
ORIGINAL ARTICLE

Effect of licorice extract on cell viability, biofilm formation
and exotoxin production by Staphylococcus aureus

Yadahalli Shrihari Rohinishree1 & Pradeep Singh Negi1

Revised: 29 November 2015 /Accepted: 1 December 2015 /Published online: 10 December 2015
# Association of Food Scientists & Technologists (India) 2015

Abstract Staphylococcus aureus is one of the most signifi-
cant clinical pathogen, as it causes infections to humans and
animals. Even though several antibiotics and other treatments
have been used to control S. aureus infections and intoxica-
tion, bacterium is able to adapt, survive and produces
exotoxins. Licorice (Glycyrrhiza glabra L.) has been used
traditionally in various medicinal (antimicrobial) preparations,
and Glycyrrhizic acid (GA) is the major active constituents
present in it. In the present investigation the effect of licorice
extract on methicillin susceptible S. aureus (FRI 722) and
methicillin resistant S. aureus (ATCC 43300) growth and tox-
in production was studied. The MIC of licorice extract was
found to be 0.25 and 2.5 mg GA ml−1 against S. aureus FRI
722 and S. aureus ATCC 43300, respectively. Inhibition of
biofilm formation was observed even at very low concentra-
tion (25 μg GA ml−1). Gradual decrease in expression and
production of exotoxins such as α and β hemolysins and
enterotoxin B was observed with the increasing concentra-
tions of licorice extract, however, suboptimal concentration
induced the expression of some of the virulence genes. This
study indicated efficacy of licorice extract in controlling

growth and pathogenicity of both methicillin susceptible and
methicillin resistant S. aureus, however, the mechanisms of
survival and toxin production at suboptimal concentration
needs further study.

Keywords Staphylococcus aureus . Glycyrrhizic acid .

Biofilm .Western blot . Exotoxins

Introduction

The use of higher plants and the plant preparations for the
treatment of infections is an age-old practice, especially in
developing countries, where there is a dependency on tradi-
tional medicine for the treatment of variety of diseases
(Ahmad et al. 1998; Cock and van-Vuuren 2015). Licorice
(Glycyrrhiza glabra L.) is one of the most widely used herb,
and finds mention in the ancient medical history of Ayurveda.
Licorice grows in the sub-tropical and warm temperate re-
gions of the world, chiefly in India and Mediterranean coun-
tries. Roots and stolon parts of licorice plants are used in
mixed herbal preparations to promote digestion and vitality.
Licorice root extract has been studied for its anti-cancer and
anti-viral activities and its ability to promote the healing of
gastric ulcers (Khalsa and Tierra 2008). Pharmacological in-
vestigations indicate that licorice root extracts have antioxi-
dant, antibacterial and anti-inflammatory activities (Vaya et al.
1997). The main ingredient of licorice roots glycyrrhizin or
glycyrrhizic acid (GA), a triterpinoid saponin, is used for the
control of cough, asthma, bronchitis, peptic ulcer, arthritis and
allergic reactions (Stormer et al. 1993).

Staphylococcus aureus is a Gram positive, facultative an-
aerobe and clinically most important pathogen, which can
cause many types of infections such as septicemia, meningitis,
toxic shock syndrome, skin abscesses and food-borne illness
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(Brumfitt and Hamilton-Miller 1989). Staphylococcal intoxi-
cation is one of the most prevalent causes of gastroenteritis
worldwide resulting from ingestion of one or more preformed
staphylococcal enterotoxins (SEs) (Jablonski et al. 1997).
Staphylococci secrete 20 serologically different staphylococ-
cus super-antigens including TSST 1, the staphylococcal en-
terotoxins and staphylococcal enterotoxin like toxins (Smith
et al. 2010), which are responsible for its pathogenicity.
S. aureus also has the ability to produce a variety of extracel-
lular and cell wall-associated proteins, such as α-hemolysin,
β-hemolysin, coagulase, protein A and fibronectin binding
protein, which contributes for its pathogenicity (Morteza
et al. 2010). S. aureus produces biofilm (Shin et al. 2013)
and is reported to be resistant to several antibiotics (Sharma
and Anand 2002). Shen et al. (2015) reported that
licochalcone A, a major phenolic compound of Glycyrrhiza
inflate was effective against biofilm producing S. aureus, and
it altered the expression of genes encoding pathogenic factors
and toxin genes. Due to the widespread emergence of multiple
drug resistant, S. aureus has become one of the most feared
pathogens (Hossein et al. 2010). As the reports of bacterial
resistant to synthetic chemicals are on rise, there is a need to
look for alternatives for the control of this pathogen.
Therefore, the objectives of the present investigation was to
study the effect of licorice root extract on growth and biofilm
formation by methicillin susceptible S. aureus (FRI 722) and
methicillin resistant S. aureus (ATCC 43300). Further, the
pathogenicity traits of bacteria in terms of expression of toxin
genes and production of exotoxins were also determined.

