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Abstract Background: Multi-drug resistance is a growing problem in the treatment of infectious diseases and the
widespread use of broad-spectrum antibiotics has produced antibiotic resistance for many human bacterial pathogens.
Advances in nanotechnology have opened new horizons in Nano medicine, allowing the synthesis of nanoparticles
that can be assembled into complex architectures. Method: Novel studies were carried out to assess the antibacterial
effect of phenolic plants extracts and silver nanoparticles on the development of biofilm formation of bacterial
species (Klebsiella pneumoniae) and (Staphylococcus aureus) using fourteen isolates from both clinical and
environmental samples. Also, the experiments were conducted to study the antibacterial effect by determining the
minimum inhibitory concentrations (MICs), and susceptibility test of these strains for 8 antibiotics. Moreover, the
study used silver nanoparticles Ag-NPs which indicated a size range of 101.77 nm as antimicrobial agent. Although
the Zingiber officinal Roscoe, Thymus vulgaris L. and Cinnamomum zeylanicum phenolic plant extracts
concentrations (50, 25, 12.5, 6.25, 3.125 and 1.625 µg/ml) (W/V) were used through antibiotic and biofilm
inhibition assay. Result: The result showed that the isolates behaved differently in their sensitivity to the different
extracts added to their growth medium. Among the different plant phenolic extracts tested, Z. officinale showed
antibiofilm efficacy against k. pneumoniae and S. aureus followed by T. vulgaris and C. zeylanicum extracts
exhibited. Conclusion: The silver nanoparticles with either the plants extract compound (phenolic compound) may
provide a safe and highly effective alternative to commonly used antibiotics, which are ineffective towards the
antibiotic-resistant S. aureus and K. pneumonia .Also, The silver nanoparticles presented strong antimicrobial and
antibiofilm activity against and K. pneumoniae and S. aureus in an indication that represents a new potential
candidate for alternative antibiofilm.
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1. Introduction
For years, many antimicrobial agents have been used to
control or eliminate bacteria from households, industry
and for the treatment of common bacterial infections of
public human health. However, the irrational of these
antibacterial agents has produced strains of multiple
antimicrobial resistant bacteria in households and industry
where the cleaning products are no more effective against
the microorganisms than good personal and household
hygiene. Green synthesis of metallic silver nanoparticles
has attracted nowadays and alternative to physical and
chemical approaches. Furthermore these green synthesized
AgNPs were found to show higher antimicrobial efficacy
against multi drug resistant clinical isolates [1]. Green
synthesis of nanoparticles with low range of toxicity and

conjugation to antibiotics has become an attractive area of
research for several biomedical applications. Nano
conjugates exhibited notable increase in biological activity
compared to free antibiotic molecules [2]. Among the
factors contributing to microbial resistance is the ability of
the microbes to exist in biofilm forms that allow them to
withstand harsh environmental conditions and antimicrobial
agents. Staphylococcus aureus is the most common infectious
agent involved in the development of Skin infections that
are associated with antibiotic resistance, such as burn
wounds. Also, Klebsiella pneumoniae is the second
most common cause of gram-negative bacteremia after
Escherichia coli. K. pneumoniaee bacteremia causes
significant morbidity and mortality in general populations
[3,4].
The biofilms have been implicated in a wide range of
hospital infections and food spoilages thus posing a
serious concern in both the food and medical industries.
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By definition, a biofilm is a complex community of cells
attached to either a biotic or abiotic surface enclosed in an
exopolysaccharide matrix [5]. This matrix is composed of
extracellular polymeric substances (EPS), particulates
from different origins and microbial lyses products [6].
When bacteria form biofilms, they become more resistant
to many effective environmental factors such as
fluctuation of nutrients and oxygen, alteration of pH, and
antibiotics effects [7].
Silver nanoparticles (Ag-NPs) are three-dimensional
structures up to 100 nm in diameter formed from silver
ions reduced to Ago clusters which are then stabilized by
coating ligands. The antimicrobial activity of Ag-NPs has
already been demonstrated towards multiple fungi and
bacteria species, regardless of their susceptibility or
resistance to common drugs [8]. The antimicrobial
properties of Ag-NPs are attributed to the direct effect that
these particles have on the bacterial cell as well as to the
activity of silver ions continuously released from their
surface [9]. Antimicrobial activity of silver nanostructures
is based on their ability to affect cellular components such
as the cell wall, membrane, proteins and nucleic acids [8].
An interesting evolution of using nanoparticles against S.
aureus isolates is represented by Hamed and Al Shahwany
[10], they suggesting that combining AgNPs with
phenolic plant extracts could be a possible alternative
therapeutic strategy against bacterial infectious diseases.
While biofilms of bacteria are more resistant to
antimicrobial agents. Most works with plant-based
antimicrobial studies have been focused on the planktonic
forms [11]. Therefore, in the present study an attempt has
been made to screen different plant extracts against
microbial biofilms. Thus, the goal of this study was to
evaluate the antimicrobial properties of the compunction
effects of some plant extracts with silver nanoparticles on
S. aureus and K. pneumoniae isolates growth and biofilm
formation.

