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ABSTRACT

" Fungal contamination and the presence of mycotoxins in food is @ major concern,

and has received worldwide attention due to the deleterious effects both the fungi
and the toxins they produce have on human and animal health, as well as
international food trade. Mycotoxins are defined as low molecular weight fungal
metabolites that are toxic and/or have adverse effects on the health of animals and
humans that eat contaminated agricultural products. A wide variety of fungi are
known to produce metabolites that are toxic to vertebrates, but this study focused on
two classes of mycotoxigenic fungi of continuing importance in animal and human
diseases worldwide, viz. Aspergillus and Fusarium species. Aspergillus and
Fusarium species are the most common contaminants of food and feed, both in the
field and in storage. These fungal species are known to produce toxic secondary
metabolites called the aflatoxins and fumonisins respectively, of which aflatoxin B

(AFB,) and fumonisin B4 (FB4) are considered to be the most toxic.

Fumonisins are mainly produced by Fusarium verticilloides and F. proliferatum. It
occurs mainly in maize and maize-based products. Fumonisins are known to
adversely affect human and animal health. Aflatoxins are field and storage
mycotoxins, produced by Aspergillus flavus and A. parasiticus. Aflatoxin is a common
contaminant of foods, particularly grains like maize, peanuts, nuts and cassava some
of which are staple diets in many developing countries. Aflatoxins are potent

carcinogens, mutagens and immuno-suppressing agents.



Although it is widely perceived that many synthetic fungicides used to control fungal
infections are effective, concern has been expressed about their safety. There is

therefore an urgent need to find affordable interventions, which can be safely used as

fungicides _without the cost and disadvantages of the currently used prevention

strategies. The use of plant extracts may provide an alternative way to prevent fungal
growth and mycotoxin production. The present study therefore, set out to investigate
the antifungal and antimycotoxigenic activities of aqueous and organic extracts of
four weedy plant species viz. Tagetes minuta, Lippia javanica, Amaranthus spinosus
and Vigna unguiculata against isolates of four pre- and post harvest agriculturally
important fungi, i.e. Fusarium verticillioides, F. proliferatum, Aspergillus flavus and A.

parasiticus..

Dried powdered aerial parts of the plants were extracted sequentially with hexane,
dichloromethane, methanol and water. The extracts were tested for activity using a
serial microdilution and maize patty assays. All extracts except for the water extracts
showed growth inhibitory activity against most isolates of Fusarium spp. The most
active were the methanol and hexane extracts of V. unguiculata and A. spinosus with
minimum inhibitory concentration (MIC) values of <0.5 mg/ml after 48hrs against
Fusarium spp. No inhibition of the Aspergillus spp. tested was observed, but
conidium formation was stimulated on plates treated with the plant extracts when

visually compared to the growth controls.

Using the maize patty assay, an inhibitory effect on fumonisin B4 production was
observed at different concentrations of the plant extracts and was found to be dose
dependent. Generally, at higher concentrations of 0.6 mg/ml all plant extracts showed

apparent inhibition of FB4 production. The methanol and hexane extracts of all the

Vi



plant species exhibited high inhibition of fumonisin B; production while the DCM

extracts were less active.

The antioxidant activity and phenolic content of the plant extracts were also

e e e e

determined using the 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
method and ferric reducing ability of plasma (FRAP) methods. The best activities
using the FRAP assay were found with extracts of V. unguiculata (0.06 - 0.13 mmol
trolox/mg) and T. minuta (0.04 - 0.27 mmol trolox/mg). Using the ABTS assay, the
highest antioxidant activity was obtained from the MeOH extracts (0.33 - 0.69
umol/mg) of the four plant species. The MeOH extracts of all the plant species had
the highest phenolic content (0.64 - 1.63 mg GAE/mI) and this correlated to the
highest antioxidant activity. From the results obtained, it can be hypothesized that the
activity of the plant extracts could be due to the presence of flavonoids identified in
the plant extracts. The antifungal and antimycotoxigenic activities discussed earlier

could also be attributed to these compounds.

Phytochemical analysis showed in general a great diversity of compounds eluting between
0.5 min to 16 min. However, in general and across all solvents, L. javanica and T. minuta had
more compound peaks than A. spinosus and V. unguiculata (Figs. 6.1, 6.2 and 6.3). Most
compounds in the range 3 — 12 min were low in molecular weight < 529 amu and also UV

active.

Generally, the findings of the present study indicate that the plant extracts,
particularly extracts of V. unguiculata and A. spinosus have antifungal activities and

may be developed into environmentally friendly fungicides.
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CHAPTER 1

INTRODUCTION

& N T e S S e i

1.1 Mycotoxins and food contamination

Agricultural and food commodities are the major items of international trade for
many African countries (Bankole and Adebanjo, 2003). The safety of food and
feed for human and animal consumption respectfully is of utmost priority so that
consumers are not compromised by the intake of poor quality or unsafe food.
Africa faces a crisis of rising food prices and food insecurity (Watkinson and
Makgetla, 2002). Food makes up such a high share of spending by the poor that
rapid inflation in food prices has a devastating impact on living standards as well
as on the efficiency of the economy as a whole. In many parts of the developing
world especially Africa, millions of households engage in farming to supplement
what they purchase for the family (Lakew, 2006). Subsistence farming is
widespread in rural Africa and is a strategy by poor rural households to reduce
expenditure on food (FAO, 2005). Food production and storage therefore, play an

important role in rural households.

One of the most important safety aspects of food and feed is contamination with
mycotoxins. Mycotoxins are toxic secondary metabolites of fungal origin, and are
known to contaminate a variety of crops worldwide, both in the field and in
storage (Shephard et al. 1996). These toxins, when ingested, inhaled or

absorbed through the skin cause lowered performance, morbidity and/or even



death in humans and animals. Mycotoxicoses is a disease or the term used for

poisoning associated with exposures to mycotoxins (Bennett and Klich, 2003),

] - o = e

thét results from the ingestion of toxin-contaminated food, or indirectly frcsm
consumption of animal products such as milk from livestock exposed to
contaminated feed (Marasas, 1995). The symptoms of a mycotoxicosis depend
on the type of mycotoxin; the concentration and length of exposure; as well as

age, health, and sex of the exposed individual (Bennett and Klich, 2003).

Hunger in many parts of Africa resulting from food insufficiency far outweighs
other considerations such as food safety, and there is ample evidence that
Africans are experiencing heavy dietary exposure to food-borne mycotoxins,
particularly aflatoxins and fumonisins (Probst et a/. 2007). Maize contaminated
with aflatoxins has been implicated in several deadly epidemics in Kenya since
1981 (Probst et al. 2007) with the more recent incident reported in 2004 (Lewis et
al. 2005). Fumonisins have been reported as a possible contributory risk factor
for primary liver cancer (Ueno ef al. 1997). Synergistic toxicological and
carcinogenic effects of fumonisin Bs and aflatoxin B; have been reported

(Gelderblom ef al. 2002).
1.1.1 Fumonisins

Fumonisins are secondary metabolites produced by Fusarium species, mainly
Fusarium proliferatum and F. verticillioides (McKean et al. 2006). Although an
increasing number of structural analogues have been isolated from fungal

cultures, the most important analogues found in naturally contaminated maize



s e

are fumonisin B1 (FB4), fumonisin B, (FB;) and fumonisin Bz (FB3) (Shephard,

1998), Fumonisins are diesters of propane-1,2,3-tricarboxylic acid (tricarballylic

acid, TCA) and various 2-amino-12,16-dimethylpolyhydroxyeicosanes in which
the hydroxyl groups on "*C and °C, are esterified with a terminal carboxyl moiety
of the TCA (Shephard, 1998). Fumonisin B4 (Fig. 1.1) is the most toxic and
occurs mainly in maize and maize-based products (Wang et al. 2008). Maize left
on the ground due to logging, harvest operation and before storage, is
predisposed to infection with Fusarium (Fig. 1.2) which may lead to
contamination with fumonisins (Sinha and Sinha, 1992). The level of insect
damage on grain kernels also influences the extent of fumonisin contamination
i.e. damage to the ears of maize by stalkborers and weevils among other pests
increases the probability of fungal infestation leading to mycotoxin contamination

(Keetch et al. 2005).

COOH

COOH
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CH; & CH; Ry NH;
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Fig. 1.1: Chemical structure of FB, found in naturally contaminated maize.



Fig. 1.2: Maize infected with Fusarium verticilliodes.

1.1.2 Aflatoxins

Aflatoxins are commonly produced by Aspergillus flavus and A. parasiticus that
occur in the field and during storage (Phillips, 1999). Aflatoxins are dihydrofuran
or tetrahydrofurano moieties fused to a coumarin ring (Hussein and Brasel,
2001). They have been designated as B¢ and B, (AFBsand AFB,), G; and G,
(AFGy and AFGy) (Fig. 1.3). Aflatoxins are distinguished by their flourescence
properties with both AFB1 and AFB; fluoresce blue and AFG, and AFG, fluoresce
yellow-green under ultraviolet light (Hussein and Brasel, 2001). AFB; is the most
potent of the aflatoxin group of mycotoxins and has been shown to be
carcinogenic, mutagenic and immuno-suppressive (Mwanda ef al. 2005).
Furthermore, they are common contaminants of food, particularly maize, rice
(Lewis et al. 2005), peanuts (Fig. 1.4), other nuts and cassava (Wareing et al.

2001). These food commodities form staple diets in many developing countries.



Also, Aflatoxins have also been found to contaminate herbs and spices (El-Kady

/U\ oﬁ/j‘\

et al. 2008).

Aflatoxin B2 Afiatoxin Ga

Fig. 1.3: Chemical structures of aflatoxins.

Fig. 1.4: Peanuts infected with Aspergillus flavus.

1.2 Implications of fumonisins and aflatoxins on animal and human health

Several studies on the major occuring fumonisin analogue, FB4, have shown it to
be the causative agent for the fatal disease syndromes, leukoencephalomalacia

(LEM) in horses (Marasas, 1995, Kellerman et al. 1990), pulmonary oedema and



hydrothorax in swine (Ross et al. 1990). FB4 has also been shown to be
nephrotoxic (Riley et al. 1994), hepatotoxic and hepatocarcinogenic in laboratory
rats (Gelderblom et al. 1991) and to produce toxic effects in broiler chicks
(Leroux et al. 1992). The effect of fumonisins on human health is not certain, but
it has been statistically linked to the incidence of oesophageal cancer in the
Transkei region of South Africa (Marasas et al. 1988) and in Cixian and Linxian
countries of the People’s Republic of China (Sydenham ef al, 1996), as well as
neural tube defects (NTDs) in infants along the Texas-Mexico border (Missmer et
al. 2006; Gelineau-van Waes et al. 2005). All these areas have high consumption

of maize products in the diet.

The largest risk of aflatoxins to humans is due to chronic dietary exposure. This
has been associated with human hepatocellular carcinomas (Marasas and
Nelson, 1986), which may be compounded by hepatitis B virus infection (Bhat
and Vasanthi, 2003). Approximately 250 000 deaths are caused by hepatocellular
carcinomas in China and Sub-Saharan Africa annually (Groopman et al. 1992)
and they are attributed to risk factors such as high daily intake (1.4 ug/kg body

weight) of aflatoxins and high incidence of hepatitis B (Wild et al. 1992).

In developing countries poor diet is associated with malinutrition and growth
faltering in infancy and childhood (WHO, 2003). Children are a susceptible
population to environmental hazards such as AFB; and there is strong links
between growth and health of the fetus and infant, and disease risk in later life

(Polychronaki et al. 2008). Generally, if a child is suffering from a disease the



child is more susceptible to the effects of aflatoxin exposure (Shephard, 2005).
Aflatoxins have been reported to be associated with Protein-Energy Malnutrition
(PEM), particularly kwashiorkor (Hatem et al. 2005). They have been found in
tissues of children suffering from kwashiorkor and Reye's syndrome and were
thought to be a contributing factor to these diseases (Becroft and Webster, 1972).
Reye's syndrome, which is characterized by encephalopathy and visceral
deterioration, results in liver and kidney enlargement and cerebral edema
(Becrotft and Webster, 1972). Peri-natal exposure to aflatoxins has been shown
to stunt growth (low height for age) and may contribute to infant mortality due to
PEM (Gong et al. 2002). Chronic exposure, which is more common, has been
implicated in the high incidence of hepatocellular carcinoma in the developing
world, and more recently to immunologic suppression and under-nutritiqn
(Katerere et al. 2008). There is also a general consensus emerging that aflatoxin
exposure is an important co-factor in HIV morbidity and infant mortality in the
developing world, because of its impact on the nutritional and immune status of
at risk populations (Katerere et al. 2008). According to Williams et al. (2004),
aflatoxin exposure and the subsequent toxic affects on immunity and nutrition
combine to negatively affect health factors that account for more than 40% of the
burden of disease inA developing countries. In their estimation, exposure to
aflatoxins plays a part in diarrheal diseases and acute respiratory infections in
infants, and predisposes the population to TB and HIV/AIDS infections. According

to Katerere et al. (2008), this would be expected from an agent which interferes



with the functioning of the liver which is central to important processes such as
basic metabolism of food and xenobiotics and immune mediation.

Recent outbreaks of acute aflatoxicosis have been reported in India, Thailand
and Kenya (Lewis ef al. 2005). In Kenya in 2004, a high Case Fatality Rate of

39% was seen (Probst et al 2007)

1.3 Regulation of fumonisins and aflatoxins

Given the above, it is no wonder that different countries have enforced different
thresholds to limit the passage of mycotoxins along the food chain. Such
regulations aim to provide consumers with an increased measure of protection by
setting maximum levels for specific mycotoxins and environmental contaminants
in foodstuffs. The regulations assist to keep contaminants at levels that are
toxicologically acceptable and to exclude grossly contaminated food from

entering the food chain.

Internationally, for example, the Food and Agricultural Organisation/World Health
Organisation (FAO/WHO) Joint Expert Committee on Food Additives (JECFA)
have assigned a provisional maximum tolerable daily intake (PMTDI) for
fumonisin By (FB4) of 2 ug/kg of body weight/day (Creppy, 2002). FAO/WHO
Food Standards Programme has assigned PMTDI levels for aflatoxin of 15 ug/kg
for all foodstuffs. In South Africa, all foodstuffs containing more than 10 ug/kg
total aflatoxin, of which aflatoxin B should not be more that 5 ug/kg, are deemed

contaminated, impure or decayed (Department of Health, 2004)



However it is worth noting that regulations are only relevant to situations where
the food supply chain is formally commercialized. This situation does not obtain
in most rural Africa where most food is home-grown and consumed within
households and communities without entering commercial processing and

distribution systems.
1.4 Factors that influence growth of fungi and mycotoxigenesis

The production or presence of mycotoxins in food and feed is affected by factors
that can be categorized as physical, chemical, and biological (D’Mello and
MacDonald, 1997). Physical factors include the environmental conditions
conducive to fungal colonization and mycotoxin production such as temperature,
relative humidity, and insect infestation (D’Mello and MacDonald, 1997). Many
African countries have tropical climate with all year round ambient temperature
and relative humidity that provide optimal conditions for the growth of toxigenic
fungi (Bankole and Adebanjo, 2003). Droughts and soil moisture stress may
selectively alter colonization and metabolism of mycotoxigenic fungi and thus

alter mycotoxin production (Russel et al. 1991).

Chemical factors include the use of fungicides and/or fertilizers. Nitrogen supply
to crops in the form of fertilizers and pesticides has been shown to increasé
incidence of Fusarium infected grains (Jouany, 2007). This may be as a result of
altering the rate of residue decomposition, by acting on the rate of plant growth
and by changing the soil structure and its microbial activity (Jouany, 2007). The

use of synthetic pesticides can sometimes stimulate growth of certain fungi and



mycotoxins formation both in the soil and on the plant. Mycotoxin production is
known to occur when fungi are under stress (Edward, 2004). Application of
fungicides has also been reported to enhance selection of resistant fungi (Leroux

et al. 1999).

Biological factors include:

(1) Plant stress — previous investigations prove that plants under stress are
highly susceptible to infection by some fungi (Hesseltine, 1976).

(2) Insect vectors — Rajapakse and Emden, (1997) studied the association of
storage fungi with the rice weevil. These authors state that the saprophytic fungi,
which include some mycotoxin producers such as Aspergillus ochraceus and A.
flavus, are mechanically carried in the alimentary canal of the insect along with
the food.

(3) Fungal infection — Infection of one fungus makes a plant more susceptible to
invasion by a second (Hesseltine, 1976). According to Fischer and Holton (1957),
wheat plants infected with the smut, Tilletia caries, are highly susceptible to
attack by root rot organisms such as Fusarium.

(4) Fungal strain differences - Elad et al. (2007) reported the presence of
fungicide-resistant strains of Botrytis cinerea. They reported that resistance to
fungicides such as benzimidazoles and dicarboximides was found in all sites in
which these fungicides had been used against grey mould, but not in other sites.
A new phenotype of multiple fungicide resistance was found among these strains. N
Furthermore, the factors contributing to contamination are based on the

interactions between fungal species and substrate.
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1.5 Current control methods of mycotoxigenic fungi

Control of food and feed contamination by mycotoxins will undoubtedly result in
economic gains as well as health improvements worldwide. Several prevention
and control methods have been proposed to minimize the loss of food and
agricultural commodities as a result of fungal spoilage and also reduce exposure
to mycotoxins (Huwig et al. 2001). These strategies include among others, the
use of synthetic chemicals, fumigants, microwave or sonic drying and physical
separation (Bankole and Adebanjo, 2003). Although some of these methods are
effective they do not fulfill all the requirements, especially those concerning
safety and safeguarding of the nutritional characteristics of treated food and feed
(Galvano et al. 2001). Fungicides, which are commonly used, are expensive and
inaccessible to rural farmers in many African countries. Most of these chemicals
are residual and not biodegradable posing a huge environmental threat and most
importantly, increasing instances of fungal resistance have been reported (Wilson

et al. 1997).

Poverty and ignorance among farmers and farmworkers in sub-Saharan Africa
often lead to abuse and misuse of fungicides, with fatal consequences e.g. the
death of hundreds of people in Nigeria as a result of consumption of Vigna
unguiculata (cowpea) treated with inappropriate pesticides (Bankole and
Adebanjo, 2003). Although most organophosphates are banned in southern
Africa, many of these substances are still used in a large scale in developing

countries and continue to pose severe health hazard (Skouras et al. 2006). High
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levels of organophosphates and carbamate pesticides have been reported in
human breast milk as well as in blood samples of farm workers (Hoyer et al.
2000). Organophosphates and carbamates have been reported to cause serious
poisoning, particularly ventricular arrhythmias, central nervous system
depression or seizures, and respiratory failure (Bardin et al. 1994). These
pesticides enter the body via dermal absorption, ingestion and inhalation
(Eskenazi et al. 1999). Children can also be exposed by the same pathway,
through consumption of contaminated food, by household use of pesticides, as a
result of drift from nearby agricultural applications, through contaminated breast
milk from their farmworker mothers, through playing in the fields and througﬁ
pesticides tracked into their homes by their parents or other household members
working in the fields (Eskenazi et al. 1999). Given this scenario and also what
has been previously mentioned about the effect of mycotoxins on animal and

human health, it is imperative that safer alternatives be investigated.
1.6 Plant-based constituents as alternatives

The role of plant extracts has been generally neglected despite their documented
use by many rural farmers in Africa and Asia. For instance, there is widespread
use of Lippia javanica and Tagetes minuta in Africa and Azadiracta indica in India
as fumigants and pest repellants (Grassroots Natural Products, 2002; Kaayé,
2002). Extracts of Allium sativum have been reported to be potent fungicides,
_effectively protecting peaches against brown rot caused by Monilinia fructicola

(Wilson et al. 1997). Bouda et al. (2001) reported that the essential oils of some
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weed species such as Lantana camara effectively controlled insects such as
Sitophilus zeamais and suggested that these species could be exploited for
insect control in stored products. Essential oils from Cinnamonum zeylanicum
were also reported to inhibit the growth of the bacillus, Clostridium botulinum and
the fungal disease of damping off of cabbage caused by Rhizoctonia solani

(Bowers and Locke, 2000).

Though results obtained from studies on some plant species that have been
examined for antifungal activity against fungal plant pathogens are encouraging
(Martini et al. 2004, Hammer et al. 2001, Rauha et al. 2000, Srinivasan et al.
2001), most studies tend to focus mainly on human pathogens and few lead
compounds have been developed for use in food and crop protection (Cowan,

1999).

The use of plants as biopesticides in organic agriculture has also been reported
(Pussemier et al. 2006). Organic agriculture does not use synthetic pesticides,
instead relies on the use of legumes, cover-crops such as the incorporation of
cowpea residue in the soil, manure, compost and relatively slow release
fertilisers to meet the crops nitrogen needs (Worthington, 1998). Typically, this
kind of farming allows for lower levels of nitrogen to be applied per acre, and a
significant share of nitrogen is or becomes bound up in decaying organic matter,

and hence tends to be released more slowly. However, organic produce may

, have a shorter shelf life period compared to conventional produce, and may

become contaminated by fungi.
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Of recent interest, has been the possible role of natural phenolic compounds
obtained from plants in inhibiting growth and toxin production by fungi. Phenolic
compounds have been found to be inhibitory to the production of several
mycotoxins including fumonisins and aflatoxins (Beekrum et al. 2003). Phenolic
compounds are secondary metabolites of plant origin (Dhiraj et al. 2005). These
metabolites protect the plant against biological and environmental stresses and
are generally synthesised in response to fungal and bacterial attack, high energy
radiation exposure, herbivores and predators (Dharaj et al. 2005). The phenolic
compound 2-hydroxy-4-methoxybenzaldehyde extracted from Decalepis
hamiltonii have been reported to have high antifungal activity against 24 fungal
species known to cause diseases in sorghum and maize (Mohana et al. 2008).
According to these authors treatment of seeds with this phenolic compound

significantly increased seed germination and decreased seed mycoflora.

Joseph et al. (2005) and Selvi et al (2003) reported on the antiaflatoxigenic
activity of hexane and chloroform extracts of Garcinia cowa and G pendiculata.
They showed that extracts of the two plants species inhibited the growth of A.
flavus and aflatoxin B4 production up to 100% at a concentration of 2 mg/mi and
attributed the activity of the extracts from these two plants to their antioxidative
properties which, they speculated, effectively suppressed the biosynthesis of
aflatoxins. Eugenol, a naturally occurring compound found in many medicinal and
aromatic plants e.g. Ocimum sanctum and Pimenta racemosa, has been reported
to inhibit‘aﬂato;in production by Aspergillus parasiticué ln ar dosé depréndent

manner (Jayashree and Subramanyam 2002). Phenolic compounds derived from

14



olive pomace, a by-product of olive oil production, have been reported to inhibit
the growth of Alternaria solani, Botrytis cinerea and Fusarium culmorum
(Winkelhausen et al. 2005). Plant phenolic compounds such as chlorophorin,
benzoic acid, caffeic acid, ferulic acid and vanillic acid have been reported to
significantly reduce fumonisin B and aflatoxin B4 production without affecting or
inhibiting the growth of Fusarium verticilliodes, F. proliferatum, Aspergillus flavus
and A. parasiticus (Samapundo et al. 2007, Beekrum et al. 2003). Given the
potential effect of phenolic compounds against fungal diseases, it becomes
necessary to scientifically exploit these compounds in the management of plant
borne pathogenic fungi and the prevention of mycotoxin production in food and
feed. The present study therefore, set out to investigate both the anti-fungal and
anti-mycotoxigenic activities of four plant species, i.e. Tagetes minuta, Lippia
javanica, Vigna unguiculata and Amaranthus spinosus. These plant species are
commonly used for medicinal/dietary purposes, and play an important role as

famine foods in rural in Southern Africa and are discussed in more detail below.

1.7 Tagetes minuta L.

Family: Asteraceae
Synonyms: Tagetes glandulosa, Tagetes glandulifera (Schrank).
Common name(s): Wild Marigold (English), kambanje (Shona), Kakiebos,

(Afrikaans), insangwana, unukani (Zulu).

R e O - e o g
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Botanical description and geographical distribution

T. minuta is an aromatic, branched erect, annual herb that stands 1-2m tall. The
leaves are stalked, opposite and slightly glossy green and 7-15cm long. It is in
leaf from April to November, in flower in October, and the seeds ripen in
November. The flower heads are yellow, small and 10-15mm long. Flowers are

arranged in solitary clustered panicled branches (Fig. 1.5; Singh et al. 2000).