Materials and methods

Bacterial cultures

Methicillin-sensitive S. aureus (MSSA) strain FRI 722 was
obtained from Public Health Laboratory (Tilburg,
The Netherlands) and Methicillin-resistance S. aureus
(MRSA) strain ATCC 43300 was from American Type
Culture Collection (Manassas, Virginia, USA). Escherichia
coli MTCC 108, a non-biofilm former strain was purchased
fromMicrobial Type Culture Collection (MTCC, Chandigarh,
India). Bacteria were sub-cultured and maintained in Brain
Heart Infusion (BHI, Hi- Media, Mumbai, India) agar slants
at 4 °C.

Extraction, identification and characterization
of glycyrrhizic acid in licorice extract

Glycyrrhizic acid was extracted from the dried root of
Glycyrrhiza glabra (S. S. Herbals, New Delhi, India). Roots
were washed with water and air dried. To 500 g of dried root,
1000 mL of water was added and refluxed at 90 °C for 5–6 h,

and it was concentrated to 20 % of original volume in a flash
evaporator (Buchi, Germany). The crude concentrate (pH 8.5)
was treated with sulphuric acid (Qualigens, Mumbai, India)
until the pH reached 2 and neutralized by the addition of
ammonia (Qualigens, Mumbai, India). The precipitate thus
obtained was collected by filtration, dried and converted to
powder form. The powder was re-dissolved in methanol and
concentration of glycyrrhizic acid (GA) in powder was deter-
mined as specified previously (Hong et al. 2007). In brief, the
HPLC (Agilent Technologies 1100 series, USA) and an ODS
column (4.6 × 250 mm, ID5 μm) with an injection volume of
20 μL and the mobile phase of acetonitrile (MERCK,
Mumbai, India) and water (65:35) containing 2 % acetic acid
(Qualigens, Mumbai, India) were used and the peak was de-
tected at 254 nm by isocratic elution. GAwas also character-
ized by LC-MS analysis. LC-MS analysis was performed on
an Agilent 1100 LC/MS analyzer (Agilent Technologies,
USA). MS data with PI-ESI detection (negative ion detection
with electrospray ionization) was acquired in the m/z range of
200–1000, with a step size of 0.1 U. The collision-induced
dissociation (CID) voltage was 100 V and the electrospray
voltage (ESV) was set to 4000 V.

Antibacterial susceptibility testing

Anti-staphylococcal activity was determined by disc diffusion
method (CLSI 2009). Sterile discs (6 mm diameter, Hi-Media,
Mumbai) impregnated with different concentrations of lico-
rice extract (0.000625–0.625 mg of GA) were placed over pre
inoculated (105 cells of MSSA or MRSA) BHI agar culture
plates and incubated at 37 °C for 24 h. Sterile discs with
sterilized water served as negative control. The anti-
staphylococcal effect of licorice extract was determined by
measuring the diameter of the zone of inhibition in triplicates.
Reference antibiotics disc such as Methicillin (5 μg/disc),
Ampicillin (10 μg/disc), Novabiocin (30 μg/disc) and
Vancomycin (30 μg/disc) purchased from Hi-Media were
used for comparative studies.

