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The interest in biopreservation of food has prompted the quest for new natural
antimicrobial compounds from different origins including plants. Medicinal plants
are moving from fringe to mainstream use with a greater number of people *Corresponding author: Ahmed RS
seeking for remedies and health approaches from side effects caused by synthetic
chemicals. This has aggravated the search for antimicrobials from plants sources.

In this study, aqueous extract of Moringa oleifera was screened for antimicrobial [=1 ahmd_sofy@yahoo.com

activity against five foodborne bacterial isolates (Bacillus cereus, Staphyllococcus

aureus, Escherichia coli, Salmonella typhiand Pseudomonas aeruginosa). As well as, Department of Botany and Microbiology,
against five fungal and yeast strains, including Aspergillus niger, Aspergillus flavus, Al-Azhar University, 11884 Nasr City, Cairo,
Penicillium italicum, Rhizopus stolonifer and Candida albicans. Various methods for Egypt.

better antimicrobial activity were established. Minimum Inhibitory Concentration
(MIC) and time-kill assays were also determined. The Moringa oleifera aqueous

extract exhibited antimicrobial activity towards all tested microorganisms with Citation: Sofy AR, Hmed AA, Sharaf
markedly stronger anti-Gram positive bacteria activities were 26.2 + 0.55 and AMA, El-Dougdoug KA (2017)

24.26 + 0.71 (mm) against B. cereus and S. aureus, respectively, while the anti- Preventative and Curative Effect of
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oleifera aqueous extract exhibited a wide spectrum of actions against both two
Gram-types bacteria and tested fungal/yeast strains and the concentration values
ranged from 1.562 to 12.5 mg/ml against bacteria depending on Gram character
and ranged from 1.562 to 25 mg/ml against the panel of fungi and yeast tested.
The MICs values were organism specific and concentration dependent. Based
on the time-kill assay Gram-negative bacteria required longer time of exposure
than the Gram-positive one. Interestingly, Moringa oleifera aqueous extract at
sub-inhibitory concentrations showed strong activity in smashing up foodborne
bacterial biofilm as a dose dependent manner. Scanning Electron Microscopy
(SEM) images showed the morphological damages and strong destructive effects
against both Gram-positive and Gram-negative bacteria. Finally, Moringa oleifera
aqueous extract has good potential for controlling growth of foodborne pathogenic
and spoilage microorganisms and open new fields in food biopreservation. As well
as, breaks the increasing prevalence of multi-drug resistant strains of bacteria and
the recent appearance of strains with reduced susceptibility to antibiotics raised
the specter of ‘untreatable’ bacterial infections and adds urgency to the search for
new infection-fighting strategies.

Keywords: Moringa oleifera; Biopreservation; Pathogenic bacteria; Antibacterial
activity; Antifungal activity; Antibiofilm activity; Healthy food; MIC

Received: July 03, 2017; Accepted: July 10, 2017; Published: July 20, 2017

© Under License of Creative Commons Attribution 3.0 License | This article is available from: www.acmicrob.com ’]



ARCHIVES OF CLINICAL MICROBIOLOGY

Introduction

Food is an essential commodity for nutrition and growth of
human being and also an excellent medium of growth for various
microorganisms. Most of the time foods rapidly become unfit
for consumption as a consequence of microbiological (bacteria,
fungi and viruses). Food spoilage and food pathogenesis
causing increased health expenses will lead to huge economic
losses. Hence, the need of controlling pathogenic and spoilage
microorganisms in food is essential [1].

Food-borne pathogens are one of the major public concerns
in both developed and developing countries and account for
considerably high cases of illnesses attacking human and animals
[2]. In addition, increase of international trade of commodities
and food products has raised the risk of dispersion of pathogenic
bacteria from production sites to faraway places of consumption,
thus, at the present time; it is a necessity to use the chemical
preservatives to prevent the growth of food spoiling microbes
in the food industry [3]. But, at the same time there has been an
increasing consumer demand for foods free or with low, if any,
added synthetic preservatives because synthetic preservatives
could be toxic to human [4]. Some chemical preservatives have
been related to carcinogenic and teratogenic attributes as well as
residual toxicity [5].

All of the above concerns have been put pressure on the food
industry for the progressive removal of chemicals preservatives
and adoption of natural alternatives to obtain its goals concerning
safe food with long shelf lives [4]. Scientific research reveals
that not only the chemical from the plant has effect against a
particular disease, but, that the antioxidant property of the
plant extracts also gives beneficial effect to human health [6].
In addition, the perception that there is a lower incidence of
adverse reactions to plant preparations compared to synthetic
pharmaceuticals and the reduced cost of plant preparations [7].
Make the development of plant extract as the anti-food borne
pathogens one useful possibility [8].

Moringa oleifera is medicinal species, belonging to monogeneric
family Moringaceae (order Brassicales). It has 33 species of trees
and shrubs distributed in sub-Himalayan ranges of India, Sri Lanka,
North Eastern and South Western Africa, Madagascar and Arabia
[9]. It has become naturalized in many locations of the tropics and
is widely cultivated in Africa, Ceylon, Thailand, Burma, Singapore,
West Indies, Srilanka, India, Mexico, Malabar, Malaysia and the
Philippines [10]. Almost all the parts of this plant: root, bark,
gum, leaf, pods, flowers, seeds and seeds oil have been used
for the various ailments in the indigenous medicine [11]. It has
been known to be anti-helminthic activity, antimicrobial activity,
detoxifier, immune booster and anti—parasitic activity [12].
Antimicrobial activities of various M. oleifera morphological parts
against some pathogenic microorganisms have been reported
[13].

However, not so extensive work on antimicrobial properties
of its aqueous extract has been studied and more so, some of

its morphological parts are unexplored. The objectives of the
present study are to screen the antimicrobial activity of the
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aqueous extract of M. oleifera against foodborne pathogens and
spoilage microorganisms to develop natural antimicrobials, from
plant sources, have good potential for use as preservative agents
while promoting the image of “healthier” foods. In addition,
minimal inhibitory concentration (MIC) was also determined
as well as, pathogenic and spoilage bacteria have been shown
to attach to a wide variety of food-contact and non-contact
surfaces. Such attachment of microorganisms to food contact
surfaces frequently referred to as biofilms, can impact the food
industry by complicating sanitation and increasing the risk of cross
contamination with spoilage and pathogenic microorganisms.
Time-kill assay and the antibiofilm activity of M. oleifera aqueous
extract sub-inhibitory concentration were examined.

Material and Methods
Plant material

Moringa oleifera leaves were obtained from Ain Shams Univ.
The collected, plant part was cleaned, washed and shade dried,
exposure to sunlight was avoided to prevent the loss of active
components.

