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Introduction

Herbs and spices play a pivotal role in the day-to-day life of mankind as important
flavouring agents in foods, beverages and pharmaceuticals and also as ingredients in
perfumes and cosmetics. The manufacturers of foods, beverages, cosmetics and
pharmaceuticals are responding to the growing wave of consumer resistance and
legislative limitations set for products containing chemical additives. Spices as sources
of natural colours and flavours present welcome opportunities in the international
market. The nutritional, antioxidant, antimicrobial and medicinal properties of spices
also have widespread applications.

I.1 Production of quality spices

Production of quality clean spices without any pesticide/chemical residues is important
in this era of free international trade resulting from globalisation. Organic spices
which fetch 20 to 50% higher prices than spices from conventional farms are devoid
of pesticides and chemical residues and are superior in quality. Adoption of good
agricultural practices helps to reduce the above contaminants. Quality assurance
systems such as HACCP is of great relevance in the production of quality spices.
Decontamination techniques and proper packaging and storage techniques play a
major role in maintaining quality of spices.

I.1.1 Rational uses of pesticides and controlling the pesticide/chemicals
residues in herbs and spices

All over the world, people are becoming more and more conscious of health problems
due to consumption of foods contaminated with pesticide residues. It is estimated
that a large number of people suffer from pesticide poisoning and suffer every year
due to the toxic effects of chemicals. Promotion of a farming technique adopting
ecologically sound plant protection measures, organic recycling and bio-waste
management would go a long way in bringing back the health of soil and reducing the
pesticide residues of farm produce. The role played by various beneficial microorganisms
including mycorrhizae, biocontrol agents and plant-growth-promoting rhizobacteria
are enormous in enhancing crop growth and disease control without leaving any
chemical residues on plants. The effective bioagents for the control of major diseases
of spice crops are listed in Table I.1.
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Table I.1 Effective bio agents for the control of major diseases in spice crops

Crops

Major diseases

Causal organisms

Bio control agents

Cardamom (small)

Black pepper

Vanilla

Ginger

Turmeric

Chillies,
Paprikas

Thyme

Rosemary
Sage

Mint

Horse-radish

Burmese-coriander
Marjoram

Oregano

Azhukal

Rhizome rot

Seed rot
Seedling rot

Root rot

Foot rot
(quick wilt)

Slow decline
(slow wilt)

Root rot

Stem rot, stem
blight, beans rot,
beans yellowing
and rotting shoot
tip rot

Soft rot
(rhizome rot)

Ginger yellows

Rhizome rot
Storage rots
Damping off in
seedlings

Anthracnose
(fruit rot)

Wilt disease
Leaf rot

Thread blight
Wilt

Wilt

Leaf blight
Root rot, wilt
Wilt

Leaf blight

Leaf spot
Leaf spot

Phytophthora meadii,
P. nicotianae var.
nicotianae
Rhizoctonia solani,
Pythium vexans

Fusarium oxysporum
R. solani, P. vexans

F. oxysporum

Phytophthora capsici

Rodophilus similies,
Meloidogyne incognita

Fusarium oxysporum,
Sclerotium rolfsi

P. meadii, F. oxysporum
Sclerotium rolfsii

F. oxysporum,
Colletotrichum
gloeosporioides

Pythium
aphanidermatum,
P. myriotylum,
Fusarium sp.

Rhizoctonia solani,
Sclerotium rolfsii

Pythium sp.,
Phytophthora sp.

Colletotrichum
lindemuthianum

F. oxysporum
F. oxysporum

Rhizoctonia solani
R. solani

F. oxysporum

Colletotrichum sp.
Verticillium sp.

Fusarium sp.
Colletotrichum sp.
Phoma sp.
Curvularia lunata

Trichoderma viride

T. harzianum
Laetisaria arvalis
Gliocladium virens
Arbiscular Mycorhizal
Fungi (AMF)
Trichoderma sp.
Pseudomonas

fluorescens

Bacillus subtilis

AMF

T. viride, T. harzianum,
Gliocladium virens
Paecilomyces lilacinus
G. virens, T. viride

T. harzianum, AMF
Verticillum,
Chlamydosporium sp.
Pasteuria penetrans

T. viride, T. harzianum

B. subtilis

P. fluorescens
T. viride

T. harzianum
P. fluorescens

T. viride
T. harzianum

Trichoderma sp.

Trichoderma sp.

T. viride

T. harzianum

P. fluorescens
B. subtilis

P. fluorescens
B. subtilis
Trichoderma sp.

T. viride
T. harzianum

T. harzianum
T. harzianum

T. harzianum

T. harzianum
T. harzianum

T. harzianum
T. harzianum
T. harzianum
T. harzianum
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Guidelines for production of organic spices are developed for various producing
countries. The Spices Board of India (2001) published the guidelines for production
of organic spices in India. The nutrient composition of selected organic cakes and

recommended quantity of organic manure for various spice crops are presented in
Table 1.2.

I.1.2 Radiation processing to decontaminate spices

Radiation processing offers good scope for increasing shelf life, enhancing quality
and microbial safety without changing the natural flavour attributes of spices. This
technique is widely practised in North America and Europe to decontaminate imported

Table 1.2 (a) Nutrient composition of selected organic cakes and (b) recommended quantity of
organic manure for various spice crops

(@)
Oil cakes Nutrient contents (%)
Nitrogen Phosphorus Potash
Edible cakes
Coconut cake 3.0 1.9 1.8
Niger cake 4.7 1.8 1.2
Sesamum cake 6.2 2.0 1.2
Sunflower cake 7.9 22 1.9
Groundnut cake 7.3 1.5 1.3
Non-edible cake
Cotton seed cake (with shells) 6.4 2.9 2.2
Mahua cake 2.51 0.80 1.85
Neem cake 5.22 1.08 1.48
(b)
Spice crops Organic manure Quantity
Black pepper Farmyard manure 4-10 kg/plant
Small cardamom Neem cake/FYM/Vermicompost/Poultry 4-5 kg/plant
manure
Large cardamom Cattle manures/organic cakes 2 kg/plant
Vanilla Farmyard manure/Vermicompost 4-5 kg/plant
Chilli Farmyard manure/ 4-5 t/ha
Sheep manure/ 3-5 g/ha
Neem cake 3-4 g/ha
Ginger Farmyard manure/ 5-6 t/ha
Neem cake 2 t/ha
Turmeric Farmyard manure/ 5-6 t/ha
Neem cake 2 t/ha
Fennel Farmyard manure 10-12 t/ha
Coriander Farmyard manure 4 t/ha
Cumin Farmyard manure 4-5 t/ha
Fenugreek Farmyard manure 4-5 t/ha
Celery Farmyard manure 10-12 t/ha
Clove Farmyard manure 1540 kg/plant
Nutmeg Farmyard manure 15-40 kg/plant

Source: Spices Board of India (2001).
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spices. The various producing countries also started installing facilities for radiation
processing of spices. Radiation sterilisation along with good agricultural and
manufacturing practices help to produce clean, high quality spices free from pesticide
and chemical residues. Being a cold process, it does not affect the delicate aroma and
flavour compounds in spices. The risk of post-treatment contamination can be eliminated
by subjecting the pre-packed spices to irradiation. Table 1.3 gives the list of countries
that have approved irradiation processing of food products and spices items permitted
for irradiation under the Indian Prevention of Food Adulteration Act (PFA) rules.

