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Susceptibility of Candida albicans, Staphylococcus aureus and
Escherichia coli to extracts from different parts of mango
(Magnifera indica) plant

Abstract

Aim: This study was carried out to investigate the Susceptibility of Candida albicans,
Staphylococcus aureus and Escherichia coli to extracts from young and mature mango (Magnifera
indica) leaves and stem-bark of the same plant..

Study design: The study employed statistical analysis of the data and interpretation

Place and duration of study: Young and mature mango leaves and stem-barks were collected from the
Botanical Garden, Kenule Beeson Saro-Wiwa Polytechnic, Bori, Nigeria, and taken to the laboratory for
analyses.

Methodology: The samples were dried in an oven at 80°C for 3 days. Thereafter,.50 g_.of each ground
mango leaves and stem-bark (young and mature of the same plant) were soaked separately in 500 ml of
water, ethanol (95% v/v), and acetic acid (99.9% v/v) for another 3 days. The soaked materials were filtered
through Whatman No. 1 filter paper into sterile beakers and evaporated to dryness in a water-bath at 80°C.
The dried extracts obtained were reconstituted with water at concentrations of 100, 75, 50 and 25 mg/ml. Test
organisms, Candida albicans, Staphylococcus aureus and Escherichia coli were obtained after proper
laboratory screening of isolates from the diagnostic laboratory of the Rivers State University Teaching
Hospital, Port Harcourt, Nigeria, for confirmation of identity and storage.in universal bottles in a refrigerator.
Sensitivity tests were carried out with the agar well diffusion method against the test organisms, using
tetracycline as standard control drug (for bacteria) and fluconazole (for Candida), with cultures incubated
accordingly. The measured zones of inhibition were compared:with the controls and interpreted as resistant,
intermediate, or susceptible to mango extracts in .accordance with the interpretive guidelines published by the
National Committee for Clinical Laboratory.Standards (NCCLS). Assays for minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) were also carried out.

Results: Results obtained showed that Escherichia coli'was completely susceptible to acetic acid young leaf
and young bark extracts at 100 mg/ml:concentrations. Staphylococcus aureus was susceptible only to Acetic
acid young leaf extract at 100 mg/ml. For Candida albicans complete susceptibility was with acetic acid young
bark at 100 mg/ml. mature leaf extract (100 mg/ml ), acetic acid young bark extract (100 to 50 mg/ml ),
aqueous young bark extract (100 mg/ml) and acetic acid mature Candida albicans was susceptible to acetic
acid young and mature bark extract.at 100 mg/ml concentration. Minimum inhibitory concentration (MIC)
values of acetic acid young leaf extract for.all three organisms were 12.5 mg/ml. MIC of ethanolic young leaf
extract for E. coli was 12.5 mg/ml'whereas that for C. albicans was 50 mg/ml. Minimum bacteriocidal
concentration values were same as MIC.

Conclusion: E. coli.and S.aureus were found to be most susceptible to acetic acid young leaf and stem-bark
mango extracts. For C. albicans susceptibility profiles were best with aceti acid young and mature stem-bark
extracts. It was also found that mango phytochemicals have broad-spectrum antibacterial activity as well as
antifungal properties. The study also reveal that young mango parts contain higher bioactive substances than
mature parts. Finally, it was concluded that acetic acid extracts produced the highest antimicrobial effects
whereas aqueous extracts produced the least.

Keywords: Susceptibility Test, Mango young leaf; young stem-bark; mature leaf; mature stem-bark; acetic
acid; ethanol; Staphylococus aureus; Escherichia coli ; and Candida albicans.



1. INTRODUCTION

Mango ( Mangifera indica ) is a fruit tree
present in the wild or in many countries of
the world, including Nigeria. It is grown for
its sweet succulent fruits. Other parts of the
plants, particularly the leaves and stem-bark,
however, have found uses in forkloric
medicine, even from ancient times [1].
Today, in most African and Asian countries,
up to 80% of the populations rely on
traditional medicine for primary health care
needs [2]. Reliance on traditional medicine
stems from the fact that many germs are
developing resistance to commonly used
synthetic drugs and antibiotics [3,4].
Medicinal plants offer the best alternative
because they possess great efficacy against
most clinical isolates [5,6].

Traditional medicine practice is one that is
shrouded in secrecy. The practitioners see it
as gift from the “gods™ that must be guarded.
Since the practice is income generating, they
believe that it must be protected from the
public so as to maintain patronage. For these
reasons, many plants of medical values in
traditional settings are not subjected to
scientific tests. In the absence of tests, herbal
medicine  practitioners  claim< multiple
remedies for their individual preparations.
The World Health Organization (WHO)
notes, however, that inappropriate use of
traditional medicines_or practices. can have
negative or dangerous effects; and that
further research-is needed to ascertain the
efficacy and safety of several of the practices
and medicinal. plants used in traditional
medicine'system [2].

