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Abstract 

Bacteria mediated resistance which possibly is initiated when the vectors pick 

insecticides through feeding, inhalation or contact of their cuticle is threatening 

effective malaria vector control. This study tested growth inhibitory effectiveness of 

crude Datura stramonium leaf and seed extracts, it’s seed isolate F7, Tamarindus indica 

fruit pulp extracts on bacteria isolated from midgut and cuticle of Anopheles gambiae 

resistant to deltamethrin.  Data was analyzed by R version 4.2.3. Seed extracts isolate 

F7’ had superior growth inhibition efficacy comparable to only lincomycin on gram-

negative bacteria of genus Elizabethkingia, Aeromonas, Pseudomonas, Klebsiella, 

Proteus, Serratia, Shigella, Acinetobacter, salmonella Enterobacter, and Citrobacter, 

bacteria isolated from the mosquito. F7 can be considered for control of microbiota 

induced deltamethrin resistance. 
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Introduction 
Malaria elimination is yet to be achieved in 
Sub-Saharan African countries including 
Kenya where the economic burden is huge 
and adversely affecting the country 
development goals. (Hallowell et al., 2023, 
Elnour et al., 2022, WHO, 2023). Successful 
and sustainable malaria control and 
elimination is currently under serious 
challenge due to malaria parasite’s 
resistance to antimalarial drugs and the 
situation is further compounded by the 
malaria vectors resistance to chemical 
insecticides which have been used in 
internal residual spraying and long-lasting 
insecticide treated nets (Omoke et al., 
2021, Ondeto et al., 2021, Orondo et al., 
2021; Owuor et al., 2021). A new vector 
resistance mechanism mediated by 
microbiota is a current concern 
threatening malaria vector control (Dada et 
al., 2018 and 2019; Barnard et al., 2019; 
Muturi et al., 2021, Omoke et al., 2021; Xia 
et al., 2013).  The aforementioned studies 
have reported that microbiota which are 
able to degrade insecticides affect vector 
competence of Anopheles mosquitoes. 
Some bacteria associated with resistance 
enhance the development of plasmodium 
and increase sporozoite infection of the 
vectors (Kabula et al., 2016; Minard et al., 
2013). Malaria vector control tools 
targeting microbiota have been suggested 
Dada et al., 2021).  Microbiota commonly 
isolated from gut, salivary glands, 
reproductive organs, exoskeleton and 
haemocoel have been associated with 
physiological changes on Anopheles and 
resistance of the vectors to insecticides 
(Douglas et al., 2015; Guegan et al., 2018; 
Wang et al., 2017). Anopheles gambiae 
microbiota has not been fully explored 
(Dada et al., 2018; Omondi et al., 2017). 

Almeida and others, (2017) 
documented that Streptoccocus pyrogenes 
reduced deltamethrin induced mortality in 
Anopheles mosquitoes. They concluded 
that the gram-negative bacteria are able to 
protect mosquito from insecticide by 
synthesizing some particular toxins. Omoke 
et al., (2021), agreed with Almeida when 
their study associated Streptococcus, 
Sphingobacterium, Lysinobacillus and 
Rubrobacter to resistant Anopheles 
gambiae. Bacteria ecology on vectors 
therefore cannot be ignored if effective 
control tools are to be recommended 
(Grant et al., 2022; Minard et al., 2013; 
Banard et al., 2018; Dada et al., 2018 and 
2019).  

Ecology of bacteria on the 
Anopheles vectors is very important in 
resistance profiling of different species and 
for case filing of vector resistance studies. 
There is need for information on resistant 
mosquitoes and their microbiota. Different 
pyrethroid detoxifying taxa of bacteria 
have been identified in different studies. 
Sphingobacterium, Lysinobacillus and 
Streptococcus and radio-tolerant taxa 
Rubrobacter were isolated from resistant 
An. gambiae species resistant to fivefold 
diagnostic does of permethrin (Bonizoni et 
al., 2012; Wang et al., 2021; US Presidential 
Initiative 2024). This study found significant 
differences in species composition of 
bacterial community of An. gambiae with 
krd-east alleles (L1014S) to those of 
susceptible ones. Omoke et al., (2021) 
reported 21 bacteria specific to An. 
gambiae with krd-east alleles and 16 
others specific to susceptible ones with 
Myxococcus species most abundant in 
susceptible samples and not found in the 
resistant groups (Omoke et al., 2021). In a 
different study, An. coluzzii resistant to 
deltamethrin had a number of gram-
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negative bacteria genera such as 
Onchrobactrum, Stenostrophonomas and 
Lysinibacillum unlike their susceptible 
counterparts which had less bacteria 
diversity and with Asaia and Serratia as the 
dominant genera (Pelloquin et al., 2021). 
Lysinibacillus sphaericus was able to 
detoxify 83%of cyfluthrin while using the 
insecticide as a source of nitrogen or 
carbon (Bando et al., 2013). From the gut 
of fourth instar larvae of multiple-resistant 
Anopheles arabiensis, bacteria of genus 
Klebsiella, Staphylococcus, Enterobacter 
and Aeromonas were isolated (Barnard et 
al., 2019). An. albimanus resistant to 
organophosphate insecticide (fenitrothion) 
were dominated by insecticide degrading 
bacteria of the genus, Klebsiella, 
Acinetobacter, Escherichia, and Salmonella 
(Dada et al., 2019). An. albimanus larvae 
and adults, exposed to pyrethroid 
insecticides indicated alterations in their 
cuticular and internal microbiota (Dada et 
al., 2019; Dada, et al., 2018). The study 
exposed An. albimanus adults to 
alphacypermethrin and permethrin and 
found Pseudomonas fragi and 
Pseudomonas agglomerans abundant in 
the treated samples as compared to the 
non-treated samples that had large 
numbers of Acinetobacter and Serratia 
(Dada et al., 2018). Mid gut of An. stephensi 
resistant to temephos had Pseudomonas, 
Aeromonas, Exiguobactrium and 
microbactrium (Soltani, et al., 2017).  

In the family Enterobacteriaceae, 
the gram-negative bacteria are genera 
Serratia, Ewingella, Enterobacter, and 
Klebsiella. Actenobacteriae family are 
genera Actenobacter and Asaia. 
Flavobacteriacea are genera 
Elizabethkingia and Chryseobacterium. 
Mid-gut of Anopheles, Serratia, Asaia, 
Acinetobacter, Aeromonas, and Pantoea 
bacteria have been isolated.  In the salivary 
glands and reproductive tissue, Asaia, 
Serratia, Acinetobacter, Pseudomonas, and 

Klebsiella which are associated with 
insecticide detoxification have been 
isolated (Wu et al., 2006). These studies 
have documented evidence of bacteria 
mediated resistance which possibly is 
initiated when the vectors pick insecticides 
through feeding, inhalation or contact of 
their cuticle. The insecticide degrading 
bacteria make the vectors non-responsive 
to insecticides adversely affecting malaria 
vector control. It has been speculated by 
researcher that this type of resistance is 
metabolic in nature (Barnard, et al., 2019; 
Dada et al., 2019). Significant microbial 
diversity had been associated with 
susceptible mosquito (Ochomo et al., 
2023; Dada et al., 2019; Barnard, et al., 
2019) than resistant ones. Changes in 
susceptibility to insecticides therefore can 
be improved by increasing bacteria 
diversity on the vectors (Djihinto, et al., 
2022). Vector control tools targeting mid 
mosquito microbiota are recommended. 

Datura stramonium has been 
researched in the laboratory for medicinal 
considerations for its antibacterial activity. 
In Pakistan, chloroform extracts from fruits 
impeded the growth of P. aeruginosa and 
leaf extracts inhibited the growth of K.  
pneumoniae (Bhakta et al., 2013). Banso 
and others documented the inhibitory 
effect of D. stramonium on gram-positive 
bacteria. Ethanolic, leaf extracts at 25% 
W/V obstructed the growth of P. 
aeruginosa, Klebsiella pneumoniae, and E.  
coli. (Hu et al., 2014). In other studies (Al-
Snafi, 2017; Saab, et al., 2020; Gupta et al., 
2021), 2.5, 1.25, and 0.75 mg/l 
concentrations of D. stramonium extracts 
inhibited the growth of S. haemolytus, S. 
aureus, Shyngella dysentriae, Bacillus 
cereus, P. aeruginosa, K. pneumonia, and 
Escherichia coli. Enterobacter and 
Micrococcus lutius have also been inhibited 
(Al-Snafi, 2017; Rehman, et al., 2022). Even 
though D. stramonium has dose-
dependent antibacterial properties on 
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human disease-causing bacteria, further 
research needs to be done to establish the 
correct human dosage to avoid human 
poisoning as the plant is highly poisonous. 
Information on the effects of ethyl acetate 
extracts on deltamethrin resistant 
mosquito cuticle and mid gut bacteria is 
not well understood so as to confirm its 
effectiveness on bacteria-mediated 
resistance in malaria vectors. 

