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This study aims to investigate chemical composition of essential oils from Murraya paniculata (L.)
Jack (Rutaceae) ripe and unripe fruits and determine their in vitro antibacterial activity. Essential oils
were extracted by hydrodistillation from Murraya paniculata (L.) Jack ripe and unripe fruits collected
in the Cerrado, in Rio Verde, southwestern Goiás, Brazil. They were analyzed by gas chromatography
with flame ionization detector (GC-FID) and by gas chromatography-mass spectrometry (GC-MS).
Sesquiterpenes, which represent the most abundant class of compounds in oils, predominated in both
ripe and unripe fruits. Major constituents of essential oils extracted from ripe fruits (RF-EO) were
β-caryophyllene (21.3%), α-ylangene (13.3%), germacrene-D (10.9%) and α-zingiberene (9.7%) whereas
the ones of unripe fruits (UF-EO) were sesquithujene (25.0%), α-zingiberene (18.2%), germacrene-D
(13.1%) and α-copaene (12.7%). In vitro antibacterial activity of essential oils was evaluated in terms
of its minimum inhibitory concentration (MIC) values by the broth microdilution method in 96-well
microplates. Both essential oils under investigation showed moderate anti-streptococcal activity against
the following bacteria: Streptococcus mutans, S. mitis, S. sanguinis, S. sobrinus and S. salivarius. MIC
values ranged between 100 and 400 µg/mL. Regarding the antimycobacterial activity, essential oils
from M. paniculata (L.) Jack unripe and ripe fruits were active against Mycobacterium kansasii (MIC
= 250 µg/mL), moderately active against M. tuberculosis (MIC = 500 µg/mL) and inactive against M.
avium (MIC = 2000 µg/mL). This study was pioneer in revealing similar chemical profiles of both
essential oils extracted from Murraya paniculata (L.) Jack unripe and ripe fruits, besides describing
their in vitro anti-streptococcal and antimycobacterial activities.
Keywords: Murraya paniculata (L.) Jack. Rutaceae. Anti-streptococcal activity. Mycobacterium
kansasii. Antibacterial agent. Antimycobacterial activity.
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Chemical studies of essential oils have been widely
carried out due to their several biological applications
(Properzi et al., 2013). Therefore, this study aims to
evaluate antibacterial activity of essential oils from
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Murraya paniculata (L.) Jack against both bacterial
genera Streptococcus and Mycobacterium.
Tooth decay, which is a pathology that occurs in the
hard tissues of the teeth, results from the accumulation
of bacteria and their metabolism on tooth surfaces, a fact
that leads to the development of the so-called biofilm
(Soares et al., 2012). Tooth decay has been considered
an important public health issue since there are more
than 700 species of bacteria in the oral cavity and some
of them are responsible for this pathology and other
periodontal diseases (Melo et al., 2017).
Tuberculosis is an infectious disease caused by
mycobacteria of the genus Mycobacterium, even though
Mycobacterium tuberculosis is the species which
has led to the highest morbidity and mortality rates
(Fernandes, Chin, Santos, 2017). In 2015, the World
Health Organization reported that there were 9,6 million
new cases worldwide and 1,5 million deaths caused by
the disease (Fernandes, Chin, Santos, 2017). Besides,
there has been significant increase in the number of
nontuberculous mycobacteria, such as Mycobacterium
kansasii and M. avium, which also affect the lungs,
lymph, skin and joints. Resulting diseases may produce
severe after-effects if they are not properly treated
(Alves et al., 2015).
The importance of evaluating the antibacterial
potential of essential oils has been attributed to their
hydrophobicity, since it enables them to interact with
lipids of the cell membrane and mitochondria of
bacteria. It disturbs cell structures, increases membrane
permeability, leads to leakage of substances that are
essential to survival and causes cell death (Miranda
et al., 2016).
Murraya paniculata (L.) Jack, which has been
known as murta de cheiro in Brazil, belongs to
Rutaceae, a botanic family that has about 150 genera
and 1,600 species distributed in tropical, subtropical and
temperate regions all over the world, even though it is
more abundant in tropical America, southern Africa and
Australia (Campelo et al., 2013). In Brazil, the family
Rutaceae is represented by about 29 genera and 182
species. Some have medicinal, ecological and economic
importance (Campelo et al., 2013).
The genus Murraya, which comprises about 35
species of flowering plants, is native to southeastern
Asia, even though it is also widely distributed all over
the world (Martín et al., 2011). Examples of species
that belong to this genus are Murraya euchrestifolia,
M. koenigii (L.) Spreng, M. paniculata (L.) Jack, M.
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sumatrana, M. amoena, M. omphalocarpa Hayata, M.
alata Drake, M. caloxylon Ridl, M. crenulata (Turcz.)
Oliv, M. brevifolia, M. burmanni, M. alternans and M.
siamensis (Martín et al., 2011).
The species M. paniculata (L.) Jack, which is a
tree native to India, was brought to Brazil to be used
for afforestation and garden ornamentation (Mesquita
et al., 2008). In tropical and subtropical regions
in Asia, besides China and Indonesia, this species
is considered medicinal; thus, it has been used for
treating intestine disorders, rheumatism and cough
(Mesquita et al., 2008).
Many other pharmacological activities shown
by M. paniculata (L.) Jack extracts, such as their
application to treatments for diarrhea, asthma and
hypertension, have been described by the literature
(Saqib et al., 2015). Their antifungical, analgesic,
cytotoxic and antioxidant potential is also well-known;
they are even used for mitigating toothache (Souza
et al., 2008; Sharker et al., 2009; Faisal et al., 2014;
Zhu, Lei, Luo, 2015; Kusuma, Irma, Yuliasih, 2017).
However, few studies of chemical composition and
biological activity of essential oils extracted from M.
paniculata can be found in the literature (Neta et al.,
2017). The ones carried out in Nigeria, Bangladesh,
Nepal and Cuba should be highlighted (Olawore et al.,
2005; Chowdhury, Bhuiyan, Yusuf, 2008; Rodríguez et
al., 2012; Dosoky et al., 2016).
Regarding M. paniculata (L.) Jack in Brazil, a
recent study has described the chemical composition
of the essential oil from its leaves collected in Espírito
Santo state, Brazil, besides its cytotoxic, antifungal and
antibacterial properties (Neta et al., 2017). However, it
should be mentioned that this study aimed at pioneering
the description of chemical profiles and in vitro
antimycobacterial and anti-streptococcal activities of
essential oils from M. paniculata (L.) Jack unripe and
ripe fruits collected in the Cerrado in Goiás state, Brazil.