Low doses of irradiation (< 1 K.Gy) help to inhibit sprouting in onion, garlic,
ginger, etc. A medium dose application (1-10 K.Gy) eliminates spoilage microbes
and food pathogens and high dose application (>10 K.Gy) sterilises food for special
requirements and for shelf-stable foods without refrigeration.

I.1.3 Packaging in spices for maintenance of quality
Spice products are hygroscopic in nature and being highly sensitive to moisture,

Table 1.3  (a) Countries which have approved radiation processing of food products and (b) spice
items permitted for irradiation under Indian Prevention of Food Adulteration Act (PFA) rules

(a)

S. no. Country S. no. Country S. no. Country
1 Argentina 19 Ghana 37 Philippines
2 Australia 20 Greece 38 Poland
3 Austria 21 Hungary 39 Portugal
4 Bangladesh 22 India 40 Russian Federation
5 Belgium 23 Indonesia 41 South Africa
6 Brazil 24 Iran 42 Spain
7 Canada 25 Ireland 43 Sweden
8 Chile 26 Israel 44 Syria
9 China 27 Italy 45 Thailand
10 Costa Rica 28 Japan 46 Turkey
11 Croatia 29 Republic of Korea 47 Ukraine
12 Cuba 30 Libya 48 UK
13 Czech Republic 31 Luxemburg 49 Uruguay
14 Denmark 32 Mexico 50 USA
15 Egypt 33 Netherlands 51 Vietnam
16 Finland 34 New Zealand 52 Yugoslavia
17 France 35 Norway
18 Germany 36 Pakistan
(b)
Name of spice Dose of irradiation Purpose
Minimum Maximum
Onion 0.03 0.09 Sprout inhibition
Shallots (small onion) 0.03 0.15 Sprout inhibition
Garlic 0.03 0.15 Sprout inhibition
Ginger 0.03 0.15 Sprout inhibition
Spices 6.0 14.0 Microbial decontamination

Source: Sharma et al. (2003).
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absorption of moisture may result in caking, discolouration, hydrolytic rancidity,
mould growth and insect infestation. As spices contain volatile aromatic principles,
loss of these principles and the absorption of foreign odours as a result of inefficient
packaging may pose serious problems. In addition, heat and light accelerate deterioration
of aroma and flavour components.

Spices containing natural colouring pigments need protection from light (capsicum,
cardamom, turmeric and saffron). Spice powders like onion and garlic contain highly
volatile sulphur compounds and need rigorous protection from loss/absorption of
flavour. The essential oil components naturally present in most of the spices are
subject to oxidation by atmospheric oxygen, particularly at high storage temperature
resulting in the development of off-flavours. Packing of spice oils and oleoresins is
done in epoxy lined steel drums and high-density polythene containers. For certain
oils and oleoresins, aluminium and stainless steel containers are used. Polyethylene
terephthalate (PET) bottles, which possess very good odour barrier properties and
food-grade high-molecular-weight high-density polyethylene (HMHDPE) containers
are also used for storing essential oils and oleoresins. Most of the whole spices are
protected by pericarp and the natural antioxidants present therein, and need less
rigorous protection than ground spices. The packaging materials suitable for different
spice products are listed in Table 1.4.

Table 1.4 Packaging in spices

Spice Product Type of packaging  Packing material
Black pepper ~ Whole pepper Bulk Gunny bags (burlap bags)
polyethylene-lined double burlap
bags.
Whole pepper Retail HDPE pouches 200 gauge
Ground pepper Retail Laminated heat stable
aluminium foil (polyethylene
coated)

Moisture-proof cellulose film
Double-lined polyethylene bags
Cardamom Green cardamom Bulk Wooden boxes or tins lined with
heavy gauge black polyethylene,
metal foil or waterproof paper.

Cardamom seed Retail Air-tight tin. Wooden chests
lined with aluminium foil laminate
Cardamom powder Retail Lacquered cans, PVDC and
HDPE pouches
Ginger Dry ginger Bulk Single/double gunny bags
Turmeric Dry turmeric Bulk Double gunny bags
Turmeric powder Retail Aluminium foil laminate
Turmeric powder Bulk Fibreboard drums, multiwall
bags and tin containers
Chilli Dry chilli Bulk Wooden crate dunnage with a
layer of matting
Chilli powder Retail Plastic laminate and aluminium

combination pouches with
nitrogen gas.

3000 gauge low-density
polyethylene pouches

Source: Pruthi ( 1993).
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1.2 Herbs and spices as sources of natural colours and flavours

The food sector is now experiencing a trend back towards natural colourants due to
changes in legislation and consumer preference as synthetic food colourants pose
health hazards like cancer, asthma, allergy, hyperacidity and thyroidism. But low
tinctorial power, poor stability (to changes in pH, oxygen, heat and light), low solubility,
off-flavour and high cost limit the use of natural colours. These problems can be
overcome by improving the traditional extraction methods using enzymes,
microorganisms, super-critical CO,, membrane processing and encapsulation techniques.

Before synthetic colours came into existence, spices like chilli, saffron, turmeric,
etc., were used in Indian cuisines to add colour. The Central Food Technological
Research Institute of India (CFTRI) has developed technology for the manufacture of
certain natural food colours such as kokum (red) and chillies (red). Kokum contains
2-3% anthocyanin and is regarded as a natural colour source for acidic foods.
Garcinol is the fat soluble yellow pigment isolated from rind of kokum fruit. Garcinol
is added at 0.3% level to impart an acceptable yellow colour to butter. Colour components
present in spices and natural shades available with spices are presented in Table L.5.

I.2.1 Sources of natural colours in spices

Paprika
The colour in paprika is due to carotenoids, namely capsanthin and capsorubin,
comprising 60% of total carotenoids. Other pigments are cryptoxanthin, xeaxanthin,
violaxanthin, neoxanthin and lutein. The outer pericarp of paprika is the main source
of capsanthin and capsorubin. Indian paprika oleoresin is orange in colour which is
less preferred in the international market. Oleoresin contains up to 50% capsorubin.
Paprika oleoresin is insoluble in water whilst being readily soluble in vegetable oil
and is made dispersible in water by the addition of polysorbate.

Applications are in sausages, cheese sauces, gravies, salad dressings, baked goods,
snacks, icings, cereals and meat products.

