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ABSTRACT

The continuous increase in resistance to antimicrobials amongst the Enterobacteriaceae constitutes
a growing public health threat and thus has necessitated the need to continuously search for
alternative antimicrobial chemotherapy. This study was aimed at evaluating the effects Moringa
oleifera seed and Ocimum gratissimum plant extracts and essential oils on antimicrobial resistant
Enterobacteriaceae isolated from aquatic sources. Two hundred isolates of Klebsiella pneumoniae
and Escherichia coli were recovered from two different environmental sources. The susceptibility of
the isolates to ten (10) different antimicrobials was examined by the Kirby-Bauer technique. The
isolates were also tested for extended B-lactamase production (ESBL) by the modified double disc
synergy test and the susceptibility of the isolates to essential oils and extracts from Moringa oleifera
seeds and Ocimum gratissimum leaves was analysed using the agar - well diffusion assay. In
addition, the phytochemical analysis of the extracts was carried out to determine their constituents.
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The river water isolates recorded high resistance rates for the following antibiotics: Ampicillin (99%),
cefotaxime (83%), imipenem (77%) and low rates for levofloxacine (19%), while the aquaculture
isolates expressed high resistance rates to ampicillin (95%) ceftazedime (86%), ertapenem (65%),
and low rates to aztreonam (8%). Thirteen (37%) isolates out of 35 tested were positive for ESBL
production, four isolates from river water and nine from aquaculture. Antimicrobial analysis of the
essential oils against the ESBL producers showed no inhibitory activity while the plant extracts
produced zones of inhibition and minimum inhibitory concentrations of between 1.32 and 2.70 mg/mi
for the two plant extracts tested. Phytochemical analysis showed the presence of alkaloids,
saponins, tannins, flavonoids and glycosides in different quantities. This study has shown that crude
extracts of Moringa oleifera seeds and Ocimum gratissimum leaf could become a potential
alternative in the treatment of infections due to antimicrobial-resistant Enterobacteriaceae.

Keywords: Antimicrobials; enterobacteriaceae; Escherichia coli; Klebsiella pneumoniae; Moringa

oleifera; Ocimum gratissimum.

1. INTRODUCTION

Enterobacteriaceae are rod-shaped, gram-
negative bacteria that are normal inhabitants of
the intestinal flora of warm-blooded animals and
among the most common human pathogens
causing infections that range from cystitis to
pyelonephritis, wound sepsis, pneumonia,
bacteremia, and meningitis [1]. Entero-
bacteriaceae spread easily between humans by
hand carriage as well as contaminated food and
water and have a propensity to acquire genetic
material through horizontal gene transfer,
mediated mostly by plasmids and transposons
[2,3,4].

The increasing development of antimicrobial
resistance in microorganisms has reached a
critical point, threatening the gains over the years
on the treatment of infectious diseases, since the
discovery of penicillin in the early 1900s. The
rate of resistance has become so astronomical
that bacteria are developing defenses against
antibiotics even as new ones are developed [5].
Unfortunately, this problem is not limited to
clinical isolates alone but has extended to native
isolates of aquatic environments [6].

The general belief is that an increase in
antimicrobial resistance is as a result of
extensive use and abuse of antibiotics in
medication, veterinary agriculture and
aquaculture. Several studies worldwide have
reported the presence of antimicrobials in all
types of water including mineral water, drinking
water, lakes, rivers, ground and wastewater [7-
10]. Consequently, antimicrobial-resistant
bacteria (AMR) are commonly found in
environmental waters including oceans, rivers
and lakes [11-14]. In addition, water bodies also
contain other substances like biocides and heavy
metals that place a selection of pressure

amongst the waterborne microbial gene pools
[15,16,17].

