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Abstract

Ziziphus jujuba, locally called Jabiije or Jabi in Fulfulde. It has anti-allergenic, anti-inflammatory,
analgesic, anti-hyperglycemic, central nervous system depressant, and immune-stimulating activities.
This study investigated the phytochemical composition of jujube leaves and assessed how these
constituents drive the plant's therapeutic effects. Central to this investigation was the determination of
their antimicrobial potential, specifically regarding antibacterial and antifungal activities. The
powdered plant sample (100 g) was percolated with absolute ethanol (1.5 dm3) for seven days. The
crude ethanol extract was macerated with 100 cm3 of petroleum ether four times to obtain the petroleum
ether extract (FO1). The insoluble fraction was macerated with 100 cm3 of chloroform four times to
obtain the chloroform fraction (F0.). The same procedure was carried out using ethylacetate and
methanol to obtain ethylacetate fraction (F0s) and methanol fraction (FOs). The result of extraction
revealed that methanol been highly polar has the highest yield of 1.138 g, petroleum ether, as non-polar
has the lowest yield of 0.32 g. Result of phytochemical screening confirmed the presence of alkaloids,
tannins, saponins, flavonoids, and steroids in all the extracts except tannins and flavonoids that were
found to be absent in only the petroleum ether fraction. The antimicrobial activity of the extracts showed
the potential of the plant's bioactive compounds to inhibit the growth of both candida (fungus) and E.
coli (bacterium). Ethylacetate extract exhibited the highest antimicrobial activity, with inhibition zones
of 33, 24, 16 and 15 (mm) for candida and 34, 28, 23 and 18(mm) for Escherichia coli at 100, 50, 25
and 12.5 (mg/mL) respectively whereas the Chloroform fraction exhibited the lowest antibacterial
activity, with inhibition zones of 30, 25, 17 and 15 (mm) for candida and 29, 25, 19 and 15 (mm), for
E. coli at 100, 50 25 and 12.5 (mg/mL) respectively. The minimum inhibitory concentration (MIC) for
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petroleum ether was 25 mg/mL for Candida whereas for E.coli was 12.5 mg/mL, the MIC in chloroform
was found to be 12.5 mg/mL for both Candida and E. coli.
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INTRODUCTION

Ziziphus jujube, locally called Jabiije or Jabi in Fulfulde and Magarya in Hausa. The fruits of
jujube are consumed worldwide as food and herbal medicine because of their impact on
human health and benefits (Khadivi and Beigi, 2021). Various parts of the plant such as fruits,
leaves, roots, and seeds have medicinal values and are beneficial for the treatment of different
diseases such as asthma, cough, inflammation, insomnia, anxiety, and laryngitis, as well as
heart, liver, and kidney diseases (Sobhani et al., 2019). The leaves of the plant are used for
hypoglycemic effects, as expectorant, to promote hair growth, as anticancer agent, sedative,
blood purifier, and in the treatment of diarrhea (Preeti and Tripathi, 2014). According to
traditional Persian medicine, it has many pharmacological properties which include anti-
pruritic and tranquilizing effects for renal and bladder pains. In Chinese, it is used to increase
appetite and treat diarrhea and fatigue (Aafi et al., 2022). Jujube has several chemical
constituents and beneficially affects multiple organs and tissues. These properties include
antioxidant, antimicrobial and neuroprotective activities. It also have health-promoting effects
including anti-aging properties (Aafi et al., 2022). Jujube increases body weight and strength
of the body muscles. It decreases body temperature, increases urine volume, accelerates
women’s period, calming and reinforcing agent and chases the phlegm (Koriem, 2023). It is
used to treat vision, skin inflammation, respiratory diseases, diabetes, skin itches, gastric
ulcers, and different skin wounds (Koriem, 2023). Ziziphus jujuba polysaccharides are used to
protect and cure infectious diseases and it possesses antiviral effects (Sulusoglu et al., 2014).
The triterpenes and triterp ene saponins are the major constituents and are used to treat vision,
hepatitis, respiratory diseases, gastric ulcers, and skin wounds (Koriem, 2023). Understanding
the chemical composition of jujube leaves can also lead to the development of new drugs and
therapies (Sulusoglu et al., 2014).

