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Abstract 

The study aimed to isolate and identify cellulolytic bacteria associated with the gut of yellow 
mealworm larvae (Tenebrio molitor) and to assess their main phenotypic and enzymatic features. 
Bacteria capable of utilizing cellulose as the sole carbon source were cultured on CMC medium 
under aerobic and anaerobic conditions. Molecular identification based on 16S rRNA gene  
sequencing revealed two isolates: Mammaliicoccus lentus (ML01) and Pseudocitrobacter  
vendiensis (PV02), both showing high sequence similarity to GenBank references (≥ 99.4%). 
Phylogenetic analysis confirmed their close relationship with corresponding species. Microscopy 
and biochemical tests indicated that ML01 is a Gram-positive, oxidase-positive coccus, whereas 
PV02 is a Gram-negative, oxidase-negative rod. Both strains exhibited γ-hemolysis and strong 
growth on TSA and LB media. API 20E profiling showed that ML01 could ferment several  
carbohydrates and produce β-galactosidase and arginine dihydrolase, while PV02 also expressed 
β-galactosidase activity. Cellulolytic activity, confirmed by Congo red and iodine staining, was 
observed in both isolates, with PV02 demonstrating the highest hydrolytic capacity. These find-
ings indicate that the gut of T. molitor harbors cellulolytic bacteria with potential zoonotic risk, 
highlighting the need for their further monitoring.

Keywords: Cellulolytic bacteria, gut microbiota, Mammaliicoccus lentus, Pseudocitrobacter 
vendiensis, Tenebrio molitor
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Introduction

The yellow mealworm (Tenebrio molitor, Linnaeus, 
1758) is a widely distributed beetle from the family 
Tenebrionidae, commonly found in dark and humid  
environments such as under tree bark, bird nests,  
poultry litter, grain stores, silos, and human dwellings 
(Eriksson et al. 2020, Eberle et al. 2022). Mealworms 
are holometabolous insects, undergoing four develop-
mental stages: egg, larva, pupa, and adult. The duration 
of their life cycle is highly variable (from 60 days up  
to 1-2 years) and depends primarily on temperature  
and humidity, with an optimum temperature range  
of 22-28°C (Li et al. 2013, Zunzunegui et al. 2024).  
Females lay 400-500 eggs, which hatch into larvae 
within 7-15 days under favorable conditions (Gkinali  
et al. 2022, Parsa et al. 2023). Larvae undergo multi- 
ple molts, eventually reaching a size of 2.5-3 cm and  
a weight of 0.2 g before pupating (Ghaly and Alkoaik 
2009).

Mealworm larvae are increasingly valued as a sus-
tainable source of protein and fat for animal feed and 
human consumption. Fresh larvae contain approxi- 
mately 18% protein and 22% fat, while dried larvae 
contain almost twice these amounts. They are also rich 
in minerals, particularly magnesium and zinc, as well  
as B vitamins and vitamin E, with the oil exhibiting  
antioxidant properties (Siemianowska et al. 2013,  
Rumbos et al. 2020, Moruzzo et al. 2021, Errico et al. 
2022). The European Union has authorized the market-
ing of T. molitor as a novel food in various forms,  
including powdered, frozen, and dried (Commission 
Regulation (EU) 2021/1372; Implementing Regulation 
(EU) 2022/169).

In addition to their nutritional value, mealworms 
exhibit the ability to degrade diverse organic and syn-
thetic compounds, including cereal products, vegetable 
residues, and plastics such as polystyrene, polyethylene, 
and cellulose waste (Przemieniecki et al. 2020, Jin et al. 
2023). This capacity is attributed, at least in part, to 
their gut microbiota, which can produce enzymes capa-
ble of cellulose and hemicellulose degradation  
(Urbanek et al. 2020, Ferreira et al. 2001). Studies on 
gut microbial communities of insects, including meal-
worms, termites, and wood-feeding cockroaches, indi-
cate a key role of symbiotic bacteria in plant biomass 
utilization (Cruden and Markovetz 1979, Schäfer et al. 
1996, Wenzel et al. 2002, Przemieniecki et al. 2020). 
The importance of these bacteria can be considered 
beyond the area of benefits for the insect, but also in 
biotechnological matters (importance for humans).

They can play a significant role in waste disposal 
(in the biodegradation processes of agricultural and  
organic waste), the food and feed industry, due to the 

fact that the enzymes produced by these bacteria can be 
used to improve the digestibility of products (especially 
in the case of animals), or in the production of biofuels 
as organisms that decompose lignocellulosic biomass 
into simple sugars, which are then fermented into bio-
ethanol or biomethane (Fu et al. 2024).

