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This study was aimed at investigating the antifungal potential of basil (Ocimmum
basilicum L.) extract against toxin-producing Penicillium spp. (P. aurantiogriseum, P.
glabrum, P. chrysogenum, and P. brevicompactum) isolated from food.

The basil extract composition was determined by the GC-MS method. The major com-
ponent identified in the extract was estragole (86.72%).

The determination of the antifungal activity of basil extract on Penicillium spp. was
performed using the agar plate method. Basil extract reduced the growth of Penicillium
spp. at all applied concentration levels (0.16, 0.35, 0.70, and 1.50 mL/100mL) with the
colony growth inhibition from 3.6 (for P. glabrum) to 100% (for P. chrysogenum,).

The highest sensitivity showed P. chrysogenum, where the growth was completely in-
hibited at the basil extract concentration of 1.50 mL/100mL. The growth of other Peni-
cillium spp. was partially inhibited with the colony growth inhibition of 63.4 % (P. brevi-
compactum), 67.5% (P. aurantiogriseum), and 71.7% (P. glabrum).

Higher concentrations (0.70 and 1.50 mL/100mL) reduced the growth of the aerial
mycelium of all tested Penicillium species. In addition, at the same extract concentrati-
ons, the examination of microscopic preparation showed the deformation of hyphae with
the frequent occurrence of fragmentations and thickenings, occurrence of irregular vesic-
le, frequently without metulae and phialides, enlarged metulae.

The results obtained in this investigation point to the possibility of using basil extract
for the antifungal food protection.
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INTRODUCTION

Penicillium species are videly spread in the nature and are frequent contaminants of
food. Food products with the medium (0.75 - 0.9 a,,) and low (0.75 a,,) moisture content,
as well as the acid medium favour their development. These species are frequent conta-
minants of storage products such as fruits, vegetables, spices, sausages, cheese, grain and
grain products (flour, bread, cakes), etc. (1-3).

The metabolic activity of this species results in spoilage of food products and high
economic damage. On the other hand, the toxin-producing species (P. aurantiogriseum,
P. brevicimpactum, P. chrysogenum, P. glabrum, P. expansum, P. nordicum, P. rugulo-
sum, P. solitum, P. verrucosum, etc.) biosynthesize toxic metabolites — mycotoxins (och-
ratoxin A, roquefortine C, patulin, citrinin, nephrotoxic glycopeptides, verrucosidin, cit-
romycetin, botryodiploidin, mycophenolic acid, etc.). The consumption of food products
contaminated with these mycotoxins, both by human and animal, leads to the occurrence
of mycotoxicoses, which, further, have cytotoxic and cancerogenic effects on human cells
(liver cells in the first place) (1-5).

Extracts and essential oils extracted from spices and other herbs, as well as their bio-
logically active components, have attracted of attention many authors to investigate their
antimicrobic activity (6-9). In food production and processing, the extracts and essential
oils obtained from spices and other herbs are important in the food prevention from mic-
roorganisms, especially of short shelf-life products, which are the most sensitive to mic-
robiologic spoilage (bread, bakery products, cakes, salads, fresh fruit and vegetable).
Their use in the food industry decreases the use of synthetic preservers and additives,
and, at the same time, improves the freshness and sensory of the product quality.

The paper presents a study of the antifungal effect of basil extract on the growth of
toxin-producing Penicillium species isolated from food.

EXPERIMENTAL
Basil extract

For the testing of the antifungal activity, a commercially available, food grade basil
extract was provided from ETOL Tovarna arom in eteri¢nih olj d.d., Celje, Slovenia.

Determination of basil extract composition

The composition of the extracts was determined by Gas Chromatography — Mass
Spectrometry (GC-MS) analysis carried out on a Varian T2100 GC-MS instrument equi-
pped with data processor. A fused silica capillary column VF-5MS (30 m x 0.25 mm i.d.,
0.25 um film thickness, Varian) was used for the separation of the sample components.
The carrier gas, ultra pure helium, was passed through moisture and oxygen traps at a
constant flow rate of 0.62 cm’/min. The following temperature program was used: injec-
tor temperature 230°C, initial temperature 40°C (held 5 min), temperature increase
5°C/min to 200 °C and held at this temperature for 25 min. The mass spectrometer was
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operated in the electron ionization mode. The data acquisition was carried out in the scan
mode (range 50-550 m/z). The injection volume was 1 pl. The compounds were identifi-
ed by matching the mass spectra with NIST Mass Spectra Library stored in the GC-MS
database.

