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Laboratory Evaluation of Bacillus subtilis Bioactivity
on Musca domestica (Linn) (Diptera: Muscidae)
Larvae from Poultry Farms in South Western Nigeria

Funmilola O. Omoya

Abstract—Muscid flies are known to be vectors of disease agents
and species that annoy humans and domesticated animals. An
example of these flies is Musca domestica (house fly) whose adult
and immature stages occur in a variety of filthy organic substances
including household garbage and animal manures. They contribute to
microbial contamination of foods. It is therefore imperative to control
these flies as a result of their role in Public health. The second and
third instars of Musca domestica (Linn) were infected with varying
cell loads of Bacillus subtilis in vitro for a period of 48 hours to
evaluate its larvicidal activities. Mortality of the larvae increased with
incubation period after treatment with the varying cell loads.
Investigation revealed that the second instars larvae were more
susceptible to treatment than the third instars treatments. Values
obtained from the third instar group were significantly different
(P<0.05) from those obtained from the second instars group in all the
treatments. Lethal concentration (LCsg) at 24 hours for 2" instars was
2.35 while LCsy at 48 hours was 4.31.This study revealed that
Bacillus subtilis possess good larvicidal potential for use in the
control of Musca domestica in poultry farms.
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[. INTRODUCTION

USCA DOMESTICA (Linn) (housefly) is a domestic

and well known cosmopolitan pest of both farms and
homes. Vernacularly, it is called “Esinsin”, “Kuda” and
“Ezeze” in the three major languages in Nigeria (Yoruba,
Hausa and Ibo respectively). Housefly is the most widely
distributed insects found all over the world, most common of
all domestic flies accounts for about 90% of all flies in human
habitation and considered a pest that can transmit serious
diseases. House flies are grey, approximately 6mm (1/4 inch)
long, with four dark longitudinal stripes on top of the thorax,
or middle body region [2]. The mouth parts of house fly are
adapted for sponging up liquids.

Houseflies feed on faeces, open sore, sputum and moist
decaying organic matter such as spoiled food, eggs and flesh
[3]. The flies feed on liquid or semi liquid substances beside
solid materials and pass it again to the abdomen. They deposit
faeces constantly, one of the factors that make the insect a
dangerous carrier of pathogens. The most important damage
related with this insect is the annoyance and the indirect
damage produced by the potential transmission of pathogens
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(viruses, bacteria and fungi) associated with it. Insect can pick
up pathogenic organisms from garbage, sewage and other
sources and then transferred on their mouthparts, through their
vomits, faeces and other sources and then transferred to
human and animal food, hence, are of medical importance [1].
Houseflies are most commonly linked to outbreak of food
poisoning, diarrhea, shigellosis, anthrax, cholera, dysentery
and parasitic worms such as Ascaris lumbricoides [18], [6],
[15]. The breeding site suitability of this fly include horse
manure, human excrement, cow manure, fermenting
vegetables, kitchen waste and structures containing poultry,
swine, sheep, cattle also incompletely composted manure are
highly favoured sites for breeding [14].

The control of housefly is vital to human health and comfort
in many areas of the world [7]. The control depends on their
economic threshold density and tolerance. In sensitive
environments such as restaurants, hospital small numbers of
flies cannot be tolerated whereas in livestock or poultry
production some flies are inevitable. Serious problems occur
when cities or suburban development occur near poultry
production facilities, as residents usually will not tolerate the
large number of flies emanating from such facilities [7]. The
chemical ways of controlling this fly is by application of
adulticide or larvicides to directly or indirectly suppress adult
densities, resistance to permethrin developed more rapidly in
fly population from farm on a continuous permethrin regime
[16]. Microbial insecticides offer effective alternatives for the
control of many insect pests. Their strength is their safety, as
they are essentially non-toxic and non-pathogenic to non-
target organisms [19]. Microbial insecticides can be used
successfully in place of more toxic insecticides to control
insect-pests [10].

The use of biological control in fly management is still at a
relatively early stage [9]. The objective of this study is in vitro
assessment of the bioactivity of Bacillus subtilis on the
different instars of Musca domestica larvae.

II. MATERIALS AND METHODS

A.Breeding of the Insect Larvae

Chicken dung samples were collected into a sterile plastic
container from the poultry farm of Department of Animal
Production and Health of Federal University of Technology,
Akure, Ondo — State. The dung samples were kept in a moist
condition inside aluminium trays, placed in a cages
constructed with little modification as described by [12]. The
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cages were 70x40x40cm with 2.8cm diameter ventilation ports
and a 28x20cm access opening at the front. The ventilation
ports were left unmeshed for easy access by house flies and
the access opening was covered with wired net. The cages
were located behind the Microbiology laboratory of Federal
University of Technology, Akure, Ondo—State for easy
accessibility of houseflies to enable them lay their eggs on the
dung samples.

