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ABSTRACT. The antibacterial and anti-biofilm activity of etl@ic extract from the
rhizome of Zingiber officinale were evaluatedln vitro antibacterial activity was
investigated by microdilution method. Minimum intidry concentration (MIC) and
minimum bactericidal concentration (MBC) have bektermined. The values were in
the range from 0.0024 to > 20 mg/ml. The most sessbacteria were Gram-positive
bacteria:Saphylococcus aureus and Saphylococcus aureus ATCC 25923. Anti-biofilm
activity was tested by crystal violet assddseudomonas aeruginosa ATCC 27853,
Proteus mirabilis and Escherichia coli ATCC 25922 were used as the test organisms.
Ethanolic extract showed the best result Rnoteus mirabilis biofilm where biofilm
inhibitory concentration (Bl6g) was 19 mg/ml.
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INTRODUCTION

Biofilm is a community of microbial cells attaché&m the surface and is embedded in
the extracellular polymeric substances (EPS)NDAN, 2002). Biofilms are sources of diverse
problems in food industry, medicine and everyddg. liThe presence of biofilms in food
processing environments is a potential source nfarnination that may lead to food spoilage
and disease transmissiondéb and HT1TOLA, 1995; FRANK, 2001). Bacteria included in
biofilm structure are generally more resistant miraicrobial agents than planktonic cells
(LEwis, 2001; DoNLAN and WSTERTON 2002). The effects of plant extracts to prevent
biofilm formation and adherence have been showeeantier studies (QAVE et al., 2008;
SANDASI et al., 2010).

Ginger Eingiber officinale Roscoe, fam. Zingiberaceae) is a perennial heith,leafy
stem up to 60 cnThe rhizome is horizontal, branched, fleshy, araenathite or yellowish to
brown. Leaves are narrowly or linear-lanceolate,top20 cm long and 1.5-2 cm wide.
Flowers are produced in a dense spike, yellow gmatmpurple endingsThis plant is widely
distributed in South-Eastern AsiadRs 2005).

The rhizome is rich in the secondary metabolitashsas phenolic compounds
(gingerol, paradol and shogaoal), volatile sesqoitees (zingiberene and bisabolene) and
monoterpenoids (curcumene and citral)i(ét al., 2008).Previous studies have demonstrated
that plant extracts and isolated compounds fionofficinale possess strong antioxidant



130

(StolLova et al., 2007), antibacterial, antifungal, anticancer amti-inflammatory effects
(HABIB et al., 2008).In food industry, both pathogenic and food spoilhgeteria can attach
and form a biofilm on food contact surfaces anddfpooduct, on the other ha@d officinale

is widely used as spice, so the aim of this studg @inger effectiveness in preventing this
problem through the evaluation of antibacterialvatgt of ethanolic extract oZ. officinale, as
well as the effect of this extract on biofilm fortiwa againsProteus mirabilis, Pseudomonas
aeruginosa ATCC 27853 andEscherichia coli ATCC 25922.

MATERIALS AND METHODS

Chemicals
Ethanol was purchased from Zorka Pharma (Sabarhiéd. Dimethyl sulfoxide
(DMSO) was purchased from Centrohem (Stara Paz®eehia). Resazurin was obtained
from Alfa Aesar GmbH & Co. (KG, Karlsruhe, Germarand crystal violet stain was from
Fluka AG (Buchs, Switzerland). Nutrient media, aéller—Hinton broth was purchased from
Liofilchem (Italy). An antibiotic, tetracycline wadsom Sigma Chemicals Co. (St. Louis, MO,
USA).

Plant material and extraction
Z. officinale (rhizomes) was obtained commercially (Metro, imiedrfrom China).

Dried, ground rhizomes were extracted with ethdayainaceration. 50 g of plant material was
soaked with 200 ml of ethanol for 24 h at room termapure. After that the resulting extract
was filtered through filter paper (Whatman no.lheTresidue from the filtration was
extracted again twice using the same procedure.firetes obtained were combined and
then evaporated to dryness using a rotary evapaaittd °C. Stock solutions of crude extract
were obtained by dissolving in DMSO and then dduteto Mueller-Hinton broth to achieve
a concentration of 10% DMSO.