It is worth noting, however, that previous studies  
on the microbiome capable of degrading cellulose or 
lignocellulose in T. molitor have focused mainly on 
such bacterial genera as Selenomonas, Agromyces,  
Cellulomonas, Mycobacterium, Xenophilus, Stenotro-
phomonas and Pseudomonas (Qi et al. 2011, Przemie-
niecki et al. 2020). To the authors’ current knowledge, 
species such as Mammaliicoccus lentus and Pseudoci-
trobacter vendiensis have not been studied in this direc-
tion.

The aim of this study was to isolate cellulolytic  
bacterial symbionts from the gut of T. molitor larvae 
reared on a conventional diet (oat flakes and vegetables) 
and to identify them to the species level using molecu-
lar methods. Understanding the composition and enzy-
matic potential of gut microbiota contributes to both 
insect nutrition research and potential biotechnological 
applications in biodegradation and waste management.

Materials and Methods

Isolation of bacteria

The research does not require the consent of the Lo-
cal Ethics Committee. Adult mealworm larvae (measur-
ing on average 1.8-2.2 cm (n=5) (Fig. 1) came from our 
own breeding at the Department of Epizoology and 
Clinic of Infectious Diseases and were delivered to the 
Department of Biology and Fish Diseases, University 
of Life Sciences in Lublin (Poland) in a living state  
for dissection and further experiments. We decided  
that the size of our sample (n=5) is sufficient and that  
it is a representative research group, allowing us to con-
clude about our own breeding. In order to be killed,  
the individuals were incubated in a freezer at -20°C for  
30 minutes. No anesthetic or chemical agents were used 
for this purpose due to the possibility of disturbing  
the composition of the intestinal microflora. After  
30 minutes, each of the 5 larvae was surface-sterilized 
by immersing it three times in 70% ethyl alcohol  
(Stanlab, Poland) and thoroughly rinsing it with sterile 
distilled water. Subsequent to rinsing in H2O, the dis-
section was performed under laminar flow using sterile 
laboratory tools (scissors, scalpels, dissecting needles). 
The contents of the dissected and cut intestines were 
scraped into an Eppendorf tube containing 1 ml  
of sterile 0.85% NaCl (POCH, Poland) and the sample 
was vortexed. Cut intestinal fragments were also placed 
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in the test tube. The liquid CMC culture media prepared 
in the flasks (200 ml) were inoculated with the entire 
content of the Eppendorf tube, and then the flasks were 
incubated for 3 weeks at 32°C. Two liquid cultures  
were carried out in parallel - one under aerobic condi-
tions in a laboratory incubator, the other under anaero-
bic conditions in an anaerobic jar incubated at 32°C.  
To create an oxygen free (anaerobic) environment  
the Anaerocult A reagent (Merck, Germany) was used. 
After 3 weeks, samples were taken from the culture and 
inoculated onto plates with solid CMC medium. They 
were incubated at 32°C for 48 hours until the bacterial 
colonies grew. All inoculations were performed in trip-
licate and again carried out under both aerobic and  
anaerobic conditions. Pure bacterial cultures were  
obtained by repeated sieving of all morphologically dif-
ferent bacterial colonies grown on solid CMC medium. 
These pure bacterial cultures were stored in the Micro-
bank system (Pro-lab Diagnostics, UK) at -80°C for 
further analysis. Each time, the incubation temperature 
was 32°C and, depending on the origin of the colony, 
cultures were carried out in aerobic and anaerobic con-
ditions. 

Culture media composition

For the isolation of bacteria from mealworm intes-
tines, a liquid CMC medium was used, the composition 
of which (per 1 liter of volume) was as follows: carbo- 
xymethyl cellulose (CMC): 10.0 g; KH2PO4: 1.5 g; 
Na2HPO4 · 7H2O: 2.5 g; MgSO4 · 7H2O: 0.3 g; NaCl: 
0.5 g; CaCl2: 0.1 g; FeSO4 · H2O: 0.005 g; MnSO4: 
0.0016 g at pH 6.5 (Biswas et al. 2022).

In turn, to obtain pure cultures, solid CMC medium 
was used, the composition of which was as follows  
(per liter of distilled water): CMC: 10.0 g; peptone: 

10.0 g; NaCl: 0.5 g; MgSO4·7H2O: 0.2 g; CaCl2: 0.1 g; 
Agar: 15.0 g at pH 6.5 (Biswas et al. 2022). 

The physical parameters of the main component  
of the medium (solid and liquid), i.e. carboxymethyl 
cellulose (CMC), were as follows. Purity ≥ 99.5%  
Water ≤ 10.0% Degree of substitution ≥ 0.65 pH  
6.0-8.5 Viscosity 1500-3000 cP. Bacterial media  
were sterilized in a laboratory autoclave at 126°C for  
15 minutes.

Morphological and biochemical characteristics  
of isolates

In order to fully determine the biochemical proper-
ties of the obtained isolates, commercial API-20E kits 
(bioMerieux, France) were used according to the manu-
facturer’s recommendations. Escherichia coli ATCC 
25922 served as a quality control strain. One technical 
replicates was performed for the API 20E test.