Fig. 1.5: Flowering plant of Tagetes minuta.

T. minuta is native to temperate forest and mountain regions of most countries in
the world including southern Africa, Australia, India, Kenya, Brazil and regions of

Paraguay as a weed (Singh et al. 2000).

Traditional uses and biological studies

T minuté is used as a medicinal tea. Decoction of the plant is prepared by
extracting the whole herb with hot water which is used as beverage and as a
remedy for common cold, digestive system complaints, stomach upsets, diarrhea

and suspected liver ailments (Rios and Recio, 2005). The person of East Africa
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hang tagetes plants in their huts to repel flies (Grassroot Natural Products, 2002).
The whole plant of T. minuta is often placed in the bedding of animals as a flea
repellent. Garden plants are sprayed with a warm water extraction to keep plants
free from insects (aphids in particular) and fungal diseases (Grassroot Natural

Products, 2002).

Essential oils of T. minuta have been reported to inhibit the growth of filamentous
fungi (Bii et al. 2000; Vasudevan et al. 1997), and have also been shown to
possess repellent and biocidal activities against different mosquito species
(Vasudevan et al. 1997). Pyrethrins from Tagefes species have also been
reported to be potent and safe insecticides. Synthetic pyrethrins are not as
effective as natural ones and insects were found to develop resistance against
them (Vasudevan et al. 1997). On the other hand, antibacterial activity of
flavonoids has been reported against microorganisms like Staphylococcus
aureus and S. epidermidis. Vasudevan et al. (1997) reported the potent effect of
T. minuta and T. erecta on the root-infesting nematodes of tomato plants. These
workers reported that tomato plants grown between Tagetes species had
significantly greater shoot growth and fruit yield. The root extract of Tagetes was
found to suppress nematode egg hatching and infectivity to tomato. Thiophenes
from T. minuta roots, which are sulphurous heterocyclic compounds derived from
polyacetylenes, have been reported to be toxic to nematodes, insects, fungi and

bacteria (Gil et al. 2002).



1.8 Lippia javanica (Burm.f.) Spreng

Family: Verbenaceae

Synonyms: Lippia japonica

Common names: fever tea, lemon bush (English), lemoenbossie (Afrikaans),
mutswane (Swati), umSuzwane (Zulu), musukudu/bokhukhwane (Sotho),

zumbani (Shona).

Botanical description and geographical distribution

L. javanica is a 1-2m high woody shrub that stands erect and is multi-stemmed
(Fig. 1.6). The stems have a square appearance when looked at in cross-section.
The leaves are hairy with noticeable veins and when crushed gives off a strong
lemon-like smell. It is said to be one of the most aromatic of South Africa’s
indigenous shrubs. Small cream flowers can be found on the shrub from summer
to autumn in some areas and in others are produced all year. The fruits are

inconspicuous, small and dry (van Wyk et al. 1997).

Fig. 1.6: Shrub of Lippia javanica.
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L. javanica is widespread throughout large parts of South Africa, with the
exception of Western Cape. They grow from the Eastern Cape, northwards,
extending into tropical Africa including Botswana, Swaziland, Mozambique,
Zimbabwe, Malawi, Zambia and Kenya. They grow in open veld, in the bush oh

forest margins as well as cultivated field (van Wyk ef al. 1997).

Traditional uses and biological studies

L. javanica is well known medicinally to many rural Africans. The leaves and stem
infusions are prepared as tea and used to treat coughs, diarrhoea, malaria, skin
infections and wounds (Viljoen et al. 2005). The Venda people of South Africa
use the leaf infusions as anthelmintics, for respiratory and febrile ailments and as
prophylactic against dysentery, while the Xhosa people use L. javanica for the
disinfection of anthrax-infected meat (Mabogo, 1990). The smoke from the herb

is also known to be effective, if inhaled, against asthma, chronic coughs and

pleurisy (van Wyk et al. 1997).

Essential oils of L. javanica are known for antimicrobial properties (Bassole et al.
2003). Essential oils of L. javanica have been reported to completely inhibit
Staphylococcus aureus, Escherichia coli, Salmonella gallinarum, Klepsiella
pneumomiae, Candida albicans and Pseudomonas aeruginosa at concentrations
of 1 mg/ml (Manenzhe et al. 2004). Oils of Lippia javanica were reported to have
_toxic_and/or repellent effects against insects when used as fumigants in grain
stores (Omolo et al. 2005). Viljoen et al. (2005) showed L. javanica volatile oils to

be active against gram-negative bacteria and yeast-borne respiratory disorders.
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1.9 Amaranthus spinosus L.

Family: Amaranthaceae
Common name(s): spiny amaranth, thorny pigweed (English), thepe (Sotho),

mowa (Shona), imbuya (Zulu).

Botanical description and geographical distribution

A. spinosus is a seasonal herb. The stems are sometimes tinged with red, erect,
sometimes ascending, 4-15 cm long, usually branched or striate, with multi-
cellular hairs, especially above, most leaf axils with a pair of divergent spines up
to 2.5 cm long (Fig. 1.7). Leaves ovate to rhombic-ovate, lanceolate-oblong, or
lanceolate, blades 1-12 cm long, 0.89-6 cm wide. Flowers are green, in axillary
clusters in the lower part of the plant and in unbranched or branched spikes in
the upper part, the lower clusters entirely pistillate as are the lower flowers of the
spikes, the upper flowers in the spikes staminate. Fruits are ovoid, with a short
inflated neck below the style base. Seeds are black, shiny, compressed, 0.8-1

mm long; inconspicuously reticulate (Moss, 1988).
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Fig. 1.7: Flowering plant of Amaranthus spinosus.

A. spinosus is widespread in southern and central Africa. It spreads rapidly in
cultivated land and grows on various soil types, under a wide range of
environmental conditions. The plant grows as a weed around human settlements

(Moss, 1988).

Traditional uses and biological studies

The leaves of Amaranthus spinosus are consumed as relish in rural staple diets,
often mixed in a sauce or with other vegetables. The plant can be used fresh or it
can also be harvested when coming into flower and dried for later use. According
to Mathieu and Meissa (2007), as to the level of medicinal use, there is no
distinction between the different species of Amaranthus. These authors reported
that the root and leaves of A. spinosus are used for the treatment of ear
infections, wounds, abscesses, headache as well as abdominal pains. The paste

of root and seeds are used to heal broken bones in chickens, remove pus and
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accelerate quick healing of boils (Manandhar, 1995). A. spinosus has also been

used as a traditional medicine to treat diabetes (Katerere and Eloff, 2006).

A. spinosus has been reported to have a high concentration of antioxidant
components (Amin ef al. 2006). Antimicrobial peptide Ar-AMP from Amaranthus
seeds were found to effectively inhibit the growth of different pathogenic fungi,
especially that of Fusarium culmorium (Lipkin et al. 2005). Amaranthus have
been reported to have fungistatic (transitory antifungal) activity against Botrytis

cinerea (Wilson et al. 1997).
1.10 Vigna unguiculata L.

Family: Fabaceae
Synonyms: Dolichos sinensis; Dolichos unguiculata
Common names: cowpea, blackeyed-pea (English), monawa (Sotho), boontjies

(Afrikaans), munyemba (Shona), isihlumaya (Zulu)

Botanical description and geographical distribution

V. unguiculata is a herbaceous plant generally 30-80 cm in height with
indeterminate or (rarely) determinate growth (Fig. 1.8). It is erect and bushy to
prostrate and creeping growth habits exist depending on cultivar and growing
conditions. Stems have circular sections and are pock marked. They are
sometimes slightly grooved. The texture is fibrous and hard, firm and not inflated
when young. The leaves are trifoliate and the leaflets are oval, pointed (6-15 x 4-

11 cm), and they are generally entire and sometimes lobed. The inflorescences



are auxiliary clusters, with an axis 20-25 cm long; flowers are in twos along this
axis. Often a single pair gives two pods. Flower colour ranges from white,
yellowish, pale blue, pink and violet. Flowers are produced in inflorescences that
are compound racemes of several modified simple racemes borne on peduncles

usually between 5-60 cm long (Pasquet, 1996).

Fig. 1.8: Vigna unguiculata plant indicating leaves and tender shoots.

V. unguiculata is widespread and is also domesticated in many parts of Africa. It

is now widely cultivated throughout the tropics and subtropics (Moss, 1988).

Traditional uses and biological studies

V. unguiculata grains are primarily in demand for human consumption in West
and Central Africa. They are used in many different dishes in whole grain or
milled forms, sometimes eaten with oil and seasoning, but more common uses

are mixtures of cowpea and cereals (for example, rice and beans) and as an
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ingredient in soups and/ or stew (Langyintuo et al. 2003). Tender shoot tips and
leaves of cowpea are consumed in spinach and condiment form (Fery, 2002).
The root infusions of V. unguiculata are used to treat dysmenorrhoea and
epilepsy, while the soup made of seeds is used to treat bilharziasis (Kritzinger et
al. 2005). Ngouajio et al. (2003) reported that when cowpea residues were
incorporated into the soil and used as cover crop and as surface muich in bell
pepper (Capsicum annuum L.) production, weed infestation was significantly

reduced by up to 80-90%.

V. unguiculata has been reported to produce a proteinase inhibitor identified as
cystatin which is thought to be vital for the plant's defense against a diverse set
of pests (Aguiar et al. 20086). In vitro testing of cystatin was found to strongly
inhibit papain and proteinases from midgets of bean weevils Acanthoscelides
obtectus and Zabrotes subfasciatus (Aguiar et al. 2006). In vitro testing of three
compounds extracted from the root of cowpea showed a strong inhibition of
Fusarium oxysporum spore germination (Sundaresan et al. 1993). Even though
processed cowpea seeds and leaves are increasingly consumed as human food
and known for their health promoting benefits, the antifungal effects of cowpea

bioactive compounds remain unexplored.

1.11 Phytochemical review

Because the number of known chemical substances occurring in plants is so

Iérég;"t-hi—é section deals with phyt(_)é»h—e}nic'aiws- isolated spec??ﬂcaﬁy from T. minuta,

L. javanica, A. spinosus and V. unguiculata by previous researchers. A range of
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phytochemical compounds has been isolated from these four plant species,
however, literature review showed that compounds that are found in the highest
frequency are the flavonoids, tannins, and phenolic acids. Table 1.1 shows a

summary of compounds previously identified in the test plants.

Table 1.1: Compounds identified in the test plants.

Compounds

Plant species  Flavonoids Alkaloids Tannnins Terpenoids  Phenolic acids.  References

A. spinosus v Traces. v v v Hilou et al. 2006;; Zeashan et
al. 2008, Stintzing et al. 2004

V. unguiculata v Traces. v v v Siddhuraj and Becker, 2008;
Onyilagha et al. 2009

T. minuta v v v v v Ickes et al. 2006; Gil et al.
2002; Tereschuk et al. 1997

L. javanica v v v Traces v Pascual et al. 2001,

Manenzhe et al. 2004

v = detected

1.11.1 Flavonoids

Flavonoids are a group of polyphenolic compounds, which are widely distributed
through-out the plant kingdom. One of the established functions of flavonoids is
the production of colour particularly to flowers and fruits making them attractive to
plant pollinators (Harborne and Williams, 2000). There is increased evidence that
these flavonoids, particularly when they are located at the upper surface of the

leaf or in the epidermal cells, have a role to play in the survival of plants (Grayer

“and Kokubun, 2001). Flavonoids have been reported to act as UV light filters,

protecting the underlying photosynthetic tissues from damage (Harborne and
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Williams, 2000). They also protect the plant against microbial invasion (Grayer

and Kokubun, 2001).

Structurally, flavonoids occur as aglycones, glycosides and methylated
derivatives (Cos et al. 1998). The flavonoid aglycone consists of a benzene ring
(A) condensed with a six membered ring (C) which in the 2- position carries a
phenyl ring (B) as a substituent. Six member ring condensed with the benzene
ring is either a alpha-pyrone (flavonols and flavonones) or its dihydro-derivatiye
(flavonols and flavonones). Flavonols differ from flavonones by hydroxyl group
the 3-position and C,-C; double bonds. Flavonoids are often hydroxylated in
position 3, 5, 7, 2’, 3, 4 and 5. Methyl ethers and acetyl esters of the alcohol

group are known to oocur in nature (Harbone and Williams, 2000).

Flavonoids also known to be potent antioxidants and have free radical
scavenging activities (Gao et al. 2000). They have been shown to inhibit the
growth of various cancer cell lines in vitro, and reduce tumour development in
experimental animals (Guardia et al. 2001). The flavonoids quercetagetin and its
derivatives has been isolated from T. minuta and reported to have inhibitory
activity against bacteria, viz. Escherichia coli, Staphylococcus aureus and
Staphylococcus epidermidis (Tereschuk et al. 1997). Luteolin has been isolated
from L. javanica and shown to be both anti-tumour promoter and mutagen

(Chowdhury et al. 2002). The flavonoids quercetin and isorhamnetin have been

~ isolated from V. unguiculata and A. spinosus and have been shown to provide =

resistance to insect attack (Lattanzio et al. 2000).
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1.11.2 Tannins

Tannins are a diverse group of polyphenolic compounds which have the ability to
precipitate proteins (Hagerman et al. 1992). They are synthesized via the
shikimate pathway, which is the same pathway that results in the formation of
isoflavones, coumarins, stilbenoids and other phenolic metabolites (Katerere,
2001). Tannins are divided into two classes, condensed (often called
proanthocyanidins, PA) and hydrolyzable, based on their chemical structures.
Condensed tannins are oligomers or polymers of flavonoid units (i.e. flavan-3-ol)
linked by carbon-carbon bonds not susceptible to cleavage by hydrolysis.
Proanthocyanidins are derived from the acid catalysed oxidation reaction that
produces red anthocyanidins upon heating proanthocyanidins in acidic alcohol
solutions. The most common anthocyanidins produced are cyanidin and
delphinidin. PAs may contain from 2-50 or greater flavonoid units. PA polymers
have complex structures because the flavonoid units can differ for substituent
and because of the variable sites for interflavan bonds. The best known PAs are
procyanidins, based on catechin and /or epicatechin units, and oligomers up to
the hexamer have been found in plants. Anthocyanidin pigments are responsible
for the wide array of pink, scarlet, red, mauve, violet and blue colours in flowers,

leaves, fruits, fruits juice and wines (Harborne, 1994).

Hydrolysable tannins (HTs) are molecules with a polyol (generally D-glucose) as
a central core. The hydroxyl groups of these carbohydrates are partially or totally

esterified with phenolic groups like gallic acid (gallotannins) or ellagic acid

27



©

(ellagitannins). Hydrolysable tannins are usually present in low amounts in plants.
Hydrolysable tannins are hydrolysed by mild acids or mild bases to yield
carbohydrate and phenolic acids. Hydrolysable tannins are also hydrolysed by

hot water or enzymes (Harbone, 1994).

Scalbert (1991) reviewed the antimicrobial properties of tannins and reported that
they can be toxic to filamentous fungi, yeasts, and bacteria. Condensed tannins
have been shown to bind cell walls of ruminal bacteria, preventing growth and
protease activity. Tannins have been considered to be at least partially
responsible for the antibiotic activity of methanolic extracts of the bark of

Terminalia alata (Taylor et al. 1996).

1.11.3 Terpenoids

Terpenoids are all based on the isoprene molecule CH,=C(CHj3)-CH=CH, and
their carbon skeletons are built up from the union of two or more of these Cs units
(Connolly and Hill, 1991). They are classified according to whether they contain
two (C1g), three (C4s), four (Cop), six (Cap) or eight (C4p) units. Terpenoids range
from essential oil components, volatile mono- and sesquiterpenes (Cqg and C+s)
through to the less volatile diterpenes (Cy) to the involatile triterpenoids and
steroids (Cj3p) and carotenoids pigments (C40) (Harborne, 1994). Chemically,

terpencids are generally lipid soluble and are located in the cytoplasm of the

~plant cell and leaf cuticle (McGarvey and Croteau; 1995). Essential oils ™

sometimes occur in special granular cells on the leaf surface, whilst carotenoids

are especially associated with the chloroplast (Harborne, 1994).
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A considerable number of different functions have been ascribed to plant
terpenoids. The growth regulating properties are very well documented, two of
the major classes of growth regulators are the sesquiterpenoids, abscisins and
the diterpenoid-based gibberellins. The important contribution of carotenoids to

plant colour is well known and it is certain that these C4 terpenoids are also

involved as accessory pigments

in  photosynthesis. The mono- and

sesquiterpenes provide plants with their distinctive smell (Harbone, 1994).

1.11.4 Alkaloids

Alkaloids have been defined as cyclic nitrogen-containing compounds of limited
occurrence produced by living organisms (Pelletier, 1996). Alkaloids are basic
compounds containing one or more heterocyclic nitrogen atoms. Most alkéloids
are derived from amino acid precursors. Classification of alkaloids has been
reported as problematic, with some authors prefering a classification based on
chemical structure (e.g. pyridine, tropane, pyrrolizidine alkaloids), while others
base theirs on biosynthetic origin (Harbone 1994). Alkaloids have been found to

have microbiocidal effects against Giardia and Entamoeba species (Ghoshal et
al. 1996).
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1.12 Aim of the study

The aim of this study was:
o To investigate the antifungal activity of extracts of Lippia javanica, Tagetes
minuta, Amaranthus spinosus and Vigna unguiculata against isolates of

four mycotoxigenic pre- and post harvest fungi.

1.13 Broad objective of the study

The broad objective of the study was to investigate and identify compounds from
these selected plants that can inhibit growth of agriculturally important fungi and

modulate production of mycotoxins.

1.14 Specific objectives of the study

The specific objectives of the study were:

o To investigate the antifungal activity of organic and aqueous extracts
obtained from L. javanica, T. minuta, A. spinosus and V. unguiculata.

o To determine the amount of toxin produced by mycotoxigenic fungi in the
presence of the plant extracts.

o To determine the chemistry of each of the selected plant extracts with
particular emphasis of determining and identifying the presence of

phenolic compounds with antioxidant properties in the plant extracts.
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1.15 Hypothesis

Extracts from medicinal/dietary plants possess compounds that have a potential

to be used as alternative and safer fungicides/fungistats.
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CHAPTER 2
PLANT COLLECTION, EXTRACTION AND ANALYSIS
2.1 Introduction

In phytochemical studies whole plant material or different parts such as roots and
aerial parts are normally collected, dried and used as sources of secondary plant
components. The collected plant material is always accurately identified.
Following this, generally, different studies have always used different solvents
such as acetone, hexane, methanol and others to extract bioactive compounds
(Eloff, 1998a). In the present study, the collected plant material was extracted
with solvents of different polarities, starting with the least polar to the most polar.
The aim was to extract a broad spectrum of compounds. The compounds are
normally chromatogramed on a Thin Layer Chromatography (TLC) plate (Bague
and Kline, 1972). TLC allows localizing compounds in a crude extract on the
chromatogram. This makes it possible to separate compounds. The present
study was carried out using this particular method to identify compounds with

possible antifungal activity.
2.2 Materials and Methods
2.2.1 Plant collection and preparation

T minuta and L. javanica were collected from Onderstepoort, Pretoria, A.

spinosus and V. unguiculata were collected from Moruleng village of Rustenburg,
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North West Province. The identification of the plants was done with the
assistance of a botanist at University of Western Cape Herbarium where the
specimens were subsequently deposited. The following specimen numbers were
allocated to the plants; 7. minuta, UWC 5492; A. spinosus, UWC 5493: V.
unguiculata, UNC 5494 and L. javanica UWC 5495. The plants were collected in
March-April 2006 form the wild and allowed to dry at room temperature. The
aerial parts of the plants were ground into powder using a Romer Labs Series ||

Grinding / Subsampling mill, USA and stored in a cold room until used.

2.2.2 Exhaustive extraction of the plant material

For each plant species, 80 g of the powdered leaves was sequentially extracted
with 600 ml of each of the following analytical grade solvents: hexane (Hex),
dichloromethane (DCM), methanol (MeOH) and water (H,0) in a centrifuge tube
by vigorously mixing with a Polytron (Kinematica PT 3100 Lucerne, Switzerland)
for 5 minutes at 14000-18000 rom. The extracts were then centrifuged at 4000
rom for 10 minutes in a Sorvall Instruments RC-3B Refrigerated Centrifuge
(Newtown, CT) and filtered through Whatman no. 1 filter paper. To increase yield,
extraction with each solvent was repeated twice. The organic extracts were dried
on a rotary evaporator (Buchi, Germany) at temperature of between 55-60°C,

whereas the aqueous extracts were freeze-dried. Once concentrated to a small

_volume, the extracts were placed in- pre-weighed- beakers -and -allowed to dry

completely in front of a cool stream of air and the final weight was recorded. The

dried extracts were stored in dessicator in a cold room at 4°C until used.



2.2.3 Analysis of plant extracts by thin layer chromatography (TLC)

Hexane, dichloromethane, methanol and water extracts were solubilised in 1 mi
acetone. The chemical profile of the extracts was determined by using aluminium
backed thin layer chromatography plates (Merck, Darmstadt, Germany). In each
case 50 ug was chromatographed. The following three solvent systems were
used to develop the plates:

o Chloroform/ethyl acetate/formic acid (CEF, 10:8:2)

o Benzene/ethanol/ammonia (BEA, 18:2:0.2)

° Ethyl acetate/methanol/water (EMW, 10:1.35:1)

Development of the chromatogram was done in closed tanks in which the
atmosphere had been saturated with eluent vapour by wetting a filter paper
lining. Samples were applied rapidly and placed in the TLC tanks immediately to
minimize the possibility of oxidation or photo-oxidation of constituents. Once
developed, the separated components were visualized under visible and
ultraviolet light (254 and 360 nm, Camac Universal UV lamp TL-600, USA). The
TLC plates were subsequently sprayed with vanillin sulphuric acid spray reagent
(2 mg of vanillin in 28 ml of methanol plus 1 ml of concentrated sulphuric acid)
and heated for 4-5 minutes at 100°C until the coloured bands showed clearly on

the plates.



2.3 Results

2.3.1 Serial exhaustive extraction of plant material

The amounts of dried plant material extracted by each of the solvents used in this
study are shown in Table 2.1. The highest extraction yields were obtained with
H,O and MeOH while Hex and DCM gave similar but lower values. As can be
seen from the table, the lowest total yields were obtained from A. spinosus

irrespective of the solvent used.

Table 2.1: Extraction yields of weedy plants using different solvents.

Extraction yields (%)

Solvent
Tagetes Lippia Vigna Amaranthus
minuta Javanica unguiculata sSpinosus
Hex 13.1 12.0 11.3 6.0
DCM 16.1 15.2 11.9 15.9
MeOH 31.8 30.7 30.1 19.8
H,O 28.5 36.0 22.1 40.6
Total yield 96.5 91.9 85.4 82.3

Each plant was extracted 3 times with each solvent. Hex: hexane, DCM:

dichloromethane, MeOH: methanol, H>O: water.
2.3.2 TLC analysis of the plant extracts

The results ob'féined from this ~assay indicate that Vsépérréﬁdn”.vv-ésv fno}e effective

i.e. the greater number of bands, in benzene/ethanol/ammonia (BEA) solvent
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system compared to the other solvent systems. The average number of bands
separated using the different extracts varied from 3.7 (Hex) to 5.7 (DCM) (Table
2.2). Dichloromethane extracted the highest number of compounds that reacted
with vanillin spray reagent on the TLC plates, based on the number of visible

bands on the plates. No bands could be identified from the water extracts.

Table 2.2: Average number of compounds visible on chromatograms of plant

extracts using three solvent systems (chromatograms treated with vanillin spray

reagent).
Extractant Number of compounds extracted

BEA CEF EMW Average
Hex 4 4 3 3.7
DCM 7 6 4 5.7
MeOH 7 B 8 5

BEA: Benzene/ethanol/ammonia ; CEF: Chloroform/ethyl acetate/formic acid
EMW: Ethyl acetate/methanol/water; Hex: hexane; DCM: dichloromethane; MeOH:
methanol

2.4 Discussion

As can be seen from the results, H,O and MeOH extracted the highest quantity
of material. It would therefore appear that the bulk of the material in the plant
species collected is polar. When subjected to the TLC assay, the material
showed that the number of compounds separated was less than those separated
“in DCM (Table 2.2). DCM s known 1o exiract compounds such as ferpenes,

flavonoids, aglycones, coumarins and phenolic acids (Sarr et al, 2009).
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Generally, hexane extracted the least amount of material and number of
compounds in all the plant species. This could be expected since hexane is a
non-polar solvent and will only extract non-polar compounds such as oils and

fatty acids (Flores, 2009).

