OPEN aACCESS

Sarhad Journal of Agriculture

@ CrossMark

Research Article

Effect of Growth Conditions on Antibacterial Activity of Trichoderma
harzianum against Selected Pathogenic Bacteria
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Abstract | Bacterial infections are prevalent in crops and humans, therefore, the need for novel and effective
antibacterial compounds to treat, prevent and resist is highly demanded. Luckily fungi are potential producer of
antibacterial natural products. The present study was initiated to investigate the antibacterial activity of 7richo-
derma harzianum against phyto and human pathogenic bacterial strains. 7. harzianum was grown under different
conditions and their extracts were evaluated, using disc diffusion method against tomato wilt causing bacteria
(Xanthomonas campestris and Clavibacter michiganensis). Extracts that resulted in strong activity were fractionat-
ed into acetonitrile and ethyl acetate followed by testing against human pathogenic bacterial strains (Eschericia
coli, Pseudomonas aeruginosa and Staphylococcus aureus) using 96 well microtitre plate method. The Ethyl acetate
fraction showed maximum zone of inhibition (24.25+1.06 mm) against X. campestris and (23.15+2.12 mm)
against C. michiganensis on growth nutrient broth (GNB) medium as compared to other culture media (Pota-
to dextrose broth and yeast extract broth). Similarly maximum zone of inhibition was observed in optimized
parameters like shaking flask culture, 25 °C temperature, media of pH 5 and light fermentation. The EtOAc
extract exhibited the minimal value of MIC (10.41+4.50 pug/mL) against gram negative E. co/i, while its ace-
tonitrile fraction yielded (6.50+2.25 pg/mL) of MIC against S. aureus. Hence, it is revealed from the results
that 7" harzianumis a potential source of antibiotic drugs as it showed a wide range of bioactivity against both
phyto and human pathogenic bacteria.
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Introduction

Food production needs to be increased to meet the
need of rapidly expanding world population. Un-
fortunately, our plants suffer from diseases caused by
both agents of abiotic and biotic nature; among biotic
factors, diseases caused by bacteria are more potent
(Sabat et al., 2009). Also, bacterial resistance to the
available pesticides/bactericides due to extensive use
and misuse of antibiotics has been observed in the last
decades (Nascimento et al., 2000), which means that
the current available antimicrobial agents are insuffi-

cient to control microbial infections (Cowan, 1999;
Bax and Mullan, 2000). Development of new drugs,
especially in the area of infectious diseases is one of
the most important challenges in today’s world. Fun-
gi as a source of natural products have attracted great
attention of the scientists due to their diversity. The
multiplicity in fungal metabolites keeps them inter-
esting candidates to be used as novel yet potent drugs
in future. Besides, fungus is known to acquire a sig-
nificant role in biotechnological applications because
of diverse secondary metabolites and their products
are recently exploited as potent biopesticides (Prami-
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la and Dubey, 2004).

In past, plants were considered to be the only source
of treatment for various diseases but the produc-
tion of diverse bioactive metabolites from fungi has
changed the trend (Strobel, 2003). Some fungi have
the potential to produce toxins (antibiotics) that can
destroy other microbes even at low concentration
(Islam et al., 2005). The diversity of these toxins has
shown various activities against both prokaryotes and
eukaryotes (Faull, 1988). Fungi can produce a variety
of metabolites belong to flavonoids, alkaloids and ter-
penoids that has antibacterial, antiviral, anti-inflam-

matory, antitumor, and antifungal properties (Guo et
al., 2007; Yu et al., 2010; Aly et al., 2011).

