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Abstract

Background: The rapid rise of microbial resistance to traditional antibiotics has caused grave 
concerns for the treatment of infectious diseases. This serious problem increases the demand 
for significant plant-based antibacterial and antimicrobial drugs. Kalanchoe pinnata is one of 
the plants that has had significant antibacterial effects due to the presence of a wide range of 
bioactive compounds, so it could be an effective substitute for the current synthetic antibiotics.

The study aimed to evaluate the anti-bacterial and antioxidant properties of a methanolic 
extract of Kalanchoe pinnata leaves.

Materials and Methods: The preliminary phytochemical screening was performed using 
standard biochemical assays. The anti-bacterial activity was determined against multidrug-
resistant E. coli and S. aureus using the well-diffusion method. The 2,2-diphenyl-1-picrylhydrazyl 
and ferric ion reducing antioxidant potential assays were used to evaluate the antioxidant activity. 

Results: The methanolic extract of Kalanchoe pinnata leaves showed the presence of flavonoids, 
saponins, steroids, phenol, quinones, and proteins. The remarkable anti-bacterial activities were 
displayed against multidrug-resistant E. coli and S. aureus, with minimum inhibitory concentration 
values of 50 mg/mL and 12.5 mg/mL, respectively. The significant antioxidant activity was exhibited 
in 2,2-diphenyl-1-picrylhydrazyl and ferric ion reducing antioxidant potential assays.

Conclusion: The results of this investigation suggested that the Kalanchoe pinnata extract 
may be useful as an alternative for antibiotics and may have pharmacological promise in the 
treatment of many diseases.
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which has been widely documented across the 
world [Sahin A et al., 2019]. It is a major issue 
when harmful bacteria become resistant to specific 
drugs, and the rise of multidrug-resistant strains 

Introduction

Infectious diseases are regarded as a serious 
concern for global health, and their consequences 
are on the increase throughout the globe, owing 
mostly to drug resistance to pathogenic bacteria, 
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constitute a growing challenge in the management 
of bacterial infections [Chattopadhyay D, 2010]. 

In recent times, there have been increases in 
antibiotic-resistant strains of clinically important 
pathogens, which have led to the emergence of 
new bacterial strains that are multi-resistant 
[Pattewar S et al., 2013]. The search for novel an-
timicrobial agents to combat resistance has always 
been a primary research focus for the pharmaceuti-
cal sector [Abreu A et al., 2012]. The discovery 
and development of novel active compounds ca-
pable of partially or totally inhibiting the resis-
tance mechanisms of bacteria is a significant pro-
spective approach to addressing the resistance 
issue [Walker E, Levy F, 2001].

Numerous studies focused on developing novel 
alternative pharmaceuticals to alleviate resistance is-
sues. Scientists have been interested in phytochemi-
cals from plants for a long time because of their vari-
ety in structure, lack of negative side effects, and 
higher level of public acceptance [Geddawy A et al., 
2023; Ferrazzano G et al., 2015]. Traditional medi-
cines are a vital component in healthcare sectors all 
over the world. Plants and plant extracts are used as a 
primary source of healthcare for around three-quar-
ters of the worldwide population. The medicinal 
plants are regarded as a sustainable and appealing 
source of antimicrobial compounds, with several in 
vitro studies proving the pharmacological activities 
of phytoconstituents as an alternative source for anti-
biotics [Abreu A et al., 2012]. The majority of thera-
peutically useful compounds derived from plants are 
secondary plant metabolites. Depending on the spe-
cies, the geography, and the climate of the nation of 
origin, they have a broad spectrum of activities and 
may possess various types of bioactive components 
[Savoia D, 2012].

Kalanchoe is a genus with numerous species, 
the majority of which are employed as medicinal 
agents to cure a variety of health conditions [Ra-
jsekhar P et al., 2016]. The bufadienolides found 
in the leaves are a class of extremely potent com-
pounds that have attracted the attention of re-
searchers [Quazi M et al., 2011].