MATERIAL AND METHOD
Plant material

Murraya paniculata (L.) Jack unripe (UF-EO) and
ripe fruits (RF-EO) were collected in the Cerrado in Rio
Verde, Goiás, Brazil, in October 2017. The plant was
identified by botanist Erika Amaral and a sample was
deposited at the Herbarium Jataiense Professor Germano
Guarim Neto (exsiccate number HJ 28760/MP).
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Extraction of essential oils

Samples of M. paniculata (L.) Jack unripe and ripe
fruits were subjected to hydrodistillation for 2 hours by
a Clevenger-type apparatus. In order to carry out the
analysis, 300 g plant material was divided into three
100-g samples and 500 mL distilled water was added
to each sample. After manual collection of the essential
oil samples, traces of remaining water in the oils were
removed by anhydrous sodium sulfate. Filtration was
then carried out. The extraction procedure was done in
triplicate. The isolated oil was stored under refrigeration
up to the analysis and test. Yield (w/w) calculations were
based on unripe and ripe fruit weight and expressed as
the average of the triplicate analyses.
Identification of the chemical
composition of essential oils

Gas chromatography (GC) analyses were performed
by a Shimadzu GC2010 Plus gas chromatograph
equipped with an AOC-20s autosampler and fitted
with FID and a data-handling processor. An Rtx-5
(Restek Co., Bellefonte, PA, USA) fused silica capillary
column (30-m x 0.25-mm i.d.; 0.25-μm film thickness)
was employed. Operation conditions were as follows:
column temperature programmed to rise from 60 to 240
°C at 3 °C/min and, then, to hold at 240 °C for 5 min;
carrier gas = He (99.999%), at 1.0 mL/min; injection
mode; injection volume, 0.1 µL (split ratio of 1:10); and
injector and detector temperatures = 240 and 280 °C,
respectively. Relative concentrations of components
were obtained by peak area normalization (%). Relative
areas were the average of triplicate GC-FID analyses.
GC-MS analyses were carried out by a Shimadzu
QP2010 Plus (Shimadzu Corporation, Kyoto, Japan)
system equipped with an AOC-20i autosampler. The
column was a RTX-5MS (Restek Co., Bellefonte, PA,
USA) fused silica capillary column (30 m x 0.25 mm
i.d. x 0.25 µm film thickness). Electron ionization mode
occurred at 70 eV. Helium (99.999%) was employed as
the carrier gas at a constant flow of 1.0 mL/min. Injection
volume was 0.1 µL (split ratio of 1:10). Injector and
ion-source temperatures were set at 240 and 280 °C,
respectively. The oven temperature program was the same
as the one used for GC. Mass spectra were taken at a scan
interval of 0.5 s, in the mass range from 40 to 600 Da.
Identification of volatile components of M.
paniculata (L.) Jack unripe and ripe fruits (Table I) was
Braz. J. Pharm. Sci. 2020;56: e18371

based on their retention indices on an Rtx-5MS capillary
column under the same operating conditions as the
ones in the case of GC relative to a homologous series
of n-alkanes (C8-C20). Structures were computermatched with the Wiley 7, NIST 08 and FFNSC 1.2
spectra libraries and their fragmentation patterns were
compared with literature data (Adams, 2007).
Bacterial strains and antimicrobial assays

In vitro anti-streptococcal activity of RF-EO
and UF-EO were determined by minimum inhibitory
concentration (MIC) assays which were based on the
