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Abstract

The objective of this study was to evaluate the phytochemical of the extracts of the leaves of Malus pumila palnt and explore
their antiradical and antimicrobial activities. Phytochemical screening revealed the presence of tannins, flavonoids, and po-
lyphenols in the extracts prepared using chloroform, petroleum ether, and ethyl acetate solvents. Quantitative assays of po-
lyphenols, total flavonoids, and tannins showed that the chloroform extract obtained using the Soxhlet method contained
the highest content of polyphenols and flavonoids, respectively at (242.59+1.73 ug EAG/mg of dry extract) and
(125.77+8.76 EQ/mg of extract), compared to the other extracts. All extracts demonstrated significant antiradical activity
against the DPPH radical and strong reducing power (FRAP). Additionally, growth inhibitory effects were observed for
most of the bacterial strains tested, including Escherichia coli, Staphylococcus, and Enterococcus faecalis, for all the extracts
of Malus pumila. These results suggest that this plant has beneficial potential that can be explored in vivo for certain physio-

logical functions.
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Introduction

Nature has been a source of medicine and herbal
systems for thousands of years, and continues to play an es-
sential role in primary health care around the world [1].
Medicinal plants are of primary interest to humans for their
therapeutic potential, and have been used in traditional
practices since antiquity [2]. They represent a source of
bioactive compounds such as alkaloids, essential oils, tan-
nins, saponins, phenolic compounds, and flavonoids [3]. In
light of the need for phytotherapy, this study aimed to in-
vestigate the biological and antioxidant properties of apple
leaves. The apple tree (Malus pumila) belongs to the
Rosaceae family and has been shown to have antioxidant
properties in numerous studies [4]. As a result, the apple
tree has been found to reduce the risk of cardiovascular dis-
ease [5]. Apple leaves, which are often considered waste
products, could potentially be a valuable raw material for
the preparation of extracts or phenolic antioxidants [6].
There are several potential mechanisms of action for the
bioactive compounds identified in apple leaves, which may
contribute to their health benefits. The leaves contain
phenolic compounds, such as flavonoids and phenolic
acids, that can act as antioxidants and scavenge free radicals
in the body, reducing oxidative stress and preventing cellu-
lar damage. Secondly, several studies have suggested that ap-
ple leaf extract may have a beneficial effect on glucose
metabolism, reducing blood sugar levels and improving in-
sulin sensitivity. This may be due to the presence of com-
pounds such as phloridzin and quercetin. Phloridzin has
been shown to reverse glucotoxicity and reduce blood glu-
cose levels without increasing body weight, demonstrating
its benefits in the prophylaxis and treatment of type 2 dia-
betes [7]. Finally, apple leaves contain compounds such as
triterpenoids and catechins, which have been shown to have
antimicrobial properties, potentially helping to prevent in-
fections [8]. Overall, the bioactive compounds found in ap-
ple leaves may have a range of potential health benefits, con-

tributing to the overall nutritional value of the plant.

Nevertheless, some studies have suggested that
higher doses of apple leaf extracts may be toxic due to the
presence of compounds such as phlorizin, sorbitol, and hy-
droxycinnamic acids. Long-term consumption of apple

leaves or excessive doses of apple leaf extracts could lead to
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negative effects such as liver toxicity, kidney damage, and

oxidative stress.

The use of apple leaves has the potential to pro-
mote sustainable and environmentally friendly practices
through the extraction of their bioactive compounds. This
process can be achieved through the use of green technolo-
gies, such as supercritical fluid extraction, microwave-assist-
ed extraction, and ultrasound-assisted extraction, which
minimize the use of harmful chemicals and reduce the envi-
ronmental impact of the extraction process. Furthermore,
the bioactive compounds extracted from apple leaves have
demonstrated potential health benefits and can be utilized
in various industries, including pharmaceuticals, cosmetics,
and food. This provides an alternative source of these com-
pounds, which are traditionally derived from non-renew-

able sources or synthetic production methods [9].

The findings from the phytochemical evaluation
and determination of biological activities of Malus pumila
leaf extracts have broad practical applications in several
fields. These include medicine, where the extracts of Malus
pumila can be used to develop new drugs. In the food indus-
try, they can also be used as natural food color additives. In
agriculture, the extracts could be used as a natural pesticide

to protect crops from pests and fungal infections.