Kalanchoe pinnata is traditionally used to treat 
diarrhoea, chlamydia, cithiasis, earaches, rheuma-
tism, burns, inflammation, ulcers, abscesses, in-
sect bites, and whitlow [Biswas S et al., 2011]. Ka-
lanchoe pinnata is one of the plants reported to 

have beneficial antibacterial properties. Hence, 
this plant is a viable alternative to the present syn-
thetic antibiotics since it contains bioactive com-
ponents that suggest its antibacterial activity 
against pathogenic microbes and has a number of 
therapeutic effects [Tajudin N, Ismail N, 2022]. 
The current study is to evaluate the anti-bacterial 
and antioxidant properties of methanolic extract of 
Kalanchoe pinnata leaves.

Materials and methods

Sample collection: The leaves of Kalanchoe 
pinnata were collected from nearby nursery. The 
collected leaves were washed thoroughly using 
sterile distilled water, and they were shade dried at 
room temperature. The dried leaves were finely 
pulverised and stored in sealed containers.

Extract preparation: 20 g of powdered Kalan-
choe pinnata leaves were inserted in a porous bag in 
the Soxhlet apparatus. A 200 mL methanol solution 
was added to the extractor, which was then heated to 
60°C and left for six hours for the optimum extrac-
tion of phytoconstituents. The solvent was evapo-
rated, and the obtained extract was stored for further 
analysis [Mohamad C et al., 2023].

Phytochemical screening: The preliminary 
phytochemical screening was performed to detect 
the existence of phytochemicals such as tannins, 
flavonoids, saponins, steroids, terpenoids, glyco-
sides, phenols, alkaloids, quinones, and proteins 
using the methods described in the previous works 
[Jyothiprabha V, Venkatachalam P, 2016; Boggula 
N, Peddapalli H, 2017].

Anti-bacterial activity: Bacterial strains: Two 
different multi-drug-resistant bacterial strains, 
such as multidrug-resistant E. coli and S. aureus, 
were used to analyse the anti-bacterial activity of a 
methanolic extract of Kalanchoe pinnata leaves. 

Antibiotic Sensitivity Test - Disc diffusion 
method: The Mueller-Hinton medium was steril-
ised and poured into the sterile petri dishes. The 
overnight-grown cultures of test bacteria such as 
multidrug-resistant E. coli and S. aureus were in-
oculated into the agar plates, respectively. The 
standard antibiotic discs like cefmetazole, cipro-
floxacin, streptomycin, ampicillin, and tetracy-
cline are placed on an agar surface seeded with test 
bacterial strains. Then, the plates were incubated 
overnight and checked for an inhibitory zone 



101

The New Armenian Medical Journal, Vol. 18 (2024), Is.3, p. Poyil M.M et al.99-105

around each disc [Boggula N et al., 2017].
Anti-bacterial activity - Well-diffusion method: 

The anti-bacterial activity of the methanolic ex-
tract of Kalanchoe pinnata leaves was assessed 
using the well diffusion method against multidrug-
resistant E. coli and S. aureus. 0.1% of overnight 
cultures of test organisms were swabbed through-
out the Mueller –Hinton agar surface with a sterile 
cotton swab. Different concentrations of methano-
lic extract of Kalanchoe pinnata leaf extract such 
as 0.125 g, 0.25 g, 0.5 g, and 1 g were introduced 
to the wells, respectively and the plates were incu-
bated overnight at 37ºC. The diameter of the re-
sulting zone around the well was measured and 
recorded in millimetres [Boggula N et al., 2017].

Minimum Inhibitory Concentration: The resa-
zurin method was used to evaluate the minimum 
inhibitory concentration of the methanolic extract 
of Kalanchoe pinnata leaves against multidrug-
resistant E. coli and S. aureus, respectively. A ster-
ile 96 well microtiter plate was added along with 
100 µl of methanolic extract of Kalanchoe pinnata 
leaves, and 50 µl of nutritional broth was pipetted 
into each of the remaining wells. Each well con-
tained 50 µl of the test material, which was diluted 
in successive steps to ever-lower quantities. Fol-
lowing the addition of 10 µl of Resazurin to each 
well, the appropriate test organisms [5 X106 cfu/
mL] were then added. 