broth microdilution method (CLSI. 2009). Streptococcus
salivarius (ATCC 25975), Streptococcus sobrinus
(ATCC 33478), Streptococcus mutans (ATCC 25175),
Streptococcus mitis (ATCC 49456) and Streptococcus
sanguinis (ATCC 10556) were the standard strains in
the assays. Initially, bacteria were transferred to blood
agar (Difco Labs, Detroit, MI, USA), and individual
24-h colonies were suspended in 10.0 mL tryptic soy
broth (Difco). A spectrophotometer (Femto, São Paulo,
SP, Brazil) at a wavelength (λ) of 625 nm was used for
standardizing the suspensions of each microorganism so
as to match the transmittance of 81, equivalent to 0.5
in the McFarland scale (1.5 x 108 CFU/mL). Dilution
of the standardized suspension generated the final
concentration of 5 x 105 CFU/mL. Essential oils (RFEO and UF-EO) were dissolved in DMSO (Merck,
Darmstadt, Germany) at 16.0 mg/mL. Concentrations
ranging from 400 to 3.9 µg/mL were achieved after
dilution of essential oils in tryptic soy broth (Difco).
After the dilutions, DMSO concentrations were
between 4% and 0.0039% (v/v). Negative controls, three
inoculated wells with DMSO at concentrations ranging
from 4% to 1% and one non-inoculated well, free of
any antimicrobial agent, were included. An inoculated
well helped to test whether the broth was adequate
for microorganisms to grow. The positive control was
chlorhexidine dihydrochloride (CHD) (Sigma-Aldrich,
St. Louis, MO, USA) at concentrations ranging from
5.9 to 0.115 µg/mL, diluted in tryptic soy broth (Difco).
Ninety-six-well microplates were sealed with parafilm
and incubated at 37 °C for 24 h. After that, 30 mL of an
aqueous solution with 0.02% resazurin (Sigma-Aldrich,
St. Louis, MO, USA) was added to each microplate well
to indicate the viability of the microorganism (Palomino
et al., 2002). The lowest concentration of the sample
that inhibited microorganism growth (MIC value) was
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determined as the lowest concentrations of RF-EO and
UF-EO that were able to prevent the resazurin solution
from changing its color (Sarker et al., 2007). All assays
were conducted in triplicate.
Mycobacteria Mycobacterium tuberculosis H37Rv
(ATCC 27294), M. kansasii (ATCC 12478) and M.
avium (ATCC 25291) were obtained from the American
Type Collection (ATCC) and maintained at -80 °C.
Antimycobacterial activity of the essential oils from
M. paniculata unripe and ripe fruits was evaluated
by the MIC broth microdilution method conducted on
microplates. Final concentration of Mycobacterium was
equal to the standardized Streptococcus (5 x 105 CFU/
mL). Resazurin was employed to reveal mycobacterial
growth by the Resazurin Microtiter Assay (REMA)
method (Palomino et al., 2002). Essential oils were
serially diluted (two-fold) with Middlebrook 7H9 broth
(DifcoTM, Detroit, MI, USA). The Mycobacterium
inoculum was then added to essential oil solutions to
obtain concentrations ranging from 250 to 2000 µg/mL.
The inoculated plates were then incubated for 42 days
at 37°C (1st reading after 28 days, 2nd reading after 42
days) and the percentage of inhibition was determined
(Gupta et al., 2010). Isoniazid was used as positive
control at concentrations ranging from 0.06 to 1.0 µg/
mL whereas Middlebrook 7H9 broth and the inoculum
were used as solvent and negative control, respectively.