2. Material & Method
2.1. Collection of Plant Samples
Plant samples included Zingiber officinale dry rhizomes
dry leaves of Thymus vulgaris and dry bark of Cinnamomum
zeylanicum were obtained from local herbarium market in
Baghdad city. After the plants were air derided and
powdered, it kept at 4°C until further investigations.

2.2. Preparation of Phenolic Plant Extracts
Phenols were extracted according to previous studies
[12] 200g of plant powder were divided into two equal
portions, one was mixed with 300 ml of distilled water
and the other one was mixed with 300 ml of 1%
hydrochloric acid. Then, samples were homogenized in
electric shaker for 5 min. The two mixtures were
transferred to boiled water bath for 30-40 min, there after
cooled and filtered through muslin cloth and centrifuged
with speed of 3000 rpm for 10 min. The two supernatants
were mixed. Equal quantity of N-propanol was added to
the mixture prior to sodium chloride was added until the
solution was separated into two layers. The lower layer
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extracted in separating funnel with ethyl acetate, and
concentrated by using rotary evaporator at 40°C for 1 to 2
h. The upper layer was dried by rotary evaporator at 40°C
for 1 to 2 h. The dried material of both layers were mixed
and dissolved in 5 ml of 96% ethanol, after words, left in
oven until it turned into powder and kept in refrigerator
until use.

2.3. Preparation of Different Concentrations
of Plant Extracts
Stock solutions were prepared by mixing 2 g from the
dried extract with 20 mL Ethylene glycol, and then it was
sterilized with membrane filter (0.22 μm). Subsequently,
different concentrations (1, 5, 10 mg. mL-1) were prepared
as diluents.

