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Abstract: 

Twenty-two samples were collected from patients attending Tikrit Teaching Hospital, Tikrit, Iraq. The 

samples were cultured on mannitol salt agar, blood agar, and MacConkey agar. The results showed that 15 

samples gave positive growth with 68.18%.  Identification results showed 8 gram-positive bacteria isolates 

(53.3%) and 7 gram-negative bacteria isolates (46.7%). Staphylococcus aureus was the most isolated, were 4 

isolates (26.66%), followed by Staph. epidermidis and E. coli were 3 isolates for each species (20%), and two 

isolates for each P. aeruginosa and K. pneumonia with 13.33% for each one, in addition, one isolate for each 

P. mirabilis and P. aeruginosa with 6.66% for each one. 

Sensitivity results showed that all isolates were resistant to most antibiotics used in the current study: 

Tobramycin, Cloxacillin, Metronidazole, Ceftazidime, and Carbenicillin. while some isolates were sensitive 

to Amikacin, Levofloxacin. E. coli is highly resistant to Meropenem, Ceftazidime, and Co-trimoxazole. Gram-

positive isolates are highly resistant to Meropenem and ceftazidime. 

Aqueous extract of secondary metabolites of Trichoderma koningii showed a high inhibitory effect on Gram-

positive bacteria, more than Gram-negative bacteria. P. aeruginosa showed high sensitivity with inhibition 

diameters of 20, 29, and 35 at concentrations of 50, 75, and 100%, respectively.  

While the alcoholic extract showed less inhibitory activity than the aqueous extract against isolates.  E. coli 

was most sensitive to alcoholic extract, especially at concentrations of 57 and 100 %, with inhibition diameters 

of 25 and 29 mm, respectively. While Staph. aureus was highly sensitive to alcoholic extract with inhibition 

diameters 18,25,32 mm at concentrations 50,75, and 100%, respectively. Staph. haemolyticus. 
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 ----------------------------------------------------------------------------------------------------------------------- 

Introduction: 

Nature, with all its terrestrial and marine 

components, is a treasure and an important source 

for many living organisms of medical and industrial 

importance. The most important of these biological 

elements are fungi and their products of secondary 

metabolites, which previous studies have proven 

their importance in the biological control of a large 

number of pathogens. Many secondary metabolites 

have been isolated, which are chemical compounds 

that can kill or inhibit the growth of human 

pathogens. A general name has been given to these 

metabolites, which are among the most important 
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biological compounds that represent the largest and 

most diverse of natural products [1]. 

Antibiotics have made it possible to treat serious 

bacterial infections such as meningitis and 

bacteremia that were previously untreatable and 

therefore fatal to these pathogens. In recent decades, 

the overuse and misuse of antibiotics, combined with 

social habits and economic factors, have accelerated 

the spread of antibiotic-resistant bacteria, rendering 

drug therapy against many bacterial strains 

ineffective. Currently, at least 700,000 people die 

each year worldwide due to antimicrobial resistance 

[2,3]. 

The global distribution of this fungal group and its 

potential as a source of novel, medicinally useful 

chemicals (such as alkaloids, polysaccharides, 

terpenoids, phenols, glycosides, tannins, and 

flavonoids) have piqued researchers' interests in the 

past forty years [4,5]. This compound shows great 

potential in the realms of medicine and 

pharmacology, particularly in the fight against 

germs and the treatment of long-term illnesses like 

diabetes and cancer [4, 6,7].  

Trichoderma koningii is one of the most studied 

fungi after it was described by Oudemans and 

Koning in 1902 [8], which indicated its major 

function in the biological control of plant diseases, 

especially fungal diseases [9,10,11]. Many species 

differ from each other in phenotypic characteristics, 

including shape and growth rate [9]. Among these 

studies, a study proved that this type of fungus 

produces a compound through secondary 

metabolism, which is 6-Pentyl alpha pyrone, as an 

effective inhibitor of spore germination [12,13]. The 

Trichokonins compound was also distinguished and 

characterized, which has antibacterial activity, in 

addition to its ability to control Other fungal diseases 

that affect plants, also indicated that some 

compounds resulting from the secondary 

metabolism of T. koningii and T. harzianum killed 

100% of nematodes that infect root nodules [14]. 