RESULTS AND DISCUSSION
Extraction of essential oils from M. paniculata
(L.) Jack unripe and ripe fruits yielded 0.5% and
0.6%, respectively. CG-EM identified 28 chemical
constituents in essential oils from ripe fruits (total:
95.9%) and 15 ones in oils from unripe fruits (total:
96.1%). Retention times, compounds, retention indexes
and relative percentage (%) are shown in Table I. Major
components of essential oils extracted from ripe fruits
(RF-EO) were: β-caryophyllene (21.3%), α-ylangene
(13.3%), germacrene-D (10.9%) and α-zingiberene
(9.7%) whereas the ones from unripe fruits (UF-EO)
were: sesquithujene (25.0%), α-zingiberene (18.2%),
germacrene-D (13.1%) and α-copaene (12.7%).

TABLE I - Chemical composition of essential oils from M.

paniculata (L.) Jack ripe fruits (RF-EO) and unripe fruits
(UF-EO)

%RA

RT
Compounds
(min)

RIexp

RIlit

RFEO

UFEO

27.30 Bicycloelemene

1334

1336

0.3

1.4

27.75

1341

1344

2.7

28.28 α-Cubebene

1351

1352

0.9

6.1

29.51 α-Copaene

1379

1377

6.1

12.7

30.21 α-Ylangene

1405

1406

13.3

1.1

30.81 Sesquithujene

1415

1417

0.4

25.0

30.94 α-Gurjunene

1419

1419

0.1

Elemene isomer

31.59

β-Caryophyllene

1425

1423

21.3

31.77

Isogermacrene D

1437

1439

0.8

31.91

β-Gurjunene

1439

1440

0.7

32.36 γ-Muurolene

1448

1449

0.4

6.4

32.81 α-Humulene

1456

1455

5.3

1.0

33.06 Aromadendrene

1465

1463

1.1

34.02 Germacrene D

1480

1480

10.9

13.1

34.50 α-Zingiberene

1499

1496

9.7

18.2

34.61 Bicyclogermacrene

1503

1501

5.3

0.5

34.89 β-Bisabolene

1508

1506

0.8

1.7

35.58 β-Cadinene

1528

1527

5.5

5.6

35.92 Cadina-1.4-diene

1534

1533

0.3

Germacrene-D-4-ol 1576

1574

1.0

1.0

37.94 Caryophyllene oxide 1590

1589

1.2

1.1

38.72 Lauryl acetate

1608

1606

0.2

1624

1623

0.2

37.62

39.57

Octil
2-methylbutanoate

1.1

(continuing)
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TABLE I - Chemical composition of essential oils from M.

paniculata (L.) Jack ripe fruits (RF-EO) and unripe fruits
(UF-EO)

RT
Compounds
(min)

%RA
RIexp

RIlit

RFEO

1657

1659

0.1

40.12 τ-Muurolol

1659

1660

0.5

40.59 α-Cadinol

1662

1663

0.3

42.80 Decyl senecioate

1720

1719

4.0

1844

1845

2.5

39.71

46.73

Isovaleric acid.
decyl ester

Isovaleric acid.
dodecyl ester

UFEO

Hydrocarbon sesquiterpenes

85.9

94.0

Oxygenated sesquiterpenes

3.0

2.1

Others

7.0

Total

95.9

96.1

RIexp: Retention index determined in relation to n-alkanes
(C8–C20) in the Rtx-5MS column; RIlit: Retention index in
the literature

