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Introduction 
 

Environmental perspective, Trichoderma species are 

highly resistant to a range of toxicants such as to heavy 

metals, organometallic compounds, tannery effluents and 

harmful chemicals like cyanide (CN) and are thus 

employed in bioremediation of toxic pollutants present in 

the environment (Pratibha Tripathi et al., 2013). The 

present study was attempted to isolate, extract and 

characterize the volatile compounds of T.harzianum and 
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In the present study, Trichoderma harzianum was isolated from the/1Biopesticide on PDA 

agar and tested for its antagonistic property against different fungal species using dual 

culture technique. Its crude extract obtained was used to carry out different antimicrobial 

activites by dissolving in DMSO solution. The antagonistic activity of T.harzianum was 

tested against fungal species was isolated from two soil samples (raddish and tomato) in 

which all fungal species were significantly inhibited the mycelial growth ofAspergillus 

niger with 65.9%, A.terreus with 83.33% andpenicillium sp. 78.65%y the crude extract of 

T.harzianum with zone inhibition of 33mm, 40mm and 34mm respectively. Antimicrobial 

assay was done for Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and 

Multidrug-resistant strains of Pseudomonas aeruginosa andKlebsiella Pneumoniae were 

tested and its shown significant activity. The crude extract of Trichoderma harzianum was 

subjected to FT-IR and Gas chromatography-Mass spectrometry (GC-MS) for the analysis 

of volatile constituents. GC-MS analysis revealed two peaks in which Diethyl phthalate was 

found to be Propanol, 2,2-dimethyl- oxime. These findings indicate that Diethyl phthalate 

could be responsible for the antimicrobial activity of Trichoderma harzianum against 

bacterial and fungal species. Propanol, 2,2-dimethyl-, oxime might be responsible for the 

activity against Multidrug-resistant bacteria. Hence, further studies could be carried out in 

future to explore the properties of these potential compounds of Trichoderma harzianum in 

agricultural and pharmaceutical sectors. 
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its potential antimicrobial activtiy against various 

organisms. One among Trichoderma is a fast-growing 

filamentous fungus which belongs to Hypocreaceae 

family and comes under Ascomycota division. They 

reproduce asexually and most of the strains has no sexual 

stages (teleomorph-bearing filamentous fungi). 

Trichoderma species mature in 3-5 days of incubation, 

which grow as fluffy white tufts and later on give rise to 

greenish colonies (due to the production of conidia). The 

reverse of the colony is whitish yellow or light tan to 

yellow. They show characteristic branched conidiophores 

and phialides under microscope. 

 

Trichoderma harzianum is one of those species in 

Trichoderma family which is ubiquitous and 

cosmopolitan in nature and are effective against a several 

airborne and soilborne plant fungal pathogens. They are 

considered as most potential agent commercially 

available as biofungicides and are being used recently. In 

general T. harzianum have been isolated from soil, 

rotting plant materials, sapwood of tropical trees 

(common endophytes) and other fungi. They are known 

to secrete higher concentration of cell wall degrading 

enzymes such as α-1,3-glucanases (involved in 

mycoparasitism), chitinolytic enzymes (involved in 

mycoparasitism), peroxidases, β-1,3 and β-1,4 glucanases 

and capable of producing various secondary metabolites. 

 

Secondary metabolites are bioactive compounds 

produced by fungal and bacterial species that are not 

essential for their growth, development and reproduction 

but acts as a part of their defense mechanism. 

Trichoderma species are known to produce a wide range 

of secondary metabolites such as peptaibols, polyketides, 

pyrones, terpenes and diketopiperazine-like compounds. 

Among these secondary metabolites peptaibols, 

polyketides and terpenes are mainly produced by 

different species of Trichoderma. 

 

Materials and Methods 

 

Collection of Materials 
 

A Trichoderma harzianum containing pesticide is bought 

from Leaf and Clay Garden store. Multidrug resistant 

(MDR) bacteria namely Pseudomonas aeruginosa (MDR-

PA) and Klebsiella pneumoniae (MDR-KP) were 

obtained from the Biolim lab, Ayanavaram. Strains 

include Gram positive bacteria (Staphylococcus aureus 

MTCC 6908) and 2 Gram negative bacteria (Escherichia 

coli MTCC 1574 and Pseudomonas aeruginosa MTCC 

2582) from Microbial Type Culture Collection and 

GeneBank (MTCC). 