The cages were left undisturbed for 5 days after which the
samples were visually observed for housefly larvae starting
with the first instars to the third instars. Collection of the
larvae instars were done inside sterile aluminium trays for
bioassay.

B. Identification and Cultivation of the Entomopathogenic
Bacterium

This study was conducted at the Department of
Microbiology, Federal University of Technology Akure,
Nigeria. Bacillus subtilis used in this study was isolated
according to [13]. Identification of the bacterial isolate was
done wusing cultural, morphological and biochemical
characteristics according to the methods of [8]. A basal
medium containing K,HPO, (17.4g), NH,SO, (1.98g), MgSO,
(0.48g), FeS0O,4.7H,0 (0.0025g) and glucose (2.0g) in 100mL
of sterile distilled water was used for the cultivation of this
bacterium. The isolate was inoculated intolOmL of sterile
basal medium, incubated at 37°C for 24h. The cells were
centrifuged at 12.168x10%g for 15min (Centrifuge MSE Minor
35) and re-suspended into 2mL sterile water. The cells were
counted and diluted to obtain different concentrations.

C.Susceptibility of Musca domestica larvae to Bacillus
subtilis

One hundred Musca domestica larvae were used for each
concentration in this experiment. The larvae were surface
sterilized in separate Petri dishes using 75% alcohol and sterile
distilled water was used to rinse it three times to ensure total
removal of the alcohol. There were four replicates and control
per treatments with 25 housefly larvae in each container. Each
larva was inoculated with the cells of bacterial isolate at
varying cell loads. Incubation was carried out for 48h.
Mortality of the larvae was physically monitored by checking
their movement at 12 h interval using an applicator stick. The
cadavers were rd.

D.Statistical Analysis

The second and third instars larvae data were analyzed
using analysis of variance (ANOVA), and in the lethal
concentration bioassay, the LCs, values were determined using
the probit analysis for correlated data [4].

III. RESULTS AND DISCUSSION
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Fig. 1 Effect of different concentrations of Bacillus subtilis on the
2" instars of housefly larvae at varied exposure time of post infection
*Percentage mortality (%) against concentration (cfu/ml)
*E - exponential
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Fig. 2 Effect of different concentrations of Bacillus subtilis on the
3rd instars of housefly larvae at varied exposure time of post
infection *Percentage mortality (%) against concentration (cfu/ml)
*E - exponential

TABLE1
THE LCsp AND RESISTANCE RATIO OF 2™ AND 3"” INSTARS OF HOUSEFLY
LARVAE AT 24 HR AND 48 HR OF POST INFECTION

Housefly LCsoat 24 LCsoat 48 RR RR*
instars hours hours

2" instars 2.35 431 1 1

3" instars 5.89 9.36 2.50 2.17

LCso — lethal concentration at which the bacterium kills 50% of the
housefly larvae at a given time.

RR — Resistance ratio at 24 hours

RR'- Resistance ratio at 48 hours

The susceptibility of housefly larvae to Bacillus subtilis at
varying concentration and time affect the morbid effect
recorded in this study (Figs. 1 and 2). The percentage
mortality recorded varied with the concentration of the
bacteria cells. At the lowest concentration, 15% mortality was
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recorded at 48 hrs of post infection while the highest
concentration of 7.2 x 107cfu/ml used in this study was able to
cause 85 % mortality at 48 hours of post treatment on the 2nd
instars treatment (Fig. 1). On the 3™ instars treatment at both
low and high concentrations, morbid effect was seen but not as
high as that of the 2™ instars treatment. The highest
percentage mortality was 78% mortality. This might be as a
result of reduction in the feeding rate of the larvae in
preparation for metamorphosis into the pupa stage. In Fig. 2,
decrease in percentage mortality of the inoculated house fly
larvae observed could be as a result of decrease in the
ingestion rate due to the age of the larvae. This observation
was in line with the fact that mature larvae stop feeding and
burrow into drier surrounding areas where it pupates. The
studied revealed that the second and the third instars were the
feeding stages and thus ingestion of metabolic products that
was made of spores and associated toxins from Bacillus
subtilis disrupting the gut of the larvae that contained specific
receptor which aided the activation of the toxin [11].

