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Determination of antimicrobial activity of Niaouli Essential Oil
(Melaleuca quinquenervia) by two different methods

Siimeyye AKYUZ'

ABSTRACT

Objective: This study aimed to investigate the
antimicrobial activity of Niaouli Essential Oil (Melaleuca
quinquenervia), a commercially available oil known
for its antiseptic, antimicrobial, antioxidant, anti-
inflammatory, and antiprotozoal properties due to its
bioactive constituents, against eight different standard
bacterial strains, two standard yeast strains, and one

clinical Candida isolate.

Methods: The antimicrobial activity of niaouli
essential oil against the isolates was evaluated using
the disk diffusion and broth microdilution methods in
accordance with EUCAST and CLSI guidelines. Ten of the
microbial strains were American Type Culture Collection
(ATCC) strains, and one was a clinical Candida auris
isolate. The isolates were obtained from the strain

collection of our university.

Results: In this study, the disk diffusion method

revealed that niaouli essential oil (Melaleuca

quinquenervia) wasmost effectiveagainst Staphylococcus

OZET

Amag: Bu calismada ticari olarak satilan ve
icerigindeki biyoaktif bilesenler sayesinde antiseptik,
antimikrobiyal,  antioksidan, antiinflamatuar ve
antiprotozoal etkileri oldugu bilinen Nioli Esansiyel
Yagi (Melaleuca quinquenervia)’nin, 8 farkli standart
bakteri, 2 standart maya mantan ve 1 klinik Candida
susuna kars1 antimikrobiyal aktivitesinin arastirilmasi
amaclanmistir.

edilen nioli
EUCAST

ve CLSI onerileri dogrultusunda disk difiizyon ve sivi

Yontem: Izolatlara karsi test

esansiyel yaginin antimikrobiyal etkinligi,

mikrodiliisyon yontemi ile belirlenmistir. Mikrobiyal
suslarin 10 tanesi American Type Culture Collection
(ATCC) susu olup,

izolatidr. izolatlar iiniversitemizin sus koleksiyonundan

1 tanesi klinik Candida auris

temin edilmistir.
Nioli

(Melaleuca quinquenervia)’mn disk diflizyon yontemiyle

Bulgular: Calismarmzda Esansiyel Yag

en etkili oldugu bakteriler sirasiyla Staphylococcus
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aureus (20 + 0.0 mm) and Streptococcus pneumoniae
(17.3 + 0.57 mm) among the bacterial strains, and
against Candida albicans (20.6 + 0.57 mm) among the
fungal strains. The Candida auris isolate exhibited an
inhibition zone of 16.0 + 1.0 mm. The lowest MIC values
determined by the broth microdilution method were 62.5
pg/mL for both S. aureus and C. albicans. Among the
Gram-negative isolates, Klebsiella pneumoniae was the
most susceptible (125 pg/mL), whereas Pseudomonas
aeruginosa, Salmonella enteritidis, and Enterococcus
faecalis were the least susceptible (>250 pg/mL). The
MIC value for C. auris was determined to be 250 pg/mL,
which is one dilution higher than the positive control
(fluconazole: 125 pg/mL).

Conclusion: Niaouli essential oil demonstrated
antimicrobial activity against standard microbial strains,
with varying levels of antibacterial and antifungal
effects. According to both methods used, it was more
effective against Gram-positive bacteria and fungi
than Gram-negative bacteria. While it was particularly
effective against Candida albicans among the yeasts,
it also exhibited antimicrobial activity against the
increasingly important Candida auris strain. Due to the
increasing resistance to antibacterial and antifungal
agents, further studies investigating alternative

treatment options are needed.

Key Words: Melaleuca quinquenervia, niaouli
essential oil, antimicrobial activity, broth microdilution,

disk diffusion, Candida auris

aureus (20 + 0.0 mm) ve Streptococcus pneumoniae (17.3
+0.57 mm), en etkili oldugu mantar ise Candida albicans
(20.6 + 0.57 mm) olarak belirlenmistir. Candida auris
susu 16.0 = 1.0 mm’lik bir inhibisyon zonu olusturmustur.
Sivi mikrodiliisyon yontemi ile en diisik MIK degerleri
yine S. aureus (62.5 pg/mL) ve C. albicans (62.5 pg/mL)
icin belirlenmistir. Gram negatifler icerisinde en etkili
bulunan izolat Klebsiella pneumoniae (125 pg/mL), en
az etkili bulunan izolatlar ise Pseudomonas aeruginosa,
Salmonella enteritidis ve Enterococcus faecalis (>250
pg/mL) olarak saptanmistir. C. auris’in MiK degeri,
pozitif kontrole (Flukonazol: 125 pg/mL) gore bir Ust
konsantrasyon olan 250 pg/mL olarak bulunmustur.