 

Isolation of Trichoderma harzianum from 

biopesticide 
 

Under sterilized condition, 1 gram of biopesticide was 

taken from the pack and it was serially diluted.0.1ml of 

sample from above dilution factors were taken and it was 

transferred aseptically to respective cooled PDA plates 

for spread plate technique and the plates were incubated 

at room temperature (28°C) for 2-4 days. 

 

Isolation of fungal species from tomato and 

raddish soil sample 
 

A gram of raddish and tomato soil sample was taken 

from the garden. It was serially diluted in two sets of test 

tubes and the dilution factors selected for fungi isolation 

was 10-1, 10-2, 10-3 & 10-4. Two sets of PDA plates, 

one for raddish soil sample and other for tomato soil 

sample was assigned for the spread plate technique. 

0.1ml of sample was taken from the selected dilution 

factors and it was transferred aseptically to respective 

sets of PDA plates and spread completely on the agar. 

The plates were then incubated at room temperature for 

3-10days. After incubation, morphologically different 

colonies were selected, purified and subculture 

periodically. 

 

Identification of Trichoderma and fungal species 

(from soil) by slide culture technique 
 

The PDA plates were checked for the growth of 

Trichoderma and fungal species after incubation. They 

were identified based on their colony morphology such 

as color, texture and background of the colony. Based on 

their microscopical characteristics such as hyphal, 

conidiophore and conidial arrangement. 

 

Antagonistic activity 
 

Trichoderma harzianum isolate was tested for its 

antagonistic property against three fungal species by 

using dual culture technique. Three PDA plates were 

prepared and labelled according to the fungal species to 

be tested for the determination of antagonistic property of 

T.harzianum. In each plate, half of the plate was 

inoculated with mycelial disc of T.harzianum and other 
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half of the plate with mycelial disc of fungal species. 

Control plates were maintained for each fungal species. 

The plates were then incubated at room/1temperature 

for3-10days. After incubation, mycelial growth was 

measured on the control and test plates of each fungus 

and percentage inhibition (PI) was calculated as per the 

formula (Monika jangir et al., 2018). 

 

Percentage Inhibition (PI) =/1 /1x 100 

 
Extraction of secondary metabolites from 

Trichoderma harzianum 

 
The master plates and antagonistic plates of T.harzianum 

was chosen for the extraction of secondary metabolites. 

The plates containing the growth of T.harzianum was cut 

into small cubes and added in sterile plastic beaker. It 

was frozen at -20°C for overnight for loosening the cell 

membrane and for easy penetration of the solvent 

(Methanol) into membrane and for efficient extraction. 

After overnight incubation, the preparation was kept in 

stirrer for about 2 hours. Then it was poured in sterile 

centrifugal tubes and were centrifuged at 3500 rpm for15 

minutes. The supernatant obtained was carefully 

transferred into clean crucible and kept in hot air oven for 

overnight at 40°C for solvent evaporation. The next day 

crude extract obtained was dissolved in DMSO/Methanol 

and other procedures were carried out. 

 

Antimicrobial activity of crude extract of 

T.harzianum by agar well diffusion/1method 
 

The antimicrobial activities were carried out by 

dissolving crude extract of T.harzianum in DMSO. Crude 

extract of Trichoderma harzianum as Sample and DMSO 

as negative control. 

 
Antifungal activity of crude extract of 

T.harzianum 

 
Antifungal activity of crude extract was carried out by 

agar well diffusion method against Aspergillus niger, 

A.terreus and Penicillium sp. 1ml of sample from each 

subculture broth of fungal species were added in 

respectively labelled plates and sterile PDA was poured 

over the sample and mixed gently. After solidification 

two wells (5mm in diameter) were punctured on the agar 

media and labelled one as control and other as test.50µl 

of DMSO and 50µl of crude extract was added in control 

and test wells respectively. The plates were then 

incubated at room temperature for 2-3days. After 

24hours of incubation, the diameter of the zones was 

measured. 

 

Antibacterial activity of crude extract of 

T.harzianum 
 

Antibacterial activity of crude extract was performed 

against three test bacterial pathogens namely 

Staphylococcus aureus MTCC 6908, Escherichia coli 

MTCC 1574 and Pseudomonas aeruginosa MTCC 2582 

by agar well diffusion method. Three sterile plates were 

taken and labelled with required information.1ml of 

sample from each bacterial suspension were transferred 

to respectively labelled plates, well was in/1diameter of 

5mm and labelled one as control and other as test. The 

control well was filled with 50µl of DMSO and the test 

well with 50µl of crude extract. The plates were then 

incubated at 37°C for 1-2 days. After incubation, the 

plates were examined for the Zone of inhibition. 