Aqueous extract preparation: The dried materials were ground
to fine powders by electric grinder. The pulverized leaves
weighing 200 g were extracted by maceration in two liters of
distilled water (1:10 w/v) for 4 days by means of cold extraction
and extract evaporated in vacuo. The extract was concentrated in
vacuo using a rotary evaporator at 40°C. The water remaining in
the extract was finally removed by placing the extract in porcelain
dishes in temperature-controlled oven to give a residue weighing
8.5 g. The residues were stored at 4°C for till use. The yielded
extract was lyophilized then reconstituted with sterilized distilled
water when needed for testing. Prior to testing, prepared extract
was sterilized by filtration with 0.2 um syringe filter [14].

Tested microorganisms

Bacteria: Five isolates were Bacillus cereus, Staphyllococcus
aureus, Escherichia coli, Salmonella typhi and Pseudomonas
aeruginosa isolated from food (Meat and dairy products),
identified depending on cultural, morphological and biochemical
analysis according to Bergey's manual [15], moreover APl and
Biolog systems were performed for confirm the identification.

Fungi/Yeast: Five food isolates were Aspergillus niger, Aspergillus
flavus, Penicillium italicum, Rhizopus stolonifer and Candida
albicans identified and obtained from Mycology Laboratory of
the Botany and Microbiology Department, Faculty of Science
(Boys), Al-Azhar University, Cairo, Egypt.

Antimicrobial susceptibility testing

For antimicrobial susceptibility tests according to No et al.
[16], the tested microorganisms suspensions were prepared
by suspending 3-5 well-isolated colonies from appropriate agar
plates into 3 ml Mueller Hinton Broth (CAMHB; BD Diagnostic
Systems, adjusted to pH 5.9) for bacteria, while Sabouraud
Dextrose Broth (SDB; Difco Co.) for fungi/yeast. The turbidity was
adjusted equivalent to a 0.5 McFarland standard.

This article is available from: www.acmicrob.com
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For disk diffusion, agar well diffusion the concentration of
M. oleifera aqueous extract was 50 mg/ml. While, for broth
microdilution the concentrations were ranged from 0.78-50 mg/ml.

Disk diffusion assay: Impregnated paper discs disks (6 mm in
diameter; BD Diagnostic Systems) with extracts in concentration
were placed on the surface of inoculated each MHA plate using
a sterile pair of forceps (~ 4 mm thickness agar layer). The Petri
dishes were sealed using parafilm and left 1 hr in the refrigerator,
in order to allow for the diffusion of the active compounds of
the extracts. Negative controls were done using sterile distilled
water instead of active compounds. Then, plates were incubated
at 37°C for 24 hr. The susceptibility of the bacteria to extract was
estimated by measuring the diameter of inhibition zones using
a ruler or caliper and recorded values as the average of three
replicates [17].

Agar well diffusion assay: Sabouraud Dextrose Agar (SDA; Difco
Co.) was inoculated with tested organisms before the agar
solidification. The tested extract was sterilized by Millipore filter
(0.22 um). Discs of the inoculated agar were cut with Cork borer
and removed to make agar wells. These wells were filled by tested
extract. Controls Petri plates were prepared using distilled water
instead addition of extract. Replicates of each treatment were
incubated at 28°C for 2-4 days. The susceptibilities of fungi/yeast
to the extract were estimated by measuring the diameter of the
zones of inhibition. The results were recorded as the average of
three replicates [18].

Broth microdilution assay: Suspension equivalent to the
turbidity of 0.5 McFarland standard (108 cfu/ml) prepared from a
fresh subculture in Mueller Hinton Broth (MHB) and Sabouraud
Dextrose Broth (SDB) for bacteria and fungi/yeast, respectively,
then the suspension was diluted to 10° cfu/ml. The adjusted
microbial inoculums (100 ul) were added to each well of sterile
96-well flat-bottomed microtiter plate containing the tested
concentration of extract (100 pl/well). As a result, last inoculum
concentration of 5 x 10° cfu/ml was obtained in each well. Three
wells containing microbial suspension without tested extract
used as growth control and two wells containing only media as a
background control were included in the plate. Optical densities
were measured at 620 nm after 24 hr at 37°C for bacteria and
48 hr at 28°C for fungi/yeast using an ELISA microplate reader
(Sunrise™-TECAN, Switzerland) at the Botany and Microbiology
Department, Faculty of Science, Al-Azhar University. Finally, cell
concentrations were transformed to a mean growth inhibition
percentage (%). The percentage of microbial growth reduction
(GR%) was estimated using as reference the control treatment
(without extract) as:

Cc-T (1)
Cx100

Where, Cis the cell concentrations under the control treatment
and T is the cell concentrations under the extract treatment.
Three replicates were considered. The results were recorded as
means + SE of the triplicate experiment [19].

GR % =

Determination of minimal inhibitory concentration (MIC): The
minimum inhibitory concentration was determined by broth
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microdilution method. Two-fold serial dilution in the same type of
broth media of tested extract was diluted to yield concentrations
(50, 25, 12.5, 6.25, 3.12, 1.56 and 0.78 mg/ml). Sterile distilled
water was added in wells of negative control. The microtitre
plates were prepared by adding 100 pl of the same type of
appropriate broth media for bacteria and fungi/yeast. Serial
dilution was carried out up to well number 12 from which 100
pl were discarded. Twenty microliters of microbial suspension
(0.5 McFarland standards) were added to each well except the
control wells which contained distilled water and broth media
only. An automatic ELISA microplate reader (Sunrise™-TECAN,
Switzerland) adjusted at 600 nm was used to measure the
absorbance of the plates before and after incubation at 37°C
after 24 hr for bacteria and after 48 hr at 28°C for fungi/yeast. The
absorbencies were compared to detect an increase or decrease
in the growth and the values plotted against concentration. The
lowest concentration of the tested extract resulting in inhibition
of bacterial or fungal growth was recorded as the MIC [19].

Antivirulence activity

Biofilm formation assay of bacterial isolates using tissue culture
plate method: Tissue culture plate method as a quantitative
test described by Christensen et al. [20] is considered the gold-
standard method for biofilm detection. The isolated bacteria
were tested for their ability to form biofilm. Briefly, bacteria
isolated from fresh agar plates were inoculated in 10 ml of
Trypticase Soy Broth (TSB) with 2% glucose. The inoculated broths
were incubated at 37°C for 24 hr. The cultures were then diluted
(1:100) with fresh medium. Individual wells of sterile 96-well flat
bottom polystyrene tissue culture treated plates (Sigma-Aldrich,
Costar, USA) were filled with 200 ul of the diluted cultures with 0.5
McFarland standard. Negative control wells inoculated with 200
pl sterile broth medium. The plates were incubated at 37°C for
24 hr. After incubation, the contents of each well were removed
(free floating bacteria) by gentle tapping. The wells were washed
with 0.2 ml of phosphate buffer saline (pH= 7.2) four times.
Biofilm formed by bacteria adherent to the wells were fixed by
2% sodium acetate and stained by crystal violet (0.1%). Excess
stain was removed by using deionized water and plates were
kept for drying. Optical density (0.D.) of stained adherent biofilm
was obtained by using an ELISA microplate reader (Sunrise™-
TECAN, Switzerland) at wavelength 570 nm. The experiment
was performed in triplicate and repeated three times. The
interpretation of biofilm production was done according to the
criteria of Stepanovi¢ et al. [21].