A test for the ability of bacteria to produce the cyto-
chrome oxidase enzyme was also performed using  
a commercial oxidase reagent (bioMerieux, France). 
The preference of the tested strains to utilize lactose  
on MacConkey medium (MacConkey LAB-AGAR™, 
Biomaxima, Poland) and the ability to produce hemoly-
sins on blood-agar plates (BD Difco, USA) were also 
checked. Using the plate method, a swimming motility 
test was performed in semi-liquid LB medium  
(Invitrogen, Thermo Fisher Scientific, USA) containing 
0.3% bacteriological lab agar (BioMaxima, Poland). 
The presence of motility zones was checked after  
24 hours of incubation at 30°C.

The morphological evaluation of the tested isolates 
was performed by staining the cell smears according  
to the standard Gram stain protocol (Beveridge 2000).

It was also checked whether isolated bacteria grow 

Fig.1. �Appearance of yellow mealworm larvae (Tenebrio molitor) from our own culture used in research.
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on traditional, universal media such as tryptic soy agar 
(TSA, Oxoid, UK) and LB agar (Invitrogen, Thermo 
Fisher Scientific, USA).

Cellulolytic activity assay

In order to confirm the cellulolytic activity of isolat-
ed bacteria, 48-hour cultures grown on CMC agar plates 
were stained using 0.1% (w/v) Congo-red solution and 
iodine solution used for Gram stain (Gohel et al. 2014). 
The prepared dyes were poured onto the plates and  
incubated for 15 minutes. After this time, the plates 
were washed with distilled water (in the case of iodine- 
stained plates) or with 1M NaCl (in the case of Congo 
red-stained plates). The presence of clear zones around 
the growth of bacteria indicated the ability to decom-
pose cellulose contained in the substrate. These zones 
were measured.

DNA extraction and molecular identification

Genomic DNA from the obtained bacteria was iso-
lated using the commercial Genomic Mini kit (A&A 
Biotechnology, Poland) according to the manufac- 
turer’s recommendations. 

For amplification sequence of partial 16S rRNA 
gene the universal primers 27F (5’ AGA GTT TGA 
TCM TGG CTC AG 3’) and 1492R (5’ TAC GGY TAC 
CTT GTT ACG AC TT 3’) were used.). The reaction 
mixture (25 µl) consisted of 12.5 µl 2x PCR Master 
Mix (A&A Biotechnology, Poland), 1 µl (10 pmol μl-1) 
forward and reverse primers (Genomed, Poland), 2 µl 
of template DNA, and 8.5 µl of nuclease-free water 
(A&A Biotechnology, Poland). PCR was performed in 
the GeneExplorer Thermal Cycler GE-96G (Bioer 
Technology, China) using the following amplification 
conditions: initial denaturation at 95°C for 5 min and 
then 30 cycles of denaturation at 95°C (30 s), annealing 
at 60°C (40 s), elongation at 72°C (60 s), and a final 
extension (72°C, 7 min). Amplification products were 
separated by electrophoresis (120 V) on a 1.5% aga- 
rose gel stained with Simply Safe (EURx, Poland).  
The expected product length was 1500 bp. Obtained 
amplicons of such size were eluted and purified using 
Gel-Out kit (A&A Biotechnology, Poland) and next 
subjected to the Sanger sequencing method (Genomed, 
Poland), performed with a forward and reverse primer 
for PCR. 

Finch TV software ver. 1.4.0 was used to analyze 
the sequencing results. 

The BLAST tool in NCBI (https://blast.ncbi.nlm.
nih.gov) served as a tool to determine the similarity  
of the assembled nucleotide sequences of the partial 
16S rRNA gene.

Phylogenetic analysis

The obtained sequences, after being deposited as 
records in the GenBank database available from NCBI 
(https://www.ncbi.nlm.nih.gov), were used to construct 
phylogenetic trees by the neighbor-joining method  
(500 bootstraps). Both sequences and their closest 
matches were aligned using the ClustalW tool.  
The MEGA 11 program was used for cluster analysis 
while the evolutionary distances were computed using 
the Maximum Composite Likelihood algorithm.

