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In Malaysia, medicinal plants are widely used daily as a major component of society's 
restorative therapies. Malaysia's environment is recognized for its wide range of 
species and a rich source of medicinal herbs. Clidemia capitellata (Bonpl.) D.Don is a 
shrub belonging to the family of the Melastomataceae locally known as "Senduduk 
bulu". The current study aims to determine the antibacterial, antioxidant, and chemical 
profile of Clidemia capitellata (Bonpl.) D.Don leaf extract. Antimicrobial activity was 
determined by disc diffusion in agar and microdilution in broth (MIC-g/mL). 
Antioxidant activity was determined using the DPPH free radical capture assay, the 
presence of phytochemical profile was determined by thin-layer chromatography 
(TLC), while total phenols (EGA/g) and flavonoids (EQ/g) were quantified using 
spectrophotometry. The results indicated that the extract of Clidemia capitellata was 
active against Escherichia coli (ATCC 25922) with a minimum inhibitory 
concentration (MIC) of 62.5 g/mL. The extract was the most effective at sequestering 
DPPH free radicals (28.60 1.54 %). Total phenolic contents obtained were 80.78 
±0.06 and total flavonoid contents obtained were 64.64±0.10 of the extract, 
respectively. The phytochemical profile revealed the presence of condensed tannins, 
terpenes, steroids, and polyphenols but no alkaloids. As a result of the positive results 
obtained, it is anticipated that the active component of extracts will continue to be 
extracted and that new chemical-pharmacological assessments will be conducted in 
the future. 
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INTRODUCTION 
 
Plants produce a diverse spectrum of bioactive chemical 
compounds through secondary metabolism, and some of 
these molecules may possess therapeutic characteristics that 
are beneficial to both humans and animals. The use of 
plant-derived substances as medications and nutritional 
supplements to support the body's normal physiological 
processes has a long history in the history of mankind, both 
as medicines and as nutritional supplements [1]. However, 
most wild plants found in forests and used by traditional 

healers have not been thoroughly investigated for their 
bioactivities to find the bioactive chemicals that are 
responsible for their therapeutic effects [2].  Plants have 
been exploited as medicines [3,4] since thousands of years 
ago, and plant-derived natural compounds continue to be an 
important component in the search for medicinal remedies 
to treat a wide range of infectious diseases today [5]. 

Secondary metabolites, which are naturally formed in 
plants, are responsible for producing bioactive chemicals 
[6]. The fact that plants are in a stationary state 
notwithstanding, they must cope with a variety of obstacles 
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such as pathogen infections, coexistence with herbivores, 
and fluctuations in the supply of basic nutrients that they 
require for the synthesis of their food [7]. It is possible that 
the secondary metabolites are unique to a particular species 
or genus and that they do not contribute in any way to the 
plants' primary metabolic requirements. They are critical to 
their existence as well as their ability to overcome local 
challenges [8]. Plant secondary metabolites can be divided 
into three main families based on their metabolic pathway, 
which are phenolics, terpenes and steroids, and alkaloids 
[8].  

Many bioactive compounds are employed in a variety of 
applications such as antibiotics, agrochemicals, flavors and 
fragrances, biopesticides, food colorants or pigments, food 
additives, and plant growth stimulants, among other things 
[9]. Apart from being a rich source of novel therapeutic 
agents, secondary metabolites from plants have been used 
in traditional medicine for centuries due to their broad 
range of biological activity [2]. Since then, various 
strategies have been extensively researched with the goals 
of improving the production of secondary plant compounds 
and in the hope that the isolated novel and valuable 
compounds or molecules will be able to cure a variety of 
diseases and all of the natural compounds found in plants 
have been strongly associated with their ethnomedicinal 
values [10].  

Malaysia is one of the countries that encourage the use 
of medicinal plant prescriptions, which is an essential 
component to take into consideration. Malaysia has a 
significant advantage in terms of possible restorative plants 
due to the large and diverse diversity of plant species found 
there [11]. It has been estimated that over 12,000 flowering 
plants may possess potential health-promoting 
characteristics; however, only 1,300 species have been 
identified as having therapeutic potential [12]. The world is 
habitat to around 374,000 plant species, of which 
approximately 308,312 are vascular plants and 295,383 are 
flowering plants [13], of which 15,500 are found in 
Malaysia's varied biodiversity and ecosystems [14]. 