Leaves “iof , mango plant  contain
phytochemicals which include glycosides
(particularly mangiferin), saponins, tannins
and euxanthin acid [7].Barks of the plant
have steroids, glycosides, saponins, resins,
phenols, flavonoids, and alkaloids, among
others [8,9]. Quantitative analysis of the
compounds present in mango parts has
shown that mangiferin is the predominant
component [10]. For this reason, mango is
the chief source of this compound [11].

Although mango parts contain similar
phytochemicals, their quantitative
distribution varies from one part to another.

Mangiferin (a glycoside and polyphenol), for
instance, is high in young leaves, moderation
in bark, and low in mature leaves and roots
[12].Mangiferin  has been shown to
contribute  immensely to antimicrobial
actions of mango extracts [13,14]. Other
compounds such as alkaloids, flavonoids,
saponins and tannins, extractable from
mango parts, have also been credited with
antimicrobial activities [15].

Extracts of mango leaves and stem-bark have
been found to have activity against
Staphylococcus aureus, Streptocaccus
pyogenes, Streptococcus pneumenia,
Pseudomonas aeruginosa, Enterococcus
faecalis, Salmonellatyphi, Listeria
monocytogenes; Escherichia coli and
Candida albicans [6]: Among these,
Staphylococeus aureus, Escherichia coli and
Candida albicans-are commensal associated
with-the human body but may cause serious
diseases when present in huge populations or
at certainssite [16].

Escherichia ¢oli, commonly known as E.
coli, is -a Gram-negative, facultative
anaerobic, rod-shaped, coliform bacterium
that is commonly found in the lower intestine
(colon) of warm-blooded animals [17]. Most
E.coli strains are harmless as part of the
normal microflora of the gut, and can benefit
man by producing vitamin K, (that help in
blood clotting), and preventing colonization
of the gut by pathogenic bacteria [18,19]. A
few strains however are pathogenic causing
diseases such as gastroenteritis, urinary tract
infections, neonatal meningitis, hermorrhagic
colitis, Crohn’s disease (inflammatory bowel
disease) and wound infections [20].
Escherichia coli is also a common cause of
bronchopneumonia in children and the
elderly [21].

Staphylococcus aureus is a Gram-positive,
round-shaped, facultative anaerobic
bacterium that commonly occurs in the upper
respiratory tract (the nares) and skin of
humans. Although S. aureus normally acts as
commensal microflora of the human body, it
can become an opportunistic pathogen.
Diseases caused by S. aureus include
abscesses (example, boils and whitlows);
respiratory infections (example, sinusitis and
pneumonia), wound infections, urinary tract
infections, meningitis, sepsis syndromes



(injury to body tissues due to immune
response to infections), endocarditis, and
food poisoning [22,21].

Candida albicansis yeast capable of
producing pseudo-mycelium. It can be found
in the gastrointestinal tract, mouth, and lower
female reproductive tract of healthy adults
[23]. This organism is usually a commensal,
but can become pathogenic when conditions
favour its overgrowth [23]. Candida albicans
is commonly used as a model organism for
fungal pathogens [24]. Disease caused by
this organism is called candidiasis. The
disease may affect the mouth, skin, lower
reproductive tract of females, respiratory
tract, digestive tract of infants, and general
body organ [16].

It has been established that distribution of
mango phytochemicals vary with the plant
parts and state of maturity [12]. It has also
been seen that extraction of bioactive
substances from plant parts is dependent on
the solvent used. For these reasons and to
address WHO’s position on the use of plant
parts in the treatment of human diseases, the
present study is untaken to investigate young
and mature mango leaf and stem-bark
extracted with different solvents for efficacy
in the inhibition of some “clinical
microorganisms.

2. MATERIALS AND METHODS

2.1 Study area

The present study was carried out in Kenule
Benson Saro-Wiwa Polytechnic, Bori. Bori
is the <host ofuthis. Polytechnic and is the
capital city of Khana Local Government
Area; Rivers State, Nigeria. Bori is located in
the south-south region of Nigeria with
coordinates 4°40°22°° N7°22° 13’ E. Bori is
an agricultural hub in Rivers State and
involves in the production of yam, cassava,
oil palm, corn, cocoyam, vegetables and
fruits (including the mango) [25].

2.2 Collection of Mango Specimens

The most popular mango variety is the one
with elongated persistent green fruits
popularly called green mango [26]. Mature
and young leaves of mango (Mangifera

indica) were collected from the same tree in
the Botanical Garden, Kenule Beeson Saro-
Wiwa Polytechnic, Bori. The leaves were
collected from the tree canopy by means of a
matchet into clean polythene bags and taken
to the laboratory. Similarly, mature and
young stem-barks were collected from same
sample tree using a matchet or knife into
polythene bags for transfer to the laboratory.