Results

Gut-associated bacteria of yellow mealworm larvae 
(Tenebrio molitor) were able to grow on CMC medium 
with cellulose as the sole carbon source under both  
aerobic and anaerobic conditions using Anaerocult A 
reagent (Merck, Germany). Among the morpholo- 
gically different pure cultures isolated from both types 
of environments, it was possible to confirm their affilia-
tion to two species using the 16S rRNA gene fragment 
amplification method. One of them was M. lentus and 
the other was P. vendiensis. Following genetic identifi-
cation and 16S rRNA sequencing of isolated bacteria the 
sequences showed high level of identity to sequences 
deposited in GenBank. In the case of M. lentus it was 
99.93% to NCBI Reference Sequence: NR_043418.1 
and exactly the same to other records (PV104459, 
MN399938, MF948914, OR449164) (Table 1). The se-
quence obtained from P. vendiensis showed an identity 
of 99.41% with NCBI Reference Sequence: NR_180316 
and similarities of 99.93% with OQ405690, OQ405696, 
OQ405713 and 99.70% with OQ406087 (Table 2).  
The phylogenetic tree based on partial 16S rRNA  
sequences of the studied isolates, their closest matches 
and other members of the genus and drawn using the 
neighbor-joining confirms the close relationship  
of the obtained sequences to their references deposited 
as records in GenBank. In the case of M. lentus,  
a division into two phylogenetic clades is visible, one  
of which is formed by representatives of the species  
M. sciuri and M. stepanovicii. The second group  
includes representatives of the species M. fleurettii,  
M. vitulinus and M. lentus together with the sequence 
obtained in this study and its closest matches (Fig. 2). 
The phylogenetic tree of P. vendiensis illustrates the  
division of the isolates sequences into two clades,  
although one of them contains only the sequence of the 
Pseudocitrobacter sp. sgm9.3 strain. The second clade 
groups all sequences closely related to the sequence of 
P. vendiensis strain PV02 obtained during the study and 
belonging to the same species, as well as isolates  
obtained from the species P. faecalis, P. corydidari, and 
the sequence of the strain Pseudocitrobacter sp. (Fig. 3)
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Table 1. �National Center for Biotechnology Information reference sequence and other sequences deposited in GenBank to which  
the partial sequence of 16S ribosomal RNA gene obtained from Pseudocitrobacter vendiensis strain PV02 showed the highest 
degree of identity.

Accession number  
of nucleotide sequence Description Geographical  

location
Host/isolation 

source
Percent identity  

(%)

OQ405690 P. vendiensis strain H17 
16S rRNA gene, partial sequence China No data 99.93

OQ405696 P. vendiensis strain H23 
16S rRNA gene, partial sequence China No data 99.93

OQ405713 P. vendiensis strain H40 
16S rRNA gene, partial sequence China No data 99.93

OQ406087 P. vendiensis strain S64 
16S rRNA gene, partial sequence China No data 99.70

NCBI Reference  
Sequence: NR_180316

P. vendiensis strain CPO20170097 16S 
rRNA gene, complete sequence Denmark Homo sapiens/ 

perineum swab 99.41

Table 2. �National Center for Biotechnology Information reference sequence and other sequences deposited in GenBank to which  
the partial sequence of 16S ribosomal RNA gene obtained from Mammaliicoccus lentus strain ML01 showed the highest degree 
of identity.

Accession number  
of nucleotide  

sequence
Description Geographical 

location Host/isolation source Percent identity  
(%)

PV104459 M. lentus strain CE8 
16S rRNA gene, partial sequence Turkey Swab samples of cats with otitis 99.93

MN399938 M. lentus strain BFA42 
16S rRNA gene, partial sequence India Hyalomma anatolicum/ gut 99.93

MF948914 M. lentus strain PSB295 
16S rRNA gene, partial sequence South Korea Soil within the fairy ring  

of Tricholoma matsutake 99.93

OR449164 M. lentus strain V1678 
16S rRNA gene, partial sequence China No data 99.93

NCBI Reference  
Sequence: R_043418

M. lentus strain MAFF 911385 16S 
rRNA, partial sequence France Goat udder 99.93

Fig. 2. �Phylogenetic tree based on the partial 16S rRNA gene sequences of Mammaliicoccus lentus strain ML01 isolated from gut of yel-
low mealworm larvae (Tenebrio molitor) and partial 16S rRNA gene sequences of fourteen other closely related species deposited 
in the GenBank database.
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Microscopic observations combined with Gram 
staining revealed that isolate ML01 is a Gram-positive 
coccus-shaped bacteria, whereas PV02 is a Gram-nega-
tive rod-shaped bacteria. In addition, strain ML01  
was oxidase-positive while PV02 was oxidase-negative 
(Table 3). Both of them showed γ-hemolysis when 
grown on blood-agar plates and also showed abundant 
growth on TSA and LB solid media. 

API 20E tests were used to identify metabolic  
features of the tested isolates. Based on their results, the 
M. lentus isolate ML01 showed a positive ONPG test 
(which confirmed its ability to produce β-galactosidase) 
and was able to produce arginine dihydrolase. More-
over, in fermentation (oxidation) tests it was able to use 
substrates such as glucose, mannitol, sorbitol, rham-
nose, melibiose, amygdaline and arabinose (Table 3). 
This bacterium was negative for the remaining tests  
included in panel 20E. In the case of the P. vendiensis 
PV02 isolate, the results of fermentation tests on diffe- 
rent substrates coincide with those previously reported 
for M. lentus ML01. In the remaining reactions con-
tained on the API 20E strip, the isolate showed only  
the ability to produce b-galactosidase in the ONPG test 
(Table 3). 