Table I.5  Colour components in spices

Colour component Tint Spice
Carotenoid
B-carotene Reddish orange Red pepper, mustard, paprika, saffron
Cryptoxantein Red Paprika, red pepper
Lutin Dark red Paprika, parsley
Zeaxanthin Yellow Paprika
Capsanthin Dark red Paprika, red pepper
Capsorubin Purple red Paprika, red pepper
Crocetin Dark red Saffron
Neoxanthin Orange yellow Parsley
Violaxanthin Orange Parsley, Sweet pepper
Crocin Yellowish orange Saffron
Flavonoids Yellow Ginger
Curcumin Orange yellow Turmeric
Chlorophylls Green Herbs

Source: Ravindran et al. (2002).
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The ingredients of paprika colour are paprika oleoresin and refined vegetable oil.
Stability is as follows:

Heat good

pH (colour range) pale pinkish

Light good

Concentration 40000 IU
Turmeric

Curcumin is the golden-yellow pigment present in turmeric, regarded as the pure
colouring principle with very little of flavour components. It is produced by
crystallisation from the oleoresin and has a purity level of 95%. Pure curcumin is
insoluble in water and hence is dissolved in food grade solvent and permitted emulsifier
(Polysorbate 80). Curcumin gives a lemon-yellow colour in acidic pH. It is used at
levels of 5-20 ppm. Curcumin is available in two basic forms, oleoresin and curcumin
powder, both are used as food colourants.

The ingredients of turmeric colour (oil soluble) are curcumin and turmeric oleoresin
Stability is as follows:

Heat very good

pH (colour range) greenish yellow to reddish yellow

Light poor

Application butter, margarine, cream desserts, fruit wine, bread,

biscuit and cakes.

It is blended with other natural colours such as annatto and beetroot red for use in
confectionary, ice cream, dairy products such as yoghurts.

Saffron

Saffron gives a wonderful golden colour to food but due to its powerful and distinctive
flavour, it is prized in soups, stews, bread and rice dishes in many global cuisines.
Saffron is perceived as luxurious and expensive and hence its use is restricted in
foods. The intensive colour of saffron is caused by carotenoids, especially crocetine
esters with gentobiose. Other carotenoids present are alpha and 3 carotene, lycopene
and zeaxanthin.

I.2.2 Spices as sources of natural flavours

The increasing demand in developed countries for natural flavour offers tremendous
potential for spice crops as sources of natural flavours. The main flavour compounds
present in herbs and spices are presented in Table 1.6. The recovery of essential oil
and oleoresin from various spices and the major aromatic principles present in spices
are illustrated in Table 1.7. Extraction of oils and oleoresins is accomplished using a
range of methods, including steam distillation, hydrocarbon extraction, chlorinated
solvent extraction, enzymatic treatment and fermentation, and super-critical carbon
dioxide extraction.

Carbon dioxide extraction from solid botanicals is now adopted on a commercial
scale. The resulting essential oils have no solvent residue, fewer terpenes and enhanced
black notes. Enzymatic treatment and fermentation of raw botanicals also result in
greater yields and quality of essential oil. More recently, the use of genetic engineering
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Table 1.6 Important flavour compounds in spices

Spice Important flavour compounds

Allspice Eugenol, B-caryophyllene

Anise (E)-anethole, methyl chavicol

Black pepper Piperine, S-3 Carene, B-caryophyllene
Caraway d-carvone, crone derivatives

Cardamom a-terpinyl acetate, 1-80-cineole, linalool
Cinnamon, cassia Cinnamaldehyde, eugenol

Chilli Capsaicin, dihydro capsacin

Clove Eugenol, eugeneyl acetate

Coriander d-linalool, C10-C14-2-alkenals

Cumin Cuminaldehyde, p-1,3-mentha-dienal
Dill d-carvone

Fennel (E)-anethole, fenchone

Ginger Gingerol, Shogaol, neral, geranial

Mace o-pinene, sabinene, 1-terpenin-4-ol.
Mustard Ally isothiocynate

Nutmeg Sabinene, o-pinene, myristicin

Parsley Apiol

Saffron Safranol

Turmeric Turmerone, Zingeberene, 1,8-cineole
Vanilla Vanillin, p-OH-benzyl-methyl ether
Basil, sweet Methylchavicol, linalool, methyl eugenol
Bay laurel 1,8-cineole

Marjoram e- and t-sabinene hydrates, terpinen-4-ol
Oregano Carvacrol, thymol

Origanum Thymol, carvacrol

Rosemary Verbenone, 1-8-cineole, camphor, linanool
Sage, Clary Salvial-4 (14)-en-1-one, linalool

Sage, Dalmation Thujone, 1,8-cineole, camphor

Sage, Spanish e- and t-sabinylacetate, 1,8-cineole, camphor
Savory Carvacrol

Tarragon Methyl chavicol, anethole

Thyme Thymol, carvacrol

Peppermint 1-menthol, menthone, menthfuran
Spearmint 1-carvone, carvone derivatives

and recombinant DNA technology have resulted in in vitro production of natural
esters, ketones and other flavouring materials. Cloning and single cell culture techniques
are also of benefit to the flavourist.

1.2.3 Herbs and spices as medicinal plants

The medicinal properties of spices have been known to mankind from time immemorial.
Spices were used extensively in the traditional systems of medicines such as
Ayurveda, Sidha and Unani. In the recent past, there has been increasing interest in
the biological effects of spices as they are safe and cause no side effects to humans.
Extensive studies are going on in developed countries for the separation of medicinal
components from spices and evaluation of their biological properties. A classic example
for such study is the Piperine alkaloid separated from black pepper and marketed as
Bioperine (98% pure piperine). This alkaloid could increase bioavailability of certain
drugs and nutrients like beta carotene. The medicinal properties of spices are summarised
in Table 1.8.
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Table 1.7 Recovery of essential oil and oleoresin from spices and the major aromatic principle

Spice Essential oil (%) Aromatic principle Oleoresin (%)
Black pepper 1-4.0 Terpin hydrate 10-13
Cardamom (small) 6-10 o—terpinyl acetate 1,8—cineole 10-12
Cardamom (large) 1-3 1,8—cineole -
Ginger 1-2.5 Zingiberine 5-10
Turmeric 2-6 Turmerone 8-10
Nutmeg 7-16 Myristicine Elemicin 10-12
Clove 16-18 Eugenol 20-30
Cinnamon 1-3 Cinnamaldehyde 10-12

(bark oil)

Eugenol (leaf oil)

Camphor (root bark oil)
Allspice 1-3 (leaf oil) Eugenol -

3-4.5 (berry oil)

Table 1.8 Medicinal properties of spices

Spice Medicinal property

Black pepper Carminative, antipyretic, diuretic, anthelminthic, antiflammatory and
antiepileptic

Cardamom Antidepressive, carminative, appetizer, diuretic

Ginger Carminative, anti nauseant, diuretic, antiflatulence, antihistaminic, aphrodisiac
and cholesterol lowering

Turmeric Carminative, antibiotic, antiflatulence, antiseptic and anti-inflammatory

Garlic Antimicrobial, diuretic, diaphoretic, antiflatulence, cholesterol lowering and
anti-inflammatory