2.4. Selection of the Isolates
The bacterial strains used in this study were include 14
isolates from each Staphylococcus aureus and Klebsiella
pneumoniae, isolated from urine, blood, wound, ear water,
sewage, soil and water . Those isolates showed increase
resistance to commonly available antibiotics by using
Kirby- Bauer disc diffusion method. The bacteria
identified by standard microbiological procedures (Gram
staining, colonial morphology, catalase test, cytochrome
oxidase reaction, motility, and other biochemical tests)
which carried out depending on Bergey's manual of
systematic Bacteriology [13], also by analytical profile
index (API) 20 E system and vitek 2 system [13].
Antibiotic Susceptibility Test [14].
From an overnight culture plate, 4-5 colonies of
bacterial isolates were picked up and suspended in 5ml of
sterile normal saline until the turbidity is a proximately
equivalent to that of the McFarland No. 0.5 turbidity
standard. Ten minutes later, by a sterile forceps the
antimicrobial disc Amoxicillin, Ampicillin, Cefotaxime,
Cephalothin, Clarithromycin, Methicillin , Nitrofurantoin
and Tetracyclin were picked up and placed on the surface
of Mueller Hinton plates. The plates were incubated at
37°C for 18-24 hours. After incubation, the plates were
examined for the presence of inhibition zone of bacterial
growth around the antimicrobial discs. The diameter of the
zone of inhibition was measured by millimeters using a
metric ruler and compared to standard inhibition zone
according to Clinical and Laboratory Standards Institute
[15].
Determination of minimum inhibitory concentration
(MIC)
MIC of plant extracts was determined by microdilution
method in sterile 96-wells microliter plates according to
the protocol described previously [16]. Different plant
extracts concentrations (50, 25, 12.5, 6.25, 3.125 and
1.625 µg/ml) (W/V) were prepared containing bacterial
cells comparable to McFarland standard no. 0.5 in a final
volume of 200 μl. Sterile distilled water, broth and plant
extracts was used as a negative control while sterile
distilled water, broth and bacteria was used as positive
control. After 24 h at 37°C, the MIC of each sample was
determined. The MIC is considered the lowest concentration
of an antimicrobial that will inhibit the visible growth of a
microorganism after 24 h incubation [17].
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Detection of biofilm formation
The method described by [18] was followed with some
modifications. Briefly, overnight cultures were diluted
(1:100) with trypton soya broth supplemented with 1%
(w/v) glucose. Aliquots (200µl) from the culture were then
transferred to the wells of a 96-well polystyrene microliter
plate and incubated overnight at 37ºC. After incubation,
supernatants were removed from each well and biofilms
were gently washed twice with normal saline, then dried
and fixed at 65ºC for 1 hr. Subsequently, the plates were
stained with 0.1% (w/v) crystal violet for 10 min, gently
washed twice and the quantitative analysis of biofilm
production was performed by adding 200 µl of 95%
ethanol for 10 min. Finally, the absorbance of the
methylene blue present in the de-staining solution (ethanol)
was measured at 630 nm by microplate reader.
Silver nanoparticles (Ag-NPs): The Silver nanoparticles
(Ag-NP) was brought from the Department of Medical
Engineer, College of Engineering, Al-Nahrain University,
Baghdad, Iraq. The average diameters of silver nanoparticles
found equal to 101.77nm

2.5. Statistical Analysis
Complete Randomized Design (CRD) was used as
experimental design. Data were analyzed using statistical

analysis system- SAS (2003) to study the effect of different
plant extracts and the nanoparticles on some bacterial
isolates. Least significant difference (LSD) was used to
compare the significant difference between means at
dillerences were considered significant when P≤ 0.05 [19].

3. Results
In this study, the bacterial isolates were chosen because
the importance of these isolates in the hospital environment
and their outbreak in the community. Multidrug resistance
and biofilm have been recognized as virulence factors of
great scale in clinical infections. Because of the increase
in intricacy of the majority microbial infections and the
resistance to straight treatment, researchers have been
prompted to identify alternatives for the action of
infections. Plant extracts biologically active compounds
isolated from plants have gained extensive attention in this
look upon as they have been known to cure diseases and
sickness since very old times. Silver nanoparticles are also
able to assess human healthy through a variety of
commercial products. Studies have shown that silver
nanoparticles cause toxicity to germ line stem cells
through reduction in mitochondrial function and induction
of membrane leakage and apoptosis [20].

Table 1. Antibiotic susceptibility of S. aureus isolates according to CLSI [21]
S. aureus isolates
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Amoxicillin
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Ampicillin
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Cefotaxime
S
I
S
S
I
S
I
I
S
I
I
I
I
I

Cephalothin
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Clarithromycin
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Methicillin
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Nitrofurantoin
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Tetracycline
R
R
R
R
R
R
R
R
R
R
R
R
R
R

R=Resistant, I=Intermediate, S=Sensitive.
Table 2. Antibiotic susceptibility of inhibition zones for K. pneumoniae isolates according to CLSI [21]
K. pneumonia isolates
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Amoxicillin
R
R
R
R
S
S
I
R
I
R
S
I
R
R

Ampicillin
R
R
R
R
I
S
S
R
S
R
I
I
R
R

R=Resistant, I=Intermediate, S=Sensitive.

