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Abstract

Background and Objective: Ginger is well known for its medicinal and preservative values but its use for inhibition and dispersion of
E. coli 0157:H7 biofilm has not been sufficiently explored. This study was therefore designed to evaluate the biofilm inhibition and
dispersion activities of Zingiber officinale crude extract and fractions on biofilms of £ co/i0157:H7 isolated from dispensed powdered
milk in Ibadan, South-West Nigeria. Materials and Methods: Ginger root samples were obtained, identified (UIH-22558), extracted,
fractionated using four solvents (hexane, chloroform, ethyl acetate and ethanol) and concentrated. Three £ co/iO157:H7 isolates were
obtained from dispensed powdered milk and a reference strain (£ co/i ATCC 35218) was obtained from the Department of Microbiology
laboratory, University of Ibadan. Modified crystal violet assay was employed to develop biofilm and to test the effect of plant extracts on
biofilm formation and biofilm dispersal. Results: All the isolates developed biofilm (0.08 =0.07) and biofilm dispersion was exhibited with
the ethanolic (0.04%0.05) and crude extract fractions (0.05%0.06) having the highest effect, while chloroform fraction had little or no
effectat 50 mg mL~' concentration. Conclusion: Ginger (Zingiber officinale) showed potential use for dispersion of already formed biofilm
by £. coliO157:H7 strains, hence, can be used in food processing plants, surfaces and industries to combat biofilm-forming organisms,
disperse their biofilms and enhance food safety.
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INTRODUCTION

Biofilmis a population of microbial cells that are enclosed
within a matrix made of primarily polysaccharide material
which can stick to surfaces'? and they can grow in natural,
clinical and industrial surfaces. Studies have shown that
biofilmsare difficult to remove from food contact surfaces and
equipment by normal cleaning, thus posing a food safety risk3.
Bacteria protected within biofilm exopolysaccharides are up
to 1,000 times more resistant to antibiotics than planktonic
cells (free-floating), which generates serious consequences for
therapy and severely complicates treatment options. An
estimated 75% of bacterial infections involve biofilms that are
protected by an extracellular matrix, hence, the ineffectiveness
of antibiotic treatment in the biofilm diseases which causes
serious problems in the eradication of infections®. Bacterial
attachment, colonization and biofilm formation on food and
food contact surfaces can serve as a source for bio-transfer
and cross-contamination of the finished product, leading to
health issues such as food poisoning and increased product
spoilage®s. The buildup of biofilms can affect the heat flow
across a surface and increase surface corrosion and frictional
resistance of fluids leading to loss of energy in a system,
substantial economic losses in engineering systems’ and
overall loss of products.

Escherichia coli (E. colj)is a Gram-negative, rod-shaped
bacterium commonly found in the lower intestine of warm-
blooded organisms (endotherms)®. £ co/i O157:H7 is the
mostimportant entero-hemorrhagic £ co//(EHEC) serotypein
relation to public health®. £ coli 0157:H7 is well known as a
major Shiga toxin-producing food-borne pathogen thathas a
low infectious dose and causes hemorrhagic colitis, hemolytic
uraemic syndrome and even death''", Interaction of £ coli
0157:H7 with intestinal epithelial cells is the first step in the
colonization of its host cells and it possesses several effectors
that allow it to adhere to intestinal epithelial cells',
Following initial adhesion to, bacteria begin to grow as a
monolayer on the surface to form microcolonies that can
consequently develop and form a biofilm. Hence, bacterial
adhesion is an important virulence factor that plays an
important role in gastrointestinal infectious disease'®. £ coli
strains are harmless, but some serotypes can cause serious
food poisoningin humans and are occasionally responsible for
product recalls due to food contamination'. Earlier reports
have shown that the thickness of £ coli biofilm may be of
hundreds of microns and posing a difficulty in treatment with
antibiotics due to presence of exo-polymers and reported that
astrain of £ co/i0157:H7 produced significantly more biofilm
than the other on a particular surface type'>'s. Depending on
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the species involved, microcolonies may be composed of
10-25% cells and 75-90% extracellular polymeric substances
(EPS) matrix'’. The presence of pathogenic bacteria in the
biofilm matrix increases their virulence and resistance to
disinfectants and antibiotics’®.