Minimum inhibitory concentrations (MIC)

MIC was determined by agar dilution method as described by
(Negi et al. 1999) with slight modification. In brief, culture
suspensions were prepared by suspending overnight grown
cultures in sterile saline solution and it was diluted serially
to achieve bacterial suspension of 105 CFU mL−1. One mL
of bacterial suspension was plated on BHI agar containing
licorice extract with different GA concentrations ranging
from 0.025 mg - 25 mg mL−1 and incubated at 37 °C
for 24–48 h. The MIC value was defined as the lowest
concentration of licorice extract at which complete inhibition
of bacterial growthwas observed. All the tests were performed
in triplicates.
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Growth kinetics

The growth kinetics of bacteria treated with/without different
concentrations of licorice extract (0.025 mg to 25 mg GA
mL−1) was determined by pour plate method (Marino et al.
2001). Overnight grown cultures were serially diluted to106

CFU mL−1 and transferred to 9 mL BHI broth containing
different concentrations of GA to achieve cell density of
105 CFUmL−1 and incubated aerobically at 37 °C. Viable cell
count was determined by withdrawing the samples at 0, 4, 18,
24 and 48 h. Killing curves were constructed by plotting the
log10 CFU mL−1 verses growth period. Three independent
trials were conducted for the experiment and the mean ± SD
values were used for plotting the killing curve.

Hemolytic activity

Hemolytic activity of bacteria was determined by agar well
diffusion method with rabbit erythrocytes, which are more
sensitive to S. aureus α-toxin than human erythrocytes
(Perez et al. 1990). In brief, cultures were grown in BHI broth
supplemented with various GA concentrations (0.025 mg –
0.125 mg mL−1 of broth) till OD600 nm reached 2.5, and
100 μL culture was transferred to the wells (diameter
0.8 cm) on blood agar plates and incubated at 37 °C for 18–
24 h. Lysis of red blood cells (zone formation) indicated the
haemolytic activity of the test organism. Efficacy of lysis of
red blood cells byMSSA andMRSAwas determined by mea-
suring zone diameter in triplicate.

Biofilm formation

The biofilm formation of S. aureus and E. coli (negative con-
trol) was performed in 96 well flat bottom polystyrene micro-
titer plates (AXYGEN Life sciences, California, USA) (Wei
et al. 2006). The bacterial suspensions were prepared from the
overnight grown culture and the turbidity of the suspension
was adjusted to 0.5 OD600 (106 CFU mL−1). Ninety μL of
licorice extract (0.025 mg – 2.5 mg GA mL−1) prepared in
tryptone soya broth (TSB: Hi-Media, Mumbai, India) supple-
mented with 0.5 % glucose was added into the 96 well flat
bottom polystyrene microtiter plates and aliquots of 10 μL of
the bacterial suspension was added to each well. Ten μL in-
oculums in 90 μL fresh TSB with 0.5 % glucose served
as a positive control and the wells containing only TSB
with 0.5 % glucose without inoculum served as a blank and
incubated at 37 °C for 24 h. The biofilms were fixed with
methanol for 30 min, and stained with 0.1 % (w/v) crystal
violet for 10 min. Biofilm formation was quantified by the
absorbance at 595 nm using a microplate reader (BIO-
RAD, Japan).

Surface coating assay

Effect of licorice extract on biofilm formation was confirmed
by surface coating assay (Bendaoud et al. 2011). A volume of
10 μL of licorice extract (0.025 mg – 2.5 mg GA mL−1) or
10 μL of sterile water (control) was transferred to the center of
a flat bottom polystyrene microtiter plates. The plate was
incubated at 37 °C for 2 h to allow complete evaporation
of the liquid. The wells were then filled with 200 μL of
TSB containing 104 to 105 CFU/mL of MSSA, MRSA or
E. coli. After 18 h, biofilms were rinsed with water and
stained with 1 mL of Gram’s crystal violet. Stained
biofilms were rinsed with water, dried, and the wells were
photographed.