Clidemia is a genus of flowering plants in the 
Melastomataceae family that has numerous species. It 
contains approximately 450 species, the most well-known 
of which is Clidemia hirta, as well as others such as 
Clidemia capitellata [15]. Originally from southern Mexico 
to Colombia and the West Indies, Clidemia capitellata has 
naturalized in several areas of Brazil, where it is a weed in 
Guarana farms. It is an occasional plant in the environment 
with high rainfalls and interestingly growth, flowering and 
fruiting have been observed throughout the year [16]. Many 
studies have been established on Melastomataceae family, 
especially Clidemia hirta and Clidemia rubra on 
antimicrobial and antioxidant activity [6,17,18,19,10]. 

However, there are limited studies done on Clidemia 
capitellata [21], even though the plant has significant 
medicinal values. Furthermore, the purpose of this work 
was to examine the antibacterial and antioxidant activity, as 

well as the phytochemical profile, of Clidemia capitellata 
leaves extract. 

  
MATERIALS  
 
Clidemia capitellata (Bonpl.) D.Don were collected in 
UiTM Cawangan Negeri Sembilan Kuala Pilah Campus 
forest (2.7961950,102.2205121). 
 
METHODS 
 
Surface Sterilization of Plant Material 
 
The plant specimens were recognized and the exsiccates 
were deposited in the Biology Laboratory, Faculty of 
Applied Sciences UiTM Cawangan Negeri Sembilan Kuala 
Pilah Campus. Fresh leaves were sterilized with a 10% 
sodium chloride solution and then rinsed with sterile 
distilled water. They were then air-dried for 48 hours at 
45°C, homogenized to a fine powder, and stored in sealed 
bottles. 
  
Extraction of Plant Material 
 
Soxhlet extraction procedures were used to obtain crude 
extracts of the dried powder of Clidemia capitellata, with 
four different absolute solvents being used in the process 
(Methanol, Ethanol, Chloroform, and Hexane), based on 
the procedure by [22], with some modifications. Soxhlet 
extraction was performed by placing plant material in a 
thimble, which was then inserted into the Soxhlet apparatus 
and exposed to four different absolute solvents of different 
polarities, with the sample to solvent ratio being 1:10 (w/v). 
The extraction was carried out until the solvent in the upper 
extraction chamber was no longer visible in a clear 
solution. The extracts were then filtered twice using a 
Whatman No.1 under vacuum pressure to get the final 
product. Extracts were concentrated using a vacuum rotary 
evaporator, and the concentrated extracts were 
subsequently freeze-dried to eliminate solvents from the 
sample. The crude extracts were stored in glass containers 
and preserved at -20°C until they were subjected to further 
evaluation. 
 
Disc Diffusion Method 
 
The antimicrobial activity of the samples was evaluated 
using the disc diffusion method described by (Clinical and 
Laboratory Standards Institute, 2015), using bacteria from 
the American Type Culture Collection (ATCC) – Bacillus 
subtilis (B29), Staphylococcus aureus (ATCC 43300), 
Escherichia coli (ATCC 25922), Pseudomonas aeruginosa 
(ATCC 15422), Serratia marcescens (S381) and 
Salmonella enterica (ATCC 10708). The bacteria cultures 
were grown in Mueller-Hinton agar for 24 hours at 37 ° C. 
The plant extract was put to sterile filter-paper discs (6.0 
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mm in diameter) in aliquots of 20 μl (100.0 to 12.5 
mg/mL). The bacteria were subsequently cultivated in 
DMSO with % chloramphenicol as a control. At 37°C, the 
bacterial plates were cultured for 48 hours. Antimicrobial 
activity was determined using the inhibition zone. Soxhlet 
extraction procedures were used to obtain the crude. 
 
Minimum Inhibitory Concentration (MIC) 
 
The Minimum Inhibitory Concentration (MIC) was 
determined using the method described in CLSI document 
M7-A6 [23], with minimal modifications. The bacteria 
were cultured on 96-well plates for 24 hours at 37°C in the 
presence of various concentrations of extract (100.0 to 12.5 
mg/ml) and chloramphenicol (0.1% ) and DMSO (4%), 
which served as controls for the experiment. Without 
turbidity, it was presumed that wells contained active 
extracts. 
 
