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Abstract

Aflatoxins, a worldwide health hazard to humans and animals, are among the most potent
mutagenic and carcinogenic compounds known to be produced in nature. Various methods have
been investigated for the control of aflatoxin producing fungi and aflatoxin production in
agricultural products. This article reviews the application of herbal extract and essential oils for
controlling the growth of aflatoxin producing fungi and aflatoxin production.

Keywords: Aflatoxin, Aspergillus flavus, Aspergillus parasiticus, herb, essential oil

1. Introduction

Aflatoxins, produced by Aspergillus flavus, A. parasiticus, A. nomius, A. tamari, A. bombycis and
A. pseudotamarii are both acutely and chronically toxic to both humans and animals [1-4]. Some
strains of A. flavus have been re-identified as A. parasiticus and A. nomius [5]. Various
agricultural commodities have been found to be contaminated with either aflatoxin producing
fungi or aflatoxins. Although the presence of Aspergillus mould does not necessarily indicate
aflatoxin contamination, there is certainly an increased risk [6]. The foods at highest risk of
aflatoxin contamination are corn, peanut and cotton seed [7]. Aflatoxin B1 has been detected in
80% of maize samples obtained from different locations in Southeast Nigeria [8] and similarly
92% of animal feed samples taken from commercial sources in Thailand were contaminated with
aflatoxin B1 [9]. In at least three parts of the world, East Africa, the Philippines and Thailand,
good epidemiological evidence has been collected showing a correlation between the incidence of
liver cancer and exposure to aflatoxins [7]. Aflatoxins have also been identified as a potential
biological weapon for food and water contamination [ 10].

Physical, chemical and biological methods have been investigated in order to prevent the
growth of aflatoxin producing fungi and to eliminate or reduce the levels of aflatoxins or to
degrade or detoxify aflatoxins in foods and feeds [11]. One of the most effective ways to control
the problems caused by aflatoxins is to prevent the growth of fungi in the substrate, for example
by the use of chemical inhibitors to suppress the spore germination of the fungi, as well as the
development of the fungal mycelium, in the substrate susceptible to contamination by these toxins
[12]. Because of aflatoxins’ effects on health and economics, the search for antifungal agents is
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extensive and natural plant extracts may provide an alternative way to prevent fungal
contamination of food or feed [13]. Control by naturally produced agents is becoming increasingly
important because of consumers’ mistrust of food and feed treatments that involve using synthetic
xenobiotic substances. Natural plant compounds have been used traditionally to_preserve foods in
countries like Japan, India and Russia [14]. Extracts and powders of various spices, herbs and
essential oils have been reported to have antimicrobial activity against aflatoxin producing fungi
and some of them also inhibit aflatoxin formation [15-22]. Many essential oils have also been
reported as effective inhibitors of fungal growth and aflatoxin production [23, 24]. Great success
has been achieved to reduce mycotoxigenic fungi and mycotoxins in foods using plant products
such as plant extracts and plant essential oils [25].

2. Effect of medicinal plants on aflatoxin producing fungi and aflatoxin
production

Various Southeast Asian medicinal plants such as Asiatic pennywort (Centella asiatica), betel nut
(Areca catechu), betel vine (Piper betle), bitter cucumber (Momordica charantia), Chaa Phluu
(Piper sarmentosum), Chinese radish (Raphanus sativus), clove (Syzygium aromaticum),
eucalyptus (Eucalyptus globules), false coriander (Eryngium foetidum), hedge flower (Lantana
camara), Indian mulberry (Morinda citrifolia), Madagascar periwinkle (Catharanthus roseus),
mangosteen (Garcinia mangostana), mandarin (Citrus reticulate), onion (Allium cepa), pepper
(Piper nigrum), pomegranate (Punica granatum), roselle (Hibiscus sabdariffa), Non Taai Yaak
(Stemona tuberosa), tomato (Lycopersicon esculentum), Raang Chuet (Thunbergia laurifolia),
Saab Sue (Chromolaena odorata), turmeric (Curcuma longa), water primrose (Jussiaeda repens)
and wishing tree (Cassia bakeriana) were tested for their ability to control A. flavus [26]. The
results showed that the crude ethanolic extracts of some medicinal plants inhibited fungal growth
to various degrees. Betel vine, a traditional Thai medicine, gave the highest activity followed by
false coriander, Indian mulberry, Chaa Phluu, Chinese radish and clove. Betel vine leaf extracts at
concentrations of 6, 8 and 10% (w/w) completely inhibited the growth of A. flavus and aflatoxin
production on maize for 28 days. The leaf of betel vine which is used by mouth as antiflatulent,
antimicrobial and antipruritic, and topically for urticaria, contains eugenol and chavicol [27].

