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In this study the antimicrobial activity of a mixture of plant extracts originating from five different plants and
suspended in three different forms of gel, cream and lotion was examined with the purpose of discovering new anti-
microbial compounds. The antimicrobial activity was investigated through the standard disc diffusion method, as well
as through a variation of the microdillution method. The formulations under examination (gel, cream and lotion)
showed a broad spectrum of action against all the selected microorganisms, with inhibition zones of 9-46 mm. The
minimal inhibitory concentration (MIC) for all the formulations against the microorganisms in the study was in the
range of 0.000761pg ml™ to 0.125ug ml™. The results of this study have clearly demonstrated that the mixture of
plant extracts originating from five different plants and suspended in the forms of gel, cream and lotion can definitely
be used in the battle against the microorganisms under investigation.
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INTRODUCTION

For a long period of time, plants have been a
valuable source of natural products for maintaining
human health, especially in the last decade, with
more intensive studies for natural therapies. They
are used medicinally in different countries and are
sources of many potent and powerful drugs [1]. The
rising incidence in multidrug resistance amongst
pathogenic microbes has further necessitated the
need to search for newer antibiotic sources.

According to World Health Organization
medicinal plants would be the best source to obtain
a variety of drugs. About 80% of individuals from
developed countries use traditional medicine, which
has compounds derived from medicinal plants.
Therefore, such plants should be investigated to
better understand their properties, safety and
efficiency [2].

In recent years, pharmaceutical companies
have spent a lot of time and money in developing

natural products extracted from plants, to produce
more cost effective remedies that are affordable to
common people.

In our country, plant extracts of many higher
plants have been reported to exhibit antimicrobial,
antifungal and insecticidal properties under labora-
tory trails [3, 4, 5]. The present study was designed
to determine the bioactivity of mixture from dif-
ferent plant extracts in gel, cream and body milk
formulation, against different test microorganisms.

EXPERIMENTAL SECTION

Plant materials

Five plant species, Satureja hortensis L.,
Thymus serpyllum L., Salvia officinalis L., Melissa
officinalis L. and Sideritis scardica Griseb., used in
this study, which were collected from different ar-
eas on the territory of Republic of Macedonia dur-
ing the period of 2009 and 2012. Plant materials
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were initially rinsed with distilled water and dried
on paper towels in the laboratory at 37 °C for 24 h.

Preparation of aqueous extracts

Each of the five samples was weighed out (50
g) and soaked separately in 200 ml of cold water
contained in conical flasks stoppered with rubber
corks and left undisturbed for 24 h. They were then
filtered off using sterile filter papers (Whattman No.
1) into clean conical flasks and subjected to water
bath evaporation, where the aqueous solvents were
evaporated at boiling temperature of 100 °C. The
standard extracts thus obtained were then stored at
40°C in a refrigerator until further use.

Test microorganisms

Antimicrobial activities of mixtures from dif-
ferent plant extracts were tested against 6 micro-
organisms, including 4 strains of bacteria: Escherichia
coli ATCC 8739, Staphylococcus aureus ATCC
6538, Bacillus subtilis ATCC 6633, Streptococcus
pyogenes and 2 species of fungi: Candida albicans
ATCC 10231 and Aspergillus niger ATCC 16404.

All the strains were reference strains ac-
quired from the American Type Culture Collection
(Manassas, VA), or clinical isolates from the lab-
oratory collection conserved at the Microbiology
Laboratory, Faculty of Natural Sciences and Math-
ematics in Skopje.

Screening for the antimicrobial potential of the
mixture from different plant extracts in gel,
cream and body milk formulation

The bacteria cultures were grown in Mueller-
Hinton broth at 37 °C, and yeast and mold in
Sabouraud dextrose Broth, at room temperature.
After 24 h of growth, for bacteria, and 3-5 days for
yeast and mold, each microorganism, at a concen-
tration of 10° CFUs/ml, was inoculated on the
surface of Mueller-Hinton or Sabouraud dextrose
agar plates. Subsequently, filter paper discs (6 mm
in diameter) saturated with mixture from different
plant extracts in gel, cream and body milk formula-
tion (50 pl) were placed on surface of each inocu-
lated plate. To evaluate the efficiency of the meth-
odology, each extract was inserted simultaneously
in a hole made in new plates. The plates were
incubated at 37 °C for 24 h (for bacteria), and 3-5
days at room temperature, for yeast and mold. After
this period, it was possible to observe inhibition zone.

