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Abstract - Trichoderma species are common soil-inhabiting fungi that have been developed as effective biocontrol agents
against various phytopathogenic microorganisms. The chemical composition of butanolic extract prepared from cultiva-
ted Trichoderma sp. was analysed using GC-FID and GC-MS. Six components were identified. Limonene, the terpenoid
compound, was found to be the major component in the tested extract (92.6%). Antibacterial and antifungal activities
were also investigated against five pathogenic Gram positive and Gram negative bacterial strains and five pathogenic
fungi. In tested concentrations, the prepared extract showed positive antibacterial values, but no antifungal activity was
detected.
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INTRODUCTION

In recent years plant pathologists and commercial
companies have shown considerable interest in the
application of biological control agent. Trichoderma
sp., an anamorphic fungal genus, contains fungi fre-
quently found on decaying wood and in soil
(Samuels, 1996; Klein and Eveleigh, 1998). This
genus has received particular attention as agent for
the biological control plant fungi pathogens and
appears to be likely candidates for successful
exploitation in the future (Cardoza et al., 2006). The
mechanisms suggested being involved in biocontrol
by these fungi are formation of infection structures
(e.g. coiling), production of hydrolytic enzymes,
secretion of antifungal metabolites, and induction of
defence responses in plants, that work synergisti-
cally to achieve disease control (Howell, 2003;
Harman et al., 2004).

Trichoderma species are known to produce over
40 different metabolites that may contribute to their
mycoparasitic and antibiotic action
(Sivasithamparam and Ghisalberti, 1998). After

recognising the presence of a potential host fungus,
Trichoderma inhibits or kills the plant pathogen by
parasitising its hyphae, thereby employing hydrolyt-
ic enzymes to degrade the host’s cell wall (Chet et
al., 1998; Kubicek et al., 2001).

In the present work, we are interested to the
natural compounds extracted from Trichoderma sp.
Chemical composition was then investigated using
Gas Chromatography-Flame Ionisation Detector
(GC-FID) and Gas Chromatography-Masse
Spectrometry (GC-MS) methods. Antibacterial and
antifungal activities were tested to search new
eventual active principles responsible of such activ-
ities.

MATERIALS AND METHODS

Trichoderma sp. strains. Trichoderma sp. is
native fungus, collected from the forest area of Ain
Draham (Tunisia).

A voucher specimen was deposit in the
Laboratory of Natural Substances Chemistry and
Organic Synthesis, Faculty of Sciences, Monastir,
Tunisia.* Corresponding author. Phone: 216 73500276; Fax: 216

73500278; E-mail: zine_mighri2002@yahoo.fr 
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Culture conditions and preparation of the
butanolic extract. Trichoderma sp. strain was
grown on potato dextrose agar (PDA; Merck,
Germany) at 28 °C until sporulation. Indeed, the
PDA is the most effective culture media in the isola-
tion this fungus (Vargas Gil et al., 2006). Fusarium
oxysporum F.33.03, Fusarium sambucinum F.48.03,
Aspergillus niger, Alternaria sp. and Penicillium sp.
were used as plant pathogenic host fungi and were
obtained from the collection of the Phytopatology
Laboratory, Regional Pole of Research-Development
Agriculture, Chott Mariem, Sousse, Tunisia. All the
strains were inoculated on agar plates (90 mm in
diameter, 20 ml medium/Petri dish) containing malt
extract (12.7 g/l), glucose (10 g/l) and agar (20 g/l)
(MEA).

The antimicrobial activity was evaluated against
five selected Gram positive and Gram negative
species: Pseudomonas aeruginosa ATCC 27853,
Staphylococcus aureus ATCC 29213,
Staphylococcus epidermidis NCIMB 8853,
Escherichia coli ATCC 5218 and Micrococcus luteus
NCIMB 8166. Mueller Hinton Agar (MHA; g/litre):
beef infusion solids 4.0, starch 1.5, casein
hydrolysate 17.5, agar 15.0) was used for the bac-
teria medium growth.

