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Abstract

Mosquito-borne diseases constitute a major health issue and a high burden for many countries. The 
biocontrol of mosquitoes is vital for combatting such diseases. Bacteria exhibit huge potential biotech-
nological uses due to their adaptability and ubiquity. Volatile organic compounds (VOCs) are typically 
molecules with low molecular weight and high vapor pressure. The volatiles produced by bacteria are com-
plex and can impact insect behavior. This study aimed to compare the volatiles produced by the repellent 
Bacillus licheniformis strain Ba1 with a closely related, yet non-repulsive one (B957). The strains were 
isolated from extreme environments in Morocco (desert dunes and hot springs) and their resistance to both 
high temperature and salinity was investigated. After cultivation, the VOCs were extracted and identified 
by GC-MS. The VOCs detected showed little difference between the two strains, however, their relative 
abundance varied greatly, suggesting a dose-dependent effect. Ba1 was found to produce both repulsive 
and attractive compounds as well as molecules with larvicidal effects mainly found in plant extracts. To the 
best of our knowledge, this is the first study of VOCs emitted by Bacillus sp. With a repulsive effect against 
mosquitoes.
Keywords: Bacillus licheniformis; mosquitoes; repellence; VOCs; halotolerance; thermotolerance.
Резюме

Болестите, пренасяни от комари, представляват сериозен здравен проблем и голям проблем 
за много страни. Биоконтролът на комарите е от съществено значение за борбата с тези болести. 
Бактериите имат огромен потенциал за биотехнологични приложения поради своята адаптивност 
и повсеместна употреба. Летливите органични съединения (ЛОС) обикновено са молекули с ниско 
молекулно тегло и високо парно налягане. Летливите вещества, произвеждани от бактериите, са 
сложни и могат да повлияят на поведението на насекомите. Целта на това изследване е да се сравнят 
летливите вещества, произвеждани от репелентния щам Bacillus licheniformis Ba1 с близкородствен, 
но не-отблъскващ щам (B957). Щамовете са изолирани от екстремни среди в Мароко (пустинни 
дюни и горещи извори) и е изследвана тяхната устойчивост както към висока температура, така 
и към висока соленост. След култивиране, ЛОС са екстрахирани и идентифицирани чрез GC-
MS. Откритите ЛОС показват малка разлика между двата щама, но относителното им количество 
варира значително, което предполага дозо-зависим ефект. Установено е, че Ba1 произвежда както 
отблъскващи, така и привличащи съединения, както и молекули с ларвициден ефект, открити главно 
в растителни екстракти. Доколкото ни е известно, това е първото изследване на ЛОС, отделяни от 
Bacillus sp. с отблъскващ ефект срещу комари.
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complex and that microbial VOCs can act as both 
negative and positive cues for a wide variety of in-
sects (Davis et al., 2013). Concerning mosquitoes 
specifically, there is evidence for attractive effects 
from different genera (Bacillus spp. and Staphylo-
coccus spp.) (Takken and Verhulst, 2017) as well 
as the impact of bacterial abundance rather than 
microbial diversity (Verhulst et al., 2011). Howev-
er, to the best of our knowledge, there is little data 
considering mosquitoes’ repellency from microbial 
VOCs.

Bacillus licheniformis is a Gram-positive, en-
dospore-forming organism with a nearly ubiquitous 
distribution in the environment (Veith et al., 2004) 
with the GRAS (Generally Regarded As Safe) sta-
tus (Schallmey et al., 2004) and a remarkably var-
ied arsenal of enzymes that allows it to thrive un-
der highly diversified conditions (Wiegand et al., 
2013). On the industrial level, it is used in an array 
of processes such as degradation, recycling, or us-
age as probiotics (Bajaj and Manhas, 2012; Huang 
et al., 2019; Guo et al., 2020). The extremotoler-
ant B. licheniformis strains are of particular interest 
due to their often-promising properties (Bashir et 
al., 2018; Ibarra-Villarreal et al., 2021; Thesai et 
al., 2021). Regarding volatile production, howev-
er, B. licheniformis is relatively underrepresented, 
and little documentation exists about its mVOCs or 
their effects despite its metabolic diversity.

