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Abdgract
Inthisstudy, anumber of Bacillus strainswereisolated from soil collected from different areas of the experimental fields belonging to the faculty of
Agriculture, Cairo University. Theisolateswhich showed antimicrobial effectswereidentified asBacilluslicheniformis, B subtilis, B. sphaericus, B.
circulans(3isolates), B. badius, B. azotoformans, Brevibacillusbrevis (2 isolates), and an unidentified isolate. Theactivity of crudefiltrate, obtained
from the aerobically grownisolates, using four different media, was evaluated in vitro against indicator microorganismsincluding phytopathogenic
bacteriaand fungi aswell asfood spoiling bacterianamely Xanthomonas campestris, Pseudomonas marginalis, Erwinia carotovora, E. chrysanthemi,
Fusarium moniliforme, F. equiseti, Saphylococcus aureus and Escherichia coli. The antimicrobial activity of each of the Bacillusisolates differed
greatly towards the indicator organisms regarding the medium used for growth. This activity was potent when the isolates were grown in nutrient
broth, while nearly no activity was detected when molasses-yeast extract medium was used. Phytopathogenic bacteria were the most susceptible
microorganisms compared to phytopathogenic fungi and food-spoiling bacteria. Some of the antimicrobial compounds produced by Bacillus spp.
were identified by using GC-MS analysis. These compounds may be dibutyl phthalate, phenyl acetic acid, phthalic acid and kasugamycin,

production of these compounds were by the bacterial isolates B,, B,, B, and B, respectively.

Key words: Bacillus spp., phytopathogenic microorganisms, biologically active compounds.

Introduction

Soil bacteriaare sources of high number of natural productswith
biologica activitieswhich areextensively used as pharmaceuticals
and agrochemicals 1. Many antibiotics and/or biological active
agents are known to exist, but efforts to discover new ones till
continue. Therefore, many species of Streptomyces, Bacillusand
Penicillium have been studied continuously for their ability to
produce antibiotics?.

Bacillusisan interesting genusto be investigated; members of
this genus are often considered microbial factories for the
production of a vast array of biologically active secondary
metabolites, potentially inhibitory for phytopathogenic and food-
borne organisms®’.

The genus Bacillus includes a variety of important species
having history of safe use in the fermentation industry, being
non- pathogenic, good secretors of proteins and metabolites and
easy to cultivate. Products currently availableinclude enzymes,
oligo- and lipo-peptides, antibiotics, food additives and flavour
enhancers, surfactantsand other products®°. Their spore-forming
ability also makes these bacteria some of the best candidates for
devel oping efficient bioinsecticide products, from atechnol ogical
point of view. Bacillus spores have a high level of resistance to
dryness necessary for the formulation into stable products.

The objective of thisstudy wasto screen and eval uate, invitro,
the potential antimicrobial activity of some Bacillus spp. isolated
from different locations in a field in Cairo, Egypt, as well as
morphological and biochemical identification of theseisolates.
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Materialsand M ethods
I solation of microorganisms: Soil sampleswere collected from
fieldsin the Faculty of Agriculture, Cairo University. Sampleswere
obtained by removing theleaf litter and collecting thetop 10 cm;
theweight of theindividual soil samplewasapproximately 100 g.
I solation of the required Bacillus strains was achieved according
to the method described by Claus and Berkeley 1 asfollows:
Air-dried soil sample (4 g) placed in a beaker to which 20 ml

sterilewater isadded. The besker isheated in awater bath for 10
min a 80°C, whilethe content iscarefully agitated. The soil sample
(1ml) is then ready for inoculation on nutrient agar plate and
incubated for 24 h. Purification using streak method was used to
obtain pure cultures.

Indicator microorganisms: Different microorganisms were
used for the characterization of antimicrobial activity of soil
isolates. They include Gram-negative phytopathogenic bacteria
namely Pseudomonas marginalis %, Erwinia carotovora, E.
chrysanthemi ©* and Xanthomonas campestris 4.