Trichoderma harzianum belongs to ascomycete group
(Order Hypocreales), which is extracted mainly from
soil and decomposed organic material. The species
are distributed globally and their isolates are char-
acterized for producing abundant spores (conidia) in
culture media with green shade having fast growth
rate. They exist as saprophytes that require minimum
nutrition and are efficient against variety of microbes
(Grondona et al., 1997). Trichoderma sp. has also been
reported to produce excessive metabolites with anti-
microbial activities (Vinale et al., 2008). This study
was investigated to observe the antibacterial potential
of T harzianum, isolated from soil of Khyber Pakh-
tunkhwa, Pakistan, against both phytopathogenic and
human pathogenic bacteria. 77 harzianum was grown
in laboratory under different growth conditions to
study the effect of antibacterial compounds on se-
lected bacteria. Extracts that showed strong activities
were fractionated into ethyl acetate and acetonitrile
followed by testing for minimal inhibitory concentra-

tion (MIC).
Materials and Methods

Isolation of 7" harzianum

Rhizosphere soil was collected upto a depth of 6 cm
from different areas of Peshawar Khyber Pakhtunkh-
wa, including Malakandher farm as well. Soil sam-
ples were put in zipped polyethylene plastic bags and
brought to Research Laboratory of Natural Product,
Department of Agricultural Chemistry, University of
Agriculture Peshawar. The protocol of Gaddeyya et al.
(2012), was employed in the isolation of fungi from
soil using serial dilution method. Isolate was purified
using potato dextrose agar (PDA) medium by incu-

bation at 27 °C for 7 days and stored at 4 °C for fur-

ther work.

Morphological characterization

Fungus was identified based on morphological char-
acterization using the method of Domsch et al. (1980).
Identification was done through light microscope by
studying macroscopic features, i.e. shape, growth and
color of the cultured colonies as well as microscopic
features, like structure of conidia, hyphae and spore
size.

Effect of nutrient media

Three different types of cultural broth media: Potato
dextrose broth (PDB), Yeast extract broth (YEB) and
Growth nutrient broth (GNB) were prepared for fer-
mentation of 77 harzianum (Jain and Pundir, 2011)
with the aim to check the effect of nutrient media
on the antibacterial activity and to select the suitable
medium for further studies.

Effect of static and shaking flask culture

T harzianumwas grown under static and shaking con-
ditions to check the effect of aeration on the release
of bioactive compounds and its activity. The spores
were inoculated in (1 L) conical flask containing 200
mL selected (GNB) medium and kept at room tem-
perature on shaking incubator with 150 rpm for 12
days (Enman et al., 2008). For comparison, the spores
were inoculated in (1 L) conical flask containing 200
mL selected media and kept in the same incubator
with no shaking for 12 days. Extracts obtained were
tested for antibacterial activity.

Effect of light

The spores of fungus were inoculated in (GNB)
growth medium and fermented for 12 days at day
light. During fermentation fungal growth was ob-
served (Fanelli et al., 2012). To compare the efficien-
cy of antibacterial compounds produced, same condi-
tions were used for fermentation with the exception
of wrapping aluminium foil around cultural flasks
and kept them in dark. The effect of light and dark
conditions on the production of bioactive compounds
was confirmed by the antibacterial bioassay.

Eftect of pH

Prepared media (1 L) was distributed into five differ-
ent conical flasks. The pH of the media was adjusted
as pH 5,6,7,8 and 9 by adding drop wise, either 1 N
HCI or NaOH. After pH adjustment, the media in
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each flask was sterilized at 121 °C for 20 min, fol-
lowed by the inoculation of spore suspension using
sterile wire loop in clean laminar flow hood. Fermen-
tation was carried out in an incubator (27°C ) in or-
der to test the effect of pH on antibacterial activity of
the mycelia (Jain and Pundir, 2011).

Eftect of temperature

'The spores of 7. harzianum was inoculated in ster-
ilized (GNB) (200 mL) media at 25°C , 30 °C and
35°C to check the effect of temperature on the pro-
duction and effectiveness of the bioactive compounds.
The extracts obtained after fermentation were test-
ed for antibacterial activity (Mogensen et al., 2009;
Sood, 2011).

Extraction of secondary metabolites

After cultivation of fungus under different fermenta-
tion conditions, the mycelia were separated from broth
through vacuum filtration. After drying, the mycelia
were homogenized in ethyl acetate for 24 hours in
order to extract secondary metabolites. Ethyl acetate
was then removed with the help of rotary evaporator
at 46 "C. The collected organic crude extracts were
finally tested against phytopathogenic bacteria using
disc diffusion method (Zain et al., 2008).

