
O R I G I N A L  CO N T R I B U T I O N Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

Ossamulu et al. Clinical Phytoscience            (2025) 11:9 
https://doi.org/10.1186/s40816-025-00396-z

Clinical Phytoscience

*Correspondence:
T. Y Gara
t.gara@futminna.edu.ng
1Department of Biochemistry, School of Life Science, Federal University of 
Technology, P.M.B 65, Minna, Niger State, Nigeria

Abstract
Background  Antimicrobial resistance is a serious health problem that can be associated with wound surface 
microorganisms and delayed healing in wounds exposed to such microbes. This has led to the exploration of natural 
compounds with antimicrobial properties to alleviate these difficult situations. This study evaluated the antimicrobial 
effects of ethanol extract of Tridax procumbens, chitosan, and their composite on some wound surface-associated 
microorganisms; E. coli, S. aureus, P. aeruginosa, K. pneumoniae, A. niger, M. canis, and C. acremonium.

Methods  The phytochemical and antioxidant screening were conducted using standard methods. The sensitivity 
and susceptibility tests were determined using the agar well diffusion and double serial dilution methods respectively.

Result  The quantitative phytochemical constituents of the extract include phenols, flavonoids, saponins, alkaloids, 
and tannins. However, the concentration of phenols was significantly (p < 0.05) higher than other phytoconstituents. 
The ethanol extract of Tridax procumbens-chitosan composite showed a significantly (p < 0.05) higher zone of 
inhibition against all the tested microorganisms (bacteria and fungi). The minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration (MBC) of the composite that limited the growth and completely killed 
the selected bacteria were observed at 12.5 mg/ml and 25 mg/ml concentrations respectively. while the minimum 
inhibitory concentration (MIC) and the minimum fungicidal concentration (MFC) of the composite for M. canis and C. 
acremonium were 12.5 mg/ml and 50 mg/ml whereas, that of A. niger were 6.25 mg/ml and 12 mg/ml respectively.

Conclusion  The study suggests that ethanol extract of T. tridax procumbens-chitosan composite is more effective 
as an antimicrobial agent in combating wound surface-associated microbial organisms than the plant extract and 
chitosan being a single agent.
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Introduction
The invasion of an injury or the soft tissues around it 
by pathogenic organisms is known as wound microbial 
infection, and it is linked to a higher rate of morbid-
ity and mortality [1]. One of the most frequent issues 
following an injury is infection. Due to exposure to the 
protective skin barrier, patients with wound infections 
from burns or diabetic foot ulcers are more susceptible to 
microbial infection [2]. The most prevalent gram-positive 
and gram-negative bacteria linked to wound infections 
are Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Escherichia coli, and Staphylococcus aureus [3]. Employ-
ing environmental spore pollution, fungi can potentially 
cause deep tissue damage [4].

The application of combination formulations in com-
bating microorganisms on wound surfaces has been a 
subject of prior research. De S Araújo [5] and Alavi [6] 
explore the potential use of polysaccharide-based sys-
tems and micro- and nanoformulations in managing 
infections and promoting healing in chronic wounds. 
Additionally, probiotics are known for partially inhibit-
ing antimicrobial activity and biofilm formation, offering 
a possible treatment option for infected chronic wounds 
[7]. Andersson [8], highlighted an ex-vivo wound infec-
tion model that effectively assesses the efficacy of topical 
formulations and provided a reliable approach for evalu-
ating the effectiveness of combination therapies. Antibi-
otics have a major effect on lowering the issues brought 
on by microbial infections. Due to genetic alterations in 
the organisms that cause some germs to be susceptible to 
the harmful effects of antimicrobials, the rise in microbial 
resistance to a range of antimicrobial agents over time is 
a serious health problem [9]. To lessen the threat to pub-
lic health, this issue must be addressed very soon since it 
has consequences for global health. Due to their produc-
tion, strong and advantageous effects on the body, and 
lower toxicity when used to treat illnesses than manufac-
tured medications, medicinal plants are used by almost 
85% of the world’s population today [10, 11]. According 
to the World Health Organization (WHO), several plants 
are utilized worldwide to treat various ailments. This is 
because bioactive substances found in plants, such as tan-
nins, alkaloids, phenols, and flavonoids, have antibacte-
rial, antioxidant, and anti-inflammatory qualities that can 
help fight bacterial and fungal infections [12]. It is essen-
tial to identify novel antimicrobial chemicals in these 
plants as potential therapeutic options due to the grow-
ing problem of antibiotic resistance in bacteria. Tridax 
procumbens, a kind of flowering plant in the Asteraceae 
family, is sometimes referred to as coat buttons or tridax 
daisy. It is typically thought of as a weed that invades dif-
ferent crops. On the other hand, several therapeutic ben-
efits are recognized for it, such as antiviral, antioxidant, 
antibiotic efficacies, wound healing activity, insecticidal, 