The continuous increase in resistance to
antimicrobials among the Enterobacteriacea
constitutes a growing public health threat and so
has necessitated the need to continuously
search for alternative antimicrobial
chemotherapy. Essential oils and plant extracts
have great potential in the field of bio-medicine to
open new pathways for anti-biotherapy as they
effectively destroy several bacterial, fungal and
viral pathogens. Medicinal plants have been

recognized as potential sources of new
antimicrobial molecules, creating a renewed
interest in the antimicrobial activities of

phytochemicals [18]. Plants produce a wide
variety of secondary metabolites including
alkaloid, glycosides, terpenoids, saponins,
steroids, flavonoids, tannins, quinolones and
coumarines [19]. According to Srivastava, et al.
[20] antimicrobial properties of plants are as a
result of the presence of these biomolecules.
Two examples of such medicinal plants common
in the Nigerian environment are Ocimum
gratissimum and Moringa oleifera. According to
Sofowora [21] Fakae, et al. [22] and Chitwood
[23] O. gratissimum leaves are used as
vegetables for food preparation while their
extracts are an antidote for cough, rheumatism,
high fever and gonorrhea. M. oleifera on the
other hand is a small tree with little foliage and
commonly called Horse-radish in English. Every
part of the plant is reported to possess medicinal
properties and used in the treatment of various
ailments [24].

The aim of this work was to evaluate the effect of
extracts and essential oils of Moringa oleifera
seeds and Ocimum gratissimum leaves on
antimicrobial resistant Enterobacteriaceae
isolated from environmental sources.




2. MATERIALS AND METHODS
2.1 Materials
2.1.1 Sample types and collection

Bacterial isolates were recovered from river and
fish pond water samples. Moringa oleifera seeds
and Ocimum  gratissimum leaves were
purchased from Relief market Owerri in Owerri
Municipal Council Area, Imo State Nigeria. Both
plant samples were identified by a taxonomist at
the Crop Science Department of the Federal
University of Technology, Owerri (FUTO), Imo
State Nigeria. The river and fish pond water
samples were collected from Otamiri river and
fish ponds in FUTO respectively, using sterile
plastic containers. Ten antimicrobials were tested
for activity against the isolates and they included

gentamycin (10 pg), ampicilin (10 pg),
ceftazidime (30 png), aztreonam (30 png),
cefotaxime (30 pg), ciprofloxacin (5 pg),
levofloxacin (5 pg), meropenem (10 pg),

imipenem (10 pg) and ertapenem (10 pg). The
breakpoints in millimeter (mm) for resistant
isolates according to Clinical and Laboratory
Standards Institutes (CLSI) [25] for the tested
antimicrobials are gentamycin <12, ertapenem
<19, imipenem <19, meropenem <19,
ciprofloxacin <15, levofloxacin <13, ceftazidime
<17, aztreonam <17, cefotaxime <22, ampicillin
<13.

2.2 Methods

2.2.1 Isolation and characterization of E. coli
and Klebsiella pneumoniae isolates

MacConkey and eosin methylene blue agar were
used for primary isolation of Klebsiella
pneumoniae and E. coli after enrichment in
nutrient broth for 24 hours at 30°C.
Subsequently, 2 or 3 distinct colonies from these
primary plates with characteristic colonies were
selected and purified on nutrient agar plates to
obtain pure colonies. The isolates were
confirmed using IMViC tests for
enterobactariaceaea classification [26].

2.2.2 Antimicrobial resistant test

Antimicrobial resistant test was carried out by the
Kirby-Bauer technique, according to
Cheesbrough [26]. Briefly, isolates standardized
to 0.5 McFarland standards were spread on the
surface of already prepared and dried Mueller
agar plates using swab sticks. The antimicrobial
discs were placed on the agar surface using
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sterile forceps, the bacterial films on the agar left
to dry briefly and plates subsequently incubated
at 35°C for 24 hours. After incubation, the zones
of inhibition were measured using a meter rule
and designated as resistant or susceptible
according to already established breakpoints.

2.2.3 Extraction of plant samples
2.2.3.1 Essential oil extraction

The technique adopted by Adepoju, et al. [27]
was used to extract the essential oils of the plant
and seed samples. A 250 ml soxhlet extractor
apparatus and petroleum ether as a solvent were
used with 50 g fresh plant materials for the
extraction. The quantity of the oil yield was
determined gravimetrically as the ratio of the
weight of the extracted oil to the weight of the
plant powder samples used. The obtained oil
was kept in a refrigerator before use.