Fungal strains

The following fungal strains from the genus Penicillium were used as test microorga-
nisms: P. aurantiogriseum Dierckx, P. glabrum (Wehmer) Westling, P. chrysogenum
Thom, and P. brevicompactum Dierckx. The fungal cultures were isolated from cakes
and fresh salads from different varieties of ready-for-use vegetables and maintained on
Potato Dextrose Agar (PDA) (Merck, Darmstadt) at 4 °C as a part of the collection of the
Laboratory for Food Microbiology at the Faculty of Technology, University of Novi Sad,
Serbia.

Determination of the basil extract effect on the Penicillium spp. growth

The agar plate method was applied to test the antifungal activity of basil extracts. The
basic medium for the antifungal tests was PDA. The medium was divided into equal
volumes (150 mL), poured into Erlenmeyer flasks (volume 250 mL) and autoclaved at
121°C for 15 min, and cooled to 45°C. The extracts were added to the PDA to achieve
the following concentrations: 0, 0.16, 0.35, 0.70, and 1.50 mL/100mL. The PDA contain-
ning different concentrations of basil extract was poured into sterile Petri dishes (¢ 9 cm),
12 mL per dish.

The seven-day fungal cultures grown on PDA were used to prepare the fungal spore
suspension tests. Suspensions of the fungi were prepared in a medium containing 0.5%
Tween 80 and 0.2% agar dissolved in distilled water and were adjusted to provide initial
spore count of 10° spores/mL by using a haemocytometer. For each extract dose and
fungal species, including the controls, the dishes were centrally inoculated by spreading 1
pL of a spore suspension (10 spores/mL), using an inoculation needle. After the inocu-
lation, the Petri dishes were closed with parafilm.

The effect of the basil extract on fungal growth was evaluated by a daily measurement
of the diameter of the radial colony growth during 14 days of incubation at 25+2°C. The
parafilm was removed from the Petri dishes in which no colony growth was observed
after 14 days, and the dishes were further incubated for 16 days (30 days in total) at
2542°C. In the Petri dishes in which fungal growth was observed from 15" to 30™ day,
the concentration of basil extract used was considered to be the minimal inhibitory con-
centration (MIC). If there was no visible fungal growth after 30 days, the fungal spores
were transferred using a wet cotton baton to the PDA in which no basil extract was ad-
ded, and were incubated for 5 days at 2542 °C for the determination of fungicide effect
(MEC).

The inhibitory effect of the basil extract on fungal growth after 14 days was calcula-
ted from the following formula:

1 (%) = (C-T)/C-100
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where I is the inhibition (%), C is the colony diameter in the control dish (cm) and T is
the colony diameter in the test dish (cm) (10).

Each antifungal test was carried out in 3 series (2 replications in each series). Values
are presented as means£SD of six measurements.

The changes in the macroscopic and microscopic features of the fungi were also ob-
served and compared to the controls. The macroscopic features of spores were observed
using a binocular, magnifying glass Technival 2, Carl Zeiss and the microscopic features
using a microscope Aristoplan, Leitz.

RESULTS AND DISCUSSION

The basil extract at the investigated concentrations exhibited the capacity to reduce or
inhibit the growth of the Penicillium species. The effect of the basil extract on the Peni-
cillium spp. growth is presented in Figures 1-4. Table 1 shows the inhibitory effect (%) of
the basil extract on the colony growth of Penicillium species on the 14™ day of incuba-
tion.

The concentrations of basil extract, 0.7 and 1.5 mL/100mL resulted in the delay or no
growth of investigated moulds with different inhibitory effect on growth rate decline. The
extract concentration of 0.7 mL/100 mL delayed the growth of P. aurantiogriseum, P.
glabrum and P. brevicompactum for 1 day. The germination of P. chrysogenum at this
concentration was noticed on the first day. The highest applied concentration (1.5 mL/
100 mL) was minimal fungicidal concentration (MFC) for P. chrysogenum, while the
growth of other molds was delayed by 4 (P. aurantiogriseum), 7 (P. brevicompactum),
and 8 (P. glabrum) days (Figures 1-4). The growth rate decline with the increase of the
basil extract content in the PDA medium was more expressed in P. aurantiogriseum and
P. chrysogenum, compared to the other two molds, pointing to their higher sensitivity (Fi-
gures 1-4).
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Figure 1. The influence of basil extract on the growth rate (a) and colony growth
inhibition (b) of P. aurantiogriseum
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Figure 2. The influence of basil extract on the growth rate (a) and colony growth
inhibition (b) of P. glabrum
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Figure 3. The influence of basil extract on the growth rate (a) and colony growth
inhibition (b) of P. chrysogenum
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Figure 4. The influence of basil extract on the growth rate (a) and colony growth
inhibition (b) of P. brevicompactum
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The lowest applied basil extract concentration (0.16 mL/100mL) inhibited the growth
of all investigated fungi at a low inhibition level, from 3.6 to 9,8%. The weakest antifun-
gal effect of the extract at this concentration was observed against P. glabrum, with the
inhibition rate of 3.6%, while the growth of other fungi was decreased by 4.3% (P. chry-
sogenum), 7.3% (P. aurantiogriseum), and 9.8% (P. brevicompactum). The increased ex-
tract concentration (0.35 mL/100mL) in agar medium affected the increase of the growth
inhibition of the investigated fungi from 9.5% (P. chrysogenum) to 18.7% (P. aurantio-
griseum). The growth of P. aurantiogriseum was inhibited significantly (44.7%) at the
concentration of 0.7 mL/100mL, and the reaction of the other investigated fungi was si-
milar, with the inhibition degree from 19.9% (P. glabrum) and 26.7% (P. chrysogenum)
(Table 1).