and anti-inflammatory characteristics [10]. The second 
most prevalent polysaccharide that is separated from 
chitin, chitosan, is generally found in the hard-external 
skeleton of insects, mollusks, and shellfish [13]. It has 
been demonstrated to have strong antibacterial qualities 
and to work in concert with other antimicrobials to boost 
their antimicrobial potency [14]. This research focuses on 
combining T. procumbens ethanol leaf extract and chito-
san to target clinically relevant wound microorganisms 
and investigate the synergistic properties of this com-
posite. These innovative components could significantly 
contribute to developing new, potent, and natural antimi-
crobial therapies for wound infections, addressing a criti-
cal area of medical necessity.

Materials and methods
Sample collection and preparation of plant extract
The chitosan was obtained from Wisapple Biotech. Co., 
Ltd, Beijing. The plants (Tridax procumbens) were col-
lected from the Oziokutu community, Kogi State, Nige-
ria, and identified at the herbarium, Department of Plant 
Biology, Federal University of Technology Minna, Nige-
ria. The voucher number is FUT/PLB/AST/001. The leaf 
and stem were separated, washed thoroughly with tap 
water, and then air dried under shade for 10 days. The 
dried plant was ground into powdered form using a mixer 
grinder and used for the extraction of phytochemicals.

Extraction process
Plant materials were extracted using a cold maceration 
process with 95% ethanol. 250  ml of 95% ethanol was 
poured into a 1000  ml beaker containing 100  g of the 
plant extract for 72 h. For a complete and efficient extrac-
tion, the solution was allowed to stand for three days. 
After that, it was filtered through a muslin cloth and 
Whatmann filter paper No 1. The filtrate was evaporated 
to dryness in a water bath at 45 °C, and stored in air tight 
containers till further use.

Quantitative determination of the phytochemicals
The ethanol extract of Tridax procumbens was inves-
tigated quantitatively for the presence of flavonoids, 
phenols, alkaloids, saponins, and tannins using the spec-
trophotometric method [15–17].

In vitro antioxidant assays
2,2-Diphenyl-1-Picrylhydrazyl (DPPH) radical scavenging 
assay
The antioxidant activity of the plant extracts was esti-
mated using the DPPH radical scavenging assay as 
described by Zahra et al., [18]. Briefly, different concen-
trations of extracts and ascorbic acid (50, 100, 250, and 
500 µg/ml) were prepared from stock solutions (1000 µg/
ml), prepared by weighing and dissolving 0.01  g of the 
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extracts and ascorbic acid, respectively in 10  ml of 
methanol. Thereafter, 2 ml of 0.004% DPPH in methanol 
added to 1 ml of various concentrations of plant extracts 
and ascorbic acid, respectively. The reaction mixtures 
were incubated at 25  °C for 30  min. The absorbance of 
each test mixture was read against blank at 517 nm using 
double beam Shimadzu UV-1800 series spectrophotom-
eter. The experiment was performed in triplicates. The 
percentage antioxidant activity was calculated using the 
formula below:

