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Abstract Three formulations; bait, encapsulation, and
emulsion of Beauveria bassiana were prepared and evaluat-
ed for their insecticidal activity in simulated field settings.
Tea waste-based bait formulation of B. bassiana showed
100 % mortality (within 72 h) in lab assay against adult
houseflies. In field assay using traps, 65 % relative entrap-
ment and 100 % mortality (within 60 h) of entrapped flies
was observed. Although the bait formulation was low cost
and easy to prepare and transport, its storage ability was
limited. Hence, more advanced formulations in form of
encapsulation and emulsion was attempted. Encapsulated
B. bassiana conidia (using skimmed milk powder, polyvinyl
pyrrolidone K-90 and glucose as additives) showed 100 %
conidial germination and retained 78 % conidial viability,
even after storage for 12 months at 30 °C. Encapsulated
product showed 54.8 % (freshly prepared) and 30.6 % (after
12-months storage) mortality of housefly larvae in a simu-
lated field condition. Emulsion formulation was prepared by
using Tween 20 as surfactant with seven vegetable oils:
soybean, rapeseed, sunflower, olive, castor, til, and linseed.
Emulsion with linseed oil showing maximum conidial
germination (94 %) was evaluated for shelf life and
pathogenecity against housefly larvae. Shelf life analysis
of emulsion revealed 28 % conidial germination and
19.9 % housefly larval mortality after 12 months of storage
as opposed to 94 % conidial germination and 51.7 % of
larval mortality with fresh product. Significant increase in
shelf×targeted application of formulation is expected to
increase its mass applicability for housefly control. Also,
the variability among products presents diverse opportuni-
ties for commercialization.

Introduction

Entomopathogenic fungi are usually applied in the form of
conidia, which need a stabilizing agent to facilitate applica-
tion, stability during storage, and enhancement of activity
(Alves et al. 2002; Meikle et al. 2008). In this regard, devel-
opment of a suitable formulation is a crucial step towards
successful implementation and scale up of entomofungal
bioactivity. A biocontrol formulation with pest control po-
tential should possess several desirable characteristics such
as ease of preparation and application, stability, low cost, and
abundant viable propagule (Sadanandane et al. 2003;
Naranjo et al. 2013). Most of the mycoinsecticidal formula-
tions discussed in the literature are concerned with the con-
trol of agricultural pests (Bateman et al. 1993; Feng et al.
2004a, b; Polar et al. 2008), while very few of these studies
evaluated potential of such formulations for control of
housefly (Watson et al. 1995; Geden et al. 1995; Mishra
et al. 2011). Housefly is a major pest of medical and veter-
inary significance, the life cycle of which could be divided
into larvae, pupa, and adult. A critical review of the product
formulations for housefly control suggests that only primi-
tive bait and dust formulations has been attempted and that
too are confined against adults (Watson et al. 1995; Geden
et al. 1995). An important aspect of more advanced formu-
lations (encapsulation and emulsion) targeting the breeding
stage of larvae and pupa, as well as adults is left unexplored.

Encapsulation of fungal conidia protects them from
adverse environmental conditions, increases shelf life and
bioefficacy, while easing the formulation handling (Patel
et al. 2011; Kanis et al. 2012). With regards to housefly
control, encapsulated fungal conidia with their protective
coating could be a viable option for field application
against housefly larvae and pupae. Similarly, emulsion of
entomopathogenic fungi with vegetable oil protects fungal
conidia from UV light and increases their efficacy by
promoting conidial adhesion on the insect’s cuticle surface
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(David-Henriet et al. 1998; Malsam et al. 2002). Oil-based
formulation of entomopathogenic fungi are also shown to
enhance their pathogenecity to the host insects (Bateman
et al. 1993; Bandani and Esmailpour 2006; Vega-Aquino
et al. 2010; Luz et al. 2011). Furthermore, the ease of
application for emulsion formulation makes them lucrative
choice for housefly control. However, no reports are avail-
able in the literature on encapsulation and emulsion for-
mulation for housefly control. Keeping in view the above
facts, three formulations (bait, encapsulate, and emulsion)
of B. bassiana, catering to the control of different life
stages of housefly, site of applicability and need of end
user, were prepared and evaluated in the present study.