From the results obtained, the use of different solvents made it possible to extract
preferentially, compounds that were subsequently investigated for antifungal
activity. An extract with few compounds and high antifungal activity would be a
logical choice for isolating potential antifungal compounds. The advantage of
having an extract with a higher number of compounds is that there is a better
chance that bioactive compounds will be extracted if a specific class of chemical
components is not targeted. Though H>O and MeOH vyielded the highest amount
of extracted material, and the DCM extract showed the highest number of
compounds on TLC plates, no specific plant or solvent was chosen for the large
scale screening in this study. Extracts from all four study plants were

subsequently investigated for antifungal activity.
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CHAPTER 3
BIOLOGICAL ASSAYS FOR PRELIMINARY SCREENING
3.1 Introduction

A number of widely-used medicinal and dietary plants have been shown to
contain compounds that exhibit antifungal properties. Studies that have been
carried out on some of these plants resulted in a development of formulations for
food, cosmetic and other applications (Miliauskas et al. 2004). However, scientific
information on antifungal properties of most plants, particularly those that are less
widely used or considered as famine food are still rather scarce. Assessing the
antifungal properties of these plants may provide untapped resources of useful
and new sources for natural antifungals. The aim of the present study was to
conduct preliminary screening of the extracts of 7. minuta, L. javanica, A.

spinosus and V. unguiculata for antifungal activity.
3.2 Materials and Methods
3.2.1 Fungal isolates

The fungal isolates were prepared according to the standard operating procedure
(SOP) used at the Programme on Mycotoxin and Experimental Carcinogenesis

(PROMEC) Unit of the Medical Research Council of South Africa. Isolates of four

“fungal species, Fusarium " verticilioides (MRC ™ 826, 8559 and 8267); F

proliferatum (MRC 6908, 7140 and 2301), Aspergillus flavus (MRC 3951, 3953
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and 3954) and A. parasiticus (MRC 0200, 2528 and 0352) kept in the PROMEC
Unit culture collection of the South African Medical Research Council (MRC)
were used. These fungi were chosen on the basis that they are important crop
pathogens in Africa and are either high or low producers of fumonisins and/or
aflatoxins as shown in Table 3.1. The Fusarium verticillioides strains, originally
isolated from maize, produced high levels of fumonisin B4 (5.6-12.1 g/kg) while F.
proliferatum strains from maize produced similar levels. Isolates from rice and
asparagus produced lower levels (2.0-2.8 g/kg) (Table 3.1). AFB; production by
the A. flavus and A. parasiticus isolates in maize cultures varies between
extremely high (12.1 g/kg) to very low (0.04 mg/kg). The Fusarium isolates were
grown on Carnation Leaf Agar (CLA) slants and Aspergillus isolates were grown
on Potato Dextrose Agar (PDA) slants for 7-14 days at 100% relative humidity
and temperature of 25°C. The slants were stored in a cold room at 4°C until
used. Fungal suspensions were prepared by dislodging the conidia in a 20 mi
aqueous solution of 0.05% Tween 20 per slant. Conidium suspensions were
standardized to a 0.5 McFarland concentration and were added (12.5 ml) to 37.5

ml Potato Dextrose Broth (PDB).
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Table 3.1: Fungal isolates used with the respective FB4 and AFB1 production

profiles on maize

Fungal isolate*. / MRC

number Origin of isolate FB1 level (g/kg)
F. verticillioides
MRC 826 Maize 9.1
MRC 8267 Maize 12.1
MRC 8559 Maize 5.6
F. proliferatum
MRC 6908 Rice 2.8
MRC 2301 Maize 8.5
MRC 7140 Asparagus 2.0
A. flavus AFB1 level (mg/kg)
MRC 3951 Maize 18.7
MRC 3954 Maize 35
MRC 3953 Maize 0.04
A. parasiticus
MRC 200 Maize 49
MRC 352 Peanut 73.0
MRC 2528 Unknown 11.8

"Source: Medical Research Council (MRC), PROMEC Unit culture collection database.
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3.2.2 Preparation of 0.5 McFarland standard

The McFarland standard is used as a reference standard for standardizing the
number of colony forming units in a fungal suspension. Barium chloride (BaCly)
(1.175 g) was weighed out and made up to 100 ml solution by adding water in a
100 ml volumetric flask. In a separate flask 1 ml of concentrated sulphuric acid
(H,SO4) was added to 99 ml of water to make a 1:100 ml solution. From this
solution, 0.5 ml was discarded and 0.5 ml of the BaCl, solution was added to

make a 0.5 McFarland standard.

3.2.3 Determination of minimum inhibitory concentration (MIC) of plant

extracts on fungi

3.2.3.1 Agar Diffusion Assay

In this assay, the method of Rex ef al. (1993) was used to determine the
minimum inhibition concentration (MIC) of the plant extracts on isolates of the
four fungi. The plant extracts (200 mg) were solubilized in 1 ml acetone because
this solvent was found not to be harmful to fungi or bacteria (Eloff, 1998a) and
dissolved in water to a final concentration of 10 mg/ml. This concentration was
further diluted to obtain plants extracts of concentrations 8; 4; 2 and 1 mg/mi.
One millilitre (1 ml) of each concentration was homogenously mixed with 9 ml of
Potato Dextrose Agar (PDA) in a petri dish (60 mm in diameter). The plates were

left to set for an hour and thereafter inoculated with 1 ml of a 0.5 McFarland

standardized fungal suspension by evenfyj ﬂstfeakihg the suspeng.ononhfhza agar -

using a sterile disposable quad loop. Amphotericin B, an antifungal agent used to
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treat human pathogens and Cantus® WG, an agricultural fungicide containing
boscalid as the active ingredient, were used as positive controls. All plates were
covered and incubated at 35°C and 100% relative humidity. The plates were
examined after 24 hours and every 24 hours thereafter up to 72 hours. The MIC
was recorded as the lowest concentration of the plant extracts that inhibited

fungal growth at each time interval. Clear zones on the agar indicated inhibition

of fungal grow.

3.2.3.2 Microtitre Assay

A serial microdilution technique (Eloff, 1998b, Kuhajek et al. 2003) was used to
determine the minimum inhibitory concentration (MIC) for plant extracts against
the standardized conidial fungal suspensions using 96 well flat bottom plate.
Each plant extract (100 mg) was solubilised/suspended in acetone (1 ml) and
diluted in water (9 ml) to obtain a final concentration of 10 mg/mi. Water (100 ul)
was added in all the 96 wells using a multichannel micropipette (Labnet
International, Inc). The solubilized/suspended plant extracts (100 ul) were added
in each of the first row of 12 wells and serially diluted to reduce the concentration
of each well by 50%. To each of the diluted wells, 100 pl of standardized
conidium suspensions (12.5 ml) prepared in 37.5 ml Potato Dextrose Broth
(PDB) was added. The final concentrations were 2.5, 0.64, 0.32, 0.08, 0.04 and
0.02 mg/ml. Amphotericin B and Cantus® WG (boscalid) were used as positive

controls. Growth controls of PDB with the respectlve fungal conidium

suspensions Wlthout the plant extracts were also |ncluded As an mdlcator of

42




growth, 40 ul of 0.2 mg/ml of p-iodonitrotetrazolium (INT, Sigma-Aldrich,
Germany) was added to each of the microplate wells. The covered microplates
were incubated at 25°C and 100% relative humidity initially for 48 hrs for MIC
determination, and up to 120 hours for the determination of loss of activity
(stability). Extracts were considered to be stable if they can maintain MIC values
that ranged from 0.6-0.02 mg/ml. The plates were visually examined every 24
hours. The MIC is here recorded as the lowest concentration of the extract that
inhibited fungal growth at each time interval. Fungal growth was indicated by the

red colour of the INT reduced to formazan (Eloff, 1998b).
3.2.3.3 Bioautography Assay

Bioautography is a method that is used to localize antimicrobial activity on a
chromatogram, where the microorganism grows directly on the TLC plate. In this
study, the bioautography procedure described by Begue and Kline (1972) was
used. Thin Layer Chromatography aluminium backed silica gel plates were
loaded with 10 ul of solubilised plant extracts and developed using the eluents
described earlier in section 2.2.3. The plates were dried for 5 days in a stream of
air to remove all traces of the eluents. Once dry, the plates were sprayed with a
standardized fungal suspension of actively growing cultures of isolates of the four

fungi prepared in section 3.2.1. The plates were incubated overnight at 35°C and

. 100% relative_humidity. This was followed by the spraying of the plates witha

solution of INT, a fungal growth indicator, to detect biological activity on the

chromatograms. INT was prepared by weighing out 50 mg of INT powder
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dissolved in 25 ml of distilled water to make a stock solution. From the stock
solution 2 ml of INT was added to 18 ml of distilled water to make a workihg
solution of 0.2-mg/ml concentration. The INT solution was always prepared on
the day of use. Clear zones on the chromatograms indicated inhibition of fungal

growth.
3.3 Results
3.3.1 Agar diffusion assay

The results obtained in this assay indicated that none of the plant extracts
inhibited the growth of the fungi tested when compared to the positive controls by

visual inspection.
3.3.2 Microtitre assay

None of the plant extracts showed growth inhibitory effects against any of the
Aspergillus isolates tested. However, conidium (spore) formation was enhanced
and was most pronounced in the case of the DCM extract followed by Hex and
MeOH extracts as shown in Fig. 3.1. The exact opposite was observed in the
presence of Amphotericin B and Cantus® as shown in Fig. 3.2. In general, the
DCM extract was more effective in inducing conidia formation followed by Hex
and MeOH. No effect was observed with the H>0 extracts. Amphotericin B and

Cantus, the positive controls used, did not have an effect on fungal sporulation. -
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Fig. 3.1: Activity of plant extracts against Aspergillus flavus (MRC 3953). HEX:
hexane, DCM: dichloromethane, MeOH: methanol.
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Fig. 3.2: Activity of controls against Aspergillus flavus (MRC 3953). Amp B:

Amphotericin B.
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There is no validated criteria for the MIC end points for in vitro testing of plant
extracts, however (Sou.za et al. 2007) working on essential oils proposed
classification for plant materials based on MIC results after 48 hours as follows:
strong inhibitors: MIC lower than 0.5 mg/ml; moderate inhibitors: MIC between
0.6 and 1.5 mg/ml and weak inhibitors: MIC above 1.6 mg/ml. Based on the
above classifications, and as can be seen in Table 3.2, the MeOH and Hex
extracts of V. unguiculata and A. spinosus exhibited the broadest spectra of
antifungal activity against the isolates of Fusarium species. Other plant extracts
used exhibited moderate to weak activity and were selective in inhibiting the
various fungal isolates. The MeOH extract of 7. minuta exhibited the highest
activity against F. verticillioides strains MRC 8559 and MRC 8267. The Hex
extract showed the highest activity against two strains of F. proliferatum, MRC
2301 and MRC 7140. The DCM extract also exhibited the highest activity against
MRC 6908 and MRC 7140. It is also interesting to note that the strain MRC 7140

was sensitive to both the Hex and DCM extracts.

The Hex extract of L. javanica showed the highest activity against F. proliferatum
strains MRC 2301 and MRC 7140 and F. verticilliodes strain MRC 8559. The
DCM extract showed the highest activity against one strain of F. proliferatum
MRC 2301. The MeOH extract of V. unguiculata exhibited the highest activity
against one strain of F. proliferatum MRC 6908 and two strains of F.
—————verticifliodes-MRC-826-and-MRG-8559-. $he-Hex-extract-also-showed-the highest .

activity against MRC 7140 and MRC 8559. In the case of A. spinosus, the
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highest activity was observed with the MeOH and Hex extracts. Both these

extracts showed activity against MRC 7140 and MRC 8559. In general, extracts

from the solvents used had at least one highly active constituent as seen in Table

3.2. Irrespective of the solvent system used, some extracts exhibited activity

similar to that of Amphotericin B, the positive control used. Of all the fungal

strains used, the most sensitive to the different plants extracts was MRC 7140

and MRC 8559.

Table 3.2: MIC values of plant extracts against Fusarium proliferatum and F.

verticilliodes after 48 hrs.

MIC values (mg/ml)

Plants Extracts F. proliferatum F. verticilliodes
*6908 *2301 *7140 *826  *8559 *8267
Tagetes MeOH 250 0.08 2.50 2.50 0.02 0.02
miguz‘a Hex 250 0.02 0.02 0.04 0.32 0.32
DCM 0.02 0.16 0.02 0.08 0.32 0.32
Liopia iavanica MeOH 032 250 250 0.32 064 0.32
ppia] Hex 064 0.02 0.02 0.08 002 125
DCM 0.32 0.02 0.08 0.08 0.16 0.32
Vigna MeOH 002 0.08 0.32 0.02 0.02 0.32
unguiculata Hex 0.32 0.08 0.02 0.04 002 0.16
DCM 0.04 032 0.32 0.02 0.16 0.08
Amaranthus MeOH 0.16 0.04 0.02 0.16  0.02 0.16
spinosus Hex 0.04 004 0.02 0.04 0.02 0.16
DCM 0.04 125 0.32 064 0.16 0.04
g;nphotencin 0.04 0.02
Cantus” 0.04 0.04

MIC: minimum inhibitory concentration (values are means of triplicate determinations),
O RN He e DM e orome e

*MRC isolates. Values are means of triplicate determinations

*MIC of controls was the same for all strains shown.
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The fungal isolates showed varying degrees of sensitivity and tolerance to the
plant extracts. The results showed that there was no uniform response within or
between fungal isolates of the same species in terms of susceptibility to
antifungal activity in the extracts. F. proliferatum strain MRC 2301 was more
sensitive to the MeOH extract of 7. minuta than the other two strains of this
species, while strains MRC 2301 and MRC 7140 were more sensitive to the Hex
extract. All three strains exhibited a similar sensitivity to the DCM extract. When
considering the MeOH extract of T. minuta, F. verticillioides strains MRC 8556
and MRC 8267 were more sensitive than strain MRC 826, while the latter was
more sensitive to the Hex and DCM extracts. With respect to 7. minuta and L.
javanica the DCM extracts tended to exhibit the highest activity, although there

were exceptions.

Tables 3.3 and 3.4 show results obtained from an investigation carried out to
determine the stability of the plant extracts against the test fungi. The results
obtained in the presence of Amphotericin B and Cantus appear to suggest that
after 24 hrs the inhibitory effect decreases by more than 80 times. The methanol
extract of 7. minuta exhibited growth inhibitory activity against F. proliferatum
isolate MRC 2301. The same extract, however, was only stable up to 72 hrs
against F. verticilliodes strain MRC 8559. The hexane extract maintained its
stability against MRC 2301 and MRC 7140 and against all F. verticilliodes strains

through out the incubation time period. The DCM extract was only stable for 72

hrs against all strains of the Fusarium species tested. All extracts of L. javanica

appear to be unstable, losing activity after 72 hrs. In general it would appear that
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the MeOH and Hex extracts from V. unguiculata and A. spinosus not only
exhibited the highest inhibitory effect but also showed the high'est stability over
the 120 hrs incubation period against all Fusarium strains. Once again the DCM
extract of V. unguiculata was only stable against one strain of F. proliferatum,
MRC 6908 and two strains of F. verticilliodes, MRC 826 and MRC 8559. A similar
response was observed with the DCM extract of A. spinosus which only
maintained stability against F. proliferatum strain MRC 6908. Generally, it would
appear that the DCM extracts are not stable over the extended experimental time
period. The water extracts exhibited no activity at the highest concentration (2.5

mg/ml) used.

The polarity of the extraction solvents used sequentially decrease in the order of
MeOH>DCM>Hex. Generally, it appears that the inhibitory effect of the plant
extracts varies depending on the specific plant and solvent used as well as the

fungal isolate with no specific trend related to the polarity of the solvent.
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3.3.3 Bioautography assay

This method did not work - the fungal growth on TLC plates was poor and it was

difficult to detect inhibition zones.
3.4 Discussion

Both Amphotericin B and Cantus appear to be unstable beyond 48 hrs. This
finding is not surprising as Amphotericin B have been previously reported to be
unstable against fungal cultures (Cheung et al. 1975). Amphotericin B has been
reported to be stable in the intravenous solution 5% dextrose in water, even
when exposed to fluorescent light, for up to 24 hrs at room temperature (Block
and Bennett, 1973; Shadomy et al. 1973). However, reducing agents, pH, and
temperature of incubation have all been shown to affect its antifungal activity
(Cheung et al. 1975). Other authors have also reported a pronounced decay of
Ampbhotericin B in various media when the incubation period of was increased by
72 to 96 hrs (Brandsber and French, 1972). No data could be found in the

literature to show that Cantus is also unstable.

Lack of activity by the plant extracts against fungal growth observed when using
the agar diffusion assay can be explained by a number of possible reasons.
Firstly, it is worth noting that testing for antifungal activity using plants extracts on

fungi of agricultural importance has not been extensively explored. Hence there

are_not standardised or_validated methods_of testing plants_extracts on fungal

growth. The agar diffusion assay which is normally used for bacterial growth was
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tried and proved to be of little or no use in as far as the fungi used in the study is
concerned. Even though this has been previously observed (Pauli, 2006), it was
worth trying since different fungi have different charecteristics of growth. It would
therefore seem unreasonable to conclude that the agar diffusion assay is nbt

appropriate for fungal growth.

Secondly, it could be possible that there was a problem with the solubility of the
plants extracts in agar due to some physical-chemical properties of the
constituents in the extracts and the agar. The study of these physical-chemical
properties of these constituents was beyond the scope of the current study. In
this study all the dried plant extracts were solubilised in acetone and dissolved in
water. It could be possible that once the solubilised plant extracts were mixed
with agar, when acetone evaporated, resulted in the precipitation of the plant
constituents, influencing the rate at which constituents is absorbed or becomes
available at the target place by diffusion. This assumption is based on fact that
the agar diffusion assay is limited to substances with considerable water solubility

(Scorzoni et al. 2007).

Lastly, it is possible the fungi used had limited submerged growth. This is in
accordance with an explanation proferred by an experienced mycologist

(personal communication). It could be possible that during growth they did not

_fully come into_contact with_the extracts in the agar medium or was unable to

absorb the plant extracts to have an effect.
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Although the plant extracts did not show any activity when using the agar
diffusion assay, the extracts were observed to be active when the microtitre
assay was used. As seen from the results the activity of the plant extracts
differed when tested against different fungal isolates of the same species. This
agrees with what has been previously reported about fungal sensitivity to
antifungal agents (Souza et al. 2007; Mazzola et al. 1995). These kinds of
differences in sensitivity among fungi against antifungal compounds in plants
extracts may be explained by the differences in cell wall composition and/or
chromosomal alteration that can be transferred among fungal isolates (Mazzola
et al. 1995). In this study it is possible that a resistance mechanism is operating
in isolates that exhibited reduced sensitivity to the plant extracts. According to
Mazzola et al. (1995), in bacteria if resistance to a xenobiotic is conferred by way
of a detoxification mechanism, co-existence of sensitive and resistant strains at a
particular microsite may have the potential to decrease the efficacy of that
substance. Whether this occurs with fungi or not would be interesting to
investigate. The sensitivity of a specific fungal isolates to a specific extract is also
of interest as discussed above. This would imply that the diverse fungal genetics
and the selectivity of specific plant constituents are important when considering
the antifungal properties. Care should therefore be exercised as this could result
in the selection of a specific resistant genotype that can either be less or more

mycotoxigenic.

The difference in inhibitory activity of the plant extracts observed in this study

could also be explained by the diversity of molecules extracted with the different
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solvents. As previously stated in the introduction (Table 1.2), MeOH tends to
extract compounds such as polyphenols (tannins and flavonoids), glycosides,
and to some extent glycosylated terpenoids (Rauha et al. 2000) that can be
assumed to have contributed to the inhibitory effect of the extract. Hexane
extracts mainly fats and fatty acid that are presumably more stable (Gomez ef al.
1996), therefore it is not suprising that in the stability study activity would still be
observed. The results obtained from the stability study implied that constituents
that had been extracted by the hexane remained stable. Using the cutoff point of
0.6 mg/ml, V. unguiculata and A. spinosus gave extracts with the most stability. It
would appear that of the three extractants used in this study, the Hex extracts of
T. minuta as well as both the Hex and MeOH extracts of V. unguiculata and A.
spinosus would be a logical choice for further development since these extracts

exhibited the highest activity and stability over the 120 hrs incubation period.

In the case of the Aspergillus species tested, the results obtained when exposing
the fungi to the plant extracts are in agreement with the previously reported
findings by Paterson, (2007). In that study, spore formation was reported to occur
when fungi were under stress due to the application of fungicides, nitrogen
fertilizers. It is likely that the enhanced spore formation observed with Aspergillus
isolates in the present study was in reaction to treatment with the plants extracts.
It is reasonable to assume that the plants extracts used in this study contain
- ———fungistatic-agents—These-are.agents-that.are_known.to reduce the replication of ..

fungi (Paterson, 2007). Again as argued earlier, it would be logical to pursue
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further investigation studies that will lead to the development of fungistatic agents

from this plant species.

The bioautography assay appeared not to be a good guide for any further
phytochemical studies that would lead to the development of antifungal agents
using the Apergillus and Fusarium species. Instead identification in the plant
extracts was done using Liquid Chromatography/ Mass Spectrophotometry
fingerprinting. This was done after investigating the effect of the plants extracts

on toxin production by the test fungi.
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CHAPTER 4

THE EFFECT OF PLANT EXTRACTS ON MYCOTOXIN PRODUCTION

4.1 Introduction

Food and feed are often infected before harvest and in storage by fungi that
produce mycotoxins (Sanchez et al. 2005). The most effective way to control the
presence of mycotoxins in feed and food is to prevent their formation in the field
or during storage. Fungal growth and mycotoxin production risk can be lowered
by the application of synthetic fungicides, however, their effectiveness is marred
by setbacks that result from their widespread use (see section 1.5). The present
study was undertaken to investigate the effect of extracts of T. minuta, L.
javanica, A. spinosus and V. unguiculata on toxin profile of isolates of F
verticilliodes. For the purpose of this study only £ verticilliodes was selected

because it is the most prevalent species in maize and is also a prolific fumonisin

producer.
4.2 Materials and Methods
4.2.1 Preservation of fungal isolates

4.2.1.1 Lyophilization of fungal strains

o R o o PR ey == e TR . e Ao T AR R o A i
A R b T A e T =

rThé culture material was lyophilized using the standardized freeze dry method

used by the PROMEC Unit of MRC and stored at 4°C until used.
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4.2.1.2 Preparation of maize patty cultures and plant extracts

Maize patty cultures were prepared according to the method of Alberts et él.
(1993). Commercial whole yellow maize kernels (A grade, regarded to be safe for
human consumption) were finely ground using a Romer Labs Series Il Mills /
Subsampling mill, USA. Thirty grams (30 g) of the ground maize meal was
weighed into 90 mm diameter pyrex Petri dishes using a Mettler PC 4400 Delta
Range® weighing balance and 20 ml of distilled water was added to each Petri
dish. The maize patties in the Petri dishes were autoclaved for 1 hr at 121°C. The
maize patties were allowed to stand overnight and autoclaved once more for 1 hr.
The plant extracts were suspended in acetone (1 ml) and dissolved in water to a
concentration of 2.5 mg/ml. The plant extracts were sterilized by filtering them
through a polycarbonated Sartorius filtering system (Goettingen, Germany)
before they were used. The sterile plant extracts were sequentially diluted in 1%
acetone to give concentrations of 2.5, 0.625, 0.313, 0.16 and 0.08 mg/ml. Ten
milliliters (10 ml) of these concentrations of each plant extracts was added to the
maize patties (10 maize patties per concentration) and incubated overnight at
25°C to enable the extracts to be absorbed into the maize patties. Controls were

prepared by spiking standards into maize patties.
4.2.1.3 Inoculation and harvesting of maize patty cultures

~-—-——-The -contents—of-the-lyophilized-~vials--of -fungal-strains_.being- tested were ..
reconstituted with 2 ml of sterile water to form conidial suspensions of which 1 ml

was transferred into Erlenmeyer flask containing 150 ml sterile water. Each patty
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was inoculated with 1 ml of this diluted spore suspension. Amphotericin B and
Cantus® were used as positive controls. The negative controls were made up as
maize patties (30 g) inoculated with the fungal suspension but without treatment.
The maize patties were incubated in the dark for 21 days at 25°C. Thereafter, the
patty cultures were harvested by scraping the patties onto a plate and placing in
an oven and allowed to dry overnight at £ 50-55°C. The patties were ground
using the laboratory mill (Falling Number AB, Stockholm, Sweden) to a fine meal
and packaged into sterile labeled sample envelopes. The sampies were stored at
4°C until mycotoxin analysis. The mill was thoroughly cleaned between each
sample. Gloves and masks were worn for personal safety measures when

harvesting the patties.
4.2.2 Mycotoxin analysis
4.2.2.1 Extraction of fumonisins from maize patties

Fumonisin extraction was done using the method of Shephard ef al. (1990) with
modifications. In brief, 20 g of ground maize patties were extracted by blending
for 3 min with methanol : water (3:1;100 ml) in a Sorvall (Newtown, CT, USA)
Omni-mixer followed by centrifugation at 4000 rpm at 4°C for 10 min. The
supernatant was filtered out through Whatman no. 4 filter paper and adjusted to
pH 6.00-6.50 using either sodium hydroxide or hydrochloric acid. An aliquot (10

ml) was loaded onto solid phase extraction cartridges containing silica based

s s T i Dy RS T R e s

strong anion-exchange (SAX) media (Varian, Habor CE|ty CA) fitted gnto thews-o!id

phase extraction manifold. The columns were conditioned with methanol (5 ml)
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followed by methanol : water (3:1;5 ml) and eluted at a rate of 1 ml/min.