2.3 Collection of Test Cultures

Cultures  of  Staphylococcus  aureus,
Escherichia coli, and Candida albicans were
obtained from the diagnostic laboratories of
Rivers State University Teaching:Hospital,
Port Harcourt, Rivers, State, Nigeria

2.4 Preparation of Mango Extracts

Collected mango parts “were washed of
debris, chopped (bark), and dried in an oven
at'80°c for 3 days. The dried materials were
ground in.a surface-sterilized electric blender
to fine particles. Fifty gramme (50 g) amount
of each ground plant part was transferred
into;a sterile one-liter conical flask and 500
ml of solvent (water, ethanol (95 % v/v), or
acetic acid (99.9% v/v)) was added and
mixed properly. The soaked plant substances
were allowed to stand at ambient
temperatures (28 + 2 °C) for 72 hours as
described by Doughari and Manzara
[27].Using funnel, soaked mango samples
were separately filtered through sterile
muslin filter and again through Whatman
No. 1 filter paper into sterile beakers. From
each filtrate, the solvent was evaporated via
water bath at 80°C until dryness. The dried
substances obtained were stored aseptically
in specimen bottles until needed.

2.5 Preparation of Plant Extract Solutions

Each plant extract was reconstituted with
sterile distilled water to give concentrations
of 100, 75, 50, and 25 mg/ml [8]. To prepare
100 mg/ml extract, 1g (1000mg) of dried
extract was transferred into a sterile
measuring cylinder and homogenized with
sterile distilled water to a final volume of 10
ml (i.e. 1000 mg/10 ml or 100 mg/ml). To
prepare 75 mg/ml, 1.5 g (1500 mg) of extract
was homogenized with sterile distilled water
to a final volume of 20 ml. For 50 mg/ml, 1 g



(1000 mg) of extract was homogenized in a
final volume of 20 ml, and for 25 mg/ml, 0.5
g (500 mg) of extract was homogenized in a
final volume of 20 ml with sterile distilled
water.

2.6 Preparation of Control Antimicrobial
Discs

Control antimicrobial discs were prepared as
described by [28]. Using a paper punch, 6-
mm discs were cut from Whatman’s No.1
filter paper and sterilized in an autoclave at
121° C for 15minutes. Thereafter, the discs
were dried in an oven at 100° C for 30
minutes.The capacity of a 6-mm disc cut
from Whatman’s No.1 filter paper is 0.02 ml
[28]. To prepare 30 ug/disc of each agent,
250 mg each of tetracycline and fluconazole
was homogenized aseptically with sterile
distilled water in a sterile measuring cylinder
to a final volume of 167 ml. Thereafter,
punched discs were impregnated aseptically
with 0.02 ml of each control in separate Petri
dishes and allowed to air-dry (i.e., 250 mg /
167 ml or 1.5 mg/ml or 30 ug / 0.02 ml).

2.7 Sensitivity Test of Organism

Mueller-Hinton agar and Sabouraud dextrose
agar were prepared according to
manufacturer’s direction. _Each bacterial
suspension was prepared to, match 0.5
McFarland standard . and “transferred by
means of inoculating loop, in:.one ‘loopful
amount, onto Mueller-Hinton  agar.
Similarly, test fungal suspension’prepared to
match 0.5 «McFarland. standard was
transferred ~in ‘one “loopful amount onto
Sabouraud dextraese agar. Inoculum in each
case was spread,evenly on agar surface using
a sterile swab stick [28]. Seeded plates, in
duplicates, for each organism, were allowed
to air-dry ‘on surface-sterilized laboratory
bench. Thereafter, a sterile 6-mm cork borer
was used to create wells in the seeded plates,
such that wells were at least 22 mm from
each other and at least 14 mm from the edge
of the plate [28]. A set of four concentrations
— 100, 75, 50,25 mg/ml of each plant part
extracted with each test solvent (water,
ethanol, or acetic acid) were transferred into
labeled wells by means of sterile pipettes.
Extracts were allowed to diffuse from the
wells into the medium for 30 minutes on

laboratory bench. For controls, each
bacterium was challenged with prepared
tetracycline discs and Candida albicans with
fluconazole discs. The antimicrobial discs
were placed on seeded plates and pressed
lightly onto the medium for stability using a
pair of sterile forceps. The antimicrobial
agents were allowed to diffuse into their
media on laboratory bench for 30 minutes.
Thereafter, the bacterial cultures were
incubated at 37 °C for 24 hours, whereas
plates of Candida albicans were kept at
room temperatures for up to 48 hours.

2.8 Measurement and Interpretation of
Inhibition Zones

Following incubation, the diameter of zone
of inhibition was measured across each well
by means wof a transparent ruler, in
millimetres (mm).Using the controls and the
interpretive-guidelines published by National
Committee for Clinical Laboratory Standard
(NCCLS):[29], inhibition zone of < 14 mm
was read as resistance of test organism to
antimicrobial agent, inhibition zones of 15 -
18 'mm as intermediate response; and > 19
mm as susceptibility of organism [28].

2.9 Determination of Minimum Inhibitory
Concentration (MIC) and Minimum
Bacteriocidal Concentration (MBC)

These tests were carried out using the steps
described by Ochei and Kolhatkar [28] and
Mustapha et al., [7]. MBC was determined
by subculturing 0.1 ml of the highest
concentration of mango extract that showed
visible growth as well as all tubes that
showed no visible growth in MIC test onto
Mueller-Hinton agar and Sabuoraud dextrose
agar for bacteria and Candida, respectively.
After incubation of bacterial cultures at 37
°C and fungal cultures at 28 °C for 24 and 48
hours, respectively, the culture plates were
observed for sterility.