Trichoderma sp. was grown in PDA as described
previously (Vargas Gil et al., 2006). The liquid cul-
ture of the fungus (3.5 l) was filtered under vacu-
um. Two media have been obtained: the intracellu-
lar and the extracellular media. In our study we
interested only to the extracellular medium which
was extracted by butanol to obtain the butanolic
extract (1.5 g). The resultant extract was concen-
trated under reduced pressure, taken to dryness
under vacuum and stored at 4 °C until tested.

Analyses of the butanolic extract compounds.
Gas chromatograph. HP 5890-series II equipped
with: Flame ionisation detectors (FID) and HP-5, 30
m * 0.25 mm ID, 0.25 µm film thickness fused cap-
illary column. The carrier gas was nitrogen (1.2
ml/min). The oven temperature program was 1 min
isothermal at 50 °C, then 50-280 °C at a rate of 5
°C/min and held isothermal for 1 min. The injection
report temperature was 250 °C, detector 280 °C.
Volume injected: 0.1 µl of 1% solution (diluted in
hexane).

Mass spectrometer. HP5972 recording at 70 eV;
scan time 1.5 s; mass Range 50-550 amu. Software
adopted to handle mass spectra and chro-
matograms was a HP Chem-Station.

Identification of the compounds. The components of
the butanolic extract were identified by comparing
of their mass spectra with those of a computer
library (Wiley 275 library). Further confirmation was

done by referring to retention indices data generat-
ed from a series of alkanes (C9-C28) (Shibamoto,
1987; Adams, 1995).

Antimicrobial activity.
Disc diffusion method. The qualitative antimicrobial
assay of the butanolic fraction of Trichoderma sp.
was carried out by the disc diffusion method (Bauer
et al., 1966; Chabbert, 1972; Marmonier, 1987).
This assay was performed using culture growth at
37 °C during 18 h and adjusted to approximately
105 colony forming unit per millilitre (CFU/ml). The
used culture mediums were MHA for the bacteria
and PDA for the fungi. Five hundred microlitres of
the inoculum were spread over plates containing
MHA or PDA, and a Whatman paper disc (5 mm)
impregnated with 0.2, 0.5 or 1 mg/disc of the
butanolic fraction was placed on the surface of the
media. The plates were left 30 min at room temper-
ature to allow the diffusion of the ingredient. The
bacteria were incubated at 37 °C for 24 h and the
fungi at 37 °C for 48 h. After incubation period, the
inhibition zone obtained around the disc was meas-
ured. Two control discs (Standard antibiotics, Bio-
Rad Laboratories, Inc.) were used in the test: ampi-
cillin used to control the sensitivity of the tested
bacteria and carbendazine to control the tested
fungi. A negative control, involving the presence of
microorganisms without test material (blank) was
also used. The experiments were run in triplicate,
and the developing inhibition zones were compared
with those of references discs.
Dilution method. The minimal inhibitory concentra-
tion (MIC) and minimal bacterial concentration
(MBC) of the tested extract were determined using
the Mueller Hinton broth (MHB) dilution method
(Vanden Berghe and Vlietinck, 1991). All tests were
performed in MHB supplemented with 5% Tween 80
(Hicheri et al., 2003). Bacterial strains were cul-
tured overnight in MHB at 37 °C. Tubes of MHB con-
taining various concentrations of butanolic extract,
mentioned in Table 1, were inoculated with 10 µl of
105 CFU/ml of microorganism suspensions. They
were incubated in a shaker (120 rpm) at 37 °C for
24 h (May et al., 2000). Control tubes without test-
ed samples were assayed simultaneously. All sam-
ples were tested in triplicates. The MIC was defined
as the lowest concentration preventing visible
growth (May et al., 2000; Delaquis et al., 2002;
Burt, 2004).