trans-nerolidol, α-cubebene, (-)-cubenol, β-cubebene
and isogermacrene (Olawore et al., 2005).
Specifically, Olawore and collaborators (2005)
reported that the major components found in the
essential oils from M. paniculata (L.) Jack fruits were
β-caryophyllene (43.4%), (-)-zingiberene (18.9%),
germacrene D (8.3%), α-copaene (5.5%) and α-humulene
(5.1%), even though they did not mention the maturation
conditions of the fruits. Therefore, the study described
by the authors in this paper pioneers the analysis of
chemical profiles of essential oils extracted from M.
paniculata (L.) Jack unripe and ripe fruits collected in
the Cerrado in Goiás state, Brazil. By comparison with
the previously reported chemical composition of M.
paniculata (L.) Jack fruits, compositions of RF-EO and
UF-EO found by this study were similar, since their major
constituents were also α-copaene, β-caryophyllene,
germacrene D, α-zingiberene and α-humulene, even
though concentrations were different (Olawore et al.,
2005). It should be highlighted that α-ylangene (13.3%)
and sesquithujene (25.0%), the other major constituents
of RF-EO and UF-EO, were not found in the essential oil
from fruits collected in Nigeria (Olawore et al., 2005).
Anti-streptococcal activity of essential oils from
M. paniculata (L.) Jack unripe and ripe fruits was
determined so as to evaluate it against some oral
pathogens (Table II).

TABLE II - Determination of minimum inhibitory concentration

Previous reports of essential oil from leaves of
other M. paniculata (L.) Jack specimens indicated that
terpenes predominate in the oil and that the chemical
composition of the essential oil varied significantly,
depending on the origin of the plant. For example, the
seven major constituents of the essential oil from leaves
cultivated in Bangladesh were caryophyllene oxide,
β-caryophyllene, spathulenol, β-elemene, germacrene
D, cyclooctene and 4-methylene-6-(1-propenylidene)
(Chowdhury, Bhuiyan, Yusuf, 2008), whereas the ones
of essential oil collected in Nepal were methyl palmitate,
isospathulenol, (E,E)-geranyl linalool, benzyl benzoate,
selin-6-en-4-ol, β-caryophyllene, germacrene B,
germacrene D and γ-elemene and the major constituent
of essential oils from leaves found in mountains in
Central Cuba was β-caryophyllene (Rodríguez et al.,
2012; Dosoky et al., 2016). On the other hand, in Nigeria,
essential oil from leaves showed the following seven
major constituents: β-cyclocitral, methyl salicylate,
Braz. J. Pharm. Sci. 2020;56: e18371

(MIC = µg/mL) of essential oils from M. paniculata (L.)
Jack unripe and ripe fruits against bacteria of the genus
Streptococcus

MIC

MIC

MIC

Unripe fruit

Ripe fruit

CHD*

Streptococcus
mutans

250

250

0.922

S. mitis

200

100

1.844

S. sanguinis

200

200

0.922

S. sobrinus

400

400

0.922

S. salivarius

200

250

0.922

Bacteria

MIC: minimum inhibitory concentration (µg/mL); CHD*:
chlor hexidine dihydrochloride (positive control).
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Essential oils from M. paniculata (L.) Jack unripe
and ripe fruits had moderate inhibitory activity against
all bacteria under investigation. The literature reports
that samples whose MIC values were below 100 μg/
mL had good antibacterial activity; from 100 to 500 μg/
mL, it was considered moderate; from 500 to 1000 μg/
mL, it was weak; and above 1000 μg/mL, it was inactive
(Carneiro et al., 2017).
Streptococcus mitis, S. mutans, S. sanguinis,
S. salivarius and S. sobrinus are bacteria whose
pathogenicity affects tooth enamel and gingival
tissue; thus, they are closely related to tooth decay and
periodontal diseases (Estevam et al., 2016). The bacterial
plaque has been defined as a biofilm of microorganisms
that are in an organic matrix composed of substances
of both saliva and the host’s diet, besides bacterial
polymers (Estevam et al., 2016).
The chemical composition of essential oils from
M. paniculata (L.) Jack unripe and ripe fruits had
some constituents whose antimicrobial activities have
already been well-described by the literature. They are
β-caryophyllene, germacrene D, α-humulene, α-copaene
and α-zingiberene (Moreira et al., 2014; Martins et al.,
2015; Dias et al., 2017). The last was also the major
constituent of essential oil from Guarea kunthiana, a
fact that may explain the moderate antibacterial activity
shown by the oils under study (Pandini et al., 2018). In
short, plants keep being promising targets of studies in
the search for compounds that have anti-decay activity
so as to enable the production of new agents for oral
hygiene (Mohieldin et al., 2017).
Antibacterial activity of essential oils has been
associated with the lipophilicity of their chemical
constituents, mainly monoterpenes and sesquiterpenes,
which are often the main chemicals thereof (Crevelin
et al., 2015). Lipophilicity allows essential oils to
diffuse across cell membranes easily and then kill
microorganisms by affecting their metabolic pathways
or organelles (Raut, Karuppayil, 2014).
Regarding antimycobacterial activity, since
few studies mention the application of essential oils
to inhibit mycobacteria (Alvarenga et al., 2014), the
authors of this study also believe it is relevant to
carry out this biological activity in vitro. Therefore,
the antimycobacterial activity of essential oils from
M. paniculata (L.) Jack unripe and ripe fruits against
Mycobaterium tuberculosis, M. kansasii and M. avium
was investigated by determining minimum inhibitory
concentrations (MICs, Table III).
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Determination of minimum inhibitory
concentration (MIC = µg/mL) of essential oils from M.
paniculata (L.) Jack unripe and ripe fruits against bacteria of
the genus Mycobacterium
TABLE III -