Material and methods

Fungal culture

Beauveria bassiana HQ917687 used in the present study was
isolated in our laboratory from soil samples collected from
Northern part of Uttar Pradesh, India (data unpublished). The
efficacy of fungal isolate against housefly has been reported
earlier by Mishra and Malik (2012). The fungal isolate was
grown on Potato Dextrose Agar (PDA) slants and maintained
at 4 °C.

For preparation of conidial suspensions, conidia were
harvested from fresh slants (cultured for 5 days at 28 °C)
by adding 10 ml of 0.1 % sterile Tween 80 to the culture
slant. The slant was vortexed for 5 min and the resulting
suspension was filtered through a sterilized 8-μm mem-
brane filter disk. The filtered conidial suspension was
enumerated for conidia concentration and viability using
an Automatic Cell Counter (Cellometer® Vision HSL,
Nexcelom Bioscience). For determination of conidial via-
bility, conidia were stained with Trypan blue. The conidial
suspension was used as seed culture for formulation
preparations.

Bait formulation of B. bassiana

Preparation of bait formulation

Preparation of fungus bait formulation was done using oven
dried tea waste (80 °C, 24 h). The dried tea waste (150 g) was
taken in Erlenmeyer flasks (250 ml) and inoculated with
fungal conidial suspension (∼109 conidia/ml) along with
appropriate moisture. Fungus was allowed to grow for 15–
20 days at 28 °C. After the incubation period, the tea waste
with fungal growth was mixed with 2 % carboxymethyl
cellulose and glucose to prepare baits (diameter 1 mm).

Laboratory bioassay against adult housefly

Prepared fungal baits were adhered to molasses spread on the
filter paper to prepare molasses strips (Fig. 1a). For the lab
assay against housefly adults, these molasses strips were
pasted on the inside wall of cylindrical mini-chamber
(30×60 cm) made of plastic (Fig. 1b). In each of these
cylindrical mini-chambers, 30 adult houseflies were placed
along with housefly diet (consisting of wheat bran and
groundnut oil cake in the ratio of 3:1). The mini-chambers
were then covered with muslin cloth and incubated at
28±2 °C, 65 % RH. The assay incorporated three replicates.
Control set of experiment has molasses strip with tea bait
without fungal growth. The mortality of adult flies was ob-
served daily.

Field bioassay against adult housefly

Field assay against adult houseflies was performed in a
restaurant (washing area) during the month of May 2010.
The experiment was performed using traps (Fig. 1c), which
were placed at the experimental site form 8 AM to 6 PM. The
experimental set of traps contained either molasses strip with
fungal bait or molasses strip without fungal bait, whereas the
controlled set of traps had no strips. The number of flies
entrapped inside the traps during the experimental period
was observed to calculate relative entrapment in the test
traps. The relative entrapment was calculated using the fol-
lowing formula:

RE ¼ 1−
T0

TT

� �

where TT and T0 is the flies entrapped within the treated and
control traps in a given period of time. Further, the flies
collected in the traps were kept at the room temperature
(30±2 °C) and was observed for mortality.

Encapsulated formulation of B. bassiana

Preparation of fungal encapsulate

Encapsulation of selected fungal isolate was prepared
according to the method described by Horaczek and
Viernstein (2004). An aqueous solution containing 5 %
(w/v) skimmed milk powder and 1.25 % (w/v) polyvinyl
pyrrolidone K-90 was prepared. To this aqueous mixture,
an additive (5 %, w/v), consisting of one of three sugars
(sucrose, glucose, and mannitol) was added. A negative
control containing no additive was also incorporated. To
the resultant aqueous mixture, 10 % (v/v) conidial suspen-
sion (∼108 conidia/ml) was added. The mixture was kept at
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−80 °C for 12 h and then exposed to freeze drying for the
next 20 h, resulting in formation of encapsulated conidia.

Germination characterization of encapsulated conidia

For germination study, 1 g of encapsulated formulation
was dissolved in double distilled water to prepare a
conidial suspension (∼105 conidia/ml). A 20 μl of inoc-
ulums from the prepared suspensions were placed on
PDAY (2 ml) medium on glass slides (75×25 mm) and
observed microscopically at ×40 at regular interval of 4,
8, 16, 24, and 48 h. A total of 100 conidia were scored
for each treatment in each of the trials and were analyzed
statistically. For each additive, three replications were
incorporated. Another set of control comprising non-
encapsulated fungal conidia was also included for germi-
nation study.