Crude ethanolic extracts of kaffir lime leaf, bitter cucumber fruit and tobacco leaf were
compared for their ability to control the growth of A. flavus on Potato Dextrose Agar (PDA) [28]
by the addition of appropriate amounts of extracts onto PDA to obtain the final concentration of 0,
2,4, 6,8, and 10% (w/v) and A. flavus was then point-inoculated into PDA. The results showed
that all herbs had an inhibitory effect on fungal growth. Kaffir lime extract at 10% (w/v) and
tobacco extracts at 8 and 10% (w/v) showed significantly higher inhibition than at lower
concentrations and bitter cucumber extracts at 6, 8 and 10% (w/v) gave a similar inhibitory effect
on the fungus. Kaffir lime at concentrations of 5 and 10% (w/v) inhibited fungal spore germination
of Colletotrichum gloeosporioides and Fusarium sp., respectively [29]. The ethanolic extracts of
kaffir lime leaves were also found to inhibit some strains of Salmonella [30]. The main compound
in kaffir lime leaves is reported as citronellal (65.4%) whereas the major constituents in essential
oil of kaffir lime peels are B-pinene (30.6%), limonene (29.2%), and sabinene (22.6%) [31]. The
inhibitory effect on fungal growth of kaffir lime leaf might be due to citronellal.

Crude aqueous extracts of garlic, carrot and clove were tested for the inhibitory effect on
aflatoxin production in rice by the addition of extracts into 50 g of rice to obtain the concentrations
of 0,2, 4, 6, 8 and 10% (w/v). The results showed that garlic, and clove at 10% (w/v) and carrot at
2% inhibited the fungal growth and reduced the level of aflatoxin in rice [20]. Reddy and
colleagues [32] found that clove (Syzygium aromaticum) effectively inhibited the mycelia growth
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of A. flavus and aflatoxin production. Among 22 plant extracts studied, clove and ginger were
found to be more effective against food associated fungi [33]. Extracts from garlic bulbs, green
garlic and green onions showed an inhibitory effect against A. niger and A. flavus [13]. However,
green garlic and green onion lost their antifungal activity against A. niger after being heated at 80
and 60° C, respectively.

Dried ground leaves of Cymbopogon citratus (lemon grass) at 10% (w/w) reduced the
deterioration and aflatoxin production in shelled melon seeds (Colocynthis citrullus L.) inoculated
with toxigenic A. flavus [34]. Ethanolic extracts of olive callus tissues at 0.5 or 1.0% (v/v)
inhibited aflatoxin production by 90% without inhibiting the growth of A. flavus [35]. Ryu and
Holt [36] found that spice oils dissolved in soybean oil were less effective in reducing mold
growth than when dissolved in water.

Crude aqueous extracts of neem (Azadirachta indica) were found to have an inhibitory
effect on the growth of A. flavus and A. parasiticus [21]. By adding the appropriate amount of
neem extracts into PDA to obtain the final concentrations of 0, 2, 4, 6, 8, and 10% (w/v) and
fungal cultures were inoculated into PDA, the results showed that neem leaf extracts at 2 and 6 %
(w/v) were the lowest concentrations for reducing the growth of A. parasiticus and A. flavus,
respectively whereas neem branch extracts at concentrations of 4 and 2% (w/v) were the lowest
concentrations for reducing the growth of A. parasiticus and A. flavus. Bhatnagar and McCormick
[37] and Bhatnagar et al. [38] reported that neem leaf extract prepared by blending fresh leaves
(50 g wet weight) in 1 L of 10mM potassium phosphate and added directly to submerged culture
of A. parasiticus at concentration greater than 10% (v/v) did not affect fungal growth but blocked
aflatoxin biosynthesis (>98%). Zeringue and Bhatnagar [39] observed that dosing fungal culture
with neem-derived volatiles by passing microbe-free compressed air through an enclosed system
containing fresh neem leaves and the emitted volatiles were passed over the surface of submerged
liquid cultures of A. parasiticus for 3-day incubation period resulted in 90% overall reduction in
aflatoxin production and a 51% reduction in fungal mass when compared with cultures without
neem-derived volatiles. The tetranotriterpenoids and volatile compounds in neem are reported to
be responsible for its antiaflatoxigenic properties [40].