Disc diffusion susceptibility test

According to Tong et al. (2011), the colonies of phy-
topathogenic bacteria (Xanthomonas campestris and
Clavibacter michiganensis) were adjusted to approxi-
mately 1 x 10® cfu/ mL in sterile nutrient broth me-
dium. Approximately, 50 ul of bacterial suspension
was streaked on nutrient agar plate with sterile cotton
swab followed by incubation at 37 °C for 12 hrs. On
the next day, 20 pl of test sample (1mg crude extract/
1mL 10% dimethyl sulfoxide or DMSO was added
to 6mm sterile whatman filter paper disc, positioned
on the surface of nutrient agar medium plate contain-
ing the test bacteria. Negative control used in this test
was 10% DMSO, whereas for positive control Strep-
tomycin was used. Petri plates were incubated at 37
°C for 24 hrs and inhibition zones were measured in
millimeters.

Determination of minimal inhibitory concentration
(MIC)

Ethyl acetate extract and acetonitrile fraction were
tested for MIC against human pathogenic bacterial
strain [two gram negative bacteria (Escherichia coli
and Pseudomonas aeuroginosa) and one gram positive
bacteria (Szaphylococcus aureus)] following the proce-

dure described by National Committee for Clinical
Laborotory Standards (2002). Suspension of bacteri-
al strains were made in 3% Tryptic soy broth (T'SB)
medium at 37 °C for 12 hours followed by two times
washing with 10mM Tris buffer (pH 7.4) and quan-
tified at OD, . In this set of experiments, 96-well
plates (U-shaped, untreated polystyrene) were used.
Samples were prepared through serial dilution with
tris buffer and bacterial cells were added to a final
volume of 100 pL. Plates were incubated in aerobic
incubator at 37 °C , for 6, 8 and 10 hours according to
the growth period of particular bacteria.

Statistical analysis

The experiments were carried out in three replicates
and the results of the data are presented as mean + SD
(standard deviation) using statistical software Statis-

tix 8.1 (Steel and Torrie, 1997).
Results

Morphological characterization

Trichoderma harzianum was isolated from soil of Pe-
shawar, Khyber pakhtunkhwa Pakistan using serial
dilution method that was purified on potato dextrose
agar medium. The microbial colonies were identified
through morphological characteristics. The colour of
the 70 harzianum colonies was observed dark green.
Trichodermahas two types of conidiophores and phial-
ides arrangements. Conidiophores are mostly smooth
and rounded while phialides are crowded having
link with conidiophores. The walls of conidiophores
arouse were smooth and the heads of conidia were
subglobose with recorded size of 3-4 pm (Figure 1).

Figure 1: Pure culture and microscopic image of I har-
zianum

Disc diffusion susceptibility test of different param-
eters

Effect of growth media

Ethyl acetate extract of 7" harzianum obtained from
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three different growth media were tested against phy-
topathogenic bacteria (X. campestris and C. michigan-
ensis) through disc diffusion assay and zone of inhi-
bitions were recorded (Figure 2). The crude extract
obtained on growth nutrient broth (GNB) medium
showed maximum zone of inhibition 24.25+1.06 mm
against X. campestris and 23.15+2.12 mm against C.
michiganensis followed by the extract obtained from
potato dextrose broth (PDB) medium. While the
extract obtained from Yeast extract broth (GYEB)
medium showed no activity against both the phyto-
pathogenic bacterial species. The inhibition zone in
positive control (Streptomycin) regarding X. campes-
tris and C. michiganensis was found to be 28+1.41 mm

and 31+1.41 mm, respectively (Table 1).

Figure 2: Antibacterial activity of crude extract of
Trichoderma harzianum grown on different media
against Clavibacter michiganensis (1,2) and Xanthomo-
nas campestris (3,4)

Table 1: Zone of inhibition of Trichoderma harzianum
extract obtained from different growth media against
Xanthomonas campestris and Clavibacter michiganensis

using disc diffusion method.