2.10 Statistical Analysis

Data obtained in the present study was
subjected to statistical analysis using the
analysis of variance (ANOVA) test to
establish  significant differences among
variables.



3. RESULTS AND DISCUSSION

3.1 Sensitivity of Test Isolates to Mango
Extracts

Tables 1. shows the susceptibility pattern of
individual organisms to the various mango
extracts used in the present study. According
to NCCLS guidelines for determination of
susceptibility profiles of micro-organisms to
antimicrobial substances, with tetracycline as
control, E. coli was susceptible to acetic acid
young leaf and acetic acid young bark
extracts at 100 mg/ml. This organisms
showed intermediate reactions to acetic acid
young leaf extract at 75 and 50 mg/ml,
ethanolic young leaf extract at 100 to 50
mg/ml, acetic acid young bark extract at 75
and 50 mg/ml, and aqueous young bark
extract at 100mg/ml. All mature leaf and
mature  stem-bark  extracts  produced
resistance of E. coli at all concentrations
tested.

Staphylococcus aureus demonstrated
complete susceptibility only to acetic acid
young leaf extract at 100 mg/ml. There was
intermediate responses to acetic acid young
leaf extract at 75 mg/ml, acetic acid mature
leaf extract at 100 mg/ml and acetic acid
young bark extract at 100-to 50 mg/ml.
Aqueous young stem-bark, and acetic acid
mature  stem-bark .« extracts “produced
intermediate reactions'in _$. aureus at 100
mg/ml. Complete resistance of S. aureus was
observed with ethanolic and agueous young
and mature leaf.extracts, as well as ethanolic
young and mature stem-bark extracts. There
was also. total resistance of S. aureus to
agueous mature'stem-bark extract.

With Candida albicans as test organism, it
was found that acetic acid young and mature
stem-bark extracts, at 100 mg/ml, gave
complete susceptibility reactions (Table 1).
Intermediate sensitivity of this fungus
occurred with acetic acid young leaf,
ethanolic young leaf, acetic acid mature leaf
and ethanolic mature leaf extracts at 100
mg/ml. Also, at 75 mg/ml concentration,
ethanolic young leaf, acetic acid young and
mature  stem-bark  extracts  produced
intermediate sensitivity reactions.  Total
resistance of this organism was observed

with aqueous young and mature leaf extracts.
Also, ethanolic and aqueous young stem-
bark extracts gave absolute resistance of C.
albicans. Similarly, ethanolic and agqueous
mature bark extracts produced complete
resistance of this organism.

All test bacteria and C. albicans were
susceptible, at 30 p/disc, to tetracycline and
fluconazole, respectively, used as positive
controls in the present study.

Percentage resistance of test:organisms to
young leaf and mature leaf.as well as young
and mature stem-bark extracts, of the three
solvent types taken together ‘is provided in
figure 1. E. coli showed the least resistance
to young leaf. extracts: whereas S. aureus
exhibited the highest. resistance. To mature
leaf extract,. E. coli showed the highest
resistance (100: %), as S. aureus and C.
albicans'.produced “the same lower level
resistance. Response of test bacteria to young
stem-bark extracts was higher than seen in C.
albicans. With mature stem-bark extracts, E.
coli showed the highest resistance whereas
C.ualbicans was most affected. Generally
young mango parts produced higher effects
on ‘test microorganisms than mature parts,
except young and mature stem-bark extracts
that gave the same results in C. albicans
Figure 2 shows the percentage resistance of
test organisms to extract of solvent types
used in the present study. Extracts of acetic
acid produced the highest effects on test
microorganisms. Those of water have the
least effects, except on S. aureus where the
organism was found to be most resistant to
ethanonic extracts.

Phytochemicals are believed to protect plants
from invading microorganisms as they
possess antimicrobial properties [8]. Among
mango phytochemicals, mangiferin is
considered the most important, and the plant
is the chief source of this compound [11]. In
addition to mangiferin, other compounds
such as alkaloids, flavonoids, tannins and
saponnins  have been credited with
bioactivity against microorganisms [30].
These phytochemicals, particularly
mangiferin, have been found to be more
abundant in young mango leaves and stem-
bark than in mature mango leaves [12]. This
finding suggests that young mango leaves



and stem-bark possess higher antimicrobial
properties than mature leaves. This position

is obvious in the results obtained

in the

present study. Extracts of young organs
demonstrated higher inhibition zones against
test organisms than mature

Table 1: Sensitivity of test organisms to mango extracts

Extract Conc. Escherichia coli Staphylococcus aureus Candida albicans
(mg/mi) Zone of RIS Category Zone of RIS Category Zone of RIS Category
Inhibition (mm) Inhibition (mm) Inhibition (mm)

Acetic acid 100 20 S 20 S 16 |
young leaf 75 18 | 17 | 13 R
Extract 50 16 | 14 R 12 R
25 12 R 12 R 10 R