In-vitro transcription and translation of toxin
determination by RT-PCR and SDS-PAGE and Western
blot analysis

Gene expression of toxin genes hla, hlb and seb of MSSA and
MRSA was determined by inoculating in BHI containing
0.025 mg- 2.5 mg GA mL−1 or in BHI alone. Samples were
incubated at 37 °C till the OD600 nm reached 2.5, and centri-
fuged at 5000 × g for 10 min to collect cell pellet and super-
natants for RNA and protein extraction. RNA was extracted
and converted to cDNA for reverse transcriptase PCR (RT-
PCR) (Rohinishree and Negi 2012) using primers listed in
Table 1. The relative quantification of genes was determined
by changes in the expression of hla, hlb and seb transcripts
relative to expression in untreated bacteria. Expressions were
normalized using housekeeping gene 16S rRNA. Data were
expressed as change in transcript level after treatment with
GA.

For protein estimation culture supernatants were precipitat-
ed by adding trichloroacetic acid (Qualigens, Mumbai, India)
to a final concentration of 10 % and incubated at 4 °C over-
night. The precipitate was centrifuged at 15,000 × g for 20min
at 4 °C and finally washed three times with ice-cold ethanol.
The aggregated proteins were dried and dissolved in 0.5 mL of
0.1 M Tris. The protein concentrations were determined by
Bradford assay with BSA (Sigma Aldrich, Bangalore, India)
as a standard.

Western blot analysis for S. aureus enterotoxins was done,
and the production of α-hemolysin and Staphylococcal en-
terotoxin B (SEB) in MSSA and MRSAwas detected by in-
cubation with antibodies. Antibodies toα-hemolysin and SEB
were purchased from Sigma-Aldrich and diluted to 1:10,000
and 1:8000, respectively. Anti-rabbit antiserum was used as a
secondary antibody with a dilution of 1:10,000. The blots
were developed using NBT/BCIP (Roche, Germany) ready
to use tablets and documented using an imaging system
(Isogen Proxima, The Netherlands).
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Statistical analysis

Inhibition of biofilm formation and the fold change expression
of toxin genes by licorice treatment were compared with un-
treated cells and significance was analysed using student’s
t-test to determine statistical differences.

Results

Purity of extracts

The presence of GA in licorice extract was detected prelimi-
nary by HPLC with the aid of ODS C18 column by using
80 % of GA as an external standard (Fig. 1). GAwas further
characterized by LC-MS. The standard was directly injected
into the TOF mass spectrometer to optimize the ESI condi-
tions. Their mass spectra acquired by HPLC/TOFMS in
negative ion mode are shown in Fig. 1. The ion patterns
of sample was same as that of GA standard spectra of
[M + H]− ions at m/z 822.037. The presence of GA in
purified licorice extract was found to be 30.52 % on
dry weight basis by HPLC analysis. For further experi-
ments, the concentration of GA in licorice extract was
adjusted by taking account of its purity.

Effect of licorice extract on MSSA and MRSA

MIC determination

MSSAwas found to be susceptible to Methicillin (5 μg/disc),
Novabiocin (30 μg/disc) and Vancomycin (30 μg/disc) with
mean diameter of 23.45mm, 31.27mm and 16.72mm zone of
inhibition, respectively, but resistant to ampicillin (10 μg/disc)
with 27 mm zone of inhibition. Whereas, MRSA was
susceptible to novobiocin (23 mm) and resistant to
methicillin (14 mm), vancomycin (12 mm) and ampicil-
lin (6 mm). Licorice extracts containing GA at 0.0625
and 0.625 mg/disc produced an inhibitory zone with a

mean diameter of 18 and 22 mm for MSSA, and 8 and
16 mm for MRSA, respectively. In Agar dilution meth-
od, the licorice extract exhibited a significant antibacterial
activity against MSSA and MRSA with MIC values of 0.25
and 2.5 mg mL−1 of GA, respectively.