Fungus/ Culture  Zone of Inhibition (mm)+SD
Standard Media
Xanthomonas Clavibacter
campestris michiganensis
T harzianum GNB 24.25+1.06 23.15+2.12
PDB 15.75+1.06 13.25+0.35
GYEB 0+0.00 0+0.00
Streptomycin 28+1.41 31+1.41

Effect of static and shaking flask culture

Ethyl acetate extract obtained from growth nutrient
broth (GNB) medium showed maximum zone of in-
hibition against wilt causing bacteria and therefore,
selected for further optimization. Extract of 77 har-
zianum obtained from both shaking and static flask
culture of GNB medium were tested against phyto-
pathogenic bacteria (X. campestris and C. michigan-
ensis) through disc diffusion assay and zone of inhi-
bitions were recorded (Figure 3). The crude extract
of 7" harzianum obtained from shaking flask culture
inhibited the growth of X. campestris by 25.25+0.35
mm and C. michiganensis by 23.75£1.06 mm, while
it was 19+0.70 mm and 16.25+0.35 mm, respectively
in static flask culture extract. Positive control (Strep-
tomycin) showed 29.5+0.70 mm zone of inhibition
against X. campestris and 31.25+0.35 mm against C.
michiganensis (Table 2).

Figure 3: Antibacterial activity of crude extract of
Trichoderma harzianum from (Shaking (Sh) &3 static (St) flask

culture against Xanthomonas campestris 3(a)and Clavibacter mich-

iganensis 3(b)

Table 2: Zone of inhibition of Trichoderma harzianum
extract obtained from shaking and static flask cultures
against Xanthomonas campestris and Clavibacter mich-
iganensis

Fungus/Std  Flask Zone of inhibition (mm) +SD
Culture
X. campestris  C. michiganensis
I harzianum  Shaking 95 95.035  23.75:1.06
Static 19+0.70 16.25+0.35
Streptomycin 29.5+0.70 31.25+0.35
Effect of light

T harzianum was cultured in growth nutrient broth
(GNB) medium in shaker at 150 rpm at both light
and dark conditions. The ethyl acetate extracts ob-
tained were tested against phytopathogenic bacteria
(X. campestris and C. michiganensis) through disc dif-
fusion method and zone of inhibitions were meas-
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ured (Figure 4). The crude extract of 7. harzianum ob-
tained in light fermentation inhibited the growth of
X. campestris by 25.25+1.06 mm and C. michiganensis
by 22.5+0.55 mm. The recorded zone of inhibition in
dark against X. campestris was 24+0.70 mm and C.
michiganensiswas 20.7520.35 mm. Positive control
(Streptomycin) showed 29.25+1.06 mm zone of in-
hibition against X. campestris and 31.75+2.47 mm
against C.michiganensis (Table 3).

Figure 4: Antibacterial activity of crude extract of
Trichoderma harzianum from (Light (L) & Dark (D)
fermentation against Xanthomonas campestris 4(a) and
Clavibacter michiganensis 4(b)

Table 3: Zone of inhibition of Trichoderma harzianum
extract obtained from light and dark fermentation against
Xanthomonas campestris and Clavibacter michiganensis.

Fungus/Std  Fermen- Zone of inhibition (mm) +SD
tation
X. campestris  C. michiganensis
L harzianum  Light 355,106  22.5:0.55
Dark 24+0.70 20.75+0.35
Streptomycin 29.25+1.06  31.75+2.47
Effect of pH