Sonug: Standart suslar Uzerinde antimikrobiyal
etkinligi arastirilan nioli esansiyel yaginin farkli
diizeylerde antibakteriyel ve antifungal etkisinin oldugu
tespit edilmis olup, test edilen her iki yontemle de
Gram pozitif bakterilere ve mantarlara Gram negatif
bakterilere gore daha etkili oldugu goriilmiistiir. Mayalar
icerisinde ozellikle C. albicans’a etkili bulunmakla
birlikte, gunumizde onemi giderek artan C. auris
susuna karst da antimikrobiyal aktivite sergilemistir.
Antibakteriyel ve antifungal ajanlara kars1 direng
oranlarimin  artmas1 nedeniyle, alternatif tedavi
seceneklerinin arastirildigi bu tiir calismalara daha fazla

ihtiyac duyulmaktadir.

Anahtar Kelimeler: Melaleuca quinquenervia,
nioli esansiyel yag), antimikrobiyal aktivite, svi

mikrodillsyon, disk difiizyon, Candida auris

INTRODUCTION

In recent years, the therapeutic use of plant-
derived natural products has become a growing
focus of interest in both traditional and modern
medicine. One such natural product is the Melaleuca
quinquenervia plant, which is native to regions such
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as Southeast Asia, Australia, and New Caledonia.
Niaouli oil, obtained by steam distillation from the
leaves and branches of this tree, has drawn significant
attention due to its antimicrobial, antioxidant and
anti-inflammatory properties. In traditional medicine,
niaouli oil is known for its wound-healing effects, its
ability to alleviate upper respiratory tract infections,



and its role in treating skin conditions like acne and
eczema. lIts broad-spectrum antimicrobial activity
has made it a subject of scientific investigation (1,2).

Niaouli oil primarily contains various bioactive
components, including monoterpenes, sesquiterpenes
Notably,
and a-terpineol

and oxygenated terpenes. 1,8-cineole
(eucalyptol),

considered the main compounds responsible for its

terpinen-4-ol, are
antimicrobial effects (3). Due to its disruptive effect
on bacterial and fungal cell membranes, niaouli oil
can be used externally in cystitis treatment and as
a component of vaginal wash solutions. It is also
commonly applied by placing drops on a tampon for
the treatment of vaginal infections. Furthermore,
niaouli oil has shown promising potential against
antibiotic-resistant bacteria (4,5).

The
years has further emphasized the importance of

rising antibiotic resistance in recent
alternative treatment methods. In this context, the
antimicrobial properties of natural essential oils are
considered complementary or alternative options for
the treatment of bacterial infections (6). This study
focuses on the antimicrobial properties of niaouli oil,
reviews existing scientific findings and discusses its

clinical application potential.

MATERIAL and METHOD

The antibacterial activity of Niaouli essential oil
(claimed to be 100 % pure by the manufacturer), in
this study was determined using the disc diffusion
and broth microdilution methods. For bacterial
susceptibility testing using both methods and minimum
inhibitory concentration (MIC)
fungi, the European Committee on Antimicrobial
(EUCAST)
followed (7-9); For the determination of antifungal
susceptibility using the disc diffusion method, the
Clinical and Laboratory Standards Institute (CLSI)
M44-A2 guideline was used (10). The niaouli essential

determination in

Susceptibility Testing guidelines were

oil was commercially obtained from a local supplier
(Monoville, Turkiye).

Microbial Isolates

The antimicrobial activity of niaouli essential
oil (Melaleuca quinquenervia) was tested against 8
standard bacterial strains (Gram-negative bacteria:
Pseudomonas aeruginosa ATCC 27853, Salmonella
enterica ATCC 13076, Klebsiella pneumoniae
ATCC 700603, Escherichia coli ATCC 35218; Gram-
positive bacteria: Enterococcus faecalis ATCC 29212,
Staphylococcus aureus ATCC 29213, Streptococcus
pneumoniae ATCC 49619, Streptococcus agalactiae
ATCC 13813), 2 standard yeast strains (Candida
albicans ATCC 90028, Candida glabrata ATCC 90030).
Due to recently increasing isolation rates and
antifungal resistance problems, a clinical Candida
auris strain was also included in the study. The
isolates were obtained from the strain library of our
university.