Tamarindus indica also known as 
tamarind is a leguminous indigenous tree 
that grows in the tropics (ICRAF 2019). 
Tamarindus indica seeds and leaves are 
both edible and medicinal (Arora, 2017; 
Mbunde, 2013). Sesquiterpenes from the 
plant have been documented to exhibit 
significant toxicity against mosquito larvae 
(Adebote, 2015) while flavonoids and 
triterpenes have adulticidal activity and 
oviposition deterrence.  According a study 
(Arora et al., 2017), methanolic leaf 
extracts of T. indica contain alkaloids, 
terpenoids, flavonoids, phenols and 
saponins that have insecticidal activity. 
There is scarcity of data in mosquitocidal 
potential of T. indica. A lot of research has 
focused on the medicinal potential of the 
fruit pulp (Fagbemi et al., 2022; Abukakar 
et al., 2008; Adeola et al., 2010; Bhadoriya 
et al., 2011). Most of the studies with T. 
indica extracts used leaves (Sooyking et al., 
2022). Different solvents extract different 
quantities and qualities of compounds of T. 
indica (Kaewnarin et al., 2014) while pre-
treatment before extraction determine 
phenolic contents of the extracts (Leng et 
al.,2017). Most phenolic contents of T. 
indica are extracted with methanol while 
both phenols and flavonoids are better 
extracted using ethyl acetate (Kaewnarin et 
al., 2014) The extracts are antimicrobial 
(Abubakar et al., 2008). Data on 
effectiveness on deltamethrin resistant 
Anopheles gambiae mosquitoes is scarce.  

Material and Methods 
 
Plant material collection and preparation 

Datura stramonium seeds and 
leaves used in this study were collected 
between June and August 2019, from 
Marura open-air market in Kimumu 
Eldoret, and around also Milimani Hospital 
is Maili Nne within the environs of Eldoret 
town in Uasin-Gishu county in Kenya.  
Eldoret is 2090 meters above sea level. 
Maili Nne is located latitude 0.5182 and 
longitude 35.2717. The fruits and leaves of 
Datura stramonium were collected from 
the roadsides and farms one of which 
seemed to be a grazing field for livestock, 
typical with cow-dung all over. The plants 
were identified by experts of the 
Department of Botany, University of 
Eldoret, Kenya.   Only the mature fruits of 
Datura stramonium, coloured between 
yellow and yellow-green were collected 
with an assumption of them being 
matured. Tamarind fruit was bought from 
Eldoret at Marura market. The fruits and 
leaves were dried under shade for 7 days at 
the University of Eldoret in Chemistry 
Laboratory 3. The fruits of Datura 
stramonium were then pounded with a 
wooden rod to split them open so the 
seeds could be separated. Chaff was 
removed from the seeds using a sieve and 
the seeds dried under shade for another 4 
days. The fruits were packed and kept in a 
paper box and sealed. One kilogram of the 
dried seeds, leaves and fruit pulp was 
ground into powder using an electric 
blender, sieved, and stored in the same 
laboratory ready for extraction.  
 
Extraction of secondary plant metabolites 
from the crushed Datura stramonium 
seeds, leaves and Tamarindus indica pulp. 

Extraction of phytochemicals was 
done using standard maceration method 
with slight modification (Nortje et al., 
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2022) at the University of Eldoret 
Chemistry department laboratory 3 using 
standard procedures. Ethyl acetate was 
considered for its moderate polarity.  I 
kilogram of crushed D. stramonium leaves, 
seeds powder or Tamarindus indica each 
was soaked in ethyl acetate in a 5-liter 
volumetric flask for 72 hours to achieve 
maximum extraction. The extracts were 
then filtered using filter paper, and a 
funnel, into another volumetric flask. 
Filtrate was concentrated using a rotary 
evaporator at 40 degrees centigrade. 
Crude extracts in liquid form were kept in a 
dark cupboard for 12 hours to evaporate 
the solvent completely.  The liquid seed 
extracts were transferred into amber 
bottles well capped, covered with 
aluminium foil, and kept in a dark place 
inside a cupboard.  The crude extracts were 
used in bio-assays on deltamethrin-
resistant adult Anopheles gambiae 
mosquitoes, compound isolation through 
column chromatography and for 
phytochemical screening.  
 
Plant secondary metabolites’ screening 
from the crude extracts 

Crude extracts were extracted 
sung standard procedures (Nortje et al., 
2022). A small amount of the crude 
extracts was individually screened for 
tannin, phenol, saponin, terpenoid, 
alkaloid, steroid, and flavonoid. To test for 
saponin, 5 ml of individual extracts were 
diluted in 10 ml of water and agitated for 
10 minutes by hand. The formation of a 
layer of foam that lasted for over 5 minutes 
indicated the presence of saponin. For 
tannin test, 2g of each of the crude extracts 
were mixed with 2.5 ml water, heated in a 
water bath, and filtered using a filter paper. 
2 drops of ferric chloride solution were 
added to the filtrate. A dark green or blue-
black colour was to indicate the presence 
of tannin. Phenol test procedure used was; 
2 ml of each of extracts one at a time, was 

mixed with 2 ml of ferric chloride. Colour 
change to dark green was to be observed 
as positive. For terpenoid test, 2ml 
chloroform was added to 0.5g of extracts 
and 3 ml concentrated sulphuric acid. A 
reddish-brown colour between inter-phase 
showed the presence of terpenoid. For 
steroid test; 1 g of each of the extracts was 
added 2 ml of acetic anhydride then 2 
drops of sulphuric acid.  Colour changed to 
violet or blue or red or green indicating 
presence of steroids. To test for alkaloids, 
3 ml of 2% sulphuric acid was added to 
crude extracts and warmed for 3 minutes. 
Solution was filtered using a filter paper. 
Two drops of, Mayer's reagent was added 
to the filtrate. Cream precipitate indicated 
the presence of alkaloids. To test for 
flavonoid, 10% hydroxide was used to 
dissolve 0.5 g of extracts and 2 ml 
hydrochloric acid was added. A yellow 
solution that turns colorless meant positive 
results. 
 
Isolation of bio-active compounds in the 
extract solutions 

Datura stramonium seeds as crude 
extracts were taken through column 
chromatography with silica gel to isolate 
active compounds using a procedure 
described by Kowalska and Sejewicz, 
(2022) with some modifications (Kowalska 
and Sejewicz, 2022).  Column was run using 
Hexane and ethyl acetate using gradient 
purification. Silica gel absorbs less polar 
compounds first then highly polar 
compounds and so separate them. The 
slurry of crude extracts in the test tube was 
poured onto the column and allowed to 
equilibrate at room temperature.  

The sample was then filtered with 
a 0.45 µm nylon membrane before it is 
loaded into the column to ensure a longer 
column life. The column was regenerated 
by washing the Sephadex LH-20 gel with 2-
3 column volumes of eluent, followed by 
re-equilibration. All fractions that looked 
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alike were put together and the eluates 
were checked for differences using thin 
layer chromatography plates (TLC).  
Further purification of the collected 
eluates was done using comparative TLC. 
When seven spots were yielded, all the 7 
different eluates labeled F1- F7 were kept 
in amber bottles covered with aluminum 
foil used in bio-assays.   
 