MATERIALS AND METHODS

All solvents used were of analytical grade. The following organic solvents include; absolute
ethanol, methanol, petroleum ether, chloroform, ethyl acetate and acetone were purchased
from Sigma-Aldrich. The materials used in the experiment include beakers, conical flasks,
measuring cylinders, spatulas, Petri dishes, test tubes, and filter papers. Distilled water was
obtained from analytical laboratory Department of Chemistry, Sule Lamido University, Kafin
Hausa Jigawa State. UV-visible spectrometer, weighing balance (Adventurer AR3130
OHAUS), Rotavapour (R110) were available at the instrumental laboratory Department of
Pure Chemistry, Sule Lamido University, Kafin Hausa Jigawa State.

The research involved the use of Mayer's reagent, ferric chloride (FeCls) solution, ethanol,
methanol, petroleum ether, distilled water, lead acetate solution, sodium hydroxide (NaOH)
solution, glacial acetic acid, concentrated sulfuric acid, chloroform, and ammonia, all serving
specific roles in the phytochemical screening and antimicrobial activity tests.

Sample Collection and Identification

Fresh leaves samples of Ziziphus jujuba were collected from Jahun Local Government, Jigawa
State, Nigeria. The leaves were identified and authenticated by Dr. Yusuf Nuhu, Department
of Plant Science, Bayero University Kano. The leaves were air dried for seven days at room
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temperature and crushed into fine powder, using a marble mortar and pestle. The powdered
leaves was stored in a clean container before using it.

Sample Preparation

The Leaves were washed and air-dried at room temperature for a period of seven days. It was
ground to powdered form. The powdered plant sample (100 g) was percolated with absolute
ethanol (1.5 dmd) for seven days and was shaken at regular intervals. It was then decanted,
filtered and evaporated on rotavapor (R110) at 40 °C to obtain crude ethanol extract,

Maceration of Crude Extract (Ethanol Extract)

The crude extract of the plant was macerated and fractionated into different fractions using
different solvents in order of increasing polarities. That is petroleum ether, chloroform, ethyl
acetate and methanol. The crude ethanol extract was macerated with 100 cm? of petroleum
ether four times to obtain the petroleum ether extract (FO:). The insoluble fraction was
macerated with 100 cm? of chloroform four times to obtain the chloroform fraction (F0>). The
insoluble fraction was further macerated with 100 cm3 of ethyl acetate four times to obtain the
ethyl acetate fraction (F0s). Finally insoluble was further macerated with 100 cm? of methanol
four times to obtain the methanol fraction (F04). All the fractions obtained (F01, F02, FO3, F04,)
were kept in a freezer (Attia et al., 2018).

Phytochemical Screening of the Extracts

A stock solution of each extract was prepared by dissolving about 5.0 g of dried powder in
the mother solvent (methanol) for the phytochemical screening. The screening of the extracts
for chemical constituents was performed according to the following methods:

Test for Saponins

The Extract (1 cm?) was shaken with 5 cm?of distilled water. The suspension was shaken in a
test tube for 15 minutes. The appearance of 2 cm? thick foam indicates the presence saponins
(Longbap et al., 2018).

Test for Alkaloid (Wagner's Test)
A few drop of Wagner's reagent are added to 2 cm? of plant extract along the side of test tube,
A Reddish-brown precipitate confirm the test as positive (+) for alkaloid (Longbap et al., 2018).

Test for Flavonoid (Alkaline Reagent Test)
2 cm? of 2 % NaOH was mixed with 2 cm? of the plant extract. Concentrated yellow color
confirm the presence of flavonoids (Ismail et al., 2016).

Test for Tannin (Braymer's Test)
About 2 cm?3 of extract was dissolved in 1ml of distilled water and 2 drops of ferric chloride
was added. A green black color confirmed the presence of tannins (Tukur ef al., 2020).

Test for Steroids (Liebermann-Burchardtest)

To about 2 cm? of extract, 2 cm? of acetic anhydride was added followed by the addition of 1
cm? of conc. HoSO4 which resulted in a colour change from pink to blue-green through red
indicating the presence of steroids (Ismail et al., 2016).

