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1. INTRODUCTION
Fruit flies belonging to the family

Tephritidae (Order: Diptera) are considered
a very destructive group of insects that cause
enormous economic losses in agriculture,
especially in a wide variety of fruits, vegetables
and flowers [1]. All countries in Southeast
Asia and the Pacific Islands suffer from
major economic losses from infestations of
tropical fruit flies [2]. The total number of
species within this family exceeds 4,000.
Approximately 10% of them are serious

pests distributed around the world in
temperate, subtropical and tropical areas
[3-5].

In particular, two species belonging
to this family are of great importance in
Thailand, namely the Melon fly (Bactrocera
cucurbitae (Coquillet)) and the Oriental fruit fly
(Bactrocera dorsalis). The production of fruits
and vegetables in Thailand is an important
source of income. These crops represent an
integral part of the gastronomic culture for
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Thai people [6].
The use of insecticides as the only way

to control pests in fruits and vegetables
causes environmental pollution and hygienic
problems that represent a risk for people
and animals [7]. In the last four decades
the use of synthetic pesticides such as
organophosphate and carbamates in an
intensive way has led to the development
of insecticide resistant pest species [8-10]
and in Thailand residues of organophosphate
and organochloride and other compounds
have been detected in soil, water and crops
[11]. Insecticide resistance is a serious problem
in agriculture, ending up with the tolerance
and/or adaptation of insects to insecticides
[12]. The indiscriminate use of pesticides to
control fruit flies causes a serious ecological
imbalance and triggers the emergence of
populations of other pests by eliminating
natural enemies, and leads to human infections
and the environmental degradation [13].
Other approaches to fruit fly management,
such as the use of protein baits has been
more or less ineffective possibly due to the
ecology of the fruit flies [6]. The microbial
control of fruit flies can be a process
that can partially replace other methods
of control in an integrated management
program for these insects, especially the use
of agrochemicals, presenting economic and
environmental advantages for the tropics [14].

Entomopathogenic fungi (EPFs) are
classified as fungi that infect, invade, and
eventually kill their host insects [15].
These fungi are also a rich source of natural
bioactive compounds. The presence of
antibioactive compounds in entomopatho-
genic fungi has been investigated by
several studies. Moreover, various secondary
metabolites produced by EPFs are beneficial
for humans, particularly when they infect the
corresponding host insects, these organisms
have been considered as promising sources

of novel bioactive compounds. Secondary
fungal metabolites represent a diverse
group of bioactive compounds characterized
by their origin and biosynthetic pathways.
In fungi they serve as regulators, chemical
messengers in developmental processes, or
as a defense system for the survival of the
organism against their environment [16].

However, because of low availability
and cultivation difficulties, there have been
only a few studies on the characterization
of the products of entomopathogenic fungi,
such as destruxins from Metarhizium anisopliae
[17-19], beauvericins from Beauveria bassiana
[20], and cordycepin (a nucleoside analogue
3′-deoxyadenosine) from Cordyceps sinensis
[21, 22]. Nowadays, there is a drive to find
new bioactive agents [23]. But the pathogenicity
of locally isolated entomopathogenic fungi
to fruit fly has not yet been studied.
In nature, fruit fly pupation takes place in
the soil, and the control strategies of the
pupal stage is one of the appropriate method
in maintaining the population of fruit fly to
some extent. Recently we have been isolated
entomophagous fungi from natural habitats.
To apply these fungi for biocontrol of insect
pest we need virulence strain together with
the high productivity of spore.

Therefore, the purposes of this study
were:(1) to evaluate the virulence strains of
EPFs against fruit fly pupa, (2) to screen
the productivity of antimicrobial activity in
collected EPFs.

2. MATERIALS AND METHODS
2.1 Fruit Fly Collection and Handling

The infested fruits with ovipositional
scars or marks of larval infestation of tephritid
fruit fly were collected from rose apple and
star fruit trees. Last instar larvae of average
size 7-11 mm in length were collected from
the infested fruits and preserved in the
plastic bottle containing a layer of dry sand
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at the bottom [24] in order to pupate in
the soil. When pupae turn brown, at least
2 days after pupation, were sterilized with
0.5% (v/v) sterilized sodium hypochlorite
solution prior to bioassay.