Bio-assays with plant extracts and 
dissection of mosquitoes 

Mosquitoes body parts to be used 
for bacterial cultures were dissected from 
the midgut, wings and legs (cuticle) of 
randomly sampled deltamethrin resistant 
colony. During dissection, the mosquitoes 
were surface sterilized with 70% ethanol 
solution then rinsed three times in sterile 
phosphate buffered saline (PBS). Midgut 
were dissected under stereo microscope at 
X10 magnification. Sterile forceps were 
used and each mosquito was dissected one 
at a time in 50 micro-liters of sterile PBS, 
whole knocked down mosquitoes were 
stored in labeled vials and stored at -20 
degrees centigrade for processing (CDC, 
2018).  

To culture mid gut and cuticular 
bacteria isolated from Anopheles gambiae 
mosquito for bio-chemical and molecular 
identification. Samples of mosquitoes were 
transported to University of Eldoret in dry 
ice from KEMRI Kisian Kisumu for bacterial 
culturing in Botany lab 1 and for molecular 
work at the Fish Genetics and genomics 
laboratory. Culturing of the sample were 
done using standard procedure for 
MaCckonkey agar, which is selective to 
gram-negative bacteria especially 
Enterobacteriae.  

Samples were inoculated one at a 
time on the plated Macckonkey agar using 
streak plate dilution method to isolate 
colonies. Culture was kept at 280C under 
aerobic conditions for 24 hours. Further 
sub-culturing and streaking was done three 

times to ensure single colonies. 
Macckonkey was preferred for its ability to 
differentiate lactose fermenting and non-
lactose fermenting bacteria species. The 
expected results were pink to rose- red 
colour would suggest E. coli, Enterobacter 
while Klebsiella bacteria would be mucoid 
pink. Salmonella, Elizabethkingia and 
Shigella species would be colourless, media 
colour or even orange to amber and 
Pseudomonas would have irregular 
colourless to pink colonies.  
 
Bio-chemical tests of cultured bacteria 
isolated from deltamethrin resistant An. 
gambiae. 

Standard procedure for catalase 
test using hydrogen peroxide, Sulphur 
indole motility test, triple sugar iron agar 
test, and citrate tests were used to identify 
the genus of the bacteria (Bettey et al., 
2007). Catalase tests identify 
Enterobacteriae.  A drop of hydrogen 
peroxide was added to the bacteria on a 
slide and bubble showed oxygen is 
produced and the bacteria was catalase 
positive.  Staphylococcus, Bacillus, 
Enterobacter, Klebsiella, Shigella, Proteus, 
Salmonella, Serratia, E. coli and 
Pseudomonas would be positive while 
Streptococcus and Enterococcus would be 
negative. Triple sugar iron agar test was 
done using standard procedures to test for 
glucose fermentation, hydrogen sulphide 
and gas production. Splitting of the agar or 
agar pushed to the top showed gas (carbon 
dioxide and oxygen production). 
Enterobacter, Salmonella, Klebsiella and E. 
coli would produce gas.  Glucose 
fermentation would cause the change on 
agar yellow to red. Black precipitate would 
show production of hydrogen sulphide 
(H2S). Salmonella would have red slant, 
yellow butt, gas and black butt. Yellow slant 
and black, gas positive, blackening would 
suggest Citrobacter, a red slant and yellow 
butt without blackening but with gad 
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produced would be Proteus were expected 
to be black.  Shigella would have gas 
produced, red slant, yellow butt and no 
blackening while Enterobacter would have 
yellowing of agar, gas and no blackening. 
Escherichia coli would have yellow agar, 
gas and no blackening.  Elizabethkingia 
would also show blackening, gas positive. 
Simmons citrate agar test turning blue 
would mean no E. coli and Shigella.  
 
Molecular confirmation of bacteria 
isolated from deltamethrin resistant 
Anopheles gambiae mosquito mid gut and 
cuticle 

ZymoResearch® Quick-DNA 
Fungal/Bacteria miniprep kit for fifty 
bacteria samples was used. The kit had fifty 
ZR BashingBead™ lysis tubes (0.1 and 
0.5mm), genomic lysis buffer¹ 100 mls, 
DNA pre-wash buffer² 15ml, g-DNA wash 
buffer 50mls, DNA elution buffer 10mls, 
fifty Zymo-Spin™ III filters, fifty Zymo-Spin™ 
IICR columns and 150 collection tubes.  The 
kit was used alongside a Thermofisher 
equipment: microcentrifuge, vortex, Bead-
mill 24 (cell disrupter). The manufactures 
protocol was used with some 
modifications.  

First 100g of bacteria was weighed 
and suspended in 200ml of nuclease free 
water then added to the  a ZR Bashing-
beads lysis tubes (0.1 and 0.5mm). The 
tubes with the samples were labeled both 
on the lid and sides to denoted the actual 
samples they were carrying.  The samples 
were processed at a high speed for 3 
minutes. The procedure was repeated.  
Secondly the ZR BashingBead™ lysis tube 
(0.1 and 0.5mm) were centrifuged at 
10000 x g for 2 minutes. 400 µl of 
supernatant was transferred to a 
corresponding labeled Zymo-Spin™ III 
filters in a collection tube with the same 
corresponding label and was centrifuged 
for 8000 x g for 1 minute. 1200 µl of 
Genomic lysis buffer¹ was added to the 

filtrate in each of the collection tubes in the 
previous step.  Then, 800 µl of each of the 
mixtures from the collection tubes in the 
previous procedure was added to labeled 
Zymo-Spin™ IICR columns in corresponding 
labeled collection tubes and centrifuged at 
10000 x g for 2 minutes. the flow was 
discarded and the process repeated.  To 
clean the DNA, 200սl of DNA pre-wash 
buffer was added to each of the Zymo-
Spin™ IICR columns with samples in new 
labeled corresponding collection tubes and 
centrifuged 10000 x g for 1 minute.  
Further purification was done by adding 
500սl of g-DNA wash buffer to each of the 
Zymo-Spin™ IICR columns with samples 
and centrifuged for 1 minute.  To get eluate 
with DNA, the Zymo-Spin™ IICR columns 
with samples were transferred to labeled 
sterile 1.5 ml micro-centrifuge tubes 
(eppendoff tubes) and 100սl of DNA 
elution buffer ² warmed at 65 ℃ for 15 
minutes was added directly to the column 
matrix and allowed to cool for 5 minutes. 
The mixture was centrifuged at 1000 x g for 
5 minutes then 10000 x g for 30 seconds to 
elute DNA into the micro-centrifuge tubes.  
Pure DNA for each sample collected in the 
Micro-centrifuge tubes were placed in tube 
racks and place on ice for agarose gel 
electrophoresis and all samples positive or 
negative were kept at -200C and used in 
polymerase chain reaction (PCR) 
processing.  

Polymerase chain reaction primers 
used in this study was 27F forward primer 
of length 20 and moles 37.24, 
AGAGTTTGATCMTGGCTCAG. Forward 
primer mix was prepared following the 
manufactures instruction to add 372.4 µl of 
nuclease free water to make 100 µm stock 
solution.  The reverse primer was 1492R 
with length of 22 mole 31.89 and sequence 
TACGGYTACCTTGTTACGACTT. The reverse 
primer mix was prepared by adding 
318.94µl of nuclease free water. Before 
mixing the pellet, primer tubes were 
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centrifuged at 10000xg for 1 minute to 
settles pellets at the bottom for the pellets 
can be displaced. Woking solution was 
diluted from the stock solution using 
nuclease free water and he concentrated 
stock kept at -20°C.  Polymerase chain 
reaction mixture (PCR) mixture 25 µl was 
prepared by pipetting 11. 75 µl nuclease 
free water into a sterile micro-centrifuge 
tube, 6.25 µl of master mix was added, 
then 1 µl of forward primer then 1 µl of 
reverse primer to make 20 µl. For many 
samples the quantities were multiplied by 
the number of samples to be processed per 
experiment. 5 µl of individual bacteria DNA 
sample was added to the 20 µl of PCR mix 
in a corresponding labelled PCR tube. The 
mixture was then placed in the PCR 
machine and PCR performed using the 
following program of initial denaturation at 
96°C for 10 minutes, 35 cycles of further 
denaturation at 94°C for 4 minutes, 
annealing temperature of 58°C for 30 
seconds, elongation at 72°C for 45seconds 
and a final expansion at 72°C for 10minute 
and hold at 4°C for 10 minutes. To confirm 
amplification, Agarose gel was prepared 
using, agarose powder and Tris -borate- 
Edta (TBE) buffer (P.H 8.3) was used to 
separate nucleic acids.  1xTBE buffer was 
reconstituted from 10x TBE by measuring 
100ml of 10xTBE which was then added to 
900mls of distilled water to make 1000ml 
of 1x TBE buffer.   2 g of agarose was added 
to 200 mls 1xTBE, the mixture was heated 
in a microwave for 3 minutes to completely 
dissolve the agarose. Pre-cast dies of 30սl 
of safe-view was added. The mixture was 
allowed to cool for five minutes and poured 
into gel trays fitted with gel combs and 
allowed to solidify for 20 minutes.  Gel trays 
were placed into the gel tanks with well at 
the starts of the arrows in the tank. 1xTBE 
was filled into the gel tank up to the 
recommended level.  The set up was 
checked and corrected for any bubbles. 
Positive control, 3սl of ladder was mixed 