The phytopathogenic fungi namely Fusarium equiseti (corda)
saccharoda and F. moniliformewereisolated from infested soils
and wereidentified in the Botany Department, Faculty of Science,
CairoUniversity.

Food and water spoiling bacteria, i.e. Staphylococcus aureus
and Escherichia coli. were provided by Dr. Saeed Dabour,
Microbiology Lab., National Institute of Oceanography and
Fishery, Cairo, Egypt.
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Preparation of theinocula used for screening Bacillusisolates:
Bacterial inoculawere prepared by suspending freshly cultivated
culturein2ml, 0.85% NaCl medium. The density wasadjusted to
0.5 McFarland unit. This suspension was used for direct
inoculation of nutrient agar 5. The inocula of fungi were made
from freshly prepared cultures by harvesting conidia according
tothemethod of Leifert et al.®.

Maintenance of cultures; Soil isolates and bacterial indicator
organisms were maintained as stock cultures frozen at -21°C in
nutrient broth supplemented with 20% glycerol. The pathogenic
fungi were cultured on PDA at 25°C for one week and stored at
4°Cfor long preservations. Strainswere propagated twice before
used in experiments.

I'n vitro screening of soil isolates for antimicrobial activity:
Preliminary screening: Soil isolates were spotted on indicator
organisms swabbed in nutrient agar plates and incubated for 24-
48 h under optimum temperature. The inhibitory effect was
determined by measuring the diameter of inhibition zones.

Secondary screening: The test was done by agar well diffusion
assay using cell-free extract resulting from fermentation of the
isolates. The wells were cut in seeded nutrient agar plates using
sterilized cork borer of 8 mm diameter, each well received 0.1 ml of
the extract. Plates were incubated for 24-48 h under optimum
temperature. The efficiency of the extracts was determined by
measuring the diameter of developed inhibition zonesin mm.

I dentification of soil isolates: Method of identification was based
on that described by Reva et al. *® and Claus and Berkeley .
Identification tests included Gram staining, cell, and spore
morphology, growth in nutrient broth with different concentrations
of sodium chloride, determination of the optimum temperature,
growth under anaerobic condition and growth at pH 5.7.
Biochemical testssuch asVP, MR, gelatineliquefaction and starch
hydrolysis, production of acidsfrom carbohydrates, catal ase and
indoletests aswell as nitrate reduction and utilization of citrate.

Fermentation media: Four different mediawere used for growing
soil isolates namely nutrient broth (NB), trypticase soy broth
(TSB), molasses-urea and mol asses-yeast extract, K,HPO, was
added to thelast two media.

Cultivation of isolatesfor secondary metabolites production:
Preparation of inocula for fermentation: Different Bacillus
isolatesweretransferred from culture stock into 250 ml Erlenmeyer
flask containing 25 ml sterilized nutrient broth. Flasks were
incubated on rotary shaker under 120 rpm at 30°C for 24 h.

Preparation of crude secondary metabolites: Production was
assayed on liquid medium using the above mentioned media. To
250 ml Erlenmeyer flasks, 50 ml of each medium was added,
autoclaved and inocul ated with the freshly prepared inoculain
theratio of 10%. Flaskswere placed on arotary shaker at 120 rpm
and | eft for 24h under optimum temperature.

The culture broth was harvested by centrifugation at 20000 xg
for 15 min, and the culture supernatant was filtered through
bacterial filter and stored in sterile flasks at 4°C until used for
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antimicrobial assay. Unless otherwise stated, pH was adjusted to
7; incubation temperature was 30°C. Testswere madein triplicate.

Biologically active metabolite assay: Cell-free extract resulting
from fermentation of the most potent Bacillus spp. studied was
brought to qualitative analysis of antimicrobial compounds, using
the GC-M S (GC 5980): Column HP-50 (crosslinked 65 cm/s, 8.5
psi; oven 45°C (1.5 min) to 300°C (6 min); injection splittless 1pl/
until 275°C; detector mass selective.

