observed after processing except 
for endospore-forming bacteria [30]. In another 
study, endospore-forming bacteria were found to 
be able to survive blanching mealworm larvae for 
10, 20 and 40 min without any significant changes 
[26]. Igbabul et al. [25] reported similar findings 
on dried Cirina forda, which had to be subjected 
to heat to eliminate pathogens.

Due to high microbial counts in edible insects, 

the risk of insect consumption is increased re-
garding pathogens. Therefore, using antibiotics is 
essential to eliminate bacteria [31]. However, anti-
biotic resistance in bacteria isolated from infected 
insects is a potential problem for consumer health. 
For example, we showed that E. coli was 100% re-
sistant to four types of antibiotics. B. cereus and 
E.  gallinarum strains were resistant to penicillin 
in all samples. Staph. succinus, B. atrophaeus and 
Cronobacter sp. were susceptible to all antibiotics 
used in the test. Also, E. coli isolates possessed 
resistance to all antibiotics and this somehow co-
incided with results reported in previous stud-
ies [32–34]. Resistance to penicillin was observed 
in B. cereus strains in some previous studies [35, 
36]. According to the results of the antibiotic test, 
the bacteria isolated from the mealworm larvae 
showed the highest resistance to penicillin in this 
study.

Conclusion

The yellow mealworm (T. molitor) larvae, 
are rich in nutrients, moisture and, therefore, 
favourable for the growth of microorganisms. In 
this study, the microbiological quality of dried 
mealworms was analysed after various processing 
techniques. Bacteria from genera Bacillus, Staphy­
lococcus, Enterococcus, Escherichia and Crono­
bacter were identified in dried mealworm larvae. 
In T2 and T4 treatments, low microbial loads were 
determined compared to T3, which showed almost 
zero contamination. Given the results, the boil-
ing time and high temperatures treatments during 
drying the insects led to a reduction of most bac-
terial counts, but not of the endospore-forming 
bacteria. Elimination of the latter requires more 
attention and application of more effective devi-
talization methods. 
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