MATERIAL AND METHODS 

1. Isolation and identification of bacteria 

Twenty-two samples were collected from different 

infection sources from patients who came to Tikrit 

Teaching Hospital in Tikrit city in Iraq. Samples 

were cultured on Mannitol salt agar, blood agar, and 

MacConkey agar and incubated at 37°C for 24 

hours. The bacteria were initially identified based on 

the morphological characteristics of the colonies and 

examined microscopically after being dyed with 

Gram stain. Various biochemical tests were carried 

out to identify the isolated bacteria [15], and the 

identification was confirmed using a Vitek 2 

Compact System. 

2. Culture media 

2.1. The commercially prepared culture 

MacConkey agar, Nutrient Agar, Mannitol Salt 

Agar, and Brain Heart Infusion broth were used, as 

the media were prepared and pH values were 

adjusted and sterilized as per the manufacturer's 

instructions. 

2.2. Culture media prepared in the laboratory 

 Blood agar medium 

It was prepared by adding sterilized sheep blood 

with a concentration of (5% v/v) to the prepared 

blood agar base medium according manufacturer's 

instructions [16]. 

3. Antibiotic sensitivity test: 

All isolates accordance with CLSI 2022 

recommendations[17]. An antimicrobial 

susceptibility test was performed on Mueller-

Hinton agar using the Kirby-Bauer disk 

diffusion method. A loopful of bacteria (three to 

five pure colonies) was emulsified in 5 mL of 

sterile normal saline and gently stirred to create 

a homogeneous suspension. The suspension’s 

turbidity was then corrected to meet the 

McFarland 0.5 requirement for density. To 

standardize the inoculum size, a sterile cotton 

swab was dipped into the suspension, and any 

excess was removed by gently rotating the swab 

against the surface of the tube. The swab was then 
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used to distribute the bacteria evenly over the 

entire surface of Mueller-Hinton agar. The 

inoculation plates were dried for 3–5 min at room 

temperature. Then, by using a disk dispenser, 

selected antimicrobial disks were positioned on 

the plate and incubated for 16–18 h at 35–37°C. 

Table 1 lists the antimicrobial agents that were 

evaluated at the various concentrations. 

Diameters of the zone of inhibition around the 

disks were measured using a digital caliper. The 

result was interpreted as sensitive, intermediate, 

and resistant based CLSI 2022 guidelines. 

4: Isolation of Trichoderma koningii: 

   Samples were collected from different areas in 

Tikrit city. The upper layer was removed by about 3-

5 cm from the soil surface. A sample was taken from 

it, and after mixing it well, 25 g of it was taken and 

added to a 500 ml flask containing 225 ml of sterile 

distilled water. The flasks were shaken well for three 

minutes. After that, 1 ml of the mixture was taken 

using a sterile pipette and transferred to a sterile test 

tube containing 9 ml of sterile distilled water. Then, 

the necessary series of dilutions was carried out up 

to 10-5. 0.1 ml of the dilutions 10-4 and 10-5 were 

taken and spread using a glass spreader in a Petri 

dish containing sterile Potato dextrose agar medium 

with two replicates for each sample. Then, the dishes 

were incubated in an incubator at a temperature of 

25 °C for 8-2 days. After that, the growing colonies 

were examined, and a separate transfer process was 

carried out for each of them. On Sabouraud dextrose 

agar and Potato dextrose agar [18], fungal species 

were identified based on colony shape and colour. 