Clove Antiflatualnce, analgesic, stimulant, carminative and antinauseant

Nutmeg Stimulant, carminative, astringent, aphrodisiac, anti-inflammatory

Cinnamon Stiumlant, Carminative, astringent, aphrodisiac, anti-inflammatory

Chilli Carminative and antirheumatic

Saffron Stimulant, stomachic and anticarcinogenic

Allspice Stimulant, digestive and carminative

Basil, sweet

Bayleaves (laurel)
Caraway

Celery

Chive

Coirander

Cumin

Dill

Fennel
Fenugreek

Leek

Marjoram

Mint (peppermint)
Mint (spearmint)
Oregano

Parsley
Rosemary

Sage

Tarrgon

Thyme

Stomachic, anthelminitic, diaphoretic, expectorant, antipyretic carminative,
stimulant, diuretic, demulcent

Stimulant, narcotic

Stomachic, carminative, anthelminitic, lactagogue

Stimulant, tonic, diuretic, carminative, emmenagogue, anti-inflammatory
Stimulant, diuretic, expectorant, aphrodisiac, emmenegogue, anti-inflammatory
Carminative, diuretic, tonic, stimulant, stomachic, refrigerent, aphrodisiac,
analgesic, anti-inflammatory

Stimulant, carminative, stomachic, astringent and antiseptic

Carminative, stomachic, antipyretic

Stimulant, carminative, stomachic, emmenagogue

Carminative, tonic, aphrodisiac

Stimulant, expectorant

Carminative, expectorant, tonic, astringent

Stimulant, stomachic, carminative, antiseptic

Stimulant, carminative and antispasmodic

Stimulant, carminative, stomachic, diuretic, diaphoretic and emmenagogue
Stimulant, diuretic, carminative, emmenagogue, antipyretic, anti-inflammatory
Mild irritant, carminative, stimulant, diaphoretic

Mild tonic, astringent, carminative

Aperient, stomachic, stimulant, febrifuge

Antispasmodic, carminative, emmenagogue, anthelmintic, spasmodic, laxative,
stomachic, tonic, vermifuge
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This volume is the third in the series Handbook of herbs and spices and has two
parts. The first part deals with general aspects referred to the industry such as quality
spice production, quality assurance systems, decontamination techniques, packaging,
spices as sources of natural colours and flavours, effect of Agreement on Agriculture
on spice production and export, etc. The second part deals with detailed information
on individual spices. It is hoped that this book will form a good reference source for
those who are involved in the study, cultivation, trade and use of spices and herbs.
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Improving the safety of herbs and spices
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Detecting and controlling mycotoxin
contamination of herbs and spices
D. Heperkan, Istanbul Technical University, Turkey

1.1 Introduction

Spices have been used in foods, mainly as flavouring and colouring agents as well as
for their functional properties such as being antioxidant and antimicrobial. While
some spices inhibit growth of microorganisms and some retard their growth others
reduce mycotoxin production (Bullerman et al., 1977; Akgiil and Kivang, 1998; Yin
and Cheng, 1998; Beuchat, 2001; Juglal et al., 2002). They can be invaded by
bacteria, yeast and moulds themselves immediately after harvesting till final consumption
(Schwab et al.,1982; Garrido et al.,1992; McKee, 1995; Erdogrul, 2000; Garcia et
al., 2001). Mycotoxins are toxic metabolites produced by different genera of moulds
under favourable conditions. Moulds can contaminate agricultural commodities during
harvesting, drying, processing and storage and some of them are capable of producing
secondary metabolites, causing acute or chronic diseases in human and animals.
Mycotoxins can also be found in animals and animal products through the ingestion
of mouldy feed.

There are approximately two secondary metabolites per fungal species which
means that there are potentially 20,000 to 300,000 unique mycotoxins (CAST, 2003).
Among these mycotoxins, the ones that have world-wide importance and are currently
considered are aflatoxins, deoxynivalenol, fumonisins, ochratoxin A, T-2 toxin and
zearalenone (WHO/FAOQ, 2001). This evaluation has been based on significant impact
on human health and animal productivity (WHO/FAO, 2001), however, the emphasis
can vary from country to country or among regions, altering the ranking. For example,
fumonisin presence in corn is not considered to be an important hazard in Australia,
because corn is not a frequent item in the diet (Pitt and Hocking, 2004). On the other
hand, fumonisin in corn is considered to be among the primary important mycotoxins
in the USA (Miller, 2002). Similarly, aflatoxin does not pose an important threat to
consumers in Europe, since it does not appear in high concentrations due to inconvenient
temperatures, and moreover the limits are extremely low and inspections are strict on
imported products. It keeps its importance in countries where the temperature is
convenient, such as in the USA (Bhatnagar et al., 2004), Africa (Shephard, 2004;
Njapau and Park, 2005), and Asia (Park et al., 2005).
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Ochratoxin A (OTA) is a wide spread toxin found in crops in Europe and appears
frequently in bread and flour (Jorgensen and Petersen, 2002). Actually, blood and
milk analyses carried out in Europe show that consumers have been exposed to OTA
(Skaug et al., 2005). The kidney disease called Balkan Endemic Nefropati (BEN)
particularly seen in the Balkans, has been proved to be a result of crop consumption
containing ochratoxin A and citrinin (Vrabcheva et al., 2000; Pfohl-Leszkowicz et
al., 2002). In the light of these evaluations, although it is difficult to arrange a general
list according to their importance, covering every country and every product, researchers
have agreed that aflatoxins, ochratoxin A, fumonisins, trichotecenes and zearalenone
(ZEN) are important mycotoxins (Anklam and Stroka, 2002; Park, 2002a).

The most important element in defining the type of mycotoxin humans are exposed
to, is the dietary habits of communities. For example, herbs and spices constitute an
important part of the daily menu for some societies and are consumed in large
quantities. It is customary to add red pepper to almost every dish in the southern and
eastern regions of Turkey. Similarly, spices are more frequently used in countries in
the Middle East, South Asia, some parts of Europe and South America. Hence
contaminated spices and herbs will constitute a health hazard to consumers (Geeta
and Kulkarni, 1987; Freire et al., 2000; Thirumala-Devi et al., 2000; Elshafie et al.,
2002). In essence aflatoxins are known hepatocarcinogens (Henry et al., 2002); OTA
is nephrotoxic and teratogenic (Walker, 2002); fumonisin has been associated with
several fatal diseases in animals, including equine leukoencephalomalacia and esophegal
cancer in humans (Yoshizava et al., 1994; Bullerman ef al., 2002); trichothecenes
inhibit proteins, causing dermal necrosis and gastroenteritis (Bullerman, 2000; CAST,
2003) and zearalenone has estrogenic activity (Ryu et al., 2002); therefore their
presence in foods and feeds should be eliminated.

1.2 Naturally occurring mycotoxins in herbs and spices

Spices can be obtained from fresh fruits after drying and grinding or they may be
different parts of plants like the seed, the bark or the roots. Herbs are usually the leafy
parts of the plant (Farkas, 2000) and are more commonly used for medicinal or
therapeutic purposes. During harvesting and sun drying, spices and herbs can be
contaminated with moulds. Many strains of moulds, while growing under favourable
conditions, produce metabolites that are toxic to humans and animals. These toxic
secondary metabolites are called mycotoxins.