After 48 hours of growth of the tested isolates on 
CMC agar plates and staining with Congo-red solution 
and iodine solution, it was proven that in the case of 
both isolates (and cultures conducted under aerobic  
and anaerobic conditions) clear zones (unstained) were 
visible, indicating the decomposition of cellulose con-
tained in the medium by bacteria. In the case of isolate 
ML01 and cultured under aerobic conditions, the zone 

diameter was 15 mm for Congo-red staining and 16 mm 
for iodine solution staining. In anaerobic conditions,  
it was 15 and 15 mm, respectively. In turn, for isolate 
PV02, the zone diameter under aerobic conditions was 
19 mm for Congo-red staining and 24 mm for iodine 
solution staining. In oxygen-free conditions, it was  
20 mm and 19 mm (Fig. 4). For comparison, cellulose- 
degrading bacteria from the gut of termites from India 
formed halo zones ranging from 4-7 mm after staining 
with Congo red dye and formed clear zones ranging 
from 6-12 mm after staining with iodine solution  
(Shinde et al. 2017). In turn, environmental isolates iso-
lated from garden soil, for which cellulolytic pro- 
perties were proven, formed clear zones ranging from 
8.5-17 mm after staining with Congo red dye and  
19-23 mm after staining with iodine solution (Gohel  
et al. 2014).

Discussion

Cellulolytic bacteria play a key role in the digestion 
of plant materials rich in cellulose, which are difficult to 
break down by animal hosts. The ability of cellulolytic 
bacteria to degrade cellulose in the insect gut not only 
facilitates digestion but may also contribute to the  
decomposition of plant materials in the environment, 
which is important for organic recycling and carbon  
cycling in ecosystems. To date, the literature has repor-
ted the isolation of cellulolytic bacteria associated with 
the intestines of arthropods such as Macrotermes gilvus 
(Ferbiyanto et al. 2015), Helicoverpa armigera (Dar  
et al. 2021), Holotrichia parallela (Huang et al. 2012), 

Fig. 3. �Phylogenetic tree based on the partial 16S rRNA gene sequences of Pseudocitrobacter vendiensis strain PV02 isolated from gut 
of yellow mealworm larvae (Tenebrio molitor) and partial 16S rRNA gene sequences of fourteen other closely related species 
deposited in the GenBank database.
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Table 3. Phenotypical and biochemical characterization of bacteria isolated from gut of yellow mealworm larvae (Tenebrio molitor).

Characteristics M. lentus P. vendiensis

Gram reaction Gram-positive Gram-negative
Cell shape coccus-shaped rod-shaped
Oxidase reaction + -
Hemolytic test γ-hem. γ-hem
Growth on MacConkey agar inhibited (complete) lactose-positive
Growth on TSA medium + +
Growth on LB medium + +
ONPG test (β-galactosidase) + +
Arginine dihydrolase + -
Lysine decarboxylase - -
Ornithine decarboxylase - -
Trisodium citrate utilization - -
H,S production - -
Urease production - -
Deamination of tryptophan - -
Indole production - -
Acetoin production (VP test) - -
Gelatin liquefaction - -
D-glucose fermentation + +
D-mannitol  fermentation + +
Inositol  fermentation - -
D-sorbitol  fermentation + +
L-rhamnose  fermentation + +
D-saccharose  fermentation - -
D-melibiose  fermentation + +
Amygdaline  fermentation + +
L-arabinose  fermentation + +

Fig. 4. �Results of staining methods for bacteria growing on CMC medium. The plates were stained at room temperature (20°C±2°C),  
for 15 minutes. (A) Staining with Congo-red solution: P. vendiensis: diameter of the clear zone = 19 mm; M. lentus: diameter  
of the clear zone = 15 mm. (B) Staining with iodine solution used for Gram methods: P. vendiensis: diameter of the clear  
zone = 24 mm; M. lentus: diameter of the clear zone = 16 mm.
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Heterotermes indicola (Azhar et al. 2024), Spodoptera 
litura (Dar et al. 2022) or Prionomma bigibbosum 
(Biswas et al. 2022). These studies, like those in our 
manuscript, focused on the use of CMC plates as  
a hydrolyzable substrate.

In the digestive tracts of insects, such as Tenebrio 
molitor, cellulolytic bacteria enable efficient utilization 
of cellulose as a source of energy and nutrients. Qi et al. 
(2011) reported the presence of cellulolytic bacteria 
closely related to Agromyces sp., Mycobacterium  
astroafricanum, Xenophilus azovorans, Stenotropho- 
monas sp., and Pseudomonas stutzeri. In the present 
study, we isolated two bacterial strains from the gut  
of T. molitor larvae: P. vendiensis PV02 and M. lentus 
ML01. Both strains demonstrated the ability to degrade 
cellulose, as evidenced by clear zones on CMC medium 
and activity in Congo red and iodine assays. To date, 
there are no literature reports on the cellulolytic activity 
of P. vendiensis or M. lentus. Moreover, Battisti et al. 
(2024) did not observe cellulolytic activity in two  
M. lentus isolates obtained from poultry manure.  
Przemieniecki et al. (2020), studying changes in gut  
microbiome structure depending on diet, reported that 
bacteria characteristic of a cellulose-rich diet belonged 
to the genus Selenomonas, whereas Pseudocitrobacter 
and Mammaliicoccus were not detected.