Time-kill kinetic studies

The time-kill kinetic studies of licorice extract (0.025 to 25mg
GA mL−1) against MSSA and MRSA were performed, and
MRSA cells were found to be more resistant to licorice extract
as compared to MSSA. Licorice extracts at 2.5 and
25 mg mL−1 GA concentrations caused rapid decline of
MSSA and MRSA viable cell count, and the count was re-
duced almost to 0 at 4 h growth phase (Fig. 2a). At
0.25 mg mL−1 of GA treatment, MRSA viable cell count
was reduced from 5 log to 2.7 log CFU mL−1 at 4 h
and cell count was constant till 48 h which show a
bacteriostatic effect. Whereas, MSSA cells reduced to
2 log CFU mL−1 at 4 h and complete inhibition of cells
was observed at 24 h. When MRSA and MSSA treated
with 0.125 mg mL−1 of GA, viable cell was reduced to
3.7 log and 4.9 log CFU mL−1 respectively at 4 h, but
cells were able to survive and grow up to the level of 8
log CFU mL−1 at the end of 24 h. On the other hand, at
0.025 mg mL−1 of GA, both MRSA and MSSA cells grew
at a uniform growth rate, which was similar to that observed
for control cells (without GA) showing a sigmoid growth
curve (Fig. 2a).

Haemolytic activity

Hemolysins secreted by S. aureus can promote hemolysis of
rabbit erythrocytes, and hemolysis assay was used to investi-
gate the effect of licorice on hemolytic activity of S. aureus
cultures. Untreated cells of MRSA and MSSA showed strong
haemolytic activity on rabbit blood agar with a wide zone of
30 mm around the agar wells. When treated with licorice

Table 1 Nucleotide sequences
and size of the RT-PCR products
for the S. aureus gene-specific
primers

Target gene Primer sequence Annealing
Temp (°C)

Product
size (bp)

seb F 5′ TCGCCTTATGAAACGGGATA 3′

R 5′ ACAAATCGTTAAAAACGGCG 3’

50 411

hla F5’ATGATGAAAATGAAAACACGTATAGTC 3′

R 5’ ATTTGAGCTACTTCATTATCAGGTAGTTG 3’

48 375

hlb F 5’TGTTAATAAAGGCACTCCAGAGTTC 3′

R 5′ CTTTGATTGGGTAATGATCTGAAAA 3’

49 292

16S rRNA F 5’ AGAGTTTGATCCTGGCTCAG 3′

R 5′ AAGGAGGTGATCCAGCCGCA 3’

55 1500
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extract of 0.025 mg, the zone of haemolysis for MSSA and
MRSAwas 30 mm and 20 mm, respectively (Fig. 2b).

Anti-biofilm formation activity

Biofilm formation for untreated control MSSA, MRSA and
E. coli (negative control) cells were found to be 2.18, 0.96 and
0.53, at OD595 nm respectively. Licorice extract significantly
(p ≤ 0.001) inhibited the biofilm formation by MRSA and
MSSA even at low concentrations (0.025 mg and 0.125 mg
GA mL−1), as all the treatments showed OD values less than
the negative control, which indicates complete inhibition of

biofilm formation. The complete inhibition of biofilm forma-
tion was further confirmed by surface coating assay (Fig. 2c).

Transcription of hla, hlb and seb in S. aureus

Effect of licorice extract on toxin-encoding genes (seb, hla
and hlb) expression was determined by RT-PCR. Treatment at
sub-inhibitory concentrations of licorice extract (0.025 mg and
0.125 mg GA mL−1) showed <2- fold change in the transcripts
of hla and hlb genes, however it was statistically significant
(p < 0.0001 for hla and p < 0.05 for hlb for MSSA and
p < 0.05 for hla and p < 0.001 for hlb for MRSA). A complete
suppression of seb expression was observed at all concentration
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Fig. 1 HPLC and LC-MS Chromatogram of glycyrrhizic acid
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tested in both MSSA and MRSA. In MRSA strain at 0.25 mg
GA mL−1, expression of hla gene was statistically similar
(p < 0.05) to untreated cells (0.98- folds) at similar concentra-
tion. Higher expression (> 2- fold) of hlb gene was seen at
0.025 mgGAmL−1, which was significantly (p < 0.001) higher
than untreated cells. As both MRSA and MSSA strains were
unable to survive at concentrations higher than 0.25 mg GA
mL−1, the presence of genes and their expression could not be
analyzed. This indicated that under suboptimal preservative
treatments, the organisms were able to survive and express
toxin genes in a dose dependent manner (Table. 2; Fig. 3).