The crude active supernatants from the fermentation of B, B,
B,, and B, grown on NB medium as it exhibited the highest
inhibitory effects against the test organisms, were brought to GC-
MS analysis. Sterilized NB medium was subjected to GC-MS
analysis as control. All the detected compounds in the GC-MS
analysisin control results were excluded from the crudefiltrates
of samplesunder analysis.

Resultsand Discussion
I solation of soil bacteria: The method adopted for isolation was
appropriatefor finding almost exclusively Gram positive agrobic
sporeforming bacteria. Twenty pureisolateswere collected namely
B1toB20.

Preliminary screening of antimicrobial activity of isolates:

Purified Bacillus isolates were screened for the presence of

antimicrobial activity. Table 1 shows that each of the Bacillus
isolates affected at least one of the indicator organisms. Those
bacteria producing inhibition zones higher than 10 mm against at
least two microorganisms were selected for identification and
further characterization of their antimicrobial activity. Based on
thiscriteriall bacterial isolateswere selected namely B2, B3, B6,
B8, B10, B13,B14, B15,B16,B19and B20.

I dentification of Bacillus strains: Identification of Bacillus
isolateswas done using different standard schemesin an attempt
to gather the different phenotype characteristics of all known
species of Bacillus. Thiswasdueto thefact that i dentification of
sporeforming bacteriawasawaysadifficult task, asmany species
and genus names used routinely inthe current scientific literature
are not present in Bergey’s Manual . The morphological
description and physiological and biochemical characteristicsare
presented in Table 2a-b, following primary subdivision of isolates
into strict aerobic and facultative anaerobes, respectively. From
the results we deduced that isolates B2, B15 and B19 may be
different strains of Bacillus circulans; B8 astrain of B. subtilis;
B16 B. sphaericus; B3 B. licheniformis; B10 B. badius; B20 B.
azotoformans, B13 and B14 two strainsof Brevibacillusbrevis
and B6 aBacillusisolate which we could not identify.

Cultivation of Bacillusspp. for production of active metabolites:
Four different mediawere used for cultivation under conditions
previoudy mentioned. The purpose of using different fermentation
mediain thisstudy wasto detect the most suitable onefor bacterial
growth and & so the production of active secondary metabolites.
The biosynthesis of active compounds by Bacillusis controlled
by several externa (cultivation conditions) and internal factors
(medium composition) as mentioned by Akpaet al.*°, Duffy and
Defago 2 and Slininger and Jackson 2.

The crude active supernatants for each Bacillus strain were

1167



Table 1. Preliminary screening of inhibitory effect of bacillusisolates.

Bacillus Inhibition zones in mm

isolates  Xanthomonas  Pseudomonas  Erwinia Erwinia

campestris smarginalis. carotovora __ chrysanthemi

Staphylococcus  E. coli  Fusarium

sp. equiseti

Fusarium

moniliforme

B2 - - 11 -

B17 - - - -
BI8 - - -
B19 - - 14 -
B20 13 10 20 15

10

- 11
- 11

Table2a. |dentification of strictly aerobic bacilli.

Table 2b. |dentification of facultative anaerobes.