Free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
Method 
 
The photocolorimetric test of the free radical 2,2-diphenyl-
1-picrylhydrazyl (DPPH) method described by [6], with 
some modifications, was used to determine the quantitative 
evaluation of the radical scavenging activity of the extract. 
A diluted extract solution in ethanol (6.0 mg/ml) was made, 
and 50 µl of this solution was added to microplate wells 
previously filled with 150 µl of ethanol. Serial dilutions 
were used to obtain extract concentrations of 6.25–12.5, 25, 
50, and 100 mg/mL. Each well contained 100 µl of a DPPH 
solution (0.5 mM) before being filled. After one hour of 
reaction time, absorbance measurements were taken using a 
UV-Vis spectrophotometer set to 517 nm and performed at 
room temperature in the absence of light. All of the tests 
were carried out in triplicate. L-Ascorbic acid (Vitamin C) 

was employed as a positive control in conjunction with the 
methanol as a baseline control. The following equation was 
used to calculate the percentage of radical scavenging 
activity present. 
 

Scavenging effect (%): [(Ao -Al) x 100%] / Ao 
 

Where Ao is the absorbance of the control reaction, and Al 
is the absorbance in the presence of the sample of the test 
extracts. 
 
Quantification of Phytochemical Profile 
 
The phytochemical profile of the extracts was assessed 
using chemical reactions to detect alkaloids, terpenes, and 
steroids. Chemical reactions were used to determine the 
phytochemical composition (alkaloids, terpenes, and 
steroids) of the extracts. The chemicals were separated 
using thin-layer chromatography (TLC) with a 0.2 mm 
silica gel (F254) in aluminum (MERCK) [24]. 
 
Quantification of Total Phenolic Compounds 
 
The total phenolic content was determined using a modified 
version of the Foline Ciocalteu (Sigma) reagent method 
reported by [6]. The C. capitellata leaf extract was 
incubated at room temperature for 60 minutes with 0.5 mL 
of Foline Ciocalteu reagent and 0.05 mL of 10% (v/v) 
Na2CO3, and the absorbance at 620 nm was measured. The 
calibration curve for gallic acid (Figure 1) was obtained 
using similar procedures as for the extractions 
(y=0.0517x+0.002; R² = 0.9796). The absorbance values of 
the samples were interpolated against the gallic acid 
standard curve, which was represented in milligram of 
gallic acid per grams of crude extract (mg/g of extract).

 

 
Figure 1. Standard Calibration Curve of Gallic Acid 
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Quantification of Total Flavonoids 
 
The total flavonoids were measured using an aluminum 
chloride (AlCl3) reaction [6]. To obtain a final 
concentration of 10% (w/v), 0.5 mL of C. capitellata leaf 
extract was mixed with 0.1 mL of 10% (w/v) AlCl3, 0.1 mL 
of 1 M potassium acetate, and 2.8 mL of double-distilled 

water. After 30 minutes of incubation at room temperature, 
the absorbance at 415 nm was measured. The results were 
expressed as milligrams of quercetin per grams of crude 
extract (mg/g extract), with a higher value indicating 
greater quercetin activity. Calibration curve for quercetin 
(Figure 2), which was obtained under the same process 
parameters (y = 0.0551 - 0.0019, R2 = 0.983).

 

 
Figure 2. Standard Calibration Curve of Quercetin 

 
Statistical Analysis 
 
The results of this research were collected in triplicates for 
verification purposes. The statistical significance and 
standard errors of the means were determined using SPSS 
27.0. The variances of the mean were evaluated using one-
way ANOVA, with a p-value of 0.05 for the mean 
comparison. 
 
RESULTS AND DISCUSSION 
 
Plant extracts were extracted using various solvents with 
differing polarities. These solvents were employed in 
Soxhlet extraction procedures. The protocol adopted from 
(Albayrak et al., 2017) was followed for the preliminary 
plant extractions. The yields of crude extract % (w/w), are 
represented in the following Table 1. 
 