 

Antimicrobial activity of crude extract of 

T.harzianum against Multidrug-Resistant (MDR) 

bacteria 
 

Antimicrobial activity of crude extract of T.harzianum 

was evaluated against two MDR bacteria using agar well 

diffusion method. For this, two sterilized petriplates were 

taken and labelled one plate as Multidrug resistant 

Pseudomonas aeruginosa (MDR-PA) and other plate as 

Multidrug resistant Klebsiella pneumonia (MDR-KP). A 

loopful of culture was taken from the plate maintained 

for Multi drug resistant (MDR) bacteria and it was 

diluted in Sterile saline. 1ml of each MDR bacterial 

suspension was taken and transferred aseptically to 

sterile petriplates labelled. 50µl of crude extract was 

added in wells labelled as sample in each plate followed 

by the addition of DMSO in negative control and 

erythromycin and amoxicillin in positive controls. The 

plates were then incubated at 37°C for 24 hours. After 

incubation, the results were interpreted. 

 

Characterization of crude extract of T.harzianum 

by FT-IR 
 

Fourier Transform Infrared Spectroscopy (FT-IR) is 

widely used for the identification of chemical residues 

such as amine, carbonyl and hydroxyl functional groups 
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in a molecule. The dry extract of T.harzianum was 

dissolved in methanol for proceeding the FT-IR analysis 

by Shimadzu, Japan instrument with diffuse reflectance 

mode attachment./1All measurements were carried out in 

the range of 400-4000 cm-1at a resolution of 4 cm-1. 

(Pavithra. R and Lalitha. S 2020) 

 

Characterization of crude extract by GC-MS 
 

The dry extract of T.harzianum was dissolved in 

methanol and subjected to GC-MS analysis in Shimadzu 

instrument. It was carried out in the specific parameters 

such as column oven temperature -70°C, injector 

temperature 240°C, split injection mode, split ratio 10 

and flow control in linear velocity mode. The column 

flow rate was maintained at 1.55ml/min and 1µl of 

sample was loaded for the analysis. Helium was used as 

the carrier gas.  

 

The mass spectrometric experiment was carried out with 

the specifications including ion source temperature 

200°C, interface temperature 240°C, EI (70ev) was the 

ionization level. The scan range was set from 40-1000 

m/z and the solvent cut time was 3 minutes. Structure 

prediction was carried out using the NIST08s mass spec 

library. 

 

Results and Discussion 

 

Identification of Trichoderma species 
 

The Trichoderma species was successfully isolated from 

the biopesticide and identified to be as Trichoderma 

harzianum based on their colony morphology and 

microscopical observations after 3-5 days of incubation. 

(Figure 3 & 4) 

 

Identification of fungal species from soil sample 
 

Fungal species namely Aspergillus niger, Aspergillus 

terreus and Penicillium sp. were isolated from the 

raddish and tomato soil sample after 3-10 days of 

incubation and identified based on their cultural and 

microscopical characteristics (Figure.5 and Figure.6). 

The colony morphology of fungal species was 

determined based on their colony color, texture and 

reverse appearance as given in the Table.1 and the 

microscopical characteristics were studied through 

conidiophore, vesicle, phialides/sterigmata and conidial 

arrangement (Table.2). 

Antagonistic property of Trichoderma harzianum 
 

Antagonistic effect of T.harzianum against three fungal 

species were determined and compared As T.harzianum 

significantly inhibited the mycelial growth of A.terreus 

with 83.33% and Penicillium sp. with 78.65% and 

A.niger with 65.9% as shown in Figure.7&8. 

 

Antimicrobial activity of crude extract of 

Trichoderma harzianum 

 

Antifungal activity of crude extract of 

T.harzianum 
 

Antifungal activity of crude extract of T.harzianum was 

studied against Aspergillus niger, Aspergillus terreus and 

Penicillium sp. and their zone of inhibition were recorded 

and the results obtained were very effective against 

A.terreus as compared to A.niger and Penicillium sp. 

(Figure.10). No zones were observed around control well 

in each plate (Figure.9) 

 

Antibacterial activity of crude extract of 

T.harzianum 
 

Antibacterial activity of crude extract of T.harzianum 

was analyzed against Staphylococcus aureus MTCC 

6908, Escherichia coli MTCC 1574 and Pseudomonas 

aeruginosa MTCC 2582 (Figure.11&13) and their zone 

of inhibition were recorded and compared. Almost all 

bacterial species tested was effectively inhibited by crude 

extract of T.harzianum.  