Ethanolic 100 18 | 0 R 17 |
young leaf 75 16 | 0 R 15 |
Extract 50 15 | 0 R 11 R
25 10 R 0 R 0 R

Aqueous 100 0 R 0 R 0 R
young leaf 75 0 R 0 R 0 R
Extract 50 0 R 0 R 0 R
25 0 R 0 R 0 R

Acetic acid 100 11 R 15 | 16 |
mature leaf 75 10 R 11 R 14 R
Extract 50 8 R 10 R 13 R
25 0 R 0 R 0 R

Ethanolic 100 10 R 0 R 16 |
mature leaf 75 0 R 0 R 13 R
Extract 50 0 R 0 R 10 R
25 0 R 0 R 0 R

Aqueous 100 0 R 0 R 0 R
mature leaf 75 0 R 0 R 0 R
Extract 50 0 R 0 R 0 R
25 0 R 0 R 0 R

Acetic acid 100 20 S 18 | 19 S
young bark 75 18 | 17 | 15 |
Extract 50 16 | 15 | 10 R
11 R 10 R 0 R

Ethanolic 100 0 R 0 R 0 R
young bark 75 0 R 0 R 0 R
Extract 50 0 R 0 R 0 R
25 0 R 0 R 0 R

Aqueous 100 18 | 17 | 11 R
young bark 75 14 R 13 R 10 R
extract 50 10 R 8 R 8 R
25 0 R 0 R 0 R

Acetic acid 100 12 R 16 | 20 S
mature bark 75 10 R 12 R 16 |
Extract 50 8 R 10 R 14 R
25 0 R 0 R 0 R

Ethanolic 100 0 R 0 R 0 R
mature bark 75 0 R 0 R 0 R
Extract 50 0 R 0 R 0 R
25 0 R 0 R 0 R

Aqueous 100 0 R 0 R 0 R
mature bark 75 0 R 0 R 0 R
Extract 50 0 R 0 R 0 R
25 0 R 0 R 0 R

Control* 30 ug/ml 22 S 25 S 22 S

R = Resistant, inhibition zone < 14mm; I = Intermediate inhibition zone of 15 — 18mm; S =
Susceptible, inhibition zone > 19 mm. (Source: NCCLS, 2002). *Control = Tetracycline (bacteria) and
Fluconazole (C. albicans)
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Table 2. MIC of strongly bioactive leaf extracts on test isolates

QOrganism EYE (mg/ml) EME (mg/ml) AYE (mg/ml) AME (mg/ml)
50 25 12.5 6.25 50 25 12.5 6.25 50 25 125 6.25 50 25 12.5 6.25
E. coli + ND ND ND ND - - - + + + "
Staph. aureus ND ND ND ND ND ND ND ND + + + +
Candida albicans - + + + + + + + + + +

— = No growth; + = growth (turbidity); ND = not done (because extracts produced little or no susceptibility of test organisms); EYE =
Ethanol young leaf extract; EME = ethanolic mature leaf extract; AYE = Acetic acid young leaf extract; AME = Acetic acid mature leaf

extract.



mango parts, except young and mature stem-
bark extracts that produced the same results
in C. albicans. Further, it could be easily
seen that acetic acid extracts inhibited test
microorganisms the most, whereas aqueous
extracts showed the least activity. Statistical
analysis using Analysis of variance
(ANOVA) tests showed that sensitivity of
organisms to mango extracts was not mango-
organ-dependent. It showed, however, that
the different mango organs at different stages
of maturity produced different levels of
susceptibility in test bacteria species, and
that the different solvents used for extraction
of mango phytochemicals as well as the
various concentrations employed were
significantly different (p < 0.05).

In the present study, all test organisms were
resistant to aqueous extracts of mature
mango leaf. This is in agreement with the
findings of Doughari and Manzara [27] and
Nwankwo and Osaro-Mathew [31]. Poor
activity of aqueous extracts could be
attributable to the fact that some bioactive
phytochemicals have limited solubility in
water [8] and therefore may not be available
when water is used for extraction. Unlike
water that can dissolve only “ polar
substances, ethanol and acetic< acid can
dissolve both polar and non-polar solutes:
The ability of ethanol and acetic ‘acid to
dissolve polar and non-polar solutes
increases the capacity: of these:solvents to
extract bioactive substances  from: plant
organs [32,33]. For:this reason, leaf extracts
of ethanol and‘acetic acid inhibited most of
the organisms.tested in the present study.
Ethanolic leaf extract of mango, however did
not produce- inhibition against S. auereus.
This also'is in‘consonance with the findings
of Mustapha et al. [7] who found that
Staphylococcus aureus was resistant to
ethanolic extracts of mango leaves. Acetic
acid, the most successful solvent used in this
study, is considered safe because vinegar
derived from it is used to season food. Lack
of use of acetic acid as solvent for extraction
of phytochemicals may stem from the fact
that it has high boiling point (118°C) and
therefore difficult to remove from extracts.
Its success as a solvent, however, far
outweighs this difficulty [33].