Referring to the result of the MIC essay, the
tubes showing complete absence of growth were
identified and 10 µl of each tube were transferred to
Trypto-Caseine-Soja agar (TCSA) plates (Ronda and
Rybak, 2001) and incubated at previously men-
tioned times and temperatures. The complete
absence of growth was considered as the MBC
(Canillac and Mourey, 2001).



TABLE 1 - Chemical composition of the Trichoderma sp. butanolic extract

Pic number Compound RI apolar Percentage
1 Limonene 1104 92.6
2 3,7-dimethyl octa-1,6-dien-3-ol = ß-linalool 1147 2.45
3 1,7,7-trimethyl Bicyclo[2.2.1]heptan-2-one. 1183 1.78
4 Dodecane 1221 1.12
5 Tetradecane 1376 0.89
6 12-Methyl-tridecanoate of methyl 1462 1.03

Terpens 92.6
Hydrocarbons 2.01
Alcohols 2.45
Ketones 1.78
Esters 1.03
Total 99.87

The components and their percentages are listed in order of their elution on apolar column (BP-1).
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RESULTS AND DISCUSSION

Chemical composition of the butanolic extract
The butanolic extract of Trichoderma sp. contained
essentially a terpenoid compound identified as
limonene (92.6%) (Fig. 1, 2). The other con-
stituents represented weak proportions and
belonged to alcohols, ketones, hydrocarbons and
fatty acid esters families (Table 1). The presence of
the terpenoid compound, limonene, was in agree-
ment with previous studies. Cardoza et al. (2005)
and Sivasithamparam and Ghisalberti (1998)
reported that filamentous fungi, including
Trichoderma, produce large series of terpenes, with
many applications. 

Antibacterial activity
The antibacterial activity of the butanolic extract
was tested in vitro by using disc diffusion and liquid
dilution methods with the microorganisms as seen
in Table 2. The results of the bioassays showed that
the butanolic extract exhibited a significant antibac-
terial activity against all Gram positive cocci and
against the Gram negative rods E. coli. Although
butanolic extract of Trichoderma sp. was not effec-
tive against P. aeruginosa at the tested concentra-
tions, the fungal strain Trichoderma viride grown on
four alternative plant polysaccharides as C sources,
had induced enzymes able to degrade the bacterial
biofilm matrix of Pseudomonas fluorescens (Orgaz
et al., 2006) 

Visible growth of S. aureus, S. epidermidis
and M. luteus was prevented at a concentration of
500 µg/ml while for E. coli it was at a concentration
of 1 mg/ml. This result was in agreement with many
studies realised on plant species such as those
reported by Kokoska et al. (2002), Bougatsos et al.
(2003) and Yayli et al. (2005). 

The higher resistance among Gram negative
bacteria could be due to the differences in the cell
membrane of these bacterial groups. Indeed, the
external membrane of Gram negative bacteria ren-
ders their surfaces highly hydrophilic (Smith-Palmer
et al., 1998) whereas the lipophilic ends of the
lipoteichoic acids of the cell membrane of Gram pos-
itive bacteria may facilitate penetration by
hydrophobic compounds (Ultee et al., 1999; Cox et
al., 2000). The butanolic extract of Trichoderma sp.
appeared effective against E. coli. Previous study
shows that trichoviridin was the first antibiotic com-
pounds isolated from a strain of Trichoderma
koningii, it was active against E. coli and
Trichophyton usteroides (Yamano et al., 1970). 

As can be seen in Table 2, the tested extract
exhibited an antibacterial activity against S. epider-
midis at a concentration of 1 mg/ml (MBC). 

Butanolic extract composition was represent-

FIG. 1 - Repartition of compound classes in the Trichoderma
sp. butanolic extract.