2.2 Fungal Isolates and Preparation of
Conidial Suspensions

Six entomopathogenic fungal isolates:
Metarhizium flavoviride CMUCDCT01, Beauveria
bassiana CMUCDMF03, M. anisopliae CMUC
DMF04, Paecilomyces lilacinus CMUCDMT02,
Isaria tenuipes CMUCDMF02 and B. bassiana
CMUCDMG03 collected from natural
habitats were used to test the pathogenic
activity against fruit fly pupa. Fungal strains
were cultured on PDA medium and
incubated at 25±2°C.

Conidia were harvested by scraping
the surface of 14-day-old culture. Spores
were suspended in 0.1% Tween-80 solution
in glass vials. Conidial suspensions were
vortexed into a homogeneous suspension.
Conidia were then quantified with a
haemocytometer following serial dilutions
(10^1, 2, 3, etc.) in sterile distilled water
containing Tween-80. The viability of conidia
was determined by plate count method
on PDA (slight modification of [25]). Percent
germination was determined by counting
100 spores for each plate.

2.3 In vitro Screening of Virulence
Isolates Against Fruit Fly Pupa

A laboratory bioassay of collected
EPFs was conducted in order to screen out
the effective strains against the fruit fly,
Bactrocera spp. The in vitro screening was
carried out according to a method outlined
by [26] with some modification. Two-three
day-old pupae were sterilized with 0.5%
(v/v) sodium hypochlorite and dipped in
four serial dilutions (1×105 conidia ml-1 to
1×108 conidia ml-1) of conidial suspension

for 2 min. For each dilution, 10 pupa ml-1

were used. The treated pupae were
transferred to 15ml sterilized glass vials
containing wetted cotton wool and incubated
in a BOD chamber (25 ± 2°C and 70 ± 2%
RH). Control pupae were treated with sterile
distilled water containing 0.1% Tween-80.
Treated pupae were examined for their
emergence and mycosis daily after inoculation.
Mycosis was confirmed by microscopic
examination. Dead pupae with fungal
growth were transferred to PDA plates
for confirmation of infecting species. Each
experiment conducted in triplicate was
replicated three times.

2.4 Soil Bioassays
A test of pathogenicity of selected

virulent strains in controlling Bactrocera
pupa was done during February, 2011 to
April, 2011 at the Faculty of Science,
Chiang Mai University. Three selected strains:
M. flavoviride, P. lilacinus and B. bassiana
CMUCDMF03 were used in the soil bioassay
experiments. Soil bioassay was done using
pots (7×5×5  cm) and conidial suspensions
were applied in two ways, through drenching
and pre-mixing [26]. Autoclaved soil was
used and sterilized pupae were placed
below the soil surface. Conidial suspension
was prepared to the final volume of 108

conidia g-1 in both experiments. Pots were
kept under a shade net and the temperature
ranged between 26.1 ± 2°C to 29.1 ± 2°C.
The RH of soil was maintained at about 80%
throughout the bioassay. Dead pupae were
examined under the microscope after washing
with sterilized distilled water. The experiments
were carried out in three replicates.

2.5 Detecting Antimicrobial Activity
2.5.1 Organisms

Seven bacteria and six fungi were used
to screen the antimicrobial properties of
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six EPFs. Of the bacteria isolates, two were
Gram-positive; Staphylococcus aureus and
Bacillus cereus, and the rests were Gram-
negative; Proteus mirabilis, Ralstonia solanacearum,
Pseudomonas aeruginosa, Klebsiella pneumonia and
Escherichia coli. Of the fungi examined, five
were filamentous fungi; Alternaria solani,
A. brasicola, Collectotrichum sp., Rhizoctonia solani,
Sclerotium solani and one was a yeast, Candida
albicans.