Disc Diffusion Test

The antibacterial activity of niaouli essential oil
was measured using bacterial and fungal colonies
grown on 5 % sheep blood agar. The colonies were
separately mixed in sterile % 0.9 NaCl solution and
adjusted to 0.5 McFarland turbidity (1 x 108 CFU/mL
for bacteria and 1 x 107 CFU/mL for yeast) using the
DensiCHEK Plus (Biomerieux, France) densitometer.
Bacterial suspensions were spread evenly on Mueller
Hinton Agar (MHA, Biomerieux, France), while yeast
suspensions were spread on MHA supplemented
with 2 % glucose and 0.5 pg/mL methylene blue
as recommended by the CLSI guidelines (Merck,
Germany). For S. pneumoniae, Mueller Hinton-F agar
(MHA-F, containing 5 % defibrinated horse blood and
20 mg/L B-NAD, Biomerieux, France) was used.

Sterile blank discs (6 mm in diameter, Bioanalyse,
Turkey) were impregnated with 20 pL of essential oil
and left to dry for 15 minutes before being placed
on the agar surface. Plates containing bacteria were
incubated at 37.2 °C and those with yeast at 35.2 °C
for 24 hours. Each isolate was tested in triplicate.
Positive control discs included Vancomycin (5 pg/
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disc, Bioanalyse, Turkiye) for Gram-positive bacteria,
Amikacin (30 pg/disc, Bioanalyse, Turkiye) for Gram-
negative bacteria and S. aureus, and Nystatin (25 pg/
disc, Bioanalyse, Turkiye) for yeast. A sterile blank
antibiotic disc was placed for negative control. After
the incubation period, inhibition zone diameters
(including the disc diameter) were measured and the
results were expressed as mean + standard deviation.

Broth Microdilution Test

To determine the minimum inhibitory
concentration (MIC) values, the broth microdilution
method was performed according to the EUCAST
version 5.0 guideline for bacteria and the EUCAST
version 7.4 guideline for yeast (8,9). Essential oils
were dissolved in DMSO to achieve a final solvent
concentration of 2 % and stock concentrations were
adjusted to 500 pg/mL. Six sterile 10 mL tubes were
prepared with 100 pL of the appropriate culture
medium per tube, depending on the isolate type. For
bacterial isolates, cation-adjusted Mueller Hinton
Broth (CAMHB) was used. For S. pneumoniae, MHF
broth containing 5 % hemolyzed horse blood and 20
mg/L B-NAD was used, and for yeast isolates, RPMI

medium containing 2 % glucose was used.

To prepare the serial dilutions, 100 pL of the
essential oil stock solution was added to the first
tube, followed by serial 1:2 dilutions from tube 1
to tube 6, with 100 pL discarded from the last tube.
This resulted in essential oil concentrations ranging
from 250 pg/mL to 7.8 pg/mL (250, 125, 62.5,
31.3, 15.6, 7.8 pg/mL). From each tube, 95 pL was
transferred to the corresponding wells of a 96-well
U-bottom microplate. Fresh bacterial suspensions (1
x 108 CFU/mL) and yeast suspensions (1 x 107 CFU/
mL) adjusted to 0.5 McFarland turbidity were further
diluted 10-fold to obtain 1 x 10’ CFU/mL and 1 x 10°
CFU/mL, respectively. Then, 5 pL of each diluted
suspension was added to the wells containing 95 pL
of the serial essential oil dilutions. This step resulted
in a final 20-fold dilution, with final bacterial and
fungal concentrations of 5 x 10> CFU/mL and 0.5-
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2.5 x 10° CFU/mL, respectively, in the first well.
Growth control wells containing 95 pL of culture
medium and 5 pL of the bacterial or yeast suspension
without essential oil were used as positive controls.
Antibiotic controls included Vancomycin (500-7.8 pg/
mL, VANKOPOL® 1000 mg, Turkiye), Amikacin (500-
7.8 pyg/mL, Amikozit, France), and Fluconazole (500-
7.8 pg/mL, FLUCAN® 150 mg capsule, Germany).
Negative control wells contained 100 pL of essential
oil - medium/DMSO mixture without any bacterial or
yeast inoculum. The plates were covered with sterile
plate covers and incubated at 37.2°C for bacteria
and 35°C for yeast for 18-24 hours. The MIC value
was determined as the lowest concentration at which
no visible turbidity was observed (11).