FIG. 2 - Chromatogram of the Trichoderma sp. butanolic
extract.
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ed for 92.6% by limonene, a terpenoid compound
which could be responsible for the observed anti-
bacterial activity against the tested bacteria. It is
known that Trichoderma species produce several
terpenoid compounds with strong antimicrobial
activities that have been related to the antagonism
and biocontrol capacities of Trichoderma strains
(Corley et al., 1994; Sivasithamparam and
Ghisalberti, 1998). Furthermore, ‚-linalool, which is
an aliphatic alcohol, seemed to ameliorate the anti-
bacterial activity. According to Delaquis et al.
(2002), fractions rich in long chain alcohols were
active against bacteria. The antimicrobial properties
of alcohols were known to increase with molecular
weight (Morton, 1983, Pauli, 2001). The compounds
present in the greatest proportions are not neces-
sarily responsible for the higher share of the total
activity. Thus, the involvement of the less abundant
constituents should be considered. And then, the
activity could be attributed to the presence of minor
compounds or at least to a synergistic effect
between all components. In fact, the synergistic
effects of the diversity of major and minor con-
stituents present in the extract should be taken into
consideration to account for their biological activity
(Burt, 2004).

Results of both methods employed for the
antibacterial activity are comparable (diffusion
method, micro-dilution method). However, MIC and
MBC values were lower than the positive control
(Table 2). We can suggest that the inhibition zone
does not reflect the real antibacterial effectiveness
of the sample, since it is affected by the solubility of
the extract, the diffusion range in the agar, the
evaporation, etc. This point was in agreement with
Kim et al. (1995) and Cimanga et al. (2002) sug-
gestions. 

Antifungal activity
At the tested concentrations, the butanolic extract,
showed no antifungal activity against the four path-
ogenic fungi. Previous study reported that terpenoid

compounds were known by their antifungal proper-
ties (Corley et al., 1994; Vicente et al., 2001;
Nielsen et al., 2005); whereas, Trichoderma strains
were considered as important fungicides for the bio-
logical control of plant diseases (Vizcaíno et al.,
2005). Some Trichoderma species are known to
possess good antagonistic abilities against plant
pathogenic fungi, e.g., Fusarium, Pythium,
Rhizoctonia and Sclerotinia species (Lewis and
Papavizas, 1987, Sivan and Chet, 1993).
Trichoderma harzianum inhibited growth of
Aspergillus niger Van Tieghem, Pestalotia rhododen-
drii Cuba and several saprophytic bacteria
(Hutchinson and Cowan, 1972). Mycoparasitic
Trichoderma strains are able to recognise the host
hyphae, to coil around them, develop haustoria,
penetrate the cell wall of the host with cell-wall
degrading enzymes like chitinases, glucanases and
proteases, and utilise the contents of the host
hyphae as nutrient source (Elad et al., 1982, Calvet
et al., 1989).

The absence of the antifungal activity in our
research could be due to the low concentration of
extract used. Furthermore, antifungal susceptibility
is influenced by the type of medium, pH, inoculum
size, temperature and the time of incubation
(Ghannoum et al., 1996). Hence, we can suggest
that higher concentrations of the butanolic extract
could engender a more potent effect against all
microorganisms. 

CONCLUSION

This preliminary screening is an evaluation of the
potential antimicrobial activity of the fungus
Trichoderma sp. The results obtained indicate that
further assays are useful. Our next approach will be
focused on isolating and testing pure active com-
pounds. These active metabolites should provide
models for the synthesis of better bactericides and
fungicides from Trichoderma sp.

TABLE 2 - Antimicrobial activity of Trichoderma sp. butanolic extract

Microorganism Ampicillin  inhibition zone (mm) MIC* MBC**
at disc concentration (µg/ml) (µg/ml)

10 mg 0.2 mg 0.5 mg 1 mg

Gram positive bacteria

Staphylococcus aureus ATCC 29213 17 7 7 7.5 500 > 800

Staphylococcus epidermidis NCIMB 8853 18 7 7 7 500 1000

Micrococcus luteus NCIMB 8166 17 5.5 5.5 6 500 > 800

Gram negative bacteria

Escherichia coli ATCC 35218 10 6 6 6 n.d. 1000

Pseudomonas aeruginosa ATCC 27853 9 (-) (-) (-) n.d. n.d.