with 1 µl of loading die.  Samples were 
prepared by first labeling all the tubes to 
denote respective sample codes. 2սl of die 
was pipetted into each of the tubes. 4սl of 
each of the samples were picked one at a 
time and added to the die in the respective 
tubes and mixed thoroughly.  The well 
combs were then pulled out and 1սl of 
each sample was loaded unto the well 
using a pipette each at time. A sterile 
pipette tip was used to load each of the 
samples. Once fully loaded, the 
electrophoresis machine was set at 100 
voltage, 150 current and 60 minutes time. 
The gel was them observed in the DNA gel 
electrophoresis UV ultraviolet 
transilluminator and photos of results 
saved. Polymerase Chain Reaction (PCR) 
for the bacteria DNA Then 5µl portion of 
the amplicons were mixed with 3µl of 
loading die and tested for DNA 
amplification using the gel electrophoresis 
at 2% for 1and ½ hours and amplification 
confirmed on the gel analyzer and photo 
taken and saved. All positive amplicons 
were kept at -20°C for sequencing. 
 
Bacteria growth inhibitory tests. 

Mueller Hinton agar (M173-500G) 
was used in this experiment.  The agar 
contains300gms of Hm beef infusion, 17.5 
gms acicase, 1.5 gms starch and 17gms 
agar with PH of 7.3-+ 0.1. Mueller Hinto 
agar was recommended for bacteria 
growth inhibition tests. To prepare the 
agar, thirty-eight grams of Mueller Hinton 
agar (M173-500G) was suspended in 
1000ml distilled water. The mixture was 
heated to boiling on a hot place to 
completely dissolve the media.  The 
mixture was then autoclaved at 121°C for 
15 minutes to ensure it is sterile.  The 
mixture was allowed to cool 45-50°C and 
poured into respective labelled petri 
dishes. 50gms of each sample of bacteria 
cultures were suspended in 50mls of 
distilled water in sterile test tubes. Once 
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the agar had solidified 20mls of Bactris 
suspended in water was inoculated onto 
the agar and spread evening using a plastic 
streaking stick. Ampicillin 10mcg (AMP), 
Oxacillin 1mcg (OX), Amoxyclav or 
Amoxycillin/clavulenic acid  30mcg  or 
20/10 mcg (AMC),  vancomycin 30mcg 
(VA), erythromycin 15mcg (E), doxycycline 
hydrochloride 30mcg (DO), Ceflazidime 
30mcg (Caz), co-trimazole or sulphur-
trimethropin 25mcg (COT), lincomycin  
2mcg (L), penicillin-G  1 unit (P), 
minocycline 30mcg (MI), methicillin 5mcg 
(MET), lincomycin 2mcg  (L), 
chloramphenicol 30mcg (C), T. indica fruit 
pulp extracts (TP),  D. stramonium see 
extracts (DS), D. stramonium seed isolate 
(F7) and leaf extracts and all extracts mixed 
together at 1000ppm (A) were tested for 
inhibition effectiveness. The bacteria were 
chosen for their effectiveness in increasing 
mortality in deltamethrin resistant 
anopheles arabiensis mosquitos (Banard et 
al., 2019).  Paper punch was used to make 
small round pieces of filter papers to be 
treated with the extracts. The petri dishes 
were labelled with corresponding 
treatments except for commercial 
antibiotics which had been labelled. The 
round filter papers were place in labelled 
petri dishes with F7 (F), D. stramonium 
seed (DS) Leaf (DL) and T. indica (T) fruit 
pulp extracts.  Inoculated petri- were 
zoned for plant extracts using the same 
labels and incubated at 28°C for 24 hours. 
Antibiotics were placed in different 
inoculated petri -dishes with 
corresponding to the bacteria labels 
already treated with extracts and 
incubated for 24hours at 28°C.  Inhibition 
diameter (areas clear of bacteria of had no 
bacterial growth) was measured for each 
sample using a 30 cm ruler and recorded 
for each bacteria sample.  Zero clear area 
meant no inhibition and so resistance to 
the treatment. 

 
Data analysis  

Data collected was stored in 
Microsoft Excel Spread sheet programme, 
flash disc and hard copy in a laboratory 
book. Stored data was organized and 
analysed by R application version (4.3.2).  
To analyze secondary metabolites of the 
extracts, descriptive statistics was used to 
analyze phytochemical data.  

Bacteria inhibition diameters data 
were recorded in millimetres. Means of 
inhibition diameter were computed. The 
analysis of variance (ANOVA) and Tukey’s 
honesty significance difference (HSD) test 
was used to analyse and compare the 
mean inhibition diameter of effectiveness 
of different treatments in the dataset. 
Inhibition means were compared using box 
plot. Gel photos of confirmed PCR 
amplicons were saved in a flash disk. 
 
Ethical procedures 

Research permit was acquired 
from National Commission for Science 
Technology and Innovation (NACOSTI) and 
ethical approval reviewed Baraton 
University, Scientific Ethical Review 
Committee.  Informed verbal consent was 
solicited as explained by WHO, 2013 from 
local authority (chiefs, sub-chiefs and 
village elders) and from all individual 
participants and field owners of farms from 
which larvae were collected. 
 

Results 
 
Effect of D. stramonium and T. indica 
extracts on bacteria isolated deltamethrin 
resistant Anopheles gambaie mosquitoes. 

The biochemical test results for 
bacteria culture showed different bacteria 
species. MacConkey agar which allows for 
the growth of gram-negative 
Enterobacteriae showed both lactose 
fermenting which were pink or red and 
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non-lactose which were greenish gold, 
Cream, pale and translucent. Of all the 
bacteria cultured, 32 samples were non- 
lactose fermenters and had red slant 
yellow butt, 22 were glucose fermenters 
with red slant and yellow butt while yellow 
slant and yellow but had 6 samples that 
fermented all the sugars. Wings and legs 
treated with F7 were not positive for 
bacterial cultures. The cultured bacteria 
were all positive for citrate test.  

The bacteria from microscopy 
were rode like (Bacillus) and some were 
oval (coccobacilli). Catalase test positive 
confirmed presence of all genus Bacillus. 
Elizabethkingia, Aeromonas, 
Pseudomonas, Klebsiella, Shigella, Proteus, 
Enterobacter, Serratia, Acinetobacter, 
Citrobacter and Salmonella were identified 
using bio-chemical tests.   

Elizabethkingia rode shaped under 
microscope showed cream colour in 
macckonkey to imply it is non lactose 
fermenting, catalase, indole and citrate 
test positive while negative for hydrogen 
sulphide, gas and motility.  Aeromonas was 
rode-shaped under the microscope, 
catalase, indole and hydrogen sulphide 
positive. Pseudomonas had red slant and 
red butt, gas and hydrogen sulphide 
negative.  Klebsiella was pink on 
Macckonkey, had non-motile and indole 
negative, had red slant, red butt, catalase, 
hydrogen sulphide, and gas positive. 
Proteus had red slant and yellow butt, gas 
positive and hydrogen sulphide negative. 
Shigella, had red slant and -yellow butt, gas 
positive and hydrogen sulphide negative. 
Enterobacter had yellow slant and yellow 
butt, no hydrogen sulphide and gas 
positive.  

  
Table 1: Resistant malaria mosquito body surface and internal microbiota isolated from 
deltamethrin resistant Anopheles gambiae mosquitoes. 