The growth of mould and the production of mycotoxins are influenced by intrinsic
and extrinsic factors as well as stress factors and physical damage of kernels. Intrinsic
factors are related to the properties of the products such as moisture content or water
activity (aw), pH, redox potential (Eh), nutrient content (substrate), inhibitors and
osmotic pressure. The extrinsic factors are related to environmental conditions such
as temperature, relative humidity (ERH) and gases in the environment. Intrinsic and
extrinsic factors promoting mycotoxin production can differ from mould to mould.
For example P. verrucosum is an important ochratoxin-producing mould in temperate
climates like Central and Northern Europe. The temperature range for its growth is
0-31 °C. The same range for ochratoxin production is 4-31 °C (FAO, 2001). It has
already been shown in Denmark that ochratoxin A production in cereal depends
strongly on climatic conditions (Jorgensen and Petersen, 2002). A. carbonarius is
another OTA-producing mould which grows at high temperatures and produces
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ochratoxin in tropical climates (Heenan er al, 1998; Pitt, 2002). The maximum
temperature for the growth of A. carbonarius is approximately 40 °C, whereas the
optimum temperature 32-35 °C (WHO/FAO, 2001). Deoxynivalenol is produced
under conditions of low oxygen tension. In growing crops, DON is not found (Miller
et al., 1983). In contrast, zearalenone requires oxygen saturation for optimal production,
a condition seen after field crop senescence (Miller, 2002).

The optimum temperature for aflatoxin production is 25-30 °C and the maximum
is 48 °C. The higher temperatures and drought conditions also may favour A. flavus
over other fungi because of its ability to grow on substrates with low water activity
(CAST; 2003). These conditions should be present simultaneously; the presence of
only one is not sufficient (Payne, 1998). Researchers found that peanuts grown with
adequate moisture did not contain aflatoxin. Similarly, peanuts grown under prolonged
drought with temperatures less than 25 °C or greater than 32 °C were free of aflatoxin.
Colonisation by A. flavus and aflatoxin contamination maximised at 30.5 °C (CAST,
2003). In addition to the production of aflatoxin before harvesting, the adverse conditions
during drying, transporting and storing cause accumulation of higher amounts of
aflatoxin. Aflatoxin synthesis starts after 24 hours depending on the conditions and
reaches its maximum level between 3660 hours (Cary et al., 2000).

Mycotoxins found in spices and herbs and the analysis method used are presented
in Table 1.1. As seen from the table, among spices and herbs the most frequently
studied spice is red pepper and the most frequently encountered mycotoxins are
aflatoxin and ochratoxin. Several mycotoxins were detected in spices and herbs such
as aflatoxin, fumonisin, ochratoxin A, mycophenolic acid, penitrem A, zearalenone
and trichothecenes.

1.2.1 Red pepper

Mycotoxins and their maximum levels detected in red pepper were 969 pug/kg AFB,
(Reddy et al., 2001), 50.4 ug/kg OTA, 15.4 ug/kg ZEN, and 81 ng/kg trichothecenes
(Patel et al., 1996). Aflatoxin can be produced before and after harvest in red pepper.
Taydas and Agkin (1995) determined AFB; with maximum concentration 1.45 pg/kg
in three of 33 red pepper pod samples, collected from fields before harvest. Reddy et
al., (2001) studied 124 samples of three different qualities of chili pods and found
that aflatoxin contamination could be correlated with sample grades such as 50% in
grade 1, 66% in grade 2, 93% in grade 3. The highest concentration of 969 pg/kg
AFB; was found in one sample representing grade 3 (low quality).

Heperkan and Ermis (2004 ) studied 36 ground (flakes) red pepper samples obtained
from different producers from four regions in Turkey. Aflatoxin B; was detected in
five samples (14%) at levels between 10.5-31.2 pg/kg. The amount of toxin was
higher but the incidence was lower than that noted by other researchers (Taydas and
Askin, 1995) who studied similar areas in Turkey. AFB, (El-Dessouki, 1992) and
AFG (El-Dessouki, 1992; Dokuzlu, 2001) were also detected in addition to AFB, in
red pepper.

The amount of aflatoxin in red pepper listed in Table 1.1 was higher than the limits
of EC standards (2 pug/kg) except for one study. Low levels of aflatoxin B; (0.8 pg/
kg) were found in one of two red pepper samples (Taguchi et al., 1995). In addition
to aflatoxins and ochratoxin A, other mycotoxins such as fumonisin, zearalenone and
trichothecenes (Patel et al., 1996) were also determined in red pepper.



Table 1.1 Mycotoxins in spices and herbs

Spice Property/country Methods Incidence Mycotoxins (Lg/kg) References
range or amount of toxin/
type of toxin/incidence
Red pepper-pod (Capsicum annuum)
Turkey TLC + 3/33 1.45 ng/kg Aflatoxin B (max) Taydas and Askin, 1995
fluorescence
spectrofotometer
High quality ELISA 21/42 <10 Aflatoxin B 16/42 Reddy et al., 2001
(grade 1) 11-30 3/42
India >31 2/42
(grade 2) ELISA 25/38 <10 Aflatoxin B 10/38 Reddy et al., 2001
India 11-31 6/38
>31 9/38
Low quality) ELISA 41/44 <10 Aflatoxin B 21/44 Reddy et al., 2001
(grade 3) 11-32 4/44
India >31 16/44
Red pepper-ground (Capsicum annuum)
Chillies/cayenne Germany TLC 11/22 <5 Aflatoxin B 7/22 Majerus et al., 1985
8.4-24 Aflatoxin B, 4/22
Paprika® Turkey TLC + 30/30 1.2-15.9 Aflatoxin B, Taydas and Askin, 1995
fluorescence
spectrofotometer
Red pepper Turkey HPLC 5/36 10.5-31.2 Aflatoxin B, Heperkan and Ermis, 2004
Red pepper-powder (Capsicum annuum)
Chilli Imported 9/12 10 AFs (total) avarage Wood, 1989
samples/USA 30 Aflatoxin max
Paprika® Sweet and hot/ TLC 7/15 2.8-14.5 Aflatoxin B, El-Dessouki, 1992
Germany 10.1-1.7 Aflatoxin B,
2.9-15.3 AFs (total)
Chillies Germany TLC 13/24 9.6-211 Aflatoxin B, El-Dessouki, 1992

30.3-7.1 Aflatoxin B,
0.2-18.3 Aflatoxin G,
10.2-218.4 AFs (total)



