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ABSTRACT

In this study, the leaf of Eugenia uniflora, an ornamental plant, was evaluated for its phytochemical constituents,
antioxidant property and antimicrobial activity. The methanol extract of the leaf was partitioned into hexane, ethyl
acetate and aqueous fractions. The antioxidant activities of the crude extract and fractions were performed using 2,
2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method, and ICso values were calculated. The antimicrobial
activity was tested against five bacteria strains (Pseudomonas aeruginosa, Escherichia coli, Micrococcus varians,
Klebsiella pneumonia, Staphylococcus aureus) and two fungal strains (Saccharomyces cerevisiae, Aspergillus niger)
using agar well diffusion method. Phytochemical screening indicated the presence of phenols, flavonoids, alkaloids,
tannins, cardiac glycosides, saponin glycosides, saponins and anthraquinones in the leaf. The ethyl acetate fraction
showed highest antioxidant activity (ICso value of 0.919 mg/ml) compared with reference standard ascorbic acid
(ICso value of 0.859 mg/ml). The plant fractions demonstrated good antibacterial activities. The ethyl acetate
fraction showed MIC values of 1.25 mg/mL, against P. aeruginosa and E. coli; 2.50 mg/mL against A. niger and
5.00 mg/mL against M. varians, K. pneumonia and S. cerevisiae while the aqueous fraction had MIC values of 0.625
mg/mL against S. cerevisiae; 1.25 mg/mL against P. aeruginosa, M. varians, K. pneumonia and A. niger and 2.5
mg/mL against Escherichia coli. The hexane fraction had MIC value of 1.25 mg/mL against Staphylococcus aureus.
The results indicate that Eugenia uniflora leaf is rich in natural antioxidants and bioactive compounds which may
provide health benefits and serve in the management of bacterial and fungal infections.
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INTRODUCTION
Eugenia uniflora is a plant species that belongs to the Eugenia genus of Myrtaceae family. There are over
500 species in the genus, out of which 400 are indigenous plants found in Brazil'. Eugenia uniflora is a
fruit-bearing plant commonly known as Surinam cherry, Brazilians®. This fruit, Eugenia uniflora has
great economic importance in South American countries most especially in Brazil for its use in the food
industry, for the production of frozen pulp and juice. These products have many health benefits because
they contain high amounts of antioxidants like carotenoids, anthocyanins and flavonols. The
phytochemical screening of the leaf of E. uniflora revealed that it contains flavonoids, tannins, phenols,
saponins, triterpenes, saponin glycosides while balsams, anthracenes, volatile oils and alkaloids were
absent’. Also, in a separate study, it was reported* that there are presence of alkaloids, tannins, phenols,
flavonoids, saponins, anthraquinones, triterpenoids, terpenoids, sterols, coumarins, cardiac glycosides,
resins, gum and mucilages, oxalate, anthocyanin, phlobtanins, quinones, emodins, chalcones, volatile oils,
anthracenoids, anthocyanosides, thiols and acids in the leaf of E. uniflora. The phytochemical constituents
of the leaf different solvent extracts (methanol, ethanol, chloroform, petroleum ether, ethyl acetate,
acetone, aqueous cold and hot extracts) showed that its aqueous hot extract contained all the
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phytochemicals tested when compared to other solvent extracts and it also has the highest percentage
yield (48.6 %).