Cat   TSI H2S  Gas  Citrate  Indole  Motility  MaCckonkey  GENUS 

+ - - - + + - Cream  Elizabethkingia 

+ - - - + - + Amber  Aeromonas 

+ + + + + - - Pink/Red  Klebsiella 

+ + + - + + - Amber  Proteus 

+  - - + + - + Pink  Enterobacter 

+ + - - + + - Pale pink  Shigella 

+ + - + + - + Red or Pink  Serratia 

+ + - + + - + Pink Actinetobacter  

+ - - - + - - Green-gold Psedunomas 

+ + + - + - + Pale Salmonella 

+ - + + + + + Pale Citrobacter 

Cat (Catalase test), TSI(Tripple sugar Iron agar test) H2S (hydrogen sulphide)  

Serratia showed red slant and yellow butt, 
no hydrogen sulphide, gas was produced. 
Acinetobacter, looked oval on microscopy 
and pale coloured on Macckonkey agar, 
had yellow slant and yellow butt, catalase 
and citrate test positive, no hydrogen 
sulphide, no indole non-glucose fermenter. 

Citrobacter were pale and smelly yellow 
slant and yellow butt, hydrogen sulphide, 
gas, indole, catalase and citrate tests 
positive, and motile. Salmonella was 
positive for citrate, catalase, triple sugar 
iron test, motile but indole negative 
(Table).  From the cuticle were 
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Enterobacter, Klebsiella, Aeromonas and 
Shigella only while were all were identified 
from mid-guts.
 
 

a      
Figure 1: (a) Triple Sugar Iron Test (b) Citrate test  

 
Figure 2: Sulphide Indole Motility test         
 
DNA by ZYMORESEARCH kit extraction was confirmed using 1% agarose gel electrophoresis 
(Figure 3) 
         L  1   2    3     4    5    6   7    8   9    10   11  12  13  14  15      

  
Figure 3: 1% agarose gel electrophoresis for 15 randomly picked samples

Bacteria gene confirmatory test by 
polymerase chain reaction (PCR) for four 
samples using a universal primer 27f and 

1492r showed 1.5 kb amplified 16s rDNA of 
two samples DNA clearly positives and 
faintly positives.   

a 

 

b 
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           L     9      3    4     10   -C 
 
  
 
 
 
 
 

Figure 4: PCR amplicon gel electrophoresis 
results for 3, 4, 9 and 10 
 
The PCR done for samples in figure 4.26 
labeled 3, 4, 9 and 10 had PCR amplicon gel 
electrophoresis results in figure 4.26 
confirming amplification of bacteria genes 
in the samples. Sample 3 and 4 were 

cuticles treated with F7 extracts and did 
not show growth of bacteria. 
 
Comparison of extracts' F7, DL, DS and TP 
effectiveness in inhibiting growth of 
bacteria isolated from deltamethrin 
resistant Anopheles gambiae mosquitoes. 

The average effectiveness of the 
extracts at 1g/100ml (F7, TP, DS, and DL) 
was analyzed. The highest mean diameters 
for each extract were as follows: F7: 10.78, 
A: 10, TP: 9.8, DS: 7.95 and DL: 8.8. From 
the means, F7 was the most effective 
extract, followed by a mixture of all 
extracts at 1g/100ml water, TP, DL, and DS. 
The higher mean diameter for F7 indicates 
its superior ability to inhibit bacterial 
growth across the extracted samples 
(Figure 5).

 

 
Figure 5:  Average bacterial growth inhibition effectiveness of all the extracts

Comparison of Antibiotics Effectiveness on 
bacteria isolated from deltamethrin 
resistant Anopheles gambiae cuticle and 
mid gut. 

The average effectiveness of the 
antibiotics used when analyzed based of 
the diameters of their area of inhibition.  
Antibiotics inhibition ability rated 
Lincomycin as the most effective, followed 

by co-trimazole, ceflazidime, and 
doxycycline (Figure 6). The effectiveness of 
these antibiotics in inhibiting the growth of 
cuticular and mid gut Anopheles gambiae 
bacteria is significantly higher compared to 
others. This suggests their potent 
antibacterial properties on mosquito 
microbiota associated with Anopheles 
gambiae from Chwele in Bungoma.
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Figure 6: Mean growth inhibition effectiveness of antibiotics on bacteria isolated from 
deltamethrin resistant Anopheles gambiae mosquitoes

Ampicillin 10mcg (AMP), Oxacillin 
1mcg (OX), Amoxyclav or 
Amoxycillin/clavulenic acid  30mcg  or 
20/10 mcg (AMC),  vancomycin 30mcg 
(VA), erythromycin 15mcg (E), doxycycline 
hydrochloride 30mcg (DO), Ceflazidime 
30mcg (Caz), co-trimazole or sulphur-
trimethropin 25mcg (COT), lincomycin  
2mcg (L), penicillin-G  1 unit (P), 
minocycline 30mcg (MI), methicillin 5mcg 
(MET), lincomycin 2mcg  (L), 
chloramphenicol 30mcg (C), T. indica fruit 
pulp extracts (TP),  D. stramonium see 
extracts (DS), D. stramonium seed isolate 
(F7) and leaf extracts and all extracts mixed 
together at 1000ppm (A) . 
 
Comparison of growth inhibition 
effectiveness between Extracts and 
Antibiotics on bacteria isolated from 
deltamethrin resistant Anopheles gambiae 
mosquitoes 

Comparison of mean growth 
inhibition diameters of the different 

bacteria revealed   that antibiotics, with 
mean effectiveness of 10.54, 
outperformed extracts which had a mean 
of 9.11. 
Resistant of bacteria isolated from 
deltamethrin resistant Anopheles gambiae 
mosquitoes to Treatment with extracts and 
antibiotics. 

From the analysis, the study 
identified bacteria isolated from 
deltamethrin resistant Anopheles gambiae 
mosquitoes which were resistant to 
treatments and had no inhibition zone. In 
such samples all treatments resulted in a 
diameter of 0, indicating no inhibition of 
bacterial growth. The resistant samples 
were twenty-seven, Bact 3 (a, b), Bact 6 (a, 
b), Bact ,7a, 7b, 7c, Bact10b, Bact 11(a, b, 
c), Bact 12(a, b), Bact 13 (ss), Bact 14 (a, b, 
c), Bact 15, Bact16 (a, b, c), Bact 18 and 
Bact 19 (a, b, c). Summary of resistant 
species identified were Elizabethkingia 
(10b), Aeromonas (19b,11) Pseudomonas 
(10), Klebsiella (16C), Shigella (16b, 10c, 



 Okumu et al.  

59 

 

2(2), 2024 

Original Article 

 

11a), Proteus (8), Enterobacter (11b), 
Serratia (7,11), Salmonella (13), 
Enterobacter (3, 18), Acinetobacter (17)  
and Citrobacter  (9) (Table 1). These 
samples showed complete resistance to a 
number of tested extracts and antibiotics. 
Elizabethkingia (15) was resistant to 
ampicillin, amoxicillin, vancomycin and the 
extracts of D. stramonium seed, leaves and 
T. Indica fruit pulp.  Aeromonas (19b,11) 
was resistant to lincomycin, metronidazole 
and extracts of D. stramonium seed, leaves 
and T. Indica fruit pulp.   Pseudomonas (10) 
was resistant to ampicillin, oxacillin, 
erythromycin and extracts of D. 
stramonium seed, leaves and T. Indica fruit 
pulp.  Klebsiella (16C) was resistant to 
ampicillin, oxacillin, erythromycin and 
extracts of D. stramonium seed and T. 
Indica fruit pulp, Shigella (3b) and 
Enterobacter (11b), were resistant to 
doxycycline and ceflazidime only. Proteus 
(8), was resistant to erythromycin and T. 
indica fruit pulp extracts. Serratia (7,11c) 

was resistant the largest number of 
treatments ampicillin, oxacillin, 
erythromycin, vancomycin, doxycycline, 
erythromycin and ceflazidime and all the 
extracts except F7.  Salmonella (13), was 
resistant to clotrimazole. Acinetobacter 
(17) and Citrobacter (9) were to ampicillin 
and   to leaves and T. indica fruit pulp 
extracts.  