Cefotaxime
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Cephalothin
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Clarithromycin
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Methicillin
R
R
R
R
S
S
I
R
I
R
I
S
R
R

Nitrofurantoin
R
R
R
R
R
R
R
R
R
R
R
R
R
R

Tetracycline
R
R
R
R
R
R
R
R
R
R
R
R
R
R
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Antibiotic Susceptibility of Staphylococcus aureus and
K. pneumoniae isolates.
In a biofilm form, bacteria are more resistant to various
antimicrobial treatments. Susceptibility tests were
summarized in Table 1 and Table 2 for S. aureus and
K. pneumoniae isolates to eight different antibiotics by
disc diffusion method recommended by CLSI [21]
guidelines. These antibiotics were used in this study due
to their mode of action inhibiting cell wall synthesis which
cause the release of the bacterial cell DNA into the
surroundings [22].
Table 1 and Table 2 indicate that all isolates were
resistance to Ampicillin, Amoxicillin. Many studies focused
on that Methicillin resistance strains should be considered
to be resistant to all Cephalosporins, and other β-lactams,
such as Ampicillin-sulbactam, Amoxicillin-clavulanic
acid, Ticarcillin-clavulanic acid, Piperacillin-tazobactam,
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and the Carbapenems, regardless of the in vitro test results
obtained with those agents [23,24].
Beside, all S. aureus isolates were ranging from
intermediate and sensitive to Cefatoxime antibiotic.
Minimum inhibitory concentration (MIC)
Minimum inhibitory concentration (MIC) value is
important to determine efficacy of antibacterial agent. Low
MIC value may be an indication of high efficacy or that
microorganism has no potential to develop resistance
towards the bioactive compound. Figure 1 and Figure 2 show
effects of MIC values of Ag-NPs with different concentrations
on K. pneumoniae and S. aureus. Obviously, MIC ranged
value was in concentration between 6.25 to 12.5% for
both K. pneumoniae and S. aureus isolates. Moreover,
results indicated that Z. officinale and T. vulgaris MIC
reached 6.25 -25 % for most isolates. However, it formed
25- 50 % for C. zeylanicum for both bacteria isolates.

Figure 1. Minimum inhibitory concentration (MIC) value K. pneumonia

Figure 2. Minimum inhibitory concentration (MIC) value for S. aureus
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Gao and Yang [25] reported the antibacterial activity of
Z. officinale extract against various microorganisms was
due to their polysaccharide, flavonoid compounds. The
antimicrobial activity of ginger may be attributed to the
fact that it contains antimicrobial substances such as
zingiberol, zingiberine and bisabolene [26]. The rhizome
of ginger contains pungent vanillyl ketones including
gingerol and paradole, etc. [27].
Antibiofilm activity:
The results of in vitro biofilms activity of three phenolic
plants extracts were presented in Figure 3 and Figure 4.
For comparison, the results of the activity of Ag-NPs was
also listed in Figure 3 and Figure 4. Furthermore, biofilm
reduction assay results showed that Ag-NPs at 0.0596
μg/mL could inhibit 100% of K. pneumoniae biofilm and
at 0.053 μg/mL decrease 50 % of biofilm formation.

Moreover, The biofilm reduction assay results showed that
Ag-NPs at 0.0683 μg/mL inhibited 100% the formation of
S. aureus biofilm and at 0.050 μg/mL decrease 50 %
of the biofilm formation. It is noteworthy that the best
plant extracts effective concentrations was 0.106 μg/mL
for Z. officinale extract on the growth of K. pneumoniae
cells. Additionally, Z. officinale extract at concentration
0.150 μg/mL was able to inhibit biofilm formation of S.
aureus as depicted in Figure 4.
The difference in biofilm thickness results from
different reasons such as differences in isolates capacity to
form biofilm, perhaps the primary number of cells that
succeeded in adherence and the differences of quality and
quantity of autoinducers (Quorum sensing signaling molecules)
that produced from each isolate and play an essential as
well as important role in biofilm formation [28].