	
%Inhibition =Ablank − Asample

Ablank
× 100

Ferric reducing antioxidant power (FRAP) assay
Estimation of antioxidant activity of the plant extracts via 
ferric reducing antioxidant power assay was conducted 
according to the method of Zahra et al., [18]. Stock solu-
tions of plant extracts and ascorbic acid (1000  µg/ml) 
were prepared, from which different concentrations of 
50,100, 250, and 500 µg/ml were prepared. In this assay, 
1 ml of each plant extracts and ascorbic acid concentra-
tion was mixed with 1  ml of 0.2  M sodium phosphate 
buffer and 1 mL of 1% potassium hexacyano ferrate (III). 
The reaction mixtures were incubated at 50 °C for 20 min. 
Thereafter, 1  ml of 10% TCA was added. The reaction 
mixtures were then centrifuged at for 10  min at room 
temperature. Then 1  ml of each supernatant obtained 
was mixed with 1 ml of distilled water and then 0.2 ml of 
0.1% ferric chloride was added. The blank was prepared 
in the same extracts as samples except that the extracts 
were replaced by distilled water. The absorbance of the 
test mixtures was read at 700  nm. The percentage anti-
oxidant activity was calculated using the formula below:

	
%activity =Asample − Ablank

Asample
× 100

Antimicrobial assay
Preparation of sample concentration
Plant extract (0.2, 0.4, 0.6, 0.8, and 1) g were weighed into 
five different containers labeled as A, B, C, and D, and 
5 ml of DMSO was added to each of the containers. The 
resulting concentration was (0.04, 0.08, 0.12, 0.16, and 
0.2) g/ml. Similar concentrations were also prepared for 
the chitosan sample and the chitosan-plant extract com-
posite in a ratio of 1:1.

Preparation of nutrient broth for bacteria
0.2  ml of the test organism (S. aureus, E. coli, K. pneu-
moniae and P. aeroginosa) cultured overnight was trans-
ferred into 20 ml of sterile nutrient broth and the culture 
was incubated at 37 °C for 3 h to standardize the culture 

to 106 CFU/ml McFarland. A loopful of the standardized 
inoculum was used for the antibacterial assay [19].

Preparation of potato dextrose broth for fungi
0.2  ml of the test organism (A. niger, M. canis, and C 
acremonium) cultured overnight was transferred into 
20 ml of sterile potato dextrose broth and the culture was 
incubated at 37  °C for 3  h to standardize the culture to 
106 CFU/ml McFarland. A loopful of the standardized 
inoculum was used for the antibacterial assay [19].

Preparation of media
Nutrient agar (NA) (20  g) of standard measurement 
was weighed and poured into a sterile conical flask and 
1  L of distilled water was added to the conical flask 
(28  g/1000  ml) also for potato dextrose agar, 24  g of 
potato dextrose agar powder was dissolved in 1 L of dis-
tilled water mixed and dissolved completely. The media 
was autoclaved for 15 min at 121 °C. After the autoclav-
ing, the media was removed and cooled to 37  °C before 
pouring into a sterile petri dish. These procedures were 
carried out according to the method described in [20].

Sensitivity tests of ethanol extract of T. procumbens, chitosan 
and their composite on bacteria
The sensitivity tests (zones of inhibition) were carried 
out using the “Agar well diffusion method” as reported by 
Maqbool et al. [21]. For ethanol extract of T. procumbens, 
about 25 ml of nutrient agar (NA) was poured into 4 Petri 
dishes labeled as S. aureus, E. coli, Klebsiella, and Pseu-
domonas. The plates were allowed to stand until the NA 
became firmly gel. Each of the respective bacteria was 
then inoculated into their respective plates and a ster-
ile stainless-steel cork borer of 1 mm diameter was used 
to make 5 wells (A, B, C, D, and E) on each of the Petri 
dishes. 0.2 ml of ethanol extract of T. procumbens in the 
container labeled A (0.04 g/ml), B (0.08 g/ml), C (0.12 g/
ml), D (0.16 g/ml) and E (0.2 g/ml) were dispensed into 
the wells A, B, C, D, and E respectively. The precaution 
was taken to avoid spillage of the extract on the surface of 
the media. The inoculated plates were left for 1 h to allow 
the extract to diffuse into the agar. The culture plates 
were then incubated at 37  °C for 24  h. The diameter of 
the zone of inhibition around the bacteria was measured 
and recorded after incubation. The same procedure was 
followed for the sensitivity test of chitosan and their 
composite. Each of the analyses was done in triplicate.