Shelf life analysis

The fungus encapsulates (containing different additive)
showing superior results for conidial germination rate was
selected for further shelf life analysis under storage condition
(30±2 °C). The stored encapsulated conidia were periodical-
ly (0, 2, 4, 6, 8, 10, and 12 months) analyzed for its conidial
germination rate till 12 months. Each observation incorpo-
rated data from three replications.

Bioassay against housefly larvae

Bioassay experiments with selected encapsulated conidia
were performed during the period of October 2010 to Sep-
tember 2011. Housefly larvicidal assay was done in plastic
trays (75×60 cm) containing decaying waste matrix as de-
scribed earlier (Mishra et al. 2011). Dried waste matrix (5 kg)
was placed in different trays and saturated with 70 % mois-
ture. After 12 h, 20 g (∼106 conidia/g) of encapsulated
entomopathogenic fungi was added to the matrix and mixed
thoroughly. After 24 h, 300 housefly larvae were added to
each tray. Experiment was done in triplicate with a control
treatment. Trays were kept at room temperature within a
netted cage (80×65×60 cm) and were checked daily for
formation of pupae and emergence of flies for next 10 days.
Number of pupae formed or flies emerged were counted
together and rest of the larvae, which could not be accounted
for, were considered as dead.

Emulsion formulation of B. bassiana

Preparation of emulsion

Emulsion formulation of B. bassiana was prepared using
Tween 20, which was selected on the basis of best compat-
ibility with the fungal isolate (Mishra et al. 2013). Seven
vegetable oils: soybean, rapeseed, sunflower, olive, castor,
til, and linseed were used for preparation of oil–water

Fig. 1 Bait formulation of
fungal isolate: a molasses strips
of tea waste baits, b molasses
strips stuck inside cylindrical
box, c field assay of the baited
fungal isolate in traps
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emulsions with Tween 20 according to the method described
by Luz and Batagin (2005). Oils (5 ml), surfactant (2.5 ml),
and sterilized water (45 ml) were adjusted separately to a
temperature of 80 °C (distilled water) and 60 °C (oils and
surfactant) in a water bath. The water was submitted to
agitation at 200 rpm on a magnetic stirrer with continuous
addition of oil and surfactant. After 30 min of agitation,
prepared mixture was kept in a 100-ml flask and inoculated
with 1 ml of conidial suspension (3.2×108 conidia/ml).
Flasks were incubated at 28 °C and 180 rpm. After 48 h of
inoculation, conidial germination rate was examined. For
each oil–water emulsion, conidial germination was studied
with three replicates.

Shelf life analysis

The best emulsion selected on the basis of conidial germina-
tion was evaluated under storage condition (30±2 °C) at
regular interval according to the method described above.
SEM image analysis of the emulsion sample from freshly
prepared and 12-months stored emulsion was also carried
out.

Bioassay against housefly larvae

The larvicidal assay with emulsion was performed during the
period of May, 2010 to April, 2011 with 20 ml (∼106

conidia/ml) of emulsion. The assay was done in simulated
field condition according to the method described above.

Results and discussion

Bait formulation of B. bassiana

A bait formulation is an active ingredient mixed with food or
another attractive substance. The conidial concentration in
the tea waste bait formulation prepared in the present study
was enumerated at ∼108 conidia/g. Insecticidal activity of
baits was evaluated in cylindrical mini-chambers, whereas
the field assay was performed using commercial traps.

Laboratory bioassay against adult housefly

In a mini-chamber assay against adult houseflies, fungal bait
was found to be very effective with 100 % mortality within
3 days (Fig. 2). Traps comprising molasses strips alone
showed 10 % flies mortality. Most of the mortality in these
traps was observed to be due to sticking of wings or probasis
of adult houseflies to the wet surface of molasses. Previously,
we evaluated mortality of adult housefly using B. bassiana
conidial suspension at different concentrations in a similar
mini-chamber bioassay (Mishra et al. 2011). The data from

the study is included in Fig. 2 for comparison. In this study,
absolute mortality of adult housefly with conidial suspension
could be achieved only after 5 days, while the mortality data
after 3 days was 47–56 %. Under similar condition in the
present study, fungal baits provided 100 % adult mortality in
3 days. The above results reflecting increased mortality and
decreased time of kill clearly indicate significant increase in
B. bassiana efficacy when formulated as bait.