The gel, cream and body milk formulation
that showed antimicrobial activity were later tested
to determine the minimal inhibitory concentration

(MIC) for each microorganism using microtiter
plate based assay.

Suspension preparation

The turbidity of initial suspension of tested
bacteria, mold and yeast was adjusted by compar-
ison with 0.5 McFarland’s standard [6]. The initial
suspension contained about 10° colony forming
units CFU/ml. Additionally, 1:100 dilutions of
initial suspension were prepared into sterile 0.9%
saline to obtain working suspension of our bacteria,
mold and yeast of about 10° CFU/m.

Microtiter plate based assay

The antimicrobial activity of different for-
mulations was assessed using a modified version of
the microtiter plate based assay described by [7].
The antimicrobial assay was performed by using a
sterile 96-well plate and the minimal inhibitory
concentration (MIC) value was determined. All the
assays were prepared under aseptic conditions.
Resazurin was used as an indicator of growth for
the bacterial and yeast assays, while the growth in
the mold assays was inspected visually.

The first step of the assay was adding 50 pl of
sterile Mueller-Hinton broth (MHB) (for bacteria) or
Sabouraud dextrose broth (SDB) (for yeast and mold)
into the first three and the last two rows of the 96-well
plate. The first three rows were used for evaluation of
the activity of mixture from different plant extracts in
gel, cream and body milk formulations, while the last
two rows served as a positive and a negative control.
The positive control confirmed the viability of the
culture, while the negative control verified the sterility
of the working conditions.

The second step was adding 50 pl of the first
formulation to the first well of the first row of the
plate. Using sterile pipette tips, the contents of the
first well of the first row were mixed and 50 pl
were transferred to the second well of the same
row. Serial dilutions were carried out until last well
from the first row. The procedure was repeated for
the remaining formulations in the next two rows.
Then, 5 pl of resazurin solution was added to each
row (where necessary), followed by the addition of
5 ul of suspension.

Positive control (viability control) comprised
of 50 pl of medium, 5 pl resazurin (where neces-
sary) and 5 pl of suspension, while the negative
control (sterility control) comprised of 50 ul of me-
dium and 5 pl of resazurin (where necessary).

The microtiter plates were wrapped in sterile
tinfoil in order to prevent contamination and were
then incubated at 37 °C/24 h (for bacteria), at room
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temperature for 3-5 days for the yeast assays and at
room temperature 5-7 days for the mold assays. A
blue colored solution indicated the growth inhi-
bition in the test wells, while pale pink to colorless
solution indicated microbial growth or absence of
inhibition. The mold assays were inspected visu-
ally: a clear solution indicated absence of growth
while visual indication of mycelia indicated micro-
bial growth or absence of inhibition. All the tests
were performed in triplicate.

RESULTS AND DISCUSSION

Antimicrobials and antifungals are agents in
cream, ointment, lotion, spray or powder form that
may be topically applied to the skin. May also be
formulated with ingredients that provide a moisture
barrier.

The aim of this study was to evaluate the
antimicrobial properties of mixture from five dif-
ferent plant extracts in gel, cream and body milk
formulation, against six different microorganisms.

All the plants assayed in this study are
commonly used as medicinal plants in different areas
of Macedonia and other parts of the world. Their
medicinal properties were presented in Table 1.

The major components of plant extracts are
the essential oils; due to higher content of essential
oils, the plant extracts can be used in various
pharmaceuticals preparations for treatment of vari-
ous skin infections.