Performed tests Bacillus isolates

Performed tests

Bacillus isolates

B8 Bl10 BI3 Bl4 Bl6 B20 B2 B3 B6 BI5 BI9
Morphological characteristics Morphological characteristics
Gram staining -ve -ve “+ve +ve -ve +ve Gram staining -ve tve +ve -ve  -ve
Spores spherical - - - - + - Spores spherical - - - - -
elliptical + + - - - - elliptical - - - - -
oval - - + + - + oval + + + + +
Sporangia swelling - - + + + +
Physiological characteristics Sporangia swelling + - - + +
Growth in NaCl 2% + + + + + + Physiological characteristics
5 + - +W o +W + +W Growth in NaCl 2% + + + + +
7 + - +W  +W - - 5 + + + + +
10 - - - - - - 7 + + + + +
10 - + - - -
Growth in temperature ~ 5°C - - - - - -
30 + + + + +W Growth in temperature 5°C - - - - -
55 - - - + - - 30 + + + +
65 - - - - - - 55 +W o+ - +Wo -
65 - - - - -
Growth in NB at pH 5.7 + +W o+ + +W -
Biochemical tests Growth in NB at pH 5.7 + - +W  +W
Indole - - - - - - Biochemical characteristics
VP + - - - - - Indole - - - - -
MR + + - - + + VP - + + - -
Catalase +S +W  +S  +S + - MR + + + + -
Catalase +S  + +S  4S +
Hydrolysis of starch + - + + - -
gelatine + + + + + - Hydrolysis of starch + + + + +
casein + + + + + - gelatine + + + + +
casein + + + + +
Acid from glucose +S - +W o +W - -
mannitol +S - - - - - Acid from glucose + +twW o - +S  +
xylose + - - - - - mannitol - +W o - - -
arabinose + - - - - - xylose + + + + +
arabinose + + + + +
Nitrate reduced to nitrite + - + + - -
Utilization of citrate + - + + + + Nitrate reduced to nitrite + + - + +
W: weak reaction; S: strong reaction; NB: nutrient broth. Utilization of citrate + + + + +

assayed against the indicator organisms, the results were
presented in Table 3a-b. The data indicate that Bacillus strains
showed variable ability of inhibition and inactivation according
totheindicator organismsand the type of growth media. Generally
speaking Bacillus circulans (B2), B. licheniformis (B3), B.
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W: weak reaction; S: strong reaction; NB: nutrient broth.

sphaericus (B16) and Bacillus sp. (B6) exhibited the highest
inhibitory effects against the test organisms, while the rest of
Bacillus spp. showed arelatively lower one.

Takahashi et al. 2 and Howells et al. # proved that some strains
of B. circulansare ableto produce the broad spectrum nucleoside
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Table3a. Antibacterial activity of Bacillus spp. using different fermentation media.

Inhibition zones in mm

§  Xanthomonas Pseudomonas Erwinia Erwinia Staphylococcus E. coli

g & sp sp. carotovora chrysanthemi sp.

P2 b ¢ d a b ¢ d a b ¢ d a b ¢ d a b ¢ d a b ¢ d
B2 10 - 50 - - - 50 - - - 15 - 10 10 20 - 11 10 40 - - - 40 -
B15 12 12 - - - 10 - - 12 11 - - - 10 - - - - - - - - - -
B19 - - - - - - - - - - 15 - 10 10 - - 11 - 10 - 9 - 15 -
B13 - - - - - 1 - - - - - - 11 10 - - - - - - - - - -
B14 13 11 - - - 10 - - 15 12 - - 12 10 - - - - - - - - - -
B10 10 - - - 12 11 - - 14 - - 13 10 - 12 - - - - - - -

B8 - - - - 14 11 - - 10 - - - 10 11 - - - - - 10 - - - -
Bl6 17 10 - - 16 15 - - - 12 20 - 9 14 - - - - - - - - - -
B20 19 35 - - 10 15 - - - 14 10 9 15 13 - - - - - - - - -
B3 15 10 - - 10 11 11 - 11 - - - - 11 10 12 - - 15 - - - - -
B6 - 10 - - 19 11 25 - 10 10 - - - 12 - 12 - - - - 42 30 10 -

B19-B. circulans strain 3
B10- Bacillus badius
B 20-Bacillus azotoformans

B15-B .circulans strain 2
B14-B. brevis strain 2
B 16-Bacillus sphaericus
B6-unidentified strain

B2-Bacilluscirculans strain 1
B13-Brevibacillus brevis strain 1
B 8-Bacillus subtilis
B3-Bacillus licheniformis

Table3b. Antifungal activity of Bacillusspp. using
different fermentation media.