Field bioassay against adult housefly

At the field level, due to apparent difficulty in monitoring of
housefly population, data analysis for control experiments
becomes difficult. The use of traps solves the problem to an
extent, with ease in monitoring. Moreover, flies within traps,
being representative population, gives an idea about popula-
tion size and types. Hence, field assay with B. bassiana baits
was performed within traps under three settings: (a) traps, (b)
traps+molasses, and (c) traps+molasses+fungal baits. Traps
with molasses showed a relative housefly entrapment of
62.5 %. The relative mortality of adult fly within this setting
was 5 % (Fig. 3). The field setting containing traps with

Fig. 2 Mortality (mean±S.D.) of adult house flies in mini-chamber
bioassay [data represented by indicates B. bassiana bait formula-
tion; indicates B. bassiana conidial suspension at 1×106 conidia/ml;

indicates B. bassiana conidial suspension at 1×109 conidia/ml;
number sign and asterisk are the data sets taken up from Mishra et al.
(2011) for comparison]

Fig. 3 Effect of B. bassiana bait formulation and molasses on the adult
houseflies during field assay in traps
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molasses and fungal baits showed a relative entrapment of
65 %. Such traps showed 100 % mortality (within 60 h) of
entrapped flies. The results reflected molasses as good at-
tractant for adult houseflies. However, no significant differ-
ence in the relative entrapment for traps containing molasses
alone and molasses with fungal baits was obtained. More-
over, the attractant activity of molasses does not extend to its
killing potentiality, reflected by low relative mortality (5 %)
in traps containing only molasses. Thus, it is evident that the
housefly mortality was solely due to the fungal baits.

Geden et al. (1995) reported the activity of sucrose bait
formulation of two B. bassiana strains (P89 and L90) against
housefly adults. In their study, the housefly mortality with
baits of B. bassiana strains varied between 78 and 88 %
(108 conidia/g) to 87–94 % (109 conidia/g) after 5 days of
exposure. Renn et al. (1999) reported activity of bait formu-
lation ofM. anisopliae against housefly in a semi-field setting
done with polythene cubicles. They observed housefly mor-
tality to be dependent upon the time of exposure and the sex of
the flies. In their study, females of housefly showed 20 %
(fourth day) to 92.5 % (tenth day) mortality, while for male
9.3 % (fourth day) to 100 % (tenth day) mortality was
achieved. Similarly, Sharififard et al. (2011) evaluated bait
formulation (107 spore/g) of M. anisopliae (IRAN 437C)
against housefly adult. In their study, fungal baits with sugar
and powderedmilk showed 72.4% adult mortality after 9 days
of observation. Further, it was observed that fungal baits along
with sublethal doses of spinosad showed significant increase
in Musca domestica adult mortality. They concluded that the
sublethal spinosad exhibited synergistic and additive effect on
insect mortality with the fungal dose of 105 and 107 spore/g,
respectively. Naranjo et al. (2013) reported 92 % mortality of
Aedes albopictus using boric acid sugar bait formulation in lab
assay, while comparative mortality in semi-field condition
was found to be 32.5 %, after an exposure period of 14 days.

In view of the above discussion, the present results with
absolute mortality of adult houseflies within 72 h (mini-
chamber assay) to 60 h (traps assay) were quite encouraging,
and hold potentiality for B. bassiana bait formulations as
housefly control agent. Further, the possibility of indirect
transfer of infection by baits due to tendency of the house-
flies to pick up lethal dose of conidia from dead flies, adds to
their advantage. Moreover, tea waste being abundantly avail-
able, production of these baits would be economically viable
and the technology could be easily replicated at the end user
level. In fact, tea waste bait can easily be produced by small
scale street food vendors for controlling the housefly menace
at their eat-out. In spite of all the above advantages, the
application and shelf life of bait formulations presents sev-
eral disadvantages. Bait formulations of B. bassianamay kill
the non-target beneficial organisms or may serve as a food
supply to other pests after removal of fungal conidia. Further,
during application of bait formulations, it is difficult to get an

even distribution. However, the major problem is its short
shelf life (2–3 months). The handicap bestowed due to the
low shelf life, renders commercialization more difficult.
Further, it also limits their area of use, which remains con-
fined to local production and utilization.