2.2.3.2 Crude plant extraction

Crude ethanol extraction of the plant sample was
carried out by soaking the powdered leaves and
seeds in ethanol for 4 days with constant
shaking. The mixture was filtered using Whatman
Number 1 filter paper, centrifuged at 1500xg for
20 minutes. The extracts were capped and
stored at 4°C as plant stock. The crude extract
was evaporated to dryness by placing in a water
bath at 40°C.

2.2.3.3 Phenotypic  testing  for  extended
spectrum Beta-lactamase (ESBL)
production

All the isolates that showed resistance to

ceftazidime and cefotaxime were selected for
phenotypic testing for ESBL production. The test
was conducted by the modified Double Disk
Synergy Test (MDDST) according to Kaur, et al.
[28] using amoxicillin — clavulanate (20/10 ng)
disc, along with four cephalosporins: Cefotaxime,
ceftriazone, cofpodoxime, (3GC) and cefepime
(4GC). The organisms were spread on Meuller-
Hinton agar plates according to Clinical and
Laboratory Standards Institute (CLSI), (2009)
[25] and discs of amoxicillin-clavulanate (30 pg)
placed in the center of the plates while the discs
of the other antibiotics were placed 15 mm and
20 mm apart respectively, center to center to that

of the amoxicillin-clavulanate disc [28]. A
distortion or increase in the zones of
inhibition towards the disc of amoxicillin-

clavulanate was considered as positive for ESBL
production.



2.2.4 Antimicrobial activity of the essential
oils of M. oleifera and O. gratissimum
against ESBL isolates

2.2.4.1 Disc preparation for plant essential oils

The antimicrobial activity of the essential oils was
conducted according to Serban, et al. [29]. Paper
discs were prepared from Whatman No. 1 filter
paper using a puncher and sterilized in separate
bijou bottles at 170°C for 180 minutes.
Thereafter, different concentrations of the
Moringa oleifera seed and Ocimum gratissimum
leaf essential oils, prepared by dissolving
different volumes of the oil in appropriate
volumes of dimethyl sulfoxide (DMSO) were
dropped on the discs for subsequent analysis.
The different quantities used in the assay were
10ul (1 ml of essential oil), 7.5ul (0.75 m1 of
essential oil and 0.25 ml of DMSO), 5.0ul (0.5 ml
of essential oil and 0.5 ml of DMSO) and 2.5u1
(0.25 ml of essential oil and 0.75 ml of DMSO)
with each disc capable of adsorbing 0.01ml of
the solution.

2.2.4.2 Well-diffusion assay of essential oils

Standardized inocula of the E. coli and K.
pneumonia isolates were swabbed on the
surface of prepared and solidified Mueller Hinton
agar plates in duplicates. 0.1 ml of the active
cultures was spread over the plate using a sterile
glass spreader in order to get a uniform microbial
growth for all the plates [30]. A well was dug
using a 6mm diameter cork borer on the agar
plate. The wells were filled with 10, 20 and 30 ul
of the essential oils. All plates were sealed by
paraffin with sterile laboratory conditions to avoid
evaporation of the agar plates. The plates were
left for 30 minutes at room temperature to allow
the diffusion of the oil and then incubated at 37°C
for 24 hours.

2.2.4.3 Antimicrobial activity of the crude plants
extracts against the ESBL isolates

The activity of the two crude plant extracts
against ESBL isolates was screened by using the
agar-in-well diffusion method [31]. An inoculum
suspension was swabbed uniformly to solidified
20 ml Mueller Hinton Agar (MHA) plates and the
inoculum was allowed to dry for 5 minutes. Holes
of 6 mm in diameter were made in the seeded
agar using a sterile cork borer. Aliquots of 100
mg/ml, 50 mg/ml, 25 mg/ml and 12.5 mg/ml from
each plant extract was added into each well on
the seeded medium and allowed to stand on the
bench for one hour for proper diffusion and
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thereafter incubated at 37°C for 24 hours. After
incubation, the diameters of the growth inhibition
zones were measured in millimeters (mm).Three
replicates were carried out for each extract
against each of the test organisms that produced
ESBLs.