Capsanthin and capsaicin, the colouring and pungent principles of red chilli, Capsicum
annum, respectively, were tested against the growth and aflatoxin producing potentials of A. flavus
in liquid medium by adding the appropriate amounts of crystalline capsanthin and pure capsaicin
into 50 ml of liquid medium to obtain the final concentrations of 0.02, 0.06 and 0.1% (w/v) [16].
The results showed that capsanthin completely inhibited both the growth and toxin production at
all concentrations up to the fourth day of incubation whereas capsaicin showed some inhibitory
effect up to the fourth day of incubation.

The extracts of several other wild and medicinal plants have been tested against aflatoxin
producing fungi [41]. Aqueous extracts of Lupinus albus (Leguminosae), Ammi visnaga
(Umbelliferae) and Xanthium pungens (Compositae) were found to inhibit mycelial growth and
aflatoxin formation of A. flavus [42]. The inhibitory effect was proportional with the applied
concentration and the plant extracts also affected the ratio of aflatoxins B; to B,. The extracts of
these plants inhibited aflatoxin production by inhibiting the growth of A. flavus. Masood and
Ranjan [43] also found that extracts of Argemone mexicana and Cyperus rotundus inhibited
aflatoxin production by inhibiting the growth of A. flavus. Our results also showed that aflatoxin
formation was inhibited due to the inhibition of the growth of A. flavus [22, 26].

El-Shayeb and Mabrouk [44] reported that by adding the appropriate amount of
powdered liquorice roots (Glycyrrhiza glabra), lupine seeds (Lupinus termis), fenugreek
(Trigonella foenum-graecum), artemisia flower heads (Artemisia herba-alba), roselle flower heads
(Hibiscus subdariffa) and fennel-flower seeds (Nigella sativa) into 50 ml of liquid medium to
obtain the final concentrations of 0.1, 0.5, 2.0, 5.0 and 10% (w/v), these plants inhibited aflatoxin
formation by 85-90% of that of control at a concentration of 10% (w/v). Their effects on mycelial
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growth were less pronounced. The activities of the six plants investigated were more anti-
aflatoxigenic than fungistatic. The inhibitory activity of liquorice roots on aflatoxin formation
might be attributed to the presence of triterpenes and triterpene derivatives [45]. Alderman and
Marth [46] and Mabrouk and El-Shayeb [47] also reported that terpenes and their oxidized
derivatives present in citrus oil and lentils were responsible for inhibiting aflatoxin formation.

3. Effect of essential oils on aflatoxin producing fungi and aflatoxin
production

Essential oils from 16 aromatic plants, i.e., safflower (Carthamus tinctorius), marigold (Tagetes
erecta), coriander (Coriandrum sativum), pomelo (Citrus maxima), mangosteen (Garcinia
mangostana), Kaempferia parviflora, ginger (Zingiber officinale), pepper (Piper nigrum),
Boraphet (Tinospora crispa), aloe (Aloe vera), lavender (Lavendula officinalis), rosemary
(Rosemarinus officinalis), cinnamon (Cinnamomum cassia), eucalyptus (Eucalyptus globules),
thyme (Thymus vulgaris), and white wood (Melaleuca cajuputi) were tested for their inhibitory
effect on A. flavus IMI 242684 on PDA by agar diffusion test [48]. Two hundred and fifty pl of
each essential oil diluted by ethanol to give the concentrations of 50, 25, 12.5, 6.25%, were placed
into cylinder cup (6mm dia) on agar plate seeded with A. flavus. The results showed that the
essential oil of white wood gave the highest inhibition followed by the essential oils of cinnamon
and lavender, respectively. The essential oil of white wood at 25% (v/v) completely inhibited the
growth of A. flavus IMI 242684 on PDA for 28 days. The major constituents of white wood oil are
monoterpene compounds such as terpinolene (24.74%) and Y-terpinene (22.84%) [49]. Mahmoud
[23] reported that 100 ppm of five oils, namely geraniol, nerol and citronellol (aliphatic oils),
cinnamaldehyde (aromatic aldehyde) and thymol (phenolic ketone), each completely suppressed
growth of A. flavus and consequently prevented aflatoxin synthesis in liquid medium. Some of
these essential oils could prevent fungal growth and toxin formation for 8 days. The hydrosols of
anise, cumin, fennel, mint, pickling herb, oregano, savory and thyme showed a strong inhibitory
effect on mycelial growth of A. parasiticus NRRL 2999 [50].