Studies have shown that two different anti-biofilm
mechanisms are able to modulate biofilm formation:
inhibition of bacterial surface attachment and
destabilization/disruption of mature biofilms irreversibly
attached. Many of the existing anti-biofilm agents are non-
biocidal, but some bactericidal molecules could be considered
as anti-biofilm agents as they are still active against mature
biofilms protected by their architecture. Bactericidal anti-
biofilm agents should be very specifically targeted otherwise
their use could impair the composition of established
ecosystems and damage beneficial microbiota. Nevertheless,
anti-biofilm strategies represent interesting approaches for
medical biotechnology as attested by a large number of
recent publications’. Anti-biofilm agents fall into two large
groups, synthetic and natural. Plant extracts could be
considered as promising alternative non-antibiotic strategy
aimed to reduce the production of virulence factors without
affecting bacterial growth, which may be less prone to
develop drug resistance'.

Ginger (Zingiber officinale) is a flowering plant whose
rhizome has been widely used as a culinary or medicinal herb
for thousands of years?®. Ginger rhizome possesses two
constituents; the essential oils, which give the aroma and 6-,
8- and 10- gingerols, which are considered as main pungent
principles?!. During thermal processing or storage, the
gingerols may be modified to a series of homologous
compounds of shogaols such as 6-, 8- and 10-shogaol?*?,
Ginger can be used in a variety of forms. It has strong
medicinal, preservative and anti-oxidative properties and thus
contributes to the overall safety and preservation of foods.
Recent studies have shown that ginger has antibacterial
activity against Staphylococcus aureus and Streptococcus
pyogenes that is higher than that of commercially available
antibiotics?*%. Antibacterial alkylated gingerols from ethanol
and n-hexane extracts of ginger have been isolated by Park?.
Essential oils (ethanolic extract) of ginger have been studied
for their antimicrobial activity against different bacteria
including £ col;; S. typhi?*¥. Moreover, essential oils of ginger
have been used for preventing biofilm formation by
Pseudomonas aeruginosa PA14%  Staphylococcus aureus®®
and Candlida albicans®, E. coli ATCC 25922, but did not show
anti-biofilm effect against S. 7yphimurium®. Other than the
antibacterial properties that had been displayed, gingeris also
known to have anti-tumorigenic, anti-inflammatory, anti-
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apoptotic and etc. characteristics®'. However, the biofilm
inhibition and biofilm dispersion effects of ginger on £ co//
0157:H7 have not been studied.

There are strong contentions about the safety of
conventional chemical antimicrobials and anti-biofilms
because of the problem of resistance and other effects such as
teratogenicity and carcinogenicity, hence, the rise in demand
for natural substances which possess good antimicrobial and
anti-biofilm effects®2. The exploration of naturally occurring
antimicrobials for food preservation is receiving increased
attention due to consumer awareness of natural food
products and a growing concern of microbial resistance
towards conventional preservatives''.

Quorum Sensing (QS) is a mechanism that controls
coordinated bacterial behaviors in response to the density of
bacterial cells and is tightly linked to bacterial biofilm
formation3*34 as well as to the production of virulence
factors®37 hence, it is the most extensively studied approach.

Many spices and herbs possess and exert antimicrobial
activity due to their essential oil fractions and ginger Zingiber
officinale is one of such. Therefore, this paper assesses the
biofilm inhibition and dispersion activities of Zingiber
officinale crude extracts and concentrated fractions of four
solvents (hexane, chloroform, ethyl acetate and ethanol) on
E. coli O157:H7 isolates from dispensed powdered milk.