Materials and Methods
Plant Material

The botanical name of the plant used in this study
was Malus pumila. The leaves of the plant were collected
from the Sidi Aich region of Gafsa, Tunisia between March
and April 2021. The region is characterized by a longitude
of 8.8E, latitude of 34.683N, altitude of 522 m, and an annu-
al rainfall of 150 mm. After collection, the leaves were
cleaned and allowed to dry for 15 days at room temperature
(37°C) away from direct sunlight. Once dry, the leaves were

crushed.

Preparation of Malus Pumila Extracts

The extracts were prepared using the following

method
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Soxhlet Extraction

Soxhlet extraction is a simple and convenient
method that allows for the extraction cycle to be repeated
infinitely with fresh solvent until the complete depletion of
the solute in the raw material (Figure 1). The extraction was
carried out in several cycles using 9 g of leaf powder in 250
ml of solvent (ethyl acetate, chloroform, and petroleum
ether). The solvents used in the extraction process were clas-
sified according to their polarity. The extraction was carried
out for 6 hours at temperatures between 30 and 60'C. When
the solution in the thimble became clear, it signified that the
oil had been completely extracted, and the apparatus was

switched off. The extraction process consisted of 7 cycles.

3

After filtration, the extract was dried under heat and then

scraped.

Yield Calculation

The yield is calculated as the ratio between the
weight of the extract obtained and the weight of the dry
plant matter, and is expressed as a percentage using the fol-

lowing formula.
R (%) = Pb/Pa* 100

Where R is the yield in percentage, Pa is the
weight of the extract obtained in grams, and Pb is the

weight of the plant biomass in grams.

Figure 1: Soxhlet (a) after 1st cycle (b) Soxhlet after 7th cycles

Phytochemical Tests
Qualitative Assays

This assay makes it possible to detect the different

chemical families present in plants by coloring reactions.
Phenolic Compounds Test

The extract was dissolved in 3 mL of distilled wa-
ter and 5 drops of FeCl3 were added to it. The development

of the greenish color indicates the presence of phenols [10].

Flavonoid Test

The presence of flavonoids is confirmed by adding
the extract to 100 pL of concentrated HCl and a few pieces
of magnesium, resulting in the appearance of a red or

orange color.

Tannin Test
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The extract was tested for the presence of tannins
using iron trichloride (FeCl3) 1% solution. Gallic tannins
presence is indicated by a black-blue colour while catechin

tannins presence is indicated by a greenish-blue colour.

Quantitative Assays
Assay of Total Polyphenols

The assay for total polyphenols was conducted fol-
lowing the method of Singleton et al. (1999) [11] using the
Folin-Ciocalteu reagent. To begin, 50 pL of diluted plant ex-
tract was mixed with 1 mL of Folin-Ciocalteu reagent. After
4 minutes, 500 pL of 7.5 g/L sodium carbonate (Na,CO;)
was added. The reaction mixture was then incubated for 30
minutes in the dark at room temperature, after which the ab-
sorbance was measured at 725 nm. The concentration of to-
tal polyphenols was determined using the calibration curve

regression equation (y = 0.001x, R* = 0.9285) obtained with
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gallic acid as a positive control at concentrations ranging
from 50-200 pg/mL and was expressed in micrograms of gal-
lic acid equivalents per milligram of extract (ug EAG/mg of

extract).

Dosage of Flavonoids

The quantification of flavonoids was carried out
using an adapted method with aluminum trichloride and
sod [12]. Briefly, 500 uL of the extract was added to a 5%
sodium nitrite solution (150 uL) and 2 mL of distilled water.
The tubes were incubated at room temperature for 6 min.
Then, a 10% solution of aluminum chloride (75 pL) was add-
ed to the mixture, followed by 2 mL of 1 M sodium hy-
droxide. The solution was shaken well and incubated for 15
min, and the absorbance was determined at 510 nm. To
quantify flavonoids, a calibration curve regression equation
(y = 0.0006x, R* = 0.972) was prepared using quercetin solu-
tions as a positive control at different concentrations (100,
250, 500, 750 ug/mL). The results are expressed in pg of
quercetin equivalents per milligram of extract (ug EQ/mg of

extract).

Dosage of Condensed Tannins

Condensed tannins were quantified using the
vanillin method under acidic conditions. This method is
based on the reaction between vanillin and condensed tan-
nin units in the presence of acid, resulting in the formation
of a colored complex that is measured at 500 nm [13]. To
perform the assay, 200 uL of the sample or standard solu-
tion is added to 3 mL of a vanillin solution (4% in
methanol) and 1.5 mL of concentrated hydrochloric acid,
and incubated for 15 minutes. The concentration of con-
densed tannins is determined using a calibration regression
equation (y = 0.0008x, R* = 0.9008) established with tannic
acid (0-300 pg/mL) and expressed in micrograms of tannic
acid equivalent per milligram of extract (ug TAE/mg of ex-

tract).