In this study, we focus on two B. licheni-
formis strains (Ba1 and B957) previously isolated 
in the same study from desert soil on the outskirts 
of Merzouga, a small Saharan Village in Southeast 
Morocco (Ba1) and Ain Allah, a hot spring in the 
same country (Aanniz et al., 2015). Ba1 showed 
strong repulsive activity against both Anopheles 
gambiae and Aedes aegypti whereas B957 did not. 
Subsequent testing showed that Ba1 had this effect 
through volatile emissions, allowing for a large area 
of effect, without a noticeable lethal effect on adult 
mosquitoes exposed. This repulsion in the case of 
strain Ba1 has led to a patent deposit (Aanniz et al., 
2017). In this study, we used Gas Chromatography 
with Mass Spectrometry to identify and compare 
the volatile compounds produced by both strains in 
order to narrow down the potential repulsive mol-
ecules.
Materials and Methods
Strain origins 

The studied strains were obtained from the 
Moroccan Coordinated Collection of Microorgan-
isms (CCMM) at the National Center for Scientific 

Introduction
Vector-borne diseases constitute an impor-

tant part of the global burden of infectious diseases. 
Mosquitoes-borne diseases (MBD) are a great con-
cern because of the wide range of pathogens trans-
mitted (“Vector-borne diseases” n.d.). Particularly, 
Anopheles and Aedes genera are responsible for the 
transmission of malaria, Dengue, Zika Virus, and 
Chikungunya. These diseases are known for their 
high morbidity and mortality and can prove to be a 
significant economic and societal burden on coun-
tries, especially developing countries and urban ar-
eas (Devine et al., 2019; Daniele et al., 2021). In 
this context, numerous strategies have been devel-
oped to control mosquito populations (Amer and 
Mehlhorn, 2006; Bhatt et al., 2015). However, pop-
ulation movements and urbanization make these 
large-scale efforts rather ineffective (Lima-Cama-
ra, 2016).

Among synthetic repellents, N, N-di-
ethyl-m-toluamide (DEET) has been used since 
the 1950s for its low cost and great efficacy against 
mosquitoes and ticks. The repellent effect is ob-
tained when DEET binds to the olfactory receptors 
of still-in-flight mosquitoes (DeGennaro, 2015). 
DEET provides an effective and long-lasting re-
pellent activity against both Culex and Aedes but 
is slightly less so against Anopheles. Despite be-
ing considered as the reference repellent, adverse 
effects from DEET exposure are not unheard of, es-
pecially among children (Yoon et al., 2015). How-
ever, extensive use of insecticide is not without 
repercussions. Indeed, insecticide resistance is a 
growing problem that needs to be addressed urgent-
ly in order to avoid a resurgence of diseases (Hem-
ingway et al., 2016). Making the insect repellency 
approach a more interesting preventive measure.

Natural products are favored as a source of 
repellency due to their low environmental impact 
compared to synthetic repellents (Sharma et al., 
2021). Indeed, essential oils extracted from certain 
plants can be used for their repellent effect, and a 
great many have been studied through the years, 
but their effectiveness is limited by their rapid 
volatilization, short time of effect, and sometimes 
their strong odor of the original plant (Benelli et 
al., 2016). 

Whereas plant essential oil use as insect re-
pellent is well documented (Rehman et al., 2014), 
VOCs produced from other sources are less so. 
There is however growing evidence of the impli-
cation of microorganisms as insect semi-chemicals 
showing that the microorganism-insect relation is 
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TACCTTGTTACGACTT-3’). Furthermore, Mul-
ti-Locus Sequence Typing (MLST) was performed 
for greater discrimination between same species 
strains.  The sequences generated were controlled 
by gel electrophoresis (1% agarose) and then pu-
rified using an ExoSAP-IT PCR cleanup Kit (Ap-
plied Biosystems, USA). The sequence reaction 
was performed using Big Dye Terminator Cycle 
Sequencing Kit Version 3.1 (Applied Biosystems, 
USA). The thermocycler program was as follows: 
25 cycles of 96°C for 1 min, 96°C for 10 s, 50°C for 
5 s, and 60°C for 4 min. The products were purified 
using BigDye Xterminator Purification Kit (Ap-
plied Biosystems, USA) and finally analyzed with 
SeqStudio Genetic Analyzer Capillary Sequencer 
3130XL (Applied Biosystems), according to the 
manufacturer’s instructions. The primers suitable 
for B. licheniformis, (Table 1) were obtained from 
the PubMLST database(Jolley et al., 2018).