It was found that E. coli was resistant to
ethanolic stem-bark extracts and aqueous
mature bark extracts of mango. The
resistance to aqueous extracts is in agreement
with some previous studies [9] where it was
found that E. coli is resistant to aqueous
extracts of mango barks. The organism,
however, was sensitive to acetic acid bark
extracts and aqueous young bark extracts.
This  further suggests that bioactive
substances are more in young mango organs
than in mature ones. Response of S. aureus
showed that it was not inhibited by ethanolic
bark extracts as well as agueous mature bark
extracts. These findings are ‘supported by
those of Ashok et al; [9].

3.2 Minimumenhibitory Concentration of
Mango Extracts of Test ©Organisms

Minimum inhibitory “concentration  of
ethanolic:._young “leaf extract against
Escherichia coli was 12.5 mg/ml (Table 2).
This same. concentration was observed for
this organismewith acetic acid young mango
leaf extract. With acetic acid mature leaf
extract, the MIC was 50 mg/ml.
Determination of MIC of acetic acid young
mango leaf extract against Staphylococcus
aureus showed 12.5 mg/ml. Using acetic
acid mature leaf extract, the MIC was
50mg/ml. Ethanolic extracts of young and
mature mango leaves gave MIC of 50 mg/ml
in each case. With acetic acid young leaf
extract, MIC was 12.5 mg/ml, whereas with
mature leaf acetic acid extract, it was 50
mg/ml. In the present study, the lowest
concentrations of extracts that inhibited
growth were found to be the lowest
concentration that killed microbial cells
present. This means that the minimum
inhibitory concentrations were the same as
the minimum bactericidal or mycocidal
concentrations.

Minimum inhibitory concentration (MIC) of
the strongly bioactive leaf extracts ranged
from 12.5 mg/ml to 50 mg/ml, and this had
been reported by other worker [34,8].
Minimum inhibitory concentration observed
here is much higher than the inhibitory
concentration (30 ug/disc) for the controls,
tetracycline and fluconazole, used in the
present study. This agrees with previous
studies where it had been found that



susceptibility of organisms to plant extracts
is usually less than that given by standard
antimicrobial agents to which test organisms
are sensitive [35]. The explanation for this is
that plant extracts contain crude substances
that do not contribute to bioactivity whereas
standard drugs are pure bioactive substances.
Minimum bacteriocidal concentration
(MBC) had values similar to minimum
inhibitory concentration values. It s,
therefore obvious that mango extracts are
bacteriocidal rather than bacteriaostatic. This
mean that the extracts used in the present
study killed the organisms tested rather than
mere stopping their growth. This position has
been reached in many studies [8].
Bacteriocidal properties of mango extracts
would be attributed to mango
phytochemicals such as saponins that
interfere with cell membrane integrity [36]
and mangiferin and tannins that disrupt
proteins and protein synthesis [37,38]. An
additional bacteriocidal mechanism could be
the inactivation of adhesion enzymes and cell
membrane transport protein by polyphenolic
compounds [39].

It has been found that one polyphenol alone
is less effective than many polyphenols, used
together; which implies that synergism of
many mango polyphenols is essential for
optimum biological activity [39].¢ This
further shows that mango parts with many
polyphenols, coupled with ‘suitable solvents
for their extraction,. are necessary for
demonstration _of =.antimicrobial- activity.
Gram-positive and Gram-negative bacteria as
well as fungi. were sensitive to mango
extracts. ¢These 'suggest. that mango plant
contains. bioactive - substances that show
broad-spectrum;antimicrobial activity.

Finally it was observed that activities of
extracts “‘used in this study were
concentration-dependent. That is, the higher
the concentration used the higher the activity
recorded. Concentrations used here were
restricted. When mango organs are used in
traditional medicine, doses are usually
administered in cups or bottles. These may
usually contain enough bioactive substance
required for complete treatment of target
ailments. Aqueous mango stem-bark extract,
for instance, administered in high dose (in
cups) is used for treatment of malaria and

10

typhoid fever in traditional medicine

practices.

4. CONCLUSION

Activity of mango extracts against test
organisms was found to be concentration-
dependent. It was also found that young
mango parts demonstrated greater bioactivity
than mature ones, except young and mature
stem-bark extracts that produced the same
results with C. albicans. This*finding stands
out because most studies used mature mango
organs rather than young onesy Solvents for
extraction of mango parts were: ethanol,
acetic acid and water. Extracts:of acetic acid
exhibited the highest antimicrobial activity
whereas those ‘of water;showed the least
activity. Again, use of acetic acid as solvent
for extraction of plant materials for use in
bioassay :is- not common among workers
studying antimicrobial properties of plant
extracts. = The “present study is, therefore,
quite revealing as it shows the importance of
acetic acid in the extraction of bioactive
components of plants. Finally, mango parts
used in the present study were found to be
biologically active, possessing components
that show broad-spectrum antibacterial
activity.

5. Recommendations
Based on the findings of the present
investigation, it is recommended as follows:

1. Since mango parts may be regarded
as safe and efficacy of extracts is
concentration-dependent, high doses
of extracts (at least 50 mg/ml) are
recommended for oral or topical
treatment of ailments.