The strongest antifungal effect at the highest applied extract concentration (1.5 mL/
100mL) was observed for P. chrysogenum. The growth of this fungi was completely
stopped at this concentration, while in the other fungi, the growth was partially inhibited
with high inhibition degree of 63.4% (P. brevicompactum) and 71.7% (P. aurantiogri-
seum) (Table 1).

Table 1. Inhibitory effect (%) of basil extract on the colony growth of Penicillium
species after 14 days of incubation

Basil extract concentration (mL/100mL)
Fungi 016 | 035 | 070 | 1.50
Colony growth inhibition (%)
P. aurantiogriseum 7.3 18.7 44.7 67.5
P. glabrum 3.6 13.8 19.9 71.7
P. chrysogenum 4.3 9.5 26.7 100.0
P. brevicompactum 9.8 13.4 20.5 63.4

These results are in accordance with our previous investigations, showing a strong an-
tifungal activity of basil extract towards Fusarium spp. (F. oxysporum, F. proliferatum,
F. subglutinans, and F. verticillioides) isolated from cakes. Their growth was completely
inhibited at the extract concentration of 1.5 mL/100mL (11). The antifungal investigatio-
ns performed by Adigiizel et al. (12) by disc-difusion method are in contrast to our fin-
dings. They reported the inefficiency of the ethanol, methanol and hexane basil extracts
on the growth of Alternaria aternata, Aspergillus flavus, F. oxysporum and Penicillium
spp. at the concentrations of 300 pg/disc.

However, a number of studies report on strong antifungal action of basil essential oil.
Doube et al. (13) using the agar plate method, showed that basil oil, in a concentration of
1.5 mL/L inhibited completely the growth of 22 species of molds, including the aflato-
xigenic strains Aspergillus parasiticus and A. flavus.

Zollo et al. (14) reported that basil oil inhibited completely the growth of Candida
albicans and A. flavus at a concentration of 5000 ppm, during 7 days of incubation, using
microdilution method. Soliman and Badeaa (15) found that basil oil acts as a fungistatic
agent against F. verticillioides in a concentration of 2000 ppm, and as a fungicid agent in
concentration of 3000 ppm. The results presented by Fandohan et al. (16) showed a com-
plete growth inhibition of F. verticillioides at concentrations higher than 2.7 pL/mL.
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The antifungal activity of tested basil extract depends on the content of major and mi-
nor components. The content of estragol (methyl chavicol) was the highest in the investi-
gated basil extract (86.72%). Besides estragol the basil extract contained: trans-alfa-ber-
gamotene (2.91%), eucalyptol (2.67%), trans-ocimene (1.04%), cadinol (0.74%), linalol
— syn. linalool (0.72%), methyl-eugenol (0.71%), d-cadinene (0.49%), camphor (0.42%),
p-elemene (0.37%), d-guaiene (0.29%), menthol (0.27%), S-pinene (0.23%), limonene
(0.22%), bornyl acetate (0.21%), a-pinene (0.16%), S-caryophyllene (0.15%), myrcene
(0.15%), sabinene (0.13%), fenchone (0.13%), y-muurolene (0.12%), borneol (0.10%),
menthone (0.10%), f-sesquiphelladrene (0.10%), cubenol (0.11%), carvone (0.07%), -
selinene (0.07%), cis-a-bergamotene (0.06%), camphene (0.05%), cis-ocimene (0.05%),
p-cymene (0.05%), a-humulene (0.04%), aromadendrene (0.03%), terpinolene (0.02%),
y-terpinene (0.02%), a-guaiene (0.01%). The majority of authors address linalol, estragol,
eugenol and methyl cinnamate as the major antimicrobial components of basil extracts
and essential oil (17-23). The study performed by Lis-Balchin et al. (18) point to a strong
antifungal effect of oil which contained estragol as the main component on the growth of
Aspergillus niger, A. ochraceus, and Fusarium culmorum (inhibition growth of 71.0 to
94.76%). These results are in accordance with the results and investigations of Baratta et
al. (19), who found that estragol type oil inhibited the growth of 4. niger by 93.1%. Reu-
veni et al. (17) investigated the effect of eteric basil oil components on the growth of Rhi-
zopus nigricans and F. oxysporum. They found linalol and estragol to be more efficient
against R. nigricans (100% of inhibition), compared to eugenol (38.1% of inhibition). Eu-
genol exhibited stronger inhibition towards F. oxysporum (100% of inhibition), in con-
trast to linalol and estragol, where the inhibition values were 26.4 and 30.3%, respective-
ly.