Analysis, quality control, and assembly of se-
quences for all genes were performed using UGENE 
(V39.2). For phylogenic analysis, complete 16S 
rRNA sequences were downloaded from NCBI 
(www.ncbi.nlm.nih.gov), and Maximum Parsimo-
ny Tree was generated using MEGA (V11.0.10) 
with a bootstrap value of 1000.
Headspace GC-MS

Samples were prepared in duplicate in 10 mL 
vials containing 3 mL of fresh TSB culture incubat-
ed for 24h at 37°C. Furthermore, sterile TSB me-
dium was also analyzed for comparative purposes. 
The analysis was performed using a TriPlus 300 
HS-TRACE 1310 gas chromatography equipped 
with a TSQ 9000 triple quadrupole mass spec-
trometer (Thermo Fisher Scientific Inc, USA). All 
samples were analyzed using the Rxi-5ms capillary 
column (30 m × 0.25 mm i.d. × 0.25 μm film thick-
ness, RESTEK, USA). Helium gas was used as the 
carrier gas at a constant flow of 1.0 mL/min. The 
GC oven programs were held at 50°C for 5 min, 
and then first increased to 105°C at 5°C/min and 

Research and Technology (Rabat, Morocco). Ba1 
was first isolated in 2015 from desert dunes (Mer-
zouga, Morocco) while B957 was collected from 
the hot spring of Ain Allah. Before this study, both 
strains were tested for catalase and oxidase activi-
ty and repulsive activity against A. gambiae and A. 
agypti using a Vertical Landing Bioassay. API gal-
lery 50CH (Biomerieux, USA) was used to identify 
these strains as Bacillus sp. The strains were ob-
tained from CCMM’s lyophilized stock, and a fresh 
culture was prepared before each test in 5 mL TSB 
and TSA (BioRad, USA).
Thermal and salinity tolerance

Fresh Ba1 and B957 cultures (0.2 mL) were 
inoculated on 5mL TSB with varying NaCl con-
centrations (0, 5, 10, 15, and 20%) and homoge-
nized. Then 2 mL of each culture condition were 
dispatched on 24 wells microplates and incubated 
at 37°C in constant agitation. Bacterial growth was 
monitored at 6h intervals through 600 nm OD meas-
urements for 48h. Incubation, agitation, and growth 
were monitored using an Epoch 2 Microplate Spec-
trophotometer (Biotek, USA, VE). Multiple plates 
were used to assess bacterial growth in the different 
salinity conditions at three temperatures (37, 55, 
and 60°C). This test was done in triplicate for each 
condition. Mean absorbance was then calculated 
and plotted.
DNA Extraction 

DNA extraction was performed by combin-
ing a mechanical lysis using PRECELLYS (Bertin 
technologies, France) and a chemical one with a 
Wizard Genomic DNA Purification Kit (Promega, 
USA). The obtained DNA was then controlled for 
quality and quantity using Nanodrop technology 
(Thermo Scientific, USA). 
Identification of strains

Amplification of 16S rRNA gene was done 
using MyTaq HSDNA Polymerase Kit (Bioline, 
UK) and the universal primers fd4 (5’-AGAGT-
TTGATCCTGGCTCAG-3’) and rp2 (5’-ACGGC-

Table 1. List of primer pairs used for MLST and their corresponding Th.
Gene Forward primer 5’-3’ Reverse primer 5’-3’ T ºC