Inhibition zones in mm

é Fusarium equiseti Fusarium moniliforme
2 5

M2 b ¢ d a b ¢ d
B2 34 33 13h - 14 20 15

BIS - - 10 - 11 - - -
B19 - - - - - 40 - -
BI13 22 15 13h 25 - 10 10 11h
B14 - - - - - 15 - 14h
B10 - - - - - - - 10h
B8 - 18 - - - - 1 -
B16 - - - - 10 - - 14
B20 - 15 - - - - - 14 h
B3 15 - I5h - 10 - 20 -
B6 - - 12h - - 33 12 10

B2-Bacilluscirculans strain 1 B15B .circulans strain 2
B13-Brevibacillusbrevisstrain 1 B14-B. brevis strain 2

B 8-Bacillus subtilis B16-Bacillus sphaericus
B3-Bacillus licheniformis B6-unidentified strain

a nutrient broth

b- trypticase soy broth

C- molasses + urea

d- molasses + yeast extract

B19-B. circulans strain 3
B10- Bacillusbadius
B 20-Bacillus azotoformans

h The inhibitory zone was hazy

antibiotics, bagougeramine A and B and the antibiotic butirosin,
respectively. Concerning B. licheniformis, itsdifferent strainsare
known of producing surfactin 2, bacteriocin like substances
and bacitracin 2620, The effectiveness of our B. sphaericus strain
was less than expected since this genus is known of producing
167 biologically active compounds against bacteria, fungi,

protozoaand virus®t,

Bacillus azotoformans (B20), B. badius (B10), B. subtilis (B8)
and Brevibacillus brevis (B13) showed a lesser effect upon the
tested indicator organismsthan the previoudy discussed Bacillus
p.

B. azotoformans showed an effect against phytopathogenic
tested organisms (Table 3a-b). Xie et al. * isolated from rice
rhizosphere B. azotoformans together with other Bacillus spp.,
considered as rhizobacteria. Ongenaet al. * indicated that these
bacteriahave numeroustraits, which allow them to act asbiocontrol
agents, one of those traits, suppression of diseases caused by
phytopathogens due to the production of a wide range of
antimicrobial compounds.
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a nutrient broth

b- trypticase soy broth

c- molasses ureamedium

d- molasses - yeast extract medium

Brevibacillus breviswas effective against the phytopathogenic
microbes tested, though their efficiency was not as much asthat
described by Katz and Demain  who mentioned the production of
23 antibiotics by thisgenus.

Shoji et al. * reported that B. badiusAR-91 produced antibiotics
thiocillins 11 and 111 active against Gram-positive bacteria. The
datagiven in the current study by our B. badius isolate affected
the Gram-negative bacteria (Table 3a) which may suggest the
production of different compound(s) by thisisolate.

Finally come B. subtilis with an observed effect upon
phytopathogenic bacteriacompared to the pathogenic fungi tested
(Table 3b). Bacillus subtilis is known to produce an array of
antimicrobial compounds possessing broad suppressive
properties for more than 33 types of plant pathogens *.

Examination of the effect of each medium alone showed that
cultivation of Bacillusstrainsin NB and TSB mediafavoured the
growth and production of antibacteria active compoundsaswell,
by all strains (Table 3a-b, Figs 1and 2). Antifungal active
compoundswere detected by few Bacillus strainswhen examining
Fusarium equiseti, but the mgjority of Bacillus strains affected
Fusarium monoliforme. The effect on food-spoiling organisms
was achieved only by Bacilluscirculansstrain (B2) and Bacillus
. (B6).