The sizes of the zones of inhibition are
indicative of the level of the antimicrobial activities
of the extracts. The antimicrobial activity of each
formulations on the agar plates varied according to
tested microorganisms. Data from Table 2 and Fig-
ures 1, 2 and 3 show that all the mixtures possessed
antimicrobial activity against the tested microor-
ganisms. The gel was found to be most effective
against Candida albicans ATCC 10231 (46 mm)
followed by Aspergillus niger ATCC 16404 (41
mm), Escherichia coli ATCC 8739 (24 mm),
Bacillus subtilis ATCC 6633 (22 mm), Staphylococ-
cus aureus ATCC 6538 (20 mm), and Streptococcus
pyogenes (18 mm). The inhibiton zones produced by
the cream were: Candida albicans ATCC 10231 (32
mm) followed by Aspergillus niger ATCC 16404
(29 mm), Escherichia coli ATCC 8739 (19 mm),
Bacillus subtilis ATCC 6633 (16 mm), Staphylococ-
cus aureus ATCC 6538 (28 mm) and Streptococcus
pyogenes (31 mm). The plant extracts mixture in
body milk was found to be most effective against
Aspergillus niger ATCC 16404 (28 mm), followed
by Candida albicans ATCC 10231 (24 mm), Esche-
richia coli ATCC 8739 (9 mm), Bacillus subtilis
ATCC 6633 (9 mm), Staphylococcus aureus ATCC
6538 (12 mm), and Streptococcus pyogenes (10 mm).

Different formulations of plant mixtures
showed the best result against Candida albicans
ATCC 10231 and Aspergillus niger ATCC 16404,
followed by all the tested bacteria.

Table 1. Description of plants

Plants Common name

Systematic position

Satureja hortensis L.
Thymus serpyllum L.
Salvia officinalis L.
Melissa officinalis L.
Sideritis scardica Griseb.

summer savory

sage
balm or balm mint

breckland thyme, wild thyme or creeping thyme

mountain tea, ironwort, shepherd's tea

Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae

Table 2. Antimicrobial activity of plant extracts mixture in cream, gel and body milk
on tested microorganisms determined by diffusion method

Test microorganisms

- . Candida
Plant extracts  Staphylococcus . - Escherichia ~ Aspergillus .
mixture in aureus ATCC Bacillus subtilis ~ Streptococcus coli ATCC  niger ATCC albicans
ATCC 6633 pyogenes ATCC
6538 8739 16404
10231
Diameter of inhibition zones (mm)
Cream 28 16 31 19 29 32
Gel 20 22 18 24 41 46
Body milk 12 9 10 9 28 24
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Figure 1. Zones of inhibition of plant extracts mixture in
cream, gel and body milk on tested Candida albicans
ATCC 10231

Figure 2. Zones of inhibition of plant extracts mixture in
cream, gel and body milk on tested Streptococcus pyogenes

Figure 3. Zones of inhibition of plant extracts mixture in
cream, gel and body milk on tested Bacillus subtilis
ATCC 6633

The diameters of the zones of inhibition were
generally larger for the Gram-positive test bacteria
compared with values obtained for the Gram-
negative bacteria, but not for fungal test organisms.
According to [8] this indicates that the Gram-pos-
itive organisms were more susceptible to the effect
of the extracts in the formulations.

This may be due to the inherent resistance of
Gram-negative bacteria to a large number of chemi-
cal antimicrobial agents and antibiotics that are other-
wise effective against Gram-positive organism. This
resistance of Gram-negative bacteria has been attri-
buted to lipopolysaccharide layer on their cell wall.

In order to determine minimal inhibitory
concentration (MIC) for each microorganism we
apply microtiter plate based assay. The data relating
to the antimicrobial activities of plant extracts
mixture in cream, gel and body milk are sum-
marized in Tables 3-9.

Microtiter plate based assay of different for-
mulations of mixtute of plant extracts from five
medicinal plants from Macedonia: Satureja hortensis
L., Thymus serpyllum L., Salvia officinalis L., Melis-
sa officinalis L. and Sideritis scardica Griseb., con-
firmed previously obtained results from disk-dif-
fusion method. Cream, gel and body milk formula-
tions showed the best result against Aspergillus ni-
ger ATCC 16404 having MIC value lower than
0.000761 pg ml™ in water extract, followed by
Candida albicans ATCC 10231.