MATERIALS AND METHODS

Study area: The geographical location for this study is, Oyo
State in South Western Nigeria. Fresh samples of ginger
(Zingiber officinale)were purchased at Ojoo market inlbadan
metropolis, Nigeria. Identification of the samples was done at
the Department of Botany, University of lbadan, Nigeria. The
milk samples were also obtained from seven different markets
in Ibadan, Nigeria. The study was carried out at the Meat and
Milk Hygiene Laboratory, University of Ibadan, Nigeria. Plant
extraction was done at the Pharmaceutical Chemistry
Laboratory, Faculty of Pharmacy, University of Ibadan, Nigeria.
Research work spanned through a period of ten months
(November 2016-August 2017).

Plant preparation: Ginger root samples were obtained from
the Ojoo market and identified at the herbarium of the
Department of Botany, University of Ibadan (UIH-22558). The
plant was extracted by cold maceration, solvent-solvent
fractionation was done using four solvents (hexane,
chloroform, ethyl acetate and ethanol) based on the degree of
polarity and resulting fractions were concentrated using a
rotary evaporator.
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Sample preparation and pre-enrichment: The dispensed
powdered milk samples were homogenized and pre-enriched
using buffered peptone water and incubated at 37°C for
24 hrs. Selective enrichment was done, using modified
tryptone soy broth which was dissolved in distilled water,
sterilized by autoclaving and left to cool to 45°C in a water
bath before the addition of novobiocin which was meant to
suppress the growth of other Gram-negative bacteriaand also
serve as a medium of pre-enrichment. To the homogenized
milk sample, 9 mL of the mTSB was added and incubated at
37°Cfor 24 hrs.

Isolation and identification of £. coli 0157:H7: Three £ coli
0157:H7 isolates were obtained from pre-enriched samples
using standard cultural, biochemical and culture plating
methods and a reference strain (£ co/i ATCC 35218) was
obtained from microbiology laboratory. Sorbitol MacConkey
agar was used as the selective differential solid medium,
0.1 mL of the milk broth culture was inoculated using surface
plating method and incubated at 37°C for 18-24 hrs.
Presumptive colonies were subcultured on freshly
prepared SMAC. Clear, distinct colonies were inoculated onto
nutrient agar slants and stored in the refrigerator for further
tests.

Distinct colonies showing metallic green sheen on EMB
were then subcultured on BCIG-SMAC (5-bromo-4chloro-3-
indolyl-D-glucuronide-Sorbitol MacConkey) supplemented
with CT (cefixime tellurite)®®. £ coli O157:H7 monovalent
antiserum was used for confirmation for confirmation of
0157:H7.

Biofilm studies: Overnight pure cultures of 3 isolates of £ colf
0157:H7 and a reference strain £ coliATCC 35218 were used
for biofilm development. Biofilm quantification was done
using the crystal violet binding assay. The effect of the plant
extracts on biofilm formation and biofilm dispersal was tested
at 37°C for 48 and 24 hrs, respectively. The experiment was
done in triplicates'®.

Biofilm inhibition quantification: A modified crystal violet
assay was employed to test the effect of plant extract on
biofilm formation as earlier described*#. The effect of extracts
on biofilm formation was evaluated in 96-well polystyrene flat-
bottom microtitre plates. A 50 pL of fresh bacterial suspension
in modified tryptone soy broth (mTSB) at 108 dilution was
aliquoted into each well of microplate and cultured in
presence of 50 L of the extract at 50 mg mL~! concentration.
Plates were incubated at 37°C for 48 hrs. After incubation, the
supernatant was removed and each well was washed
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thoroughly with sterile distilled water to remove free-floating
cells; thereafter plates were air-dried for 30 min, heat-fixed for
aminute and the biofilm formed was stained during 15 min at
room temperature with 0.1% aqueous solution of crystal
violet. The excess stain was removed washing the plate three
times with sterile distilled water. Finally, the dye bound to the
cells was solubilized by adding 200 pL of 95% ethanol to each
well and after 15 min of incubation at room temperature,
absorbance was measured using a microplate reader at
wavelengths of 432 and 630 nm. Tests were performed in
triplicate.