Biofilm inhibition assay using tissue culture plate method:
The plant extract was tested for its potential to prevent biofilm
formation of bacterial isolates at sub MIC concentrations against
each bacterium. An aliquot of two-fold serial dilutions was
prepared in the 96-well microtiter plate containing Trypticase
Soy Broth (TSB) with 2% glucose (TSBGIc) to obtain the previous
concentrations in 100 pl. Bacterial suspensions (50 ul; 5 x 10°
cfu/ml, final concentration) were then transferred into the plate.
TSBGIc containing distilled water was employed as a negative
control. Inoculated TSBGlc without extracts was used as the
positive control. Following incubation at 37°C for 24 hr the effect
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of the extract on the bacterial growth was evaluated using the
microplate reader at optical density of 570 nm. The bacterial biofilm
formation in the presence of the tested extract was subsequently
determined and compared with positive control [22].

Time kill assays: Dialyzed tested extract (12.5 mg/ml for S.
aureus and 25 mg/ml for P. aeruginosa) diluted in sterile distilled
water. Suspensions were mixed with bacteria harvested at late
logarithmic phase and diluted to approximately 4.0-5.0 log cfu/
ml. A total volume of 25 ml was used consisting of 12.5 ml of
Trypticase Soy Broth (TSB), 10 ml of filtered dialyzed extract
and 2.5 ml of inoculum, then incubated at 35-37°C and at
regular intervals (0, 3, 6, 12 and 24 hrs). A bacterial suspension
(1 ml) was collected and the effect of the tested extract on the
bacterial growth was evaluated at each previous times using the
spectrophotometric assay at optical density of 620 nm. Also, 1 ml
or 0.1 ml from bacterial suspension was serially diluted in 0.1%
peptone, and plated in triplicate using Tryptic Soy Agar (TSA; TSB,
Becton, Dickinson and Company, Sparks, MD and Agar, Fisher
Scientific, USA), incubated for 24 hr, at 35-37°C and then cfu
enumerated. All experiments were triplicated and average values
were reported [23].

Scanning electron microscope examination: Treated and non-
treated samples were fixated by glutheraldhyde 2.5% and
dehydrated by serial dilution of ethanol using automatic tissue
processor (Leica EM TP). Then, the samples drying using CO,
critical point drier (Tousimis Audosamdri-815). The samples
coated by gold sputter coater (SPIModule). Finally, the samples
exanimated by scanning electron microscopy (JEOL-JSM-5500LV)
by using high vaccum mode at the Regional Center of Mycology
and Biotechnology, Al-Azahr University, Cairo, Egypt.

Results
Antibacterial activity

The inhibition-zone diameters obtained by the Moringa oleifera
aqueous extract reflect the strong antibacterial activity against
all tested bacterial isolates. The results presented in Table 1 and
Figures 1 and 2 showed that, all isolates were markedly more
susceptible. The data obtained showed the diameters of inhibition
zone were 26.2 + 0.55, 24.26 + 0.71, 21.73 + 0.55, 20.3 + 0.70
and 18.23 + 0.81 (mm) against Bacillus cereus, Staphyllococcus
aureus, Escherichia coli, Salmonella typhi and Pseudomonas
aeruginosa, respectively, as well as the mean growth inhibition
percentages were 100% against all tested bacteria.

Antifungal activity

M. oleifera aqueous extract showed strong activity towards
tested microorganisms except C. albicans where it showed
moderate susceptibility depending on the basis of inhibition
zone (hallo) diameters and mean growth inhibition percentages.
The inhibition zone diameters produced were 23.4 + 0.69, 26.2
+ 0.71, 35.7 £ 0.63, 26.9 + 0.77 and 15.2 + 0.79 (mm) towards
Aspergillus niger, Aspergillus flavus, Penicillium italicum, Rhizopus
stolonifer and C. albicans tested organisms, respectively, with
growth inhibition percentage (100%) except C. albicans tested
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Table 1 The antibacterial activity of M. oleifera aqueous extract based
on the growth inhibition of bacterial isolates using disc diffusion and
microdillution methods.
Antibacterial activity
M. oleifera aqueous extract (50 mg/ml)
Inhibition zone diameter Mean growth inhibition

Bacterial isolates

(mm)? percentage (%)°
B. cereus 26.2 £0.55 100 £ 0.00
S. aureus 24.26£0.71 100 + 0.22
E. coli 21.73 £0.55 100 + 0.36
S. typhi 20.3+0.70 100 + 0.34
P. aeruginosa 18.23 £ 0.81 100 + 0.44

a) Inhibition zone diameter including the disc diameter of 6 mm was
determined by the disc diffusion assay.

b) Mean growth inhibition percentage (%) was determined by the broth
microdillution tmethod

The experiments were performed in triplicate and the data are
expressed in the form of mean + SE.
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was inhibited by percentage (34.6%) showing least sensitivity.
The control of these organisms by the extract would reveal the
potentials of this extract as promise naturally-derived antifungal.
The findings add impetus to the clarion call by interested and
authorities for the replacement of chemically synthesized
antifungal agents with “naturally derived” ones (Table 2 and
Figures 3 and 4).

Minimum inhibitory concentrations (MIC)
against tested bacterial isolates

The results obtained from Table 3 and presented in Figures 5
and 6 showed that, a much higher concentration of M. oleifera
aqueous extract is required for complete inhibition of Gram-
negative bacteria especially P. aeruginosa than Gram-positive
one. The (MICs) values in concentration dependent manner
were 1.562, 3.125, 6.25, 6.25 and 12.5 (mg/ml) against B.
cereus, S. aureus, E. coli, S. typhi and P. aeruginosa, respectively.
P. aeruginosa required more milligrams of the plant extract
for growth inhibition. While, B. cereus required the lowest
concentration for growth inhibition. These results indicated that,
the MICs values were a dose dependent manner.

Minimum inhibitory concentrations (MIC)
against tested fungi/yeast

According to the results showed in Table 4 and designated in
(Figures 7 and 8), the M. oleifera aqueous extract showed strong
antifungal activity with MICs values were 1.562, 3.125, 12.5,
6.25 and 25 (mg/ml) towards A. niger, A. flavus, P. italicum, R.
stolonifer and C. albicans, respectively. Interestingly, C. albicans
showed the highest MIC value, where the anticandidal activity of
M. oleifera aqueous extract required more milligrams for growth
inhibition.