Statistical Analysis

Each isolate was tested in triplicate by the disc
diffusion method and zone diameter results were
expressed as mean + standard deviation. For each
microorganism, the inhibition zone diameter of
Niaouli oil was normalized according to its position
between the negative control (6 mm) and the
corresponding positive control values and expressed
as a percentage. The assumption of normality was
verified using the Shapiro-Wilk test.

comparisons were evaluated using the one-sample

Reference

t-test, while group comparisons were analyzed with
either the independent samples t-test or one-way
ANOVA, depending on the data structure. In addition,
the predictive level of the variables group (Gram-
positive, Gram-negative, yeast) and group 2 (bacteria,
yeast) on the Niaouli oil effect was examined by
linear regression analysis. The statistical analysis of
the data was performed in SPSS version 23.0 (SPSS
Inc., Chicago, IL, USA) and p-value of < 0.05 was
considered statistically significant.

RESULTS

In our study, Niaouli Essential Qil (Melaleuca
quinquenervia) was found to produce inhibition

zones of varying diameters against all tested



microorganisms except for the P aeruginosa strain.
According to the disk diffusion results, the bacterial
strains that exhibited the largest inhibition zones
were S. aureus (20 + 0.0 mm) and S. pneumoniae
(17.3 = 0.57 mm), while the fungal strain with the
largest inhibition zone was C. albicans (20.6 + 0.57
mm). Based on the normalized antimicrobial activity
value, the most effective strains were S. aureus
(90.9%) and S. agalactiae (78.6%). The distribution
of normalized antimicrobial effects (%) of Niaouli oil
across microbial groups is shown in Figure 1. Both
the inhibition zone diameter of Niaouli oil (mean =
14.36 + 1.52 mm; t(10) = 5.51; p < 0.001) and the
normalized effect value (mean = 0.48 + 0.09; t(10)
= 5.52; p < 0.001) were significantly higher than the
negative control values. In within-group analyses,
this difference was statistically significant for Gram-

Group @ oo @i ®

positive bacteria (p < 0.05) and yeasts (p < 0.05),
whereas no statistically significant difference was
observed for Gram-negative bacteria (p > 0.05).
Although homogeneity of variance among groups was
confirmed (Levene’s p > 0.05), one-way ANOVA results
indicated no statistically significant differences in
either raw inhibition zone diameters (F(2, 8) = 2.69;
p = 0.128) or normalized values (F(2, 8) = 2.11; p
= 0.183). Similarly, independent samples t-tests
revealed no significant difference between bacteria
and yeasts (p > 0.05). In the regression analysis,
the predictive value of microbial group variables
for Niaouli oil activity was low (R? = 0.02-0.21; p >
0.05). These findings indicate that Niaouli oil exhibits
a generally significant antimicrobial effect; however,
the level of activity did not differ significantly among
microorganism groups.

Normalised Efect (%)

Figure 1. Distribution of normalized antimicrobial effects of Niaouli essential oil across microbial groups (Normalized effect
(%) represents the relative inhibition of Niaouli essential oil scaled between the negative (6 mm) and positive control zones

for each microorganism.).

Among the Candida isolates, C. auris (16.0 + 1.0
mm) was the least affected strain, although the
formation of an inhibition zone indicates the presence

of antimicrobial activity. All disc diffusion results are
presented in Table 1.
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Table 1. Disc diffusion test results of niaouli essential oil (Melaleuca quinquenervia) (mean + SD, n = 3)

144

Microorganisms Niaouli Oil (mm) Amikacin (30 pg/disc)  Vancomycin (5 pg/disc) Nystatin (25 pg/disc)
S. pneumoniae 17.3 £ 0.57 nt 19.6 + 0.57 nt