3. RESULTS

A total of two hundred isolates of E. coli and
Klebsiella pneumoniae were obtained from two
different environmental sources - River and aqua
culture water. The isolates from river water
expressed high resistance rates to ampicillin,
cefotaxime, imipenem, azetreonam, meropenem,
ertapenem (99%, 83%, 77%, 75%, 74%, 70%)
respectively, while  expressing  moderate
resistances to ceftazidime and ciproflaxacin
(53% and 40%) and low resistances to
Gentamycin and Lavafloxacin (34% and 19%)
respectively (Table 1). Isolates from aquaculture
water on the other hand, expressed high rates of
resistance to ampicillin, ceftazidime and
ertapenem (95%, 86% and 65%) respectively,
moderate resistances to imipenem, cefotaxime,
ciprofloxacine and meropenem (56%, 44%, 43%
and 41%) respectively, while low resistance rates
were recorded for levofloxacine, gentamycin and
aztreonam (33%, 18% and 8%) respectively
(Table 2). On the average, isolates from river
water samples generally expressed higher rates
of resistance to the antibiotics tested compared
to the aquaculture water isolates. The least
resistance rate of 8% being recorded for
aztreonam amongst the aquaculture isolates
(Table 3).

Out of 35 isolates tested phenotypically for ESBL
production, 13 (17.5%) isolates were found to be
ESBL producers with nine (9) being E. coli and
four (4), K. Pneumoniae isolates. All these
Isolates showed a clear extension of the edge of
inhibition which was produced by the antibiotic
towards the amoxicillin clavulanate disk. Four
(11.4%) of the extended spectrum Peta-
lactamase (ESBL) producers were from river
water, while 9 (25.7%) were from aquaculture
samples (Table 4).

The isolates exhibited high levels of variability
expressing varying numbers of resistant patterns
amongst them as shown on Table 5. E. coli from
river water and aquaculture exhibited 26 and 36
resistant patterns respectively while K.
pneumonia exhibited 36 and 43 patterns
respectively (Table 5). Multiple antibiotic
resistance index (MAR) of between 0.3 and 1



were also identified with 96-98% of the isolates
being resistant to between 3 and 10 antibiotics.

The essential oils extracted from the Moringa
oleifera seeds and Ocimus gratissimum leaves
were not active against the ESBL producing
isolates as there were no zones of inhibition on
the Mueller-Hinton agar plates.
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The MICs as observed for the two medicinal
plants extracts analyzed showed there was
inhibition of the Isolates by the extracts at 100
mg/ml, 50 mg/ml, 25 mg/ml and 12.5 mg/ml, in
both aqueous and ethanol extracts and the
minimum inhibitory concentrations of between
1.32 mg/ml and 2.70 mg/ml for the two plants
extracts were recorded as seen on Table 6.

Table 1. Antimicrobial resistant profile of E. coli and Klebsiella pnuemoniae isolated from river

water
Antibiotics No(%) of resistant isolates
E. coli (n=50) Klebsiella pneumoniae (n=50)  Total resistant (n=100)

Ampicillin 50 (100) 49 (98) 99 (99)
Cefotaxime 39 (78) 44 (88) 83 (83)
Imipenem 43 (86) 34 (68) 77 (77)
Aztreonam 36 (72) 39 (78) 75 (75)
Meropenem 36 (72) 38 (76) 74 (74)
Ertapenem 37 (74) 33 (66) 70 (70)
Ceftazidime 20 (40) 33 (66) 53 (53)
Ciprofloxacine 22 (44) 18 (36) 40 (40)
Gentamycin 16 (32) 18 (36) 34 (34)
Levofloxacin 8 (16) 11 (22) 19 (19)

Table 2. Antimicrobial resistant profile of E. coli and Klebsiella pnuemoniae isolated from aqua

culture
Antibiotics No(%) of resistant isolates
E. coli (n=50) Klebsiella pneumoniae (n=50) Total resistant (n=100)

