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In vitro Antifungal Activity of Thai Herb and Spice Extracts
against Food Spoilage Fungi

Penkhae Wanchaitanawong?!, Piyamat Chaungwanit?,

Ngamtip Poovarodom? and Sunee Nitisinprasert!

ABSTRACT

The screening of Thai herbs and spices was carried out to investigate their in vitro antifungal
activity against Aspergillusniger, A. oryzae and Penicilliumsp. by using agar well diffusion method. Of
thirteen plants tested, crude ethanol extracts of three, namely Piper betel, Boesenbergia pandurata,
Andrographis paniculata exhibited antifungal activity against all test microorganisms. Penicillium sp.
was more resistant to the extractsthan A. niger and A. oryzae. The antifungal index of the selected plant
extracts with various concentrations against test fungi was measured by agar dilution assay. With the
increase of the concentration, the antifungal activity also increased. A complete fungal inhibition was
observed when Piper betel extract concentration exceeded 1.50% (v/v). The antifungal index from the

other plants ranged from 30 to 60%.
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INTRODUCTION

Contamination of foodbornepathogensand
spoilage microorganisms is of great concern in
food industries. Fungi, especialy Penicillium
species and Aspergillus species, are among the
major causes of food spoilage, especially bakery
products, intermediate-moisture food products,
cheese, preserved fruit, and grain. Contamination
of wheat bread was mainly Penicillium species
(90-100%) and also Aspergillus species (Legan
and Voysey, 1991). Besides the repelling sight of
visible growth, fungi may cause off-flavor
formation and the production of mycotoxins.

The use of chemical preservatives as
antimicrobial agents to extend shelf life of food
productsandto ensurefood saf ety hasbeenwidely
practiced. These preservatives have been

considered as food additives and are mostly
synthetic substances, such as sorbic acid, benzoic
acid, propionic acid and their salts. The use of
theseadditivesisregul ated and limited by law, and
their use must be stated on the product’s label.
However, today consumers demand less use of
synthetic additives (Membre et al., 2001).

In recent years, many attempts have put
emphasis on the search of natural antimicrobial
compounds that can properly serve the needs of
food manufacturersand consumers. Variousherbs
and spi ceshavebeenrecognized by their medicinal
value, inparticul ar antimicrobial activity,and used
throughout the past as an alternative approach to
preserve foods. They contain antimicrobial
compounds that may find useful as natural
preservatives. Several studies have reveaed the
results on the preservative action of spicesor their
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essential oils (Zaika, 1988). Methanolic extracts
of Solanum xanthocarpun and Datura metel
inhibited the growth of Aspergillus fumigatus, A.
flavus and A. niger and their in vitro MI1Cs were
foundtobe1.25-2.50 mg/ml by microbrothdilution
(Dabur et al., 2004). Neilsen and Rios (2000) had
foundthat themustard essentid oil, whichprimarily
contains alyl isothiocyanate, had shown a very
significant antifungal effect against al test fungi
for more than two weeks.

In Thailand, there are many herbs and
spicesthat exhibit antimicrobial activity and may
beusedfor food preservation. Few studiesfocused
on the potential of herbs and spices as sources of
antimicrobial compounds that could inhibit food
spoilage fungi. Therefore, the objective of this
study was to investigate antifungal properties of
ethanol extract of Thai herbs and spices against
fungi generally encounteredin food spoilage. The
antifungal index of the extracts was also
determined.

MATERIALSAND METHODS

Plant materials
Thirteen Thai herbs and spices listed in

Table1werepurchased from marketsin Bangkok,
Thailand. About 500 g of each plant was cut into
small piecesand dried at 50°C, for 24 hours. Then
the materials were ground by using a grinder
(Model HL-22) and kept at room temperature, in
sealed plastic bags.

Test microorganisms

The test microorganisms used for
antimicrobial activity screening were A. niger, A.
oryzae and Penicilliumsp. These microorganisms
were obtained from the culture collection at the
Department of Biotechnology, Kasetsart
University, Bangkok, Thailand.

All fungi were cultured on potato dextrose
agar (PDA) asthegrowthmediumfor all test fungi
on petri dishesand incubated at room temperature
for 5days. Themycelium of thefungi wascut with
asterile cork borer (0.8 mm) and used for testing
antifungal activity.

Preparation of crude extracts

Each dried, ground plant (10 g) was
extracted with 100 ml of 95% ethanol at room
temperaturefor 24 hours. Theextract solutionwas
filteredthroughaWhatmanNo. 4 filter paper. The

Table1 Listof herbsand spices used in the experiment.

Scientific name

Phyllanthus niruri Linn.

Amomum krevanh Pierre

Terminalia chebula Retz.

Piper betel Linn.

Curcumalonga

Mentha cordifoli Opiz.

Eugenia caryophyllus Thunb.

Citrus hystrix DC.

Ocimum sanctum Linn.

Piper sarmentosum Roxb.
Cinnamomum iners Blume.
Boesenbergia pandurata (Roxb.) Sohltr.
Andrographis paniculata (Burm. F.) Nees.

Family name Common name
Euphorbiaceae Egg women
Lauraceae Bay leave
Combretaceae Myrobalan
Piperaceae Betel pepper
Zingiberaceae Turmeric
Labiatae Kitchen mint
Myrtaceae Clove
Rutaceae Leech lime, Kaffir
Labiatae Holy basil
Piperceae
Lauraceae Ceylon cinnamon
Zingiberaceae Fingerroot
Acanthaceae Creat
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solvent was removed from the sample by using a
rotary vacuumevaporator (Eyela, TokyoRikakikai
Co., Ltd., Japan). Thesamplewasrotary evaporated
at50°Cuntilitreached !/, itsvolume. Fifty milliliter
of distilledwater wasthen added to the sampleand
the content was continuously rotary evaporated
until it reached about 5ml volume (Jaturapornchai,
2003). The residue obtained was diluted to the
final volume of 15 ml using distilled water.