Biofilm dispersion quantification: A modified crystal violet
assay was employed to quantify the effect of plant crude
extracts and fractions on biofilm formation as earlier
described®°. The effect of extracts on biofilm dispersion was
evaluated in 96-well polystyrene flat-bottom microtitre plates.
A 50 L of fresh bacterial suspension in modified tryptone soy
broth (mTSB) at 108 dilutions was aliquoted into each well of
microplate and incubated at 37°C for 48 hrs. The plates were
broughtoutand 50 L of the 50 mg mL~" concentration of the
extracts was then added and incubated for another 24 hrs to
determine the dispersion of already formed biofilm. After
incubation, the supernatant was removed and each well was
washed thoroughly with sterile distilled water to remove free-
floating cells; thereafter plates were air-dried for 30 min, heat-
fixed for a minute and the biofilm formed was stained during

15 min at room temperature with 0.1% aqueous solution of
crystal violet. Following incubation, the excess of stain was
removed washing the plate three times with sterile distilled
water. Finally, the dye bound to the cells was solubilized by
adding 200 L of 95% ethanol to each well and after 15 min of
incubation at room temperature, absorbance was measured
using a microplate reader at a wavelength of 432 and 630 nm.
Tests were performed in triplicate.

Statistical analysis: The experiment was replicated and every
test was performed in triplicate. Data were analyzed using
descriptive statistics and ANOVA at o 0.05.

RESULTS

Table 1 shows the biofilm formation inhibitory effects of
allthe tested extracts and crude while Table 2 shows the effect
of how well the formed biofilms were dispersed.

Table 1 and 2 show that all isolates developed biofilms
lies in a range of 0.08+0.07.

Biofilm development was inhibited by ethanolic
(0.01£0.00) and crude extracts (0.05£0.01). The ethanolicand
crude fractions had significant effects on biofilm formation
inhibition followed by the ethyl acetate and hexane fractions
while the chloroform fraction did not affect biofilm formation
inhibition. The ethanolic fraction had the highest biofilm
inhibition effect as seen in Table 1.

Table 1: Biofilm Inhibition of £ coli 0157:H7 by extracts of ginger (Zingiber officinale)

E. coli O157:H7 (1) E. coli O157:H7 (2) E. coli 0157:H7 (3) E. coli ATCC35218

Isolate Isolate+Ext Isolate Isolate+Ext Isolate Isolate+Ext Isolate Isolate+Ext
Extracts Mean SD Mean  SD Mean SD Mean  SD Mean  SD Mean SD Mean  SD Mean  SD
Crude 0.07 0.00° 0.03 0.01° 0.07 0.00* 0.04 0.01° 0.07 0.00*  0.04 0.00° 0.06 0.00° 0.01 0.00°
Ethan 0.07 0.00° 0.02 0.00° 0.07 0.00*  0.02 0.00° 0.07 0.00*  0.03 0.00° 0.06 0.00° 0.00 0.00°
Ethyl 0.07 0.00° 0.05 0.01° 0.07 0.00°  0.05 0.01° 0.07 0.000  0.05 0.01° 0.06 0.00° 0.03 0.00°
CHL. 0.07 0.00° 0.07 0.00° 0.07 0.000  0.07 0.00° 0.07 0.00°  0.07 0.00° 0.06 0.00° 0.06 0.00?
HEX. 0.07 0.00° 0.06 0.01° 0.07 0.00°  0.07 0.01° 0.07 0.00*  0.05 0.01° 0.06 0.00° 0.05 0.01°

SD: Standard deviation, Means in the same row not followed by the same lowercase letter are statistically significant («<0.05)

Table 2: Biofilm dispersion of £ coli 0157:H7 by extracts of ginger (Zingiber officinale)