Sinha et al. [51] tested the inhibitory effect of clove and cinnamon oils on the growth of
A. flavus by adding these oils into 50 ml of liquid medium to give the final concentrations of 0,
0.005, 0.01, 0.015, 0.02 and 0.025% (w/v). Clove oil at 0.005 and 0.01% (w/v) and cinnamon oil
at 0.005% (w/v) stimulated the growth of A. flavus in liquid media whereas higher concentrations
reduced the mycelial growth. Bullerman et al. [52] stated that clove and cinnamon oils and their
principal components such as eugenol and cinnamic aldehyde respectively, inhibited growth and
aflatoxin production by A. parasiticus. Cinnamic aldehyde and eugenol at 0.02% (200 ppm) could
inhibit fungal growth for 4-6 weeks.

Thanaboripat et al. [22] reported that by adding appropriate amount of citronella oil into
PDA to obtain the final concentration of 0.2% (v/v) could inhibit the growth of A. flavus IMI
242684, A. flavus M113, A. flavus S 156 and A. parasiticus IMI 102566 for 21, 7, 7 and 21 days,
respectively. Essential oils of cinnamon (Cinnamomum zeylanicum), peppermint (Mentha
piperita), basil (Ocimum basillicum), origanum (Origanum vulgare), the flavoring herb epazote
(Teloxys ambrosioides), clove (Syzygium aromaticum) and thyme (Thymus vulgaris) caused a total
inhibition of A. flavus on maize kernels. The optimum dosage for protection of maize varied from
3 to 8% (v/w) [53]. Mahmoud [23] reported that 0.01% (100 ppm) of five oils, namely geraniol,
nerol and citronellol (aliphatic oils), cinnamaldehyde (aromatic aldehyde) and thymol (phenolic
ketone), completely suppressed growth of A. flavus and consequently prevented aflatoxin
synthesis in liquid medium.
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There has been speculation on the contribution of the terpene fraction of the oils to their
antimicrobial activities [54]. The antimicrobial activity varies widely, depending on the type of
spice or herb, test medium and microorganism [55]. Contents of essential oils in different species
is influenced by genetic variations between cultivars, culture conditions, environment and by crop
and post-crop processing [56, 57].

According to Farag et al. [58], commonly used concentrations of cumin and clove oils
decreased aflatoxin production from A. parasiticus by 99%. Most of the compounds, known for
their inhibitory effect against aflatoxin production at the early stage, become almost ineffective on
prolonged incubation [43, 59]. Some fungitoxicants stimulated aflatoxin synthesis after long
periods of incubation [43]. Antimicrobial activity of essential oils depends not only on their
components but also on the chemical structure of these components [60].

4. Conclusions

Even though the prevention of fungal growth is still the best practice to prevent contamination by
aflatoxins in foods and feeds, other measures are also necessary. The advantage of using-plant-
produced compounds as a source of safer and more effective control substances than synthetically
produced antimicrobial agents can be demonstrated both practically and in terms of consumer
acceptance. Other procedures such as the elimination or decomposition of aflatoxins are also
required because the prevention alone may not always be successful. Several studies have focused
on the potential use of essential oil applications in biological control of aflatoxin producing fungi
and insect pests. Certain essential oils can be applied as mold inhibitors in order to prevent the
growth of aflatoxigenic fungi in stored food. However, the appropriate application of essential oils
should further be investigated. While dealing with grain protection, fumigation is the preferred
method for applying substances into the bulk in order to control the biotic factors which damage
the grain.
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