Determination of antibacterial activity
Test bacteria
The list of tested bacteria is presented in TabWglliclinical isolates were a generous
gift from the Institute of Public Health, Kragujexalrhe other bacteria were provided from a
collection held by the Microbiology Laboratory, kdty of ScienceUniversity of Kragu-
jevac.

Antibacterial assay

Antibacterial activity was tested by determinthg minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MB@¥ing microdilution method with
resazurin (8RKER et al., 2007). Bacterial suspensions were prepared bgctdicolony
method. The turbidity of initial suspension wasuastid by comparing with 0.5 McFarland’s
standard (ADREws 2005). Initial bacterial suspensions contain abbif colony forming
units (CFU)/ml and then 1:100 diluted in steril@%% saline. Twofold serial dilutions of
plant extract were made in a concentration range 20 mg/ml to 0.0012 mg/ml in sterile
96-well plates containing Mueller—Hinton broth. A {il of diluted bacterial suspension was
added to each well to give a final concentratio® af 10 CFU/mI. Finally, 10ul of resazurin
solution, as an indicator of microbial growth, wadded to each well. The inoculated plates
were incubated at 37 °C for 24 h. MIC was definsdtlae lowest concentration of tested
compound that prevented resazurin color change biomto pink.

MBC was determined by plating 1i0of samples from wells, where no indicator color
change was recorded, on nutrient agar. At the dnthe incubation period the lowest
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concentration with no growth (no colony) was defirees minimum bactericidal concentra-
tion.

Tetracycline, dissolved in nutrient liquid mediwas used as positive control. Solvent
control test was performed to study an effect #IDMSO on the growth of bacteria. It was
observed that 10% DMSO did not inhibit the growthbacteria. Each test included growth
control and sterility control. All tests were parfted in duplicate and MICs were constant.

Determination of anti-biofilm activity
Test bacteria
The bacteria chosen for anti-biofilm assay wergiadl isolateProteus mirabilis and
standard strains oPseudomonas aeruginosa ATCC 27853 andEscherichia coli ATCC
25922,

Biofilm formation assay and quantification

The ability bacteria to form biofilms were assayesl described bp'TooLE and
KOLTER (1998) with some modifications. In sterile 96-wa#isue culture plates (Sarstedt,
Germany) containing 5@/ of Mueller—Hinton broth per well, a 50l of fresh bacterial
suspension (1.0 McFarland) was added. After incabait 37 °C for 48 h, the content of each
well was gently removed by tapping the plates. Weds were washed with 20d of sterile
saline to remove free-floating bacteria. Biofilmsrrhed by adherent cells in plate were
stained with 0.1% crystal violet and incubatechatiioom temperature for 20 minutes. Excess
stain was rinsed off by thorough washing with deded water and plates were fixed with 200
ul of 96% ethanol. Optical densities (OD) of stairagtherent bacteria were measured at 630
nm using an ELISA microplate reader. All tests wpesformed in triplicate. The cut-off
optical density (ODc) was defined as three stand@dations above the mean OD of the
negative control (culture medium). Strains weressifted as follows: ODB< ODc no biofilm
producer, ODc < OX 2 x ODc weak biofilm producer, 2 x ODc < GD4 x ODc moderate
biofilm producer and 4 x ODc < OD strong biofilmopucer (SEPANOVIC et al., 2000).

Effect on biofilm formation

A modified crystal violet assay was employeddst the effect of plant extract on bio-
film formation. Twofold serial dilutions of planixgact were made in sterile 96-well tissue
culture plates containing 5@ of Mueller—Hinton broth per well. The tested centration
range was from 20 mg/ml to 0.156 mg/ml. A §D of fresh bacterial suspension (1.0
McFarland) was added to each well. Growth contoglll§ + broth), media control (only
broth) and blank control (broth + extract) werelued. After incubation at 37 °C for 48 h,
the biofilm biomass was assayed using the crystétvstaining assay as described above.