Reactive oxygen species (ROS) has become a major concern in the field of research in biological
sciences and medicine. ROS damage is a causative factor in diseases like inflammatory, cancer and
neuro-degenerative diseases>®. In the food industry, oxidation of food products can be slow down or
prevented by antioxidant substances present in the fruit of E. uniflora’®. ROS in the biological system has
a great function in cell signaling and homeostasis but when they are present in excess due to
environmental stress’, there will be significant change or damage to cell structures!®. For instance, the
ROS produced during normal cellular metabolism are hydroxyl radical, hydrogen peroxide, super-oxide
anion and singlet oxygen'! . The concentration of these ROS in the body is kept at equilibrium by a
developed antioxidant regulatory system of the cells in the body. If the cell redox reactions should favor
the production of the reactive oxygen species in excess that can be regulated or captured by endogenous
antioxidants, it will lead to an oxidative stress and consequently result to pathological conditions and
diseases like diabetes, cancer, tissue injury!?> . Antioxidants can be classified as water soluble and fat
soluble antioxidants, enzymatic and non-enzymatic antioxidants, endogenous and exogenous antioxidants.
Endogenous antioxidants are natural antioxidants present in cells. Examples are glutathione peroxidase,
catalase and superoxide dismutase while exogenous anti-oxidants are derived from our diet, such as
flavonoids, vitamins A, C and E, polyphenols, Phenolic acid, carotenes'’. Schumacher et al.'* reported
that the treatment of type-1-diabetes mellitus in non-obese diabetic (NOD) mice with aqueous extracts of
E. uniflora leaf reduce the risk for diabetes as a result of the high antioxidant activity of the extract.
Hepatic glutathione and serum insulin levels can be preserved and reduction in serum lipid peroxidation
can be obtained in NOD mice, if treated with aqueous extract of E. uniflora leaf'.

The industrial relevance of the leaves of E. uniflora has been proposed by the antimicrobial properties
exhibited by the essential oil extracted from its leaves'>.

The percentage composition and type of carotenoids phenolic compounds and other fundamental
constituents in the fruit of E. uniflora vary depending on its geographical location, environmental and
climatic condition'®!7.

Therefore, the aim of this study was to evaluate the antioxidant activity of a hexane—defatted methanol
extract and solvent fractions of E. uniflora leaf using DPPH radical scavenging method and to determine
the anti-microbial activity of the plant constituents.

EXPERIMENTAL
The fresh sample of the E. uniflora leaf was collected at the premises of Covenant University, Ota,
Nigeria. The plant was identified at the herbarium in the Biological Department, Covenant University,
Ota Nigeria. The plant leaf was air-dried for seven days then crushed and stored in a polythene bag at
room temperature for further process.

Extraction

The pulverized leaf was defatted with hexane then the marc was extracted with methanol at room
temperature. The MeOH extract was strained, filtered and then concentrated in vacuo at 45° C using a
rotary evaporator. The concentrate obtained was further dried in a desiccator and weighed. The methanol
extract was partitioned into ethyl acetate and aqueous fractions successively using a separating funnel.

Phytochemical Screening
The plant leaf extract was screened for tannins, phenolics, flavonoids, anthraquinones, saponins, alkaloids
and cardiac glycosides according to the modified standard procedures'®!°.

Antioxidant Assay

The antioxidant activity of the fractionated layers and the methanol crude extracts from E. uniflora leaf
was evaluated by 2, 2-diphenyl-1-picrylhydrazyl free radical scavenging method. A solution of 0.03944
mg/ml of DPPH was prepared by dissolving 9.86 mg of DPPH in 250 mL of methanol. 0.9 mL of the
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DPPH solution was added to 0.1 mL of each extract/fractionated layer in water at different concentration
of 1.0, 0.8, 0.6, 0.4, 0.2 and 0.1 mg/mL to give 1.0 ml reaction mixture in Eppendorf tubes. The reaction
was allowed to proceed at room temperature for about 30 minutes in the dark and thereafter, the
absorbance was measured at 517 nm with spectrumlab 22 spectrophotometer (Great Medical England,
G+M). A change in color of DPPH from purple to yellow was observed. Ascorbic acid served as the
reference standard and it was given the same treatment as the test samples while the mixture of 0.1ml
distilled water and 0.9 ml DPPH solution (blank) was used as the negative control. This experiment was

carried out in triplicate and the percentage inhibition was evaluated as follows:
Ac—As 100
)X —
Ac 1
Where Ac was the absorbance of the negative control and As was the absorbance of the test sample or

reference standard sample (positive control). Hence, the concentration needed (ICsq value) to inhibit 50 %
of the DPPH was calculated.