Sensitivity tests of ethanol extract of T. procumbens, Chitosan 
and their composite on fungi
The sensitivity tests (zones of inhibition) for fungi were 
carried out using the “Agar well diffusion method” as 
described by Maqbool et al. [21]. For T. procumbens 
extract, about 25 ml of potato dextrose agar (PDA) was 
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poured into 3 Petri dishes labeled A. niger, M. canis, and 
C. acremonium. The plates were allowed to stand until 
the PDA became firmly gel. Each of the respective fungi 
was then inoculated into their respective plates and a 
sterile stainless-steel cork borer of 1  mm diameter was 
used to make 5 wells (A, B, C, D, and E) on each of the 
Petri dishes. 0.2 ml T. procumbens extract in the con-
tainer labeled A (0.04 g/ml), B (0.08 g/ml), C (0.12 g/ml), 
D (0.16 g/ml), and E (0.2 g/ml) were dispensed into the 
wells A, B, C, D, and E respectively. The precaution was 
taken to avoid spillage of the extract on the surface of the 
media. The inoculated plates were left for 1 h to allow the 
extract to diffuse into the agar. The culture plates were 
then incubated at room temperature for 48 h. The diam-
eter of the Zone of inhibition around the walls was mea-
sured and recorded after incubation. The same procedure 
was followed for the sensitivity test of chitosan and the T. 
procumbens extract and chitosan composite. Each of the 
analyses was done in triplicate.

Determination of minimum inhibitory concentration (MIC) of 
the composite for both bacteria and fungi
The MIC of the composite against the test bacteria was 
determined using the broth dilution method as described 
by [22]. 2  ml of fresh nutrient broth was prepared and 
dispensed into five test tubes. A stock solution (100 mg/
ml) of the chitosan-extract composite (1:1) was prepared 
and 2  ml of the solution was double-fold serial diluted 
across the test tubes to obtain the following concentra-
tion of (50, 25, 12.5, 6.25, and 3.125) mg/ml. These con-
centrations were prepared for each of the test bacterium 
(E. coli, S. aureus, P. aeruginosa and K. pneuminiae). A 
loop full of individual bacteria was collected and inocu-
lated into their respective prepared concentrations. The 
tubes were then incubated in a culture box at a 37  °C 
temperature for 24  h. After incubation, the tube with 
the least concentration of the extract and no detectable 
growth of the microorganism was recorded as the MIC. 
The same procedure was followed to determine the MIC 
of the fungi, but potato dextrose broth was used instead 
of nutrient broth, and the incubation process took place 
at room temperature.

Determination of minimum bactericidal/fungicidal 
concentration (MBC/MFC) of the composite
The MBC/MFC of the composite against the test organ-
isms was determined using the method described by 
Nguyen et al.,[23]. Samples that did not show any visible 
growth after the incubation period from the tubes used 
for MIC, were streaked out on NA (for bacteria) and PDA 
(for fungi). The sample plates were then incubated for 
24  h (bacteria) and 48  h (fungi) to determine the mini-
mum concentration of the composite that would kill the 
organisms. The lowest concentration of the composite 
that kills 99% of the bacteria and fungi was regarded as 
the minimum bactericidal/fungicidal concentration.