Effect on α-hemolysin and seb protein production

Western blot analysis was used to determine α- hemolysin and
SEB production in MSSA and MRSA culture fluids. As the
concentrations of licorice extract increased, toxin production was
reduced. Exposure of MSSA and MRSA cells to 0.025 and
0.125 mg GA mL−1 did not show a significant decrease of
α-hemolysin, however no α-hemolysin production was observed
at higher concentrations. Decrease in SEB toxin produc-
tion in MSSA and MRSA was observed even with the
treatment at lowest concentrations of licorice extract
(0.025 mg GA mL−1) (Fig. 4).

Discussion

Emergence of multiple drug resistant S. aureus strains is a
major public health threat. Due to the unavailability of effec-
tive antibacterial agents against these strains, the threat has
been compounded over the last few decades (Qazi et al.
2006). Consequently, the development of alternative thera-
peutic strategies to combat S. aureus infections continues to
be an active research area. S. aureus produces a large number
of virulence factors which are responsible for the pathogene-
sis. Therefore, the clinical performance of antimicrobial
agents employed for the treatment of S. aureus infections
not only depends on their bacteriostatic and bactericidal ef-
fects but also on the ability to prevent virulence factors secre-
tion by dying or stressed cells (Bernardo et al. 2004). Studies
on various natural compounds reveal the antibacterial activity
and inhibition of expression of virulence factors against meth-
icillin susceptible and methicillin resistant S. aureus bacteria
(Machado et al. 2003; Choi et al. 2010). The reduction in
virulence of S. aureus after treatment with licochalcone A
was attributed to the reduction in expression of virulence
genes (Shen et al. 2015). The reduction in expression of viru-
lence genes by treatment with licorice extract observed in the
present study may also reduce toxigenic potential of S. aureus.
The plate-hole diffusion assay of Australian plants extract
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demonstrated the active inhibition on growth of six MRSA
strain with bactericidal and bacteriostatic activity (Palombo
and Semple 2002). On the other hand, MIC of 200 mg mL−1

of licorice extract against S. aureuswas reported by Jafarian et
al. (2007). MIC of 18-β- glycyrrhetinic acid (GRA), a hydro-
lyzed product of GAwas found to be 60μgmL−1, and GAwas
not able to inhibit the growth of MRSA even at the highest
concentration (125 μg mL−1) studied (Long et al. 2013).
However, in our study, licorice extract (2.5 mg mL−1 of GA
and above) was able to completely inhibit the growth of S.
aureus ATCC 43300, and when treated with licorice extract
containing 0.25 mg mL−1 of GA, a reduction in viable cell up

to 18 h and bacteriostatic effect thereafter was observed
(Fig. 2). Similar observation of concentration dependent
growth inhibition of S. aureusATCC 43300 was reported after
treatment with Paenimacrolidin, a secondary metabolite of
Bacillus species (Wu et al. 2011).

Earlier reports indicate that various plant extracts inhibit
the growth of S. aureus, and repress the production of α,
β-toxins and SEB in S. aureus (Aqil et al. 2005; Nimsha et
al. 2011). in- vitromodel study showed decrease in the expres-
sion of saeR, hla, mecA, and sbi genes in MRSA after treat-
ment with GRA (Kao et al. 2010) and decrease in saeR ex-
pression is known to downregulate the hla and sbi genes

Table 2 Relative fold expression
of virulence genes of MSSA (FRI
722) and MRSA (ATCC 43300)
at different concentrations of GA

Concentrations of GA (mg mL−1)

0.025 0.125 0.25

seb hla hlb seb hla hlb seb hla Hlb

MSSA * 1.7 ± 0.09d 1.4 ± 0.14a * 1.2 ± 0.19 1.3 ± 0.11a * * *

MRSA * 1.1 ± 0.11a 2.1 ± 0.15c * 1.3 ± 0.11b 1.5 ± 0.02d * 0.98 ± 0.01 *

Values are means ± SD (n = 3)

Statistical significance of the relative expression ratio (to untreated cells) is indicated as a p < 0.05, b p < 0.01,
c p < 0.001, and d p < 0.0001