Among the extracts, D. 
stramonium seed oil isolate (F7) was the 
most effective, while D. stramonium seed 
extract was the least, highlighting the 
variability in their chemical composition 
and effectiveness. For antibiotics, 
lincomycin stands out as the most 
effective, followed by chloramphenicol, co-
trimazole and ceflazidime, underscoring 
their potency and potential as first-line 
treatments (Figure 7). Overall, antibiotics 
generally had better inhibitory 
effectiveness on the bacteria than extracts, 
confirming their targeted and potent 
action against bacterial infections.

 

 
Figure 7: Comparison of inhibition differences of the sample number 14

Box plot comparison of inhibition 
differences of the samples  

Ampicillin, chloramphenicol, 
ceflazidime, doxycycline, lincomycin and 
vancomycin had larger inhibition diameter 
with some bacteria species. F7 seven 

clearly shows larger inhibition area 
diameter of above 10 effectiveness 
comparable to many commercial 
antibiotics and larger than some as well.  
(Figure 8).
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Figure 8: Box Plot Visualization of extracts and all antibiotics

Tukey’s HSD Test Results for means of 
inhibition area diameters 

The results for each pairwise 
comparison included the differences in 
means (diff), the lower and upper bounds 
of the 95% confidence interval (lwr and 
upr), and the adjusted p-value (p adj) 
(Table 2).  When bacterial growth inhibition 
effectiveness of amoxicillin was compared 
for antibiotics  and extracts it was noted 
that ampicillin (diff 1.710, p<0.05), co-
trimazole (diff=2.197, p=0.917), oxacillin  
(diff=1.095, p= 0.999) Significant 
differences were noted with 
chloramphenicol  (diff=6.915, p=0.000), 
Ceflazidime (diff 6.095, p=0.000), 
doxycycline- hydrochloride (diff=5.762, 
p=0.000), metronidazole (diff=5.172, 
p=0.001), lincomycin  (diff=6.6941, p= 
0.000, minocycline (diff 4.505, p=0.0146), 
penicillin-G   (diff=4.967, p=0. 003), 
erythromycin (diff=4.941, p= 0. 003), and 
vancomycin (diff=5.7, p<0.05). Amoxicillin 
was the most ineffective as compared to all 
the treatments.   

However, when compared to the 
plant extracts, D. stramonium leaves 
extracts (diff=3.922, p=0.064), D. 
stramonium seed extracts (diff =2.582, p= 

0. 744) and T. indica pulp (diff=3.428, 
p=0.234) had not significant relationship. 
Significant differences were noted with F7 
(diff 4.812, p= 0. 005) and all the extracts 
mixed together at 1000ppm (diff=5.351, p= 
0.000) (Table 2). 

Comparison of mean inhibition 
diameter of ampicillin and all antibiotics 
showed significant differences with 
chloramphenicol (diff=5.205, p=0.001**), 
ceflazidime (diff=4.385, p=0.0211352*), 
doxycycline -hydrochloride (diff=4.051, 
p=0.0548349 and lincomycin (diff=5.231, 
p=0.001**). All the rest had no significant 
mean differences; erythromycin 
(diff=3.231, p=0.335), metronidazole 
(diff=3.462, p=0.219), Oxacillin (diff=0.615, 
p=1), vancomycin (diff=4.01, p=0.061), 
minocycline (diff=2.795, p=0. 611), 
minocycline (diff=2.795, p=0. 611), co-
trimazole (diff=0.487, p=1), and penicillin -
G (diff=3.256, p=0.320). The observation 
was same for all the extracts D. 
stramonium leaf (diff =2.282, 
p=0.8885401),), D. stramonium seed 
(diff=0.872, p=0.999), F7 (diff =3.103, 
p=0.411), all extracts at 1000ppm 
(diff=3.641, p=0.502), and T. indica fruit 
pulp (diff=1.718, p=0.992) (Table 2). 
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Effectiveness of chloramphenicol 
(C)  against other antibiotics showed no 
significant difference with ceflazidime 
(Caz)  (diff= -0.821, p= 0.999), doxycycline 
hydrochloride (DO) (diff=-1.154, p =0.999), 
erythromycin (diff=-1.974, p=0.968), 
metronidazole (p=-1.744 and p=0.990), 
minocycline (diff=-2.410, p=0.835), 
Penicillin-G (diff=-1.949,p=0.971), 
lincomycin (diff=0.0256, p=1), and  
vancomycin (diff=-1.1945, p=0.999). Co-
trimazole (diff= - 4.718, p=0.007**) and 
Oxacillin (p=-5.821, p=0.000), had 
significant differences. While amongst the 
extracts, there was no significant 
difference. D. stramonium leaf (diff=-
0.633, p=0.527) D. stramonium seed 
extracts (diff=-4.333, p=.0246), F7 (diff=-
2.102, p=0.942), all extracts mixed 
together at 1000ppm (diff= -1.564, 
p=0.977) and T. Indica pulp (diff=-3.487, 
p=0.208), Table 2. 

Ceflazidime mean inhibition 
diameter  mean was compared with all the 
other treatments and  there was no 
significant differences with  co-trimazole 
(diff= -3.897, p=0.082 ), doxycycline 
hydrochloride (diff= -0.33 p= 1), 
erythromycin (diff= -1.974, p =0.999), 
Lincomycin (diff =-0.026, p= 0.999), 
methicillin (diff= -1.744, p=0.999,  
minocycline (diff=-2.41, p=0.997), 
doxycycline  hydrochloride (diff=-5.821, 
p=0.999), vancomycin (diff=-1.195, p=1 ) 
and  extracts D. stramonium leaf (diff =-
2.102, p= 0.942), seed (diff= -3.512, 
p=0.198 ), F7 isolate (diff= -2.102, p = 
0.999),), all extracts mixed together (diff= -
1.564, p=0.999), and  T. indica pulp (diff=-
3.487, p= 0.693).  Only oxacillin had 
significant (diff=-5.821, p= 0.002*) (Table 
2).  

When the mean inhibition 
diameter of co-trimazole was compared to 
other extracts  the results reveal that there 
were no significant differences in their 
effectiveness with all the extracts  D. 

stramonium leaves (diff =1.795, p= 0.988), 
D. stramonium seed oil ( diff= 0.385, 
p>0.05),  F7 (diff= 2.615, p= 0.725), mixture 
of all extracts (diff =3.154, p=0.379) and T. 
indica (diff =1.231, p=0.999), and  most 
antibiotics doxycycline hydrochloride (diff 
=3.564, p=1 ), erythromycin (diff= 2.744, 
p=0.644), minocycline (diff =2.30, p= 
0.878), oxacillin (diff=-1.103, p= 0.999), 
penicillin-G (diff= 2.769, p=0.628), and 
vancomycin (diff =3.523, p=0.193). 
Lincomycin (diff= 4.744, p=0.007**) and 
methicillin (diff =2.974, p=0.493) had 
significance difference (Table 4.21). 
Doxycycline hydrochloride (DO) also had 
no significant mean difference except with 
oxacillin (OX) with p =0.008* and mean 
difference of - 4.667 (Table 4.21). 
Erythromycin mean diameter of inhibition 
was rated with that of F7 (diff=-0.128, p=1), 
lincomycin (diff= 2, p=0.963), 
metronidazole (diff= 0.231, p= 1), 
minocycline (diff= -0.436, p=1), all extracts 
mixed at 1000ppm (diff=0.41, p=1), 
oxacillin (diff=-3.846, p=0. 092), penicillin –
G (diff=0.026, p=1), T. indica fruit pulp 
(diff= -1.513, p=0.998), vancomycin 
(diff=0.779, p=0.999) (Table 4.21). There 
was no significant inhibition mean 
differences between areas inhibited by 
erythromycin (E) and all the other 
treatments. When mean diameters of 
inhibition of lincomycin (L) was compared 
to methicillin (diff=-1.769, p=0.989), 
minocycline (diff =-2.436, p=0.822), all 
extracts mixed together (diff -=1.590, p= 
0.997), T. indica pulp (diff =-3.513, 
p=0.198), penicillin -G (diff -=1.974, p= 
0.968) and vancomycin (diff =-1.221, 
p=0.999) and no significant difference in 
effectiveness was observed (Table 4.21). 
Only oxacillin had a significant difference of 
(diff=-5.846, p=0.000***). Minocycline 
(MI) mean diameters of inhibition 
compared to that a mixture of all extracts 
at 1000ppm (A) (diff=0.846, p= 0.999), 
oxacillin (OX) (diff=-3.410 p= 0.2423186), 
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penicillin-G (P) (diff= 0.462, p= 1), T. indica 
pulp extracts (TP) (diff =-1.077, p= 0.999), 
and vancomycin (VA) (diff=1.215, p= 0.999) 
(Table 4.21) and all had no significant 
difference. Metronidazole means 
inhibition diameter compared to that of 
other had no difference with minocycline 
(diff =-0.667, p=1), all extracts mixed 
together at 1000ppm (diff=0.179, p=1), 
penicillin-G (diff=0.462, p=1), T. indica fruit 
pulp extracts (diff= -1.077, P=0.991) and 
vancomycin (diff= 0.549, p=1) (Table 4.21). 
but only Oxacillin had a slightly significant 
superior effectiveness (diff=-4.077, 
p=0.051) to metronidazole in inhibiting 
bacteria growth. When oxacillin mean 
inhibition diameter (table 4.21) was 
compared to that of penicillin-G (diff 
=3.872, p=0.087), T. indica fruit pulp (diff 
=2.333, p=0.868) and vancomycin (diff 
=4.625, p=009*), only vancomycin 
inhibition effectiveness had a significant 
difference. Penicillin-G inhibition diameter 
when compared to T. indica (diff =-1.538, 
p=0.998) and vancomycin (diff =0.754, 
p=0.999) had no mean differences. 
Vancomycin compared to T. indica extracts 
(diff =2.929, p=0.885) (Table 2) and all 
other treatments had no significant 
differences in effectiveness p<0.05.  