Subsequently the cartridge was washed successively with methanol : water
(3:1,5 ml) and methanol (3 ml), whereafter the toxins were eluted with acetic
acid:methanol (1:99;10 ml) into 20 ml scintillation vials under gravity. The eluates
were transferred into 4 mi glass vials evaporated to dryness under a stream of
nitrogen at 60°C. The extracts were stored in a refrigerator at 4°C until used. The

extracts were reconstituted in methanol (200 pl) and 25 pl of this solution was

derivatized and injected onto the High Performance Liquid Chromatography

(HPLC).
4.2.2.2 Preparation of HPLC mobile phase

Sodium dihydrogen phosphate (NaH;PO4.2H,0; 15.6 g) was weighed out and
made up to 1L with distilled water in a volumetric flask to make a 0.1M solution.
Methanol and 0.1M NaH,P04.2H,0 solution (79:21) were measured and mixed
well to make a mobile phase. O-phosphoric acid was used to adjust the pH of
the mobile phase to 3.35. The mobile phase was filtered through 0.45 pm X

47mm membrane filter (Advantec, MFS, Inc.) under vacuum at 1 ml / min flow

rate.
4.2.2.3 Preparation of o-phthaldialdehyde

Since the structures of fumonisins do not contain any UV chromophore or

fluorescence characteristics (Ndube et al. 2009), HPLC with fluorescence

e e

detectlon of fumonlsm was used The HPLC method used in this study utmzes
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precolumn derivatization with o-phthaldialdehyde (OPA). OPA in the presenée of
mercaptan reacts rapidly with primary amino acids to form intensely fluorescent
derivatives. These derivatives are analyzed with good sensitivity and selectivity
by high-performance liquid chromatography employing 3-microns particle size

reversed-phase columns (Jones and Gilligan, 1983).

Forty milligrams (40 mg) of OPA was dissolved in 1 ml of methanol, vortexed and
then diluted with 5 ml of 0.1M disodium tetraborate (3.8 g Na;B407.10H,0 in 100
ml distilled water). Fifty microlitres (50 ul) of 2-mercaptoethanol was added to the
OPA solution and vortexed. The solution was stored at room temperature in a

capped amber or aluminium foil-covered vial.
4.2.2.4 Derivatizing of samples and standards for HPLC analysis

Derivatization was done according to the method of Sydenham ef al. (1996).
Standards (25 ul) were derivatized with 225 yl OPA reagent and 10 pl injected
onto the HPLC. Three injections of the standard were made prior to injecting
samples to ensure repeatability. The samples were reconstituted in 200 ul of
methanol and 25 pl of the solution derivitized with OPA (225 pul). 10 pl of the
derivatized solution was injected onto the HPLC within 90 s after mixing. The
fumonisin levels were quantified using the HPLC and calculated based on a

standard curve. The fumonisin analoques were detected on the basis of their

e ——patention- times-(Rheeder-ef @l.-2008 ) o cmem e e e e e e
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4.3 Statistical analysis

Experimental data to determine the inhibitory concentration (ICsp) and coefficient
of correlation (R?) was analyzed using the Student t-test with Prism version 5.0

software.

4.4 Results

The effect of the plant extracts on fumonisin B4 production is shown in Tables 4.1,
4.2, 4.3 and 4.4. An inhibitory effect on fumonisin B4 production was observed at
different concentrations of the plant extracts used in this study and was found to
be dose dependent, i.e. as the concentration of the plant extracts increases the
inhibition effect increases (figs 4.1). Generally, at higher concentrations of 0.6
mg/ml all plant extracts showed apparent inhibition of fungal growth (fig 4.1) and

no toxin levels were detected (limit of detection is 5 ng/g).
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Fig 4.1: Effects of plant extracts at (1) concentrétions of 0.02 mg/l; (2) concentrations
of 0.6 mg/ml and controls against MRC 8267. A = Amphotericin B, B = Cantus, C =
growth control, D = Hex extract, E = DCM extract, F = MeOH extract.

Fumonisin B4 production by isolates of F. verticillioides was completely inhibited
by the DCM extract of T. minuta, except at concentrations of 0.08 mg/ml. A

similar pattern of inhibition was observed on the MeOH and Hex extracts of T.
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minuta, except for the Hex extract at a concentration of 0.16 mg/ml against MRC
8267 and for the MeOH extracts at the same concentration against MRC 826 and

MRC 8559.

Extracts of L. javanica exhibited different degrees of activity against fumonisin B+
production. The DCM extract was generally less inhibitory on fumonisin B
production by all isolates of F. verticillioides. The MeOH and Hex extracts were
the most active, inhibiting toxin production at concentrations of 0.16 mg/mi

against all isolates of F. verticillioides.

When considering extracts of V. unguiculata, the DCM and MeOH extracts
exhibited activity at concentrations of 0.16 mg/ml against all isolates of F
verticillioides, while complete inhibition was observed by the Hex extract except

against MRC 826.

DCM extracts of A. spinosus inhibited FB4 production at concentrations above
0.16 mg/ml against all isolates of F. verticillioides. Complete inhibition of FB;
production was however observed on the MeOH extracts against MRC 8267 and
MRC 8559. The Hex extracts completely inhibited the production of toxins by
MRC 826. The same extracts however, showed activity against MRC 8267 and
MRC 8559 except at lower concentrations of 0.08 mg/ml. In general, all plant
extracts exhibited activity on FBy production by isolates of £ verticillioides,
however, it would appear that the different extracts-from-V.-unguictilata-and-A—— =~
spinosus exhibited the highest toxin inhibitory effects. The effect of the plant

extracts at concentrations of 0.08 mg/ml was similar to that of Cantus®, the
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agricultural fungicide used. Amphotericin B exhibited the least activity against all

isolates of F. verticillioides.

Table 4.1: Effects of plant extracts on FB1 production (g/kg) by F. verticillioides

(MRC 826).
FB, concentrations® (g/kg) produced
Extractants  Extracts
concentration T. minuta L. javanica V. unguiculata  A. spinosus
(mg/ml)
DCM 0.313 ND 0.8+0.03 ND ND
0.16 ND 0.8+0.04 ND 1.1+0.1
0.08 0.1+£0.02 09x0.1 1.5+£0.1 1.5+0.1
MeOH 0.313 ND ND ND ND
0.16 0.7+£0.04 1.1£041 ND ND
0.08 0.9+£01 0.7+0.04 0.7+01 1.1+01
Hex 0.313 ND ND ND ND
0.16 ND ND ND ND
0.08 02+£002 12+02 0.9+£0.1 ND

DCM: dichloromethane, MeOH: methanol, Hex: hexane, ND: not detected [limit of
detection (LOD) = 5ng/g]; *Mean FB, levels (n=3).

Table 4.2: Effects of plant extracts on FB4 production (g/kg) by F. verticillioides

(MRC 8267).
FB, concentrations™ (g/kg) produced

Extractants  Extracts

concentration T. minuta L. javanica V. unguiculata  A. spinosus

(mg/ml)
DCM 0.313 ND 1.0+£0.1 ND ND

0.16 ND 1.1+£0.01 ND 1.1+£0.1

0.08 1.6+0.2 1.1+£01 12102 1.4+£01
MeOH 0.313 ND ND ND ND

0.16 ND ND ND ND

0.08 0.7+ 0.1 0.7+£0.04 1.3+£02 ND
Hex 0.313 ND ND ND ND

e 016 __ 06+02 ND ND ND
0.08 14+01 0.1 +£0.02 ND 0.2+0.05

DCM: dichloromethane, MeOH: methanol, Hex: hexane, ND: not detected [limit of
detection (LOD) = 5ng/g]; *Mean FB; levels (n=3).
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Table 4.3: Effects of plant extracts on FB; production (g/kg) by F. verticillioides

(MRC .8559).

Extractants Extracts

FB, concentrations™ (g/kg) produced

concentration T. minuta

L. javanica V. unguiculata  A. spinosus

(mg/ml)
DCM 0.313 ND 0.7+0.1 ND ND
0.16 ND 0.9+0.1 ND 0.7+0.2
0.08 0.2+0.02 1.0+01 0.5+0.04 1.2+02
MeOH 0.313 ND ND ND ND
0.16 07+04 ND ND ND
0.08 1.5+02 03004 1.5 £0.2 ND
Hex 0.313 ND ND ND ND
0.16 ND ND ND ND
0.08 ND 0.5+£0.04 ND 1.6+0.3

DCM: dichloromethane, MeOH: methanol, Hex: hexane, ND: not detected [limit of

detection (LOD) = 5ng/g]; *Mean FB, levels (n=3).

Table 4.4: Effects of Amphotericin B, Cantus and growth control on FB, production (g/kg)

by F. verticillioides strains.

Control sets Controls

Concentration

FB, concentrations® (g/kg) produced

(mg/ml) MRC 826 MRC MRC

8267 8559
For DCM Growth control - 5.0+£0.8 75220 6.0+ 0.6
experiment  Amphotericin B 0.8 3.0£1.0 3.6+1.0 3.3+£09
Cantus 0.8 0.8+04 1.1+0.6 1.0+£06
For MeOH Growth control - 48+1.0 6.1£1.0 6.3£0.8
experiment  Amphotericin B 0.8 2.7+13 2505 3.5+£09
Cantus 0.8 1.0£05 1.2+04 14104
For Hex Growth control - 6.2+1.0 59+23 49+0.38
experiment  Amphotericin B 0.8 3.7+15 26+19 3.6+1.1
Cantus 0.8 0.9+0.5 1614 1.3+£0.2

DCM: dichloromethane, MeOH: methanol, Hex: hexane, *Mean FB; levels, (n=12/

control levels), (LOD) = 5ng/g]; *Mean FB; levels (n=3).
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Based on the good inhibitory effect of the plant extracts on mycotoxin production, it
was necessary to determine the inhibition concentration (ICsp). To determine ICso,
assays were carried out below the lowest concentration of 0.08 mg/ml, i.e. 0.04,
0.02 and 0.01 mg/ml of the plant extracts. ICso is the concentration of a material
which inhibits toxin production by 50%. The ICsy was determined using the DCM
and MeOH extracts of V. unguiculata against MRC 826 and MRC 8267. V.
unguiculata was chosen on the basis that it was the most active against toxin
production by isolates of F. verticilliodes. The ICsp values for DCM extract ranged
from 0.02-0.04 mg/ml against MRC 826 and 0.03-0.04 mg/ml against MRC 8267,
while the MeOH extracts ranged from 0.01-0.3 mg/ml against MRC 826 and 0.02-

0.05 mg/ml against MRC 8267 (Table 4.5).

Table 4.5: 1Cso of the DCM and MeOH extracts of V. unguiculata against MRC

826 and MRC 8267.

ICs0 (mg/mi)
Extract MRC 826 MRC 8267
V. unguiculata DCM 0.02-0.04 (R*=10.9) 0.03-0.04 (R*=1.0)
V. unguiculata MeOH 0.01-0.30 (R*=0.9) 0.02 - 0.05 (R*=0.9)

R: coefficient of correlation

4.5 Discussion

e e e B A e e ot e e e 2 e

The findings of the present study highlight the potential of plant extracts in the

protection of food commaodities against fungal contamination. The broad spectrum of
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activity exhibited by some plant extracts used in the current study was comparatively
lower than that of the synthetic fungicides tested. The plant extracts successfully
reduced toxin levels to levels well within the maximum tolerable limits, i.e. 1 g/kg in
maize intended for direct human consumption as set by the European Union (EU) in
the Commission regulation (EC) NO. 1126/ 2007 (EU, 2007). Given that the
occurrence of fungal contamination and subsequent mycotoxin poisoning occurs
mainly in localized hot spots, the large reductions demonstrated in this study would
help to reduce the risk posed by mycotoxins. Mycotoxin production has beén
reported to be influenced by stresses such as the application of fungicides to crops
(Paterson 2007). Fungicides and fungistats can effectively inhibit the growth of fungi,
however, where control is only partial and allows some growth, mycotoxin production
is stimulated (Magan et al. 2002). Complete inhibition of fungal growth by some plant
extracts in this study is good in terms of the possibility of mycotoxin production. Anti-
mycotoxigenic activity of plant extracts has been previously reported (Joseph et al.
2005; Atanda et al. 2007; Soliman and Badeaa, 2002; Rasooli and Owlia, 2005;
Lopez-Malo et al. 2005; Hua et al. 1999). Most of these studies however, focused
mainly on the essential oils of herbs, spices and a few plants. Nothing has been
reported on the plant species used in this study, except for the antimycotoxigenic
activities of essential oils of T. minuta against Aspergillus parasiticus (Rasooli and
Owlia, 2005). This is the first study to report on the antimycotoxigenic activity of

extracts of L. javanica, T. minuta, A. spinosus and V. unguiculata.
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The mechanism of inhibition of toxin production by the plant extracts in this study is
still unclear, but we can speculate that the observed activity was due to an enhanced
oxidation of phenolic compounds from the plant extracts. Phenolic oxidation has
been reported to produce semiquinones, quinones and free radicals which play an
important role in the resistance of plants to microbial infections and adverse climatic
conditions (Ruuhola et al. 2007). Once formed, these quinones undergo
polymerization reactions, leading to the production of dark, insoluble polymers
referred to as melanins, which exhibit antifungal activity (Mayer, 2006; Mahanil et al.
2008). Quinones are aromatic rings with two ketone substitutions. They are
ubiquitous in nature and are characteristically highly reactive (Schmidt, 1988). In
addition to providing a source of stable free radicals, quinones are known to complex
irreversibly with nucleophilic amino acids in proteins (Stern ef al. 1996), often leading
to inactivation of the protein and loss of function. For that reason, the potential range
of quinone antimicrobial effects is great. Probable targets in the microbial cell are
surface-exposed adhesins, cell wall polypeptides, and membrane-bound enzymes.
Quinones may also render substrates unavailable to the microorganism (Duke,

1985).

Based on the strong activity of the plant extracts tested in this study, the aim of the

next chapter was focused on determination of the antioxidant and phenolic content

the present of phenolic compounds.
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CHAPTER 5

ANTIOXIDANT ACTIVITY AND PHENOLIC CONTENT IN PLANT EXTRACTS

5.1 Introduction

Previous studies have shown that more than 90% of the antioxidant capacity of plant
extracts is derived from the contribution of phenolic compounds some of which have
also been found to be antifungal (Javanmardi et al. 2003). However, it is also worth
noting that antioxidant capacity is not limited to phenolics. The activity may also
come from other compounds that are not phenolic compounds. Phenolic compounds
have been used for many years as disease preventing agents and have also been
reported to have antifungal activities (Manson et al 1997). The present study was
undertaken to investigate the total phenolic content and related antioxidant activities
of extracts of A.spinosus, V. unguiculata, L. javanica and T. minuta. We also wanted
to find out if there was any correlation between biological activity seen in chapter 3

and the presence of phenolic compounds / anti-oxidant activity.

5.2 Materials and methods
5.2.1 The 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
method
Anti-oxidant activity of the plant extracts was determined using the method
described by Re et al. (1999) with slight modifications using trolox as a standard.
—This method measures the hydrogen -atom (or one electron)“donating ‘activity and-——— -~

hence provides a measure of free radical scavenging antioxidant activity (Kirby and
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Schmidt, 1997). The principle of the reaction is that the anti-oxidant compounds
react with ABTS" radical. During the reaction, the solution becomes clear or
decreases in colour intensity, thus decreasing the absorbance. The ABTS solution
was prepared at a concentration of 7 mM (0.01920g ABTS) and the potassium
persulfate (K2S20g) solution at a concentration of 2.45 mM (0.18923g K,S20s) using
distilled water (5 ml). The radical cation ABTS" was chemically generated with
K>S,0g and the ABTS solution. Hence 88 pul of the K;S,03 solution was added to 5
ml of ABTS solution, mixed well, covered with foil and kept at room temperature for
12-16 hours before use in the experiment. The ABTS" radical (stable for 2-3 days)
was diluted with ethanol and maintained on ice throughout the experiment. The
experiment was preformed only if the absorbance of the radical was 0.70+0.02 at
734 nm using a UVIKON 923, double beam UV/VIS spectrophotometer (Bio-tek

Kontren Instrument, A.D.F, South Africa).

Working solutions of plant extracts were prepared at starting concentrations of 5
mg/mi for DCM and MeOH extracts in dimethy sulfoxide. The Hex extracts were
prepared at starting concentrations of 20 mg/ml because lower concentrations gave

readings outside the standard range.

From the working solutions of the plant extracts, two further dilutions were prepared
in DMSO to obtain final concentrations of 5, 2.5 and 1 mg/ml for the DCM and

MeOQOH extracts and 20; 10 and 4 mg/ml for the Hex extracts. To a sample of 50 ul of

‘each concentration, in a test tube, a volume of 1 ml of the ABTS" radical was added

and kept at 37°C in a water bath for four minutes before being transferred into a
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cuvette and the absorbance was measured at 734 nm. Each sample was tested in
triplicate. The colour interference of the plant extracts was not taken into

consideration because there was very little variation.

5.2.2 The Ferric Reducing Ability of Plasma (FRAP) method

The FRAP assay was carried out according to the method of Benzie and Strain
(1996) using trolox as a standard. This method measures the ability of a compound
to reduce Fe®* to Fe?*. The FRAP assay uses the antioxidants as reductants in a
redox-linked colorimetric hethod, in which Fe*-TPTZ is reduced to Fe?"-TPTZ by
antioxidants. Fe**-TPTZ has an intense indigo/blue colour. FRAP assay measures
the change in absorbance at 593 nm owing to the formation of a blue colored Fe?'-
TPTZ compound from colourless oxidized Fe®* form by the action of electron

donating antioxidants (Bakasso et al. 2008).

The FRAP reagent included the preparation of 300 mM sodium acetate buffer
solution, pH 3.6 [3.1 g sodium acetate and 16 ml glacial acetic acid per litre of buffer
solution]; 10 mM/L TPTZ in 40 mM HCI (0.06248 g TPTZ in 50 mi of 40 mM HCI); 20
mM FeClz.6H,0 (0.1622 g FeCl; in 50 ml H,0); 5 mM Trolox stock solution (0.01251
g Trolox in 10 ml MeOH). The working FRAP reagent was prepared by mixing 150
ml of the 300 mM sodium acetate buffer solution, 15 ml of the 10 mM TPTZ in 40

mM HCI and 15 ml of the 20 mM FeCl3.6H,0 solution. The FRAP reagent was only

e s it s i s

mixed once the standards and extracts (in triplicate) ‘were feady for the 4 min

incubation. Plant extracts were prepared as in section 2.1.2. To a sample of 0.1 pl of
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each concentration, in a test tube, a volume of 3 ml of the FRAP reagent was added
and kept at 37°C in a water bath for four minutes before being transferred into a

cuvette and the absorbance was measured at 593 nm.
5.2.3 Investigation of total phenolic content

Total phenolic concentration in the plant extracts was determined
spectrophotometrically by the Folin-Ciocalteu assay (Gao et al, 2000). The method
is based on the reduction of clear phosphotungstic acid in alkaline solution to
phosphotungstic blue. The absorbance of formed phosphotungstic blue is
proportional to the number of aromatic phenolic groups and is used for their

quantification, with gallic acid as the standard (Horzic et al. 2009).

Anhydrous sodium carbonate was prepared at a concentration of 75 g/L. The
solution was stirred and heated until the sodium carbonate was completely dissolved
before the solution was filtered using Whatman no 1 filter paper. The Folin-Ciocalteu
stock solution was prepared at a concentration of 10% (v/v) with distilled water. The
correlation between the antioxidant activity and total phenolic content wés
determined using a linear regression. To determine the total phenolic content, the
mean of three readings was recorded and the quantification expressed in mg/ g of
gallic acid equivalent dry sample (mg/g GAE). A 1 ml volume plant extract was

mixed with 5 ml of Folin-Ciocalteu reagent followed by the addition of 4 ml of

aﬁhydroussodlum carbonate and incubation at room temperature in the dark for 2
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hours. The absorbance of the reaction mixture was determined twice at 765 nm

against a sample containing only DMSO.
5.3 Statistics

Statistical analysis of phenolic content and antioxidant activity to determine the
coefficient of correlation (R?* was analyzed using the Student t-test with Prism
version 5.0 software. Correlation between the anti-oxidant activity and the total

phenolic content was determined using Strata software.

5.4 Results

The results of the three assays FRAP, ABTS and total polyphenolic content for
antioxidant activity of the plant extracts are given in Table 5.1. The best activities
using the FRAP assay were found with extracts of V. unguiculata (0.06- 0.13 mmol
trolox/mg) and T. minuta (0.04-0.27 mmol trolox/mg). Extracts of A. spinosus and L.
javanica had similar activities (0.01-0.09 mmol trolox/mg) except for the MeOH

extracts (0.11 and 0.27 mmol trolox/mg respectively).

Using the ABTS assay highest antioxidant activity was obtained from the MeOH
extracts (0.33-0.69 pmol/mg) of the four plant species, followed by the DCM (0.15-
0.37 umol/mg), while Hex extracts had the lowest activities (0.03-0.09 umol/mg). As
can be seen from the table, the Hex extracts of all the plants had the lowest activity

in both the FRAP and ABTS assays Whlle the MeOH extracts showed the hlghest

antioxidant actmty, foIIowed by the DCM extracts.

74

S e e —" TR



Table 5.1: Antioxidant activity and total phenolic content of the plant extracts.

FRAP ABTS Phenolic Content
(mmol trolox/mg) (umol/mg) (mg GAE/ml)
Plant species

Hex DCM MeOH Hex DCM MeOH Hex DCM -MeOH

V. unguiculata 0.06 0.10 0.13 0.07 019 0.36 0.28 043 0.82

A. spinosus 0.01 0.09 01 0.03 015 0.33 0.11 042 064
L. javanica 0.01 0.09 0.27 0.05 037 0.74 0.24 043 1.63
T. minuta 0.04 0.14 0.27 0.09 0.21 0.69 0.86 1.07 1.42

Hex: hexane, DCM: dichloromethane, MeOH: methanol

The phenolic content estimated in the plant extracts ranged from 0.11-1.63 mg/g
GAE dry weight (Table 5.1). The MeOH extracts of all the plant species had the
highest phenolic content (0.64-1.63 mg GAE/ml) and this correlated to the highest
antioxidant activity, while the Hex extracts had the lowest total phenolic content
(0.11-0.28 mg GAE/ml), except for the T. minuta extract (0.86 mg GAE/mI) As seén
from Table 5.2, strong statistical correlations ware found between the FRAP MeOH/
ABTS MeOH assays (R? = 0.99, p<0.05) and the FRAP Hex/ ABTS Hex (R?=0.74,
p>0.05) while no correlation was found between the FRAP DCM/ ABTS DCM (R? = -
0.20, p>0.05) assays. A strong correlation was also obtained between the different
total phenolic contents (TPP) and antioxidant activities (R?=0.98, p>0.05 for FRAP

MeOH/ TPP MeOH: R? = 0.88, p>0.05 for ABTS Hex/ TPP Hex and R® = 0.99,

e e B e e e —

' p<0.05 for ABTS MeOH/ TPP MeOH; R?= 0.98, p>0.05 for FRAP DCM/ TPP DCM). -

12



Table 5.2: Statistical analysis of phenolic content and antioxidant activity.