Percentage Inhibition = (

Antimicrobial Assay

Antimicrobial activity was tested against the following clinical strains of micro-organisms Micrococcus
varians, Escherichia coli, Pseudomonas aeruginosa, Serratia spp; Staphylococcus aureus, and
Saccharomyces cerevisiae. Agar well diffusion method***' was engaged in the experiment. Organisms
were maintained in slants of nutrient agar for the bacteria and the fungi were maintained in slants of
Sabouraud Dextrose Agar (SDA). Ampicillin and Tioconazole were used as reference drugs for bacteria
and fungi respectively. The extracts were allowed to diffuse into the agar media for 1 hour. Then the
plates were incubated at 37 °C for 24 h for the bacteria while the plates for fungi were incubated at 25 °C
for 3 days. Three replicates were made for each condition. Zone of inhibitions was measured in
millimetres and the average values were calculated and recorded, then Activity Index was calculated.
MIC test was conducted on plant fractions that showed good susceptibility activities.

Statistical Analysis

Values were expressed as a mean * standard error and Tukey’s post hoc test was carried to analyze the
significance of the difference between different groups, using the statistical analysis software package
SPSS (Version 13). Values with P < 0.05 were regarded as significant.

RESULTS AND DISCUSSION
Phytochemical Screening
The phytochemical analysis of the leaf of E. uniflora showed (Table-1) the presence of phenols, tannins,
cardiac glycosides, saponins, saponin glycosides, flavonoids, alkaloids and anthraquinones. The previous
work of Daniel* agrees with the finding of this study.

Table-1: Classes of Secondary Metabolites in Eugenia uniflora leaf

Phytochemical Intensity
Phenols +++
Flavonoids +++
Alkaloids -+
Tannins -+
Cardiac glycosides ++
Saponin glycosides +++
Saponins ++
Anthaquinones ++

Keys: (+++) Intense, (++) Moderate, (+) Mild, (-) Absent.
Antioxidant Activity
There was a decrease in absorbance of DPPH solution with each sample of the fractions of E. uniflora
leaf extract because of the capacity of the antioxidant present in the sample to scavenge (donate
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hydrogen) the stable DPPH free radical and hence convert it to a reduced form known as 2,2-diphenyl-1-
picrylhydrazines, DPPH-H?*. One-way ANOVA analysis reveals significant difference between mean
percentage inhibitions of the plant fractions (Table-2) as compared with both positive and negative
controls (P < 0.05). Subsequently, the Tukey’s Simultaneous test at 95 % Confidence interval shows a
significant difference between the mean percentage inhibition values of ethyl acetate extract (EEU),
hexane extract (HEU), methanol crude extract (MEU) and Ascorbic acid (positive control) but no
significant difference between AEU and Ascorbic acid. Figure-1 shows the percentage inhibition against
the concentration of each extract as evaluated graphically by linear regression. The ICso value (Table-3)
of the ascorbic acid was 0.859 mg/ml while the ICsy values of methanol crude extract, hexane, ethyl
acetate, and aqueous fractions were 1.019 mg/ml, 1.229 mg/ml, 0.919 mg/ml and 1.056 mg/ml.
respectively. It was observed that the free radical scavenging activity of ethyl acetate portion of E.
uniflora leaf extract compared favorably with that of ascorbic acid in this study. The ethyl acetate fraction
had the highest antioxidant property. This agrees with the deduction made in other studies which revealed
that the ethyl acetate fraction of E. uniflora leaf extract contains higher antioxidant potential compared to
the butanol and aqueous fractions of the same extract as a result of higher polyphenols content in
ethylacetate fraction®. Likewise, polyphenolic compounds have been found to possess a wide range of
bioactivity potential and have been indicated by the high activity of fruit extract of Eugenia uniflora in
DPPH antioxidant assay compared to the activities of fruit extracts of over thirty edible tropical fruits®.

Table-2: Percentage Inhibitions of Extracts of Eugenia uniflora Compared with Ascorbic Acid

Concentration % Inhibition
(mg/mL)
HEU Extract EEU AEU Extract MEU Extract Ascorbic acid
Extract
1.00 43.4+0.0 54.4+0.0 48.940.0 49.1+£0.0 56.2+0.0
0.80 38.0+0.1 43.4+0.1 43.440.0 38.4+0.1 47.1£0.0
0.60 32.5+0.0 32.5+0.0 38.9+0.2 26.4+0.0 39.8+0.0
0.40 27.0+0.3 21.5+0.1 34.3+0.1 15.7+0.1 30.7+0.1
0.20 21.5+0.1 10.6+0.2 28.8+0.3 5.0£0.2 23.440.1
0.10 17.940.1 5.1+0.1 27.0+£0.1 0.320.0 19.7£0.1