Antibacterial Activity
Test Microorganisms

The extracts were screened against three bacterial
strains: Escherichia coli (ATCC25922), Staphylococcus au-
reus (ATCC29213), and Enterococcus faecalis (ATC-
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(C29212), which were identified and obtained from the hos-
pital in the Gafsa region. Imipenem, Linezolid, and Ticar-

cillin were used as reference antibiotics.
Agar-well Diffusion Method

The antibacterial activity of the extracts was evalu-
ated using the agar well-diffusion method. The bacterial
strains were first cultured on Muller Hinton medium to ob-
tain isolated colonies. After 24 hours of incubation at 37°C,
four or five colonies were isolated and transferred into a
tube containing distilled water, and the turbidity was adjust-
ed to 0.5 McFarland standard. Using a sterile Pasteur
pipette, four wells of 6 millimeters in diameter were made,
well-spaced from each other. Then, 20 pl of each extract con-
centration (C1: 10 mg/ml, C2: 10 mg/ml) was poured into
the wells. The Petri dishes were kept for 1 hour and incubat-
ed at 37°C for 24 hours. The results were expressed as the

zone of growth inhibition surrounding the wells.
Statistical Analysis

All biochemical and bioactivity experiments were
carried out three times, and for each experiment, three bio-
logical replicates were performed. All data were expressed

as the mean

+ SE (standard error of the mean). Significance lev-
el was determined (p<0.05) and significant difference was se-

parated using Duncan’s Multiple Range Test.

Results and Discussion
Yield of extraction

The most important yield obtained in this study,
in the extracts of the leaves of Malus pumila, was that of
ethyl acetate (EAS), which is around 6.3% than other extract
petroleum and chloroformed which were 3.51% and 3.21%
respectively. Our results differ from other studies [14]
which reported that the yield of ethanolic apple leaf extract
is equal to 13.6% (Figure 2).

This variability in yields can be attributed not only
to the geographical origin of the plant, but also to other fac-
tors such as the time of harvest and/or the way of conserva-

tion. Our results also confirm the studies carried out by
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Kim et al. [15], which showed that the method used (the vary the extraction yields, affecting the total content into se-
choice of solvents), the conditions under which the extrac- condary metabolites. The biological activities explored by th-
tion is carried out (hot or cold) and the extraction time, can ese metabolites can also be varied.
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Figure 2: Yields of different extracts of (Malus pumila) with soxclet method: ethyl aceta (EAS), chloroform (ChlS), petroleum ether extract
(EPS). Each value represents the mean + SD (n = 3 trials for each sample)

Phytochemical Screening screening conducted on the leaves of Malus pumila, which
revealed that all extracts were rich in bioactive compounds

Table 1 presents the results of phytochemical such as flavonoids, phenolic compounds, and tannins.

Table 1: Phytochemical test results of different extracts of (Malus pumila) with soxhlet: Ethyl acetate, chloroform, Petroleum ether. Each val-
ue represents the mean + SD (n = 3 trials for each sample)

flavonoids Polyphenols Condensed tannins
EAS ++ + +++
ChlS + ++ +
EPS + ++ +

+: positive; ++: Very positive; +++: Highly positive. The number of "+" is a function of the intensity of the coloring

Total Phenol, Flavonois and Tannins Content lyphenols and flavonoids in this extract were 242.59 + 1.73

ug EAG/mg of dry extract and 125.77 + 8.76 EQ/mg of ex-

The results obtained were illustrated in figure (3) tract, respectively. These levels are higher than those report-

and showed the chloroform extract obtained by the Soxhlet ed in other studies which estimated the levels of po-

method had the highest levels of polyphenols and lyphenols and flavonoids to be 163.35 + 4.36 ug EAG/mg
flavonoids compared to the other extracts. The levels of po- and 45.02 * 0.90 ug EQ/mg, respectively [1].
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Figure 3: Levels of polyphenols, flavonoids and Tanins in the different extracts of (Malus pumila). Each value represents the mean + SD (n =

3 trials for each sample)