Antivirulence activity

Biofilm formation of tested bacterial isolates: The results
presented in Table 5 and illustrated in Figure 9 showed that, all
bacterial isolates exhibit strong potential for biofilm formation
with the following optical densities 1.0, 0.9, 0.9, 0.8 and 1.3
(0.D.) for B. cereus, S. aureus, E. coli, S. typhi and P. aeruginosa,
respectively. P. aeruginosa which called standard Gram-negative
biofilm producing bacteria was showed the strongest biofilm
formation.

Table 2 Screening of antifungal activity of M. oleifera aqueous extract.

M. oleifera aqueous extract (50 mg/ml)
Inhibition zones
diameter (mm)?

Tested Fungi/Yeast

Mean inhibition
percentages (%)°
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Biofilm inhibition activity

Despite a different inhibitory effect among the bacterial isolates,
a reduced level of biofilm formation in the presence of sub-
inhibitory concentrations of M. oleifera aqueous extract were
observed (Figure 10). Doses of sub-MICs from the extract showed

a strong biofilm reduction effect against B. cereus, S. aureus, E.
coli, S. typhi and P. aeruginosa biofilms.

Bacillus cereus biofilm: The results presented in Table 6 and
illustrated in Figures 10 and 11 clearly indicated that, M. oleifera
aqueous extract had a strong effect on biofilm formation against
B. cereus biofilm with biofilm reduction percentages were 94%,
86%, 77% and 53% at [/» MIC=0.781, % MIC=0.390, 1/8 MIC=0.195
and '/, MIC=0.097 (mg/ml)], respectively. It was found that, at
'/,, MIC had no any changes in biofilm formation optical density
compared with the control grown in M. oleifera aqueous extract
free medium.

Staphyllococcus aureus biofilm: S. aureus is a one of the more
prominent pathogens causing biofilm related food products.
The anti-biofilm efficacy of M. oleifera aqueous extract at sub-
inhibitory concentrations were restricted to S. aureus biofilm. The
eradication effect of M. oleifera aqueous extract against S. aureus
biofilm demonstrated in Table 7 and designed in (Figures 10 and
12). The findings indicated that, the biofilm of this opportunistic
pathogen even at ['/,, MIC] of the extract was strongly reduced.
The reduction percentages were 98%, 80%, 71%, 60% and 50%
at concentrations [1/2 MIC=1.562, 1/4 MIC=0.781, 1/8 MIC=0.390,
'/, MIC=0.195, '/, MIC=0.097 (mg/ml)], respectively. M. oleifera
aqueous extract was successfully able to smash up S. aureus
biofilm especially at [/4 MIC] as dose dependent manner against
tested microorganism with strong reduction effect.

Escherichia coli biofilm: Concentration-dependent analysis
confirms that, M. oleifera aqueous extract at different sub
(MICs) was more efficient in disruption of E. coli biofilm with
inhibition percentages were 82%, 65%, 40%, 31%, and 18% at
the concentrations 3.125, 1.562, 0.781, 0.390 and 0.195 (mg/
ml), respectively and the biofilms optical densities recorded were
0.0.08 (0.D.), 0.25 (0.D.), 0.5 (0.D.), 0.59 (0.D.) and 0.72 (0.D.),
respectively (Table 8 and Figures 10 and 13).

Slmonella typhi biofilm: The results tabulated in Table 8 and
designated in (Figures 10 and 14) clearly indicated that, M.
oleifera aqueous extract showed complete eradication of S.
typhi biofilm formed by this severe pathogenic microorganism,

Standard antifungal [Amphotericin B (100 pg)]
Inhibition zones Mean inhibition
diameter (mm)? percentages (%)®

A. niger 23.4+0.69 100+ 0.71 23.7+£0.46 100 + 0.00
A. flavus 26.2 £0.71 100 + 0.60 19.5+0.42 89+ 0.45
P. italicum 35.7+0.63 100 + 0.45 21.9+0.55 98 + 0.54
Rh. stolonifer 26.9 £0.77 100 + 0.65 17.819+0.71 89 +0.69

C. albicans 15.2+£0.79 34.6+0.79 19.8 +£0.45 92.1+0.67

a) Inhibition zone diameter including the disc diameter of 6 mm was determined by the agar well-diffusion method.
b) Mean growth inhibition percentage (%) was determined by the broth microdillution method
The experiments were performed in triplicate and the data are expressed in the form of mean + SE.

© Under License of Creative Commons Attribution 3.0 License 5
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K \ Table 3 MICs of M. oleifera aqueous extract against bacterial isolates.
100 C Jml
[ [ [ 1 MICs (mg/m
. 0 F ; ; i Bacterial isolates = (mg/mi)
£ g ' _ 1 1 M. oleifera aqueous extract
E 70 ; 5 ; = B. cereus 1.562
g 60 I : I b S. aureus 3.125
¥ so E - : - .
£ I i I i E. coli 6.25
= 40
2 20 I [ ] I [ S. typhi 6.25
% 20 1 1 I ] I ] 1 P. aeruginosa 12.5
10 Microdilution method (two-fold serial dilution 50 mg/ml at initial conc.
0- of M. oleifera aqueous extract).
A niger A flavus P italicum Rh. C. glbicans
stolonifer
M, oleifera extract (50 mg/ml) K - \
® Inhibition zone(mm) m Growth inhibition(%) 18
Figure 3 Antifungal activity histogram of M. oleifera aqueous = 16
extract (50 mg/ml) against tested fungi/yeast using the *En 14
inhibition zone diameter and mean growth inhibition E 12
k percentage. = 10
=
£ s
E
\ § B
2 4
o L
M.oleifera
(] —j T T T T
B. cereus 5. BUreus E. coli 5. typhi  P.aeruginosa
HMIC (mg/ml)
Figure 5 MICs of M. oleifera aqueous extract against tested fungi/
yeast.

Figure 4 Inhibition zones produced against A. niger, A. flavus, P.
italicum, Rh. Stolonifer and C. albicans using M. oleifera
\ aqueous extract (50 mg/ml). J

6

(SRS SIS I S eie el | RO asiaaan. § S——

Figure 6 Microtiter ELISA plate for MICs values of M. oleifera
aqueous extract against bacterial isolates. 1) B. cereus,
2) S. aureus, 3) E. coli, 4) S. typhi, 5) P. aeruginosa and B)

\ negative control. J

where at sub-inhibitory concentrations of the extract the biofilm
reduction percentages were 100%, 100%, 91%, 73% and 30%
at concentrations 3.125, 1.562, 0.781, 0.390 and 0.195 mg/ml,
respectively.

Pseudomonas aeruginosa biofilm : The biofilm formation is the
key factor for survival of P. aeruginosa in various environments,
including food products. Concentration-dependent analysis
further confirms that, at various sub-inhibitory concentrations

This article is available from: www.acmicrob.com
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Table 4 MICs of M. oleifera aqueous extract against tested fungi/yeast.