FRAP FRAP FRAP ABTS ABTS ABTS Phen Phen DCM
Hex DCM MeOH Hex DCM MeOH Hex

FRAP Hex 1.0

FRAPDCM | R=046 10

p> 0.54
FRAP MeOH -0.16 0.50 1.0
0.84 0.50
ABTS Hex 0.74 0.87 0.51 1.0

0.26 0.13 0.50

ABTS DCM -0.37 -0.20 0.73 -0.0 1.0
0.63 0.80 0.273 1.0

ABTS MeOH -0.23 0.41 0.99 0.42 0.79 1.0
0.77 0.59 0.01 0.58 0.21

Phen Hex 0.41 0.99 0.63 0.89 -0.04 0.55 1.0
0.59 0.01 0.37 0.11 0.96 0.45

Phen DCM 0.28 0.98 0.58 0.78 -0.13 0.50 0.98 1.0
0.72 0.02 0.42 0.22 0.87 0.50 0.02

Phen MeOH -0.19 0.34 0.98 0.42 0.85 0.99 O..42 1.0
0.81 0.66 0.02 0.58 0.16 0.01 0.58

R = coefficient of correlation, p = significant level

T e — e e 5 e Y e S S5 ks g v e
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5.5 Discussion

In the present study the highest phenolic content and the best antioxidant activities
using two different methods were observed with the MeOH extracts of all the plant
species. The antioxidant activity and the total phenolic content of the plant extracts
increased with increasing solvent polarity. It would be reasonable to assume that the
phenolic compounds contained in the MeOH were responsible for the antioxidant
activity. This agrees with results obtained from several other studies that have
conclusively shown a close relationship between total phenolic content and
antioxidant activity (Velioglu et al. 1998; Deighton et al. 2000; Surveswaran et al.
2007). The observed antioxidant activities have been attributed, in part, to the
flavonoids (e.g. apigenin, rutin, quercetin, kaempferol and isorhamnetin) (Mucsi et al.
1992: Lattanzio et al. 2000; Pascual et al. 2001), terpenoids (Oigiangbe and
Onigbinde, 1996; Manenzhe et al. 2004) and phenolic acids (Ickes et al. 2006; Gil et

al. 2002). These compounds are known to be present in the plant species.

In some plants the flavanoids, terpenoids and phenolic compounds have been
characterised. The antioxidant activity of an extract cannot be explained based only
on their phenolic content without further characterization as has been reported by
Heinonen et al. 1998; Muchuweti et al. 2006. Their studies have indicated that the
antioxidant activity of phenolic compounds is related to their structure. It has been
reported that phenolic compounds with ortho- and para-dihydroxylation or a hydroxyl

and a methoxy group are more effective than simple phenolics (Frankel et al. 1995).

-------- s S S S — o e

It has been observed that these compounds exhibit strong activity when extracted

using polar solvents (Duan et al. 1998; Tepe et al. 2005) which is what has been
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observed in the present study. Briefly, it can be explained how this comes about. For
example, if an electron donating group, especially a hydroxyl group (-OH), is located
on the o- or p- positions of the phenolic compound, it makes the compound polar

and therefore antioxidant activity is increased (Duan et al. 1998).

Effective antioxidants are radical scavengers that break down radical dhain
reactions. According to Salah et al. (1995), there are three chemical criteria for
effective radical scavenging by polyphenols. These are the presence of the o-
dihydroxy structure in the B ring which confers higher stability to the radical form and
participates in electron delocalization, a 2, 3 double bond in conjugation with the 4-
oxo function in the C ring contributes through participation in electron delocalization
from the B ring, and the 3- and 5-OH groups with 4-oxo function in the A and C rings
for maximum radical scavenging potential. As will be seen in the next chapter
flavonoids seem to be present in higher quantities in the test plants, and seem to
satisfy the above determinants. It is reasonable then to conclude that they aré the
ones responsible for the antioxidant activity. As was seen in chapter three,. the
MeOH extracts exhibited higher antifungal activity. MeOH extracts from all the plant
species contained compounds that were responsible for the both antifungal and
antioxidant activities. It can be hypothesized that the scavenging activity may result
in antifungal activity. The mechanism involved in both scavenging activity, antifungal
and antimycotoxigenic activities would require further elucidation and this can be
gained thorough a understanding and investigation into the phytochemistry of the

plant extracts.

R e T = S = s oo -
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CHAPTER 6
PHYTOCHEMICAL INVESTIGATION
6.1 Introduction

Phytochemical studies usually involve a combination of the use of different analytical
instruments, including nuclear magnetic resonance (NMR), X-ray crystallography,
mass spectrometry (MS), ultraviolet (UV) and infrared (IR). NMR spectroscopy is the
gold standard for the characterization of the structures of pure isolated unknown
compounds (Lee et al. 2005). However, for the gross analysis (fingerprinting) of
complex mixtures, liquid chromatographic separation followed by spectroscopic
measurement is suitable. Liquid chromatography / mass spectrometry (LC/MS) in
particular has recently emerged as the preferred method of choice as it is more
comprehensive and independent of physico-chemical factors, e.g. chromophoric
properties (Brandt et al. 2004). In this phytochemical study, screening and
identification of compounds present in extracts of Lippia javanica, Tagetes minuta,
Amaranthus spinosus and Vigna unguiculata was carried out using LC-MS with a
view of generating metabolomic fingerprints. The present study compared the total
ion chromatograms (TIC), UV spectra and the LC-MS-MS fragmentation of the»four
most prominent abundant compounds in the plant species. For ease of reference,
compounds of interest in this study were denoted LA-1, LA-2, LA-3, LA-4, TA-1 and

UB-2.
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6.2 Materials and methods

The plant extracts were prepared as in section 2.1.2. Mass spectrometer experiments
were done at Stellenbosch University, Central Analytical Facility (CAF). Dr Marietjie
Stander is thanked for running the experiments and for assistance with data
interpretation. Extracts were introduced into a Waters (Milford, Massachusetts, USA)
Time of Flight (TOF) Synapt G2 mass spectrometer by injecting into a Waters UPLC
front-end. The chromatographic separation was achieved on a Waters BEH Cys
column (2.1 x 50 mm) at a flow rate of 0.4 ml / min using mobile phase A (Water +
0.1% formic acid) and mobile phase B (acetonitrile + 0.1% formic acid). Gradient
elution was done as follows: 0 - 0.5 min 100% A, 0.5 — 17 min linear gradient to 100%
B, then return to original conditions in the last 2 min. The TOF MS/MS system was
operated in electrospray positive ion mode with capillary voltage of 3 kV and cone
voltage 15V. Mass spectra were acquired in a m/z range of 100 - 2000. All
experiments were conducted under automatic gain conditions. Tandem MS was used
on the most abundant peaks in at attempt to elucidate putative structures of the

compounds.

6.3 Results and discussion

The metabolomic fingerprints showed in general a great diversity of compounds
eluting between 0.5 min to 16 min. However, in general and across all solvents, L.

javanica and T. minuta had more compound peaks than A. spinosus and V.

L 4 S A S A T SR T T i,

unguiculata (Figs. 6.1, 6.2 and 6.3). Most compound; ;nth;ra;ge 3ﬂj1;r;1in were low
in molecular weight <529 amu and also UV active. This led us to believe that these

compounds where phenolics quite possibly flavonoids and phenolic acids. Above 12
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6.3.1 Phenolic structures in the plant extracts

From MS data it was postulated that L. javanica and T. minuta were phenolic rich

while V. unguiculata and A. spinosus had much lower concentrations of phenolic

compounds. This was in fact previously established in chapter 5 (Table 5.1). It is

further borne out by the existence of many compounds which are UV active at

280nm (Fig. 6.4) and fragments involving losses of CHs, H,O, CO, C2H20, and CO;

observed in the MS/MS spectra (Liu et a/, 2008).

T-MeOH
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Fig. 6.4: Chromatograms of the MeOH

extracts obtained at fix wavelength viz.

280nm. A= A. spinosus, B= L. javanica, C= T. minuta, D= V. unguiculata.

The observed phenolics are probably mostly phenolic acids flavonoids and their

SRS S R e RS EE T S
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gly0051des 1'he MS of phenohc aglycones ranges from m/z 220 350 (Parejo et al

2004; Lee et al. 2005; Plazonic et al. 2009).
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LA-1 was found in both the methanol, DCM and hexane extracts of L. javanica. It
had a retention time tz of 7.3 min. The UV spectrum was typical of flavonoids with
maxima at 242, 273 and 342 nm (Fig. 6.5). The m/z was 345.1 (Fig. 6.6) giving a
molecular formula [M+1] of C4gH4707. The fragment were [M+1] m/z 345.1 (10%), [M
- CH4] ™, 330.1 (100%), [M+1 - CHj -H,0] *,312 (50%), [M+1 - CH3 -H,0O - CO]
*284.1 (70%). Two fragments at m/z 168 and 136 result from Retro-Diels Alder
(RDA) reactions which are characteristic of flavonoid aglycones (Berahia, Gaydou et
al. 1994). From the foregoing LA-1 was most likely a dihydroxy, trimethoxylated
flavone. With the molecular ion at 344.1, this would either be nevadensin (A) or
eupatorium (B) (Fig 6.7). With the data at hand it was not possible to be certain
which isomer it was. In future either isolation of the compounds from the extract for
characterization or comparison with a commercial standard of the proposed

compounds should be done for a more conclusive resolution.

85



2 Flemental Composition
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Fig 6.5: Mass ion chromatogram (A) and UV spectrum (B) of LA-1 found in L. javanica.
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Fig 6.6: MS/MS spectrum of LA 1.

Fig 6.7: Chemical structures of nevadensin (A) and eupatorin (B).

LA-2 was present in the methanol and the DCM extracts of L. javanica and it has a
molecular ion at m/z 315.1 which corresponded to C47H140s. It was suggested that
- that-this-was-5,7-dihydroxy-4'6-dimethoxyflavone .commaonly called pectolinarigenin. . o .

or it's isomer 4',5-dihydroxy-6,7-dimethoxyflavone (cirsimaritin).
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LA-3 was present in the methanol, DCM and hexane extracts of L. javanica.
Fragmentation was typical of flavonoids with the formula C1gH160s, m/z 328.1.‘The
daughter ions of the molecular ion m/z 329.1 were 316.1 (100%), 301 (20%), 273.1
(15%), 168 (15%) and 140 (3%). This suggested that the compound is probably the

trihydroxy, dimethoxylated flavones salvigenin.

LA-4 was present only in the DCM extract with a m/z of 359 and fragments at m/z
328.1 (60%), 300.1 (100%), 285.1 (10%), 257.1 (10%), 164.1 (10%). This compound
was probably retusin (A) or 3,8-dimethoxy-5,7-dihydroxy-3',4'-methylenedioxyflavone

(B) (Fig. 6.8).

Fig 6.8: Chemical structures of retusin (A) and 3,8-dimethoxy-5,7-dihydroxy-3',4'-
methylenedioxyflavone (B).

Lippia species have previously vyielded 6-hydroxylated flavones and
methoxyflavones but also some flavone sulphates (Pascual et al. 2001). Common

flavanones (e.g. pinocembrin and naringenin) were identified from L. graveolens,

- -—-and—salvigenin, - -eupaterin; —eupafolin —luteolin,—hispidulin,—diosmetin,  cismaritin, .
cirsiliol, pectolin-arigenin, 6-hydroxyluteolin from L. citriodora (Ort.). The types of

flavonoids in L. javanica are not known. We can predict from this data that these
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flavonoids are possibly retusin, salvigenin, eupatorin, cirsimaritin. These mainly

occur in the DCM extracts.

With respect to 7. minuta, TA-1 has a fragmentation pattern diagnostic of a
flavonoid. The molecular ion of m/z 253.2 corresponded to a molecular formula of
C1sH1203. Upon MS-MS analysis, other important typical fragments obtained Were
225.1 (7%), 131.1 (100%), 91.1 (20%) and 77 (7%). The last two are attributed to a
tropylium (m/z 91) resulting from a rearrangement of the base peak fragment and

the benzene fragment of ring B. The putative major fragments are shown in Fig. 6.9.

m/z 2251

o -
0
. N
> +.
+-
/
m/z 131 m/z 91.1

Figure 6.9: Fragmentation pattern typical of flavonoids seen with TA-1.

TA-1 is a methoxyflavone, however, it is not possible to know the exact location of

methoxy substituént. Th flavones and flavanones, C-5 and or C-7 substitution isTthe "~

most commonly occurring possibly for biosynthetic reasons (Jaipetch et al. 1983;
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Cheong et al. 1998; Bernini et al. 2011). It can be speculated therefore that TA-1 is

either 5 - methoxyflavone or 7-methoxyflavone.

Flavonoids have been known to possess antimicrobial activity (Cushnie and Lamb,
2005, Akroum ef al. 2009) and show anti-oxidant activity (Pietta, 2000, Braca et al.
2002). The phenolic peaks of Vigna and Amaranthus extracts were very small and as

a result no MS / MS was done.

6.3.2 Other constituents found in the plant extracts

The dominant compounds in V. unguiculata and A. spinosus were generally non-polar
eluting above 12 min and of higher molecular weight. These compounds also occurred
in L. javanica and T. minuta and were present in all three extracts. This led us to
believe that they are probably not species unique but rather ubiquitous to herbaceous
plants. The most interesting compounds were at tr 14.16 (m /z 609.03) (denoted UB-
1), tr 14.50 (m /z 593.3) (UB-2) (Figs. 6.10 and 6.11), tr 15.79 (m /z 607.3) (UB-3) and
tr 13.95 m /z 625.30 (UB-4). These compounds were resistant to further MS-2
fragmentation and remained largely intact losing what appears to be side chains e.g.
CH3COO (60), H,O (18), CO (28), CH4O (32). There were no daughter ions with
masses lower than 485 which made structural elucidation difficult. The compounds
had poor chromophoric properties at 280nm which implied that they were not
polyphenolic in nature (see Appendix 1 and 2). The likelihood being that they are
either terpenoids or chlorophylls. HPLC chromatograms show that the extraction

method was selective and no overlap of compound between different organic solvents

used was observed (Appendix 2).

90



lemental Compos

File Edit View Process Help
i 1
B m@ s M
Single Mass Analysis “
Tolerance = 100.0 PPM / DBE: min=-1.5, max=50.0
Element prediction: Off &
Number of isotope peaks used for i-FIT=3 =
Monoisotopic Mass, Even Electron lons
2076 formula(e) evaluated with 212 results within limits (up 1o 50 closest results for each mass)
Elements Used: ~
Hass | Calc_Mass I mDa | PPM | DBE | Fornula TFIT I FTNom [ Feconi% | C | H [ E[n | o [nalRh A
593.2745 03 05 65 (27 H43 B 012 Na 26.561 2 1 =
0.3 0.5 -1.5 €20 H46 N2 016 Na 14.690 2 16 1
0.8 1.3 105 C33 H48 N OZ Rh 7.871 12 1
08 13 245 C40 H35 B N2 O Na 23.367 2 1 1
593.2789 1.1 -1.9 55 C28 H49 B N OS5 fh 26.358 1 s 1
503,2735 13 22 25 (26 H50 B N O5 Na Rh 26,977 15 11
593.276¢ 1.6 27 I2.5 CAZ H34B N2 O 24754 2 1
593,2729 1.9 3.2 5.5 C24 H42 B NZ 014 27.318 2 14 !
L-MeOH
DK_MRC_110915_9 737 (14.485) 1: TOF MS ES+
1.33e+005
100] 593.2748
®-
594.2783
5952814
453.1324 5533863 1185 5472 i
atagrag MR { | 6232854 8295044 07455054011 5353 f J263.7180 13837682 15058788 16954713 18200526 19920103
e e T T | AR ) T B T grn iy 1  EUERSE S TR B T YTy T T T T T T T T T T 1 1
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
For Help, press F1
L-MeOH
DK_MRC_110915_9 17345 (14,455) Cm (17341:17353-17141:17165) 4: Diode Array
«m pie 4.4766-2
4202
4082
3.8e-2 /
26021 [ \
3462
322 /
3.0e2 '
2 Be-2 \
/
2.6e-2 rs \
/ \
24e2 / \
=2
< 222 ‘ \
2002 /
/
1.8e-2
1.6e-2
1.4e-2 \
1202 P \
1.0e-2 i -
8.05-3} B ane ) J—— ) L
6.0e-3 4
/ \
4.0e-3
¢ / \
N
2.0e3 —
0.0°— T T T u T T T T r T T T T T T T T T T T T T T T T T T T nm
230 | 240 | 250 | 260 | 270 | 280 | 260 | 300 | 310 320 330 | 340 35 360 370 380 390 400 410 420 430 440 450

Fig. 6.11: UV Spectrum of UB-2.
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Fig. 6.12: MS / MS spectra of UB-2.

UB-2 eluted at tg 14.50, showed UV maxima at 409 nm and the molecular ion of m/z
593.3 corresponded to CssHasN4Os. MS-MS for the compound was [M+1] ™ (593.3)
(100%), [M+1 - COOCH3] " (533.3)(20%) and [M+1 - COOCH;] . The peak at m/z
460 (1%) is also typical of the fragmentation (Van Breemen et al. 1991). UB3 eluted at
tr 15.79 and the fragmentation was as follows: [M+1] * (607.3) (100%) and [M+1 -
COOCHSs]™* (547.3)(20%). By comparison with the literature it was concluded that UB-
2 and UB-3 are pheophorbide a and pheophorbide b respectively (Fig 6.12). Van
Breemen et al. 1991 have previously shown that these chlorophyll pigments only show
limited fragmentation which compares with what we obtained. Because pheophorbide

lack the phytyl chain, the most abundant fragment ions are [M - CH,COOH] " or due to

580

500

Y miz

R R S AR

the loss of the p-keto ester group [M-COOCH;] " (Van Breemen et al. 1997)

92



«'I .

Fig 6.13: Chemical structure of Pheophorbide a (source:

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cqi?sid=586455&loc=es rss#pharmaction).

Pheophorbides have been shown to possess antimicrobial activity particularly
against S. aureus 6538, E. faecalis 29212, S. tiphymurium MS7953 and E. coli
25922 (Prieto Rodriguez et al. 2011). They were also shown to inhibit the Multi-
Drug Resistant (MDR) protein efflux pumps in Staphylococcus aureus and thus

increasing the potency of co-administered antimicrobials (Stermitz et al. 2000).
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CHAPTER 7
7.1 GENERAL DISCUSSION AND CONCLUSION

In chapter one of this study, a review of mycotoxins, their health implication and
agricultural control methods is given. From this review it became apparent that the
currently used control methods, which rely largely on the use of synthetic fungicides,
are fraught with a number of problems. This situation necessitates the search for
alternative control methods that excludes or rely less on chemical fungicides. The
results obtained in the current study provide valuable insight with regard to the
antifungal and anti-mycotoxigenic activities of extracts of T. minuta, L. javanica, A.

spinosus and V. unguiculata.

Although it is well known that plant extracts contain compounds that have antifuvngal
activity, the effect of extracts of T. minuta, L. javanica, A. spinosus and V.
unguiculata against agricultural fungi have not been investigated before. The results
obtained in the present study, as can be seen in chapters 3 and 4, indicated that the
Fusarium isolates were found to be generally more susceptible to the plant extracts
in terms of both the growth and mycotoxin production than the Aspergillus isolates.
Low amounts (concentrations) of the plant extracts were required to completely
inhibit the growth of Fusarium isolates whereas the growth of the Aspergillus isolates
was not inhibited. The MeOH and Hex extracts of V. unguiculata and A. spinosus

were generally more active and stable in inhibiting fungal growth and mycotoxin

production, while the DCM extracts were less active. These results suggestthatin =~

this study there is correlation between fungal growth and mycotoxin production, i.e.

the less the fungal growth, the lesser the toxin produced. These results however, are
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in contrast to the findings of Gourama and Bullerman (1995) and Vismer et al.
(2004), who reported that toxin production, with particular reference to aflatoxin and

fumonisins, can be independent of growth.

In the case of Aspergillus species tested, the implication of spore formation was not
clear. However, a relationship between spore formation and mycotoxin production
has been previously reported (Calvo et al. 2002). According to these authors,
inhibition of spore production has been shown to inhibit the production of aflatoxin.
Aspergillus mutants deficient in sporulation have been shown to be unable to
produce aflatoxin (Calvo et al. 2002). Based on this relationship, it can be
speculated that the observed spore formation in this study may result in enhanced
toxin production. These findings however, are in contrast with those of Gourama and
Bullerman (1995), who investigated the relationship between aflatoxin production
and mold growth as measured by ergosterol and plate count, and Vismer et al.
(2004) who studied the production of fumonisins by Fusarium verticillioides strains
on solid and a defined liquid medium. According to these authors there was no linear
relationship between fungal growth, sporulation and toxin production. Spore
formation and mycotoxin production in Aspergillus species have been reported to be
affected by physical factors such as temperature, availability of an air-surface
interface and pH (Coty, 1998). Nutritional factors such as carbon and nitrogen
sources can also affect mycotoxin production (Keller et al. 1997). Additionally, some
compounds, e.g. linoleic acid present in the seeds commonly infected by Aspergillus
species can influence both spore formation-and-toxin-production-(Calve- et-al--1999% — v @
It is possible that some compounds present in the plant species used in this study

also influenced sporulation. It is therefore important to further investigate the plant
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extracts used in this study to determine the exact effect of these plants species on

spore formation.

The results of this study also highlighted the lack of activity of Amphotericin B and
Cantus beyond 24 hrs. The implication of these findings is that when susceptibility
tests are performed on slow-growing fungi requiring incubation longer than 24 hrs,
the levels of resistance may be falsely high because in most cases controls are
fungistatic, and fungal regrowth will occur as the activity of the controls fall with
prolonged incubation. Therefore, very likely, decay of the active drug is responsible

for the apparent recovery of fungi temporarily inhibited by the controls.

From the results obtained in chapters 5 and 6, it can be speculated that the
correlation between antioxidant activity and phytochemical content of the plant
extracts could be due to the presence of flavonoids. The difference in activity
amongst different plant extracts can be attributed to certain phenolic compounds.
For example, the results obtained from this study and literature review show that the
flavonol rutin is present in both V. unguiculata and A. spinosus but not in T. minuta
and L. javanica. This compound has been reported to show antioxidant activity and
the activity is extremely good when acting in synergy with quercetin (Guardia et al.
2001), which is also present in both V. unguiculata and A. spinosus. While some
authors found a strong correlation between phenolic content and the antioxidant
activity (Velioglu et al. 1998), others found no such relationship (Kaehkoenen et al.

1999) showing that the antioxidant activity of an extract cannot be predicted on the

—— _basis-of-its-total-phenolic-content- because-the-antioxi

compounds depending on their chemical structure (Statue-Gracia et al. 1997).This is
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probably because there are structure — activity relationships governing anti-oxidant
activity. Flavones and catechins are in general superior to other polyphenols (for
example lignans and coumarins) in this regard (Nijveldt ef al. 2001). The extent of
hydroxylation and glycosylation also plays an important role in determining anti-
oxidant potency. The antioxidant activity of flavonoids has been shown to reside in
the aromatic OH groups (Rezk et al. 2002), with maximum radical scavenging
activity displayed by flavonoids with 3-OH groups attached to the 2,3 — double bond
neighbouring the carbonyl group in the C-ring (Cotelle, 2001). Resorcinol and
phloroglucinol substituents also show substantially higher antioxidant activity
compared to phenol (Rezk et al. 2002). In this regard, two anti-oxidant pharmacores
are now recognized in flavonoids - the catechol structure in ring B and three OH in
rings A and C (Rezk et al. 2002). It is worth noting that the exact mechanism in
which the plant extracts inhibited both fungal growth and mycotoxin production has
not been investigated in this study and therefore, is not understood. In general,
limited information is available on the antioxidant potential of extracts of plants
species used in this study which are important dietary and medicinal plants in rural
sub-Saharan Africa. It is also impossible to compare results from other studies
because of immense variations in environment, climate, time of harvest among

numerous other parameters which affect any wild growing plant.