2.5.2 Cultivation media and methods
Fungal strains were grown in five

submerged-culture media. Three media,
SMY liquid medium; Gelatin semi-solid
medium; 802C liquid medium [27] without
Sanagiko (powdered silk worm pupa,
MARUQ company, Japan); PDB, and F1
(2% glucose; 0.5% soybean meal; 0.01%
CaCl2; 0.1% KH2PO4; 0.05% MgSO4.7H2O;
pH 6.0) media were used for the detection
of antimicrobial activities. Fungi were
cultured in 250-ml Erlenmeyer flasks
containing 50 ml of liquid media. Mycelia disc
of fungal isolates were inoculated in broth
and grown at room temperature (25 ± 2°C)
for 7 days on a reciprocal shaker (125 rpm)
[28]. The mycelium was then harvested
by filtration. The filtrates were used for
extracellular antimicrobial activity against
the tested organisms.

2.5.3 Antifungal and antibacterial assay
The antimicrobial assay was performed

using an agar well diffusion method [28].
A well was prepared in the plates previously
seeded with the test microorganisms using
a sterile cork borer (ca 0.85 cm). A culture
filtrate of EPFs (50 μl) was filled in each
well. Plates were inoculated at 37°C for
tested bacteria and 25±2°C for tested fungi
and yeast. Inhibition zones developed due
to active antimicrobial metabolites were
measured after 24 hours of incubation for

bacteria and 48 hours of incubation for
fungi. Streptomycin (25mg ml-1) and ampicillin
(25mg ml-1) were used as positive control
for tested bacteria, and Benomyl (25mg ml-1)
and nystatin (25mg ml-1) were used as
positive control for fungi. For negative
controls, sterilized culture broth media
were used. Each experiment was conducted
in triplicate and the results are expressed
in average values.

2.6 Statistical Analysis
Pupal mortality was adjusted for natural

mortality in the control using Abbott’s
formula [29]. Lethal concentrations and
lethal time were calculated by using probit
analysis. The treatment means were compared
using Tukey’s HSD Post-hoc test at 5%
probability by using the SPSS program
version 16.0 (SPSS Inc., Chicago, IL).

4. RESULTS AND DISCUSSION
4.1 Virulence of Fungal Isolates

In this experiment, all tested fungal
isolates were pathogenic to fruit fly pupa.
Mortality of pupae was assessed by analyzing
dead pupae and emergence as well as
mortality rates for emerged adult flies. This
result confirms the previous findings of the
entomopathogenic activity of fungal isolates
on fruit fly species [30-38, 40]. However,
pathogenic activity of isolates differed
significantly between each other. Significant
differences in pupal mortality were observed
between different isolates with different
concentrations. In screening bioassay,
M. flavoviride, P. lilacinus and B. bassiana
isolate CMUCDMF03 showed the highest
efficacy against Bactrocera pupa. Mortality of
these isolates caused 81.44% (F= 25.49; d.f.
=9, 29; P<0.0001), 85.22% (F= 25.93; d.f.
=9, 29; P<0.0001), and 85.22% (F= 17.39;
d.f. =9, 29; P<0.0001) at 107 conidia ml-1 and
100% in each at 108 conidia ml-1, respectively.
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The control mortality was only 10%. No
significant differences in infectivity were
found among these three isolates (Table 1).
These findings of pupal mortality verify a
dose- dependent pattern. This concurs with
the results Angel-Sahagun et al. [41], that the
infection of H. irritans by three M. anisopliae,
I. fumusorosea isolates and one B. bassiana isolate

was found at the dose of 108 conidia ml-1.
Nevertheless, fruit fly mortality was

significantly affected by conidial (P<0.01)
concentrations. The higher the concen-
tration level, the greater the number of
dead fruit flies. These results are consistent
with those of Bernardine et al. [42] who
reported that the adult emergence of M.

Table 1. Percent mortality of dead Bactrocera pupae after 10 days exposure of eight
fungal isolates with various conidial concentrations.