Procedure for Antimicrobial Screening

Preparation of the Media

The media used were nutrient Agar (NA) and potato Dextrose Agar (PDA) for antifungal and
antibacterial screening and were prepared according to manufacturer’s instructions. The
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media were prepared by weighing 28 g of nutrient Agar and 39 g of potato Dextrose Agar
(using digital weighing balance) and dispersed in a separate 1500 mL conical flasks that
contained 1000 mL distilled water each, the conical flasks were immediately plugged with
cotton wools and wrapped with aluminum foil and heated for complete dissolution. The
dissolved media were sterilized by autoclaving at 121 °C for 15 minutes and then cooled at
room temperature for 45 minutes and poured into sterilized petri-dishes, solidified for 24
hours before inoculation of the sample National Committee for Clinical Laboratory Standard
(NCCLS) (2004).

Collection of Pathogenic Organisms
The test Organisms consisting of bacterium (Echerichia coli) and fungus (Candida alblicans) were
obtained from Biology laboratory Sule Lamido University, Kafin Hausa Jigawa State.

Standardization of the Inoculum

A suspension of the test bacteria was made by emulsifying loop full of colony into test tube
containing normal saline solution. Inoculum density of the bacterial suspension was adjusted
to that of 0.5 mL McFarland standard (NCCLS) (2004).

Preparation of the Stock Solution

Stock solution of all extracts was made with dimethyl sulfoxide (DMSO) 5 test tubes (for each
sample) containing 5 mL of Mueller Hinton broth were serially diluted with the stock solution,
0.1 mL of a standardized inoculum of a rest organism was added to each test tubes and was
incubated for 24 hours at 37 °C the test tubes were observed for presence of growth the
minimum concentration that inhibit the growth of organism is the minimum inhibitory
concentration.

Using a sterile wire loop sub culture all the test tubes that show no viable growth on the
prepared Mueller Hinton agar were plates and incubated for 24 hours at 37 °C (NCCLS)
(2004).

Preparation of McFarland standard

1% v /v sulfuric acid solution was prepared by adding 1 mL of concentrated sulfuric acid into
99 mL of distilled water. 1 % v/v solution of barium chloride was also prepared by dissolving
0.5 g of dehydrated barium chloride in 50 mL of distilled water. The McFarland standard was
then prepared by transferring 0.6 ml of the barium chloride solution into 99.4 mL of sulfuric
acid solution as described by (NCCLS) (2004).

Bioassay Procedure

After sterilization, the media were allowed to cool at 40 to 45 °C and poured into petri-dishes.
The petri-dishes were labelled with culture name and the fractions to be used. A sterile cotton
wool swab (swab stick) on to the surface of the solidified and oven dried Nutrient Agar in
separate petri dishes under sterilized environment. The prepared dishes of different
concentrations of extracts were then placed on the surface of the inoculated media at intervals
in a clockwise direction. The positive control disc was placed at the Centre of the bacteria
inoculated media. The plates were incubated for 24 hours at 37 °C, after which the
antimicrobial activity was observed by measuring the width of the clear inhibition zone
around the disc and the values obtained were recorded The zone of inhibition, (in millimeters)
was measured using a ruler, Gentamycin was used as antibacterial Control whereas
Ketoconazole was used as antifungal Control (Kebede et al., 2021).
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RESULTS AND DISCUSSION

Extraction of Ziziphus jujube Leaves

The extraction results for Ziziphus jujube leaves, as shown in Table 1 below, highlight the
influence of solvent polarity on yield and extract properties. Petroleum ether, as non-polar
has yield only 0.32 g and its extract appearance was yellow. Moderately polar solvents like
chloroform and ethyl acetate yielded 0.088 g and 0.880 g respectively showing how the plant
materials dissolve in them due to their polarity. The extract appeared as high green sticky
materials. Methanol been highly polar yield 1.138 g and the colour appeared light green.

Table 1: The Table below shows the amount of the Extract of Jujube Leaves used.

Solvent used Colour Weight of Sample (g) Residue obtained (g)
Petroleum ether Yellow 0.323 2.107
Chloroform Light green 0.088 2.019
Ethyl acetate Greenish 0.880 1.139
Methanol Light green 1.138 0.001

Phytochemical Screening of Jujube Leave

The result of phytochemical screening is assumed in Table 2, which reveal the bioactive
compounds extracted using solvents of varying polarity. Petroleum ether, chloroform, ethyl
acetate and methanol. The result demonstrated the most comprehensive phytochemical
profile, confirming the presence of all five classes of compounds: alkaloids, tannins, saponins,
flavonoids, and steroids. In all the extract except tannis and flavonoids that were found to be
absent in only the petroleum ether fraction.