The minimum bactericidal concentration value 
was determined when there was no growth or de-
velopment of the bacterial colony from the directly 
plated contents of the microtiter plate wells [Sarker 
S et al., 2007; Elshikh M et al., 2016].

Antioxidant activity: The antioxidant activity 
of the methanolic extract of Kalanchoe pinnata 
leaves was determined using 2,2-di-phenyl-1-pic-
rylhydrazyl (DPPH) radical scavenging and the 
ferric ion reducing antioxidant potential (FRAP) 
assay. Ascorbic acid was used as a standard.

DPPH radical scavenging assay: Methanolic 
extracts of Kalanchoe pinnata leaves at various 
concentrations [25, 50, 75, 100, 250, 500, 750, and 
1000 µg/mL] were each combined with 3 mL of a 
0.1 mM methanolic DPPH solution and incubated 
at room temperature for 30 min. The optical den-
sity was assessed using a UV-Vis spectrophotom-
eter at λ = 571 nm. Inhibition was estimated bythe 
following formula: 

Inhibition (%) =   AC-AS ×100AS

where AC is Absorbance of Control, AS - Absor-
bance of Sample.

FRAP assay: The FRAP reagent solution, 
which consists of 10 mM TPTZ, 20 mM FeCl3.6H2O, 
and 300 mM sodium acetate buffer in a 10:1:1 
ratio, was made and kept at 37°C. The various ali-
quots of methanolic extract of Kalanchoe pinnata 
leaves were mixed with 3 mL of FRAP reagent so-
lution. The test tubes with the reaction mixture 
were incubated at 37°C for 30 min, and the absor-
bance was determined at a wavelength of 610 nm.

Results

Phytochemical screening: The methanolic ex-
tract of Kalanchoe pinnata leaves showed the pres-
ence of flavonoids, saponins, steroids, phenol, qui-
nones, and proteins. The phytochemicals such as 
tannins, terpenoids, glycosides, and alkaloids were 
absent in the Kalanchoe pinnata extract. The re-
sults of preliminary phytochemical screening were 
given in table 1.

Antibiotic sensitivity test: The tested bacteria, 
such as multidrug-resistant E. coli and S. aureus, 
were resistant to standard antibiotics like strepto-
mycin, cefmetazole, ciprofloxacin, ampicillin, and 
tetracycline. No inhibitory zone was observed for 
multidrug-resistant S. aureus around any of the an-
tibiotic discs. The growth of multidrug-resistant E. 
coli was slightly inhibited by the streptomycin 
with zone of inhibition 4 mm (Fig. 1).

Table 1. 
Phytochemical screening of Meth-

anolic extract 
of Kalanchoe pinnata leaves

Phytochemicals K. pinnata 
extract

Tannin -
Flavonoids +
Saponin +
Steroid +
Terpenoid -
Glycoside -
Phenol +
Alkaloid -
Quinone +
Protein +
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Anti-bacterial activity: All the tested concen-
trations of methanolic extract of Kalanchoe pin-
nata leaves exhibited antibacterial activity against 
the multidrug-resistant E. coli as well as the multi-
drug-resistant S. aureus. The maximum inhibitory 
zone obtained for multidrug-resistant E. coli was 
19 mm and 17 mm for S. aureus. The minimum in-
hibitory zones observed for multidrug-resistant E. 
coli and S. aureus were 9 mm and 8 mm, respec-
tively, at 0.125 g of extract. The multidrug-resis-
tant E. coli was found to be more susceptible to the 
methanolic extract of Kalanchoe pinnata than the 
multidrug-resistant S. aureus. The anti-bacterial 
activity of the Kalanchoe pinnata extract was in-
creased with increasing concentrations of the ex-
tract (Fig. 2).

Figure 1. Antibiotic sensitivity test for the bacterial 
pathogens E. coli (A) and S. aureus (B).

Figure 2. Anti-bacterial activity of methanolic extract of 
Kalanchoe pinnata for the E. coli (A) and S. aureus (B).