Statistical analysis
The data were entered into an excel spreadsheet for sta-
tistical analysis using Statistical Package for Social Sci-
ence (SPSS) version 22. Descriptive statistics, one-way 
ANOVA, was utilized for statistical analysis. Descriptive 
statistics were employed for the calculation of the group 
mean of inhibition zone diameter as mean ± SEM. The 
one‐way ANOVA was performed to determine the sig-
nificant difference among group means. Statistically sig-
nificant differences were declared at a p-value of less than 
0.05.

Result and discussion
Quantitative phytochemical constituents
The quantitative phytochemical constituents of the 
ethanol extract of T. procumbens are shown in Table  1. 
Phenols (439.96 ± 0.68) mg/100  g were significantly 
(p < 0.05) higher in concentration when compared to 
the other phytoconstituents. However, this is followed 
by flavonoids (202.30 ± 0.36) mg/100  g, and then sapo-
nins (127.66 ± 0.60) mg/100  g. Alkaloids (21.65 ± 0.39) 
mg/100  g and tannins (19.36 ± 0.35) mg/100  g were the 
least observed phytoconstituent. The medicinal impor-
tance of Tridax procumbent is attributed to the presence 
of various bioactive constituents in the plant such as phe-
nols, flavonoids, saponins, alkaloids, and tannins which 
are known to play significant roles in enhancing the 
physiological survival of the plants and also fight against 
microbial infections in humans [24]. These phytochemi-
cals found in the ethanol extract of T. procumbens agree 
with the findings of Nakum et al. [25], who evaluated the 
in-vitro antioxidant activities and phytochemical analysis 
in different solvents extracted from T. procumbens. The 
significantly high phenols concentration in T. procum-
bens is in agreement with the study of Akinola et al. [26] 
who evaluated some phenolic compounds in T. procum-
bens by chromatographic and spectrophotometric meth-
ods. However, Nakum et al. [25], reported saponins as 
the major phytoconstituents in Tridax procumbens. This 
observed variation in the phytochemical concentration of 

Table 1  Quantitative phytochemical composition of ethanol 
extract of T. procumbens
Phytochemical constituents Concentrations (mg/100 g)
Phenols 439.96 ± 0.68
Flavonoids 202.30 ± 0.36
Tannins 9.36 ± 0.35
Saponins 127.66 ± 0.60
Alkaloids 21.65 ± 0.39
Values are mean ± standard error of the mean (SEM) of the triplicate experiment
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T. procumbens may be influenced by the developmental 
stages of the plant species, method of analysis, and/or 
method of extraction [27]. Phytochemicals can degrade 
over time and this can be a result of factors such as tem-
perature, light and exposure to oxygen thereby reducing 
their efficacy. Proper storage conditions can be helpful in 
preserving the stability of the bioactive compounds.

2, 2-Diphenyl-2-Picryl hydrazyl (DPPH) radical scavenging 
activity and ferric reducing antioxidant power (FRAP) of 
ethanolic extract of T. procumbens
Figure 1 shows the scavenging efficacy of ethano-
lic extract of T. procumbens on 2, 2-Diphenyl-2-Picryl 
Hydrazyl (DPPH) Radicals. The percentage of inhibition 
of ascorbic acid and ethanol extract of T. procumbens 
were dose-dependent where the scavenging activities 
increased as their concentration increased. The ethanol 
extract of T. procumbens also demonstrated visible anti-
oxidant effects in reducing Fe3

+ to Fe2
+ as shown in Fig. 2. 