The use of different assays in this study highlighted the problems or shortcomings

e d_successes associated with_these methods. In_general, the serial dilution-

microtitre method, as was seen in chapter 3, seems to be more trustworthy / valid
than the agar diffusion and bioautographic assays. This could be because plant

constituents are dissolved, kept in solution and not separated from each other,
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allowing all the possible plant constituents in an extract to be in full contact with the
fungi. This further allows the detection of possible synergistic effect in a plant extract.
According to Masoko and Eloff, 2005, there are some limitations associated with the
serial dilution-microtitre method as well. One of the limitations is precipitation of non-
aqueous plant constituents in a well containing aqueous medium making it
impossible for the plant constituents to fully interact with the fungi, hence fungal
growth might not be inhibited, making the scoring of the MIC values difficult. Another
limiting factor is that it is not possible to identify active compounds from the plant
extract exhibiting activity against fungi. This is mainly because the colour of the plant
extract may make it difficult to read the MIC values, resuiting in false positive results.
Even if this method has some limitations it was an effective method for the analysis
of antifungall activity of plant extracts because it was possible to detect .the loss or

gain of activity.

The maize patty cuiture method was chosen on the basis that it was found to give
high yields of toxin production, exceedingly higher than other media such as liquid
medium (Alberts et al. 1993, Vismer et al. 2004). The fungi used in this study are
natural pathogens of maize, thereby, making maize patties an almost natural
medium. A significant correlation between biomass and total fumonisins production
has been demonstrated (Vismer et al. 2004). Even if this method was the best
choice, it is time consuming, i.e. maize patties take two days to prepare and another
21 days before the results are obtained provided there is no contamination. Another

limitation is that it is difficult to measure the fungal biomass. This is primarily

L

because some patties may show no fungal growth, others wiil have limited growth
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and more importantly, some patties may dry out over the incubation period of 21

days.

Generally, the findings of the present study indicate that plant extracts, particularly
V. unguiculata and A. spinosus may be exploited in treatment of food commodities
against fungal infections. These plant species seem to contain chemical constituents
that can be developed as potential antifungal agents for agricultural use. It would
appear that these plants may be ecologically adapted to withstand fungal infection,
i.e. they seem to have developed a huge armament of secondary metabolites
(phytoalexins) to resist fungal attack because of their constant exposure to fungi due
to co-existence with crop plants. This assertion is supported by Houssou ef al.
(2009), who reported the absence of aflatoxin contamination in V. unguiculata
collected from four main agroecologial zones in Benin, even though A. flavus was
most frequently isolated. The broad fungitoxic spectrum of V. unguiculata and A.
spinosus was comparatively lower than that of the synthetic fungicides tested,
thereby, presenting the plant extracts as possible fungitoxicants that may be

employed successfully in controlling fungi, in particular Fusarium species.

The use of plant products in the management of fungi could reduce over-reliance on
chemical fungicides, as well as cut down production costs. The plants used in the
study are readily available and easy to extract, they can be exploited in the control of
fungal infection and mycotoxin production. This is the first report showing the

antifungal and antimycotoxigenic activities of extracts of T. minuta, L. javanica, A.

~spinostis-and-V--tngticulata: Surther-studies-including-the-isolation-and-elucidation. .

of the active compounds will be required.
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7.2 RECOMMENDATIONS

Although the present study has revealed important insights with regard to the
antifungal and antimycotoxigenic activity of extracts of V. unguiculata, A. spinosus,
T. minuta and L. javanica, some aspects on the study still need further clarification.

As a result the following are recommended for future research:

° Future research should focus on determining the correlation between total
ergosterol levels and fungal deterioration. This is particularly important
because ergosterol is the main sterol found in fungal cell membranes, and
offers a way of relating fungal biomass to deterioration. Ergosterol assays will
determine the “history” of invasion by fungi, as it detects both viable and
nonviable fungi.

o Future research should focus on determining the efficiency of the extraction
method with respect to recovery, repeatability and linearity of the method..

° Also, research should focus on isolation and characterization of antifungal

compounds present in these plant species.
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APPENDIX 2

SUMMARY OF THE MAJOR COMPOUND PEAKS FOUND AND THEIR MOLECULAR
MASSES

Molecularion Retentiontime AM LM TM VM AD LD D VD AH LH TH VH

2355 0.4 XX
382 2.13 X
505.5 3.79 XXXX
784.3 4.43 X
245.1 4.57 XXXX
209.1 5.9 X
256.1 6.02 X
301.1 6.32 XX X
31 6.46 XX
295.2 6.84 X
441.2 6.89 XXX
324.2 6.82 X
2355 7.08 X
315.1 7.26 XXX XX
415.2 7.26 XX
345.1 7255 XXXX XXXX XXXX
327.1 7.72 X
315.1 8.07 XXX
313.2 8.09 XX
359.1 8.25
XXXX XXXX XXXX
329.1 8.96 XXXX
253.2 9.12 XXX
367.2 9.65 X
529.2 10.25 X X
520.3 10.41 XX
279.2 11.93 X X X X X
467.3 11.91 X
419.3 11.97 X
529.3 12.11 X
569.4 12.35 XX
569.4 12.44 XXXX
459.4 12.43 XXXX
591.4 12.71 XX
589.4 13.03 XX
573.4 13.77 X
625.3 13.95 X X XX XXX
609.3 14.16 X XX X X XX XX XXX)
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553.4
593.3
593:3
523.4
623.3
607.3

14.41
14.51
14.81
15.34
15.34
1582

XX
XXXX XXX XXXX  XXXX XXXX  XXXX XX XX
X X X
X X XX
X X
XXX XXXX XXXX XX XXXX XXX

AM = Amaranthus MeOH extract, LM = Lippia MeOH extract, TM = Tagetes MeOH extract, VM = Vigna MeOH

extract, AD = Amaranthus DCM extract, LD = Lippia DCM extract, TD = Tagetes DCM extract, VD = Vigna DCM

extract, AH = Amaranthus Hex extract, LH = Lippia Hex extract, TH = Tagetes Hex extract, VH = Vigna Hex extract.

X = arbitrary scale used to indicate the concentration of compounds based on the area under the curve.
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introduction

Abstract

Aims: To investigate the antifungal activity of aqueous and organic extracts of
four weedy plant species viz. Tagetes minuta, Lippia javanica, Amaranthus spino-
sus and Vigna unguiculata against isolates of four agriculturally important fungi,
i.e. Fusarium verticillioides, F. proliferatum, Aspergillus flavus and A. parasiticus.
Methods and Results: Dried powdered aerial parts of the plants were extracted
sequentially with hexane, dichloromethane, methanol and water and tested for
activity using a serial microdilution assay. Results were read every day over
120 h. All extracts except for the water extracts showed growth inhibitory activ-
ity against most isolates of the Fusarium spp. The most active were the metha-
nol and hexane extracts of V. unguiculata and A. spinosus with minimum
inhibitory concentration (MIC) values of <0-5 mg ml™" after 48 h against Fusa-
riumt spp. No inhibition of the Aspergillus spp. tested was observed, but conid-
jum formation was stimulated on plates treated with plant extracts when
visually compared to the growth controls.

Conclusions: The results obtained from this study indicated that chemical con-
stituents from these plant species may be developed as potential agrochemical
fungicides.

Significance and Impact of the Research: Food and feed are subject to infection
by a variety of micro-organisms that can induce spoilage and/or produce metab-
olites that are toxic to humans and animals. Extracts of V. unguiculata and
A. spinosus were most active and maybe developed into environmentally friendly
fungicides, which are affordable to rural farmers in developing countries.

and feed are Fusarium and Aspergillus species among
others, both in the field and in storage (Bankole 2006).

In rural Africa as in most of the developing world, subsis-
tence farming is common, with home-grown crops being
the major source of food for many households, irrespec-
tive of quality considerations (Shephard 2003). Subsis-
tence farming is a strategy by poor rural houscholds to
reduce expenditure on food (Watkinson and Makgetla

_....2002). Food production and storage, therefore, play an

important role in stabilizing seasonal food production
(FAO 2005). The risk of natural contamination, especially
by mycotoxigenic fungi, is an important safety concern.
The fungal contaminants most frequently found in food

2010 The Authors

Species that are of major concern are Fusarium verticillio-
ides, F. proliferatum, Aspergillus flavus and A. parasiticus,
and these occur mainly in staple food commodities, such
as grains and grain-based products (Lewis et al. 2005),
peanuts and cassava (Wareing et al. 2001).
Apart from the production Josses that these fungi cause
_directly, they also produce mycotoxins, which pose a

health hazard to both humans and animals and impact on
the commercial trade of agricultural produce. The most

important toxins produced by some strains of Fusaritm
and Aspergillus species are fumonisins and aflatoxins,
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.wspecuvely, of which fumonisin 8, (FB,) and aflatoxin B,
(AFR,) are considered to be most toxic (Shephard et al
1996). Fumonisins cause leukoencephalomalacia (LEM) in
horses .and pulmonary _oedema in pigs, (PPE) (Marasas
1995) and have been associated with a higher risk of
oesophageal and liver cancer in humans (Gelderblom et al.
1988; Ueno et al. 1997) as well as neural tube defects in
infants (NTDs) (Missmer et al. 2006)

Aflatoxins are
potent carcinogens and can act in synergy with hepatitis B
virus (HBV) to cause hepatocellular carcinoma (Bhat and
Vasanthi 2003). Peri-natal exposure to aflatoxins has been
shown to lead to stunted growth (low height for age) and
may contribute to infant mortality because of protein
energy malnutrition (Gong et al. 2002).

Several strategies have been proposed to minimize the
loss of food and other agricultural commodities as a
result of fungal spoilage and also to reduce exposure to
mycotoxins (Huwig et al. 2001; Katerere et al 2008).
These strategies include among others, the use of syn-
thetic chemicals, microwave or sonic drying and physical
separation (Bankole and Adebanjo 2003). Although some
of these methods are cffective they do not fulfil all the
requirements, especially those concerning safety and safe-
guarding of the nutritional characteristics of treated food
and feed (Piva et al. 1995).

Fungicides are at present the most important contain-
ment tools but they are expensive and inaccessible to rural
farmers in many African countries. Most of these chemi-
cals are residual and not biodegradable posing danger to
the environment and to the users. More importantly,
increasing instances of pesticide resistance have been
reported (Wilson er al. 1997). There is an urgent need to
find affordable interventions, which can be safely used, e.g.
fungicides without the prohibitive cost and disadvantages
of the currently used synthetic compounds. Extracts from
plants may be a viable alternative for such utilization.

Although the interest in research of antifungal com-
pounds from plants is increasing (Sinha and Bhatnagar
1998; Martini ef al. 2004), most studies tend to focus
mainly on activity against human pathogens, and few
lead compounds have been developed for use in food
and crop protection (Cowan 1999; Agarwal et al. 2000;
Quiroga ef al. 2001; Shai et al. 2008; ). Results obtained
from studies on some plant species that have becn
examined for antifungal activity against plant pathogens
are encouraging. For example, extracts of Allium sativum
have been reported to have potent fungicidal activity,
effectively protecting peaches against brown rot caused
by Monilinia fructicola (Wilson et al. 1997). Extracts of
Mentha spicata L. were reported to completely inhibit

1994), whereas essential oils of flowerheads of Chrysan-
themum coronarium have been shown to inhibit hyphal

K.M. Thembo et al.

growth of phytopatnogens (aivarez-Casteilanos er al.
2001).

In the present study, weedy dietary and medicinal
plants were specifically targeted for screening. Tagetes
minuta (Family: Asteraceae), [common names: wild mari-
gold (English), kambanje (Shona), Kakiebos (Afrikaans),
isangwana (Zulu)] is used in rural villages as an insect
repellent in granaries (Grassroots Natural Products 2008)
and drunk as a medicinal tea for the treatment of various
diseases (Rios and Recio 2005). Lippia javanica (Family:
Verbenaceae) [common names: lemon bush (English),
lemoenbossie (Afrikaans), zumbani (Shona), musukudu
(Sotho)] has been used by the Vhavenda people of South
Africa as an anthelmintic, while the Xhosa people use it
for the disinfection of anthrax-infected meat (Viljoen
et al. 2005). In Zimbabwe, it is used as a mosquito repel-
lent and to treat nightmares and fevered convulsions in
young children (Lukwa 1994). Essential oils of L. javanica
were reported to have toxic and/or repellent effects
against insects when used as fumigants in granaries
(Omolo et al. 2005). Vigna unguiculata (Family: Fabaceae)
[common names: cowpea (English), munyemba (Shona),
boontjies (Afrikaans), isihlumaya (Zulu)] and Amaranthus
spinosus (Family: Amaranthaceae) [common names: Spiny
amaranth (English), thepe (Sotho), mowa (Shona),
imbuya (Zulu)] are both cooked fresh or dry and eaten
as relish with maize staple porridge (pap or sadza). These
plant species play an important role as famine foods in
rural Southern Africa, and they may be cooked with a
tomato or peanut sauce and served alone or with meat as
relish. Both species have been cited for the treatment of
diabetes mellitus (Katerere and Eloff 2006) and to control
weed infestation when used as cover crop (Ngouajio et al.
2003).

This study investigated the activity of aqueous and
organic extracts of four weedy plant species against
isolates of F. verticillioides, F. proliferatum, A. flavus and
A. parasiticus using the microtitre assay (Eloff 1998).
These fungi are important plant pathogens, which
produce mycotoxins of public health importance.

Material and methods

Chemicals

All solvents used were of analytical grade. Methanol, hex-
ane and dichloromethane were purchased from Merck
(Darmstadt, Germany). Amphotericin B, an antifungal
agent used to treat human pathogens and Cantus®, an
agricultural fungicide whose active ingredient is boscalid

D the ‘mycelial growth-of Fusaritm=oxysporum -{Singh-et-al— -was=a-kind-denation from-a. farm.-managex. These were

used as positive controls. P-iodonitrotetrazolium violet
(INT) was obtained from Sigma-Aldrich, Germany.

© 2010 The Authors
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. lant collection and preparation

Tagetes minuta and L. javanica were collected from
Onderstepoort, Pretoria, South Africa. Amaranthus spino-
sus and Vigna unguitulata were collected from Moruleng
village of Rustenburg, North West Province, South Africa.
The plants were collected between March and May in
2006, and their identity was confirmed by the University
of the Western Cape herbarium where voucher specimens
are deposited. The aerial parts were dried at room tem-
perature in the shade and then ground into powder using
a Romer Labs Series II Grinding/Subsampling mill, USA.

Preparation of the plant extracts

For each plant species, the dried powdered aerial parts
(80 g) were extracted sequentially with 600 ml of each of
the following solvents: hexane (HEX), dichloromethane
(DCM), methanol (MeOQH) and water (H,O) in a centri-
fuge tube by blending in a Polytron (Kinematica PT 3100
Lucerne, Switzerland) for 5 min at 2000 g. The extracts
were centrifuged at 4000 rpm (3000 g) for 10 min in a
Sorvall Instruments RC-3B Refrigerated Centrifuge (New-
town, CT) and filtered through Whatman no. 1 filter
paper. To improve yiclds, each extraction was repeated
twice. The organic extracts were dried on a rotary evapo-
rator (Buchi, Germany) at temperatures of between 55
and 60°C, whereas the aqueous extracts were freeze dried.
All the extracts were stored desiccated at 4°C prior to
use.

Fungal isolates

Isolates of four fungal species, Fusarium verticillioides
(MRC 826, 8267 and 8559); F. proliferatum (MRC 2301,
6908 and 7140), Aspergillus flavus (MRC 3951, 3953 and
3954) and A. parasiticus (MRC 200, 352 and 2528) kept
in the PROMEC Unit Culture Collection of the South
African Medical Research Council (MRC) were used. The
Fusarium isolates used produced high levels of fumonisin
B, (Table 1). Fusarium verticillioides strains were mainly
isolated from maize, and F. proliferatum strains were
obtained from diverse commodities including maize, rice
and asparagus. AFB, production of the A. flavus and
A. parasiticus isolates in maize cultures varied between
extremely high and very low. The Fusarium isolates were
grown on Carnation Leaf Agar (CLA) slants, and Aspergil-
Ius isolates were grown on Potato Dextrose Agar (PDA)
for 7—14 days at 25°C and stored in a cold room at 4°C
“Tprior to use VLeslieand Summerell2006). Fangal suspen-
sions were prepared by dislodging the conidia in a 20 ml
aqueous solution of 0-05% Tween 20 per slant. Conidium
suspensions were standardized to a 0-5 McFarland con-

©, 2010 The Authors
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“able 1 Fungal suiates used witn e respectve FBy and AlB,
production proiiles on maize*

Origin of FB, level
Fungal isoiate isolate (g kg™
Fusarium verticillioides
MRC 826 Maize 905
MRC 8267 Maize 12:09
MRC 8559 Maize 56
Fusarium proliferatum
MRC 2301 Maize 65
MRC 6908 Rice 2:8
MRC 7140 Asparagus 2:01
AFB, ‘evel
(mg kg™
Aspergillus flavus
MRC 3951 Maize 187
MRC 2953 Maize 0041
MRC 3954 Maize 35
Aspergiflus parasiticus
MRC 200 Maize 4-86
MRC 352 Peanut 730
MRC 2528 Unknown 11-8

*Data obtained from MRC/PROMEC Unit culture collection database.

centration and were added (125 ml) to 375 ml Potato
Dextrose Broth (PDB).

Microtitre assay

A serial dilution microplate technique (Eloff 1998) was
used to determine the minimum inhibitory concentration
(MIC) for plant extracts against the above-mentioned
standardized conidial fungal suspensions. Each plant
extract (100 mg) was solubilized/suspended in acetone
(1 ml) and diluted in water (9 ml) to obtain a final con-
centration of 10 mg ml™'. Water (100 pul) was added to
all 96 wells of a microplate using a multichannel pipette.
The solubilized plant extracts (100 ul) were added in each
of the first wells and serially diluted so as to reduce the
concentration of each plant extract by 50%. The conid-
ium suspension, prepared in PDB (100 ul), was added to
each well. The final concentrations were 2-5, 1:25, 0-64,
0:32, 0:16, 0:08, 0-04 and 002 mg ml~". A solvent control
of acetone: water (1:9) was used, and amphotericin B and
Cantus” (boscalid) were included as positive controls.
Growth controls for the respective fungal conidium
suspensions without the plant extracts were also included.
Forty microliters (40 pl) of p-iodonitrotetrazolium violet

={IN'E);~anindicator-offungalgrowths-was—dissolved == - = e

water (02 mg ml™") and added to each well and the
covered microplates incubated at 35°C and 100% relative
humidity. The plates were examined visually every 24 h

Jourrial compilation © 2010 The Society for Applied Microbiology, Journal of Applied Microbiology 3
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Jable 2 Extraction yelas (7o) Trom weeQqy plants using wifferent
solvents

Tagetes Lippia Vigna Amaranthus
Solvent minuta javanica unguiculata SpINOSUS
Hex 131 13:2 119 159
DCM 1641 120 113 60
MeOH 318 307 301 19-8
H.0 355 360 321 406
Total yield 965 91-¢ 854 823

Each plant was extracted three umes with eacn solvent.
Hex, hexane; DCM, dichloromethane; MeOH, methanol; H,0, water.

up to a total time of 120 h, and the presence of colour
formation (pink) indicating viability. The MIC values, ie.
the lowest concentration of the different plant extracts
that inhibited fungal growth for each time interval, were
recorded.

Results

The highest extraction yields were obtained with water
and methanol while hexane and dichloromethane gave
similar but (Table 2). with
A. spinosus the recovery with DCM was lower when com-
pared to the other plants while the MeOH extract was
also less when compared to H,O. The Jowest total yields

lower values However,

were obtained from V. unguiculata and A. spinosus.
The plant extracts showed no growth inhibitory effects
against isolates of the Aspergillus spp although conidium

Table 3 MIC values of plant extracts against Fusarium profiferatum

K.M. Thembo et al.

formation was sumuiated to form visuaily more conidia
compared to the fungal growth control. In general, the
DCM extract was more effective in inducing conidia for-
mation followed by HEX and MeOH while no effect was
observed with the H,O extracts. Amphotericin B and
Cantus™, the positive controls used, did not have an
effect on fungal sporulation.

When considering the Fusarium species, the water
extracts exhibited no activity at the highest concentration
(25 mg ml™") used. The MeOH, HEX and DCM extracts
of V. unguiculata and A. spinosus exhibited the broadest
spectrum of antifungal activity after 48 h (Table 3 and 4).
Generally, extracts of T. minuta and L. javanica exhibited
weaker activity although differences existed.

To determine the stability of the plant extracts regard-
ing their growth inhibitory effects (fungicidal and/or fun-
gistatic), assays were carried out up to 120 h (Table 3
and 4). As no viability tests were conducted, the fungi-
cidal effects were not evaluated during the present experi-
mental conditions. A decrease in activity could imply that
the fungi either became resistant to the extracts or that
the active compound(s) became unstable during the incu-
bation period. If the low MIC values obtained after 48 h
are maintained over 120 h, the extracts presumably exhib-
ited a fungicidal effect. If the MIC increased during the
incubation period then an apparent fungistatic effect is
implied. When considering the control antifungal agents,
the inhibitory effect was already lost after 48 h, indicating
a typical fungistatic effect (Hawser and Islam 1999). The
MeOH extract of T. minuta exhibited growth inhibitory

MIC (mg mi™")
48 h 72h 96 h ’ 120 h
Plants Extracts *6908 *2301 *7140 6908 2301 7140 6908 2301 7140 6908 2301 7140
Tagetes minuta MeOH 2:50 0-08 2-50 2-50 0-64 2:50 250 0-64 2:50 2:50 0-64 2:50
Hex 2:50 0-02 002 2:50 0-32 0-16 2:50 0-64 032 2-50 0-64 0-32
DCM 002 016 0-02 0-02 064 0-64 016 2:50 2:50 2:50 2-50 2:50
Lippia javanica MeOH 0-32 2-50 2:50 0-64 250 2:50 0-64 2-50 2:50 1-25 2:50 2:50
Hex 064 0-02 002 1-25 0-32 0-64 2:50 2:50 1-25 2:50 2:50 2:50
DCM 032 0-02 0-08 0-32 2:50 1-25 1425 2-50 2:50 1:25 2:50 2:50
Vigna unguiculata MeOH 0-02 0-08 0-32 0-08 0-08 032 016 0-32 032 022 0-32 0-32
Hex 032 ¢-08 0-02 0-32 0-08 016 0-32 0-€4 016 0-64 0-64 032
DCM 0-04 0-32 0-32 016 1-25 125 016 2:50 2:50 032 2-50 250
Amaranthus spinosus  MeOH 016 0-04 0-02 016 0-04 0-02 016 0-04 0-04 032 016 016
Hex 0-04 0-04 0-02 0-04 0-08 0-08 0-04 016 008 0-08 0-16 016
DCM 0-04 1-25 0-32 0-08 2:50 2:50 0-08 2:50 2:50 0-08 2-50 250
Amphotericin Bt 0-04 2:50 250 250
Cantust 0-04 250 2-50 2-50

*MRC isolates. Values are means of triplicate determinations.
+MIC of controls was the same for all strains as shown.
MIC of agueous extracts showed activity >2-50 mg mi~'

dichloromethane: Hex, hexane; MeQH, methanol.___ _
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Tzble 4 MIC values of plant extracts against rusarnum veruciiomes
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MIC (mg mi™")
48 h 72 h 96 h 120 h
Plants Extracis *826 *8559 *8267 826 8559 3267 326 8559 8267 826 8559 3267
Tagetes minuta MieOH 2-50 0-02 0-02 250 0-64 2-:50 2:50 2-50 2:50 2-50 2-50 2:50
Hex 0-04 0-32 932 016 0-32 0-32 0-64 0-64 064 0-64 0-64 0-64
DCM 0-08 0-32 032 0-08 0-32 0-64 0-64 2-50 280 1425 2:50 2:50
Lippia javanica MeOH 032 0-64 032 032 0-64 0-64 0-64 2:50 250 1428 2:50 2:50
Hex 0-08 0-02 1-28 032 0-02 2:50 0-64 2-:50 250 125 250 250
DCM 0-08 016 0-32 0-08 0-64 0-64 0-64 2-:50 2:50 1:25 2:50 250
Vigna unguiculata MeOH 002 0:02 032 0-08 0-02 0-32 0-08 0-64 032 0-08 064 0:32
Hex 0-04 0-02 016 0-08 0-02 016 016 0-64 0-64 0-16 064 0-64
DCM 002 016 0-08 004 016 016 0-08 032 2-50 0-32 0-32 2:50
Amaranthus spinosus MeOH 0-16 0-02 016 016 0-02 032 032 0-04 032 0-32 032 064
Hex 0-04 0:02 016 016 0-04 032 032 0-16 064 0-64 032 0-64
DCM 0-64 016 0-04 064 0-16 250 1&25 125 2:50 125 125 250
Amphotericin Bt 002 2-50 2:50 2:50
Cantust 004 2:50, 2-50 2:50

MIC, minimum inhibitory concentration; DCM, dichloromethane; Hex, hexane; MeOH, methanol.