ADK GGT AAA GGG ACA CAG GCT GA TCG AGT AAA GGC TGG GTT TG 58

ccpa TAT GAT GTA GCA CGC GAA GC TAT CCC CAA GCG CTC TTT TA 58

recF ACG GTT CTG TTC CCA TTC AG CAT CAC GGC CAT TGA CAT AG 58

sucC GGG TCC CGA CGG CCA ACA AA G GGC CGG TTC CCC TCC GTA GT 58

rpoB AGG TCA ACT AGT TCA GTA TGG ACG AAG AAC CGT AAC CGG CAA CTT 58

Spo0A GAA GTG CTT GGT GTC GCA TA TGT GTA GCC GAA AAG TGA CG 58
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GenBank under the accessions OR195440.1 and 
OR195519.1 for Ba1 and B957 respectively.
Table 2. Allelic profile of Ba1 and B957 for each 
MLST scheme

Ba1 B957
Length Allele Length Allele

adk 477 1 475 1
ccpA 596 9 591 9+
recF 573 1 586 1+
sucC 560 1 575 1
rpoB 535 1 517 1
spo0A 574 1 578 1
ST 41 41*
Species B. lichenifomis B. lichenifomis

Each gene is caracterized by its length and allele number. 
Bold alleles with a plus sign indicate that the allele in question 
contains additional mutations

To further ascertain the identity of the two 
studied strains, an MLST scheme was performed, 
each house-keeping gene was given an allele num-
ber according to the PubMLST database, and a final 
ST was then identified as presented in Table 1. De-
spite the striking similarity between Ba1 and B957, 

then to 220°C at 10°C/min and held for 5 min, then 
heated to 300°C with a rate of 20°C min-1. The ion 
source and transfer line temperatures were main-
tained at 250°C and 300°C, respectively. The mass 
range was 35–550 m/z and the scan rate was 0.2 
scan per second in full scan mode.
Results
Thermotolerance

Both strains were unable to grow at 60 and 
65°C, however, their growth rate varied greatly be-
tween 37 and 55°C. Briefly, while both strains grew 
better at 37°C than at 55°C, OD values measured 
for Ba1 at any given temperature and time were 
better than B957. The results are shown in Fig. 1. 

Fig. 1. Growth quantification over time through op-
tic density (OD) measurement of Ba1 and B957 on 
TSB at 37 and 55°C.
Halotolerance

The growth rate for Ba1 and B957 at different 
NaCl concentrations followed the same pattern seen 
for 0% NaCl with the notable exception of the 20% 
NaCl test, where there was no significant growth 
registered. Namely, Ba1 and B957 grew better at 
37°C than 55°C irrespective of NaCl concentration. 

On the other hand, NaCl concentration im-
pacted greatly the growth curve of both strains. As 
can be seen in Fig. 2 A, B, and C, while Ba1 grew 
better than B957 at 5% and 15% NaCl, the reverse 
was true for 10% NaCl. Furthermore, OD measure-
ments for Ba1 varied greatly in function of NaCl 
concentrations, meanwhile, B957 showed striking-
ly similar growth between 5 and 10 % NaCl.
Identification of strains

Analysis of the near complete 16S rRNA 
gene in comparison with other Bacillus sp. Type 
strains revealed that the two studied bacteria were 
members of B. licheniformis (Fig. 3). However, it 
should be noted that the similarity between B. li-
cheniformis and B. paralicheniformis, and to a 
lesser extent, B. sonorensis was too high, and thus, 
16S rRNA gene sequences alone were considered 
inconclusive regarding the differentiation of these 
strains. The sequences were however deposited on 

Fig. 2. Growth evolution of Ba1 and B957 600nm 
Optical Density (OD) measurement for 48h on 
TSB supplemented with 5 (A), 10 (B), and 15% (C) 
NaCl at 37 and 55°C
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(more than 13 carbons) and were not observed in 
TSB samples. The nature and chemical composi-
tion of all the selected compounds is detailed in Ta-
ble 3 below. 
Discussion