Table 1.1 Continued

Spice Property /country Methods Incidence Mycotoxins (Lg/kg) References
range or amount of toxin/
type of toxin/incidence
Paprika® Turkey TLC + fluorescence 28/31 Max 28.5 Aflatoxin B, Taydas and Askin,
spectrofotometer % 90.3 1995
Chilli 121 samples of 1.1-5.4 Aflatoxin B, Patel et al., 1996
ethnic foods UK 1.6-50.4 Ochratoxin A
4.5-15.4 Zearalenone
8-81 Trichothecenes
Red pepper Imported foods/ TLC + 172 0.8 Aflatoxin B, Taguchi et al., 1995
Japan fluorescence
TLC scanner
Red pepper Samples LC 172 10 Aflatoxin B, Selim ef al., 1996
collected from
Egypt, analysed
in USA
Red pepper Turkey TLC 14/30 5-25 pg/kg 13/30 Aflatoxin B, Dokuzlu, 2001
5-15 pg/kg 1/30 Aflatoxin
Bl’ Gl
Paprika® Prepackaged HPLC + IAC 8/12 1-20 Aflatoxin B, Martins et al., 2001
samples/Portugal
Cayenne pepper Prepackaged HPLC + IAC 5/5 2-32 Aflatoxin B, Martins et al., 2001
samples/Portugal
Chilli Prepackaged HPLC + IAC 3/8 1-5 Aflatoxin B, Martins et al., 2001
samples/Portugal
Chilli Capsicum annuum/  ELISA 17/43 <10 Aflatoxin By 12/43 Reddy et al., 2001
India 11-33 Aflatoxin B, 1/43
>30 Aflatoxin B and
Ochratoxin A 4/43
Chilli HPLC + IAC 4/6 5.60-69.28 Aflatoxin Abdulkadar et al., 2004
2/6 2.34-4.91 Ochratoxin A
Bay leaf The Netherlands TLC Aflatoxin B; 5.1 max. Beljaars, 1975



Table 1.1 Continued

Spice Property /country Methods Incidence Mycotoxins (Lg/kg) References
range or amount of toxin/
type of toxin/incidence
Black pepper Samples collected LC 172 33 Selim et al., 1996
from Egypt,
analysed in USA
Black pepper Brazil TLC Chaetocin, penitrem A, Freire et al., 2000
xanthocillin
Black pepper Seed ELISA 14/26 15-69 Ochratoxin A Thirumala-Devi et al., 2001
Black pepper Grain/imported HPLC with 3/4 0.2-4.2 Aflatoxin B, Ferreira et al., 2004
from India/ fluorescence 0.08-0.3 Aflatoxin B,
Portugal detection 0.08-21 Aflatoxin G,
0.08 Aflatoxin G,
Cinnamon Samples collected LC 22 10 and 42 Aflatoxin B Selim et al., 1996
from Egypt,
analysed in USA
Coriander Germany TLC 2/12 < 5.2 Aflatoxin B Majerus et al., 1985
Coriander Seed ELISA 20/50 10-51 Ochratoxin A Thirumala-Devi et al., 2001
Cumin Prepackaged HPLC+IAC 377 1-5 Aflatoxin B Martins et al., 2001
samples/Portugal
Curry powder 0.4-61.2 Aflatoxin Patel et al., 1996
1.8-23.9 Ochratoxin A
1.2-10.8 Zearalenone
15-230 Fumonisins
7-281 Trichothecenes
Curry powder Prepackaged HPLC+IAC 2/5 1-5 Aflatoxin B, Martins et al., 2001
samples/Portugal
Ginger 4.2-13.5 Aflatoxin Patel et al., 1996
2.1-7.5 Ochratoxin A
trace levels of trichothecenes
Ginger Imported samples/ 1/3 2 AFs (total) max Wood, 1989
USA
Ginger Powder/India ELISA 2/25 23/80 Ochratoxin A Thirumala-Devi et al., 2001



Table 1.1 Continued

Spice Property /country Methods Incidence Mycotoxins (Lg/kg) References
range or amount of toxin/
type of toxin/incidence

Ginger Mouldy HPLC 17/20 Mycophenolic acid Overy and Frisvad, 2005
ginger/Denmark

Mustard seed India 44/100 Aflatoxin B, Sahay and Prasad, 1990

Mustard seed Field 106%*; 35** Aflatoxin B first Bilgrami et. al., 1991
experiment planting date

110%*; 56** Aflatoxin B; second
planting date
272%; 279*%* Aflatoxin B third
planting date

Nutmeg The Netherlands TLC 30/32 23.2 Aflatoxin B| max Beljaars et al., 1975
Nutmeg Germany TLC 11/28 <5 Aflatoxin B, (8/28 ) Majerus et al., 1985
5.4-7.7Aflatoxin By (3/28)
Nutmeg Japan TLC + 2/3 0.4-0.6Aflatoxin B, Taguchi et al., 1995
fluorescence
TLC scanner
Nutmeg Prepackaged HPLC + IAC 8/10 1-5 Aflatoxin B; 3/10 Martins et al., 2001
samples/Portugal 6-20 Aflatoxin B, 3/10
21-60 Aflatoxin B, 2/10
Saffron Prepackaged HPLC + IAC 2/5 1-5 Aflatoxin B, Martins et al., 2001
samples/Portugal
Turmeric Powder/India ELISA 9/25 11-102 Ochratoxin A Thirumala-Devi et al., 2001
White pepper Japan TLC + 1/13 0.6 Aflatoxin B, Taguchi et. al., 1995
fluorescence
TLC scanner
White pepper Brazil TLC Tenuazonic acid Freire et al., 2000
White pepper Prepackaged HPLC + IAC 371 1-5 Aflatoxin B, Martins et. al., 2001

samples/Portugal



Table 1.1 Continued

Spice Property /country Methods Incidence Mycotoxins (ng/kg) References
range or amount of toxin/
type of toxin/incidence
White pepper Grain/imported HPLC with 7/10 0.09-1.1 Aflatoxin B, Ferreira et al., 2004
from India/Portugal  fluorescence 5/10 0.036-2.1 Aflatoxin B,
detection 7/10 0.07-5.3 Aflatoxin G,
7/10 0.07-0.45 Aflatoxin G,
White pepper powdered/imported ~ HPLC with 4/8 0.07-5.1 Aflatoxin B, Ferreira et al., 2004
from India/Portugal  fluorescence 2/8 0.6-6.3 Aflatoxin B,
detection 4/8 0.09-7.2 Aflatoxin G
3/8 0.09-4.5 Aflatoxin G,
Mixed spices HPLC + IAC 5/6 0.16-5.12 Aflatoxin Abdulkadar er al., 2004
powder 1/6 0.86 Ochratoxin A

a: author’s preferences.
#: first year.
##; second year.
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1.2.2 Black pepper and white pepper

Black pepper was contaminated with AFs (Selim et al., 1996; Freire et al., 2000),
OTA (Thirumala-Devi et al., 2001), penitrem A, chaetocin and xanthocillin (Freire et
al., 2000). White pepper was contaminated with AFs (Martins et al., 2001; Ferreira
et al., 2004) and tenuazonic acid (Freire ef al., 2000). However, other scientists did
not detect any aflatoxins in black pepper (0/4 samples) (Taguchi ez al., 1995) (Elshafie
et al., 2002). In white pepper, the incidence (1/13) and the amount of aflatoxin B,
(0.6 ng/kg) were low (Taguchi et al., 1995).