4-1: Preparation of Trichoderma koningii 

extracts: 

    After the incubation period, the work was carried 

out in a sterile environment, after which the formed 

mycelium was separated by filtration through a filter 

unit (0.45 Mm Nalgene), then the filtrate was 

centrifuged for 15 minutes at 1000 rpm, then the 

filtrate was collected and filtered again using a 

second Nalgene filter unit (0.45 Mm Nalgene). After 

obtaining the fungal extract, it was placed in glass 

tubes, then the tubes were covered with adhesive 

wax tape (Parafilm) [19]. After obtaining the fungal 

extract, freeze-drying was carried out using a 

Lypholizer device for a certain period of time until a 

dry powder was obtained.[20]. 

4-2: Preparation of the aqueous extract of 

Trichoderma koningii 

Utilizing the methodology of Hu et al. [21], 50, 75, 

and 100 grams of Trichoderma koningii extract 

powder were introduced into a sterile glass flask 

containing 100 milliliters of distilled water, 

subjected to heating for 2 hours at 80 °C, and 

thereafter incubated in a vibrating incubator for 24 

hours at 37 °C To obtain the dry extract powder, the 

mixture was filtered through filter paper in glass 

tubes, and then it was lyophilized for twenty-four 

hours. Additionally, the powder was then sealed and 

frozen until it was required. The method was 

performed multiple times to obtain sufficient extract. 

Dissolve it in 20% DMSO, transfer it to 

polypropylene tubes, and store until needed. 

4-3: Preparation of the alcoholic extract of 

Trichoderma koningii: 

The study [20] was adjusted to utilize 50, 75, and 

100 g of Trichoderma koningii extract powder per 

100 ml of 70% ethyl alcohol in a 1-liter glass beaker 

with a rubber cap to avoid evaporation. The 

combination was shaken in a 37 0 C incubator for 24 

hours. The method was repeated to extract enough. 

Store frozen until use. The precipitate was dissolved 

in 20% DMSO and refrigerated in polypropylene 

tubes until use. 

4-4: Preparation of bacterial suspension 

The bacteria were cultured in the broth and incubated  

for 24 hours at 37°C. The bacterial suspension was 

then  prepared for use in the test of inhibitory 

activity of the Trichoderma koningii extract at 0.5 

McFarland standard, which is equal to 1.5 × 1018 

CFU/ml. 

4-5: Determination of the inhibitory activity of 
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Trichoderma koningii extract: 

Agar well diffusion assay on Mueller Hinton Agar 

was used to test the inhibitory activity of 

Trichoderma koningii extract against 7 species of 

pathogenic bacteria that are multi-antibiotic 

resistant. These are Staphylococcus aureus, Staph. 

epidermidis, Staph. haemolyticus, Escherichia 

coli, Pseudomonas aeruginosa , Proteus 

mirabilis, and Klebsiella pneumonia. The 

bacteria were spread on the surface of the medium, 

and then 0.2 ml of each concentration of 

Trichoderma koningii extract (100 mg/ml) was 

mixed with DMSO dissolved medium at 45°C. 

were transferred to 6 mm wells and incubated at 

37°C for 24 hours, and the diameters of the 

inhibition zones were measured and recorded [22]. 

5: RESULTS AND DISCUSSION: 

5-1: Isolation and identification 

  A total of 22 samples were collected from 

different  infection sources. The results showed that 

15 samples gave positive bacterial growth with a 

percentage of 68.18%. The isolates were 

identified based on the microscopically 

morphological characteristics and by using various 

biochemical tests for both Gram-positive and 

negative bacteria. The identification was confirmed 

using the Vitek2 compact system. The identification 

showed that the number of gram-positive bacteria 

was 8 isolates with an isolation percentage of 

53.3%, while the gram-negative bacteria were 7 

isolates with a percentage of 46.7%, as shown in 

Table 1. 

Isolates identified as E. coli and K. pneumoniae were 

recognized by their growth on MacConkey agar, 

exhibiting a distinctive odor and rose colonies 

resulting from lactose fermentation in the medium. 

The isolates identified as P. mirabilis manifested as 

small, pale colonies that were slightly convex, 

round, and possessed smooth edges on MacConkey 

agar plates, exhibiting non-fermentative behavior 

towards lactose.  