S. aureus 20+ 0.0 21.3 £ 0.57 nt nt

S. agalactiae 16.6 + 0.57 nt 18.0+ 1.0 nt

E. faecalis 8.0:£1.0 nt 15.6 + 0.57 nt

E. coli 13.3 £ 0.57 21.0 £ 0.0 nt nt

K. pneumoniae 15.3 + 0.57 19.3 + 0.57 nt nt

P. aeruginosa 6.0 £ 0.0 16.6 + 0.57 nt nt

S. enterica 7.6 + 0.57 18.6 + 0.57 nt nt

C. albicans 20.6 + 0.57 nt nt 35.6 £ 0.57
C. glabrata 17.3 £ 0.57 nt nt 32.3 £ 0.57
C. auris 16.0 + 1.0 nt nt 30.0+ 1.0

nt: not tested

The microdilution results showed that the lowest
MIC values were determined for S. aureus and C.
albicans, consistent with the disc diffusion findings.
Among the Gram-negative bacteria, the isolate with
the lowest MIC value was K. pneumoniae (125 pg/
mL). The isolates with the highest MIC values were
P. aeruginosa, S. enterica, E. faecalis (>250 pg/mL),

and E. coli (250 pg/mL). In our study, the tested C.
auris isolate exhibited the highest MIC value (125
pg/mL) for the positive control fluconazole, while
its MIC against niaouli oil was determined to be
one concentration level higher (250 pg/mL). The
microdilution results for all isolates are presented in
Table 2.

Table 2. Broth microdilution test results of niaouli essential oil (Melaleuca quinquenervia) (ug/mL)

Microorganisms Niaouli Oil (ug/mL) Vancomycin (ug/mL) Amikacin (pg/mL) Fluconazole (pg/mL)
S. pneumoniae 125 7.8 nt nt
S. aureus 62.5 15.6 nt nt
S. agalactiae 125 7.8 nt nt
E. faecalis >250 15.6 nt nt
E. coli 250 nt 31.3 nt
K. pneumoniae 125 nt 31.3 nt
P. aeruginosa >250 nt 62.5 nt
S. enterica >250 nt 62.5 nt
C. albicans 62.5 nt nt 15.6
C. glabrata 125 nt nt 31.3
C. auris 250 nt nt 125

nt:not tested
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DISCUSSION

Antimicrobial resistance is a significant problem
that modern medicine must address. As a result of
the unnecessary and/or improper use of antibiotics,
bacterial resistance rates are increasing, leading to
prolonged hospital stays and treatment durations.
The challenges encountered in treatment contribute
to higher morbidity and mortality rates associated
with infections (12). As stated by antimicrobial
resistance researchers in the September 2024 issue
of The Lancet, if no preventive measures are taken
and efforts to develop new alternative agents are
not initiated, more than 39 million people per year
could die as a result of antimicrobial resistance (13).

Plant-based oils have the potential to serve
as alternative or supportive treatment options
by inhibiting the growth and proliferation of
pathogens through mechanisms such as damaging
microbial cell membranes and disrupting their
metabolic activities, as well as exhibiting synergistic
(14). Studies
have demonstrated that essential oils can exhibit

effects with antimicrobial agents

antimicrobial, antioxidant, antiparasitic, anti-
inflammatory, analgesic and antiseptic effects (15).
the

Melaleuca quinquenervia plant, which commonly

Niaouli essential oil is derived from
grows in tropical and subtropical regions. Although
niaouli oil is widely used in folk and traditional
medicine, studies investigating its antimicrobial
activity against bacteria and fungi (particularly C.
albicans) using various methods are present in the
literature but remain limited (16,17). In our study,
the antimicrobial activity of niaouli essential oil was
tested against eight different standard bacterial
strains, two standard yeast strains, and a clinical
C. auris isolate. Aygin et al. (18) used a niaouli oil-
containing wash solution in the treatment of urinary
tract infections in partially paralyzed patients and
observed a significant reduction in the infection.
Additionally, this application enhanced antibiotic

efficacy and reduced the duration of antibiotic use.