However, its activity on ferric ions was found to be con-
centration dependent thus, increasing as its concentra-
tion increased. The DPPH and ferric-reducing power of 
the extract showed a dose-dependent scavenging activ-
ity. This observed scavenging activity of ethanol extract 
of Tridax procumbens could be explained by the presence 
of different phytochemicals found in the plant as they 
are known to be effective against free radical by chelat-
ing trace elements involved in free-radicals production, 
suppress the formation of reactive oxygen species and 
provide oxidative stress tolerance in plants [28]. Earlier 
researchers reported the existence of a direct relation-
ship between phytochemicals and antioxidant activities 
[10, 25, 29]. Phenolics and flavonoids have been observed 
to possess the ability to restrict free radical formation 
and hold the capacity to donate hydrogen atoms. The 
bioactive compounds present in the extract are in vary-
ing concentrations which can influence their antioxidant 
properties [27]. Thus, the high concentration of phenols 
and flavonoids in the ethanol extract of Tridax procum-
bens may have possibly worked synergistically to elicit a 
stronger antioxidant activity.

Zone of Inhibition of ethanol extract of T. procumbens, 
chitosan and their composite on the selected bacteria
The zone of inhibition demonstrated by ethanol extract 
of T. procumbens, chitosan, and their composite against 
the four selected bacteria are shown in Table  2. The 
selected strains of bacteria were sensitive to ethanol 
extract of T. procumbens with K. pneumonia having the 
highest zone of inhibition (29.00 ± 0.50) mm. The chito-
san demonstrated a visible zone of inhibition on E. coli, 
S. aureus, and K. pneumoniae but no zone of inhibition 
was observed on P. aureginosa (0.00 ± 0.00) mm. The 
composite demonstrated a significant (p < 0.05) higher 

Table 2  Zone of Inhibition of ethanol extract of T. procumbens, 
chitosan, and their composite on the selected bacteria
Organisms T. procumbens

(mm)
Chitosan
(mm)

T. pro-
cumbens-
chitosan
(mm)

E. coli 18.00 ± 0.30b 15.00 ± 0.30a 21.50 ± 0.10c

S. aureus 18.00 ± 0.60a 18.00 ± 0.20a 22.00 ± 0.20b

P. aureginosa 17.50 ± 0.30b 0.00 ± 0.00a 24.00 ± 0.50c

K. pneumoniae 29.00 ± 0.50b 16.00 ± 0.40a 30.00 ± 1.00b

Values are mean ± standard error of the mean (SEM) of a triplicate experiment. 
Values across the row with different letters as superscripts are considered 
significant at p < 0.05

Fig. 2  Ferric reducing antioxidant power of ethanol extract of T. 
procumbens

 

Fig. 1  DPPH radical scavenging activity of ethanol extract T. procumbens
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zone of inhibition against all the selected strains of bac-
teria compared to T. procumbens extract and chitosan 
sample. The highest (30.00 ± 1.00) mm zone of inhibition 
demonstrated by the composite was on K. pneumonia. 
There was no significant (p < 0.05) difference in the zone 
of inhibition observed between the composite and etha-
nol extract of T. procumbens. The efficiency of the anti-
microbial agents used depended on their components 
and the nature of the surface organism selected. In this 
study, the ethanol extract of Tridax procumbens, chito-
san, and Tridax procumbens-chitosan composite exhib-
ited antibacterial activity against both the gram-negative 
and gram-positive bacterial strains, with the Tridax pro-
cumbens-chitosan composite having the most distinctive 
activity against E. coli, S. aureus, and P. aureginosa bac-
terial strains. K. Pneumoniae strain was found to be the 
most sensitive gram-negative bacteria to ethanol extract 
of Tridax procumbens and Tridax procumbens-chitosan 
composite.

The incubation conditions for the growth of bacteria 
could have influenced the observed antibacterial activ-
ity since, the experiments were conducted at 37 °C [30], 
which is suitable for the growth of many bacteria and 
these conditions might fully replicate the environmen-
tal conditions of a wound site in the human body, where 
temperatures are generally closer to 37  °C. The suscep-
tibility of all the bacteria microorganisms to the ethanol 
extract of Tridax procumbens may be a result of the pres-
ence of the bioactive constituents of the plant. David et al. 
[31], reported that phytochemicals repressed microbial 
growth through inhibition of bacteria colonization, low-
ering the surface tension of extracellular medium, lysing 
bacterial membrane, or inactivating essential enzymes 
such as DNAse and RNAse. Chitosan showed zones of 
inhibition on E. coli, S. aureus, and K. pneumoniae organ-
isms as similarly reported by Ferreira et al. [32]. The 
effects of chitosan on E. coli and K. Pneumoniae (gram-
negative bacteria) have been described to be associated 
with the electrostatic interaction between the membrane 
lipopolysaccharide and the positive charge (NH3