* MIC: minimum inhibitory concentration, ** MBC: minimum bactericidal concentration. 
ATCC: American Type Culture Collection, NCIMB: National Collections of Industrial Marine and Food Bacteria. 
(-): no activity detected, n.d.: not determined.



Ann. Microbiol., 58 (2) 303-308 (2008) 307

Acknowledgements
The authors are grateful to Prof. Jean-François
Biard, Laboratory SMAB, Faculty of Pharmacy,
Nantes, France for assistance in the botanical iden-
tification and Prof. Amina Bakhrouf, Laboratory of
Environment Microbiology, Faculty of Pharmacy,
Monastir, Tunisia, for assistance in antibacterial
assays.

REFERENCES 

Adams R.P., Ed. (1995). Identification of Essential Oil
Components by Gas Chromatography/Mass
Spectrometry. Allured. Publ., Carol Stream, IL.

Bauer A.W., Kirby W.M.M., Sherries J.C., Tuck M. (1966).
Antibiotic susceptibility testing by a standardized disc
method. Am. J. Clin. Pathol., 45: 493-496.

Bougatsos C., Meyer J.J.M., Magiatis P., Vagias C., Chinou
I.B. (2003). Composition and antimicrobial activity of
the essential oils of Helichrysum kraussii Sch. Bip and
Helichrysum rugulosum Less from South Africa.
Flavour. Frag. J., 18: 48-51.

Burt S. (2004). Essential oils: their antibacterial properties
and potential applications in foods - a review. Int. J.
Food Microbiol., 94: 223-253.

Calvet C., Pera J., Barea J.M. (1989). Interactions of
Trichoderma spp. with Glomus mosseae and two wilt
pathogenic fungi. Agric. Ecosyst. Environ., 29: 59-65.

Canillac N., Mourey A. (2001). Antibacterial activity of the
essential oil of Picea excelsa on listeria, Staphylococcus
aureus and coliform bacteria. Food Microbiol., 18: 261-268.

Cardoza R.E., Hermosa M.R., Vizcaino J.A., Sanz L., Monte
E. Gutiérrez S. (2005). Secondary metabolites produ-
ced by Trichoderma and their importance in the bio-
control process. In: Mellado E., Barredo J.L., Eds,
Microorganisms for Industrial Enzymes and Biocontrol.
Research Signpost, ISBN: 81-308-0040-3, pp. 1-22.

Cardoza R.E., Vizcaíno J.A, Hermosa M.R., Sousa S.,
González F.J., Llobell A., Monte E., Gutiérrez S. (2006).
Cloning and characterization of the erg1 gene of
Trichoderma harzianum: EVect of the erg1 silencing on
ergosterol biosynthesis and resistance terbinafine.
Fungal Genet. Biol., 43: 164-178.

Chabbert Y.A. (1972). Les antibiotiques en bactériologie
médicale. In: Daguet G.L., Chabbert Y.A., Eds,
Techniques en Bactériologie, Tome 3, Flammarion Ed.
Paris, p. 158.

Chet I., Benhamou N., Haran S. (1998). Mycoparasitism
and lytic enzymes. In: Harman G.E., Kubicek C.P., Eds,
Trichoderma and Gliocladium, vol. 2, Taylor and
Francis Ltd., London, UK, pp. 153-172.

Cimanga K., Kambu K., Tona L., Apers S., De Bruyne T.,
Hermans N., Totté J., Pieters L., Vlietinck A.J. (2002).
Correlation between chemical composition and anti-
bacterial activity of essential oils of some aromatic
medicinal plants growing in the Democratic Republic of
Congo. J. Ethnopharmacol., 79: 213-220.