Anti-Radical Activity
Anti-Radical Activity Against the DPPH Radical

Based on the results obtained, it can be inferred
that the anti-radical activity against the DPPH radical
studied in vitro is dose-dependent, as shown in Figure 4.
The increase in extract concentration correlates with an in-
crease in anti-DPPH activity. These results were quantified

using the IC50 parameter, which is the concentration of the

substrate that leads to a 50% reduction in activity. Lower
IC50 values indicate more potent anti-radical activity. In
this study, the extract with the lowest IC50 value exhibited
the most powerful anti-radical activity, and the concentra-
tion of the extracts yielded a value of CI50= 500 pg/mL.
This reflects a potent antioxidant activity compared to the
other extracts. These findings support the results of a previ-
ous study by Pranas et al [15], which reported that Malus ex-

tracts showed significant antioxidant potential.
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Figure 4: Antiradical activity of different extracts of Malus pumila with soxhlet : ethyl acetate, chloroform (ChlS), petroleum ether extract

(EPS). Each value represents the mean + SD (n = 3 trials for each sample)

Iron Reduction Test (FRAP)
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The reducing power of apple leaf extract and BHT

standard were represented in the figure 5. The results
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showed that the reducing power increased with the concen-
tration. Indeed, the extract (EPS) has the highest reducing

power. The work of Pranas et al [15] reinforced our deduc-

tions reporting that the richness of apple tree extract in sev-
eral bioactive compounds stimulates its antioxidant capaci-

ties to neutralize the free radicals generated.
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Figure 5: Graphic representation of the reducing power of different extracts of Malus pumila. ethyl acetate, chloroform, petroleum ether ex-

tract. Each value represents the mean + SD (n = 3 trials for each sample)

In this study, the antibacterial activity of Malus pu-
mila extract was evaluated using the well diffusion method
on three bacterial strains: Staphylococcus aureus,
Escherichia coli, and Enterococcus faecalis. IMIPENEM,
LINEZOLID, and TICARCILLIN were used as reference
antibiotics for E. coli, E. faecalis, and S. aureus, respectively,
while DMSO served as a negative control. The results, pre-
sented in Table 2, showed that the different strains exhibit-
ed sensitivity to the various extracts, with inhibition zones
ranging from 22 to 34 mm for the reference antibiotics. The

results differed from those found by Sowa et al. [17], who re-

ported that Malus domestica leaf extracts only exhibited
growth inhibitory activity against two Gram-positive bacte-
rial strains, Staphylococcus aureus and Enterococcus fae-
calis, and against the Candida glabrata fungus strain. The an-
timicrobial effect of a substance depends on both its concen-
tration and the sensitivity of the microorganism to the subs-
tance. In 2016, Sowa et al. demonstrated that Malus domesti-
ca extracts contain a sufficient concentration of phenols to

exhibit antibacterial activity.

Antibacterial activity

Table 2: Variation in the diameters of the zones of inhibition in the strains studied of different extracts of (Malus pumila) with sohslet meth-

ods : Ethyle acétate (EAS), chloroforme (ChlS), petroleum ether (EPS). each value represents the mean + SD (n = 3 trials for each sample)

Echerchia coli StaphylococcusAureus Enterococcus faecalis
EAS DMSO - - -
C1 8+1 7.33+£0.57 8.5+0
C2 9.66+0.57 13.33+1.15 12.33+0.57
Antib 3210 23.66+1.52 33.33%1.15
DMSO - - -
EPS C1 6,33+0,57 6.66+1.15 6.33+0.57
c2 8,33+0,57 8.33+0.57 9+0
Antib 32+0 24+1 32.66%0.57
DMSO - - -
C1 6,33+0,57 6.66+0.57 6.66+0.57
ChlS C2 8.33%1.15 9.33+0.57 8.66+0.57
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Antib 31.33+1.15 22+0.57 3240
DMSO - - -
C1 7.33+0.57 7%1 8.33+0.57
Conclusion the body and informs its potential for drug development.

The bioactive compounds identified in apple
leaves may have a range of potential health benefits, includ-
ing anti-inflammatory, antioxidant, anti-diabetic, and an-
ti-obesity effects. It has been reported that the antioxidant
activity of apples is highly correlated with the total phenolic
content, and epicatechin and procyanidin are significant
contributors to the antioxidant activity of individual com-
pounds. The process of investigating the pharmacokinetics
and pharmacodynamics of active compounds involves
studying how the body interacts with the drug, including its
absorption, distribution, metabolism, and excretion. This

helps to understand the drug's mechanism of action within

JScholar Publishers

Through this research, drug developers can identify poten-
tial therapeutic benefits and side effects, evaluate the appro-
priate dosage and formulation, and assess drug efficacy and

safety.
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