*MRC isolates. Values are means of triplicate determinations.
+MIC of controls wes the same for all strains as shown.
MIC of aqueous extracts showed activity >2:50 mg mi~'.

activity against F. proliferatum isolate MRC 2301, but
showed no effect against two isolates MRC 6908 and
MRC 7140. The MeOH extract, however, lost its activity
after 72-96 h implying a fungistatic effect, presumably, to
acquired resistance or the instability of the active plant
extract. The HEX extract lost their activity to some extent
over the 120 hr incubation period, although not to the
same extent as the MeOH extract. The DCM extract
initially showed activity against all the isolates of F. prolif-
eratum and E. verticilliodes, which was lost after 72-96 h,
except against F. verticillioides isolate MRC 826.

A similar response was observed regarding the time-
dependent inhibitory effect with the other plant extracts
although the selectivity of the extracts to the Fusarium
isolates differs. In general, it would appear that the differ-
ent extracts from V. unguiculata and A. spinosus exhibited
the highest inhibitory and stability effects over the 120-hr
incubation period against all Fusarium strains. Once again
the DCM extract seemed to lose its activity more rapidly
than the MeOH and HEX extracts. It would appear that
the DCM  extracts are not stable over the experimental
time period.

Discussion

Various publications have documented factors that affect
i Tormation - Aspergillie spp (Cotty To88 Gz
man-de-Pen a and Ruiz-Herrera 1997; Feng and Leon-
ard 1998). Conidia formation is known to occur when

722010 The Authors

fungi are under stress because of fungicides, nitrogen
fertilizers and environmental factors such as tempera-
ture, pH, water availability or co-inoculation (Leandro
et al. 2003; Paterson 2007; Xu et al. 2007). It is likely
that the conidiium stimulation observed in this study
was in reaction to treatment with the plant extracts.
The implications of conidia formation by A. flavus and
A. parasiticus when exposed to the different extracts are
not clear at this stage, but we can speculate that this
may influence mycotoxin production, either positively
or negatively.

When considering the Fusarium spp, the activity of
some extracts of the different plants after 48 h was similar
to that of Amphotericin B and Cantus”, the positive
controls used. There is no validated criteria for the MIC
end points for in vitro testing of plant extracts; however,
Souza et al. (2007) working on essential oils proposed
classification for plant materials based on MIC results
after 48 h as follows: strong (MIC <
0-5 mg ml™"); moderate inhibitors (MIC between 0-6 and
1’5 mg ml™") and weak inhibitors (MIC > 16 mg ml™).
Based on the above classifications, the MeOH extract of
T. minuta exhibited weak (F. proliferatum MRC 6908,
MRC 7140 and F. verticillioides MRC 826) to strong activ-
ity (F. proliferatum MRC 2301 and F. verticillioides MRC
8559, MRC 8267). The HEX and DCM extracts were

inhibitors

~— QrmE TR~ TVIIC 05 g Tl foT all- fsotates=pf == smsemrm

the two Fusarium spp except for the HEX extracts against
E. proliferatum MRC 6908 (MIC > 16 mg ml™").
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Lxtracts of L. javamica were generaiy strong inhibitors
(MIC « 05 mg ml™) of both these Fusarium species,
except for the MeOH extracts against F. proliferatum iso-
lates MRC 2301, MRC 7140 (MIC > 16 mg ml™") and
for the HEX extract against F. verticillioides isolate MRC
8267.

All the extracts of V. unguiculata and A. spinosus were
strong inhibitors (MIC < 0'5 mg ml™') against all isolates
of the two Fusarium spp except for the DCM extract that
exhibited a moderate response against F. proliferatum
MRC 2301 and F. verticillioides MRC 826.

The fungal isolates showed varying degrees of sensitivity
and tolerance to the plant extracts. The results showed that
there was no uniform response within or between fungal
isolates of the same species in terms of susceptibility to
antifungal activity in the extracts. Variation in sensitivity
of bacterial and fungal isolates has been previously
reported (Mazzola et al.1995; Sandrock and van Etten
1998). These differences in sensitivity among the micro-
organisms to antimicrobial substances in plant extracts
may be explained by the differences in cell wall composi-
tion and/or inheritance genes on plasmids that can be eas-
ily transferred among bacterial or fungal isolates
(Sandrock and van Etten 1998). In this study, it is possible
that a resistance mechanism is operating in isolates that
exhibited reduced sensitivity to the plant extracts. Accord-
ing to Mazzola et al. (1995), if resistance to a xenobiotic is
conferred by way of detoxification mechanism, co-exis-
tence of sensitive and resistant strains at a particular mi-
crosite may have the potential to decrease the efficacy of
that substance. More recent literature suggests the role of
ATP-binding cassette (ABC) drug efflux transporters in
conferring both virulence and xenobiotic resistance in
fungi e.g., Aspergillus niduians (de Waard et al. 2006) and
Candida species {Kolaczkowski et al. 2009). Thakur et al.
2008 have shown that the overexpression of membrane
efflux pumps, mainly ABC transporters leads to the expul-
sion of anti-fungal compounds.

The polarity of the extraction solvents used sequentially
decreases in the order of MeOH > DCM > Hex. Gener-
ally, it appears that the inhibitory effect of the plant
extracts varies depending on the specific plant and solvent
used as well as the fungal isolate with no specific trend
related to the polarity of the solvent. When considering
the different solvent systems used a diversity of molecules
with distinct polarities are extracted from plants. For
example, MeOH tends to extract a diversity of com-
pounds such as polyphenols, glycosides and to some
extent flavonoids (Rauha ef al. 2000) that can be assumed
to contribute to the inhibitory effect of the extract. DCM

K. Thembo et al.

constituents contributed to the antifungal activity of the
plant extracts, although some fungal strains, especially
F. proliferatum were less susceptible to the MeOH extracts
of T. minute and L. javanica.

The sensitivity of a specific fungal isolate to a specific
extract is also worth considering. This would imply that
the diverse fungal genetics and the selectivity of specific
plant constituents are important when developing plant
fungicides. Care should therefore be exercised as this
could result in the selection of a specific resistant geno-
type that can either be less or be more mycotoxigenic.
For example, the MeOH extract of T. minuta will inhibit
the growth of F. verticillioides MRC 8559 and MRC 8267
but not MRC 826 which is still a high producer of FB;.
This might therefore inadvertently lead to sclective evolu-
tion of resistant strains. The effect of the plant extracts
on actual mycotoxin production in culture is presently
under investigation.

The results obtained from this study indicate that
dietary plant species, particularly V. unguiculata and
A. spinosus contain chemical constituents that can be
developed as potential antifungal agents for agricultural
use. These plants may be ecologically adapted to with-
stand fungal infection, i.c. they secem to have developed a
huge armament of secondary metabolites (phytoalexins)
to resist fungal attack because of their constant exposure
to fungi because of co-existence with crop plants (Eloff
et al. 2007).

There has been a recent resurgence of interest in the
use of botanicals in agricultural pest management because
of the deleterious environmental and health effects of
conventional agrochemicals (Isman 2008). This study
illustrates the potential that certain plant species may
have to be used as botanicals in the burgeoning organic
food production sector in industrialized countries and
more importantly in resource-poor developing countries
where traditional plant use is widespread but lacks scien-
tific rationale (Isman 2006). Furthermore, the plants
investigated in this study may provide potential leads for
novel bioactives.
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Traditional medicine is an important aspect of healthcare
delivery in South Africa and is used by at least 70% of the
couniry’s pepulation. The trade in medicinal plants is a
multi-million rand business which is a major driver for
rural economies. However, the conditions in which
these plant products are transported and stored make
them prone to fungal contamination which results in eco-
nomic losses to the traders and pose potential health
hazards to consumers. Of major concern is the possible
presence of toxigenic fungi and mycotoxins. This study
assessed fungal and mycotoxin contamination of African
herbal products sold in Cape Town and Tshwane (for-
merly Pretoria) in South Africa. Of the 16 samples ana-
lyzed, 15 were contaminated with at least one of these
three fungal genera: Aspergillus, Fusarium, and Penicil-

Introduction

African traditional herbal medicine, commonly
called muthi (Zulu), emayeza (Xhosa) or mushonga
(Shona) in Southern Africa is an important part of
healthcare delivery in the subcontinent. It is actively
promoted by the South African government and it is
used by at least 70% of the country’s population.’
The trade in traditional herbal medicines in South
Africa has been described as a multi-million rand
“hidden economy.”? This is, in part, because the
demand for indigenous plant-based medicines has
created business that has been estimated in the
past to be worth more than R270 million a year
with traded amounts topping 20,000 tonnes.?*

exceed R520 million annually.5 The trade is essen-
tially subsistence based and smploys about 130,000
people, mainly rural women, within the informal
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Iium. Fumonisin B; was present in 13 of the samples in
quantities ranging from 14 to 139 pg/kg (detection limit
5 pg/kg). None of the samples was contaminated with
aflatoxigenic fungi or aflatoxin (detection limit
0.5 pg/kg). This is the first study to report on mycological
and mycotoxin contamination of commercial traditional
African medicines in South Africa. There is a need to
expand the study to other urban centers to gain enongh
insight into this problem and then to intervene with mea-
sures that can protect the public from potential harm.

Key words: aflatoxin; African herbal medicines; fumonisin;
fungal contamination; muthi; mycotoxin

economy.® Market networks for medicinal plants
extend across east and southern Africa, with plants
being harvested primarily from communal land and/
or protected areas.® Because of the high demand for
traditional herbal medicines in urban areas, the
plant material is often transported soon after it is
harvested, leaving little time for it to dry before
arriving at the market where it may be processed,
that is, ground, dried, and/or packaged. Plant pro-
ducts are at risk of contamination from insects,
rodent droppings, and other objects/contaminants,
for example, human and animal feces in the vicinity
of the plant material at the time of harvesting, trans-
porting, and point of sale storage.

A great cause for concern, however, is the possi-

... More. tecently, turnover. _has. been_ estimated to . bility-of microbial-contamination. Though bacterial -

contamination has been reported and appears to be
common place in some products traded in South
Africa,” fungal contamination is of greater concern
because of the potential of mycotoxin production
by some fungi and the possibility of acute and
chronic mycotoxicosis.

10.1177/0960327108099535
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Aflatoxins are produced by Aspergillus flavus, A.
parasiticus, and A. nomius and exposure may lead
to hepatic necresis, childhood cirrhosis, immune
suppression, and hepatocellular carcinomas.® Afla-
toxin B, (AFB,) is listed by the International Agency
for Research on Cancer (JARC} as a human
carcinogen.® Fumonisins however are produced
mainly by Fusarium verticillioides (formerly known
as F. moniliforme) and F. proliferatum and cause
equine leukoencephalomalacia and porcine pulmo-
nary edema; and FB,, the most abundant analog, has
been declared a possible human carcinogen (group
2B carcinogen) by the IARC based on the toxic and
carcinogenic effects in experimental animals.'©
Exposure to fumonisin has also been associated
with esophageal cancer and neural tube defects
(NTDs) in neonates.?

Fungal and mycotoxin contamination of herbal
medicines has been reported elsewhere especially
in Nigeria and the Indian sub-continent.?-'* This
is the first study of its kind on African herbal medi-
cines bought directly at the point of sale. The long-
term goal will be to inform and educate harvesters,
traders, healers, and consumers of African tradi-
tional herbal medicines of best practices in manag-
ing the supply chain of such products to improve
and preserve quality and protect consumers.

Materials and methods

Reagents and standards

Pure standards of fumonisin B,, B,, and B; isolated
using the method of Cawood, et al.’® were obtained
from PROMEC Unit, Tygerberg, South Africa. A
stock solution was made up to 250 pg/mL in a mix-
ture of acetonitrile/H,O (1:1} for each of the stan-
dards. This was diluted to individual working solu-
tions of 49, 20, and 22 pg/mlL. AFB, was purchased
from Sigma (St Louis, Missouri, USA). A stock solu-
tion of 250 pg/mL was prepared and diluted to give a
working solution of 5§50 ng/mL. All solvents and
chemicals were analytical grade from Merck (Darm-
stadt, Germany)., Water was purified in a Milli-Q sys-
tem (Millipore, Bedford, Massachusetts, USA).

Acquisition of herbal medicines

Samples (16) were purchased anonymously in dif-

ferent herbal (muthi) markets in Cape Town, and at
Marabastad, Tshwane (formerly Pretoria) in South
Africa during 2006 (Table 1). The samples were pur-
chased anonymously and placed in sample sacks,
taken to the laboratory, photographed, and stored
at 4 °C. They were then taken to Kirstenbosch Botan-
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ical Gardexs of the South African Biodiversity Insti-
tute (SANBI) (Cape Town) and as many of the sam-
ples as possible were identified by a team of
taxonomists to genus and species level.

Mycological assays

Muthi samples were dried at 45 °C for 3 days in an
oven. Some samples did, however, remain moist and
could not be dried completely. Small parts of the
visible fungal growth from these samples were cut
out and plated directly onto malt extract agar
{MEA) plates containing 150 mg novobiocin/L of
agar and incubated at 25 °C in the dark until good
growth was obtained. The samples that could be
dried were finely ground using a small electric labo-
ratory mill (Falling AB Stockholm, Sweden] and
stored at 4°C. The mill was thoroughly cleaned
between samples to prevent cross-contamination.
Fungal counts were done on these samples by
using a plate dilution technique. In all, 1g of the
material was suspended in 9mL sterile distilled
water and serially diluted 10 times. In all, 1 mL of
each dilution was placed in a 90 cm Petri dish and
15 mL of cooled MEA (including novobiocin) added,
naixed, and incubated at 25 °C for 3-5 days. Counts
(colony forming units [cfu]) of each of the fungal
species identifled were recorded at the appropriate
dilution. Selected isolates from both direct plating
and plate dilution methods were single spored and
identifications confirmed using cultural and micro-
scopic morphological characteristics. Cultural charac-
teristics included colony diameters and pigmentation
on Potato Dextrose Agar (PDA) after incubation in the
dark for 3 days at 25 °C and 30 °C, colony morphology
on PDA, and carnation leaf agar after incubation for
10-14 days under mixed lights with a 12-h photo
period.,

Extraction of aflatoxin B,

AFB, was extracted from dried plant material using
a modification of published methods.'®17 Briefly,
1g of milled plant sample was mixed with 1g
NaCl and extracted with 25 mL of 80% agueous
methanol. This was blended with a Polytron PT
31000 homogenizer (Kinematica, Switzerland) at
7000-9000 rpm  for 5min then centrifuged at
4000 g for 10 min and filtered through Macherey-

" "Nagel (Durn, Germany] MN 617 filter paper. The fil-

trate (10 mL) was diluted with 40 mL of distilled
water and subsequently filtered through Schleicher
and Schuell filter paper (Dassel, Germany) and then
via a 0.45 pm acetate syringe filter. In all, 10 mL of
the filtrate was loaded onto Aflatest column (Vicam,
Massachusetts, USA) and passed through at a rate of



~ontamination of African traditional herbal medicines soid in South Africa

DR Katerere, et af.

Table1 Mycological and chemical analyses of muthi samples collected from Cape Town and Pretoria

Plant species {common name)

Fungi isolated: sample a = dilution plating (cfu/g x 10%);

Fumonisin B,

sample b = direct plating (uglkg)
A.n Fus Mucor Pen Rhiz Other fungi
spp. spp- spp- Spp-
Dioscorea sp. (Uthuvana) (heartwood)  a 4 >100 1 - ~ 1 (mixed growth) 40
b + - + + + Sten sp.
Myrsiphyllum asparagoides Willd a >100 - - - - - 87
(Isicakatha) (roots] b + - - + - -
Unidentified legume (Iqwili) (rootstock) a 1 2 - - - 6 (mixed growth) ND
b + + - - - -
Pelargonium sp. (Umsila wengwe]) a 20 s 20 40 = - 14
(rootstock) b - - - - Alt sp. Phoma sp. 117
Ganoderma sp. (Sibindi) (bracket fern) a + - = = + B 30
b + - - - + -
Scilla sp. (Mudhora) (corm) 8 30 >100 20 - - 50 25
b - + - = + -
Haemanthus coccineus L. (Matunga) a - 20 - - - - 139
(corm) b - - + - + {Bacteria)
Urginea sp. (Mredeni) (corm) b - + + + - - 21
Kedrostis nana lam. (Bogo) (bulb) a - >100 - >100 - -
b - + - - - Phoma sp.
Kniphofia sp. (Red Carrot) (rootstock) b + - - + = Altsp.;Trich sp. 30
Mentha longifolia HERBA (Chrismint) a - - - - - >100 ND
(aerial parts) b + - - = - Cladsp.;Asp sp.
Cinnamonum camphora (Roselina) b + - - - + Trich sp. 126
(bark)
Bidens pilosa (Seloka) (aerial parts) b - + - - - Phomasp.;Alf sp. 67
Amaranthus thunbergii (Thepe) (leaves) b - + - - - Phomasp.;Alt sp. 26
Hypoxis hemerocailidea fisch. (Thlonya) a - - - >100 = = ND
(corm) b - + - - - -
Unidentified (Wagapa} (stem) b - = - = - - ND

cfu, coleny forming units; +, species present in the sample;

-, species absent in sample; ND, not detected (detection limit =5 ug/kg);
A. n, Aspergillus niger. Alt, Alternaria spp; Clad sp., Cladosporium spp.: Fus, Fusarium spp.; Muc,

Mucor spp.; Pen, Penicillium spp.;

Rhiz, Rhizopus spp.; Sten, Stenocarpella spp.; Trich, Trichosporum spp.

1-2 drops/s. AFB; was thereafter eluted under grav-
ity by passing 3 mL of High Performance Liquid
Chromatography (HPLC) grade methanol through
the column and the eluate collected in scintillation
vials and dried under nitrogen at 60 °C.

Recoveries were performed on three different
plant products after spiking samples at 5.5 pglkg
and 11 pg/kg with AFB; to take into account matrix
effects.

Extraction of fumonisins (FB;, FB3, and FB3)

The extraction method*® was modified for use on
plant matrix. Milled plant sample of 5g was mixed
with 25 mL of methanol and then blended with a
Polytron PT 31000 homogenizer at 8000—
10000 rpm for 5 min. The mixture was then centri-

tant filtered through Macherey-Nagel (Durn, Ger-
many) MN 617 filter paper. An aliquot of 6 mL of
the filtrate was then diluted with 6 mL of distilled
water and then adjusted to pH 6-6.5. A 10 mL ali-
quot of this was loaded on conditioned strong
anionic exchange (SAX) columns (Bond Elut, Var-

144

ian, Massachusetts, USA) and the procedure used
by Shephard, et al.'® followed.

Three different samples were spiked at 52 pg/kg
(for FB,), 48 pg/kg (for ¥B,), and 54 pg/kg (for FB;)
and recoveries performed.

HPLC analysis

Chromatograms were recorded using a Hewlett
Packard Agilent 1100 Series Fluorescent detector
{Darmstadt, Germany) set at ex = 365, em =440 for
AFB, and ex =335, em =440 for the three fumoni-
sins. HP ChemStation for LC software was used for
data processing.

AFB, was analyzed using post-column iodine
derivatization as followed by Shephard, et al.?° The
dried extracts were reconstituted in 200 pL. of metha-
nol. In all, 5 ul. and 10 pL aliquots of the standard

e _fyped-at 1000-g fer-10-min-at-4-°G-and-the-superna-.... _and-extracts_were-injected,respectively. AFB; was_... .

separated on an Ultracarb 3 um ODS (100 x 4.6 mm)
(Phenomenex, Torrance, California, USA) with 0.01
M KH,PO,CH;CN:CH;0H (690:200:75) mobile
phase pumped at a flow rate of 1.0 mL/min.

FB., FB,, and FB; were analyzed after derivatiza-
tion with o — phthaldialdehyde {OPA} before
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————¢onipetition for-binding-sites. The-methods-used-by— —tamination;-however~they-reported levels of FBy.. o .

injecting on the column according to the method.*®
Separation was performed on a Phenomenex
(Torrance, California, USA) Synergi 4 pm MAX-RP
column (75x 4.6 mm) using a mobile phase of
methanol:0.1 M sodium phosphate buffer (73:27, pH
3.35) pumped at a flow rate of 1.0 mL/min. Quantifi-
cation of the analytes was by peak area comparison
with standards.

Results and discussion

In all, 15 of the 16 samples were found tc be contam-
inated by various species of fungi (Table 1). A. niger
was the most common contaminant being isolated
from 50% of the samples, followed by Fusarium
(6/16) and Penicillium (5/16). Approximately 60%
of the samples were co-infected with Alternaria
and Rhizopus spp, whereas one sample showed bac-
terial contamination.

Recoveries of AFB, from three different spiked
plant samples were 71% (RSD = 22.%), 66% (3.5%),
and 77% (3.5%) at 5.5 pug/kg and 57% (20%), 71%
(23%), and 88% (17%) at 11 pg/kg which were con-
sidered satisfactory. None of the samples was found
to be naturally contaminated with AFB, (detection
limit <0.5 pg/kg). The recoveries of fumonisins
from three different spiked samples were 76%
(RSD = 2%]), 80% (6.9%), and 74% (7.5%) for FB,
(52 ng/kg), FB, (48pg/kg), and FB; (54 pg/kel,
respectively. In all, 13 of the 16 samples were posi-
tive for FB, (detection limit 5 pg/kg). FB, and FBj
were not detected (Table 1).

Thiel, et al.2! have recently developed a method
for the analysis of aflatoxin in medicinal herbs.
However, because of chemical constituents of plant
products which vary with locality, season, and spe-
cies, it is almost impossible to have one method
which works for all plant products. This is evident
from the variability of recoveries among the spiked
samples. This is the reason why recoveries were per-
formed on three different species to validate the
method in this shady which was the best compro-
mise available. Arranz, et al.22 have noted that the
complexity of chemical constituents of herbs tends
to impact on aflatoxin binding on immunoaffinity
columns by affecting pH, salt concentration, and

Ip and Che'® and Sewram, etal'? were initially
attempted without modification and this resulted
in recoveries below 30%. They were then adapted
and modified by reducing the amounts extracted
and not using Tween-20 as a diluent, among other
changes. This resulted in recoveries which were
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generally above 70% for both fumonisins and
aflatoxin.

One of the most common ways that plant pro-
ducts may be contaminated is through their mode
of transportation to the market. Harvesters com-
monly convey plants to the markets in plastic or hes-
sian bags previously used to store maize or maize
meal.?® Fungi such as A. flavas and A. parasiticus
(known aflatoxin producers) and F. verticillioides
{(a major fumonisin producer) are known to grow
on maize. If medicinal plants are placed in infected
bags, then cross contamination may occur. After the
plants are placed in the bags, they are usually taken
to the markets in the luggage compartments of buses,
cars, and commuter taxis, and the insufficient air
circulation leads to increased humidity which favors
fungal growth. The relative humidity at the market
site and the manner in which the plants are stored
can further augment conditions favorable for the
growth of fungal contaminants and also cross
contamination.

Underground plant parts are most likely to be
contaminated than aerial parts. This may be because
they are fleshy and moist and therefore may not dry
properly from the time of harvesting to the shop-
floor. Roots and corms also appear to be the most
popular parts in African traditional medicine
because they are not seasonal (unlike leaves and
other aerial parts). This popularity along with their
susceptibility to contamination poses a potential
public health problem.