Encapsulated formulation of B. bassiana

In order to produce more effective and stable formulation,
encapsulation of B. bassiana was attempted. Present study
endeavored encapsulation formulation based on skimmed
milk powder and polyvinyl pyrrolidone K-90. Saraiva et al.
(2010) pointed that hydrophobic fungal agents such as B.
bassiana are typically soluble in organic solvents and are
distributed in microparticles as molecular dispersions within
the amorphous polymer matrix. The effect of various sugar
additives on efficacy of B. bassiana encapsules was studied
along with assessment of encapsulated B. bassiana for its
shelf life and bioefficacy against housefly larvae.

Effect of additives

Figure 4 elucidates the effect of encapsulation on conidial
germination in presence of various additives. Encapsulated B.
bassiana conidia containing no sugar achieved 82 % conidial
germination, while non-encapsulated control showed 100 %
conidial germination within 48 h. The results indicated nega-
tive effect of encapsulation technique on conidial viability. The
percentage conidial germination of encapsulated conidia var-
ied significantly with different additives (F=69.24; df=2, 8;
p<0.001). Also, significant variation in conidial germination
was observed for each additives for different observation time
(F=253.79; df=4, 8; p<0.001). Addition of glucose and su-
crose showed a conidial germination of 100 % while addition
of mannitol resulted in only 78 % conidial germination
(Fig. 4). Hence, encapsulated conidia-containing additives
(glucose and sucrose) showed comparatively higher conidial
viability, suppressing detrimental effect of encapsulation

Fig. 4 Effect of different sugar additives on conidial germination (%,
mean±SD, n=3) of encapsulated B. bassiana
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process. The results suggested protective effect of these sugars
during freeze drying.

The observation of germination kinetics showed an in-
creasing trend for encapsulated conidia-containing glucose
and sucrose; while regressing germination kinetics was ob-
served with mannitol as additive (Fig. 4). Better germination
kinetics observed with certain sugars further suggests their
nutritive effect. Mannitol, however, could not perform opti-
mally, showing negative effect on conidial growth and ger-
mination. Encapsulated B. bassiana conidia-containing glu-
cose and sucrose depicted a healthy germinating conidium
whereas with mannitol a negative impact on germinating
conidia with visible shrinkage was observed.

To the best of author’s knowledge, no study dealing with
encapsulation of B. bassiana exists in the literature. Hence,
attempts were made to construe a meaningful comparison
with similar studies on other entomopathogenic fungi, which
too were scarce. A study concerning formation of wheat bran
pellet with B. bassiana (Qu-B306) at different chitin combi-
nations was reported by Gerding-Gonzalez et al. (2007). The
improved conidial stability with the addition of stabilizers
was reported by Burges and Jones (1998) while contradic-
ting report by Burges (1998) indicated their toxic effect on
conidial viability and production. In corroboration with the
present study, Guijarro et al. (2007) recorded conidial germi-
nation of 100 and 96 % in Penicillium frequentans with
addition of glucose and sucrose, respectively. Similarly, Jin
and Custis (2011) reported higher colony-forming units in
sucrose-mixed encapsulated conidia of Trichoderma
harzianum than those containing no sugar. The positive effect
of sugar (glucose and sucrose) on conidial growth and germi-
nation observed in the present study was possibly due to their
nutritional effect, thereby providing fitness and endogenous
reserves to B. bassiana conidia (Wraight et al. 2001).

Shelf life analysis

Encapsulated B. bassiana conidia-containing glucose was
found to be the best for fungal growth and germination, and
thus chosen for further shelf life studies under storage condi-
tion (30±2 °C) for 12 months. Results revealed significant
variation in conidial germination (F=21.20; df=4, 12;
p<0.001) for the encapsulated conidia at different storage
period. The formulated conidia showed high conidial viability
(78 %) even after a storage period of 12 months (Table 1),
while the viability of non-encapsulated conidia decreased to
23 %. The encapsulation efficiency of microparticles is said to
be dependent upon their particle size, and the partition coeffi-
cient of the active agent between polymer and release medium
environment (Tafaghodi et al. 2011). Further, use of active
agent as encapsulate not only improve their stability but also
prolong their activity time (Kanis et al. 2012), as also reflected
in the present study.