Ethyl acetate extract of 7. harzianum obtained from
GNB medium in shaking flask culture at light condi-
tion from different pH values were tested against phy-
topathogenic bacteria (X. campestris and C. michigan-
ensis) (Figure 5). T" harzianum showed fast growth at
pH 5 with maximum activity,i.e.26.25+0.35 mm zone
of inhibition against X. campestris and 23.5+0.45.70
mm against C. michiganensis. The antibacterial activ-
ity was decreased as the pH was increased from 5.
At pH 6 it showed 19.5+0.65 mm zone of inhibition
against X. campestris and 18.75+0.35 mm against C.
michiganensis. At neutral pH, it yield 17.5+0.70 mm
zone of inhibition against X. campestris and 16.5+0.75
mm against C. michiganensis. At alkaline pH 8 and 9,
slow growth was observed with less activity against X.
campestris 15£0.707 mm and 12.75+0.3535 mm and

C. michiganensis 13.5+0.55 mm and 11.5+0.15 mm)
(Table 4). Positive control (Streptomycin) showed
29.75+0.35 mm zone of inhibition against X. campes-
tris and 31.520.25 mm against C. michiganensis.

Figure 5: Antibacterial activity of crude extract of
Trichoderma harzianum of (pH 5,6,7,8,9) against Xan-

thomonas campestris 5(a) and Clavibacter michiganensis

5(5)

Table 4: Zone of inhibition of Trichoderma harzianum
extract obtained from different pH against Xanthomonas
campestris and Clavibacter michiganensis.

Fungus/Std pH Zone of inhibition (mm) +SD
X. campestris C. michiganensis

5 2625:035  23.5:0.45.70
T harzianum 6 19.5+0.65 18.75+0.35

7 17.5+0.70 16.5+0.75

8 15+0.70 13.5+0.55

9 12.75+0.35 11.50.15
Streptomycin 29.75+0.35 31.5+0.25

Table 5: Zone of inhibition of Trichoderma harzianum
extract obtained at different temperature against Xan-
thomonas campestris and Clavibacter michiganensis.

Fungus/Std ~ Temper- Zone of inhibition (mm) +SD
ature
X campestris  C. michiganensis
T harzianum — 25°C  235.045  24.25:0.35
30°C 18.25+0.35 18.75+1.06
35°C 14+0.70 15.75+0.35
Streptomycin 28.25+0.35  29.5+0.70

Effect of temperature

After the optimization of growth conditions for 7
harzianum, the ethyl acetate extracts were studied
for antibacterial activity against phytopathogenic
bacteria (X. campestris and C. michiganensis) (Figure
6). T harzianum showed 23.5+0.45 mm zone of in-
hibition against X. campestris and 24.25+0.35 mm
against C. michiganensis at 25 °C . At 30 °C it yielded
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18.25+0.35 mm zone of inhibition against X. camp-
estris and 18.75+1.06 mm against C. michiganensis.
On the contrary, at 35 °C both yield and bioactivity
was reduced to 14+0.70 mm inhibition zone against
X. campestris and 15.7520.35 mm inhibition zone
against C. michiganensis. Positive control (Strepto-
mycin) showed 28.25+0.35 mm zone of inhibition
against X. campestris and 29.5+0.70 mm against C.
michiganensis (Table 5).

Figure 6: Antibacterial activity of crude extract of
Trichoderma harzianum (at 25,30 & 35 °C ) against
Xanthomonas campestris (above) and Clavibacter mich-
iganensis (below)

Microdilution assay

Acetonitrile fraction and ethyl acetate fraction of 7'
harzianum were screened for minimal inhibitory con-
centration (MIC) against human pathogenic bacteri-
al strains (Smpbylococcus aureus, Pseudomonas aerugi-
nosa and Escherichia coli) and results were recorded in

ng/ml (Figure 7). MIC values of organic crude extract

and acetonitrile fraction of Trichoderna harzianum are
presented in Table 6. The MIC test indicated that
organic crude extract exhibited the minimal value of
MIC against gram negative Escherichia coli 10.41+4.50
pg/mL. While, MIC value of 41.66+18.04 ug/mLwas
recored for Pseudomonas aeruginosa and 83.33+36.08
pg/mL for Staphylococcus aureus. Similarly, the MIC
of acetoniltrile fraction against Escherichia coli was
83.33+36.08 pg/mL, followed by 72.91+47.73 ug/
mL against Pseudomonas aeruginosa, and 6.50+2.25
pg/mL for Staphylococcus aureus. The MIC value re-
corded for positive control (Streptomycin) against
Escherichia coli was 5.63+8.9 pg/mL and for Pseu-
domonas aeruginosa was 7.84£9.45 pg/mL, while it
exhibited the minimal value 5.09+11.4 pg/mL for the
gram positive Staphylococcus aureus.