Key: HEU = hexane extract, EEU = ethyl acetate extract, AEU = aqueous extract,
MEU = methanol crude extract. Values are means of quadruplicate readings (mean + S.D)

1 0.8 0.6 0.4 0.2 0.1

Concentration (mg/ml)
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Percentage Inhibition
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o

B HEU Extract (% Inhibition) ® EEU Extract (% Inhibition) AEU Extract (% Inhibition)
B MEU Extract (% Inhibition) ® Ascorbic acid (% Inhibition)

Fig.-1: Percentage Inhibition vs Concentration
Antimicrobial Activity
The preliminary antimicrobial screening (Table-4) showed that the crude methanol extract of E. uniflora
leaf demonstrated good antimicrobial activity against the test pathogens (Pseudomonas aureginosa,
Micrococcus varians, Klebsiella pneumonia, Saccharomyces cerevisiae and Aspergillus niger). The
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activity of the extract against the bacteria was found to be lowest in Pseudomonas aeruginosa (Z1 = 13
mm, Al = 0.65) but highest in Micrococcus varians (Z1 = 20 mm, Al = 0.98), followed by Klebsiella
pneumonia (Z1=17.50; Al= 0.92) when compared with the reference drug. The crude extract showed high
antifungal activity against Saccharomyces cerevisiae (Z1 = 24 mm, Al = 1.6). Hence, the extract was
fractionated to yield hexane, EtOAC and aqueous layers i.e. HEU, EEU and AEU respectively. Table-5
and Figure-2 presented the antimicrobial activities of the leaf fractions of E. uniflora. The HEU was the
only fraction active against S. aureus Table-5 with ZI of 20 mm (1.05 activity index). However, HEU was
inactive against Escherichia coli, Klebsiella pneumonia, and Aspergillus niger. Both EEU and AEU
fractions had significant inhibition (P < 0.05) against the growth of the test microorganisms Table-5 and
Figure-2 EEU fraction was the most active against three bacteria strains (P. aeruginosa, E. coli, K.
pneumonia), and one fungal strain (A. niger), while AEU is the most active fraction against two bacteria
(M. varians, and S. aureus). The two plant fractions showed good antifungal and antibacterial activities
against Saccharomyces cerevisiae (EEU: ZI = 23.50 mm; Al = 1.57 and AEU: ZI = 23.50; A = 1.57) and
Micrococcus varians (EEU: ZI = 21 mm; Al = 1.02 and AEU: ZI = 24.50 mm; AI = 1.20.) respectively.
This implies that EEU and AEU contain bioactive compounds which are very potent against the two
pathogens when compared with the reference drugs cloxacillin and fluconazole respectively.

Table-3: Antioxidant Activity (ICso) of the Extracts of Eugenia uniflora leaf

Extract/Fractions ICso Values (mg/ml)
HEU 1.229
EEU 0.919
AEU 1.056
MEU 1.019
Ascorbic acid 0.859

HEU = hexane extract; EEU = EtOAC extract; AEU = aqueous extract; MEU = methanol crude extract; Ascorbic
acid = Standard

The test drugs that had zone of inhibition, ZI > 20 mm were considered active and subsequently subjected
to MIC test. The MIC values of the plant fractions are shown in Tables-6 and 7; the values range from
0.625 mg/mL to 5.00 mg/mL. The hexane fraction (HEU) had MIC value of 1.25 mg/mL (Table-7)
against S. aureus. The EEU test drug showed the lowest MIC value of 1.25 mg/mL against Pseudomonas
aeruginosa and Escherichia coli. The AEU had MIC values of 0.625 mg/mL against S. cerevisiae, 1.25
mg/mL against P. aeruginosa, M. varians, K. pneumonia and A. niger and 2.50 mg/ml against E.coli. This
results (Table-6) show that AEU fraction exhibited higher activity at low concentration (MIC range:
0.625 mg/mL- 2.50 mg/mL) compared to EEU fraction (MIC values range: 1.25 mg/mL - 5.0 mg/mL).