The larviciding period also contributed to the percentage
mortality of the larvae. Figs. 1 and 2 showed that with increase
in the hours of larviciding, the morbid effect was seen to
increase, that is the larviciding period is directly proportional
to percentage mortality. At 48h of exposure in both treatments
(2™ and 3" instars larvae treatments), gradual increase in
percentage mortality was recorded and results from each
treatment was significantly different from each other at
P<0.005 (Figs. 1 and 2). This might be as a result of variation
in the feeding rate of the larvae which is in agreement with
[5]

The relative potency of Bacillus subtilis on second and third
instars of Musca domenstica was reported in Table I. The
lethal concentration (LC) was seen to increase with time of
exposure. In the second instars treatment, two folds of Bacillus
subtilis was necessary to induce the same effect of 50%
mortality (LCs) on the larvae at 48 hrs of post treatment when
compared to treatment after 24 hrswhile more than one folds
of Bacillus subtilis concentration will cause the same effect
after 48 hr of treatment in the third instars larvae. The
observed difference in the susceptibility might be due to their
ingestion rate [17]. Hence more mortality of the mosquito
larva was recorded in the second instars treatments. Therefore,
from the data obtained in this study, it could be inferred that
the application of Bacillus subtilis on housefly larvae could
significantly reduce the population of fly and consequently
control the havoc they cause in disease transmission.

REFERENCE

[1] Banjo A,D., Lawal,A.O. and Osinuga BO, (2004). Reservoir
competence of Alphitobius disperinus (Coleoptera: Tenebrioridae) in
South West Nigeria poultry houses. Asian J. Microbial. Biotechnol.
Environ. Sci.;3:67-11

[2] Brain, M., Wiegmann, D.K., Yeates, J.L. and Thorne, H. K.(2005). “a

fly’s head, showing compound eyes and hair”.
en.wikipedia.org/wiki/housefly
[3] Dewey MC,(1999).Housefly.  University of Rhode Island

http://www.edu/ce/factsheets/houseflies.html
[4] Finney, D.J. (1971). Probit analysis.l"edition.Cambridge University
Press. Cambridge. London.; Pp 100 - 121

[

(6]

(7
(8]

]
[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Gunasekaran, K. and Boopathi, P.S. (2004). Vaidyanathan K.
Laboratory and field evaluation of Teknar HP-D, a biolavicidal
formulation of Bacillus thuringiensisssp.isrealensis against mosquito
vectors. Actatropica; 92: 109-118

Hald, B., Sommer, H.M. and Skovguard, H. (2007). Use of fly screens to
reduce Campylobacter spp. Introduction in broiler houses. Emerging
Infectious Diseases 13: 1951-1953

Hedges, S.A. (2004). The mallis handbook of pest control. 9" edition
GIE Media, Cleveland.Pp. 1396

Holt. J.G., Kreig,N.R. andSneath, P.H.A., Staley,J.T. andWilliams, S.T.
(1994). Bergey’sManual of Determinative Bacteriology. 9“Edn.
Lippincott Williams and Wilkins, Baltimore.

Imai, C. (2000). A new method to control house flies, Muscadomestica,
at waste disposal sites. Research in Population Ecology.27: 111-123
Kaufman, P.E., Scott, J.G. and Rutz, D.A. (2001). Monitoring
insecticide resistance in house flies from New York dairies.

Kurstak, E.(2002). Microbial and Viral pesticides. 4" edition Marcel
Dekker. New York Pp 75

Morgan, P.B., LaBrecque, G.C. and Patterson, R.S. (1978). Mass
culturing  the  microhymenopteran  parasite  Spalangiaendius
(Hymenoptera: Pteromalidae). Journal of medical entomology. 14: 671-3
Omoya, F.O., Boboye,B.E. and Akinyosoye,F.A. (2009). Mosquito-
Degradative-Potential of Cockroach and Mosquito Borne Bacteria.
Journal of Medical Science. 9: 202-207.

Ostrolenk,M. and Welch,H. (2002). The common housefly (Musca
domestica) as a sourcse of pollution in food establishments. Food
Research. 7: 192-200

Sheri, M.B., Steelman, C.D. and Szalanski, A.L. (2007). “Detection of
pathioden DNA from filth flies (Diptera:Muscidae) using filter paper
spot cards” Journal of Agricultural and Urban24: 13-18.

Stuart, M. B.(2008). Muscadomestica. The common housefly. www.the-
piedpiper.co.uk

Sun, C., Georghiou, G.P. and Weiss, K. (1980). Toxicity of Bacillus
thuringiensis var.isrealensis to mosquito larvae variously resistant to
conventional insecticidesMosquito news. 40: 614-618

Szalanski, L.A., Owens,B.C., Mckay, T. and Steelman, D.C. (2004).
“Detection of Campylobacter and Escherichia coli 0157:H7 fron flies by
polymerase chain reaction” Medical and veterinary Entomology18: 241-
246

Weinzierl, D., Nowak, J.C. and Dofty, B.A. (2002). Use of various
organisms for the biocontrol of diseases: Principle, Mechnism of Action
and Future Prospects. Applied and Environmental Microbiology.1: 4951-
59.

563