Corley D.G., Miller-Wideman M., Durley R.C. (1994).
Isolation and structure of harzianum A: a new tri-
chothecene from Trichoderma harzianum. J. Nat.
Prod., 57: 422-425.

Cox S.D., Mann C.M., Markham J.L., Bell H.C., Gustafson
J.E., Warmington J.R., Wyllie S.G. (2000). The mode of
antimicrobial action of the essential oil from Malaleuca
alternifolia (tea tree oil). J. Appl. Bacteriol., 88: 170-
175.

Delaquis P.J., Stanich K., Girard B., Mazza G. (2002).
Antimicrobial activity of individual and mixed fractions
of dill, cilantro, coriander and eucalyptus essential oils.
Int J. Food Microbiol., 74: 101-109.

Elad Y., Chet I., Henis Y. (1982). Degradation of plant path-
ogenic fungi by Trichoderma harzianum. Can. J.
Microbiol., 28: 719-725.

Ghannoum M.A., Rex J.H., Galgiani J.N. (1996).
Susceptibility testing of fungi: current status of corre-
lation of in vitro data with clinical outcome. J. Clin.
Microbiol., 34: 489-495.

Harman G.E., Howell C.R., Viterbo A., Chet I., Lorito M.
(2004). Trichoderma species opportunistic, a virulent
plant symbionts. Nat. Rev. Microbiol., 2: 43-56.

Hichri F., Ben Jannet H., Cheriaa J., Jegham S., Mighri Z.
(2003). Antibacterial activities of a few prepared deriv-
atives of oleanolic acid and of other natural triterpenic
compounds. C.R. Chim., 6: 473-483.

Howell C.R. (2003). Mechanisms employed by
Trichoderma species in the biological control of plant
diseases: the history and evolution of current con-
cepts. Plant Dis., 87: 4-10.

Hutchinson S.A., Gowan M.E. (1972). Identification and
biological effects of volatile metabolites from cultures of
Trichoderma harzianum. T. Brit. Mycol. Soc., 59: 71-77.

Kim J., Marshall M.R., Wei C. (1995). Antibacterial activity
of some essential oil components against five food-
borne pathogens. J. Agric. Food Chem., 43: 2839-
2845.

Klein D., Eveleigh D.E. (1998). Ecology of Trichoderma. In:
Kubicek C.P., Harman G.E., Eds, Trichoderma and
Gliocladium. Basic Biology, Taxonomy and Genetics,
vol. 1, Taylor and Francis, London, pp. 57-73.

Kokoska L., Polesny Z., Rada V., Nepovim A., Vanek T.
(2002). Screening of some Siberian medicinal plants for
antimicrobaial activity. J. Ethnopharmacol., 82: 51-53.

Kubicek C.P., Mach R.L., Peterbauer C.K., Lorito M. (2001).
Trichoderma: from genes to biocontrol. J. Plant Pathol.,
83: 11-23.

Lewis J.A., Papavizas G.C. (1987). Permeability changes in
hyphae of Rhizoctonia solani induced by germling
preparations of Trichoderma and Gliocladium,
Phytopathology, 77: 699-702.

Marmonier A.A. (1987). Bactériologie médicale.
Techniques usuelles. Antibiotiques, Technique de diffu-
sion en gélose méthode des disques. SIMEP SA-PARIS,
France, Chap. 4, pp. 238-244.



308 F. B. H. KHETHR et al.

May J., Chan C.H., King A., Williams L., French G.L. (2000).
Time-kill studies of tea tree oils on clinical isolates. J.
Antimicrob. Chemother., 45: 639-643.

Morton H.E. (1983). Alcohols. In: Block S.S., Ed.,
Disinfection, Sterilization and Preservation. Lea and
Febiger, Philadelphia, p. 225-239.

Nielsen K.F., Grafenhan T., Zafari D., Thrane U. (2005).
Trichothecene production by Trichoderma brevicom-
pactum. J. Agric. Food Chem., 53: 8190-8196.