This finding highlights the anti-inflammatory and
antimicrobial properties of niaouli essential oil.
(19)
niaouli

Kabay et al. tested the antimicrobial

activity  of essential  oil  against

P. aeruginosa and methicillin resistant S. aureus
(MRSA) isolates, which were obtained from dog
wounds, using disc diffusion and MIC methods.
The disc diffusion test showed that niaouli oil was
effective against S. aureus (inhibition zone: 23.25 +
4.5 mm), while no inhibition zone was observed for
P. aeruginosa. The MIC values for the MRSA isolates
(0.0039 pL/pL) were lower compared to P. aeruginosa
(0.5 pL/pL), leading to the conclusion that niaouli
essential oil is ineffective against P aeruginosa.

In a study conducted in Pakistan, niaouli essential
oil was tested against S. aureus and five Gram-negative
bacteria using the agar well diffusion method. The
highest antimicrobial activity was observed against K.
pneumoniae (46.0 + 0.0 mm), E. coli (17.2 £ 1.04 mm),
and S. enterica (16.0 £ 0.0 mm), while minimal activity
was detected against S. aureus and P. aeruginosa (16).

Niaouli  essential oil, obtained
the

plant

through
the
collected in

hydrodistillation  from leaves  of
Melaleuca quinquenervia
Senegal, exhibited

S. aureus,

excellent activity against

moderate activity against E. coli
and E. faecalis, but showed no effect against
P. aeruginosa (20). According to the evaluation
criteria of this study, no activity was observed in
our study against P aeruginosa, S. enterica, and E.
faecalis. Moderate activity was detected against
E. coli, while excellent activity was observed

against all other isolates, including S. aureus.

In the literature, studies aimed at determining
the antifungal activity of niaouli essential oil have
generally identified C. albicans strains as having
the highest sensitivity (17). In the study conducted
by Gurer et al. (21), the MIC value of niaouli oil
against C. albicans was found to be 200 pg/mL and
was classified as moderately effective. In our study,
among the yeast isolates, the highest inhibition

zone (20.6 = 0.57 mm) and the lowest MIC values
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(62.5 pg/mL) were determined against C. albicans,
followed by C. glabrata and C. auris, respectively.

C. auris is an invasive yeast that can cause
outbreaks in intensive care units and can be
transmitted through direct contact or the shared
use of contaminated objects. In a study conducted
in Portugal, four different essential oils, including
niaouli essential oil, were tested against a standard C.
auris isolate resistant to first-line antifungal agents.
The MIC,; value of tea tree oil (0.78% (v/v)) was found
to be lower than that of niaouli oil (1.56% (v/v)).
In the same study, the inhibition zone diameters
determined by the disc diffusion method for white
thyme (21.4 + 0.5 mm) and tea tree essential oil
(20.0 + 1.9 mm) were higher than those of niaouli oil
(13.3 £ 1.1 mm). As a result, the study highlighted
that all four tested essential oils inhibited C. auris
growth and could be promising weapons against these
strains in the future (22). In our study, the MIC value
of C. auris was found to be 250 pg/mL and according
to reference sources (MIC < 100 pg/mL is classified as
excellent activity, 100 < MIC =< 625 pg/mL as moderate
activity, and MIC > 625 pg/mL as weak activity), it
was evaluated as moderately effective (23, 24).

The results of our study are generally consistent
with the literature. However, differences may arise
due to the origin of the essential oils used, the
proportion of their components, and the standard
strains tested. In a study assessing the compliance

Turk Hij Den Biyol Derg

of five different commercially available niaouli
essential oils with quality standards, only one oil was
found to meet the required standards. Additionally,
the storage conditions of the oils are of significant
importance. It has been noted that this situation may
lead to inconsistent results in studies conducted with
commercially available essential oils and may prevent
theexpectedclinical efficacy frombeingachieved (14).

In conclusion, in our study, the antibacterial
and antifungal activity of niaouli essential oil was
determined against eight standard bacterial strains,
two standard yeast strains, and a clinical C. auris
isolate using disc diffusion and broth microdilution
methods. High zone diameter and low MIC values
were obtained especially against S. aureus and C.
albicans. Essential oils could serve as a promising
alternative for treating multidrug-resistant bacteria
and strains resistant to first-line drugs, such as C.
auris. The limitations of our study include the fact
that, except for a single clinical isolate, the other
strains were ATCC strains, and the standard chemical
composition information of niaouli essential oil could
not be obtained from the supplier. In conclusion, we
believe that our study will provide valuable guidance
for future research aimed at developing plant-based
alternative antimicrobials. These studies can be
designed to explore the combination of essential
oils with each other or with antimicrobial agents.
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