Figure 3. Minimum Inhibitory Concentration of the ex-
tract of Kalanchoe pinnata– Resazurin method

Figure 4. Minimum Bactericidal Concentration of the ex-
tract of Kalanchoe pinnata for the E. coli and S. aureus

         12.5 25   50   75    100      250     500       750     1000 
Concentration Kalanchoe pinnata (µg/mL)

Minimum inhibitory concentration and mini-
mum bactericidal concentration: The minimum 
inhibitory concentration value of a methanolic ex-
tract of Kalanchoe pinnata was determined to be 
50 mg/mL and 12.5 mg/mL for multidrug-resistant 
E. coli and S. aureus, respectively (Fig. 3). The 
minimum inhibitory concentration of the methano-
lic extract of Kalanchoe pinnata plated on the agar 
plates didn’t show any inhibitory zone. Hence, the 
minimum bactericidal concentration value was 
also the same as the minimum inhibitory concen-
tration (Fig. 4).

Antioxidant activity

DPPH radical scavenging assay: The absor-
bance shift caused by lowered DPPH was utilised 
to assess the potential of plant extracts to serve as 
antioxidants against free radicals. The methanolic 
extract of Kalanchoe pinnata scavenged the DPPH 
radicals in a concentration-related manner. The 
highest percentage of inhibition recorded was 
73.98 at a concentration of 1000 µg/mL. The mini-
mum DPPH scavenging percentage was 1.43 at 25 
µg/mL. The IC50 was found to be 154.52 µg/m.

FRAP assay: The maximum FRAP value ob-
tained at 1000 µg/mL was 71.62, whereas the min-
imum value was observed to be 16.01 at 25 µg/mL. 
The IC50 value was calculated to be 127 µg/mL. 

Discussion

Plants are now being looked at as potential 
sources of powerful antibacterial agents [Ojo O et 
al., 2007]. Kalanchoe sp. have ethnopharmacolog-
ical uses everywhere they are found and are some-
times referred to as “wonder leaves” due to their 
usage in healing a variety of diseases. The potent 
antibacterial capabilities of Kalanchoe species 
have been proven [Richwagen N et al., 2019].

The present study investigated the anti-bacte-
rial and antioxidant properties of a methanolic ex-
tract of Kalanchoe pinnata leaves. Preliminary 
phytochemical screening carried out using stan-

A

A

B

B
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dard assays showed the presence of flavonoids, al-
kaloids, saponins, tannins, steroids, and phenols in 
the ethanolic and aqueous leaf extracts of Kalan-
choe pinnata [Hamilton-Amachree A, Uzoekwe N, 
2022]. The methanolic extract (60%) of Kalanchoe 
pinnata leaves exhibited bactericidal action against 
five out of eight tested bacteria at a concentration 
of 25 mg/mL. Shigella dysenteriae, Proteus vul-
garis, Bacillus subtilis, and S. aureus were shown 
to be inhibited, while Klebsiella pneumoniae, P. 
aeruginosa, and Candida albicans were found to 
be resistant to the extract [Akinpelu D, 2000]. The 
findings of Biswas et al. (2011) demonstrated the 
potent anti-bacterial activity of the ethanolic ex-
tract of the Kalanchoe pinnata leaves against S. 
dysenteriae, E. coli, and P. aeruginosa, with the 
zone of inhibition ranging from 6.0 0.35 to 8.2 
0.22 mm. Interestingly, the growth of pathogenic 
bacteria such as Clostridium perfringens, Salmo-
nella typhimurium, Staphylococcus aureus, and 
Enterobacter aerogenes were inhibited by the 
methanolic extract of Kalanchoe pinnata [Jassal P 
et al., 2019]. The bactericidal potential of the Ka-
lanchoe mortagei and Kalanchoe fedtschenkoi ex-
tracts was evaluated against the ESKAPE patho-
gens [Richwagen N et al., 2019]. The study of Su-
dayasa et al. (2022) disclosed the anti-bacterial 
activity of different concentrations of ethanolic 
extract [7.5%, 15%, 30%, 60%, and 100%] of Ka-
lanchoe pinnata leaves against Staphylococcus au-
reus and Salmonella typhi. The maximum zone of 
inhibition was recorded for 100% of Kalanchoe 
pinnata leaves against Staphylococcus aureus and 
Salmonella typhi, with average inhibitory zone di-
ameters of 22.25 mm and 23 mm, respectively.