Ampicillin 45(90) 50(100) 95(95)
Ceftazidime 43(86) 43(86) 86(86)
Ertapenem 27(54) 38(76) 65(65)
Imipenem 31(62) 25(50) 56(56)
Cefotaxime 23(46) 21(42) 44(44)
Ciprofloxacin 17(34) 26(52) 43(43)
Meropenem 4(8) 37(74) 41(41)
Levofloxacin 17(34) 16(32) 33(33)
Gentamycin 8(16) 10(20) 18(18)
Aztreonam 4(8) 4(8) 8(8)

Table 3. Total resistant rates (%) of antimicrobial resistant enterobacteriaceae isolated from
both sources

Antibiotics No(%) of resistant isolates

River water (n=100) Aquaculture water (n=100) Total resistant rates (n=200)
Ampicillin 99 (99) 95 (95) 194 (97)
Cefotaxime 83 (83) 44 (44) 127 (63.5)
Imipenem 77 (75) 56 (56) 133 (66.5)
Aztreonam 75 (75) 8(8) 83 (41.5)
Meropenem 74 (74) 41 (41) 115 (57.5)
Ertapenem 70 (70) 65 (65) 135 (67.5)
Ceftazidime 53 (53) 86 (86) 139 (69.5)
Ciproflaxacin 40 (40) 43 (43) 83 (41.5)
Gentamicin 34 (34) 18 (18) 52 (26)
Levofloxacin 19 (19) 33 (33) 52 (26)




Chikwendu et al.; JAMB, 19(4): 1-9, 2019; Article no.JAMB.53875

Table 4. Number (%) ESBL producing isolates among the river and aquaculture water isolates

Aquaculture (n=17) River (n=18) Total (n=35)
E. coli 6 (35.2) 3(16.7) 9 (25.7)
K. pneumoniae 3(17.6) 1(5.5) 4 (11.4)

Table 5. Antimicrobial resistant patterns of the E. coli and Kleb. pnuemoniae isolates from
river and aquaculture water sources

Organism Source No of patterns No of organisms Predominant pattern
expressed expressing pattern

E. coli RV 26 8 CTX+ETP+IPM+MEM+AMP+ATM
E. coli AQ 36 3 CAZ+ATM+AMP+IPM

3 CAZ+CTX+ETP+ATM+AMP

3 CAZ+CTX+ETP+AMP+IMP
Kleb. RV 36 6 CTX+CAZ+ETP+IPM+MEM+LEV
pneumoniae +CN+CIP+APM+ATM

AQ 43 6 CAZ+ETP+AMP+IPM+CIP+MEM

KEY: RV: River water; AQ: Aquaculture; CN (gentamycin), IMP (imipenem), AMP (ampicillin), LEV (levofloxacin),
CAZ (ceftazidime), ATM (aztreonam), CTX (cefotaxime), CIP (ciprofloxacin), MEM (meropenem), ETP
(ertapenem)

Table 6. Minimum Inhibitory Concentration (MIC) against E. coli and Kleb. pneumoniae isolates

MIC (mg/ml)/plant

S/No Test organism(s) Sources M. oleifeira O. gratissimum
Klebsiella pneumoniae River water 1.59 1.59
Aqua Culture 1.32 1.32
E. coli River water Indeterminate 2.70
Aqua Culture 1.32 1.32
Table 7. Phytochemical constituents of water and extracts of the test plants
O. gratissimum M. oleifeira
OE ow OE ow
Alkaloids + - +++ ++
Saponins + + ++ ++
Tannins + + ++ +
Flavonoids + + ++ +
Steroids - -
Glycosides + + + ++
Terpenoids + ++
KEY: OE; ethanol extract; OW: water extract; +; slightly present; ++; moderate: +++; abundant
4. DISCUSSION isolates being resistant to at least three
antibiotics. In a similar work by