+) from 
chitosan resulting in disruption of their outer membrane. 
This effect may also lead to the leakage of cytosolic con-
tents and subsequent death of the microbial cells [33]. 

The effect of chitosan on S. aureus (gram-positive bac-
teria) may involve interaction with membrane teichoic 
acid and peptidoglycan, leading to the destruction of the 
cell membrane and failure of the membrane-bound enzy-
matic activities which can affect protein synthesis [34]. 
The effect of chitosan could also involve the formation of 
barriers on the microbial cell wall inhibiting the penetra-
tion of nutrients into the cells and subsequent death [35]. 
Chitosan revealed no activity against the P. aeruginosa 
strain. This gram-negative bacterium has been reported 
to exhibit multidrug resistance toward several antimicro-
bial agents [36]. The resistance of P. aeruginosa towards 
chitosan may be linked to its reported lower membrane 
permeability to a fold of about 100 compared to E. coli, 
possession of an efflux pump system on their membrane 
that may have possibly expelled out chitosan [37, 38]. The 
significantly higher vulnerability of the selected micro-
organisms to the composite may have resulted from the 
joint action of both the plant bioactive constituents and 
chitosan. However, the method of delivery may affect the 
synergistic effect of the composite observed. Saponins 
possess detergent-like properties and might increase the 
permeability of bacterial cell membranes [39]. Similarly, 
Aboody et al. [40] reported the ability of flavonoids to 
disrupt microbial efflux pumps thereby increasing their 
susceptibility to antimicrobial agents. This mutual action 
of saponins and flavonoids may have enabled chitosan 
molecules in the composite to efficiently reach their tar-
get site in P. aureginosa compared to the use of chitosan 
as a single antimicrobial agent.

Zone of Inhibition of ethanol extract of T. procumbens, 
chitosan and their composite on the selected fungi
Table 3 showed the zones of inhibition of ethanol extract 
of T. procumbens, chitosan, and their composite on the 
selected fungi microorganisms. All three samples dem-
onstrated a significant zone of inhibition on the selected 
fungi. However, higher zones were observed on C. acre-
monium for the entire three samples. Although, there 
is a significant (p < 0.05) difference in the zone of inhi-
bition (27.50 ± 1.30) mm demonstrated by the com-
posite on C. acremonium when compared to that of 
chitosan (17.50 ± 0.40) mm and ethanol extract of T. 
procumbens (21.50 ± 0.20) mm respectively. Based on 
the result obtained, T. procumbens-Chitosan composite 
showed a higher zone of inhibition against the selected 
fungi. This, therefore, suggests that the composite was 
a more effective antifungal agent compared to chito-
san and the ethanol extract of T. procumbens. While the 
results indicate that the extract composite is effective 
under laboratory conditions, the efficacy in a real-world 
setting may vary. The higher temperatures and differ-
ent environmental conditions of a human wound could 
influence both microbial resistance and the activity of 

Table 3  Zone of Inhibition of ethanol extract of T. procumbens, 
chitosan, and their composite on the selected fungi
Organisms T. procumbens 

(mm)
Chitosan (mm) T. procum-

bens-chito-
san (mm)

A. niger 15.00 ± 0.50b 12.00 ± 0.50a 19.50 ± 0.70c

C. acremonium 21.00 ± 0.20a 17.50 ± 0.40a 27.50 ± 1.30b

M. canis 14.00 ± 0.30a 13.00 ± 0.20a 18.00 ± 0.20b

Values are mean ± standard error of the mean (SEM) of a triplicate experiment. 
Values down the column with different letters as superscripts are considered 
significant at p < 0.05
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the antimicrobial agents. This synergistic activity may 
be associated with hydrophobic or hydrogen interac-
tion between the membrane proteins in the fungi and 
the composite leading to structural changes in the mem-
brane and impeding the growth of the fungi [34, 41]. This 
observation is similar to studies by Al-mamum et al. [42], 
who reported a positive synergistic action of T. procum-
bens on bone morphogenetic protein (BMP)–2.