The available literature reports for various fungi indicated
longer shelf life of encapsulated conidia (Liu and Liu 2009).
Glucose as additive improved conidial viability and shelf life
of the formulated P. frequentans conidia up to 365 days, when
stored at 22 °C (Guijarro et al. 2007). Similarly, significant
increase in survival percentage of encapsulated T. harzianum
conidia with sucrose addition was observed by Jin and Custis
(2011). Liu and Liu (2009) reported 80 % germination rate in
the hydroxypropyl methyl cellulose-coated M. anisopliae
conidia after 6 months of storage at 4 °C. Compared to the
above studies, glucose-coated B. bassiana encapsule used in
the present study showed better results with 92 % conidial
germination after 6 months of storage at 30 °C.

Bioassay against housefly larvae

The evaluation of glucose-coated conidia for its pathogenecity
against housefly larvae showed 54.8 % larval mortality which
decreased to 30.6 % with the formulated product stored for
12 months (Table 1). During the different storage period,
encapsulated conidia showed a positive correlation (0.99) be-
tween formulation efficacy (reflected in the conidial germina-
tions) and larval mortality data. However, due to the absence of
relevant literature reports concerning insecticidal activity of
encapsulated fungal conidia, any meaningful comparison with
the present study could not be attempted. Another study by our
group (Mishra et al. 2011) reported 40 % mortality in housefly
larvae under similar conditions using B. bassiana dust formu-
lation with calcium carbonate. Hence, the present encapsula-
tion method with higher insecticidal activity yields better prod-
uct. In another study, significant mortality against larvae of
Aedes aegypti and Anopheles stephensi was observed using
silver nanoparticles of filamentous fungus, Cochliobolus
lunatu (Salunkhe et al. 2011). The larval mortality rates in
the above study were positively correlated with concentrations

Table 1 Conidial germination and housefly larval mortality with glu-
cose-coated B. bassiana encapsule under storage condition

Storage period for
formulation (months)

Conidial germination,
%, mean±SDa

Larval mortality,
%, mean±SDa

0 100a 54.76a±1.56

2 97.20a±0.85 52.38a±2.12

4 94.70ab±0.79 47.61b±1.18

6 92.15bc±0.95 44.89bc±2.34

8 89.37c±2.04 41.16cde±2.99

10 84.23d±0.71 36.05efg±2.12

12 78.27e±0.91 30.61gh±2.67

Mean, for n=3

SD standard deviation
a Values followed by same lowercase letter (a–h) are not significantly
different (p<0.05)
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and exposure period of nanoparticles. Encapsulation of B.
bassiana in the present study showed a high potentiality to-
wards control of housefly in simulated field conditions. More-
over, its long shelf life obtained under storage condition was
remarkable. Usage of sugar in encapsulation becomes highly
relevant during field application, where sugars may protect the
encapsulated conidia by creating a niche osmotic environment
thus improving their viability (Jin and Custis 2011). However,
dry formulations are restricted by the limitation in their range
of application. In view of this, a liquid based formulation of B.
bassiana (emulsion) was attempted.

Emulsion formulation of B. bassiana

Application of fungal conidia as emulsion frequently im-
proves its environmental persistence and virulence against
insects (Vega-Aquino et al. 2010). In our previous report,
systematic study leading to selection of suitable surfactant
was described. Among SDS, CABS-65, Tween 20, and
Tween 80, Tween 20 was revealed to be the most compatible
surfactant for B. bassiana (Mishra et al. 2013). In the present
study, selection of suitable vegetable oil was done by pre-
paring various vegetable oil-based emulsions using Tween
20. Subsequently, the best emulsion selected on the basis of
conidial germination was evaluated for its shelf life and
bioefficacy in semi-field conditions.