When comparing data obtained in different
studies, most publications provide generalizations
about whether or not a plant extract possesses activ-
ity against different microorganisms. However, not
all provide details about the mixture of extracts
from different plants, or different formulations with
mixtures of them.

Comparison of the data obtained in this study
with previously published results is problematic.
First, the composition of plant extracts is known to
vary according to local climatic and environmental
conditions [9, 10]. Secondly, the method used to
assess antimicrobial activity, and the choice of test
organism(s), varies between publications [9]. A
method frequently used to screen plant extracts for
antimicrobial activity is the disc-diffusion method
[11, 12]. The usefulness of this method is limited to
the generation of preliminary, qualitative data only,
as the nature of most plant extracts prevents the
uniform diffusion of these substances through the
agar medium [9, 13].

From the results it is evident that Candida
albicans ATCC 10231 and Aspergillus niger ATCC
16404 are more sensitive to different formulations of
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plant mixtures, than the tested bacteria. These results From our results it is obvious that our mixture
are opposite from Farka$ (2003) [14], where fungi inhibited the tested microorganisms in relatively low
are more resistant than bacteria to plant extracts. concentration of 0.000761-0.125ug ml™.

Table 3. Minimal inhibitory concentration (MIC) of plant extracts mixture in cream, gel
and body milk against Staphylococcus aureus ATCC 6538

2 1 05 025 0125 00625 003125 00156 000781 000391 000195  0,000761
pgmi® pgmit pgmlt opgmi? opgmit o opgmrtopgml o opgmi® o opgmi® o opgml® o opgmt g mit

Cream

Gel

Body
milk

Positive
C.
Negative

|

No growth of microorganism
Growth of microorganism

Table 4. Minimal inhibitory concentration (MIC) of plant extracts mixture in cream, gel
and body milk against Streptococcus pyogenes

2 1 05 025 0125 00625 003125 00156 000781 000391 000195  0,000761
pgml® pgmit pgmlt opgmlt opgml? opgmit opgml™ o pgml® o opgml® o opgmlt o opgmit g mit

Positive
c.
Negative

No growth of microorganism

Growth of microorganism

Table 5. Minimal inhibitory concentration (MIC) of plant extracts mixture in cream, gel
and body milk against Bacillus subtilis ATCC 6633

2 1 05 025 0125 00625 003125 00156 000781 000391 000195  0,000761
ugmi™  pgmit opgmitopgmit opgmit opgmit opgml™ o ougmt o opgmlt o opgmi®t opgmit g m?

Positive
c.
Negative

No growth of microorganism

Growth of microorganism
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Table 6. Minimal inhibitory concentration (MIC) of plant extracts mixture in cream, gel
and body milk against Escherichia coli ATCC 8739

2 1 05 025 0,125 0,0625 0,03125 0,0156  0,00781 0,00391  0,00195 0,000761
pg mi? pgmlt pgml* pgmi?t pg mi? pg mi? ng mi? pgmi®  pgmlt pgmit pgmit pg mi™t

Cream

Gel

Body
milk

Positive
c.
Negative

I |

No growth of microorganism
Growth of microorganism

Table 7. Minimal inhibitory concentration (MIC) of plant extracts mixture in cream, gel
and body milk against Candida albicans ATCC 10231

2 1 05 025 0125 00625 003125 00156 000781 000391 000195  0,000761
pgml®pgmit opgmit opgmit opgmit opgmi® o owgm® o opgmt o opgmi® o opgmit o opgml® o pgmi?

Cream

Gel

Body
milk

Positive

Negative

| | -0

No growth of microorganism
Growth of microorganism

Table 8. Minimal inhibitory concentration (MIC) of plant extracts mixture in cream, gel
and body milk against Aspergillus niger ATCC 16404

2 1 05 0,25 0,125 0,0625 0,03125 0,0156  0,00781 0,00391 0,00195 0,000761
pgmlt pgmlt pgml* opgm* opgmlt pgmi? pgmit ugml®  pgml* pgmi® pgmit pgmi™t

Cream

Gel

Body
milk

Positive
C.
Negative

|

No growth of microorganism
Growth of microorganism

The results indicate that the mixture of plant Our results allow us to conclude that these
extracts in different studied formulations showed plants may be recommended as useful sources to
antimicrobial activities toward the all examined prepare natural and new antimicrobial drugs which
microorganisms. will be cost-effective because the plants are freely

available.