T. indica fruit pulp extracts, 
vancomycin, and penicillin -G and 
vancomycin and. T. indica fruit pulp 
compared showed no significant 
differences in their bacterial growth 
inhibition ability.  
Effectiveness of D. stramonium leaf 
extracts when compared to all the 
treatments showed no significant 
difference with all treatments; doxycycline 
hydrochloride (diff=1.769, p =0.989), 
Erythromycin (Diff=0.949, p=0.9999971), 
Lincomycin (diff= 2.949, p=0.5097502, 
methicillin (diff=1.179, p=0.999 and 
minocycline (diff=0.513, p=10).  Compared 
to extracts, D. stramonium seed (diff= -
1.410, p= 0.999), F7, D. stramonium seed 

oil isolates, (diff=0.821, p =0.999). 
Generally, there was no significant 
differences between the diameters of 
inhibition areas of antibiotics and leaf 
extracts (Table 4.21).  There were no 
significant differences in the means of 
inhibition diameters of all the treatment 
compared to those inhibited by D. 
stramonium seed extract except for 
lincomycin which had p value of 
0.022*(diff=4.359) (Table 4.21). This 
implies that there are no differences in the 
effectiveness of this extracts and all the 
other treatments but only for lincomycin. 
D. stramonium essential oil isolate (F7) 
mean inhibition diameter was compared to 
that of lincomycin (diff= 2.128, p=0.936), 
metronidazole (diff =0.359, p=1), 
minocycline (diff= -0.308, p=1), mixture of 
all extracts at 1000ppm (diff =0.538, p=1), 
oxacillin (diff= -3.718, p=0.126), penicillin -
G (diff =0.154, p=1), T. indica fruit pulp (diff 
=-1.385, p=1), vancomycin (diff=0.908, 
p=0.999) (Table 4.21). F7 and all the 
treatments had no difference in bacteria 
growth inhibition ability. The potential of 
F7 to inhibit bacterial growth was as good 
as the medically approved and 
commercially sold antibiotics. When all 
extracts mixed together at 1000ppm was 
compared with that of Oxacillin (diff =-
4.256, p=0.030), penicillin -G (diff= -0.385, 
p=1), T. indica  pulp extracts (diff= -1.923, 
p=0.974) and vancomycin (diff=0.369, p= 
1) (Table 2), there was no significant 
difference in their  effectiveness to inhibit 
bacterial growth.  
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Table 2: Antibiotics and extracts inhibition bioassays 
p>0.05 *, p>0.01**, p>0.0001*** 
 

Treatme
nt AMC 

AMP C Caz COT DL DO DS E F7 L2 MET MI A OX P TP 

AMP 1.71  
               

C 
6.915**
* 

5.205*
* 

 
              

Caz 
6.095**
* 

4.385 -0.821  
             

COT 2.197 0.487 
-
4.718*
* 

-
3.89
7 

 

            

DL 3.992 2.282 -0.633 
-
2.10
2 

1.795  

           

DO 5.761** 4.051 -1.154 
-
0.33
3 

3.564 
1.76
9 

 

          

DS 2.582 0.872 -4.333 
-
3.51
2 

0.385 
-
1.41
0 

-
3.179 

 

         

E 4.941** 3.231 -1.974 
-
1.15
4 

2.744 
0.94
9 

-
0.821 

2.359  

        

F7 4.812** 3.103 -2.102 
-
1.28
2 

2.615 
0.82
1 

-
0.949 

2.231 
-
0.12
8 
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Ampicillin 10mcg (AMP), Oxacillin 1mcg (OX), Amoxyclav or Amoxycillin/clavulenic acid  30mcg  or 20/10 mcg (AMC),  vancomycin 30mcg (VA), 
erythromycin 15mcg (E), doxycycline hydrochloride 30mcg (DO), Ceflazidime 30mcg (Caz), co-trimazole or sulphur-trimethropin 25mcg (COT), 
lincomycin  2mcg (L), penicillin-G  1 unit (P), minocycline 30mcg (MI), methicillin 5mcg (MET), lincomycin 2mcg  (L), chloramphenicol 30mcg (C), T. 
indica fruit pulp extracts (TP),  D. stramonium see extracts (DS), D. stramonium seed isolate (F7) and leaf extracts and all extracts mixed together 
at 1000ppm (A)   
 

L2 6.941** 
5.231*
* 

0.026 
0.84
6 

4.744
* 

2.94
9 

1.179 
4.359
* 

2.00
0 

2.128  
      

MET 5.172** 3.462 -1.744 
-
0.92
3 

2.974 
1.17
9 

-
0.590 

2.590 
0.23
1 

0.359 -1.769  

     

MI 4.505* 2.795 -2.41 
-
1.58
9 

2.308 
0.51
3 

-
1.256 

1.923 
-
0.43
6 

-
0.308 

-2.436 
-
0.667 

 

    

A 5.351* 3.641 -1.564 
-
0.74
4 

3.154 
1.35
9 

-
0.410 

2.769 
0.41
0 

0.538 -1.590 0.179 
0.84
6 

 

   

OX 1.095 -0.615 
-
5.821*
* 

-5* 
-
1.103 

-
2.89
7 

-
4.667
* 

-
1.487 

-
3.84
6 

-
3.718 

-
5.846**
* 

-
4.077 

-
3.41
0 

-
4.25
6 

 

  

P 4.967* 3.256 -1.949 
-
1.12
8 

2.769 
0.97
4 

-
0.795 

2.385 
0.02
6 

0.154 -1.974 
-
0.205 

0.46
2 

-
0.38
5 

3.872  

 