Table 2 Phytochemical screening of different fraction of Jujube Leaves

Constituent petroleum ether Chloroform Ethylacetate Methanol
Alkanoids + + + +
Tannis - + + +
Saponins + + + +
Flavonoids - + + +
Staroids + + + +

Key: + positive - Negative

Antimicrobial Activity of Jujube Leaves

The antibacterial activity of Ziziphus leaf extracts, as shown in Table 3, highlights the potential
of the plant's bioactive compounds to inhibit the growth of both candida (fungus) and
Escherichia coli (bacterim). Among the solvents, ethylacetate extract exhibited the highest
antibacterial activity, with inhibition zones of 33 mm, 24 mm, 16 mm and 15 mm for candida
and 34 mm, 28 mm, 23 mm and 18 mm, for Escherichia coli at 100 mg/mL, 50 mg/ml 25 mg/mL
12.5 mg/mL respectively. This activity decreased with lower concentrations. This is followed
by petroleum ether extract which exhibited the second to highest antibacterial activity, with
inhibition zones of 32 mm, 23 mm, 15 mm and no result for candida and 33 mm, 27 mm, 25
mm and 23 mm, for Escherichia coli at 100 mg/mL, 50 mg/mL 25 mg/mL 12.5 mg/mL
respectively. The next is methanol extract which exhibited the antibacterial activity with the
inhibition zones of 31 mm, 25 mm, 17 mm and no result for candida and 31 mm, 26 mm, 17
mm and 15 mm, for Escherichia coli at 100 mg/mL, 50 mg/mL 25 mg/mL 12.5 mg/mL
respectively. Chloroform fraction exhibited the lowest antibacterial activity, with inhibition
zones of 30 mm, 25 mm, 17 mm and 15 mm for candida and 29 mm, 25 mm, 19 mm and 15 mm,
for Escherichia coli at 100 mg/mL, 50 mg/ml 25 mg/mL 12.5 mg/mL respectively. This activity
decreased with lower concentrations.
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Table 3 Antimicrobial Activity of Jujube Leaves
Test organisms  Concentration of Fractions and Standard (mg/mL) Inhibition zone (mm)
F01 F02 F03 F04
100502512.5 1005025125 100 50 25125 100 50 2512.5

C.alblican 32 23 15 - 30 25 17 15 33 24 16 15 31 25 17 -
E. coli 33 27 2523 29 25 19 15 34 28 23 18 31 26 17 15
Gentamycin (Antibacerial Control) Inhibition zone = 45mm
Ketoconazole (Antifungal Control) Inhibition zone = 40 mm
Key:
FO1: Petroleum ether extract
F02: Chloroform extract
F03: Ethyl Acetate extract
F04: Methanol

Minimum of Inhibitory Concentration (MIC)

Minimum inhibitory concentration (MIC) is the lowest concentration of antimicrobial agent
expressed mg/mL which completely prevents visible growth of the test organisms
(Kowalska-Krochmal and Dudek- Wicher, 2021). Table 4 shows the MIC for petroleum ether
(FO,) which was found to be 25mg/mL for Candida whereas that of E.coli was 12.5 mg/mL and
all were found to be positive, it also showed the minimum inhibitory concentration for
chloroform (F0,) was found to be 12.5 mg/mL for Candida and was also the same for E.coli as
12.5 mg/mL and all were found to be positive shown in Table below.

Table 4: Minimum of inhibitory Concentration (MIC) Petroleum ether and Chloroforms of
jujube leave

Organisms Fraction 100 mg/mL 50 mg/mL 25 mg/mL 12.5 mg/mL
C. alblican FO, 32 23 15 -

E. coli FOq 33 27 25 23

C. albican FO, 30 25 17 15

E. coli FO2 29 25 19 15

Key:

FO1: Petroleum ether extract

FO02: Chloroform extract

Fourier Transform Infrared (FTIR) Analysis

The FTIR spectrum presented provides insights into the functional groups present in the
chloroform extract of Ziziphus jujube leave which align with the bioactive compounds
identified through phytochemical screening. This analysis confirms the presence of important
functional groups that contribute to the extract’s pharmacological potential.