The rapid development and ease of bacterial 
differentiation are important factors in the intro-
duction and study of new species. Indeed, the B. 
licheniformis group has known a number of chang-
es in recent years. Firstly, Bacillus aerius was in-
troduced by Shivaji et al. (Shivaji et al., 2006), 
however, later work by Dunlap et al. in 2015 led to 
the disuse of B. aerius as a distinct species (Dun-
lap, 2015) as well as the differentiation between B. 
licheniformis and B. paralicheniformis (Dunlap et 
al., 2015). The work by Dunlap et al. was based 
on genomic comparison and used data from strains 
considered then as B. licheniformis through 16S 
rRNA gene sequencing. This helps emphasize the 
ineffectiveness of 16S rRNA gene sequencing as a 
way to differentiate between B. licheniformis and 
B. paralicheniformis in favor of other methods such 
as MLST or single house-keeping gene sequencing 
(Jeong et al., 2018). In our study, while the results 
of 16S rRNA gene sequencing indicated that both 
strains were B. licheniformis, an MLST scheme 
was considered necessary for clear confirmation of 
their affiliation.

ccpa and recF genes in B957 did not conform to al-
leles 9 and 1 respectively, this difference was how-
ever not enough to identify another allele number. 
thus, we considered that, in the absence of further 
information, Ba1 and B957 could be considered as 
part of the same Strain Type (ST 41) albeit with a 
minimal divergence.
GC-MS analysis

Volatile compounds with an abundance of 
roughly more than 1% were selected. The com-
parison with sterile TSB medium showed that 
only decane and undecane were produced in all 
samples. Interestingly, the same six compounds 
(17-Pentatriacontene; 2,6,10-trimethyl-Tetra-
decane; 1,3-bis(1,1-dimethylethyl)-Benzene; 
3-ethyl-5-(2-ethylbutyl)-Octadecane; 2,6,11-trime-
thyl-Dodecane and 2,6,10,15-tetramethyl-Heptade-
cane) accounted for around 60% of total emissions 
by both Bacillus strains. The comparison between 
the abundance of these compounds can be sum-
marized in the figure below, emphasizing the wide 
variation in the relative abundance of compounds 
but also the striking similarity in the compounds’ 
nature between the two strains.

With respect to the nature of the analyzed 
molecules, the majority (13 of 19) were alkanes or 
alkane derivatives. Furthermore, all alkaloids ob-
served can be considered long-chain compounds 

Fig. 3. Maximum Parsimony Tree based on complete 16S rRNA sequences from B. licheniformis and 
its closest relatives showing the relative closeness of Ba1 and B957 as well as their position within the  
B. licheniformis group
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thermostable and/or halotolerant enzymes are used 
in different industrial processes (Saad et al., 2021) 
ranging from production (Caccamo et al., 2020) to 
biodegradation (Suganthi et al., 2013). Regarding 
strain Ba1, while its ability to produce volatiles was 
not studied in different conditions, its tolerance to 

The studied strains showed an ability to resist 
both 55°C and moderately tolerate salinity (Oren, 
2008). This is not surprising considering their or-
igins (Desert soil and hot springs), as well as the 
previously described B. licheniformis strains (Hora-
ni and Priest, 1994). This is interesting as naturally 

Fig. 4. Identification of detected compounds and their relative abundance in Ba1 as well as B957 using Gas 
Chromatography coupled to Mass Spectrometry (GS-MS).

Table 3. Name, nature and composition of most important compounds obtained through GC-MS analysis 
and their relative Abundance in Ba1 and B957
Compound Nature Composition % Ba1 % B957
17-Pentatriacontene Branched alkene C35H70 20.93 8.22
2,6,10-trimethyl-Tetradecane Branched alkane C17H36 10.10 5.19
1,3-bis(1,1-dimethylethyl)-Benzene Alkylbenzene C14H22 8.73 10.28
3-ethyl-5-(2-ethylbutyl)-Octadecane Branched alkane C26H54 7.27 15.73
2,6,11-trimethyl-Dodecane Branched alkane C15H32 7.03 8.10
2,6,10,15-tetramethyl-Heptadecane Branched alkane C21H44 6.75 9.05
2-methyl-Eicosane Branched alkane C21H44 3.63 3.88
2,4-Di-tert-butylphenol Phenol C14H22O 3.40 2.85
Hexadecane Alkane C₁₆H₃₄ 3.38 2.72
2-Ethyl-oxetane Oxetane C6H12O 3.16 1.14
Phthalic acid, hept-4-yl isobutyl ester Phtalic Acid Ester C19H28O4 2.71 3.85
Hexadecanoic acid, 1-(hydroxymethyl)-1,2-eth-
anediyl ester