M.
tuberculosis

M.
kansasii

M.
avium

EO-Unripe fruit

500

250

2000

EO-Ripe fruit

500

250

2000

Isoniazid*

0.06

1

>1

EO - Essential oil; *Positive control

The literature reports that essential oils with MIC
values of 500 µg/mL and 250 µg/mL are considered
moderately active and active, respectively, whereas
values from 1000 to 2000 µg/mL are poorly active against
mycobacteria under evaluation (Alves et al., 2015).
Differences in antibacterial activity between MIC
results of essential oils found by this study and others
reported by the literature may be due to differences in
qualitative and quantitative composition of the EOs,
diluent agent, reference culture and cell concentration.
In addition, other factors, such as geographical location,
environment, incubation conditions and stage of maturity,
can affect these constituents and influence MIC (Swamy
et al., 2016; Van de Vel, Sampers, Raes, 2017).
Plants have stood out as potential sources of new
antimycobacterial agents (Leitão et al., 2013). In this
context, essential oils from M. paniculata (L.) Jack
unripe and ripe fruits are worth mentioning since they
are active against M. kansasii and moderately active
against M. tuberculosis but inactive against M. avium
(Table III). Taking into account the resistance developed
by bacteria against antibiotics and conventional drugs
used for treating diseases, such as tuberculosis, results
found by this study are important (Gómez-Cansino et
al., 2017).
Antimycobacterial activity of essential oils from
M. paniculata (L.) Jack unripe and ripe fruits against
M. kansasii and M. tuberculosis may be related to some
chemical constituents found in oil, such as α-cubebene,
α-copaene, α-ylangene, α-gurjunene, β-caryophyllene,
γ-humulene, bicyclogermacrene and caryophyllene
oxide. They had already been identified in essential
oils from Pterodon emarginatus fruits which showed
Braz. J. Pharm. Sci. 2020;56: e18371
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promising activity against bacteria of the genus
Mycobacterium (Alves et al., 2013; Machado et al.,
2015). Furthermore, studies have shown the synergistic
effect of two or more constituents of essential oils on
various human pathogens (Raut, Karuppayil, 2014).

CONCLUSION
Results of this study showed that the chemical
composition of essential oils from M. paniculata (L.)
Jack unripe and ripe fruits had high concentration
of
sesquiterpenes.
Major
constituents
were
β-caryophyllene,
α-ylangene,
germacrene-D,
α-zingiberene, sesquithujene and α-copaene. Besides,
when essential oils were biologically tested, RF-EO
and UF-EO showed moderate antibacterial activity
against all bacteria of the genus Streptococcus under
evaluation. RF-EO and UF-EO were also active against
Mycobacterium kansasii and moderately active against
Mycobacterium tuberculosis. Anti-streptococcal and
antimycobacterial activities of RF-EO and UF-EO
were also described for the first time. Results suggest
that bioactive molecules found in essential oils from M.
paniculata (L.) Jack unripe and ripe fruits may be used as
prototypes for the development of new pharmaceuticals
and/or sources of pharmaceutical raw materials with
antibacterial activity.
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