TP 3.428 1.718 -3.487 
-
2.66
7 

1.231 
-
0.56
4 

-
2.333 

0.846 
-
1.51
3 

-
1.385 

-3.513 
-
1.744 

-
1.07
7 

-
1.92
3 

2.333 
-
1.53
8  

Av  5.72**
* 

4.01 -1.195 
-
0.37
4 

3.523 
1.72
8 

-
0.041 

3.138 
0.77
9 

0.908 -1.221 0.549 
1.21
5 

0.36
9 

4.625
* 

0.75
4 

2.29
2 
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Discussion 
Similar studies but with different plants 
extracts have been done by (Omoke et al., 
2021; Berhanu et al., 2019).  The results of 
this study showed that the commercial 
antibiotics with a mean inhibition diameter 
of 10.54, had a general better inhibition 
ability than the extracts at 1g/100ml with a 
mean inhibition diameter of 9.11 (Figure 
8).  While the present study experimented 
with biochemically identified bacteria 
genus, other similar studies have been 
done with bacteria of known species (Asrar 
et al., 2020; Komakech et al., 2019; 
Fagbemi et al., 2022). In the study by Asrar 
and others (2020) just like the present 
study amoxiclav 30mcg was the least 
effective followed by oxacillin 1mcg and 
amoxicillin 20 mcg. Fagbemi et al., 2019 
experimented with methanolic extracts of 
T. indica fruit of low phenolic content and 
reported inhibition of Plesmionas shigella 
ATTCC 15903 and Bacillus pulmillus ATTCC 
which were the most sensitive. Another 
study reported best inhibition of Klebsiella 
pneumoniae (18.75mg/ml) followed by S. 
aerius (9.38mg/ml) (Goanar et al., 2024). 
These bacteria have been associated with 
resistant Anopheles gambiae mosquitoes 
in other studies (Ondeto et al., 2021; 
Berhanu et al., 2019).  This present study 
confirms that 1g/100ml of the D. 
stramonium seed isolate F7 had better 
inhibition effectiveness than amoxyclav 
p>0.005 followed by the mixture of all 
extracts which had p>0.0007. Amoxiclav 
had the least inhibition effectives (Table 2). 
There is scarcity information about such 
comparative studies of the crude extracts 
even though their effectiveness in 
inhibition of both gram-negative and gram-
positive bacteria have been reported 
(Komakech et al., 2019; Pu et al 2010). This 
study report for the first time that the D. 
stramonium isolated essential oil F7 had 
the best effectiveness with no significant 

differences with those of commercial 
antibiotic and all the other extracts. The 
results from the experiments can inform 
the nullification of the assumption that the 
extracts of D. stramonium seed and leaf, F7 
and T. indica fruit pulp extracts has no 
inhibitory effect on microbiota of 
deltamethrin resistant Anopheles gambiae 
mosquitoes.  Banard et al., (2019) study on 
the contribution of gut bacteria to 
insecticide resistance and the life history of 
Anopheles arabiensis reported that gram-
negative bacteria Streptococcus pyrogenes 
reduced deltamethrin-induced mortality.  
The study exposed the mosquitoes to 
antibiotics and reported that antibiotic 
treatment increased deltamethrin-induced 
mortality in the treated samples.  The 
effectiveness of F7 can be attributed to its 
ability to negate deltamethrin resistance in 
An. gambiae from Chwele. F7 possibly 
changed bacterial community and diversity 
in the treated samples making them weak 
and consequently knockdown.  

There was interest in knowing the 
bacteria community on the mosquitoes. 
The biochemical results on the bacteria 
identified 11 genera: Elizabethkingia, 
Aeromonas, Proteus, Enterobacter, 
shigella, Klebsiella, Salmonella, 
Acinetobacter, Citrobacter, Pseudomonas 
and Serratia were isolated from midgut 
and cuticle of Anopheles gambiae from 
Chwele.  These bacteria have been isolated 
from An. gambiae by other researchers 
who associated them with insecticide 
resistance (Ondeto et al., 2021; Banard et 
al., 2019; Dada et al., 2019, Berhanu et al., 
2019).  The present study agrees with 
earlier studies which reported that these 
genera of bacteria are resistant to 
commercial grade antibiotics (Kamfer et 
al., 2011; Betty et al., 2007).  
Elizabethkingia for instance has been 
reported to be resistant to ampicillin, 
streptomycin, chloramphenicol and 
tetracycline (Kamfer et al., 2011).  The 
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present study reports not only its 
resistance to the mentioned antibiotics but 
also vancomycin. The growth of number of 
bacteria isolated in the present study has 
been inhibited by antibiotics and plant 
extracts. This study therefore agrees with 
earlier reports that Elizabethkingia, 
Aeromonas, Proteus, Enterobacter, 
shigella, Klebsiella, Pseudomonas, 
Acinetobacter, Salmonella, Citrobacter and 
Serratia are associated with resistant 
strains of An. gambiae mosquitoes (Ondeto 
et al., 2021; Banard et al., 2019; Dada et al., 
2019). Both extracts and commercial grade 
antibiotics have been used to inhibit 
growth of Elizabethkingia (Wong et al., 
2020; Baldini et al., 2014; Gomes et al., 
2017; Cirimotich et al., 2011; Bahia et al., 
2014; Diamini et al., 2020; Mesfin et al., 
2012; Fagbemi et al., 2019);  Aeromonas 
(Soltani et al., 2017); Klebsiella (Diamini et 
al., 2020; Dada et al.,2018 and 2019, Wu et 
al., 2006; Gendrin et al., 2013; Wong et al., 
2020; Al-Snafi ,2017; Rehman et al., 2022; 
Bhakta et al., 2013; Arruda et al., 2021); 
Pseudomonas (Hu et al., 2014; Arruda et 
al., 2021; Wu et al., 2006; Cirimotich et al., 
2011; Soltani et al., 2017; Bahia et al., 
2014; Feng et al., 2021; Soni et al., 2012; 
Takhi and Quinten, 2011; Dada et al., 2018 
and 2019; Mesfin et al., 2012; Fagbemi et 
al., 2019) and Shigella ( Banard et al., 2019; 
Dada et al., 2019).  

Although the role of the isolated 
bacteria from deltamethrin the resistance 
of Anopheles gambiae from Chwele has not 
been fully explored for control purposes. 
Many studies have associated the bacteria 
identified in the present study with 
insecticide resistance in Anopheles 
mosquitoes. Serratia, Aeromonas, 
Pseudomonas, Actenobacter and Klebsiella 
have been associated with insecticide 
detoxification (Wong et al., 2020; Diamini 
et al., 2020; Soltani et al., 2017; Arruda et 
al., 2021; Feng et al., 2020; Dada et al., 
2018; Wang et al., 2021).   In this study 

Serratia species was the most resistant to 
antibiotics even though its growth was 
inhibited by F7.  Owing to its being 
associated with resistance, there is a 
possibility of this bacteria contributing to 
resistance to deltamethrin in Chwele. 
Effectiveness of D. stramonium and T. 
Indica extracts to inhibit the growth of 
Proteus, Enterobacter, Acinetobacter and  
Serratia has not been fully understood. 
(Wu et al., 2006; Gendrin et al., 2013; 
Diamini et al., 2020; Sharma et al., 2021; 
Bahia et al., 2014; Cirimotich et al., 2011; 
Diamini et al., 2020; Pelloquin et al., 2021; 
Wu et al., 2006; Gendrin et al., 2013; Wong 
et al., 2020; Fagbemi et al., 2019; 
Komakech et al., 2017). ,  This study 
reported the inhibition effectiveness of 
ethyl acetate extracts of T. indica fruit pulp,  
D. stramonium seed, leaves and novel 
isolate F7 against commercial antibiotics 
resistant strains of bacteria Proteus , 
Enterobacter, Acinetobacter  and  Serratia 
isolated from mid gut and cuticle of 
deltamethrin resistant An. gambiae 
mosquitoes.  F7 therefore is a potential 
bio-control tool for deltamethrin resistant 
Anopheles gambiae with both knock down 
and bacteria mediated resistance that 
when fully explored can supplement other 
control measures in an integrated vector 
management set up.  

 

Conclusion and 

Recommendation 
Gram-negative bacteria of the genera 
Elizabethkingia, Salmonella, Aeromonas, 
Proteus, Enterobacter, shigella, Klebsiella, 
Pseudomonas, Actenobacter, Citrobacter 
and Serratia, which were isolated from the 
mid-gut and cuticle of deltamethrin-
resistant Anopheles gambiae, have been 
identified as insecticide-detoxifying genera 
and exhibited resistance to commercial 
standard antibiotics, with the exception of 
the F7 isolate from Datura stramonium 
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seed. The F7 isolate demonstrated high 
effectiveness in inhibiting bacterial growth, 
suggesting its potential to manage 
deltamethrin resistance mediated by 
microbiota in the mid-gut and cuticle of 
resistant An. gambiae. Hence, there is need 
for further research on the mosquito 
microbiome, particularly species 
identification through sequencing. 
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