Minimum inhibitory and bactericidal concentration of the 
T. procumbens-chitosan composite on the selected bacteria
The minimum inhibitory and bactericidal concentra-
tions (MIC) of ethanol extract of T. procumbens-chitosan 
composite on the selected bacteria are shown in Table 4. 
The MIC of ethanol extract of T. procumbens-chitosan 
composite that limited the growth of the microorgan-
isms was observed at 12.5 mg/ml concentration across all 
the tested bacteria. However, the minimum bactericidal 
concentration (MBC) that completely kills the selected 
microorganisms was observed at 25  mg/ml of the com-
posite across all the tested bacteria. In the MIC and MBC 
study, all the bacteria strains had the same lowest amount 
of T. procumbens- chitosan composite that greatly inhib-
ited their growth and subsequently resulted in microbial 
death. The synergistic effect of the various components 
of the composite may have effectively interfered with the 
synthesis of the bacteria cell surface, stimulated oxidative 
stress, and thus, inhibited the growth of the bacteria [43, 
44]. When the metabolic pathway in a living organism is 
repressed or the course of replication and transcription 
are subdued, the population of bacterial infection is dras-
tically reduced [45, 46].

Minimum inhibitory and fungicidal concentration of 
ethanol extract T. procumbens-chitosan composite on the 
selected fungi
The minimum inhibitory concentration (MIC) and mini-
mum fungicidal concentration (MFC) of the compos-
ite against A. niger, C. acremonium, and M. canis fungi 
further confirm the activity of the composite on the 
fungi isolates (Table  5). The MIC values observed were 
between (6.25–12.5) mg/ml. while the MFC was between 
(12.5–50) mg/ml. A. niger had the most effective MIC 
and MFC at 6.25 mg/ml and 12 mg/ml respectively. The 
MIC and MFC of the composite on C. acremonium and 
M. canis are significantly higher than that observed for 
A. niger. The effect of the composite may be associated 
with the ability of the composite to penetrate the thick 
cell wall exhibited by fungi and bind to mRNA in the 
nuclei of the microorganism to inhibit its function [47, 
48]. Chitosan is also reported to possess positive charges 
at several sites that can interact with the negative charges 
on the membrane lipids leading to permeability changes, 
loss of cellular content, and subsequent cell death [33].

Conclusion
This study provided evidence to show that ethanol extract 
of T. procumbens, chitosan, and T. procumbens- chito-
san composite exhibited varying antimicrobial activities 
against the selected bacterial and fungi pathogens; E. coli, 
S. aureus, P. aureginosa, K. pneumoniae bacterial patho-
gens and A. niger, C. acremonium, M. canis in wound 
infection. Chitosan was not as effective as the ethanol 
extract of T. procumbens. However, the antimicrobial 
activity of the T. procumbens-chitosan composite defined 
by its higher zone of inhibition and lower MIC, MBC, 
and MFC demonstrated remarkably more effective activi-
ties in suppressing the growth of all the selected bacteria 
and fungi strains as an of the interaction between the two 
anti-microbial agents. It has also shown that the bioactive 
compounds contained in the extract possess potential 
medicinal properties that work together with chitosan to 
produce a synergistic treatment effect on wound infec-
tions. Conducting in vivo studies or utilizing models 
that mimic human wound conditions will offer a more 
comprehensive understanding of the extract composite’s 
effectiveness in real-world situations.
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