Figure 3. Klebsiell Pncumonia biofilm formation assays

Figure 4. Staphylococcus auresu biofilm formation assays
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4. Discussion
The Ag-NPs with plants extracts had shown to have
significant effects on all examined bacterial isolates in
terms of biofilm formation via bacterial growth. Many
studies have reported that AgNPs can damage cell
membranes leading to structural changes, which render
bacteria more permeable. This effect is highly influenced
by the nanoparticles’ size, shape and concentration and a
study using Gram-negative bacteria confirmed that AgNPs
accumulation on the membrane cell creates gaps in the
integrity of the bilayer which predisposes it to a
permeability increase and finally bacterial cell death [24].
Further studies is required to make any further
conclusion. It is possible that silver nanoparticles act
similarly to the antimicrobial agents used for the treatment
of bacterial infections. Those agents show four different
mechanisms of action: (1) interference with cell wall
synthesis, (2) inhibition of protein synthesis, (3) interference
with nucleic acid synthesis and (4) inhibition of a
metabolic pathway Finally, the antimicrobial susceptibility
of silver nanoparticles synthesized was investigated. The
presence of nanoparticles at a certain level inhibited
bacterial growth by more than 99 %.
The Ginger Zingiber officinale rhizome is rich in the
secondary metabolites such as phenolic compounds
(gingerol, paradol and shogaoal), volatile sesquiterpenes
(zingiberene and bisabolene) and monoterpenoids
(curcumene and citral) [29]. Previous studies have
demonstrated that plant extracts and isolated compounds
from Z. officinale possess strong antioxidant [30].
Yahya et al. [31] mentioned that Z. officinale ethanolic
extract able to inhibit P. aeruginosa biofilm formation
under both aerobic and anerobic conditions. With respect
to extracellular biofilm DNA. Also, they found that Z.
officinale extract has affected the DNA release by P.
aeruginosa biofilm. They believed that the anti-biofilm
activity was due to the activity of zingiberene, the major
compound in Z. officinale ethanolic extract.
Alves-Silva et al [32] revealed that thymol and
carvacrolare the main constitutes and responsible for their
disinfection potential through a variety of inhibition and
killing mechanisms, which target multiple sites of the
bacterial cell will preferentially partition from an aqueous
phase into membrane structures. This result in membrane
expansion, increased membrane fluidity and inhibition of
a membrane-embedded enzyme. Also, Nadia et al. [33]
found many bioactive compounds such as phenolics,
flavonoids, thymol, carvacrol, biphenyl's and aliphatic
phenols in thymus species. They inducted that Phenolic
acids are present in thymus species which contribute to
their therapeutic potential. While Aghsaghali et al. [34]
notes that Caffeic acid is present in T. vulgaris which has
antibacterial, antiviral and antifungal activity. Also, the C.
zeylanicum antimicrobial abilities was mainly attributable
to the presence of phenolic components in their extract [35].
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future as part of antimicrobial strategy. Investigation on
large amount of clinical, environmental and commensally
strains is required to understand the survival strategies
biofilm producers. The silver nanoparticles with either the
plants extract compound (phenolic compound) may
provide a safe and highly effective alternative to
commonly used antibiotics, which are ineffective towards
the antibiotic-resistant S. aureus and K. pneumoniae. Thus,
further studies are required to test their activity against
other pathogenic bacteria and fungi and study the
possibility of using these active components by drugs
companies. Finally, further studies using in vivo models
are needed to study the impact of nanoparticles on health.