Evaluation of vegetable oils

The suitability of different vegetable oils was evaluated for
emulsion preparation using Tween 20 as the surfactant. Growth
and conidiogenesis of B. bassiana in different oil emulsions

revealed significant variation in conidial germination
(F=41.01; df=6, 24; p<0.001). Also, conidial germination
varied significantly between different observation time
(F=188.84; df=4, 24; p<0.001). Emulsion in linseed oil
showed (Fig. 5) maximum conidial germination (94 %),
followed by soyabean oil emulsion (87 %). The emulsions of
sunflower, rapeseed, and castor oil were least effective in terms
of conidial germination (51–52 %). The control treatment
having conidia incubated in surfactant only showed 58 %
conidial germination. Thus, the emulsions containing linseed
and soyabean oil depicting better conidial germination kinetics
are suitable for application.

Few studies attempting preservation of B. bassiana conidia
in vegetable oil reported soybean and paraffinic oils (Moslim
et al. 2004) or corn oil (Consolo et al. 2003; Luz and Batagin
2005) as best for B. bassiana conidial germination. However,
contrary to the findings of the present study, Luz and Batagin
(2005) reported poor conidial germination of B. bassianawith
linseed (27 %) and soybean oil (19 %). Variation in conidial
germination for different oils could be attributed to qualitative
and quantitative composition of fatty acids, and their interac-
tion with other oil components (Luz and Batagin 2005).

Shelf life analysis

Linseed oil emulsion supporting maximum conidial germina-
tion was taken up for further study concerning shelf life anal-
ysis and bioassay evaluation against housefly larvae. Conidial
germination in linseed oil emulsion evaluated under storage
condition (30±2 °C) for 12 months, showed significant de-
crease in conidial viability with storage period (F=24.21; df=4,
16; p<0.001). Fresh emulsion had maximum conidial

Fig. 5 Effect of vegetable oils on B. bassiana conidia germination in emulsion (%, mean±SD, n=3) [DW, distilled water; S, surfactant; FC, fungal
conidia]
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germination of 94 % which decreased to only 28 % after
12 months of storage (Table 2). SEM micrograph of freshly
prepared emulsion revealed B. bassianawith intact conidia and
mycelium (Fig. 6a). After 12months of storage, deterioration in
mycelium was observed while fungal conidia could not be
observed (Fig. 6b). Alves et al. (2002) obtained 56–72 %
conidial viability in oil-formulated M. anisopliae conidia after
40 weeks of storage at 27 °C. They also reported significant
decline in the conidial viability of formulations during storage
period which became more prominent after 20 weeks of stor-
age. The result was better than that obtained in the present study
for B. bassiana conidia, where only 42 % conidial germination
was seen after 9-months (36 weeks) of storage. However,
further longevity of formulated conidia could be ensured by
its storage at a lower temperature.

Bioassay against housefly larvae

Linseed oil emulsion was evaluated for its insecticidal effi-
cacy against housefly larvae in a simulated field assay. The
freshly prepared emulsion showed 51.7 % larval mortality

which decreased significantly with increase in storage time
for emulsion (Table 2). After 12 months of storage, larval
mortality decreased to 19.9 %, revealing ≈2.6 time loss in
bioefficacy. The larval mortality data obtained for emulsion
with different storage period showed a high correlation
(0.94) with conidial germination of emulsified conidia for
the same period. Compared to the oil emulsion, fresh non-
formulated conidia of B. bassiana resulted in 40 % mortality,
which decreased drastically to 23 % mortality only after
3 months of storage. On the other hand, the emulsion caused
>48 % mortality after 3 months of storage, indicating better
preservation of the conidial efficacy.

Comparison of the conidial germination and larval mortal-
ity between encapsulated formulation (Table 1) and emulsion
(Table 2) reveals that in spite of lower germination, larval
mortality was higher when emulsion was used. For instance,
after 6 months, conidial germination and larval mortality for
emulsion were 60.5 and 43.3 %, respectively, while for en-
capsulation same were 92.1 and 44.8 %, respectively. Increase
in virulence of fungus is supposed to be due to better adhesion
between oil formulated conidia and lipid layer of insect cuticle
through hydrophobic interaction (Bandani and Esmailpour
2006). Further, oils in the emulsion are reported to increase
the conidial retention by preventing evaporation (Bateman
et al. 1993).