Table 1. Total extracts yields of 50 grams of C. capitellata leaves 
crude extract 
 

Solvents % (w/w) 
Methanol 14.60±0.2 
Ethanol 11.23±0.15 

Chloroform 3.4±0.1 
Hexane 0.87±0.05 

Values are expressed as the Mean ± Standard Deviation; n=3 in 
each group. 

 

The highest yield was obtained from methanolic 
extracts, whereas the lowest yields were obtained from 
hexane extracts. The methanolic extract produced the 
highest yield of all the extracts (7.40 g), whereas the hexane 
extract produced the lowest yield of all the Soxhlet extracts 
(0.40 g). The color of the plant residues that remained once 
extracted was nearly identical to the color of the starting 
mixture that was used in the extraction. The ethanolic and 
methanolic extracts had a crusty form, whereas the 
viscosity of the hexane and chloroform extracts was thick 
and greasier in appearance, and the viscosity of the 
ethanolic extract was crusty in appearance as well as in 
appearance. 

Panda et al. (2019) claimed that the solvent used in 
solid-liquid extraction is an essential component 
influencing the effectiveness of the process [23]. The type 
of solvent used in the extraction technique has a significant 
impact on determining physiologically active chemicals 
from plant material in the laboratory. The solvents 
employed in plant extraction must be non-toxic, easy to 
evaporate at cold temperatures, promote quick physiologic 
absorption of the extract, have preservation properties, and 
be incapable of causing the extract to be complex or 
dissociate during the extraction process. 

In our research, polar solvents such as methanol and 
ethanol demonstrated much greater antibacterial activity 
than less polar solvents such as chloroform and hexane. 
Several published research confirmed this study's findings; 
these studies tested different solvents to see if they could 
solubilize antibacterial compounds extracted from plants. 
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Lopez et al. (2016) and Albayrak et al. (2017) investigated 
the potential of a range of solvents to solubilize 
antimicrobial from Clidemia sp. in a variety of conditions 
[6, 21]. The extraction solvents employed in these 
experiments were methanol, ethanol, and chloroform. As a 
result, even at low concentrations of up to 50 µg/ml, 

ethanol and methanol were efficient against Gram-positive 
and Gram-negative bacteria. 

The antimicrobial activity of the plant extracts was first 
determined using disc diffusion, followed by the 
determination of the minimum inhibitory concentrations 
(MICs) (Table 2). 

 
Table 2. Antimicrobial activity (zone of inhibition) of methanol crude extracts of C. capitellata 
 

Microorganisms -Ve Control + Ve Control 
Concentration (mg/ml) 

10 5 2.5 
B. subtilis  NA 31.18±0.0 15.13±0.15 13.2±0.20 11.47±0.15 
E.coli NA 34.85±0.0 26.84±0.0 24.16±0.0 20.87±0.0 
P. aeruginosa NA 14.36±0.0 9.45±0.0 8.56±0.0 6.75±0.0 
S. aureus NA 26.84±0.0 15.1±0.10 13.07±0.12 10.03±0.06 
S. marcencens NA 24.44±0.0 12.43±0.12 10.27±0.21 9.03±0.06 
S. choleraesuis NA 32.06±0.0 14.55±0.0 13.59±0.0 13.26±0.0 
NA (not applicable) 
± Standard deviation of triplicate readings.  
(-Ve) Control = 10 % DMSO  
(+Ve) Control = Chloramphenicol 20 μg/ml 
 

The findings of the disc diffusion experiment revealed 
that the concentration of the extracts had a statistically 
significant increasing effect on bacterial growth inhibition 
(P<0.05) as the concentration of the extracts increased 
(Figure 3). Among methanolic extracts, E.coli showed the 

greatest inhibitory activity (26.84±0.0 mm), with the largest 
inhibition zones being recorded in E.coli. 6.75±0.0 mm was 
the smallest inhibitory zone measured in P. aeruginosa and 
was the lowest recorded in any other bacteria. 