References
[1]

[2]

[3]

[4]

[5]
[6]
[7]
[8]
[9]
[10]

[11]
[12]
[13]
[14]
[15]
[16]

5. Conclusions

[17]

In conclusion we can say that, silver nanoparticles was
capable of microbial inhibition on a commendable scale
and this may hopefully be an indication of its potential

[18]

Prakash P, Gnanaprakasam P, Emmanuel R, Arokiyaraj S,
Saravanan M. Green synthesis of silver nanoparticles from leaf
extract of Mimusops elengi, Linn. For enhanced antibacterial
activity against multi drug resistant clinical isolates. Colloids Surf
B Biointerfaces. 2013. Aug 1; 108: 255-9.
Harshiny M, Matheswaran M, Arthanareeswaran G., Kumaran S
and Rajasree S. Enhancement of antibacterial properties of silver
nanoparticles-ceftriaxone conjugate through Mukia maderaspatana
leaf extract mediated synthesis. Ecotoxicol Environ Saf. 2105. 121:
135-41.
Lee JH .Methicillin (Oxacillin) -Resistant Staphylococcus aureus
Strains Isolated from Major Food Animals and Their Potential
Transmission to Humans. Appl. Environ. Microbiol. 2003. 69 (11):
6489-6494.
Tsay RW, Siu LK, Fung CP, Chang FY. Characteristics of
bacteremia between community-acquired and nosocomial
Klebsiella pneumoniaee infection: risk factor for mortality and the
impact of capsular serotypes as a herald for community- acquired
infection. Arch Intern Med 2002. 162: 1021-7.
Dreeszen, P. H. Biofilm: The key to understanding and controlling
bacterial growth in automated drinking water systems. 2nd ed.
Edstrom industries Inc. 2003.
Reid, G., Howard, J. andGan, B. S. Can bacterial interference
prevent infection? Trends Microbiol. 2001. 9: 424-428.
Whiteley M, Bangera MG, Bumgarner RE, Parsek MR, Teitzel
GM, Lory S, Greenberg EP. Gene expression in Pseudomonas
aeruginosa biofilms. Nature. 2001. 413(6858): 860-4.
Allaker RP, Memarzadeh K. Nanoparticles and the control of oral
infections. Int J Antimicrob Agents. 2014. 43:95-104.
Sondi I, Salopek-Sondi B Silver nanoparticles as antimicrobial
agent: a case study on E. coli as a model for gram-negative
bacteria. J Colloid Interface Sci. 2004. 275:177-182.
Hamed, SE, Al Shahwany AW. Increasing antimicrobial activity
of some plant extracts against antibiotic resistant Staphylococcus
aureus by using silver nanoparticles. World J Exp Biosci. 2016.
Vol. 4, Number 1.
Cox PA. Balick MJ. The ethnobotanical approach to drug
discovery. Sci Am. 1994. 270(6): 82-7.
Harborne JB. Phytochemical methods. Chapman and Hall. New
York 2nd Ed 1984: 288.
Bardawell SK .D-amino acids: Prospects for new therapeutic agent.
Journal of medical and bioengineering. 2014. 3(3): p197.
Morello, JA, Mizer HE., Granato PA. Laboratory Manual and
Workbook in Microbiology Applications to Patient Care. 18th .ed.
The McGraw-Hill Companies, Inc., New York. 2006. P.95-99.
Braydich-Stolle L, Hussain S, Schlager JJ, Hofmann. MC.
Toxicological Sciences. 2005. 88(2): 412-419.
Andrews, J. M. (2001). Determination of minimum inhibitory
concentrations, Journal of Antimicrobial Chemotherapy, Vol. 48,
no. 1, p: 5-16.
McBain, A. J., Ledder, R. G., Srinivasan, P. and Gilbert, P. (2004).
Selection for high-level resistance by chronic triclosan exposure is
not universal, Journal of Antimicrobial Chemotherapy, 53 (5), p:
772-777.
Amaral, M. M., Coelho, L. R., Flores, R. P., Souza, R. R., Silvacarvalho, M. C., Teixeira, L. A., Ferreira-carvalho, B. T. and

18

[19]
[20]
[21]

[22]

[23]
[24]

[25]
[26]
[27]