Discussion

Fungi are rich source of bioactive compounds (drugs
etc.) that have drawn the attention of natural product
chemists for combating the current bacterial resist-
ance, which resulted in the discovery of novel antibi-
otics with unique scaffold (Luzhetskyy et al., 2007).
Naturally occurring antibiotics are reported mostly
from soil borne fungi that are less explored organisms

Figure 7: Minimum inhibitory concentration of ethyl
acetate extract of 1. harzianum against P aeruginosa

Table 6: Minimal Inhibitory Concentration of ethyl acetate and acetonitrile fraction of Trichoderma harzianum
against human pathogenic bacterial strains using dilution method ELISA plate method.

Fungus/Std Fractions MIC (pg/mL) +SD
Escherichia coli Pseudomonas aeruginosa Staphylococcus aureus
Trichoderm barzianum  Ethyl acetate 10.4124.50 41.66+18.04 83.33:36.08
Acetonitrile 83.33+36.08 72.91+47.73 6.50+2.25
Streptomycin 5.63+8.9 7.84+9.45 5.09+11.4
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(Hara-Kishore et al., 2007) and therefore many inves-
tigations are carried out to isolate compounds from
fungi to fight pathogenic microbes. The first step in
these investigations is the isolation of fungi from its
natural habitat (Hunter-Cevera et al., 1999). Tricho-
derma harzianum was isolated from soil, purified and
identified using light microscope and studied upto
species/generic level (Figure 1). Macroscopic and
microscopic features were in correspondence to the
findings of (Sutton, 1980; Alexopoulos et al., 1996;
Kirk et al., 2001).

Suitable medium for the production of bioactive
compounds is very important, that satisfy the require-
ments for the metabolite production (Stanbury et al.,
1997). El-Tayeb et al. (2004) and Rizk et al. (2007)
optimized various cultural conditions for the produc-
tion of fungal metabolites. Fungal extracts obtained
from different growth media showed difterent zone of
inhibitions against phytopathogenic bacteria in disc
diffusion method. The medium in which fungus pro-
duced potent bioactive compounds and showed max-
imum inhibition zone was selected. Here maximum
zone of inhibition was recorded from crude extract of
growth nutrient broth medium (GNB), in compari-
son to the crude extracts of other two broth media;
yeast extract broth (GYEB) and potato dextrose broth
(PDB) media indicating that this fungus can produce
bioactive compounds in the medium having nutrient
composition of [10 grams glucose (Carbon source), 5
grams peptone (Nitrogen source) and 3 grams yeast
extract (mixture of amino acids, peptides, water sol-
uble vitamins, minerals etc] (Figure 2). Slininger and
Shea-Wilbur (1995) also studied the effect of growth
media on antibacterial activity, and suggested that
secondary metabolites are highly effected by the nu-
trient composition of growth media. Ramos and Said
(2011) described that nutrient composition of broth
media can increase/improve antibacterial activity. Vi-
jaykumar et al. (2013) suggested that specific growth
media can result in production of high concentration
of bioactive compound that can increase the activity.
Our results are in agreement with findings of above
cited mycologists who demonstrated growth nutri-
ent broth as an important factor for fungal bioactive
compounds production.

It is evident from literature that shaking flask culture
can produce more bioactive metabolites as compared
to static flask culture (Helmholz et al., 1999). Bhat-

tacharyya and Jha (2011) optimized various cultural

conditions and concluded that shaking flask culture
has significant impact on bioactive compounds pro-
duction during fermentation. Our results also con-
firmed that shaking flask culture may produce a bit
more bioactive secondary metabolites as compared to
static flask culture (Figure 3).