P. vendiensis is a species of the family Enterobacte-
riaceae, first described in 2020 by Kämpfer et al. (2020) 
based on strain CPO20170097, isolated from a human 
host. Additionally, P. vendiensis has been shown to pro-
duce the carbapenemase IMP-1 and exhibit resistance 
to multiple antibiotics, including cephalosporins,  
carbapenems, trimethoprim-sulfamethoxazole, and 
chloramphenicol (De Andrade et al. 2022). 

M. lentus (formerly Staphylococcus lentus) is a Gram- 
positive, coagulase-negative bacterium of the family 
Staphylococcaceae, reclassified from the genus  
Staphylococcus based on phylogenomic analyses by 
Madhaiyan et al. (2020). It is currently recognized as  
a species of both clinical and ecological relevance.  
M. lentus is considered an opportunistic and zoonotic 
pathogen. Although infections are rare, cases of endo-
carditis, peritonitis, folliculitis, septic shock, urinary 
tract infections, sinusitis, and wound infections  
in humans have been reported (Stepanović et al. 2002, 
Mazal and Sieger 2010, Gorrin et al. 2014, Al-Salamy 
et al. 2017, Shareef et al. 2019, Hay and Sherris 2020, 
Ankad et al. 2023). 

There is no doubt that monitoring their presence in 
various environments is necessary, although on the 
other hand their cellulolytic properties create a potential 
that can be used in many industries (biofuel production, 
paper industry, food and feed industry, waste manage-
ment and bioremediation, or medicine), which leads  

to the need to expand research towards a thorough  
understanding of the capabilities of the bacteria descri-
bed in this manuscript and to search for other isolates 
with a similar potential.

Conclusions

This study is the first to report the presence of  
M. lentus and P. vendiensis in the gut of T. molitor  
larvae. Both isolates exhibited cellulolytic activity,  
suggesting that the gut microbiota contribute to cellu-
lose degradation and the efficient utilization of plant 
materials by the larvae. To date, cellulolytic activity of 
these species has not been reported in the literature, 
highlighting the novelty of these findings. At the same 
time, the presence of M. lentus and P. vendiensis,  
species that are potentially opportunistic and antibiotic- 
resistant, indicates the need for monitoring their occur-
rence in insect rearing facilities and assessing the poten-
tial risk to public health.

Author Declarations

Ethics approval

The study did not require approval from an ethics 
committee (according to the currently applicable  
law, studies involving arthropods do not require such 
approval).

Use of generative artificial intelligence

No generative artificial intelligence (AI) tools were 
used in the preparation of this manuscript.

Conflict of interest

The authors declare that they have no financial, per-
sonal, or institutional conflicts of interest related to this 
work

References

Al-Salamy MH, Darweesh MF, Almousawi AN (2017) Study  
of Staphylococcus lentus isolated from end stage renal  
failure patients and their antibiotic susceptibility patterns. 
World J Pharm Res 6: 186-196.

Ankad BS, Smitha SV, Nikam BP, Janagond AB (2023) Follicu-
litis barbae caused by Staphylococcus lentus: a rarity with 
its dermoscopy features. Int J Res Dermatol 9: 133-135. 

Azhar S, Aihetasham A, Chaudhary A, Hussain Z, Rehman RA, 
Abbas G, Alharbi SA, Ansari MJ, Qamer S (2024) Cellulo-
lytic and ethanologenic evaluation of Heterotermes  
indicola’s gut-associated bacterial isolates. ACS Omega  
9: 12084-12100. 



217Cellulolytic bacteria associated with gut of yellow mealworm ...

Battisti R, Junkerfuerbom A, Machado KN, Mesa D,  
dos Santos MF, Vendruscolo EC (2024) Determination  
of biotechnological potential of poultry litter isolated bacte-
ria. Biosci J 40: e40030.

Beveridge TJ (2000) Use of the Gram stain in microbiology. 
Biotech Histochem 76: 111-118. 

Biswas S, Paul D, Bhattacharjee A (2022) Cellulolytic bacteria 
associated with gut of longhorn beetle, Prionomma  
bigibbosum (Coleoptera: Cerambycidae): an electron  
microscopic study. J Trop Life Sci 12: 357-365. 