Besides the effect of growth reduction, the investigated extract at higher concentrati-
ons caused the macro- and micromorphologicl changes of the fungi. The extract concen-
trations of 0.70 and 1.5 mL/100mL reduced the growth of the aerial mycelium in all tes-
ted species. In addition, at the same extract concentrations, the examination of the micro-
scopic preparation showed deformation of hyphae, with frequent occurrence of fragmen-
tations and thickenings, occurrence of irregular vesicle, frequently without metulae and
phialides, enlarged metulae. These macro- and micromorphologic changes point to the
possible changes at cellular level (reduction in the cellular growth, decrease in the oxygen
uptake, inhibition of the synthesis of lipids, proteins and nucleic acids, changes in the li-
pid profile of the cell membrane and inhibition of the synthesis of the fungal cell wall)
due to the action of extract components with functional groups of cellular enzymes (23-
25).

CONCLUSIONS

This study proved that the tested basil extract can be used as a protective agent against
Penicillium spp, frequent contaminants of food.
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VYuusepsurer y beorpany, Texnonomko-meranypiiky ¢akyirer, Kapuerujesa 4, 11000 beorpan, Cpbuja

® Vauepsurer y Hosom Cany, dakyirer Texunukux Hayka, Tpr Jlocuteja O6panosuha 6, 21000 Hosu Ca,
Cpbuja

OBaj pan npuKasyje aHTU(PYHTATHA TOTEHIIH]all eKCTpakTa 0OCHIbKa Ha PaCT TOKCHH-
nponykyjyhux Penicillium Bpcra (P. aurantiogriseum, P. glabrum, P. chrysogenum wn P.
brevicompactum) n3010BaHNX U3 XpaHe.

CacraB exctpakTa 6ocuspka onpeher je GC-MS metonom u y Hajehem mporeHTy ca-
IpkaBao je ectparoi (86,72%). YTuilaj ekcTpakta Ha pacT IUICCHH UCIUTAH je METOI0M
arap twioda. [Ipu cBUM npuUMemEeHIM KOHIIEHTpaIuja ekcrpakta (0,16; 0,35; 0,70 u 1,50

255



APTEFF, 43, 1-342 (2012) UDC: 66.061.3:635.71:582.28
DOI: 10.2298/APT1243247K BIBLID: 1450-7188 (2012) 43, 247-256
Original scientific paper

mL/100mL) pexyxoBaH je pact Penicillium spp. y3 HHXHOUIHjY pacTa KoJioHHja of 3,6
(P. glabrum) no 100% (P. chrysogenum).

Hajsehy ocetspuBoCT mokasana je miecan P. chrysogenum. then pact je 610 moTmyHo
crnpeueH npu KoHueHtpauuju ox 1,5 mL/100mL. Pact ocranux Penicillium spp. je nenu-
MHUYHO MHXMOHUPAH ca BUCOKUM MPOILICHTOM HHXHOUIHMje pacTa Koyouuje o 63,4 (P. bre-
vicompactum), 67,5 (P. aurantiogriseum) u 71,7% (P. glabrum). Buiie kKoHIIEHTpaluje
excrpakra (0,70 u 1,5 mL/100mL) cy peaykoBajie MHUICIAPHU PacT CBHX TECTHPAHHX
BpcTa. Takole, mpu OBUM KOHLIEHTpaLKjaMa Cy Y MUKPOCKOIICKOM TIpernapary youeHe jie-
thopmanje xuda ca yectoM (pparMeHTaUjoM U 3a/1e0barmbuMa, BE3UKYJIe HENPABHIHOT
o0JnKa, rojaBa MPOIIMPEHUX METYJIa, ajli 4eCTo 0e3 MeTyJa 1 pujainnia.

Jobujenn pesynraT ykasyjy Ha MoryhHOCT Kopumhema eKCTpakTa O00CHIbKa y aHTH-
(hyHTaAITHO] 3aLITHTH XpaHe.

Ksbyune peun: Excrpakt 60cmibka, anTH(yHranHa akTuBHOCT, Penicillium spp., xpana
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