Furthermore, P. mirabilis isolates exhibited 

swarming movement on blood agar. P. aeruginosa 

was recognized through its proliferation on 

cetrimide medium. P. aeruginosa displays a blue-

green hue owing to the production of pyocyanin. 

Staphylococcus aureus is distinguished from other 

staphylococci by its capacity to ferment mannitol; 

during incubation, the medium's color shifts from 

pink to yellow due to a pH alteration, indicating 

mannitol fermentation. The coagulase test confirms 

the identification of Staphylococcus aureus and 

assists in distinguishing it from other 

Staphylococcus species. Only Staphylococcus 

aureus produces the coagulase enzyme. 

Staphylococcus epidermidis and Staphylococcus 

lentus exhibit a negative response to Gram staining, 

do not ferment mannitol, and do not generate 

coagulase. Additionally, Staphylococcus lentus 

ferments mannose. Therefore, it may be 

distinguished from other coagulase-negative 

staphylococci. All isolates were confirmed using the 

Vitek 2 compact system, as shown in the identified 

form in Figure 1. 

The predominant isolated bacterium was 

Staphylococcus aureus, with four isolates 

constituting 26.66%. This was succeeded by 

Staphylococcus epidermidis and Escherichia coli, 

each with three isolates, representing 20%. 

Additionally, there were two isolates of Klebsiella 

pneumoniae, accounting for 13.33%, alongside two 

isolates of Pseudomonas aeruginosa. Furthermore, 

one isolate each of Proteus mirabilis and 

Pseudomonas aeruginosa was identified, each 

comprising 6.66%. 

5-2: Antibiotic susceptibility of bacterial isolates 

The susceptibility of bacterial isolates to antibiotics 

has been determined following the Clinical and 

Laboratory Standards Institute (CLSI, 2022). Three 

gram-positive isolates and four gram-negative 

isolates, obtained from various sources of infection, 

were evaluated against ten different antibiotics. The 

results in Table 2 indicated that all isolates exhibited 
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resistance to the majority of antibiotics employed in 

the current study, including Tobramycin, 

Metronidazole, Cloxacillin, Ceftazidime, and 

Carbenicillin. However, some isolates demonstrated 

sensitivity to Levofloxacin, Amikacin, and 

Aztreonam, while they remained resistant to 

Norfloxacin. Escherichia coli, the most frequently 

isolated bacterium, showed significant resistance to 

Meropenem, Ceftazidime, and Co-trimoxazole. The 

gram-positive isolates exhibit significant resistance 

to Meropenem and ceftazidime. 

     Bacterial isolates’ susceptibility to antibiotics 

is not continuous and changes over time and in 

different environments. This necessitates the 

frequent testing of prevalent bacterial pathogens’ 

antibiotic susceptibility profiles in various 

communities [23]. Furthermore, he discovered that 

fluoroquinolone antibiotic treatment resulted in 

significant elevations in the MIC, potentially linked 

to treatment failure. Antibiotic resistance in 

Enterobacteriaceae and certain gram-positive cocci 

exhibits significant alterations in characteristics due 

to the prevalent presence of resistance transfer 

factors (RTF). β-Lactamase is expressed by the 

majority of resistance genes, yet some bacteria 

may exhibit resistance from other classes, as they 

pick up resistance genes from their surroundings 

or other bacteria. [24] Some of β-lactamases have 

been imaged from the chromosomally encoded 

genes that occur spontaneously in some species to 

conjugative plasmids, increasing their spreading 

ability among other species. RTF may be 

transmitted to drug-sensitive strains by conjugation, 

exhibiting kinetics analogous to F transfer in E. coli 

[25].  