. MICs (mg/ml)
Fungi/Yeast .
M. oleifera aqueous extract
A. niger 1.562
A. flavus 3.125
P. italicum 12.5
Rh. Stolonifer 6.25
C. albicans 25

Microdilution method (two-fold serial dilution 50 mg/ml at initial conc.
of M. oleifera aqueous extract).

-~

~

30
28
26
= 24
E 2
& 20
E 18
5 16
= 14
ﬁ 12
10
58
E 6
2
0 . - . . .
AL niger A, flavus P.italicum Rh. Stolonifer C. albicans

EMIC (mg/ml)

Figure 7 MICs values of M. oleifera aqueous extract against tested
fungi/yeast.

Figure 8 Microtiter ELISA plate for MICs values of M. oleifera aqueous
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Table 5 Biofilm formation assay of bacterial isolates using (Tissue culture
plate method by ELISA reader).

Bacterial isolates B. cereus S. aureus E. coli S. typhi P. aeruginosa
Growth
(0.D. 620 nm)

Control negative
(0.D.620 nm)
Biofilm
(0.D. 570 nm)
Biofilm
production

1.8 1.7 i1 1.2 2.0

0.11

1.0 0.9 0.9 0.8 13

Strong Strong Strong Strong Strong

'E
5
os)

Figure 9 Microtiter ELISA plate showing biofilm formation of
tested bacterial isolates. The tested bacteria were
grown overnight in polystyrol microtiter wells in TSB
supplemented with 2% glucose. The cells that adhered to
the plate after washing were then visualized by staining

K with crystal violet. J

Table 6 Antibiofilm formation effect of M. oleifera aqueous extract
against B. cereus.

Sub (MICs) concentrations

B. cereus 0 0.781 0.390 0.195 0.097 0.0485
mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
Biofilm formation
(0.D. 570 nm) 1.0 0.06 0.14 0.23 0.47 1.0
Biofilm reduction (%) - 94% 8% 77% @ 53% 0%

Table 7 Antibiofilm formation effect of M. oleifera aqueous extract
against S. aureus.

Sub (MICs) concentrations

S. aureus 0 1.562 0.781

mg/ml mg/ml

0.390 0.195 0.097
mg/ml mg/ml mg/ml mg/ml

extract against fungi/yeast. C1) control & MIC1=A.niger, C2) Bitssillnn formaiten

control & MIC2=A.flavus, C3) control & MIC3= P. italicum, C4) (0.D. 570 nm) 0.9 0.08 0.1 019 03 039

control & MIC4=Rh. Stolonifer, C5) control & MIC5=C. albicans® Biofilm reduction

and B) negative control. J (%) = 98% 80% 71% 60% 51%
('
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Figure 10 Microtiter ELISA plate showing biofilm inhibition assay
of M. oleifera aqueous extract against bacterial isolates.
1) B. cereus, 2) S. aureus, 3) E. coli, 4) S. typhi and 5)
P. aeruginosa. The strains were grown overnight in
polystyrol microtiter wells in TSB supplemented with 2%
glucose. The cells that adhered to the plate after washing

were then visualized by staining with crystal violet.
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Figure 11 Histogram of different sub (MICs) of M. oleifera aqueous
extract the bacterial growth (linear charts) and the

biofilm formation (column charts) of B. cereus.

~

/

-

N

8. aureas

09
038
07 -
06 -
Eos
Eu.a :
203 -
02
01 4

i3

*
*
L

-

L

16
14

12

R

- ogw

(=]

- 040
- 0.2
L0

o

1562 0781 0.39 0.195

Extract concentration mg/ml

aureus.

0.097

| Bicfilm OD
=gl growth OD
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Table 8 Anti biofilm formation effect of M. oleifera aqueous against E. coli.

Sub (MICs) concentrations

0 3.125 1.562 0.781 0.390 0.195
mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
Biofilm
formation 0.9 0.08 0.25 0.5t 0.59 0.72
(0.D. 570 nm)
" dﬁ'c?;:"(%) - 82%  65%  40% = 31%  18%
K s E. coli 5 \
09 18
08 16
07 - 14
£ 06 - F132 £
g 05 - 1 E
g 04 08 g
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02 - 04
01 A 02
o L 0
3125 1562 0781 039 0195 0097
Extract concentration mg/mil :?:;:::;“?3100
Figure 13 Histogram of different sub (MICs) concentrations of M.
oleifera aqueous extract on the bacterial growth (linear

charts) and the biofilm formation (column charts) of E. colij

~

NS
4

8. tsphi
0.8 1.4
08 1 L L 12
07 g
06 "
i - 0.8
£ 05 E
g 0.4 L 06 §
in 0.3 L ga B
802 - te
0.1 - - 02
o - Lo
0 3125 1562 0781 039 0185 0097
- iofilm OD
Extract concentration mg/ml el ell growthQD
Figure 14 Histogram of different sub (MICs) concentrations
M. oleifera aqueous extract on the bacterial growth
(linear charts) and the biofilm formation (column

charts) of S. typhi.

N /

(6.25, 3.125 and 1.562 mg/ml) of M. oleifera aqueous extract
had more efficient and stronger effect in disruption of biofilms
formed by P. aeruginosa. The results presented in Table 9
and designated in Figures 10 and 15 showed that, the biofilm
inhibition percentages were 97%, 76% and 60% with biofilms
optical densities were 0.039 (0.D.), 0.312 (0.D.) and 0.52(0.D.),
respectively. The effect M. oleifera aqueous extract against
P. aeruginosa biofilm is very promise to generate a natural
antivirulence agent to disarm the virulence of this opportunistic
and the life-threatening pathogen.

This article is available from: www.acmicrob.com
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Table 9 Antibiofilm formation effect of M. oleifera aqueous extract
against S. typhi.

Sub (MICs) concentrations

0 3.125 1.562 0.781 0.390 0.195 0.097

S. typhi
= mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
Biofilm
formation 0.8 000 0.00 0.01 0.07 05 0.8
(0.D. 570 nm)

BIOﬁIm 0, 0, 0, 0, 0, 0,
reduction (%) 100% 100% 91% 73% 30% 0%
K P. aeruginosa \

14 4 * + 4 * * 2
12 p 18
g - 16
1 7 - 14
E 08 - AP
& 1
E 056 - . o8 £
g "
0.4 rOe. 2
04 ©
02 - I s
0 - s -0
0 625 3125 1562 0781 039
. . W Fiofilm 0D
Extract concentration mg/m at=cell growthOD
Figure 15 Histogram of different sub (MICs) concentrations of M.
oleifera aqueous extract on the bacterial growth (linear
charts) and the biofilm formation (column charts) of P.

K aeruginosa. j

Time kill assay

The new biocides are usually tested for concentration and time
dependency. M. oleifera aqueous extract was evaluated for its
ability as bactericidal agent against the growth of S. aureus as
an example for Gram-positive bacteria and P. aeruginosa as an
example for Gram-negative bacteria in microbiological media at
different time intervals. This assay was used to investigate the
time at which the extract kills a bacterial isolates.