Isolates
Percent mortality of fruit fly pupa 10 days after treatment

    1×105                         1×106                               1×107        1×108

CMUCDCT01
CMUCDMT02
CMUCDMF02
CMUCDMF03
CMUCDMF04
CMUCDMG03

25.89c
22.22b
18.56c
29.67d
18.56b
14.78b

29.67c
33.33b
22.22c
48.11c
22.22b
25.89b

81.44b
85.22a
40.78b
85.22b
44.44ab
40.78ab

100a
100a
59.22a
100a
66.67a
63.00a

Note: The results are mean of three replicates. Data with different letters within row indicates
a significant difference at P<0.001 according to Tukey’s HSD Post-hoc test within the same
treatment.

domestica larvae reduced as concentration
increased. On the other hand, the pathogenic
activity of seven isolates of M. anisopliae,
five isolates of B. bassiana and two isolates
of P. fumosoroseus against adult Bactrocera
zonata and B. cucurbitae was demonstrated
at a conidial concentration of 1×106 conidia
ml-1[40].

From virulence assay, I. tenuipe, M.
anisopliae and one strain of B. bassiana
CMUCDMG03 showed less virulence
towards pupae when compared to others,
even at the highest dose of conidia.

For the concentration of 105 conidia
ml-1, the highest level of pupal mortality
ranged from 14.78-29.67% between isolates.
This mortality value was not significantly
different from that of at the concentration
of 106 (Table 1). Fruit fly pupae were
significantly sensitive to all tested isolates

after 3 days at a concentration of 108

conidia ml-1. The LD50 value of isolate
CMUCDMF03 was lower than the others
but this was not significantly different from
CMUCDMT02 and CMUCDCT01 (Table
2). According to the 50% lethal concen-
tration, B. bassiana (CMUCDMF03) was
found to be highly pathogenic to fruit fly
pupa followed by P. lilacinus and M.
flavoviride. This is in agreement with the
findings Aemprapa [43] that Beauveria
isolate 6241 killed 50% of B. dorsalis pupa.

The time taken for the isolates to kill
50% of fruit fly pupae is shown in Table 2.
Paecilomyces lilacinus achieved the shortest
time to attain 50 % mortality (LT50=3.54 days),
whereas the time for isolate CMUCDMF03
was 3.71 days and 4.15 days for M. flavoviride.
B.bassiana killed adult house flies within
five days [44], while Watson et al. [45]
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mentioned the mortality of Musca
domestica occurred within seven days.
However, the adult house fly mortality was
observed within six days for B. bassiana
isolates [46]. In their studies, none of the
isolates of P. lilacinus were pathogenic to
these adult house flies, in contrast to our

results with Bactrocera spp. in Thailand.
The entomopathogenic activity of

tested isolates was confirmed by the
presence of fungal hyphae on the bodies
of dead flies (Figure 1). Percent mycosis in
dead flies was significant among isolates.
CMUCDMT02, CMUCDCT01 and

Table 2. Lethal concentrations, lethal times and respective confidence intervals (95% CI)
of each tested isolates infected fruit fly, Bactrocera spp. for 10 days.

Isolates
 LC50 (95%CI)           LC90 (95%CI)        LT50 (95%CI)           LT90 (95%CI)
log(conidia/ml)       log(conidia/ml)           (days)                    (days)

CMUCDCT01
CMUCDMT02
CMUCDMF02
CMUCDMF03
CMUCDMF04
CMUCDMG03

5.22(3.99-6.18)
5.17(3.86-6.16)
7.47(6.35-9.56)
4.79(3.99-5.43)
7.05(6.05-8.62)
7.28(6.24-9.09)

8.81(7.55-11.66)
8.64(7.39-11.56)

13.95(11.17-21.55)
8.26(7.41-9.63)

12.91(10.59-18.65)
13.39(10.87-19.92)

4.15(3.83-4.46)
3.54(3.22-3.84)
7.60(7.08-8.21)
3.71(3.37-4.03)
7.14(6.65-7.68)
7.04(6.46-7.72)

5.87(5.46-6.44)
5.15(4.76-5.71)

11.41(10.44-12.85)
5.53(5.11-6.11)

10.76(9.91-11.99)
11.64(10.50-13.37)