The study against housefly using formulations of
enotomopathogenic fungi has been limited to conidial dust,
baits, or wetteable powder (Watson et al. 1995; Geden et al.
1995; Mwamburi et al. 2011), while no study concerning
fungal emulsion against housefly larvae have been evaluat-
ed. Barson et al. (1994) studied potential of linseed and soya
bean oil as carrier for M. anisopliae in aqueous suspension.
A significant increase in fungal efficacy with complete mor-
tality of housefly larvae in 3 days was reported. Similarly, oil
formulated Nomuraea rileyi was more effective against lar-
vae of Spodoptera spp. (Vega-Aquino et al. 2010). Synthetic
oil (ShellSol T) formulation of M. anisopliae and B.
bassiana conidia against Anopheles gambiae larvae resulted

Table 2 Conidial germination and housefly larval mortality with lin-
seed oil emulsion of B. bassiana under storage condition

Storage period for
formulation (months)

Conidial germination,
%, mean±SDa

Larval mortality,
%, mean±SDa

0 94.47a±0.76 51.70a±1.56

2 92.30a±0.82 50.68a±0.78

4 80.86b±1.12 47.11b±1.06

6 60.57c±2.35 43.37bc±1.02

8 47.43d±0.76 38.61c±1.47

10 37.13e±0.91 28.23cd±1.79

12 28.87f±0.76 19.89d±1.83

Mean, for n=3

SD standard deviation
a Values followed by same lowercase letter (a–h) are not significantly
different (p<0.05)

Fig. 6 SEM micrograph of linseed oil emulsion of B. bassiana, during storage period: a at 0 month, b after 12 months

3492 Parasitol Res (2013) 112:3485–3495



in significant reduction in pupae formation in lab (85.4 %)
and field (39–50 %) conditions (Bukhari et al. 2011). In view
of the above, ∼52 % housefly larval mortality obtained under
the simulated field condition in present study is quite en-
couraging. The present study has limited itself to housefly
larval mortality and the fate of survived larvae was not
observed. Nevertheless, transmission of infection to next
generation with sufficient reduction in conidial hydropho-
bicity as proposed by Gindin et al. (2006) might have in-
creased the overall control efficacy. The study in this direc-
tion is warranted.

Comparative performance of different formulations

The results from this study indicated a workable approach
regarding formulation of fungal conidia for various applica-
tions (Table 3). Baits formulation with immense applicability
against adult houseflies in indoor as well as outdoor envi-
ronments showed great potentiality for integration in house-
fly management program. Its simple preparation methodol-
ogy, ease in transport and low cost production facilitates
mass applicability and popularity in rural areas and slums
infested with housefly menace. Encapsulation of B. bassiana
with their protection of fungal conidia from adverse environ-
mental condition not only increased their persistence, but
also overall efficacy. Encapsulation also improved formula-
tion handling and storage. However, significant increase in
shelf life of B. bassiana conidia obtained with encapsulation
was most remarkable. Emulsion of B. bassiana was superior
spray carrier, and hence increased the probability of direct
contact between fungal conidia and host insects. This prop-
erty makes emulsion an excellent choice for management of
housefly larvae and pupae inhabiting habitats difficult to
penetrate with other formulations. Further, oil in emulsion
increases conidial retention by preventing evaporation, while
surfactants decrease conidial hydrophobicity. This results in
increased persistence of fungal conidia during laboratory and
field application as reflected by 51.7 % larval mortality in
simulated field condition. Although, the shelf life of emul-
sions was inferior to encapsulated conidia, their properties of

better sprayability render them more suitable for field
application.

Conclusions

A previously isolated B. bassiana strain was formulated into
three different formulations (bait, encapsulate, and emul-
sion). The B. bassiana bait showed higher and faster mortal-
ity of housefly adults over the bait formulations reported in
literature. Encapsulate and emulsion of B. bassiana conidia
depicted 54.7 and 51.7 % larvicidal activity, respectively, in
the simulated field assay. This was the first report on encap-
sulate and emulsion that targeted against housefly larvae.
Interestingly, the present work provided a basket of product
options to choose as per the situation. While bait formulation
was suited for local production and consumption cycle
through cottage industries, advanced emulsion and encapsu-
lated formulations could provide entrepreneurship models
for organized sector.
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