Freire et al.,, (2000) studied mycoflora and mycotoxins in Brazilian black and
white pepper. Twenty metabolites were observed from black pepper, and seven from
white pepper which were also detected in black pepper. Tenuazonic acid was identified
in the acid fraction of white and black pepper. Chaetocin and penitrem A were
identified from the neutral fraction and xanthocillin from the acid fraction of black
pepper. The toxicities of the metabolites were also studied. Chaetocin was cytostatic,
xanthocillin was not known, tenuazonic acid inhibited plant growth, and penitrem A
was tremorgenic (Freire et al., 2000).

Madhyastha and Bhat, (1984) studied the growth of A. parasiticus and production
of aflatoxin on black and white pepper and found that black pepper supported fungal
growth and aflatoxin production better than white pepper, the values being 62.5 pg/
kg and 44 pg/kg respectively under laboratory conditions. In spite of these high
aflatoxin values, researchers claim that both black and white pepper could be considered
as poor substrates for fungal growth and aflatoxin production because they found that
piperine and pepper oil inhibited A. parasiticus growth and aflatoxin production.

Ferreira et al., (2004) studied 18 samples of white and four samples of black
pepper imported from India. They used silica and C18 columns together which
provided good clean up of pepper extracts for HPLC analysis, with sensitivity at the
low pg/kg ™! level. Only one white pepper sample was found to be heavily contaminated
with aflatoxins (total aflatoxins > 20 pg/kg). Most of the analysed samples contained
two or four aflatoxins, however, they were below the limit of 20 ug/kg fixed by the
European Union. No aflatoxin was detected in one black pepper and seven white
pepper samples.

Aziz and Youssef (1991) examined 130 spice samples used in meat products for
aflatoxins and aflatoxigenic moulds in a study conducted in Egypt. Spice samples
used in the investigation were collected from local meat-processing companies. Aflatoxin
B, was detected in four samples of black pepper (35 pg/kg) and four of white pepper
(22 nug/kg). The most commonly isolated moulds were Aspergillus flavus (24 isolates)
and A. parasiticus (16 isolates). Aflatoxin contamination of processed meat was
found to be correlated with the addition of spices to fresh meat ingredients.

1.2.3 Other spices and herbs
Cinnamon oils were found to suppress the growth of A. parasiticus (Juglal et al.,
2002) completely. On the other hand, cinnamon samples collected from Egypt and
analysed in the USA were contaminated with aflatoxin B with high levels (Selim et
al., 1996). Coriander was contaminated with two types of mycotoxins namely, AFB
(Majerus et al., 1985) and OTA (Thirumala-Devi et al., 2001). However no aflatoxin
was found in the coriander sample in another research (Selim et al., 1996).

Cumin was contaminated with AFB, at levels above the tolerance level set by the
World Health Organization (Roy and Chourasia, 1990; Martins et al., 2001). Curry
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powder is rich in mycotoxins, contaminated with AFB, (Patel et al., 1996; Martins et
al., 2001), OTA, ZEN, FUM, and trichothecenes (Patel et al., 1996).

Ginger was contaminated with AFs (Patel et al., 1996; Wood, 1989), OTA (Patel
et al., 1996; Thirumala-Devi et al., 2001) and mycophenolic acid (Overy and Frisvad,
2005). Mycophenolic acid produced by Penicillium brevicompactum may cause
secondary mycotoxicosis by affecting the immune system of humans, thus making
them more susceptible to bacterial infections and foodborne diseases (Overy and
Frisvad, 2005).

Mustard is a susceptible substrate for aflatoxin contamination (Sahay and Prasad,
1990; Bilgrami et al., 1991). Bilgrami et al., (1991) found mustard seeds of pre-
harvested crops to be contaminated with various levels of aflatoxin. Delayed planting
resulted in a high incidence of aflatoxin. The amount of aflatoxin detected in the
samples of the third planting date was 272 and 279 png/kg during the first and second
years respectively. These values were significantly higher than the amounts detected
in the samples of the first (106; 35 ng/kg) and second (110; 56 pg/kg) planting dates
of the respective years. Differences between the two varieties with respect to aflatoxin
contamination can be attributed to the variation in their maturity period as well as
their ability to resist aflatoxin elaboration. However, aflatoxins were not detected in
mustard (0/3 samples) (Taguchi et al., 1995).

Nutmeg and saffron were also found contaminated with AFs (Beljaars et al., 1975;
Martins et al., 2001). High levels of OTA (110 pg/kg) were detected in turmeric,
which is one of the most widely used spices in Indian cooking (Thirumala-Devi et
al., 2001) Elshafie et al., (2002) screened fifteen samples of spices (ginger, cumin,
cinnamon, clove, black pepper, cardamom and coriander) that were heavily contaminated
by A. flavus, for the presence of aflatoxins using HPLC. No aflatoxins were detected
on the samples.

Abou-Arab et al., (1999) collected medicinal plant samples such as peppermint,
chamomile, anise, caraway and tilio, randomly from the Egyptian market and analysed
for aflatoxins. A. flavus was predominant in most samples with the highest level in
peppermint. Aflatoxin contamination was not detected in any of the samples. In
another study it was found that spices such as coriander, cardamon, pippali, and
emblic are contaminated with aflatoxin B, at levels above the tolerance level set by
the World Health Organization (Roy and Chourasia, 1990).

Herbs and medicinal plants commonly used in Egyptian foods were collected
from Egypt and analysed in the USA by reversed phase liquid chromatography with
UV detection. Aflatoxin B; was found in Karkadia (24 pg/kg), Halfa bar (camel’s
hay) (64 pg/kg), rawind (48 png/kg), khashab keena (cinchona bark) (49 pg/kg), misht
ballot (26 ng/kg), kesher romman (pomegranate peel) (105 png/kg), somowa (cleme)
(26 pg/kg) and salamakka (senna pods) (48 pg/kg) (Selim et al., 1996).

The results of a survey by Majerus et al., (1985) on 185 spices yielded aflatoxins
in 16 cases less than 5 pg/kg (eight nutmeg, one coriander and seven chilies/cayenne)
and in eight cases more than 5 pug/kg (three nutmeg: 5.4-7.7 ug/kg; one coriander:
5.2 ug/kg; four chilies: 8.4-24 pg/kg). Ochratoxin A and sterigmatocystin could not
be detected. However Reddy et al., (2001) have detected aflatoxin above 30 pg/kg in
chili powder and at the same time ochratoxin A above 30 pg/kg.
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1.3 Mycobiota of spices and herbs and possible mycotoxin
production

Fungi can infect spices and herbs in the field, during harvesting, drying, sorting,
grinding, processing, packaging and storage. Pre-harvest mycotoxin production occurs
when environmental conditions are suitable for mould growth. Most of the time,
these conditions are beyond the control of man (Park and Troxell, 2002). Whereas
post-harvest contamination can be controlled through several factors such as agricultural
practices, handling during harvesting, methods and time spent for drying, conditions
during storage and the quality of the seed and minimisation of physical damage.