Commission Regulation (EU) 2021/1372 of 17 August 2021 
Amending Annex IV to Regulation (EC) No 999/2001  
of the European Parliament and of the Council as Regards 
the Prohibition to Feed Non-Ruminant Farmed Animals, 
Other than fur Animals, with Protein Derived from Animals. 
OJ L 295, 18.8.2021, 1-17.

Commission Implementing Regulation (EU) 2022/169 of 8 Feb-
ruary 2022 authorising the placing on the market of frozen, 
dried and powder forms of yellow mealworm(Tenebrio  
molitor larva) as a novel food under Regulation (EU) 
2015/2283 of the European Parliament and of the Council, 
and amending Commission Implementing Regulation (EU) 
2017/2470. OJ L 28, 9.2.2022, 10–16.

Cruden DL, Markovetz AJ (1979) Carboxymethyl cellulose  
decomposition by intestinal bacteria of cockroaches. Appl 
Environ Microbiol 38: 369-372.

Dar MA, Shaikh AF, Pawar KD, Xie R, Sun J, Kandasamy S, 
Pandit RS (2021) Evaluation of cellulose degrading bacteria 
isolated from the gut-system of cotton bollworm, Heli- 
coverpa armigera and their potential values in biomass con-
version. Peer J 9: e11254. 

Dar MA, Syed R, Pawar KD, Dhole NP, Xie R, Pandit RS,  
Sun J (2022) Evaluation and characterization of the cellulo-
lytic bacterium, Bacillus pumilus SL8 isolated from the gut 
of oriental leafworm Spodoptera litura: an assessment of its 
potential value for lignocellulose bioconversion. Environ 
Technol Innov 27: 102459. 

De Andrade LK, Levican A, Cerdeira L, de Morais AB,  
Braz MM, Martins ER, Casella T, Moura Q, Fuga B,  
Lincopan N, Nogueira MC (2022) Carbapenem-resistant 
IMP-1-producing Pseudocitrobacter vendiensis emerging  
in a hemodialysis unit. Braz J Microbiol 53: 251-254. 

Eberle S, Schaden LM, Tintner J, Stauffer C, Schebeck M (2022) 
Effect of temperature and photoperiod on development,  
survival, and growth rate of mealworms, Tenebrio molitor. 
Insects 13: 321.

Eriksson T, Andere AA, Kelstrup H, Emery VJ, Picard CJ (2020) 
The yellow mealworm (Tenebrio molitor) genome:  
a resource for the emerging insects as food and feed indus-
try. J Insects Food Feed 6: 445-455.

Errico S, Spagnoletta A, Verardi A, Moliterni S, Dimatteo S, 
Sangiorgio P (2022) Tenebrio molitor as a source of interest-
ing natural compounds, their recovery processes, biological 
effects, and safety aspects. Compr Rev Food Sci Food Saf 
21: 148-197.

Ferbiyanto A, Rusmana I, Raffiudin R (2015) Characterization 
and identification of cellulolytic bacteria from gut of worker 
Macrotermes gilvus. HAYATI J Biosci 22: 197-200. 

Ferreira AH, Marana SR, Terra WR, Ferreira C (2001) Purifica-
tion, molecular cloning, and properties of a beta-glycosida-
se isolated from midgut lumen of Tenebrio molitor (Coleop-
tera) larvae. Insect Biochem Mol Biol 31: 1065-1076.

Fu C, Shah AA, Alissa M, Alsuwat MA, Ullah S, Khan MS, 
Zaman A (2024) Exploring the potential of insect gut  
microbes for advancing renewable energy production.  
J Appl Entomol 148: 928-937.

Ghaly AE, Alkoaik FN (2009) The yellow mealworm as a novel 
source of protein. Am J Agr Biol Sci 4: 319-331.

Gkinali AA, Matsakidou A, Vasileiou E, Paraskevopoulou A 
(2022) Potentiality of Tenebrio molitor larva-based ingredi-
ents for the food industry: a review. Trends Food Sci Tech-
nol 119: 495-507. 

Gohel HR, Contractor CN, Ghosh SK, Braganza VJ (2014)  
A comparative study of various staining techniques for  
determination of extra cellular cellulase activity on Carboxy 
Methyl Cellulose (CMC) agar plates. Int J Curr Microbiol 
App Sci 3: 261-266. 

Rivera M, Díaz Domínguez M, Mendiola NR, Roso GR,  
Quereda C (2014) Staphylococcus lentus peritonitis: a case 
report. Perit Dial Int 34: 469-470. 

Hay CY, Sherris DA (2020) Staphylococcus lentus sinusitis:  
a new sinonasal pathogen. Ear Nose Throat J 99: NP62-NP63. 

Huang S, Sheng P, Zhang H (2012) Isolation and identifica- 
tion of cellulolytic bacteria from the gut of Holotrichia  
parallela larvae (Coleoptera: Scarabaeidae). Int J Mol Sci 
13: 2563-2577. 