Figure 1. Fungal mycosis of tested entomopathogenic isolates on infected fruit fly
(Bactrocera spp.) pupae and adult. A. Metarhizium flavoviride; B. M. anisopliae;
C. Paecililacinus lilacinus; D. Beauveria bassiana CMUCDMF03; E. B. bassiana
CMUCDMG03; F. Isaria tenuipe; G. B. bassiana CMUCDMF03 (adult); H. M.
flavoviride (adult); I: B. bassiana CMUCDMG03 (adult).
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CMUCDMF03 showed the highest mycosis
in dead pupa after 5 days. The appearance
of mycosis on dead pupae was shown first
in isolate CMUCDMT02 followed by
CMUCDCT01 and CMUCDMF03.
Though isolate CMUCDMG03 showed
less virulent infectivity to fruit fly pupa,
percentage of fungal mycosis reached the
highest in 5 days treated. The least amount
of mycosis was observed in M. anisopliae
even at 108 conidia ml-1, and the appearance
was delayed when compared with others.
Emerged adults from pupae of treated
isolates showed mycosis on the surface in

all treatments. Virulent isolates were fast-
growing with compact and dense mycelium,
producing a high yield of conidia on the
surface of the culture. These characters lead
to the highest infective activity against
hosts. Daily mortality rate is shown in
Figure 2.

The Koch’s postulate was used for
confirmation of infected isolates. Each fungus
was re-isolated from surface of infected pupa
and transferred to PDA plates. The results
indicated that all pure cultures were same
morphological and cultural characteristics
of each infected fungus.

Figure 2. Percentage of daily mortality of fruit fly (Bactrocera spp.)  infected by fungal
isolates with different conidial concentrations.
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Figure 3. Mean percent mortality of fruit fly in soil bioassays at a concentration of 108

conidia ml-1 after 14 days treated.

4.2 Pathogenic Activity of Fungal
Isolates in Soil Bioassay

The entomopathogenic activity of
selected isolates showed no significant
difference in both drenching and premixing
of conidial suspension with soil. However,
pupal mortality was observed first in the
premixing with soil treatment (Figure3). In
addition, external formation of mycelium
was observed on B. bassiana, CMUCDMF03,
when pupae were treated with the premixed
conidial solution with soil.

4.3 Determination of Antimicrobial
Activity

Entomopathogenic fungi produce
various bioactive compounds, including toxins
that kill the insect hosts upon infection and
invasion. Successful production of
antimicrobial activities was detected from
EPFs in different growth media. Screening
new organisms for antibacterial activity and
searching for new antibacterial drugs is
important due to the constant generation of
new antibiotic-resistant strains of pathogenic
bacteria [47]. In this experiment, the
antibacterial and antifungal activities were

examined from naturally infested insect
pathogenic isolates collected from the field.
The antibacterial activity of the tested EPFs
was apparent in four bacteria, Bacillus cereus,
Staphylococcus aureus, Proteus mirabilis and
Ralstonia solanacearum out of seven except
the CMUCDCT01 isolate, which did not
demonstrate antimicrobial activity. On the
other hand, antibacterial activity was detected
in different cultivation media in different
isolates (Table 3).

Takahashi et al. [49] reported that
species of the genus Beauveria have been
detected various types of pigments during
cultivation of B. bassiana. Likewise, in this
study red pigment was produced when B.
bassiana (MF03) was cultured in liquid
broth. The pigment producing MF03
strains displayed antibacterial activity
against Bacillus cereus (Gram-positive) and
Proteus mirabilis (Gram-negative) bacteria.
This was the contrary results with the
finding of Pegram et al. [50] who found
that red pigment produced strain of B.
bassiana showed antibiotic activity towards
Gram-positive. Nevertheless, any clear zone
was detected in the rest of the three media.
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Table 3. Positive results of antibacterial activity of fungal extract from different culture
media against tested bacteria.

Cultured Media
Tested microorganisms and diameter of clear zones (mm)

P. lilacinus (MT02)
PDB
SMY
I. tenuipes (MF02)
PDB
SMY
F1
802C
B.bassiana (MF03)
PDB
SMY
M.anisopliae (MF04)
PDB
SMY
F1
802C
GSSM
B.bassiana (MG03)
SMY
802C