The current study showed that the minimum in-
hibitory concentration values were 50 mg/mL and 
12.5 mg/mL for multidrug-resistant E. coli and S. 
aureus, respectively. Similarly, the minimum in-
hibitory concentration of an absolute methanol-
derived Kalanchoe pinnata extract was found to be 
10.6 0.53 mg/mL and 11.7 0.60 mg/mL for S. au-
reus and E. coli, respectively, using the Resazurin 
microtiter-plate assay [Saleem et al., 2015]. The 
findings of Desai P. (2014) revealed that the meth-
anol extract of Kalanchoe pinnata leaves inhibited 
the growth of E. coli and S. aureus with minimum 
inhibitory concentration values of 0.35 and 
0.7mg/100l of extract, respectively. However, the 

methanolic Kalanchoe pinnata leaf extract (60%) 
was tested for antibacterial activity, and the mini-
mum inhibitory concentration and minimum bac-
tericidal concentration values against Staphylo-
coccus aureus were determined to be 30 mg 
[Pattewar S, Patil D, 2014], which showed simi-
larities to our findings.

It has been suggested that the phenolic chemi-
cals, especially flavonoids, present in these medici-
nal plants may be responsible for their antioxidant 
properties since they include hydroxyl functional 
groups [Borkataky M et al., 2014]. The highest ab-
sorption of DPPH (a stable free radical) with a rich 
purple colour occurs at 517 nm. Thus, the methano-
lic extract of Kalanchoe pinnata leaves inhibited the 
DPPH free radicals in a concentration-related man-
ner. The ethanolic extracts of Kalanchoe pinnata 
showed a concentration-related inhibitory impact in 
the DPPH assay, where the maximal inhibitory ef-
fect was reported to be 49.5% (2000 g/mL) [Cano L 
et al., 2021]. The treatment of an alcoholic extract 
of Kalanchoe pinnata leaf extract in a dose-depen-
dent manner successfully scavenged the hydroxyl 
radicals produced in vitro. The extract dispersed the 
superoxide radicals generated in the in vitro media 
in a dose-related manner. The total antioxidant 
property of Kalanchoe pinnata extract was substan-
tial when compared to controls [Mohan S et al., 
2012]. Similarly, the work done by Jassal et al. 
(2019) with a methanolic extract of Kalanchoe pin-
nata leaves and stem exhibited concentration-de-
pendent DPPH inhibition.

The ability of plant extracts to convert the Fe3+-
TPTZ complex to Fe2+ ions in acidic environments 
is used as a sign of their potential as an antioxidant 
[Suksungworn et al., 2021]. Hence, according to 
our result, the methanolic extract of Kalanchoe 
pinnata affects the reduction of the Fe+3 TPTZ 
complex to a ferrous ion by acting as an electron 
donor. Likewise, the hydroalcoholic extract of the 
Kalanchoe pinnata leaves was evaluated using the 
ferric ion reducing antioxidant potential and Cu-
pric Reducing Antioxidant Capacity assays [Phatak 
and Hendre, 2014].

Conclusion

The methanolic extract of Kalanchoe pinnata 
contains the phytochemicals such as flavonoids, sa-
ponins, steroids, phenol, quinone, and protein. 
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Moreover, it has exhibited bactericidal action 
against multidrug strains such as multidrug-resis-
tant E. coli, and S. aureus. The potent antioxidant 
properties of the Kalanchoe pinnata extract was 
proved by its scavenging activity of 2,2-di-phenyl-

Acknowledgments: The authors are grateful to the Deanship of Scientific Research, Prince Sattam bin 
Abdulaziz University, Al-Kharj, Saudi Arabia for its support and encouragement in conducting the re-
search and publishing this report.

1-picrylhydrazyl and ferrous ion reducing power. 
Hence, the methanolic extract of Kalanchoe pinnata 
have the ability to serve as the antimicrobial agent 
to combat the multidrug resistance and also aids in 
the reduction of the reactive oxygen species levels.
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