2. The choice of source material for
extraction of biologically active
compounds should be young organs
as young mango leaves showed
higher inhibitory properties against
bacteria than mature ones. For C.
albicans, however, young or mature
mango stem-bark could be the
source material.

3. For extraction of substances from
mango parts, acetic acid, which gave
the highest susceptibility profile of
test organisms, should be employed
as solvent.



Authors have declared that no competing
interest exist.
COMPETING INTERESTS

REFERENCES 8. Ab_ubakar, E.M. (2009). Antibacterial
efficacy of stem bark extracts of
Fowler, D.G. (2006). Traditional Mangi_fera "?dica a_tgainst _Some
fever r,emedies: a list of Zambian bacter!a ass_:,omated .W't.h. respiratory
plants tract infections. Scientific Research
' and Essay, 4 (10), 1031-1037.
WHO, World I_—l_ealth Organlz_at_lort 9. Ashok, V.G., Priya, S. B. & Pranita,
(20(_)8_)._ Traditional Medicine: AG (2014) Evaluation of
Definitions antibacterial and  phytochemical
Pretorious, J. C., Magama, S. & analysis of Mang_ifera indica bark
Zietsman,’ pC ' (2003). ’Growth extracts. Irjterngtlonal Journal _of
inhibition of plant pathogenic bacteria Cu_rrent Miggbiolegy \andaggpplied
and fungi by extracts from selected Sciences. 3(5);,567,- 580.
South African plant species. South
African Journalpof Botgny, 20, 188- 10. Nunez, S.AJ, = Velez, C.HT,
192, Aguero-Aguero, J., Gor_tzalez—
Gonzalez, J.,.Naddeo, F. De Simone,
Moreilon, P., Que, U. A. & Glaiuser, F. (20_02). Isolation an_d quantitative
M.P. (2005). Staphylococcus aureus gﬂaggts 2:: dpher;?loil:tlcf);((;crinantfﬁaareg
(including  staphylococcal  toxic (Mgan ,ifera inrtiic)r:t L) stem ba%k
shock_). In: P_rinciples and Practice of aqueo%s decoction usect in Cuba as a
gttit:,tlcl)aus,nnlgtlsgf’:tétesémljidgminM;r.tngﬂI] nutr_itional supplement. Jottrnal of
Edn. Churchill Livingstone, ?gzrt(;téléure and Food Chemistry, 50,
Pennysylvania 2, 2333-2339. '
. 11.  Ajila, C.M. Rao, L. J. & Rao, U.J.
Sahrawat, A". Pal, S & Sh.ah" B-K. (2JOlO). Characterization of bioactive
(2013). An_tlbgcterlal activity.  of compounds from raw and ripe
'V'af_‘g'fera |nd_|ca (mgngc_)) Iea_ves Manifera indica peel extracts. Food
against drug resistant bacterial strains. Chemical Toxicology, 48, 3406-3411
International Journal of Advanced o '
Research, 1(6),:82-86. 12.  Barreto, J.C., Trevisan, M.T.S., Hull,
\ ) W.E., Erben, G., De Brito, E.S,,
Vega-vega, V., Silva-Espinoza, B.A., Pfundstein, B., Waurtele, G,
Cruz-Valenzuela,  M.R., Bernal- Spiegelhalder, B., & Owen, R.W.
Mercado, AT, Gonzalez-Aguilar, G. (2008). Characterization and
A. & RuizCruz, S (2013). quantization of polyphenolic
Antimicrobial ~ and  antioxidant compounds in bark, kernel, leaves and
properties c_)f byproduct extracts_of peel of mango (Mangifera indica).
mango fruit. Journal of Applied Journal of Agriculture and Food
gﬂany and Food Quality, 86, 205- Chemistry, 56 (14), 5599-5610.
) 13. Stoilova, 1., Gargova, S., Stoyanova,
Mustapha, A.A., Enemali, M.O., A. & Ho, L. (2005). Antimicrobial
Olose, M., Owuna, G., Ogaji, J.O,, and antioxidant activity of the
Idris, M. M., & Aboh, V.O. (2014). polyphenol mangiferin.
Phytoconstituents and antibacterial HerbPolonica, 51, 37-44.
efficacy of mango (Mangifera indica)
leaf extracts. Journal of Medicinal 14.  Engels, C., Schieber, A. & Ganzle,

Plant Studies, 2 (5), 19-23.

11

M.G. (2011). Inhibitory spectra and



15.

16.

17.

18.

19.

20.

21.

22.

23.

modes of antimicrobial action of
gallotannins from mango Kkernels
(Mangifera indica L.). Applied and
Environmental Microbiology, 77(7),
2215-2223.

Latha, M.S, Latha, K.P., Vagdevi,
H.M., Virupaxappa, A., Nagashree,
A. S.  (2011). Phytochemical
investigation and antibacterial activity
of Mangifera indica L. Var Rasapuri
root extracts. International Journal of
Medicinal and Aromatic Plants, 1 (2),
45-47.