Table-4: Antimicrobial Activity of Methanol Crude Extract of E. uniflora leaf.

Microorganism Zone of Inhibition Standard Activity Index
Bacteria (mm) Cloxacillin (5.0 pg)
Pseudomonas aeruginosa 13.0£0.25 20.0 0.65
Escherichia coli 0.0 19.0 -
Micrococcus varians 20.0+0.27 20.50 0.98
Klebsiella pneumonia 17.54£0.15 18.00 0.97
Staphylococcus aureus 15.540.00 19.00 0.82
Fungi Flucanazole (1.0 mg)
Saccharomyces cerevisiae 24.0+0.20 15.00 1.6
Aspergillus niger 13.0£0.50 13.00 1.00

Key: ZI = zone of inhibition (mm), ZI were expressed as mean * standard deviation of three replicates; Al = activity
Index = ZI of test sample/ ZI of standard. Extract concentration = 20.00 mg/mL; - = nil
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Figure-2: Showing Zone of Inhibitions of the Plant Extract/Fractions Against the Test Pathogens
Table-5: Antimicrobial Activity of E. uniflora leaf Fractions.
Microorganism Plant fractions Standard
Bacteria HEU EEU AEU Cloxacillin (5 pg)
Pseudomonas aureuginosa 71 11.0£0.20 18.0£0.15 15.0£0.20 20.0
Al 0.55 0.90 0.75
Escherichia coli Z1 0.0 19.0£0.00 15.540.12 19.0
Al - 1.00 0.82
Micrococcus varians Z1 13.5+0.35 21.0+0.10 24.5+0.15 20.5
Al 0.66 1.02 1.20
Klebsiella pneamoniea Z1 0.0 15.5+0.15 14.5+0.00 18.0
Al - 0.86 0.81
Staphylococcus aureus 71 20.0£0.00 16.5+£0.12 19.0+0.33 19.0
Al 1.05 0.87 1.00
Fungi Flucanazole (1.0mg)
Saccharomyces cerevisie 71 13.5+£0.25 23.540.15 23.5+0.12 15.0
Al 0.90 1.57 1.57
Aspergillus niger 71 0.0 13.0£0.00 11.5£0.00 13.0
Al - 1.00 0.89

Key: ZI were expressed as mean + standard deviation of three replicates; Al = activity Index = ZI of test sample/ ZI

of standard. Extract concentration = 20.00 mg/mL. - = nil.

Table-6: MIC Results of Eugenia uniflora leaf Fractions

Plant Concentration Test organism Zone of Inhibition (mm)
Extract (mg/ml)
P. aeruginosa | E. coli | M. varians K. S. .
pneumonia | cerevisiae niger
EEU 20.00 -- -- -- -- --
10.00 -- -- -- -- --
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5.00 -- -- ot o o+ -

2.50 - - + + + o*

1.25 o* o* + + + +

AEU 20.00 -- - - - - -
10.00 -- - - - - -

5.00 -- - - - - -

2.50 -- ot -- - - -
1.25 o* + Ot O - O+

0.625 + + + + o +

Key: O+ = MIC value; (+) = growth (-) = no growth

Table-7: The MIC Result of Hexane Extract of E. uniflora leaf.

Plant Extract Concentration Staphylococcus aureus
(mg/ml) Zone of Inhibition (mm)

HEU 20.00 --

10.00 --

5.00 --

2.50 --

1.25 O*

0.625 +

Key: O+ = MIC value; (+) = growth (-) = no growth

CONCLUSION
Natural antioxidants of plants origin have many medicinal values as well as nutraceuticals and
phytoceuticals uses. In this study, Eugenia uniflora leaf has been found rich in phenol and flavonoid
contents and its extracts exhibit high antioxidant activity. Consumption of Eugenia uniflora leaf as
vegetable may serve as health benefit by scavenging and reducing free radicals in the body. The findings
justify its use in folk medicine for treating inflammatory diseases, high blood pressure, hypertension etc.
Also, the good antimicrobial property demonstrated by the plant sample would also provide anti-infective
use to the health care.
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