Ampicillin
Streptomycin

0
0

0
0
0
0

0
0

16
16
18
13
18

0
8

25
30

8
0

13
15
13
13

12
17

12
12
13
0
0

9
0

20
24

0
17

13
18
0
0

12
18

18
17
0
0
0

16
0

44
39

0
0

0
0
0
0

0
0

0
0
0
0
0

0
0

18
19

Staphylococcus
aureus

Bacillus
cereus

Proteus
mirabilis

Ralstonia
solanacearum

In CMUCDMT02, the extract of
fungal metabolite against Bacillus cereus and
Proteus mirabilis found in PDB and SMY
media, respectively. This was in opposition
to the result of Mikami et al. [51] who stated
that paecilotoxin isolated from the
different strains of P. lilacinus showed
antimicrobial activity against Gram-
positive bacteria. Strain Isaria tenuipe
produced anti-Bacillus activity in all liquid
media except GSSM, and anti- Proteus
activity was detected in PDB and SMY
media.

Fortunately, results showed anti-
Staphylococcus activity in all cultured media of

M. anisopliae whereas anti- Bacillus activity was
observed in PDB, SMY media and a clear
zone of anti- Proteus activity was found in
PDB, SMY and F1 media.  Anti-Bacillus and
anti- Proteus activities of CMUCDMG03 were
apparent in SMY media, and anti- Staphylococcus
activity was found in 802C medium. Anti-
Staphylococcus activity was not detected in the
tested entomopathogenic fungal isolates
except M. ansopliae and B. bassiana
CMUCDMG03. Amongst tested Gram-
negative bacteria, only Proteus mirabilis was
susceptible to extracts of EPFs, whereas both
Gram- positive bacteria were found to be the
most susceptible.



Chiang Mai J. Sci. 2012; 39(3) 473

Table 4. Positive responses of antifungal activities from six entomopathogeic fungal
isolates of different culture media.

Cultured Media
Tested microorganisms and diameter of clear zones (mm)

M.flavoviride
CMUCDCT01
PDB
I.tenuipes
CMUCDMF02
802C
B.bassiana
CMUCDMF03
SMY
M.anisopliae
CMUCDMF04
PDB
SMY
B.bassiana
CMUCDMG03
SMY
802C
GSSM

Benomyl
Nystatin

0

10

11

12
18

12
0
0

25
18

0

0

8

11
0

11
0
0

25
9

0

0

0

0
0

0
0
0

0
5

0

0

0

0
17

0
17
0

7
8

Alternaria
solani

Alternaria
brasicola

Collectotrichum
sp.

Rhizoctonia
solani

Sclerotium
solani

Candida
albicans

0

0

0

0
0

0
0
0

0
11

14

0

15

14
0

0
17.7
15.7

11
8

In all EPFs tested for antifungal
activity of Collectotrichum and Sclerotium
solani, no inhibition zones were detected
in all cultured media. In addition, the water
extract of P. lilacinus and M. flavoviride
have no antifungal activities except anti-
Candida albicans activity in M. flavoviride.
Isaria tenuipes exhibited activity only
(1/6; 17%) against tested fungi in 802C
media (Table 4). Inhibition zones of B.
bassiana isolate CMUCDMF03 against
Alternaria solani and A. brasicola were
11 mm and 8 mm in SMY medium.
Metarhizium anisopliae showed antifungal
activity against A. solani, A. brasicola and
Rhizoctonia solani in their specific media.

The extract of isolate CMUCDMG03
from SMY culture was active against A.
solani and A. brasicola, whereas the
antifungal activity against R. solani was
detected in 802C media. The inhibition
zone of M. flavoviride, B. bassiana
(CMUCDMF03), M. anisopliae and B.
bassiana (CMUCDMG03) was 14 mm in
PDB, 15mm in PDB, 14 mm in PDB, and
17.7 mm in 802C and 15.7 mm in GSSM,
respectively, when the anti-yeast
activity against C. albicans was measured.

The results demonstrate that EPF
isolates have certain antimicrobial activity
against some tested bacteria and fungi in
different cultured media without insect-
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derived materials. This is not in agreement
with the finding of Lee et al. [27] who found
that Verticillium lecanii HF238 produced
a clear antibiotic activity against Bacillus
and Saccharomyces, but only in the presence
of insect-derived materials. Finally, it was
clear that growth media plays an important
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5. CONCLUSION
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