 

 

Table 1: Biochemical and morphological properties of isolated bacteria. 
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Gram stain G - ve G - ve G - ve G - ve G+ ve G+ ve G+ ve 

Catalase + + + + + + + 

Oxidase - - - + - - - 

mannitol 

fermentation 

- - - - + - - 

IM
V

IC
 IND + - - - ND ND ND 

MR + - - - ND ND ND 

VP - + + - ND ND ND 

C - + + + ND ND ND 

lactose 

fermentation 

+ - + - - - - 

coagulase 

production       

ND ND ND - + - - 

G- ve: Gram negative bacteria, G+ ve: Gram positive bacteria, IND: indole, MR: methyl red, VP: Voges 

proskauer, C: Citrate utilization, ND: not done 
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Figure 1: All identified isolates were confirmed using the Vitek 2 compact system 
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   Table 2: Antimicrobial sensitivity of bacterial isolates against antibiotics 

AK  ATM  PY  CAZ  CX  LEV  MET  NOR  SXT

  

MEM  antibiotics 

 

         bacteria 

R S R R R S S R R R E.coli 

S R R R R S R R R R K.pneumoniae 

S S R R R R R S S R P.mirabilis 

S R R R R S R R R R Pseudomonas 

aeruginosa 
S S R R R S R S R R Staph.aureus 

S R R R R R R S R R Staph. 

epidermidis 

R S R R R S R S R R Staph. 

haemolyticus 
 MEM: Meropenem, PY: Carbencillin, CAZ: Ceftazidime, CX: Cloxacillin, ATM: Aztreonam, LEV: Levofloxacin, 

MET: Metronidazole, NOR: Norfloxacin, SXT: Co-trimoxazole, AK: Amikacin 

 

 
5-3: Inhibitory efficacy of Trichoderma koningii 

extracts against several antibiotic-resistant 

bacterial strains: 

The inhibitory activity results against seven 

antibiotic-resistant bacterial species demonstrated 

significant variation in the efficacy of the secondary 

metabolite extract from the fungus Trichoderma 

koningii, influenced by the extract concentration 

(50%, 75%, and 100%) and the solvent type, either 

water or alcohol. The findings indicated that the 

inhibitory activity of the secondary metabolite 

extract from the fungus Trichoderma koningii 

escalated with higher concentrations and was also 

contingent upon the bacterial species employed in 

the assay. The results of inhibition showed that the 

Trichoderma koningii aqueous extracts have 

inhibitory activity against some of the bacterial 

species that are multi-resistant to antibiotics. As 

shown in Table 3, their effect on gram-positive 

bacteria was higher than that on the negative 

bacteria, except the Pseudomonas aeruginosa with 

diameters 20, 29, and 35, which showed high 

sensitivity for all concentrations. 50, 75, and 100% 

respectively). The lowest effect of the fungal extracts 

was on the Klebsiella pneumonia with diameters of 

15, 23, and 25, which showed high resistance to their 

different concentrations.  (50, 75, and 100% 

respectively). 

While the alcoholic secondary metabolite extract of 

the Trichoderma koningii fungus showed less 

inhibitory activity than the aqueous extract against 

the seven bacterial isolates that showed multiple 

resistance to antibiotics, as shown in Table 4. The 

results showed that E. coli is the most sensitive 

Gram-negative isolate to the alcoholic extract of the 

Trichoderma koningii, especially at concentrations 

of 57 and 100 % and with an inhibition diameter of 

25 and 29 ml respectively, While bacteria showed 

higher sensitivity to 50% concentration of alcoholic 

extract with inhibition diameter 16 ml, The lowest 

effect of the fungal extracts was on the Proteus 

mirabilis with diameters 13, 19, 21 ml which showed 

high resistance to their different concentrations)  50, 

75, and 100% respectively). While Staph. aureus was 

a highly sensitive Gram-positive bacterial isolate to 

the activity of the alcoholic extract of the 

Trichoderma koningii fungus and with inhibition 

diameter 18,25,32 ml at the concentrations 50,75 and 

100%, respectively, while Staph. haemolyticus 

showed less sensitivity to the activity of the alcoholic 

extract at concentrations of 75 and 100% and with an 

inhibition diameter of 20, 27 ml, respectively. 
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Table 3: Inhibition activity of aqueous extract of Trichoderma koningii measured by millimeters. 