The concentrations of M. oleifera aqueous extract against
the previous two bacteria were 12.5 mg/ml (which is MBC for
S. aureus) and 25 mg/ml (which is MBC for P. aeruginosa), the
results given in Table 10 and illustrated in Figure 16 showed that,
the pattern cell death was shown between 3-6 hrs of incubation
for S. aureus and through 6-12 hrs of incubation for P. aeruginosa
comparable with the O.D. of untreated-mixture.

The confirmation of time kill assay using the turbidimetric method
was supported by the "pour plate" method on plate count agar
and colonies count expressed as (Log,, cfu/ml). The results
shown in Table 11 and illustrated in Figure 17 were exhibited
that, M. oleifera aqueous extract-treated plates showed no
count detected for S. aureus and P. aeruginosa after 6 and 12
hrs, respectively Table 12.

© Under License of Creative Commons Attribution 3.0 License
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Investigation of treated and non-treated
foodborne associated bacteria via scanning
electron microscope (SEM)

The antimicrobial effect of M. oleifera aqueous extract on
morphological changes structure of the appearance of the cells of
both Gram-positive (S. aureus) and Gram-negative (P. aeruginosa)
were observed via SEM to get the images of morphological
damages. For treated pathogenic bacteria using relevant (MICs)
for each from all the SEM observations, the images illustrated
in Figure 18A and 18B directly seemed that, the plant extract
caused severe damage to the tested bacteria. Non-treated cells
(control) were intact and showed a smooth surface (Figures 18C1
and 18C2). In treated bacteria most of the Gram-negative cells
and the Gram-positive cells appeared to be shrunk and even
some were empty, and the remains were flaccid. Furthermore,
most of them appeared to be stuck together and melted. Treated
P. aeruginosa showed giant cells and appendages on the cell
surface. Pseudomycellium like structures appeared in S. aureus
(Figure 18A). Generally, SEM images observations confirmed the
physical damage and considerable morphological alteration to
tested Gram-positive and Gram-negative pathogenic bacteria.

Table 10 Anti biofilm formation effect of M. oleifera aqueous extract
against P. aeruginosa.

Sub (MICs) concentrations

P.
aeruginosa m (;ml 6.25 3.125 1.562 0.781 0.390
& mg/ml mg/ml mg/ml mg/ml mg/ml
Biofilm formation
(0.D. 570 nm) 1.3 0.039 0.312 0.52 1.17 1.31
Biofilm o o o o o
reduction (%) 97% 76% 60% 10% 0%
K M. oleifera aqueous extract \
2
1.8 /
1.6 /P
£ 14 /L /
T /
i A/
g 1
g 0.8
; 06
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02
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ammmCtaph.aureus smpesire zted Stah.aureus

=P aeruginosa symetre gted P. 2e ruginosa

Figure 16 Curve of time kill assay of M. oleifera aqueous extract
against S. aureus and P. aeruginosa held at different time
K intervals (0, 3, 6, 12 and 24 hr) compared to growth contrcy
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Table 11 Time kill assay of M. oleifera aqueous extract against S. aureus
and P. aeruginosa cultures optical densities held at 37°C for (0, 3, 6, 12
and 24 hr).

Bacterial growth (0.D. 620
nm) treated with M. oleifera
aqueous extract

S. aureus  P. aeruginosa

Time (hr) Bacterial growth (0.D. 620

nm) without treatment

S. aureus  P. aeruginosa

0 0.011+0.53  0.013+0.44 0.034+0.53  0.087+0.65
3 0.364+0.46  0.479+0.72 0.210+0.61 = 0.255+0.42
6 0.621+0.61  0.735+0.60 0.010+0.00  0.430+0.64
12 0.811+0.75  1.213+0.74 0.000+0.00 = 0.011+0.40
24 1.720+0.87  2.011+0.56 0.000+0.00  0.000+0.00

4 N

M. oleifera aqueous extract

=
o

O R, N W h U1 OO N 0 VO

s L £
0hr 3hr 6 hr 12 hr 24 hr

expmeStaph.aureus emgmtreated Stah.aureus

e P aeruginosa emwstreated P. aeruginosa

Figure 17 Curve of viable count (log no. cfu/ml) of S. aureus and
Ps. aeruginosa held at different time intervals (0, 3, 6,
12 and 24 hr) supplemented with M. oleifera aqueous

K extract comparable to controls. j

Table 12 Time kill assay of M. oleifera aqueous extract against S. aureus
and P. aeruginosa viable count (Log10 cfu/ml) held at 37°C for (0, 3, 6, 12
and 24 hr).

Viable bacterial count (log,,
cfu/ml) treated with M.

Bacterial growth

Time (hr) ~ Viable count (log,, cfu/mi) oleifera aqueous extract
S. aureus  P. aeruginosa S. aureus P. aeruginosa
0 0000 0000 0000 0000
3 12.23+0.81 2.64+0.92 1.9310.84 2.03+0.94
6 4.24+0.92 5.13+1.21 0.04+0.71 3.64+0.77
12 5.88+0.84 6.67+0.89 0000 0.01+0.28
24 7.53+0.94 8.07+£1.07 0000 0000

Each reported value for viable count represents the mean (standard
error) of three replications of the experiment.
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x93, 5860

P. aeruginosa (control cells) M. oleifera aqueous extract-treated P. asruginesa

Figure 18 Scanning electron micrographs (SEM) of non-treate and
treated S. aureus and P. aeruginosa with M. oleifera
aqueous extract (control: C1&C2, Treated: A) S. aureus;

K B) P. aeruginosa). j

Discussion

Antimicrobial agents also regarded as food additives are chemical
compounds added to control the target pathogenic and spoilage
microorganisms. The classification of antimicrobials is extremely
difficult. However, depending on origin, they can be divided
into traditional and novel, promising alternative substances
(called “naturals”). Traditional category of food antimicrobials
includes traditional (have been used for many years), synthetic
(synthesized from chemical reactions) and approved (permitted
in many countries to add into food). Salt, sugar, nitrites,
sodium benzoate, citric acid, malic acid, tartaric acid and
sodium metabisulfite are examples of traditional preservatives.
Although there is a long history of usage, some allergic reactions
in susceptible individuals and the formation of potentially
carcinogenic by-products (e.g. nitrosamines from nitrite) are
reported with the use of some traditional preservatives [24].

The present study was undertaken specifically to investigate the
role of aqueous extract of M. oleifera Lam. leaves as a potential
antimicrobial agent against Gram-positive and Gram-negative
tested foodborne bacterial isolates, including B. cereus, S.