 

Antimicrobial activity of crude extract of 

T.harzianum against Multi drug-resistant (MDR) 

bacteria 
 

The crude extract of T.harzianum was significant growth 

of inhibition of Multidrug-resistant (MDR) strains of 

Pseudomonas aeruginosa and Klebsiella pneumonia 

(Figure.12 &13).  

 

Identification of volatile compounds from 

T.harzainum by FT-IR and GC-MS 

 

Identification of volatile compounds by FT-IR 
 

FT-IR spectroscopy analysis was performed for the 

structural identification of T.harzianum using 



Int.J.Curr.Microbiol.App.Sci (2026) Special Issue-13: 112-124 

116 

 

interpretation of the characteristic functional groups 

present. FT-IR spectrum of the active fraction (Crude 

extract) contained the following characteristic bands: a 

strong, broad band at 3200-3500 indicating the presence 

of intermolecular bonded alcohol group with O-H 

stretching, a medium band at 1647 corresponding to the 

functional group of oxime group with C=N stretching. 

The bond in the region 1350-1450 corresponding to 

vibrations of the carboxylic acid functional group as 

shown in the (Figure.14). 

 

Identification of volatile compounds by GC-MS 

(Mahadevi et al., 2018) 
 

The crude extract of T.harzianum was analyzed for the 

presence of volatile compounds by GC-MS revealed two 

peaks depicted in (Figure.15) representing major 

compound as Diethyl phthalate with 90.27% of peak area 

and other compound as propanol, 2,2-dimethyl-, oxime 

with 9.73% of peak area (Table.3).  

 

The volatile compounds with their retention time, peak 

area percentage, molecular formula and structure were 

mentioned in the table 

 

Among Trichoderma species, Trichoderma harzianum 

was considered as the most potent biocontrol agent. Its 

volatile and non-volatile secondary metabolites possess 

many beneficial properties such as biofungicidal, 

bioinsecticidal, biopesticidal in the field of agriculture 

whereas in the field of pharmaceutical they might be 

used as an alternative drug of choice due to increasing 

Multidrug-resistant strains worldwide. 

 

In the present study, Trichoderma harzianum was 

isolated from the biopesticide and identified based on 

colony morphology and microscopical observations. 

Similarity Pavithra.R and Lalitha.S 2020. The secondary 

metabolites from Trichoderma harzianum were extracted 

with the methanol solvent, same to that of Nayara C. 

Saldan et al., 2018. 

 

Antagonism is the main property of Trichoderma 

harzianum. Many studies were reported the antagonistic 

property of Trichoderma harzianum against wide range 

of Fungal pathogens. In the present study antagonistic 

activity of Trichoderma harzianum were shown against 

Aspergillus terreus, Aspergillus nigerand Penicillium sp. 

at strong inhibitory percentage of 83.33%, 65.9% and 

78.65% respectively. This same phenomenon was 

observed by Mahadevi et al., 2018 reported strong 

antagonism of Trichoderma harzianum again 

Phytophthora palmivora with the maximum percentage 

inhibition of 73.85% followed by percentage inhibition 

of 72.31%, 70.77%, 69.23% and 67.69% by Trichoderma 

viride, Trichoderma koningii, Trichoderma polysporum 

and Trichoderma hamatum reported Yasser S. A. 

Mazrou et al., 2020. 

 

The antifungal activity of Trichoderma harzianum shown 

significant results against Aspergillus niger, Aspergillus 

terreus and Penicillium sp. with zone inhibition of 

33mm, 40mm and 34mm respectively at 50µl of crude 

extract. In contrast Leelavathi et al., 2014.  

 

The antibacterial activity of Trichoderma harzianum was 

carried out against Staphylococcus aureus, Escherichia 

coli and Pseudomonas aeruginosa at 50µl of crude 

extract had shown promising results with maximum Zone 

inhibition of 35mm, 33mm and 31mm respectively. In 

contrast, Leelavathi et al., 2014. 

 

In this study antimicrobial activity of Trichoderma 

harzianum (from biopesticide) wastested against 

Multidrug-resistant strains of Pseudomonas aeruginosa 

and Klebsiella pneumoniae and were reported with 

significant and promising results than the other species of 

Trichoderma. Hence, Trichoderma harzianum and its 

volatile compounds reported in the present study could 

have significant antimicrobial property against both plant 

and human pathogens, Sri Sedjati et al., 2021  

 

The finding of present study, crude extract of 

Trichoderma harzianum was analyzed using GC-MS 

technique revealed the presence of two compounds, 

Diethyl phthalate with 90.27% of peak area and 

Proponal, 2, 2-dimethyl-, Oxime with 9.73% of peak area 

(Pivalaldehyde oxime) were reported Mahadevi et al., 

2018. In the present study, the major compound 

identified was Diethyl phthalate and has been reported to 

have an antimicrobial activity (Premjanu N and Jaynthy 

C et al., 2014). 