Members of the Enterobacteriaceae such as E.
coli and Klebsiella pneumoniae are among the
most important causative agents of hospital and
community acquired infections of human beings
[32]. In this study, the susceptibility data of
microbial  Enterobacteriaceae = environmental
isolates demonstrated remarkable resistance to
commonly used antibiotics with significant
resistance to the B-lactams. High resistance
rates were identified amongst the aquatic
environmental isolates with up to 98% of the

Sivakumarasmany, et al. [33] 68.4% of their
environmental Gram-negative isolates were
resistant to at least one antibiotic with 43.4%
being multi-resistant. And 31.6% were
susceptible to all the twelve (12) antibiotics
tested. This is in contrast to the present study
where no isolate was susceptible to all the tested
antibiotics.  Similarly all the isolates in
Sivakumarasmany, et al. [33] expressed
maximum resistance to ampicilin as in the
present study.



In the study by Obayiuwa, et al. [34] 85.8% of
their bacterial isolates including K. pneumonia
were multidrug resistant, similar to the present
study where very high rates of multidrug
resistance of up to 96-98% were identified.
Similarly, resistance was low for gentamicin and
100% for ampicillin similar to the current study
were resistances were 26% and 97% for
gentamicin and ampicillin  respectively. In
Onuoha [35] very high proportions of the
bacterial isolates were resistant to cefotaxime
and cefuroxime, both B-lactam antibiotics. Similar
high trends were equally reported for the same
group of antibiotics in the present study, with
cefotaxime and ceftazidime showing rates of
63.5% and 69.5% resistance rates respectively.
Most effective antibiotic in their study was
azithromycin at 100% susceptibility rates
followed by imipenem at 77% contrary to the
present study were rates of resistance to
imipenem were 66.5%.

Multiple antibiotic resistance (MAR) index values
for the study were high, ranging from 0.3-1, with
at least 8 isolates resistant to all 10 antibiotics
under study, making the environmental sources
tested potential health risk environments.
According to Krumperman [36] and Hinton, et al.
[37] MAR index above 0.25 classifies an area of
study as potentially health risk environment.

Many other similar studies in different
geographical zones have also led to the
classification  of several other aquatic

environments in different countries as health risk
contaminated areas due to high and increasing
MAR index values above 0.25. Some of these
diverse areas include Egypt [5], Romania [38]
USA [39], China [40] and now Nigeria. This
classification of widespread areas across the
globe as potentially health risk environment
supports the assertion that the phenomenon of
MAR bacteria in aquatic environments is a
worldwide burden being that it is an international
rather than a national problem [41,42,43] and
measures for amelioration ought to put this fact
into consideration.

Extended spectrum beta lactamases were
phenotypically identified in some of the
environmental isolates. Their presence
particularly on plasmids makes it possible for
them to be easily transferred from one organism
to another. The genes for the production of
extended spectrum Beta-lactamases usually co-
exist with the resistance genes for several other
antibiotics they are encoded by plasmids which
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also carry resistant genes for other antibiotics.
[44].

Phytochemical analysis of the plant extracts
showed the presence of alkaloids, saponins,
tannins, flavonoids, steroids, glycosides and
terpenoids in  varying quantities.  Their
antimicrobial activities against these
environmental isolates confirmed by the MIC
results could be attributed to the above
mentioned phytochemicals. Moringa oleifera
seed and Ocimum gratissimum leaf extracts
could therefore be used as effective candidates
for the treatment of antimicrobial resistant
Enterobacteriaceae in these environments.

5. CONCLUSION

Phytochemical analysis showed the presence of
alkaloids, saponins, tannins, flavonoids and
glycosides in different quantities. Moringa
oleifera seed and Ocimum gratissimum leaf
extracts could be used as effective candidates
for the treatment of antimicrobial resistant
Enterobacteriaceae. The current challenge in
Medicare is the race between the creation of
effective novel molecules and the spread of
multi-drug resistant Enterobacteriaceae. The use
of medicinal plants as source of alternative
antibacterial agents is very important and should
be encouraged at a “certain or well-known dose”.
There was wide spread and diverse resistance of
the  Enterobacteriaceae in the aquatic
environments, which may be controlled by the
use of Moringa oleifera seed and Ocimum
gratissimum leaf extracts.
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