This article is available from: www.acmicrob.com
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aureus, E. coli, S. typhi and P. aeruginosa as well as, some fungal/
yeast strains, including Aspergillus niger, Aspergillus flavus,
Penicillium italicum, Rhizopus stolonifer and Candida albicans. In
respective to diameters of inhibition zones and the mean growth
inhibition percentages, the results demonstrated the highest
antibacterial activity of M. oleifera aqueous extract against both
Gram-positive and Gram-negative tested bacteria. These results
are in accordance with findings of Anith et al. [25] Chetia and
Gogoi [26], they reported aqueous and organic extracts of M.
oleifera exhibited considerable inhibitory activity against a wide
range of microorganisms. Also, these results are in harmony with
Anwar and Rashid [27] and Jamil et al. [28], they studied the
antimicrobial properties of the M. oleifera, which were found to
have inhibitory activity against a number of pathogens.

This plant extract of M. oleifera was active even against
organisms that have become resistant to antibiotics [29]. The
antimicrobial activity of the crude extract might be due to the
presence of active compounds including alkaloid, quinines,
tannins, flavonoides, saponins and iridoids [30]. It has been
shown that, alkaloids are able to intercalate DNA, lipophilic
compounds that might bind within or internal to the cytoplasmic
membrane [31]. Active compounds of plants extracts have been
shown to cause disruption of the cellular membrane, inhibition
of ATPase activity, and release of intracellular ATP and other
constituents of several microorganisms such as E. coli, E. coli
0157:H7, L. monocytogenes, L. sakei, P. aeruginosa, S. enteritidis,
and S. aureus [32,33]. They reported that, the antimicrobial
action of plant extract compounds was related to inactivation of
cellular enzymes, which depended on the rate of penetration of
the substance into the cell or caused by membrane permeability
changes. Increased membrane permeability is a major factor in
the mechanism of antimicrobial action, where compounds may
disrupt membranes and cause a loss of cellular integrity and
eventual cell death [32,33].

On the other hand, our results are in disagreement with Alam
et al. [34], they reported hot aqueous dried leaves extract of M.
oleifera in comparison to tetracycline showed negative results
against P. aeruginosa, S. aureus and other organisms tested. This
may be attributed to the viscous nature of the extract thus giving
not so uniform results. Moreover, direct comparison of results
obtained in various studies is problematic and this may be due
to a number of factors such as variability in composition of plant
extracts as a result of local climatic and environmental conditions,
low number of herb and spice samples tested, differences in
experimental design including inoculum size, growth phase,
strain susceptibility, and culture medium used [35].

Plants extracts and their phyto-constituents have shown
promising antifungal activity in vitro and in vivo, where they have
been extensively studied against food associated fungi and yeasts
[29]. The obtained results showed the antifungal potential of
the M. oleifera aqueous extract against tested organisms. These
results give a positive relationship with other findings by Chuang
et al. [36] found that, extracts of M. oleifera seeds and leaves
showed anti-fungal activities in vitro against dermatophytes.
Also, our findings are consistent with previous study by Sayeed
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et al. [37] reported that, the fruit extract of M. oleifera showed
a broad-spectrum antifungal activity against Colletotrichum,
Curvularia, Fusarium and Alternaria at different concentrations
of methanol extract.

The growth inhibition of tested fungi and the presence of
antifungal substance in the plant tissue which had been attributed
to the presence of alkaloids and flavonoids [38]. Considering
the lipophilic nature of plants extract and of their components,
as well as the interaction of these products with biological
membranes, it was decided to investigate the participation
of membrane sterols in the antifungal effect exerted by the
essential oil of this plant extract. Ergosterol is the principal sterol
present in yeasts and filamentous fungi, where it is necessary for
the growth and normal function of the fungal cell membrane.
Besides controlling the fluidity, asymmetry and integrity of the
membrane, ergosterol contributes to the proper functioning of
enzymes bound to the membrane [39].

The minimum Inhibitory Concentration (MIC) is defined as the
lowest concentration of a drug/compound that will inhibit the
visible growth of an organism in vitro after overnight incubation.
MICs are considered the “gold standard” for determining the
susceptibility of organisms to antimicrobials and are therefore
used to judge the performance of all other methods of
susceptibility testing [40].

Based on the previous our results, the MICs values against tested
foodborne bacterial isolates were a dose dependent manner.
Our findings are in the same line with other numerous previous
studies on M. oleifera leaves extract from different geographical
regions with different extraction methods and different solvents
such as aqueous, ethanol, methanol, chloroform and many more
reported interesting antibacterial activity against wide spectrum
microorganisms, from both gram positive and Gram-negative
bacteria [41,42].

Despite, our results do not match with Aiyegoro et al. [43] which
showed that aqueous extracts of plants generally exhibited little
or no antimicrobial activities. This may be attributed to the viscous
nature of the extract at higher concentrations, thus giving not
so uniform results [25]. Compounds like pterygospermin, benzyl
glucosinolate and benzyl isothiocynate have, however, been
isolated from M. oleifera leaves and these compounds have been
reported to have antimicrobial properties against a wide range of
bacteria and fungi [10]. This would suggest that, the antimicrobial
activities observed in this study could be attributed to such
compounds. M. oleifera leaf extracts contain small peptides
which could play an important role in the plant’s antimicrobial
defense system [36]. Antimicrobial peptides probably interact
with the membranes in two stages. Firstly, cationic amino acids
are attracted by negative charges such as phospholipid head
groups on the surface. Secondly, hydrophobic and positively
charged patches of the peptide interact with the aliphatic fatty
acids and the anionic components [44]. This induces membrane
destabilization, and bacteria are thought to be killed by the
leakage of cytoplasmic contents, loss of membrane potential,
change of membrane permeability, lipid distribution, the entry
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of the peptide and blocking of anionic cell components or the
triggering of autolytic enzymes [45].

Findings of the current study suggested that, aqueous extract of
M. oleifera leaves have potential as antimicrobial compounds
against pathogens and their ability to either block or circumvent
resistance mechanisms could improve treatment and eradication
of microbial strains including food products and therefore may
be used as a biopresrvative agent for extending the shelf-life of
food products instead of chemical impacts.

The MICs against tested fungi clearly, show increasing the
concentrations of the plant extract exhibited a remarkable
increase in antifungal effect on the fungi and yeast tested.
Interestingly, other studies are in the same line with our results,
but the current study showed higher activity whereby, M.
oleifera extract inhibited the radial mycelial growth of all the test
fungi namely A. niger, A. ochraceus, A. ustus and C. albicans at
the concentration of 100 pug/ml medium. The highest inhibition
(52%) of fungal radial mycelial growth was recorded against C.
albicans at concentration of 100 pug/ml medium [46]. The growth
inhibition of tested fungi and yeast suggests the presence of
antifungal substance in the plant tissue [38]. The fact that the
results of this study showed that M. oleifera exhibits antifungal
properties justify their traditional use as medicinal plants. This
may be due to the synergistic effect of several compounds that
are in various proportions in a M. oleifera which constitute
an important source of microbicides, pesticides and many
pharmaceutical drugs [47].