 

 
Figure 3. Disc diffusion assay of Clidemia capitellata methanolic extract in E. coli. 1=10 mg/ml C. Capitellata methanolic extract, 2=0.1% 
chloramphenicol, 3=10 % DMSO 
 

Data from the disc diffusion assay of the plant extracts 
revealed that methanolic extracts at concentrations ranging 
from 10 to 2.5 mg/ml had potential antimicrobial activity. 
As a result, these extracts were tested on the same bacterial 
species again to identify the minimum inhibitory 

concentrations (MICs). The minimum inhibitory 
concentration test result demonstrated that MICs varied 
according to the microorganism strain tested. The greatest 
activity was shown in methanolic extracts of C. capitellata 
against the bacteria E. coli (MIC 62.5 µg/ml) (Table 3).
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Table 0. Minimum inhibitory concentration (µg/mL) of methanolic extracts of C. capitellata 
 

Bacteria Minimum concentration (μg / mL) (+) control 
E. coli 62.5 15.7 
S. aureus 125 31.5 
B. subtilis 125 31.5 
P. aeruginosa 125 31.5 
S.choleraesuis 500 31.5 
S. marcencens 125 31.5 
 

For antioxidant activity, the leaves extract of                
C. capitellata was most effective (28.60±1.54). The leaves 
extract tested positive for total phenols, total flavonoids, 
tannins, terpenes, and steroids but negative for alkaloids. 
Total phenolic contents obtained were 80.78±0.06 of the 
extract and total flavonoid contents obtained were 
64.64±0.10 of the extract, respectively. The results indicate 
that an extract having significant free radical scavenging 
also included a greater concentration of total flavonoids and 
polyphenols, implying a direct relationship between their 
presence and antioxidant activity. The presence of 
substances known to have pharmacological and 
physiological actions in plant extracts was discovered 
through the phytochemical examination of the extracts [24]. 

Plant extracts were discovered to include a variety of 
previously undiscovered phytochemicals, including 
phenols, flavonoids, tannins, terpenes, and steroids. The 
phenolic compounds are the most common and extensively 
distributed families of plant metabolites, accounting for 
approximately one-third of all plant metabolites [25]. The 
chemicals compounds exhibit anti-aging, anti-apoptotic, 
anti-inflammatory, anti-carcinogenic, cardioprotective, 
endothelial function enhancing effects, anti-atherosclerosis, 

and as well as the ability to suppress vasculature and cell 
growth [26]. A thorough investigation has been carried out 
to study the antioxidant effects of medicinal plants that 
contain high concentrations of phenolic chemicals [6,21]. 

Phytochemicals such as flavonoids, phenolic acids, 
tocopherols, and others are found in abundance in plants, 
and they account for the vast majority of natural 
antioxidants [27]. Bacterial growth is prevented by tannins, 
which bind to proline-rich proteins and hinder their 
production. A class of phenolic compounds known as 
flavonoids is produced by plants in response to pathogenic 
microorganisms infection. Flavonoids exhibit antibacterial 
properties against a wide variety of pathogens in vitro. 
These bacteria' tendency to develop complexes with 
proteins and other macromolecules, as well as with the 
bacterial cell membrane, is most probably the cause for 
their proliferation [28].   

Apart from that, they are potent antioxidants with 
anticancer potential [29-31]. Because of their interactions 
with other molecules, such as sex hormones, steroids have 
been proven to have antibacterial properties. They are 
extremely important compounds because of their 
antibacterial properties [32]. 

 
Table 4. Screening of phytochemical profile and free radical sequestration of C. capitellata extracts 
 

Total phenols 
(mg EGA/g) 

Total flavonoids 
(mg EQ/g) Alkaloids Tannins Terpenes/Steroids Scavenging effect 

(%) 
80.78 ±0.06 64.64±0.10 - + + 28.60 ± 1.54 

(+)  = Present 
(-)  = Not Present 
 
CONCLUSION 
 
The C. capitellata extracts evaluated in this study are a very 
promising source of substances with antioxidant and 
antimicrobial properties. This plant must be emphasized for 
all tests carried out to demonstrate its activity. There must 
be a strong emphasis on this plant in all tests conducted to 
demonstrate its functionality. New chemical, 
pharmacological assessments and the separation of the 
active compounds from the extracts should be conducted to 
demonstrate the links and mechanisms behind their 
antibacterial and antioxidant properties. 
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