 

As in the present study, the crude extract of Trichoderma 

harzianum against various organisms (bacteria, fungi and 

MDR bacteria) showed encouraging antimicrobial 

results. From the FT-IR and GC-MS analysis, two 

compounds were identified namely Diethyl phthalate and 

Propanol, 2,2-dimethyl-, oxime, in which second 

compound was found to be novel. The reported 

antimicrobial activity of Trichoderma harzianum could 

be due to the presence of these compounds. 
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Figure.1 Biopesticide of T.harzianum 

 

  
Figure.2a Extract of Trichoderma 

harzianum before centrifugation 

Figure.2b Supernatant from the 

extract after centrifugation 

 

Figure.3 Cultural characteristics of T. harzianum 

 

 
     3rd day of incubation  4th day of incubation                     5th day of incubation 
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Figure.4 Microscopic appearance of T.harzianum showing characteristic phialides and phialospores on 

conidiophores. 

 

  

 

Figure.5 Macroscopic appearance of fungi 

 

 
A. A. niger   B. A. terrus   C. Penicillium sp. 

 

Figure.6 Microscopic appearance of fungi 

 

 
A. A. niger   B. A. terrus   C. Penicillium sp. 
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Figure.7 Antagonistic activity of T.harzianum against Aspergillus niger (A); A.terreus (B); Pencillium sp., 

(C) 

 

 
A B C 

 

Fig.8 Antagonistic property of T.harzianum against fungal species 

 

 

Figure.9 Antifungal activity of T.harzianum against fungal species 

 

 
A B C 
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Fig.10 Antifungal activity of T.harzianum against fungal species at 50µl of crude extract 

 

 

Figure.11 Antibacterial activity of T.harzianum against S.aureus (A), E.coli (B) and P.aeruginosa (C) 

 

A B C 

 

Figure.12 Antimicrobial activity of activity of T.harzianum against against MDR-KP (A) and MDR-PA (B) 

 

 
A B 
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Figure.13 Antimicrobial activity of T.harzianum against bacterial strains and two Multi drug-resistant 

(MDR) bacteria at 50µl of crude extract 

 

 
 

Figure.14 FT-IR analysis of crude extract of Trichoderma harzianum 
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Figure.15 GC-MS analysis of crude extract of Trichoderma harzianum 

 

 

Table.1 Cultural characteristics of fungal species 

 

Macroscopic observation Fungal species 

S. 

no 

Colony morphology/cultural 

characteristics 

Aspergillus 

niger 

Aspergillus 

terreus 

Penicillium sp. 

1. Colony appearance Brown-black 

colored 

colonies 

Smooth, 

Cinnamon 

colored 

colonies 

encircled by 

white border 

Velutinous, sulcate green 

colored colonies with white 

border covering upto2-3cm 

from the periphery of the 

colony with watery droplets 

in the centre. 

2. Reverse colony appearance White-yellow Reddish 

orange 

White-creamy yellow 

grooves 

 

Table.2 Microscopical characteristics of fungal species 

 

Microscopic observation Fungal species 

S. no Microscopical Characteristics Aspergillus Niger Aspergillus terreus Penicillium sp. 

1. Hyphae Septate Septate Filamentous 

hyphae 

2. Conidiophore Thick walled, 

Smooth and 

Colorless 

Thin and Smooth Long thin tubes 

3. Sterigmata/phialides Biseriate Biseriate Flask-shaped 

phialides 

4. Vesicle Globose and radiate Globose - 

5. Conidia Globose and 

echinulate 

Globose Globose 
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Table.3 Volatile compounds profile of T.harzianum identified in GC-MS analysis 

 

S. 

no 

Retention Area% Compound name Molecular Structure 

 time   Formula  

1. 10.279 9.73 Propanol, 2,2-

dimethyl-, oxime 

C5H11NO  

2. 13.454 90.27 Diethyl phthalate C12H14O4  

 
Hence, volatile compounds of Trichoderma harzianum 

could have significant applications in agricultural and 

pharmaceutical areas. 
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