There have been several recent publications on
mycotoxin contamination of botanical products, par-
ticularly of Chinese medicines.’”?* These studies
have shown the presence of aflatoxins and ochra-
toxin A, a nephrotoxin produced by A. ochraceus
and Penicillium verrucosum in numerous botanical
products including ginseng, ginger, licorice, devil's
claw, and turmeric. African traditional herbal medi-
cines are different from botanicals in form and pre-
sentation. They are not commercially packaged and
they are not sold in conventional retail outlets,
health food stores, or pharmacies. Instead, they are
sold in make-shift stalls or on pavements in almost
all towns in Africa.

Ip and Che® previously analyzed dietary and
medicinal plants used in the Eastern Cape province
of South Africa. They also reported no AFB; con-

contamination ranging from 8 to 1553 pg/kg. The
highest concentration in the present study was
only 139 pg/kg, well below the highest reported in
the Eastern Cape study. However, the plant samples
were collected from botanical gardens by the inves-
tigators themselves'® and not purchased from the



markets as with those in this study. No mycology
was reported in that instance, but the results appear
to suggest that the plants were colonized by myco-
toxicogenic fungi and the possibility of external con-
tarmination can be ruled out.

The present study however provides important
information about the mycological and toxin con-
tarnination of the product at the point of sale. It is
worth noting that most users of medicinal plants
buy them from markets and traditional healers and
that in most cases they appear unconcerned about
the visible signs of contamination. See pictures in
Figure 1. There is also a belief in some instances
that the more effective herbs are those that look
unhygienic. B-E. Van Wyk (personal communica-
tion) argues that these products may become more
efficacious due to some fermentative breakdown
and by the formation of bio-active by-products or
alcohol.

The presence of fungal and mycotoxin contami-
nation can be potentially harmful especially because
the consumers are already suffering from ill-health.
Fumonisins have been associated:with esophageal
cancer in parts of South Africa and China and in
the increased incidence of NTDs.!1?® Aflatoxin
exposure leads to hepatocellular carcinoma and
stunted growth.? Exposure to fungal spores is a lead-
ing cause of allergic reactions in young children and
respiratory infections particularly in immune com-
promised persons.*®

~ontamination of African traditional herbal medicines sold in South Africa
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The absence of AFB, which is a more pernicious
mycotoxin particularly in a country with a high bur-
den of infectious disease (hepatitis B and HIV/AIDS
being of greatest concern) such as South Africa is a
good outcome. However, this may be due to the geo-
graphical location of the markets; both Cape Town
and Tshwane (Pretoria) are outside the hot and
humid sub-tropical climes which are ideal for the
growth of aflatoxigenic Aspergillus species. There
is a need to focus on the hot and humid areas of
South Africa and investigate aflatoxin occurrence
there in a bigger and more focused study. It will
also be worth tracking plant products brought in
from Mozambique, Swaziland and the tropical
climes of Central Africa as these are known hotspots
of aflatoxin.2® As Williams® has noted, herbal medi-
cines are imported from as far as the Democratic
Republic of Congo and environs to Johannesburg
and Durban markets.

Conclusion

For economic, social, and cultural reasons the use of
African herbal medicines continues to increase.
Although there is huge interest into research to vali-
date the efficacy of medicinal plants, what is of
immediate importance is the need to assure the
quality and safety of commercially traded herbs.
This study though limited by the data set has
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Figure1 Four examples of medicinal plants purchased from muthi markets for this study.
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shown that there is potential harm due to possible
contamination of muthi products with fungi and
mycotoxins. There is a need to explore these results
further by expanding the area survey.
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Seven medicinal and dietary plant species from Southern Africa were analysed for their antioxidant and
total phenolic content. These were Lippia javanica, Tagetes minuta, Bidens pilosa, Vigna unguiculata,
Amaranthus spinosus, Telfairia occidentalis and Corchorus olitarius. AQueous methanol extracts were
tested for free radical scavenging and anti-oxidant activity using three standard assays inciuding
2,2'azinobis-(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH) and
ferric reducing antioxidant potential (FRAP). The Folin-Ciocalteu assay was used to determine the total
phenolic content with gallic acid as a standard. The antioxidant activity of the plants ranged from 0.76
to 5.77 mmol TEAC/100 g (ABTS), 16.29 to 1711.22 mmol TEAC/100 g (DPPH) and 0.58 to 6.12 mmol
TEAC/100 g (FRAP). B. pilosa and C. olitarius had the best activity in all assays, while V. unguiculata
and A. spinosus were the least active. The total phenolic content ranged from 19.79 to 333.56 mg gallic
acid equivalent (GAE)/100 g. In general, there was a good correlation between antioxidant activity and
total phenolic content. These results imply that these plant species may possess health promoting
effects and might be potential sources of potent natural antioxidants.

Key words: Dietary plants, metabolic stress, antioxidant activity, total phenolic content.

INTRODUCTION

SRS 742k B0 15 12 A 1212 [ —

Free radicals are generally unstable reactive molecules
that are produced in animals and humans under
physiological and pathological conditions (Fang et al.,
2002). There is increased scientific evidence that
oxidative stress which results in the generation of free
radicals contributes to many common ailments including
cancer, cardiovascular disease, cataract formation, as

*Corresponding author. E-mail: david.katerere@mrc.ac.za. Tel:

well as accelerating the ageing process (Bagchi et al.,
2000; Fang et al., 2002; Bugg et al., 2006; Dasgupta et
al., 2007). Epidemiological studies have shown a strong
and consistent protective effect of dietary antioxidants
against the risk of such illnesses (Block et al., 1992;
Varma et al., 1995; Steinmetz and Potter, 1996; Hunter
and Fletcher, 2002). This protective effect is often
attributed to different antioxidant components, such as
vitamin  C, vitamin E, carotenoids, polyphenolic
compounds and other phytochemicals (Amin et al.,
2006). A high intake of food rich in natural antioxidants
has been shown to increase the antioxidant capacity of

S oS

Fax: +2721 938 0260.

Abbreviations: ABTS, 2,2'Azinobis-3-ethylbenzthiazoline-6-
sulphonic acid; DPPH, 1,1-diphenyl-2-picrylhydrazyl; FRAP,
ferric reducing antioxidant potential; GAE, gallic acid equivalent.
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~ T the plasma and reducé the TSk of “some, but notal ==

cancers, heart diseases and stroke (Kris-Etherton et al.,
2002). Recent research has also shown that through
overlapping or complementary effects, the complex
mixture of phytochemical compounds in fruits and
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vegetables provides a protective etfect on health than
single phytochemicals (Eberhardt et al., 2000).

The present study investigated the total phenolic
content and related total antioxidant potential of extracts
of Amaranthus spinosus (Amaranthaceae), Vigna
unguiculata (Fabaceae), Lippia javanica (Verbenaceae),
Tagetes  minuta  (Asteraceae), Bidens  pilosa
(Asteraceae), Telfairia occidentalis (Cucurbitaceae) and
Corchorus olitarius (Tiliaceae). The plant species were
selected because of their dietary use in southern Africa.
In addition, all of them are important in the traditional
medical armamentarium. L. javanica, for example, has
been reported to have antimicrobial activity and is used in
the treatment of colds, coughs and bronchial problems
(Muchuweti et al., 2006). The species has also been
reported to be effective against fever caused by malaria,
influenza and measies (Viljoen et al., 2005). For example,
T. minuta has been reported to have antibacterial activity
against Staphylococcus aureus and Staphylococcus
epidermidis (Vasudevan et al., 1997). It is used in the
treatment of colds, diarrhoea and suspected liver
ailments (Rios and Recio, 2005). A. spinosus is used in
the treatment of menorrhagia, gonorrhoea, eczema and
colic (Azhar et al., 2004) and is also cited in the treatment
of diabetes (Katerere and Eloff, 2005). The root infusion
of V. unguiculata is used to treat dysmenorrhoea and
epilepsy, while a soup made from the seeds is reported
for the treatment of bilharziasis (Gelfand et al., 1993). B.
pilosa has been reported to have antibacterial, antifungal
and anticancer activities (Khan et al. 2001), and T.
occidentalis is used to treat anaemia (Aiyeloja and Bello,
2006; Mensah et al., 2008).

Furthermore, the leaves of C. olitarius have been
reported to possess diuretic, antipyretic, analgesic and
antimicrobial activity, to contain antitumor compounds
(Furumoto et al., 2002) and antioxidant carotenoids and
flavonoids (Azuma et al., 1999; Khan et al., 2001; Zeid,
2002). A. spinosus, V. unguiculata, B. pilosa, T.
occidentalis and C. olitarius are eaten as a relish with
maize staple (pap or sadza). These plant species play an
important role as famish foods in rural Southern Africa
and they may be cooked (fresh or dry) with tomato or
peanut sauce and served alone or with meat. Aerial parts
of T. minuta and L. javanica are consumed as herbal teas
and commercially available in some African countries, for
example, in Ghana and Kenya.

However, there are few studies on the healthful
properties of these dietary plant species. In this study, we
screened them for both antioxidant activity and total
phenolic content, considering the increasing importance
of both parameters in human health and nutrition.

Chemicals

Ali chemicals used were of analytical grade. 2,4,6-Tri(2-pyridyl)-s-
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triazine (TPTZ), 2,2'azinobis-(3-ethylbenzthiazoiine-o-suipnonic
acid) (ABTS), gallic acid and Trolox were obtained from Sigma
Aldrich Co. (St. Louis, MO). Anhydrous sodium carbonate
(NaeCOg), ferric chioride hexahydrate (FeCly-8H20), Folin—
Ciocalteu phenol reagent, hydrochloric acid (HCI), glacial acetic
acid, potassium persulphate, methanol and sodium acetate
trinydrate were obtained from Merck (Darmstadt, Germany).

Plant materials

T. minuta, L. javanica and B. pilosa were collected from
Onderstepoort, Pretoria, South Africa, while A. spinosus, V.
unguiculata, T. occidentalis and C. olitarius were collected from
Moruleng village of Rustenburg, North West Province, South Africa.
Voucher specimens were collected and deposited at the UWC
herbarium in Cape Town. The plants were collected between March
and April 2007, oven-dried at 50°C and separately ground into a
fine powder using a Romer Labs Series Il Grinding/Sub-sampling
mill (Romer Labs, Tulin, Austria). They were then shipped to the
University of Naples, Federico Il in Naples, ltaly, where the analysis
was done.

Extract preparation

Three grams (3 g) of each plant material were extracted with 30 ml
of 70% aqueous methanol by sonication for 30 min and centrifuged
(Jouan CR3i of BICASA Spa, ltaly) for 5 min at 4000 rpm. The
extracts were filtered using Whatman no. 1 filter paper and the
aliquots were analyzed for their antioxidant capacity and total
phenol content using the methods subsequently described. Each
sample was prepared and analyzed for each assay in triplicate.

ABTS radical scavenging assay

The free radical scavenging activity of the plant extracts was
determined using 2,2'azinobis-(3-ethylbenzthiazoline-6-sulphonic
acid) (ABTS) radical cation decolorization assay and 6-hydroxy-
2,5,7,8-tetramethyichromane-2-carboxylic acid (Trolox) as a
standard (Re et al., 1999). ABTS was dissolved in water to a 7 mM
concentration. ABTS radical cation (ABTS**) was produced by
reacting ABTS stock solution with 2.45 mM potassium persulphate
(final concentration) and allowing the mixture to stand in the dark at
room temperature for 12 to 16 h before use. The free radical was
stable in this form for more than two days when stored in the dark at
room temperature. For this study ABTS*" solution was diluted with
ethanol to an absorbance of 0.70 (+0.02) at 734 nm. Reagent blank
reading was also taken (Ao). After the addition of 1.0 mi of diluted
ABTS*" solution to 100 pL of each plant extract, the absorbance
reading (A.) was taken exactly 2.5 min after initial mixing. The plant
extracts were first adequately diluted (where necessary) to fit within
the linearity range. The percentage inhibition of absorbance at
734 nm was calculated using the formula: % inhibition = (1 - A/
(A,) x 100. The antioxidant capacity based on the ABTS free radical
scavenging ability of the extract was expressed as mmol Trolox
equivalence antioxidant capacity (TEAC) per 100 g of plant
material.

Ferric reducing antioxidant potential assay (FRAP)

=The=FRAP:assay~was~carfied=eut=according - to.-the-.method. .af..

Benzie and Strain (1996) with few modifications. The FRAP reagent
was prepared from sodium acetate buffer (300 mmol/L, pH 3.6), 10
mmol/L 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ) solution in 40 mmol/L
HCl and 20 mmol/L FeCls solution in proportions of 10:1:1 (v/v),
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Table 1. Total antioxidant activity and phenolic content of the plant extracts.

TEAC (mmol/100 g)

Phenolic Content

Plant species

ABTS DPPH FRAP (mg GAE/100 g)
Vigna unguiculata 0.76 95.93 0.58 109.14
Amaranthus spinosus 1.02 16.29 0.75 79.79
Tagetes minuta 2.3 1399.42 4.22 216.84
Lippia javanica 1.5 1462.54 2.38 221.31
Bidens pilosa 5.77 1210.05 6.12 333.56
Telfairia occidentalis 38T 293.29 2.68 222.94
Corchorus olitarius 4.42 1711.22 5.04 316.34

ABTS, 2,2'Azinobis-3-ethylbenzthiazoline-6-sulphonic acid; DPPH, 1,1-diphenyl-2-picrylhydrazyl; FRAP, ferric reducing antioxidant

potential; GAE, gallic acid equivalent

respectively. The FRAP reagent was prepared fresh daily.
Antioxidant potential was determined by adding 651 uL sodium
acetate buffer solution, 279 uL of FRAP reagent and 70 pL of each
plant extract. The absorbance reading was taken at 593 nm exactly
4 min after initial mixing. The plant extracts were first adequately
diluted to fit within the linear dynamic range. Solvent blanks were
also prepared and the absorbance reading taken. The antioxidant
capacity based on the ability to reduce ferric ions of the extract was
expressed as mmol Trolox equivalents (TEAC) per 100 g of plant
material.

DPPH radical scavenging assay

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging
activity of plant extracts was determined using the method by Yen
and Chen (1995). The DPPH radical (DPPH") solution was
prepared in MeOH to make a 1 mM DPPH" solution. DPPH solution
was further diluted with MeOH at the ratio of 1:25. The scavenging
activity of the plant extracts was determined by adding 600 pl of
diluted DPPH solution and 300 ul of each plant extract. The
absorbance reading of 0.900 + 0.020 at 517 nm was taken exactly
4 min after initial mixing. The plant extracts were first adequately
diluted to fit within the linearity range. The absorbance of the DPPH
radical without antioxidant (the control) was also measured. All
determinations were carried out in triplicate. The percentage
inhibition of the DPPH radical by the samples was calculated using
the same formula as in ABTS assay. The antioxidant capacity
based on the DPPH free radical scavenging ability of the extract
was expressed as mmal Trolox equivalents (TEAC) per 100 g of
plant material.

Determination of total phenolic content (TPC)

Total phenolic concentration in plant extracts was determined
spectrophotometrically by the Folin—Ciocalteu assay (Singleton and
Rossi, 1965) using gallic acid as a standard. An aliquot of 125 pL of
each plant extract was mixed with 125 pL of Folin—Ciocalteu phenol
reagent and allowed to react for 6 min. Afterward, 1.25ml of
saturated NaxCOjz solution (7.5%) was added and allowed to stand
for 90 min before the absorbance of the reaction mixture was
measured at 760 nm. The total phenolic content of the plant
extracts was expressed as mg gallic acid equivalents (GAE) per
_.100.g.of plant material.

Statistical analysis

All determinations of the antioxidant activity by the assays were

conducted in triplicate. The reported values of each sample and the
correlation coefficients (R?) were calculated as the mean of three
measurements using Microsoft Excel 2000.

RESULTS AND DISCUSSION
Antioxidant activity

The ABTS, FRAP and DPPH assays were used to
measure the antioxidant activity of the plant extracts.
Because different antioxidant compounds may act in vivo
through different mechanisms, no single method can fully
evaluate the total antioxidant capacity of foods. For this
purpose, in this study three different assays were applied
to obtain robust data on antioxidant activity of the
selected plants (Table 1). The ABTS and DPPH assays
measure the ability of antioxidants to quench a radical
cation, while the FRAP assay evaluate the reducing
potential of the samples.

The TEAC values of ABTS assay ranged from 0.76 -
5.77 mmol Trolox/100 g, FRAP from 0.58 - 6.12 mmol
Trolox/100 g and for DPPH from 16.29 - 1711.22 mmol
Trolox/100 g. B. pilosa was found to have the highest
antioxidant activity in both ABTS (5.77 mmol/100 g) and
FRAP (6.12 mmol/100 g) assays, while C. olitarius had
the highest antioxidant activity in DPPH (1711.22
mmol/100 g) assay. V. unguiculata had the lowest
antioxidant activity in both ABTS (0.79 mmol/100 g) and
FRAP (0.58 mmol/100 g) assays. Moreover, the
antioxidant activity obtained from ABTS and FRAP were
better correlated (R® = 0.8296) compared to those
obtained from ABTS-DPPH (R®= 0.2585) and DPPH-
FRAP (R® = 0.5943). This implies that these plants
contain compounds that are capable of scavenging free
cation radicals (ABTS*") as well as reducing oxidants
(ferric ions). Activity against DPPH radical was not potent
on the other hand. According to Surveswaran et al.

e 0 (2007), it is..nof. surprising.to. find _differences in. ...

antioxidant activity among the assays, as each has a
different mechanism of action and different reaction
conditions. ABTS*+ is soluble in both aqueous and
organic solvents and so can determine both hydrophilic
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and lipophilic antioxidant capacities
Thaipong et al. 2006).

V. unguiculata and A. spinosus showed the lowest
antioxidant activity in all the assays, but this activity was
similar to that previously reported for other commonly
consumed African green leafy vegetables (Akindahunsi
and Salawu, 2005; Oboh, 2006). Antioxidant activity of V.
unguiculata seeds has been previously reported and it
was demonstrated that the DPPH radical and ABTS
cation radical scavenging activities were well correlated
with the ferric reducing antioxidant capacity (Oboh and
Akindahunsi, 2004; Siddhuraju and Becker, 2007). Oboh
(2005) reported the antioxidant activity of the agueous
and ethanolic extracts of T. occidentalis leaf showing the
hepatoprotective properties after garlic-induced oxidative
stress in rats; in particular the aqueous extract is more
effective than the ethanolic extract and this could be
attributed to the higher antioxidant activity of the aqueous
extract. To date, the reported antioxidant activity of L.
javanica and T. minuta are mainly from essential oils
(Muyima et al., 2004). A comparative study of the
antioxidant properties of hydrophilic and lipophilic extract
constituents of the C. olitorius leaves by Oboh et
al.,(2009) reported that hydrophilic extract showed a
higher DPPH radical-scavenging ability, reducing power
and trolox equivalent antioxidant capacity (TEAC), while
lipophilic extract showed a higher OH scavenging ability.
Zeashan et al. (2009) also reported that ethanolic
extracts of A. spinosus possess  significant
hepatoprotective activity which might be due to
antioxidant capacity, and they attributed this to its high
phenolic content.

In general, limited information is available on the
antioxidant potential of extracts of these plants which are
important dietary and medicinal plants in rural sub-
Saharan Africa. Our results show that the free radical
scavenging ability of the plants analyzed was generally
lower than that of fruits and vegetables like spinach and
red pepper which were previously studied by Chu et al.
(2002). It is also complicated to compare results from
other studies because of immense variations in
environment, climate and time of harvest, among
numerous other parameters which affect any wild
growing plant (Howard et al., 2003; Zhou and Yu, 2004).

(Arnao, 2000;

Total phenolic content

Phenolics constitute one of the major groups of
compounds which act as primary antioxidants
(Muchuweti et al., 2006). They inhibit autoxidation of
unsaturated lipids, thus preventing the formation of

oxidized _low-density lipoprotein  (LDL), which s implies that they can act as reducing agents, hydrogen
~conaidered 16 induce cardiovascular diseases. The assay ~— ~donors-and singlet oxygen quenchers: === R —

used for total phenols determination detects phenolic
acids, flavonoids, tannins, anthocyanins, lignans and
coumarins. The content of phenolic compounds is
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expressed as muiigrams gallic acid equivalence (mg
GAE) per 100 g plant sample. The amounts of total
phenolics of the plant extracts are shown in Table 1. The
total phenolic content of the plants decreased in the
order: B. pilosa (333.56 mg GAE/100 g) > C. olitarius
(316.34 mg GAE/100 g) > T. occidentalis (222.94 mg
GAE/00 g) > L. javanica (221.31 mg GAE/100g) > T.
minuta (216.84 mg GAE/100g) > V. unguiculata (109.14
mg GAE/100 g) > A. spinosus (79.79 mg GAE/100 g).

While some authors found a strong correlation between
phenolic content and the antioxidant activity (Velioglu et
al., 1998), others found no such relationship
(Kaehkoenen et al., 1999) showing that the antioxidant
activity of an extract cannot be predicted on the basis of
its total phenolic content because the activity of phenolic
compounds depends on their chemical structure (Statue-
Gracia et al., 1997). This is probably because there are
structure-activity relationships governing anti-oxidant
activity. Flavones and catechins are, in general, superior
to other polyphenols (for example, lignans and
coumarins) in this regard (Nijveldt et al., 2001). In
addition, the extent of hydroxylation and glycosylation
also plays an important role in determining anti-oxidant
potency. The antioxidant activity of flavonoids has been
shown to reside in the aromatic hydroxyl groups (Rezk et
al., 2002) with maximum radical scavenging activity
displayed by flavonoids with 3-OH groups attached to the
2,3—double bond neighboring the carbonyl group in the
C-ring (Cotelle, 2001). Resorcinol and phloroglucinol
substituents also show substantially higher antioxidant
activity compared to phenol (Rezk et al., 2002). In this
regard, two anti-oxidant pharmacores are now
recognized in flavonoids - the catechol structure in ring B
and in rings A and C (Rezk et al., 2002).

In this study, the findings show that phenolic content
was better correlated with both FRAP (R®= 0.8923) and
ABTS (R®= 0.8266) assays than with that of DPPH (R%=
0.622) (Table 2). These results suggest that in the plants
analyzed in the current study, 89% of the ferric reducing
power and 82.6% of the ability to scavenge the ABTS™
radical cations, is probably due to phenolic compounds.
Also, it can be concluded that antioxidant activity
of plant extracts is not limited to phenolics. Activity may
also be due to the presence of other secondary
metabolites such as volatile oils, carotenoids, and
vitamins, among others, that in this case contributed to
11% (for FRAP assay) and 17.4% (for ABTS assay),
respectively to the antioxidant capacity. The non-
polyphenolic compounds appear to be more important in
contributing to activity in the DPPH assay. The
antioxidant activity of phenolics is mainly due to the ease
with which they can be involved in redox reactions, which

The extract with the lowest total polyphenolic content
was that of A. spinosus, which also showed the lowest
antioxidant activity in both assays. Our results confirm
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rable 2. Correlation petween tne anferent assays used in this

study.

Correlation

RZ

ABTS - DPPH
ABTS - FRAP
DPPH - FRAP
ABTS - TPC
DPPH - TPC
FRAP - TPC

0.8296
0.2585
0.5943
0.8266
0.622
0.8923

previous observations. Muchuweti et al. (2006) reported
that the measured antioxidant activity of plant extracts
may be due to the synergistic effect of polyphenolics with
one another and/or with other components present in an
extract. However, there is a need to identify and to
characterize active components within each plant extract
since it is reported in the literature that different classes
of phenolics have varying antioxidative strengths and that
synergy of  polyphenolics  (condensed tannins,
gallotannins and flavonoids) with one another or with
other components present in an extract may contribute to
the overall observed antioxidant activity (Shahidi et al.,
1994).

Conclusion

African leafy vegetables have long been known and
reported to have health protecting properties and uses.
They have a long history of being consumed by humans
as both food and medicine. However, due to
westernization and urbanization, the consumption of
these vegetables appears to be declining and yet they
may be an important resource in promoting good nutrition
in sub-Saharan Africa (Odav et al., 2007; Smith and
Eyzaguirre, 2007). The current study shows the potential
of some common African vegetables as functional foods
whose uses should be further investigated and
encouraged. The antioxidant activity and total phenolic
content of the extracts analyzed were appreciable.
Results highlighted a good correlation between
antioxidant activity and total phenolic content. This may
indicate that phenolic compounds play a role in the
antioxidant activity of plant materials. Meanwhile, further
work is necessary to elucidate the identity the
compounds responsible for the antioxidant activity of
these plant species.
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