Hexadecanoic acid C19H38O4 2.47 2.77

Undecane Alkane C11H24 2.39 3.11
Eicosane Alkane C20H42 1.94 1.46
2,6,11,15-tetramethyl- Hexadecane Branched alkane C20H42 1.86 0.51
Decane Alkane C₁₀H₂₂ 1.37 2.14
2,3,5,8-tetramethyl- Decane Branched alkane C14H30 1.34 1.64
Pentadecane Alkane C₁₅H₃₂ 1.02 1.25
hexadecamethyl-Heptasiloxane organosiloxane C16H48O6Si7 0.94 0
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Surprisingly, other compounds produced 
by the two strains are described in the literature 
as attractive molecules for mosquitoes. Indeed, 
eicosane and undecane are both reported in the same 
study concerning the attraction of A. arabiensis to 
sugar-cane pollen (Wondwosen et al., 2018). 

Perhaps the most intriguing compounds (if 
only for their relatively high numbers) are the ones 
with known larvicidal effects against mosquitoes. 
17-Pentatriacontene is again the most prominent 
compound. Similarly, 2,6,10-trimethyl-tetradecane 
is also identified as one of the main compounds 
present in the methanol extracts of Leucas aspera 
which were demonstrated in this selfsame study to 
possess a potent lethal effect on larvae of A. aegypti 
and A. stephensi (Elumalai et al., 2017). These two 
compounds seem to possess both repulsive and lar-
vicidal effects, and also are the most produced by 
Ba1 as opposed to B957. Additionally, in a study 
concerning the larvicidal activity of Magnolia den-
udata seed hydrodistillate, 2,4-Di-tert-butylphenol 
was found to be the most toxic compounds against 
larvae of the four mosquitoes’ species tested (Wang 
et al., 2016). Garlic essential oils (containing 
3-ethyl-5-(2-ethylbutyl)- Octadecane (Hamada et 
al., 2018) have shown high efficacy against mosqui-
to larvae (Okonkwo and Ohaeri, 2013). Surprising-
ly, this compound is the most abundantly produced 
by the non-repulsive strain. Other compounds 
such as pentadecane (Sutthanont et al., 2010), and 
2,6,11,15-tetramethyl-Hexadecane (Ngegba et al., 
2022) can also be found in composition with lethal 
effect on various mosquito larvae species.

Even though the lethal activity of Ba1 and 
B957 against mosquito larvae was not assessed, the 
diversity of compounds with a potential larvicidal 
effect is interesting. Additionally, in Ba1, the two 
most prominent volatiles are the potentially larvi-
cidal 17-pentatriacontene and 2,6,10-trimethyl-tet-
radecane. The authors suggest that Ba1 could pos-
sess a repellent effect by signaling non-viable, and 
thus undesirable, oviposition sites for mosquitoes.

As can be seen in Fig. 4, the similarity be-
tween Ba1 and B957 VOCs does not extend to their 
abundance. This might suggest that the repellent ef-
fect of Ba1 is dose-dependent. This aligns with pre-
vious works who have shown that VOCs impact on 
insects varies greatly with concentration. As an ex-
ample, in a study by Goelen et al., changes in com-
pound ratios in otherwise similar VOCs caused a 
radically different response from aphid parasitoids 
(Goelen et al., 2020a). Concerning mosquitoes, a 
basic blend consisting of ammonia, L-lactic acid, 

high temperature and salinity is interesting if the 
production of volatiles is to be adapted in an indus-
trial setting.