Orgaz B., Kives J., Pedregosa A.M., Monistrol I.F., Laborda
F., SanJosé C. (2006). Bacterial biofilm removal using
fungal enzymes. Enzyme Microb. Technol., 40: 51-56.

Pauli A. (2001). Antimicrobial properties of essential oil
constituents. Int. J. Aromather., 11 (3): 126-133.

Ronda L.A., Rybak M.J. (2001). Bactericidal activities of
two daptomycin regimens against clinical strains of
glycopeptide intermediate-resistant Staphylococcus
aureus, vancomycin-resistant Enterococcus faecium
and methicillin-resistant Staphylococcus aureus iso-
lates in an in vitro pharmacodynamic model with sim-
ulated endocardial vegetations. Antimicrob. Agents
Ch., 45 (2): 454-459.

Samuels G.J., (1996). Trichoderma: a review of biology
and systematics of the genus. Mycol. Res., 100: 923-
935.

Shibamoto T. (1987). Retention indices in essential oil
analysis, In: Sandra P., Bicchi C., Eds, Cappilary Gas
Chromatography in Essential oil, Dr. Alfred Heuthig,
Verlag, Heidelberg, pp. 259-275.

Sivan A., Chet I. (1993). Integrated control of Fusarium
crown and root rot of tomato with Trichoderma
harzianum in combination with methyl bromide or soil
solarization. Crop. Prot., 12: 380-386.

Sivasithamparam K., Ghisalberti E.L. (1998). Secondary
metabolism in Trichoderma and Gliocladium. In: Kubicek
C.P., Harman G.E., Eds, Trichoderma and Gliocladium,
vol. 1, Taylor & Francis, London, pp. 139-191.

Smith-Palmer A., Stewart J., Fyfe L. (1998). Antimicrobial
properties of plant essential oils and essences against
five important food-borne pathogens. Lett. Appl.
Microbiol., 26: 118-122.

Ultee A., Kets E.P.W., Smid E.J. (1999). Mechanisms of
actions of carvacrol on the food-borne pathogen
Bacillus cereus. Appl. Environ. Microbiol., 65: 4606-
4610.

Vanden Berghe D.A., Vlietinck A.J., (1991). In: Dey P.M.,
Harbone J.B., Hostettman K., Eds, Screening Methods
for Antibacterial and Antiviral Agents from Higher
Plants. Methods in Plant Piochemistry. Assays for
Pioactivity, vol. 6, Academic Press, London, p. 47-69.

Vargas Gil S., Pastor S., March G.J. (2006). Quantitative
isolation of biocontrol agents Trichoderma spp.,
Gliocladium spp. and actinomycetes from soil with cul-
ture media. Microbiological Research (In press),
doi:10.1016/j.micres.2006.11.022

Vicente M.F., Cabello A., Platas A., Basilio M.T., Diez S.,
Dreikorn R.A. (2001). Antimicrobial activity of ergoko-
nin A from Trichoderma longibrachiatum. J. Appl.
Microbiol., 91: 806-813.

Vizcaíno J.A., Sanz L., Basilio A., Vicente F., Gutiérrez S.,
Hermosa M.R., Monte E. (2005). Screening of antimi-
crobial activities in Trichoderma isolates representing
three Trichoderma sections. Mycol. Res., 109: 1397-
1406.

Yamano T., Hemmi S., Yamamoto L.. Tsubaki K. (1970).
Trichoviridin. A new antibiotic. Japanese Kokai 15435.
Chemical Abstracts, 73, 65093.

Yayli N., Yacar A., Gülec C., Usta A., Kolayli S.,
Coskuncelebi K., Karaoglu S. (2005). Composition and
antimicrobial activity of essential oils from Centaurea
sessilis and Centaurea armena. Phytochemistry, 66:
1741-1745.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