E. coli O157:H7 (1) E. coli O157:H7 (2) E. coli 0157:H7 (3) E. coli ATCC35218

Isolate Isolate+Ext Isolate Isolate+Ext Isolate Isolate+Ext Isolate Isolate+Ext
Extracts Mean  SD Mean  SD Mean SD Mean  SD Mean  SD Mean SD Mean  SD Mean  SD
Crude 0.08 0.00° 0.05 0.00° 0.08 0.00*  0.05 0.00° 0.08 0.00° 0.06 0.00° 0.07 0.00° 0.05 0.00°
Ethan 0.08 0.00° 0.04 0.00° 0.08 0.00*  0.05 0.00° 0.08 0.00° 0.05 0.00° 0.07 0.00° 0.04 0.00°
Ethyl 0.08 0.00° 0.07 0.00° 0.08 0.000  0.07 0.00° 0.08 0.00° 0.07 0.00° 0.07 0.00° 0.06 0.00°
CHL. 0.08 0.00° 0.08 0.00° 0.08 0.000  0.08 0.00° 0.08 0.00° 0.08 0.00° 0.07 0.00° 0.07 0.00°
HEX. 0.08 0.00° 0.08 0.00° 0.08 0.00*  0.07 0.00° 0.08 0.00° 0.07 0.00° 0.07 0.00° 0.06 0.00°

SD: Standard deviation, Means in the same row not followed by the same lowercase letter are statistically significant («<0.05)
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In Table 2, the highest biofilm dispersion was exhibited
with the ethanolic (0.04x0.05) and crude extract fractions
(0.05%0.06). The chloroform fractions had little or no effecton
biofilm formation and dispersal at 50 mg mL~" concentration
The ethanolic and crude fractions had a significant biofilm
dispersion effect followed by the ethyl acetate and hexane
fractions. The chloroform fraction did not affect biofilm
dispersion. However, the ethanolic fraction had the highest
biofilm dispersion effect as seen in Table 2.

The means by which microorganisms are inhibited by
essential oils seem to involve different modes of action.
Phenolic components present in essential oils have been
known to possess antimicrobial activity and some are
classified as Generally Recognized as Safe (GRAS) substances
and therefore could be used to prevent post-harvest growth
of native and contaminant bacteria. This study showed that
ginger extract inhibited biofilm formation and also dispersed
formed biofilm. Phenolic components of oils sensitize the
phospholipid bilayer of the cell membrane, causing an
increase of permeability and leakage of vital intracellular
constitutes or impairment of bacterial enzyme systems. The
phenolic component of ginger could have been responsible
for the biofilminhibition and dispersion reported in this study.
The ability of flavonoids to inhibit Quorum Sensing (QS)
provides a clue for the biofilm inhibition and dispersion action
recorded in this study as phytochemical studies showed that
all the fractions of the extract have flavonoids*. An earlier
study*' reported no complete inhibition for S. typhimuriumor
E. coli O157:H7 in the presence of ginger water extract.
Another study?®® further reported that two extracts (Fresh
Ginger Extract (FGE) and Cooked Ginger Extract) impaired but
did not prevent adhesion of all tested strains including £ coli
0157:H7 when the extracts were used at a concentration of 10
and 15 mg DTSS/ mL and that generally, adhesion of all
studied strains was reduced by increasing the concentration
of FGE and CGE. The FGE had a strong effect as an anti-
adhesive agent against S. 7yphimurium strains and £. coli
0157:H7 compared with the CGE. This may be due to the high
content of gingerols in FGE. The study also reported that the
minimum anti-biofilm concentration (MABC) of FGE and CGE
were 20 and 25 mg DTSS/mL, respectively and that the FGE
and CGE did not show complete inhibition of bacterial growth,
although, it had considerable anti-adhesive and anti-biofilm
effects.