The percentage of biofilm inhibition was calcuthtesing the following formula: [(OD
growth control — OD sample) / OD growth control[l80. The biofilm inhibition concentra-
tion (BICsp) was defined as the lowest concentration of ektreat showed 50% inhibition on
the biofilm formation (GAIEB et al., 2011).

Data analysis
For comparison between samples, data was analyzede Student’'s t-test and the

one-way analysis of variance (ANOVA). In all cagesvalues < 0.05 were considered
statistically significant. All statistical analysesre performed using SPSS package.
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RESULTS AND DISCUSSION
Antibacterial activity

The results ofin vitro antibacterial activity of ethanolic extract @f officinale are
presented in Table 1. For comparison, the restillseoactivity of tetracycline are also listed
in Table 1. The solvent (10% DMSO) had no effecttangrowth of tested bacteria.

Antibacterial activity of tested extract was exatbd by determining MICs and MBCs
in relation to the 13 species of Gram-positive @mdm-negative bacteria. The MIC values of
ethanolic extract oZ. officinale were in the range from 0.0024 mg/ml to > 20 mghntijle
the MBC values were in the range from 0.156 mg/mi>t 20 mg/ml. The intensity of
antibacterial activity varied depending on the sgeof bacteria.

Table 1.Antibacterial activity of ethanolic extract frofingiber officinale.

Ethanolic extract Tetracycline
Species MIC MBC MIC MBC
Saphylococcus aureus 0.0024 0.625 0.98 15.63
Saphylococcus aureus ATCC 25923 0.0024 0.156 0.25 1.96
Bacillus subtilis IP 5832 0.625 1.25 n.d. n.d.
Bacillus subtilis ATCC 6633 0.3125 0.625 1.96 15.63
Bacillus cereus 0.3125 0.625 0.035 0.13
Pseudomonas aeruginosa 2.5 20 500 1000
Pseudomonas aeruginosa ATCC 27853 10 20 7.82 62.5
Proteus mirabilis 2.5 2.5 125 125
Proteus mirabilisATCC 12453 2.5 2.5 15.63 31.25
Escherichia cali > 20 > 20 1.96 3.91
Escherichia coli ATCC 25922 20 > 20 0.98 3.91
Salmonella enterica 20 20 0.49 3.91
Salmonella typhimurium 20 20 1.96 3.91

*Minimum inhibitory concentration (MIC) and minimubyactericidal concentration (MBC) values
are given as mg/ml for extract ang/ml for antibiotic; n.d. - not determined.

The ethanolic extract d. officinale demonstrated moderate to strong antibacterial
activity, and showed stronger inhibitory effectsaimgt Gram-positive than Gram-negative
bacteria (p < 0.05). The results indicated thatrtiest sensitive bacteria were the standard
strain of S aureus ATCC 25923 (MIC at 0.0024 mg/ml and MBC at 0.1%§/ml) and the
isolateS aureus (MIC at 0.0024 mg/ml and MBC at 0.62%gy/ml).

The tested extract showed lower activity on ¢gnewth of Gram-negative bacteria
(MIC and MBC ranged from 2.5 mg/ml to > 20 mg/nthe exception are the straifs
mirabilis, P. mirabilis ATCC 12453 where MIC and MBC value was 2.5 mg/mdl dhe
isolate P. aeruginosa (MIC at 2.5 mg/ml). A-MARIRI and SAFI (2014) have tested.
officinale in susceptibility of Gram-negative bacteria €oli, Proteus, etc.) and they have
found how many isolates out of the tested numbeesensitive to the presence of ethanolic
extract and essential oil of this plant.