Fang et al. (2010) optimized various growth condi-
tions of fungus for production of bioactive antimi-
crobial compounds and did not observe any drastic
change in the compounds effected by light and dark.
Our results also showed similarity in antibacterial
activity obtained from light and dark fermentation
(Figure 4). Jain and Pundir (2011) also observed a
slight change in activities from fungal extracts grown
under light and dark conditions.

Secondary metabolite production is markedly ef-
tected by pH value of the medium. Cell biomass is
directly affected by the hydrogen or hydroxyl ion or
indirectly by dissociating degrees of substances in
medium. Change of pH is necessary for enzymatic
activity, and intermediate products of microbes (Rizk
et al.,, 2007). pH 5 was found optimum in our find-
ings that showed maximum antibacterial activity by
T harzianum against phytopathogenic bacteria (Fig-
ure 5). Similar results are also described by Nishihara
et al. (2001). Jain and Pundir (2011) also suggested
that slight acidic medium can result in maximum and
potent bioactive compounds.

Optimization of physical factor (temperature) can
significantly affect the yield of bioactive compounds
(Llorens et al., 2004). Our results were according to
the findings of (Suzuki et al., 1997 and Fang et al,,
2007) who demonstrated 25-27 °C temperature as
optimum/ideal for production of antimicrobial com-
pounds (Figure 6). Jain and Pundir (2011) optimized
cultural conditions for soil fungal metabolite produc-
tion and reported maximum antibacterial activity of
the extract obtained at temperature 25 °C . Miao et
al. (2006), described that growth of fungus increases
with increase in temperature from 15 to 30 °C but it
slows down when temperature exceeds 30 °C , simi-
larly antibacterial activity of the fungus was observed
maximum at temperature ranging from 15 to 25 °C
, whereas it was decreased at 30 °C and completely

stopped at 35 °C .

Many useful bioactive metabolites have been pro-
duced by fungi that are consumed in drug discovery,
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this field of pharmacology is fascinating and therefore
production of safe compounds for treating different
diseases is a hot research spot nowadays (Ramesh et
al., 2014). Leelavathi et al. (2014) suggested that T
harzianum possess antimicrobial properties against
microbes and inhibited the growth of clinical isolates
Staphylococcus aureus, E. coli and Klebsiella. MIC re-
corded against bacteria was (50-100 pg/ml). 7" har-
zianum showed good activity in 96 well microtitre
plate dilution method against human pathogenic bac-
terial strains, hence possessing some medical impor-
tance as well (Figure 7). Its acetonitrile fraction and
ethyl acetate extract inhibited both gram positive and
gram negative bacteria and the minimum inhibitory
concentration values observed fall within the cut oft
value of (Kuete, 2010) which are [significant = (MIC
< 100 pg/ ml), moderate = (100 - 625 pg/ ml) and
weak = (MIC 2 625 pg/ ml).Our findings fall in sig-
nificant zone of MIC. The MIC values of 7 harzia-
num were quite promising when compared with the

MIC values of Xiao-Yan et al. (2006).
Conclusion

Trichoderma harzianum possess antibiotic properties,
as it inhibited both bacteria (Phyto and human path-
ogenic). This fungus is a rich source of antibacterial
compounds which can be promising agent against
agricultural and medical pathogenic bacteria. Dif-
ferent activities recorded from different media and
parameters suggested that this fungus can produce
different metabolites of interest under difterent envi-
ronmental conditions, hence improved and novel bi-
oactive compounds can be isolated that might be used
in the development of efficient agricultural and phar-
maceutical antibacterial agents. This fungus should be
explored further to combat the developing resistance
and upcoming challenges in disease management both
in plants and human beings. Fungal antibiotics are of
natural origin that are environment friendly and less
toxic, therefore exploitation of this fungus could be
an efficient source of biopesticide. Further research is
needed to determine structures of these antibacterial
compounds for commercialization proposes.
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