*Not transcribed in treated cells

1      M     2       31     M     2     3

hla375 bp hlb292 bp           seb411 bp hla375 bp hlb292 bp seb411 bp

hla375 bp hlb292 bp                seb411 bp hla375 bp hlb292 bp

1   M  2   3   4 1   2   3  4   M

a b

c d

Fig. 3 Agarose gel electrophoresis of PCR and RT-PCR amplification of toxin genes
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(Long et al. 2013). In the present study, licorice extract
(0.25 mgmL−1 of GA) inhibited the growth and toxin produc-
tion (α- hemolysin and enterotoxins B) of MSSA and
MRSA. Whereas, at higher concentrations (2.5 mg mL−1

of GA) cell growth was inhibited (Fig. 2a), and subop-
timal concentrations (0.025 mg to 0.125 mg mL−1 of
GA) had no effect on growth. Biofilm formation by
S. aureus is reported to reduce the efficacy of antibac-
terial treatment (Raja et al. 2011) and biofilms formed
by Pseudomonas aeruginosa are reported to impart it
resistance against antibacterial compounds (Pagedar and
Singh 2014). In the present investigation, licorice extract
showed an inhibitory effect on biofilm formation even at the
lowest concentration of GA (0.025 mg mL−1) (Fig. 2c), much
lower to Acetyl-1, 1-keto-β-boswellic acid (AKBA), which
showed 50% inhibition the biofilm formation of S. aureus at 4
MIC level (Zhou et al. 2012). To our knowledge, this is the
first report showing the evidence that Glycyrrhizic acid from
Glycyrrhiza glabra has biofilm inhibition activity, however, in
a recent report Shen et al. (2015) also observed reduction in
biofilm formation by treatment with licochalcone A, a major
phenolic compound of Glycyrrhiza inflate.

The production of hemolysins has been regarded as one of the
strong evidence for pathogenic potential in S. aureus. Licorice
extract containing GA at a concentration of 0.25 mg mL−1 and
above inhibited exotoxin gene expression/protein production (he-
molysins and enterotoxin B) in MSSA and MRSA as indicated
by RT-PCR and Western blot analysis (Table. 2, Figs. 3, and 4).
However, under suboptimal preservative treatments, the organ-
isms were able to survive and express toxin genes in a dose
dependent manner. It is reported that licochalcone E from licorice
root can reduce the production of α-toxin in both MSSA and
MRSA in dose dependent manner even at sub-inhibitory concen-
trations. Studies with synthetic antibiotics (erythromycin and
streptomycin) have also reported inhibition of the hemolytic ac-
tivity of bacteria by acting on the ribosomes responsible for
hemolysin production (Witte 1975). During stress conditions,
organisms are reported to enhance their defense mechanism by
expression of virulence or metabolic genes (Rohinishree and
Negi 2012) and in the present study also higher expression of
hla and hlb genes were observed (Table. 2, Fig. 3) at sub-
inhibitory concentrations (0.025 mg and 0.125 mg GA mL−1).
However, at sub-inhibitory concentration (0.025 mg GA mL−1),

the inhibition of the expression of seb was observed similar to
seb inhibition by cerulenin (Rajan and Novick 2005). Probably,
GA also interferes with the transcription of seb as cerulenin, and
inhibits its expression.

The use of plants and plant products for the treatment of
infections/diseases is on rise due to increasing drug resistance
in several bacteria including S. aureus. This research provides
evidence that use of licorice extract containing GA as a natural
preservative is effective for the control of S. aureus by
inhibiting its growth, the biofilm formation and toxin produc-
tion. The extract containing GA was found to act at genetic
level by blocking the transcription of virulence genes. Our
results and earlier reports indicate that the natural products
seem to be a good choice for the development of new strate-
gies against pathogenic organisms and licorice extract could
be rationally applied to inactivate the growth and toxins pro-
duction of S. aureus. Although seb gene expression was
inhibited at suboptimal preservative conditions, the survival
of cells, hla and hlb expression and toxin production was
increased at lower concentration treatments. Therefore GA at
optimum concentration can be used as a preservative for food
preservation, although the mechanisms of stress regulation at
suboptimal concentration need further study.
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