Jin L, Feng P, Cheng Z, Wang D (2023) Effect of biodegrading 
polyethylene, polystyrene, and polyvinyl chloride on the 
growth and development of yellow mealworm (Tenebrio 
molitor) larvae. Environ Sci Pollut Res Int 30: 37118-37126.

Kämpfer P, Fuglsang-Damgaard D, Overballe-Petersen S,  
Hasman H, Hammerum AM, Fuursted K, Blom J, Glaeser SP, 
Hansen F (2020) Taxonomic reassessment of the genus 
Pseudocitrobacter using whole genome sequencing: 
Pseudocitrobacter anthropi is a later heterotypic synonym  
of Pseudocitrobacter faecalis and description of Pseudocit-
robacter vendiensis sp. nov. Int J Syst Evol Microbiol  
70: 1315-1320. 

Li L, Zhao Z, Liu H (2013) Feasibility of feeding yellow meal-
worm (Tenebrio molitor L.) in bioregenerative life support 
systems as a source of animal protein for humans. Acta  
Astronaut 92: 103-109.

Madhaiyan M, Wirth JS, Saravanan VS (2020) Phylogenomic 
analyses of the Staphylococcaceae family suggest the  
reclassification of five species within the genus Staphylo-
coccus as heterotypic synonyms, the promotion of five  
subspecies to novel species, the taxonomic reassignment of 
five Staphylococcus species to Mammaliicoccus gen. nov., 
and the formal assignment of Nosocomiicoccus to the  
family Staphylococcaceae. Int J Syst Evol Microbiol  
70: 5926-5936. 

Mazal C, Sieger B (2010) Staphylococcus lentus: the trouble-
maker. Int J Infect Dis 14: e397. 

Moruzzo R, Riccioli F, Espinosa Diaz S, Secci C, Poli G,  
Mancini S (2021) Mealworm (Tenebrio molitor): potential 
and challenges to promote circular economy. Animals  
11: 2568.

Parsa SH, Kheiri F, Fathipour Y, Imani S, Chamani M (2023) 
Yellow meal worm (Tenebrio molitor L.) development time 
of life stages duration and survival rate at different tempera-
tures in laboratory conditions. Arthropods 12: 16-26. 

Przemieniecki SW, Kosewska A, Ciesielski S, Kosewska O 
(2020) Changes in the gut microbiome and enzymatic  
profile of Tenebrio molitor larvae biodegrading cellulose, 



218 A. Pastuszka et al.

polyethylene and polystyrene waste. Environ Pollut  
256: 113265.

Qi W, Chen CL, Wang JY (2011) Reducing sugar-producing 
bacteria from guts of Tenebrio molitor Linnaeus (yellow 
mealworm) for lignocellulosic waste minimization.  
Microbes Environ 26: 354-359. 

Rumbos CI, Karapanagiotidis IT, Mente E, Psofakis P,  
Athanassiou CG (2020) Evaluation of various commodities 
for the development of the yellow mealworm, Tenebrio  
molitor. Sci Rep 10: 11224.

Schäfer A, Konrad R, Kuhnigk T, Kämpfer P, Hertel H, König H 
(1996) Hemicellulose‐degrading bacteria and yeasts from 
the termite gut. J Appl Bacteriol 80: 471-478.

Shareef LG, Ali WI, Fawzi HA, Naser HA (2019) Staphylococ-
cus lentus as a cause of septic shock. Med Sci 23: 360-362.

Shinde VS, Shinde RM, Agrawal T, Kotasthane AS (2017)  
Extracellular Cellulase activity of termite gut bacteria iso-
lated from different geographical locations of Chhattisgarh 
(CG), India. Plant Arch 17: 601-607.

Siemianowska E, Kosewska A, Aljewicz M, Skibniewska KA, 
Polak-Juszczak L, Jarocki A, Jędras M (2013) Larvae of 
mealworm (Tenebrio molitor L.) as European novel food. 
Agric Sci 4: 287-291.

Stepanović S, Dakić I, Djukić S, Lozuk B, Svabić-Vlahović M 
(2002) Surgical wound infection associated with Staphylo-
coccus sciuri. Scand J Infect Dis 34: 685-686. 

Urbanek AK, Rybak J, Wróbel M, Leluk K, Mirończuk AM 
(2020) A comprehensive assessment of microbiome  
diversity in Tenebrio molitor fed with polystyrene waste. 
Environ Pollut 262: 114281.

Wenzel M, Schönig I, Berchtold M, Kämpfer P, König H (2002) 
Aerobic and facultatively anaerobic cellulolytic bacteria 
from the gut of the termite Zootermopsis angusticollis.  
J Appl Microbiol 92: 32-40.

Zunzunegui I, Martín-García J, Santamaría Ó, Poveda J (2024) 
Analysis of yellow mealworm (Tenebrio molitor) frass  
as a resource for a sustainable agriculture in the current  
context of insect farming industry growth. J Clean Prod  
460: 142608.