S aureus ATCC 25923 andE. coli ATCC 25922, used in this conduction, were also
the subject (amongst others) oWEETU et al. (2014) study. They have tested synergistic
effect of ginger extract and honey on bacteriatheg suggest combining of these substances,
because the results have shown that the effeeggeibthan in the individual use.AdAN et
al. (2012) tested methanolic and n-hexane extractsZ.obfficinale against different



133

microorganisms. They showed also that the extraete more active against the Gram-
positive than the Gram-negative bacteria.

The effect of ethanolic and methanolic extradtginger were studied byHBRGAVA
et al. (2012), and have demonstrated similar MIC valuestlanolic extract against tested
bacteria. RURA et al. (2014) have showed that the ethanolic extractjioger was more
effective onS. aureus (MIC at 100 pg/ml), but it did not act agaifistcoli andP. aeruginosa.
In another study done byAlsi andJassemi (2010) ethanolic extract of ginger showed the best
effect againsP. aeruginosa andE. coli. In our study, ethanolic extract showed the strehge
effect onS aureus. The antibacterial activity of aqueous, ethanaiethanolic, hexane and
ethyl acetate extracts @ officinale was studied by KusHik and G®vyAL (2011), and they
determined low sensitivity dE. coli. AUTA et al. (2011) investigated ethanolic, cold water
and raw extract oZ. officinale and demonstrated that tReaeruginosa was more susceptible
thanE. coli, which is in accordance with our findings.

Anti-biofilm activity
The results ofin vitro anti-biofilm activity of ethanolic extract of. officinale are
presented in Table 2. The bacteria used in thisgfanvestigation have been selected from

the bacteria used for antibacterial activity depegan their biofilm formation potential.

Table 2. Anti-biofilm activity of ethanolic extrafitom Zingiber officinale.

Values
Species A P BICs0
Pseudomonas aeruginosa ATCC 27853 1.321 89.499 > 20
Proteus mirabilis 0.110 52.632 19
Escherichia coli ATCC 25922 0.262 > 100 > 20

*Values are given for extract concentration of 2§/mm: A - Absorbance of biofilm,
P - Percentage of biofilm growth; Biofilm inhibigpconcentration (Bl&) in mg/ml.

Anti-biofilm activity is presented in three type$ results. The influence on biofilm
formation varied among the tested straiRsaeruginosa ATCC 27853 formed the thickest
biofilm (strong producer) and two other bacteriaavelassified as moderate biofilm producer
(STEPANOVIC €t al., 2000;HAssaN et al.,, 2011). The ethanolic extract &. officinale
demonstrated moderate anti-biofilm activity, and thfluence was the best ¢h mirabilis
were the BIGy was at 19 mg/ml. The percentage Fofaeruginosa ATCC 27853 biofilm
reduction was 10.5 for the 20 mg/ml concentratidninvestigated extract (Bl§g > 20
mg/ml).

Ginger extract was tested byiMKand PARK (2013) and the results againBt
aeruginosa PA14 biofilm formation demonstrated positive effeehess. YXHYA et al. (2013)
found out that the ethanolic extract&fofficinale inhibited P. aeruginosa biofilm formation
under both aerobic and anaerobic environments.

Recent exploration came with the phenolic compguisolated fromZ. officinale
being QSI (quorum sensing inhibitors). That wasifiegl on P. aeruginosa MTCC 2297
(KUMAR et al., 2014). That is important because quorum sensiptpigng significant role at
food spoilage, biofilm formation, food-related pagienesis, and ginger is well used foodstuff
as spice in dry or fresh form.
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CONCLUSION

Z. officinale ethanolic extract has shown a wide range of infbeeon bacteria. Since it
can be used in food, this investigation of gingas bonfirmed its significance, especially in
the area of influence on tested staphylococci whieeeresult achieved was much better in
compare with the previous investigations. The te$i@cteria can also be food spoilage, and
ginger extract had effect against thef.officinale is widely and constantly explored, and
further investigation in other scientific areaslwstow more of its potentials.
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