Screening of herbs and spices for their
antifungal activity

The agar well diffusion method (Rauha et
al., 2000) was modified to test antifungal activity
of the herb and spice extracts. Sample wells of
PDA agar plates were prepared by using a sterile
cork borer (0.88 mm in diameter). Each plate
contained 4 wells, evenly distributed around the
inoculum of test fungi that was placed at the
center. Thecrudeextract of 100 ul waspouredinto
each well. The plates were incubated at room
temperaturefor 5days. Theclear zonesurrounding
each well indicated its inhibition activity.

Determination of antifungal index (%)
Antifungal assays were performed based
on the method described by Wang et al. (2005) for
testing the selected plant extracts with high
inhibitionactivity. Four amounts(0.15, 0.30, 0.45,
0.6 ml) of each crude extract were individually
added into sterile PDA (20 ml) to obtain the final
concentration of 0.75, 1.50, 2.25, 3.00% (V/v).

PDA without crude extract served as a control.
The inocula of 5 days test fungi (0.88 mm) were
placed on PDA as shown in Figure 1. The plates
were incubated at room temperature for 5 days.
Theantifungal index (%) wasca culated asfollows:

Antifungal index (%) = DContral ~ Dexract , 10,
DControl

where Dcontrol = the diameter of growth in the

control plate and Dgytract = diameter of mycelial

growthinthetest plate. Each experiment wasdone

in duplication.

RESULTSAND DISCUSSION

Screening of thirteen herbs and spices for
antifungal activity

Thirteen herbs and spices were screened
fortheir antifungal activity by using agar diffusion
assay. TheresultsareshowninTable2. Ingeneral,
most of theextractsevaluated for antifungal activity
weremoreactiveagainst Asper gillusspp. compared
with Penicillium sp. Among the plants showing
antifungal activity, Piper betel, Boesenbergia
pandurata and Andrographis paniculata showed
activity against al test fungi while Terminalia
chebula and Ocimum sanctum did not inhibit the
growth of the test fungi. Interestingly, A. orezae
wasthe most sensitivefungustotheherb and spice
extracts, followed by A. niger and Peniciliumsp..
From this result, the active extracts from
Phyllanthusniruri, Amomumkrevanh, Piper betel,

Figure1l Antifungal effect of ethanol extract from Piper betel at variousconcentrationsagainst A. niger.
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Table2 Antifungal activity of herb and spice extracts against test fungi.

Plants Microorganisms
A. niger A. oryzae Penicilium sp.
Phyllanthus niruri + + -
Amomum krevanh - + +
Terminalia chebula - - -
Piper betel + + +
Curcuma mangga + + -
Mentha cordifoli + + -
Eugenia caryophyllus - + -
Citrus hystrix - + -
Ocimum sanctum - - -
Piper sarmentosum + - -
Cinnamomum bejolghota + + -
Boesenbergia pandurata + + +
Andrographis paniculata + + +

- = noinhibition; + = inhibition. The amount of the extract used was 100 pl per well.

Boesenbergia pandurata and Andrographis
paniculata were selected for further study.

Antifungal index (%) of herbsand spices

Figure 2 showstheeffect of variousextract
concentrations of selected plant extracts on the
inhibition of A. niger, A. oryzae and Penicillium
sp., respectively. Withtheincreaseof concentration
(0.75-3.00 %, v/v), antifungal index value of the
extracts increased. Piper betel extract was found
to be very strong antifungal agent, compared with
the other plants against all test fungi. Piper betel
extract at the concentration of 2.25, 1.5and 1.5%
(v/v) caused completeinhibition, 100% antifungal
index, of the growth of A. niger, A. oryzae and
Penicilliunsp. respectively, whiletheother extracts
showed antifungal index ranging from 30 to 60%.

Crude ethanol extract of Piper betel wasa
mixture of nonvolatile and volatile components.
The principal active antimicrobial component of
Piper betel waseugenol (Kimetal., 1995). Several
reportshaveshowntheantifungal effect of eugenol
against Aspergillus spp. and Penicillium spp. in
variousfoods (Bullerman et al., 1977; Vazquez et
al., 2001).

In Figure 2, Piper betel extracts was the
most effective antifungal agent, followed by
Boesenbergia pandurata and Andrographis
paniculata. The extract of Phyllanthus niruri,
showed specific effect against Aspergillus spp.

CONCLUSION

This study showed that crude ethanol
extracts of 11 Thai herbs and spices could inhibit
certain fungi, commonly cause food spoilage.
Extractsfrom Piper betel, Boesenber giapandurata
and Andrographis paniculata inhibited all test
fungi. Moreover, Piper betel extract at the
concentration of 2.25, 1.5, and 1.5 % (v/v) caused
completeinhibition, 100% antifungal index, of the
growth of A. niger, A. oryzae and Penicillium sp.,
respectively, while the other extracts showed
antifungal index ranging from 30 to 60%. The
results revealed that the extract from Thai herbs
and spices could be used as source of natura
antifungal agents which may be added directly
into food or incorporated in packaging materials.
More researches are required to explore the
antifungal activity of Thai herbs and spices.
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