The ethylacetate broad peak at 3350.9 cm™, attributed to hydroxyl (O-H) stretching, is a
characteristic feature of compounds such as tannins and saponins. Additional peaks at 2922.2
cm® C-H and 1699.7cm™, corresponding to C=Cstretching, further support the presence of
these compounds.

The chloroform peaks at 3276.9cm™ O-H and 2922.2cm? C-H stretching alphatic and 17
22.0cm* (C=0 stretching) confirm the presence of flavonoids.
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Table 5 FTIR for Ethyl Acetate Extract of (F03) and Chloroform Extract of (F0,)

Extract Peaks (cm™) Functional group  Stretching Vibration Possible Compound
FO3 3350.9 Hydrogen O-H Tannin, Saponin
29222 Alphatic C-H Flavonoid, Steroid
1699.7 Aromatic C=C Steroid, Saponin
1028.7 Carbon to Oxygen C-O Steroid
Terpenoid, Saponin
Alkaloid, Saponin
FO, 3276.3 Hydrogen O-H Terpenoid, Flavonoid
29222 Alphatic C-H Steroid
1722.0 Cabonyl C=0 Saponin, Steroid
1457 .4 Alkane C=H Terpenoid

Flavonoid, Saponin

Flavonoid, Terpenoid

This study investigated the phytochemical composition, antibacterial activity, antifungal
activity, of Zizhipus leaf extracts of using different solvents. The extraction process revealed
that solvent polarity significantly influenced the yield of extracts, with methanol producing
the highest yield (1.138 g) and petroleum ether the lowest (0.323g). Methanol's broad polarity
range allowed for the extraction of highest number of compounds, while petroleum ether
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extracted few compound. Phytochemical screening confirmed the presence of all the
secondary metabolize tested, alkaloids, tannins, saponins, flavonoids, and steroids, in almost
all the extract irrespective of their polarity.

The antibacterial activity results indicated that ethylacetate extract exhibited the highest
antimicrobial activity, with inhibition zones of 33 mm, 24 mm, 16 mm and 15 mm for candida
and 34 mm, 28 mm, 23 mm and 18 mm, for Escherichia coli at 100 mg/mL, 50 mg/ml 25 mg/mL
12.5 mg/mL respectively, while chloroform fraction exhibited the lowest antibacterial
activity, with inhibition zones of 30 mm, 25 mm, 17 mm and 15 mm for candida and 29 mm, 25
mm, 19 mm and 15 mm, for Escherichia coli at 100 mg/mL, 50 mg/mL 25 mg/ml 12.5 mg/mL
respectively. Petroleum ether extract and methanol extracts showed moderate antibacterial
activity. The minimum inhibitory concentration (MIC) for petroleum ether was 25 mg/mL for
Candida whereas for E.coli was 12.5 mg/mL, the MIC in chloroform was found to be 12.5
mg/mL for both Candida and E. coli.

CONCLUSION

It is observed that the result demonstrated the most comprehensive phytochemical profile,
confirming the presence of all five classes of compounds: alkaloids, tannins, saponins,
flavonoids, and steroids, also from the result of anti-microbial test showed high level of anti-
microbial against the two test organism’s candida and E.coli. Generally, as the activity
decreased the concentration also decreased recording the highest activity of 33 mm and 34
mm zone of inhibition at 100 mg/mL for both candida and E.coli ethylacetate fraction FOs,
Activities were also recorded even at low concentration of 12.5 mg/mL for almost all the
fraction tested against the two organisms that is candida and E.coli. The high number of the
phytochemicals present and strong antimicrobial activity observed by the extracts especially
the ethylacetate fraction to some extent it can be concluded that these are responsible for the
said plant's medicinal properties. Based on the research findings it is therefore recommended
that further research should be conducted on the leaf extract of Ziziphus jujube for the Isolation
and purification of the pure active compound using thin layer and column chromatography,
spectroscopic analysis of the pure isolated compound(s) using!H-NMR, 3C-NMR, HSQC,
FTIR and GC-MS techniques in order to elucidate the structure of the pure isolated
compound(s).
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