The antibacterial effect of the different strains decreased to
about 50% when mol asses-urea medium was used, although the
effectiveness against food-spoiling bacteriaincreased (Table 3a
b, Figs1and 2). Ontheother hand, antifungal activity relatively
changed. Anincreasein theresistance of Fusarium spp. hasbeen
observed, some of Bacillus spp. that earlier showed fungicidal
activity (Table3a-b, Figs1 and 2), showed later ahazy or repellent
action against Fusarium equiseti, these were namely Bacillus
circulans(B2), B. licheniformis(B3), B. sp.(B6) and Brevibacillus
brevis(B13).

Cultivation in molasses-yeast extract medium caused adrastic
decresse in the antibacterial activity of the strains; only 25% of
the strains showed activity, while the effect upon fungi was
variable though this effect has not been considered fungicidal
against Fusariummoniliforme, by thetwo strainsof Brevibacillus
brevis, Bacillus badius and B. azotoformans (Table 3a-b, Figs 1
and 2).Our results coincide with those of Bapat and Shah %, who
mentioned that Brevibacillus brevis produced extracellular
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B production of active metaboliteswastoo

low or negligible. Woodruff # and

Bodansky and Perlman # stated that

antibiotic accumulation either intracel lular
or extracellular, normally occurred after

the end of logarithmic growth phase and

prior to endospore maturation.

The majority of Bacillus spp. under

study exhibited amoderate antimicrobial
effect upon the indicator organisms

= |

shown by the diameter of inhibition zones
(10-20 mm), while few species like B.

circulans (B2) upon Xanthomonas sp.,

Pseudomonas sp. and food-spoiling

organisms; B. azotoformans (B20) upon

Xanthomonas sp. and Bacillus sp. (B6)
upon E. coli, exerted a potent effect as
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Figure 1. Percentage of affected indicator organisms by different Bacillus sp. growing in

different media.
Pb: phytopathogenic bacteria; Fs: food and water spoiling bacteria; Pf: phytopathogenic fungi.
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Figure 2. Susceptibility of indicator organisms
towards the active compounds.

Xanth: Xanthomonas campestris ~ Staph: Saphylococcus aureus
Pseudo: Pseudomonas marginalis Fusariuml: Fusarium equiseti
Erwinial: Erwiniacarotovora Fusarium2: Fusariummoniliforme
Erwinia2: Erwinia chrysanthemi.

antagoni stic substanceswhich inhibit germination of conidiaand
wasfungicida to the vegetative mycelium of the pathogen. Schmitt
et al. ¥ as well indicated that B. brevis inhibited the conidial

germination of ohaerotheca fuliginea. San-Lang et al. * deduced
that extensive degradation of F. oxysporum hyphae or lysisof the
hyphal tipswas due to the presence of crude fungicide produced
by B. subtilisW113.

Secondary metabolism is brought on by exhaustion of nutrient,
biosynthesis or addition of inducer and/or by growth rate
decrease ¥. Onbasali and Adim “ and Page #* indicated that
molasses can be used as substrate for the production of specific
metabolites and as source of growth factors; it containsvitamins
and other minor constituents. Yeast extract, being a source of
organic nitrogen and B complex vitamins “?, increased bacterial
growthinmolassesmedia. Theweak antimicrobia effect detected
inthisstudy by Bacillus sp. in molasses media, may bedueto the
fact that the rate of bacterial growth was still high, so that the
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shown by adiameter of inhibition zones
H higher than 40 mm. Theeffect upon fungi
was detected by Bacilluscirculans (B2)
on Fusariumequiseti, B. circulans(B19)
and B. p. (B6) on Fusariummoniliforme
(Table 3a-b). This phenomenon hasbeen
only observed when cultivation wasdone
in molasses-urea medium, suggesting
further investigation.

Inthe current study, the different Bacillus spp. was active against
Gram- negative bacteriacompared with the Gram-positive ones.
Erwinia chrysanthemi was the most susceptible organism (Fig.
2) followed by Pseudomonas sp. The food-spoiling organisms
showed great resistance against most metabolites used. It has
been cited by many authors that most of peptide antibiotics
produced by Bacillus spp. are activemainly against Gram-positive
organisms®. Katz and Demain 8 stated that polymyxin, circulin,
and colistin activity wasamost exclusively against Gram-negative
bacteria, whereas bacillomycin, mycobacillin and fungistatin are
effective agents against molds and yeasts.