Willey, J. M., Sherwood, L. M. &
Woolverton, C. J. (2008). Prescott,
Harley, and Klein’s Microbiology. 7"
Edn. McGraw’Hill Companies. Inc.,
NewYork, pp. 383 — 389, 1017.

Tenailon, O., Skurnik, D., Picard, B.
& Denamur, E. (2010). The
population genetics of commensal
Escherichia coli. Nature Review of
Microbiology, 8 (3), 207-217.

Bentley, R. & Meganathan, R. (1992).
Biosynthesis of vitamin K
(manaquinone) in bacteria.
Microbiological Reviews, 46 (3), 241+
280.

Reid, G., Howard J, & Gan B.S.
(2001). Can¢ bacterial . interference
prevent _.infection? Trends in
Microbiology, 9:(9),:424-428.

Wassenaar, T.M. (2016). E. coli.
European. Journal of Microbiology
and. Immunology.6 (3), 147-161.

Martel, J. (2019).
Bronchopneumonia: symptoms, risk
factors and treatment. Healthline.

Scheleht, L.M., Peters, B.M., Krom,
B.P., Freiberg, J.A., Hansch, G.M,,
Filler, S.G., Jabra-Riz, KM.A &
Shirtliff, M.E. (2015). Systemic
Staphylococcus aureus infection.

Erdogan, A. & Rao, S.S. (2015).
Small intestinal fungal overgrowth.

12

24.

25.

26.

27.

28.

29.

30.

3L

Current Gastroenterological Reports,
17 (4), 16.

Kabir, M.A., Hussain, M. A. &
Ahmad, Z. (2012). Candida albicans:
A model organism for studying fungal
pathogens. Microbiology.

Hamilton, J. (2003).
Pictures.  Twenty-First
Books, p. 71.

Nigeria in
Century

Hussain, H.T. (2018).“Estimation of
antibacterial activity.of green mango
(Mangifera indica L) extract on the
growth of bacteria.. Al-Mustaniriyah
Journal of Science, 29 (1), 75-78.

Doughari, J... Hy, & :Manzara, S.
(2008). In vitro -antibacterial activity
of crude leaf extracts of Mangifera
indica> linn:  Africa Journal of
Microbiology Research, 2, 67-72.

Ochei;»J. & Kolhatkar, A. (2008).
Medical Laboratory Science: Theory
and Practice. 7" Edn. Tata Macraw-
Hill Publishing Limited, New Delhi,
pp. 801-812.

NCCLS (2002). Performance
Standard for antimicrobial
Susceptibility testing: Twenfth
informational supplement. NCCLS
document M100-512 PA, USA.

Taye, B., Giday, M., Animut, A. &
Seid, J. (2011). Antibacterial
activities of selected medicinal plants
in traditional treatment of human
wounds in Ethiopia. Asian Pacific
Journal of Tropical Biomedicine, 4,
370-375.

Nwankwo, I. U. & Osaro-Mathew,
R.C. (2014). Assessment of the
photochemical components of
Mangifera indica (leaf) and Musa
paradisiaca (roots) extracts and their
antibacterial activity against some
common pathogenic bacteria. Journal
of Pharmacy and Biological
Sciences,9 (1), 8-11.



32.

33.

34.

35.

36.

Lide, D.R.
Chemistry and Physics. 315t
CRC press.

(2000).Handbook  of
Edn.

Cheung, H.,Tanke, R.S., & Torrence,
G.P. (2016). Acetic acid. Ullmann’s
Encyclopedia of Industrial Chemistry.
Weinheim: Wiley-VCH.

Okoko, F.J., Akpomie, O. O. &
Ikejiofor, A.G. (2014). Sensitivity of
Salmonella and Shigella to Mangifera
indica Lnn (mango) crude leaf
extracts. British Microbiology
Research Journal,4 (12), 1521-1530.

De, P.K. &Pal, A. (2014). Effects of
aqueous young leaves extract of
Mangifera indica on gram negative
microorganisms causing gastro-
intestinal disorders. Asian Journal of
Plant Science and Research, 4 (1),
23-21.

Lorent, J.H., Quetin-Leclercq, J.,
Mingeot-Leclercg, M. (2014). The
amphiphilic nature of saponins and
their effects on artificial - and
biological membranes and potential
consequences for red blood and
cancer cells. Organic and

13

37.

38.

39.

Biomolecular
8803-8822.

Chemistry, 12(44),

Adejuwon, A.O., Adejumoke, M.
&Johnson, B. (2011). Bioactive
compounds and antimicrobial efficacy

of the extracts of Combretum
pincianum  hook.  Journal  of
Medicinal Plants Research, 5

(15):3561-3563.

Wang, Z., Deng J., Wang, Q., Li, X.
& Wei, H. (2011). Improvement in
solubility of mangiferin by HP-3-CD
inclusion. Chinese Traditional Patent
Medicine.

Kuete, V., Wabo, G. F. & Ngameni,
B. (2007). Antimicrobial activity of
the methanelic extract fractions and
compounds, from the stem bark of
Irvingiaga bonensis. Journal of
Ethnopharmacology, 114 (1), 54-60