Microorganisms are also known to produce 
complex mixtures of volatiles. Moreover, many 
volatile “signatures” can be observed and analyz-
ed for different bacteria(Henis et al., 1966). While 
the 16S rRNA gene sequencing is the easier and 
more robust method, VOC signatures are able to 
differentiate between bacterial species (Tracey et 
al., 1986). VOC signatures have however been re-
grouped by Lemfack et al. (2018) in a single data-
base and showed the remarkable diversity of these 
volatiles. Moreover, these varied volatiles can act 
as cues for key insects’ behaviors such as aggre-
gation, oviposition, and host location (Davis et al., 
2013).

In Table 2, the 7 major compounds (account-
ing for 64.44% and 60.45% of the total emissions 
of Ba1 and B957 respectively) were nearly all al-
kanes (with the only exception being a benzenoid). 
Bacillus strains seem to show a marked production 
of 4 types of VOCs small volatiles, benzenoids, ke-
tones, and alkanes (Peñuelas et al., 2014).

The nature of volatiles seems to be nearly 
the same between Ba1 and B957, which could be 
explained by their phylogenetic closeness (Goelen 
et al., 2020b). However, their relative abundance 
in each mix is different. Interestingly, the volatiles 
produced in higher proportions by Ba1 seem to be 
part of compositions with effect on mosquitoes.

The most prominent of these is 17-pentatria-
contene, which was the most abundant compound 
produced by Ba1, in contrast to B957. It was iden-
tified among 13 compounds from Rhizophora mu-
cronata’s essential oil. This compound has shown 
both larvicidal and repellent effects on mosquitoes, 
specifically A. stephensi, Culex quinquefasciatus, 
and A. aegypti (Karthi et al., 2020). Specifically, 
2,6,11-trimethyl-Dodecane, 2,6,10-trimethyl-Tetra-
decane, as well as 1,3-bis(1,1-dimethylethyl)-Ben-
zene were among the identified compounds in the 
patent for mosquitoes’ repellency using Ba1 (Aan-
niz et al., 2017). Interestingly, a study where vola-
tile emissions of chicken (considered as a non-host 
species for A. arabiensis) were analyzed identified 
Hexadecane among the chicken-specific VOCs 
with a marked repellent effect against the selfsame 
mosquitoes’ species (Jaleta et al., 2016). Finally, 
the work of Muttiah et al., where the repellent ef-
fect Jasminum officinale essential oil was studied, 
also showed that 2,6,10,15- tetramethyl Heptadec-
ane was part of its composition (Akbar et al., 2022).  
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and tetradecanoic acid was previously proven to be 
attractive to A. gambiae sensu stricto (Smallegange 
et al., 2005). Furthermore, a single compound, even 
when added at the sub p.p.m level, could reduce 
the attractiveness of such a blend, as is the case of 
2-acetylthiophene,2-nonanone, and 2-phenyletha-
nol (Smallegange et al., 2012).  

The challenge of identifying the correct blend 
of compounds that would have a repulsive effect on 
mosquitoes is further complicated by the fact that 
the detection of VOCs by insects is in itself a high-
ly complex and dynamic process (Conchou et al., 
2019). For the sake of brevity, we can consider that 
what causes possible repellence are the compounds 
and ratios detected by mosquitoes. This means that 
even trace compounds such as the aforementioned 
hexadecamethyl-heptasiloxane could play an im-
pactful role provided they are detected by mosqui-
toes.

The chemical composition of VOCs produced 
by Ba1 shows a number of interesting compounds 
that are also present in vegetal essential oils, which 
could make their production comparatively easier. 
However, the authors are aware that active formu-
lations of insect repellent need to satisfy a certain 
number of conditions before being considered effi-
cient (Tavares et al., 2018). While there is no doubt 
that further studies should explore the viability of 
the repellence of Ba1, this work is a step in the right 
direction to broaden the options of prevention of 
mosquito-borne diseases.
Conclusions

This work shows that repellence against 
mosquitoes through volatile compounds produced 
by bacteria is closer to that of vegetal repellence, 
although it does not necessarily involve specific 
VOCs. Indeed, there was little difference between 
compounds produced by the repellent versus the 
non-repellent bacterial strain, indicating that the 
repellence against mosquitoes is dose-dependent. 
Major VOCs produced are well described in the lit-
erature but as potential insecticides. 
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