Ginger extract showed the ability to inhibit Pseudomonas
aeruginosa PAT4 biofilm formation?®, where biofilm
development was reduced by 39-56% in a static biofilm assay
using microtiter plates. The results obtained in this study
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demonstrated higher anti-biofilm potential of the ethanolic
and crude extracts as compared with the ethyl acetate, hexane
and chloroform extracts. This may be due to the high content
of 6-, 8-, 10 gingerls as bioactive components in the ethanolic
and crude extracts compared with others. In this respect, high
level of 6-gingerol in the ethanolic and crude extracts has
reduced biofilm formation and virulence by antagonistically
binding to £ co/i0157:H7 Quorum Sensing (QS) receptors*.
Previously reported® thatatested £ coliisolate exhibited high
level of anti-spices resistance and that after exposure to a
certain dose of spices, the isolate adapted biofilm mode of
growth and with increasing concentration of spices, the
thickness of the biofilm increased with increase in time and
the extracellular biofilm matrix was found trapping the
particles of spices used to induce the biofilm mode of growth.
Heterogenous biofilm formation was noticed as all the cells
were not found to produce extracellular matrix required for
biofilm formation, some cells were embedded into the
extracellular matrix while some cells were attached on the
outer side of the matrix material. Although the spices mix
contained NaCl and other compounds such as ginger and
garlic, it was reported that the NaCl could have been
responsible for the induction of biofilm mode of growth in the
bacteria*“® because salts generate high osmotic pressure
which may damage the bacterial cell wall. Researcher?
described that the cell wall deformity and the state of cell wall
deficiency encourage the biofilm formation in bacteria and
protects it from toxic effect of antibacterial agents. Gingerand
garlicare reported to have very strong antimicrobial activity*®
and inhibit bacterial biofilms by blocking quorum sensors
systems*. However, the composite spice mixes used for the
study does not have the property to inhibit or kill bacteria
because very small sub-inhibitory quantities of various herbs
and spices were added to create the mix and they are used
mainly as flavorings and coloring agents®.

Ginger extract was tested by Kim? against £, aeruginosa
PA14 biofilm formation and biofilm inhibition was
demonstrated. A study on P. aeruginosa® found out that the
ethanolic extract of Z officinale inhibited P. aeruginosa
biofilm formation under both aerobic and anaerobic
environments. A recent study with the phenoliccompounds
isolated from Z officinale being QS| (quorum sensing
inhibitors) was confirmed on P, aeruginosa MTCC 22975, That
is important because quorum sensing is playing a significant
role in food spoilage, biofilm formation, food-related
pathogenesis and ginger is well used in foodstuff as a
spice in dry or fresh form. Nikolic® obtained similar results
with this current study stating that the ethanolic extract of
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Zingiber officinale demonstrated moderate anti-biofilm
activity and the influence was best on P. mirabilis were the
BIC50 was at 19 mg mL~". This study has implications for food
safety and antibiotic resistance in biofilm-forming bacterial
isolates.

Bacteriaencountered in the food processing environment
can be difficult to eliminate because of their adaptability
under stress conditions and £ co/i being one of such bacteria
has been known to produce exopolysaccharides which can
provide a physical barrier to protect the cell from
environmental stress. Generally, biofilms are resistant to
antibacterial agents. In food hygiene, biofilms are a very
important potential hazard and a source of bacterial
contamination, pre and post-production. Ginger (Zingiber
officinale) showed potential use for dispersion of already
formed biofilm by £ co/iO157:H7 strains, hence, can be used
in food processing, surfaces and industries to inhibit £ cof
0157:H7 biofilm formation, increase dispersal and enhance
food safety.

SIGNIFICANCE STATEMENT

This study discovered the biofilm inhibition and
dispersion property of ginger (Zingiber officinale) that can be
beneficial in food processing and the environment thus
reducing antimicrobial resistance and enhance food safety.
This study will help researchers to uncover the critical areas of
the use of natural antimicrobials and anti-biofilm agents in
food processing which many researchers were not able to
explore.Thus, a new theory on natural anti-biofilm agents may
be arrived at.
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