In most environments the majority of microorganisms are able to
grow as biofilms [48]. Since they express a different phenotype
from their planktonic counterparts [49]. The main feature of this
phenotype is the production of extracellular materials that build
an adhesive gel, the matrix, embedding the cells and protecting
them from shear forces and harsh conditions, including the
presence of most antimicrobial agents [50]. Food contact
surfaces are good substrata for biofilm development. Although,
strict cleaning and disinfection procedures can generally assure
suitable hygienic conditions in the food industry, destroying
planktonic cells and biofilms starting to be formed, they may
fall short for the elimination of biofilms that are already well
developed. These tend to settle on sites that are especially
difficult to clean, due to difficult access, surface irregularities or
retention of sticky raw materials. Microbial cell transfer from
biofilms to foods, particularly after their hygienization, is a hazard
for food safety and quality [51,52].

The obtained results showed that, all tested bacterial isolates
exhibit strong potential for biofilm formation. P. aeruginosa
which called standard Gram-negative biofilm producing bacteria
was showed the strongest biofilm formation. These results are
in accordance with Donlan [53] who assess the ability of the
microorganisms attaches to surfaces in food processing and
develop biofilms. Faille et al. [54] concluded that, Bacillus strains
were often isolated from biofilms in the food industries. As well
as, Timmler et al. [55] reported that, the opportunistic pathogens
S. epidermidis and S. aureus, as well as P. aeruginosa, rank among
the clinically most significant organisms that form biofilms.
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These biofilms can be comprised of single or mixed species [56],
although mixed species biofilms offer added protection because
they are more stable and create a larger and thicker biofilm mass
[53]. Attached microorganisms are generally more resistant to
sanitation chemicals than are their detached counterparts. This
resistance is due to protection from organic materials and the
extracellular polymeric substance (EPS) layer, which prevents
chemicals from entering the biofilm or causes inactivation of the
sanitizer [53,57]. So, finding a natural novel biofilm inhibitor for
food safety processing and products is a very important field of
interest. Interestingly, a different inhibitory effect among the
bacterial isolates, a reduced level of biofilm formation in the
presence of sub-inhibitory concentrations of M. oleifera aqueous
extract were observed in the current study. Doses of sub-MICs
from the plant extract showed a strong biofilm reduction effect
against B. cereus, S. aureus, E. coli, S. typhi and P. aeruginosa.

The results obtained clearly, showed the strong effectiveness of
M. oleifera aqueous extract against tested foodborne bacterial
isolates biofilms in a concentration dependent manner. P.
aeruginosa and S. aureus rank among the clinically most
significant organisms that form biofilms, and have become the
model organisms for studying Gram-positive and Gram-negative
biofilms for this reason the substance has antibiofilm activity
against both microorganisms is very promise. The trend of our
results are in accordance with Carneiro et al. [58] and Karlapudi et
al. [59], they had been reported the antibiofilm effect of various
plant extracts against biofilm of human pathogenic bacteria.
The increased antibiofilm effect of M. oleifera aqueous extract
may be due to the inhibition of exopolysaccharide synthesis
limiting the formation of biofilm [60], or due to diffusion of plant
extract through the channels present in the biofilms followed
by the sustained release of phytochemicals in the respective
plant extract, which may then impart antimicrobial function.
Biochemical composition of the biofilm matrix has been highly
reduced. The matrix is one of the most distinctive features
of a microbial biofilm. It forms a three dimensional, gel-like,
highly hydrated and locally charged environment in which the
microorganisms are largely immobilized. Matrix-enclosed micro
colonies, sometimes described as stacks or towers, are separated
by water channels which provide a mechanism for nutrient
circulation within the biofilm. The composition of the matrix
varies according to the nature of the organism and reduction in
the biochemical composition of the biofilm matrix by plant extract
leads to weakening of the biofilm [61]. Consequently, the ability
of M. oleifera aqueous extract to inhibition the biofilm formation
of foodborne related bacteria adds impetus to its potential as a
novel food preservative.

Kill-time studies were performed to gain a better insight on
bacteriostatic or bactericidal effects of the M. oleifera aqueous
extract. The plant extract used in the present study appeared
to be particularly effective, as bactericidal effects depending
upon minimum bactericidal concentration (MBCs) against tested
bacteria (S. aureus and P. aeruginosa) at interval periods of time.

The broth method is very useful for determination of time-kill
assay of an antimicrobial compound. However, one of the major

This article is available from: www.acmicrob.com
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problems with the use of turbidimetric analysis is the minimal
range of detection. A bacterial culture with a concentration of
10°-107 cfu/ml is needed for the spectrophotometer to record
a meaningful reading. Thus, in many cases an actively growing
culture may be undetected with no increase in absorbance using
a spectrophotometer [62]. Therefore, kill-time studies were
confirmed using "pour plate" method on plate count agar and
colonies count expressed as (Log,, cfu/ml) to gain a better data.

Based on the previous our results the effectiveness of the
bactericidal activity of the M. oleifera aqueous extract at MBC
treated-mixture against the two previous bacteria the pattern
type of death was shown between 3-6 hrs of incubation for S.
aureus and through 6-12 hrs of incubation for P. aeruginosa
compared by the O.D. of untreated-mixture. As well as, the
results of M. oleifera aqueous extract-treated plates showed no
count detected for S. aureus and P. aeruginosa after 6 and 12 hrs,
respectively. Depending on the previous data the Gram-negative
bacteria required longer time of exposure than the Gram-positive
one. These findings are in consistence with previous studies by
Ashafa and Afolayan [63], they reported that, the difference in
bacterial response was possible due to the nature of the bacterial
species.

SEM was conducted to get the images of morphological damages
in the selected tested bacteria to confirm the antimicrobial
activity of the M. oleifera aqueous extract against foodborne
related bacteria, including both Gram-positives (S. aureus) and
Gram-negatives (P. aeruginosa). These images directly illustrate
the destructive effects of the extract on the tested bacteria. There
are many possible explanations for the observations in harmony
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with our current study. The literature suggests that, the active
components of the extract might bind to the cell surface and then
penetrate to the target sites, possibly the phospholipid bilayer of
the cytoplasmic membrane and membrane-bound enzymes [64].
The SEM images show that, some cells present damage as pores
or deformity in the cell walls. Also, some authors have suggested
that, the damage to the cell wall and cytoplasmic membrane was
the loss of structural integrity and the ability of the membrane
to act as a permeability barrier [65,66]. Most of the cells were
observed to get clustered and stick to each other, the distortion
of the cell physical structure would cause the expansion and
destabilization of the membrane and would increase membrane
fluidity, which in turn, would increase passive permeability [67].
In addition, most of the Gram-negative cells and the Gram-
positive cells appeared to be shrunk and even some were empty,
and the remains were flaccid. Furthermore, most of the Gram-
negative and Gram-positive cells appeared to be stuck together
and melted, but the Gram positive cells were more affected [67].
Furthermore, the SEM-images obtained by the current study are
in accordance with other previous studies by Lopez et al. [68],
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