 

 

Bacterial species 

 

 

Concentration (mg/ml) 

 

 

50 75 100 

E. coli 18 28 32 

Klebsiella pneumonia 15 23 25 

Proteus mirabilis 16 25 26 

Pseudomonas 

aeruginosa 

20 29 35 

Staphylococcus aureus 19 28 34 

Staph. epidermidis 21 25 33 

Staph. haemolyticus 17 24 30 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Inhibitory activity of aqueous extract of Trichoderma koningii against Staph.aureus    

    

Table 4: Inhibition activity of alcoholic extract of Trichoderma koningii measured by millimeters. 
 

 

Bacterial species 

 

 

Concentration (mg/ml) 

 

 

50 75 100 

E. coli 18 28 32 

Klebsiella pneumonia 15 23 25 

Proteus mirabilis 16 25 26 

Pseudomonas 

aeruginosa 

20 29 35 

Staphylococcus aureus 19 28 34 

Staph. epidermidis 21 25 33 

Staph. haemolyticus 17 24 30 
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Fig. 2 Inhibitory activity of the alcohol extract of Trichoderma koningii against E. coli    

 

 
It is known that different fungi of the genus 

Trichoderma can produce degradative enzymes that 

are used in the biological control of many diseases, 

perhaps due to their prevalence and ease of growth 

in various culture media [26,27]. The inhibitory 

effect of the fungal extract was highly inhibitory in 

the isolated bacterial species, This may be attributed 

to the biological activity of the ability of these 

secondary metabolites to break down peptide bonds 

in the prokaryotic ribosomes that manufacture 

proteins [28]. The results of the current study 

showed that it had an inhibitory effect on bacteria of 

both species, Staph. aureus and  E. coli were similar 

to a number of previous studies [29]. which 

confirmed that T. koningii metabolites have 

biological activity in inhibiting a number of Gram-

positive and Gram-negative bacterial species in 

addition to molds and yeasts. This activity is 

attributed to the production of enzymes that degrade 

chitinases, β-glucanases, proteins, and cell wall-

degrading enzymes [30]. It was also indicated that it 

can secrete degrading enzymes and produce 

antibiotics and enzymes that break down the cell 

wall, such as chitinases and glucanases, which make 

up the fungal cell walls [31,32]. 

T. koningii can produce the compounds 

Trichokonins and Trichodermine, which are 

characterized by their inhibitory activity against 

bacteria and fungi, as shown by the biological 

activity of each of them against the isolated 

microbial species [33]. It has been shown that 

Trichokonins are one of the Peptaibols compounds, 

which are a large group of secondary metabolites of 

soil fungi, including the genus Trichoderma, from 

which it has been indicated that more than 190 

compounds can be extracted from their growth 

extracts [34]. Peptabiols are characterized by the 

presence of an unnatural amino acid, a-

aminoisobutyric acid (Aib), which has been shown 

to have the ability to form ion channels in the two 

lipid layers of the cell membrane, allowing the 

destruction of the membrane by changing the 

permeability of the membrane [35]. There is a study 

indicating its role in preventing the production of the 

energy-synthesizing enzyme adenosine triphosphate 

(ATPase) in the energy houses (mitochondrion), 

which hinders the growth and reproduction of other 

bacteria. In addition, these compounds can change 

the shape of the outer membrane of bacterial cells, 

thus hindering their reproduction or causing their 

death [36]. 

Conclusion: 

The T. koningii isolated from the soil were able to 

produce secondary metabolic compounds in their 

extracts after growing them on the production 
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medium for 7 days at 30 ° C as Trichokonins and 

Trichodermine. These metabolic compounds had 

different inhibitory activity against some species of 

bacteria that are multi-resistant to antibiotics, and 

their inhibitory ability increased with increasing the 

concentration used, in addition to the fact that the 

aqueous extract of the fungus was more effective 

than the alcoholic extract in inhibiting multi-

resistant bacteria and all the extracts in this study 

exhibited potent antioxidant activity. 
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