Biomedicine and Biotechnology
Figueiredo, A. M. S.(2005). The predominant variant of the
Brazilian epidemic clonal complex of methicillin-resistant S.
aureus has an enhanced ability to produce biofilm and adhere to
invade airway epithelial cells. J Infect. Dis. 192:801-810.
Mason, R. L., Gunst, R. F. and Hess, J.L. (2003). Statistical design
and analysis of experiments. Welly-Interscience, New Jersey.
CLSI, Clinical and Laboratory Standards Institute. 2013.
http://clsi.org/membership/current/my-clsi/.
Cetti RJ, Venn S, Woodhouse CR. The risks of long-term
nitrofurantoin prophylaxis in patients with recurrent urinary tract
infection: A recent medico-legal case. BJU Int. 2009. 103:
567-569.
Seguin, JC, Walker RD, Caron JP, Kloos WE, George CG, Hollis
R.J, Jones RN, Pfaller MA. Methicillin-Resistant Staphylococcus
aureus Outbreak in a Veterinary Teaching Hospital: Potential
Human-to-Animal Transmission. J. Clin. Microbiol. 1999. 37(5):
1459-1463.
Lee KH, Hui KP, Tan WC, Lim TK. Klebsiella bacteraemia: a
report of 101 cases from National University Hospital, Singapore.
J Hosp Infe ct.1994. 27:299-305.
Gao D, Zhang Y. Comparative antibacterial activities of crude
polysaccharides and flavonoids from Zingiber officinale and their
extraction. Asian Journal of Traditional Medicines. 2010. (1).
235-238.
Michael d. Common spices protect bacteria during irradiation
1999. Am. Chem. Soc.1999. 2: 270-275.
Melvin M.J, Jayachitra J, Vijayapriya M. Antimicrobial activity of
some common spices against certain human pathogens. Journal of
Medicinal Plants Research. 2009. 3(11): 1134-1136.
Beenken KE, Mark LN, Griffin LM, Zielinska AK, Show LN,
Rice KC, Horswill AR, BaylesK W and Smeltzer MS. Epistatic

[28]
[29]

[30]
[31]
[32]

[33]
[34]
[35]

relationships between sar A and agr in Staphylococcus aureus
biofilm formation. Plos one. 2010. 5: p 10790.
Lazar, V. Quorum sensing in biofilms—How to destroy the
bacterial citadels or their cohesion/power?Anaerobe, .2011. 17,
280-285.
Ali BH, Blunden G, Tanira MO and Nemmar A. Some
hytochemical, pharmacological and toxicological properties of
ginger (Zingiber officinale Roscoe): Areview of recent research.
Food Chem. Toxicol. 2008. 46, 409-420.
Stoilova I, Krastanov A, Stoyanova A, Denev P, Gargova S.
Antioxidant activity of a ginger extract (zingiber officinale). Food
chem.2007. 102: 764-770.
Yahya M., Saifuddin N , Hamid A. Zingiber officinale ethanolic
extract inhibits formation of pseudomonas aeruginosa biofilm . Int
J Pharm Bio Sci, .2013. Volume 3: Issue 1, page 46-54.
Alves-Silva MJ, Dias dos Santos MS, Pintado EM, Pérez-Álvarez
AJ, and Juana FernándezLópez J, Viuda-Martos M. Chemical
composition and in vitro antimicrobial, antifungal and antioxidant
properties of essential oils obtained from some herbs widely used
in Portugal. Food Control. 2013. 32: 371-378.
Nadia Z, Rachid M. Antioxidant and antibacterial activities of
Thymus vulgaris L. Medicinal. Aromatic Plant Res J .2013. 1:
5-11.
Aghsaghali AS, Syadati SA, Fathi H. Some of thyme (Thymus
vulgaris) properties in ruminant’s nutrition. Ann Biol Res .2012. 3:
1191-1195.
Burt S. Essential oils: their antibacterial properties and potential
applications in foods - a review. Int J Food Microbiol.2004. 94:
223-253.