GC-MS analysis: All the detected compounds in the GC-MS
analysisin control wereexcluded from the crudefiltrate of samples
under analysis. When cell free culture supernatant of Bacillus
circulans (B,) was subjected to the GC-MS (GC 5890), several
peakswere observed (Fig. 3). This suggested that more than one
antimicrobial compound was produced by B...

The sample contained a peak that corresponded to a peak
exhibited by dibutyl phthalate at m/z 528 (Fig. 3). Roy et al. %
found that dibutyl phthalate was produced by a new soil isolate
Sreptomyces albidoflavus 321.2. They also stated that the active
compound showed strong activity against Gram-positive and
Gram-negative bacteria, as well as unicellular and filamentous
fungi.

Fig. 4 showstheantimicrobial activity called bis(2-ethylhexyl)
phthalateat m/z 405 detected in the culture supernatant of Bacillus
sphaerius (B,,). It was first reported “ that a phthalic acid
derivative [bis-(2-ethylhexyl) phthalate] was produced
biosynthetically by Streptomyces bangladeshiensisfrom the soil
of Natore, Bangladesh. They also observed moderate antimicrobial
activitiesagainst most tested Gram positive and negative bacteria
and some pathogenic fungi.

Journal of Food, Agriculture & Environment, Vol.8 (2), April 2010
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Figure 3. Ms of dibutyl phthalate synthesized by B. circulans (B2).
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Figure 4. Ms of phenyl acetic acid synthesized by B. licheniformis (B3).

Severa peakswere also detected by the GC-M S analysisof the
culture filtrate of Bacillus licheniformis (B,). One of the
antimicrobial substances detected and met agreement with some
investigationsisphenyl acetic acid at m/z 405 (Fig. 5). Kimet al.
detected phenyl acetic acid in fermented soybean made with the
strain B. licheniformis B65-1. They also added that the antibiotic
compound was active against bacteria and yeasts such as
Saphylococcus aureus, Escherichia coli and Candida albicans.
Phenyl acetic acid and sodium phenyl acetate were isolated by
Hwang et al.* from Sreptomyces humidus strain S5-55. The
authors also found that the compounds completely inhibited the
growth of Pythium ultimum, Phytophthora capsiei, Rhizoctonia
solani, Saccharomyces cerevisiae and Pseudomonas syringae
pv. syringae. The two compounds were as effective as the
commercial fungicide metal oxyl ininhibiting spore germination
and hyphal growth of P. capsiei. Burkhead et al.* provided
preliminary evidencefor antifungal activity of phenylacetic acid
against Gibberella pulicaris produced by the bacterium
Enterobacter coloacae.

From the severa peaks detected by the GC-M S analysis of the
fermentation exudates of Bacillusisolate (B,) apeak at m/z 405

Journal of Food, Agriculture & Environment, Vol.8 (2), April 2010

was identified as kasugamycin (Fig. 6). Kasugamycin is
an aminoglycoside antibiotic isolated from Streptomyces
kasugaensis %2, Preliminary in vitro studies by Hamada et al. %
and Umezawa et al. % suggested that the antibiotic possesses
significant activity against a variety of pathogenic bacteria,
including Pseudomonas species.

Bacillus spp. have special advantage due to their ability to
produce antibioticsin the soluble protein structuredirectly to the
medium, which isfound to be cheaper and more effective, so that
itispreferablefor commercia production %%,

To further characterize these antimicrobial substances the
purification and characterization is necessary .The mechanisms
by which antimicrobial factors inhibit growth of potentially
pathogenic bacteriaor fungi arealso critical. These are currently
under investigation.
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