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 35 (2), 139-146 (2014)



Antimicrobial activity of mixture from different plant extracts in gel, cream and body milk formulation...

145

Table 9. Minimal inhibitory concentrations (MICs) (ug ml™) against tested microorganisms in our study

Staphylococcus Bacillus Escherichia Candida Aspergillus
aureus Streptococcus subtilis coli albicans niger
ATCC 6538 pyogenes ATCC 6633 ATCC8739 ATCC 10231 ATCC 16404
(ug ml™) (ug ml™) (ug ml™) (ug ml™) (ug ml™) (ug ml™)
Cream 0.0156 0.00195 0.0156 0.00195 0.00781 <0.000761
Gel 0.0625 0.03125 0.03125 0.0125 0.0625 <0.000761
Body milk 0.0165 0.00391 0.03125 0.00391 0.0156 <0.000761
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AHTUMHUKPOBHA AKTUBHOCT HA CMECA Ol PACTUTEJIHU EKCTPAKTHU
BO ®OPMA HA I'EJI, KPEM 1 MJIEKO 3A TEJIO BO OJHOC HA PA3JIMYHUA
MHUKPOOPI'AHU3IMHU

Iloxko Kynrynoscku, Hatanuja AtanacoBa-IlanyeBcka

WuctutyT 32 6nonoryja, [Ipupoano-maremarndku Qakynrer, YHuBepsuret ,,CB. Kupun u Metoau;j®,
Ckomje, Peny6nuka Makenonuja

Co 1en 1a ce MpOHajIaT HOBM aHTUMHUKPOOHHU CPEACTBa, OBaa CTYIMja T0 UCIUTYBa aHTUMHUKPOOHOTO JI€jCTBO
Ha CMeca Off PaCTUTEIHU €KCTPAKTH JOOMEHHU O]l MET pa3lINdHH pacTeHHja, CyClieHAUpaHa BO (hopMa Ha Tel, KPeM H
MJIEKO 32 TeJO, Bp3 IIECT PA3IMYHH MUKPOOPraHW3MH. AHTUMHMKPOOHATa aKTHBHOCT C€ HCIHTYBAa KOPHCTE]KH
CTaH/apJIeH IUCK-TU(y3MOHEH METOM, KaKo M MHUKPOJIMIYLIMOHA TeXHUKA. TecTtupanure GopMyrnanuu (e, KpeM H
MJICKO 3a TeJI0) MOKaKyBaaT IMIMPOK CHEKTap Ha JEjCTBO BpP3 CHUTE HCIUTYBaHU MHKPOOPIaHM3MH, CO 30HHM Ha
nHXuOHIMja ox 9 no 46 mm. MuHNManHaTa HTHXUOUTOPHA KOHIIEHTpAlMja 3a cuTe (OpMyJIaliuy 32 CUTE HCIIUTYBaHH
MUKPOOPTaHU3MH ce IBIXH Bo rpaHunute ox < 0.000761 pg ml? 10 0.125 ugml'l. Pesynrature ox oBaa ctynuja
HOKaXKyBaaT Jieka cMecaTa OJf pacCTUTENIHU eKCTPAKTH JOOHEHH Of IeT pa3IMYHHU PacTeHHja, CyclleHaupaHa Bo Gopma
Ha TeJI, KPeM M MIIEKO 3a TeJlo, MOXKE J]a C€ KOPUCTH BO OopOaTa NMpOTHB TECTUPAHUTE MUKPOOPTaHU3MH.

Knayynu 300poBH: aHTHMHUKpPOOHa aKTHBHOCT, pPACTHTEIHH €KCTPAaKTH; AWUCK-IU(QY3HOHEH METOZ;
MUKPOJWIYIIIOHEH METO

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 35 (2), 139-146 (2014)