Aflatoxins are a group of mycotoxins produced by different species such as
Aspergillus flavus, A. parasiticus, A. nomius (Samson et al., 2002), A. ochraceoroseus,
Emerciella venezuelensis (Frisvad et al., 1999), A. argentinicus and A. bohemicus
(Ostry et al., 1999). Aspergillus flavus and A. parasiticus are the most commonly
encountered species in food. Moulds isolated from spices and herbs and their possible
mycotoxin contamination (from literature) are shown in Tables 1.2 to 1.8.

Spices and herbs were seen to be contaminated by a number of fungi including
potentially mycotoxigenic species. Among the spices red, black and white peppers,
caraway, cardamom, cinnamon, coriander, cumin, ginger, mustard, peppermint,
rosemary, tilio and turmeric were found to be contaminated with A. flavus and/or A.
parasiticus. On the contrary, bay leaves and oregano did not contain aflatoxin-producing
moulds. However, there is only one study in the literature (Beljaars et al., 1975) that
reports that bay leaf contained aflatoxin.

There are three types of pepper used as spice. The difference between them is not
only their colour, their botanic names and properties are also different. Red pepper is
a member of the Capsicum genus; the sweet red peppers belong to the Capsicum
annuum species whereas the hot peppers to Capsicum frutescens (Bosland, 1994).
Black and white peppers belong to the Piper nigrum L. Both are the grape-like fruit
of the plant. Black pepper is obtained from immature corn if it is directly ground after
drying; if the thin skin is removed from mature corn before grinding white pepper is
produced. Unlike other peppers and spices, red pepper can be consumed fresh, in
ground or powdered form. For this reason studies are included covering all three
types, separately, in Table 1.1. However, there are various names related to red
peppers in literature such as paprika in the USA, paprika and chili in Europe for
sweet red pepper, cayenne and chili for hot pepper (Heperkan and Ermis, 2004).
Therefore under the common title red pepper in Table 1.1, the original names have
also been kept.

Mycobiota, mycotoxigenic species and possible mycotoxin production (from
literature) from these toxic species in red pepper, black pepper and white pepper are
shown in Tables 1.2, 1.3 and 1.4 respectively. As seen in Table 1.2, nine different
species of Aspergillus were found in red pepper. Most of them are able to produce
different types of mycotoxins. Mycotoxigenic Aspergillus species in red peppers are
Aspergillus flavus, A. parasiticus, A. niger, A. ochraceus, A. oryzae, A. terreus, and
A. versicolor. In addition to Aspergillus species other mycotoxigenic species isolated
from red peppers include Emerciella nidulans, Penicillium brevicompactum, P.
chrysogenum, P. crustosum, P. griseofulvum and P. viridicatum. Trichoderma sp. was
also isolated but not in species level. In the literature, 7. virens and T. viride produce
mycotoxins (Frisvad and Thrane, 2002).

When the data is compared with the literature, it can be observed that in addition
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Table 1.2 Mycobiota, mycotoxigenic species and possible mycotoxin production in red pepper

Mycobiota Incidence ~ Mycotoxins produced References
(%) by moulds according
to the literature®
Absidia sp. Flannigan and Hui, 1976
Chaetomium 80*a Abdel-Hafez and El Said, 1997
Jjodhpurense
Aspergillus 30 Abdel-Hafez and El Said, 1997
alutaceus
A. flavus 43-100 Aflatoxin B, Flannigan and Hui, 1976;
Cyclopiazonic acid Bhat et al., 1987,
3-nitropropionic acid Martinez-Magana et al.,
1989;Abdel-Hafez and El Said,
1997; Heperkan and Ermis,
2004
A. niger 12.5-100  Ochratoxin A Flannigan and Hui, 1976;
Martinez-Magana et al., 1989
Abdel-Hafez and El Said, 1997
Heperkan and Ermis, 2004
A. ochraceus 12.5 Penicillic acid Martinez-Magana et al., 1989
Ochratoxin A
Xanthomegnin
Viomellein
Vioxanthin
A. oryzae 10 Cyclopiazonic acid Heperkan and Ermis, 2004
3-nitropropionic acid
A. parasiticus 60 Aflatoxin By, B,, G, G, Abdel-Hafez and El Said, 1997
Bhat et al., 1987
A. sclerotia 33 Heperkan and Ermis, 2004
A. terreus 7 Citrinin Heperkan and Ermis, 2004
Citreoviridin
Patulin
A. versicolor 3 Sterigmatocystin Flannigan and Hui, 1976
Nidulotoxin Heperkan and Ermis, 2004
Emerciella 10-30 Sterigmatocystin Flannigan and Hui, 1976
nidulans Nidulotoxin Abdel-Hafez and El Said, 1997
(A.nidulans) Heperkan and Ermis, 2004
Eurotium 33-70%%* Abdel-Hafez and El Said, 1997
amstelodami Heperkan and Ermis, 2004
E. chevalieri 10-50%* Abdel-Hafez and El Said, 1997
Heperkan and Ermis, 2004
E. rubrum 3-50%* Abdel-Hafez and El Said, 1997
Heperkan and Ermis, 2004
Gibberella* 50 Abdel-Hafez and El Said, 1997
(Fusarium)
Monascus ruber 3 Heperkan and Ermis, 2004
Mucor sp. 90 Abdel-Hafez and El Said, 1997
P. brevicompactum 7 Mycopenolic acid Heperkan and Ermis, 2004
Botryodipliodin
P. chrysogenum* 30 Roquefortine C Abdel-Hafez and El Said, 1997
P. crustosum 3 Roquefortine C Heperkan and Ermis, 2004
Penitrem A
P. corylophilum* 40 Abdel-Hafez and El Said, 1997
P. griseofulvum 3 Roquefortine C, Heperkan and Ermis, 2004

Cyclopiazonic acid
Patulin
Griseofulvin
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Table 1.2 Continued

Mycobiota Incidence ~ Mycotoxins produced References
(%) by moulds according
to the literature®
P. viridicatum 30 Xanthomegnin Heperkan and Ermis, 2004
Viomellein
Vioxanthin

Viridic acid
Penicillic acid

Rhizopus sp. 40 Abdel-Hafez and El Said, 1997
Scopulariopsis 3 Heperkan and Ermis, 2004
brevicaulis
Stachybotrys*sp. 70 Abdel-Hafez and El Said, 1997
(Melanopsamma)
Trichoderma*sp. 40 (T.virens, T. viride) Abdel-Hafez and El Said, 1997
Gliotoxin
Emodin
Trichodermin

a: adopted from Frisvad and Thrane, (2002).
*Cellulose agar.
*#%*50% sucrose agar.

to aflatoxin, ochratoxin A, trichothecenes and zearalenone, secondary important
mycotoxin production such as; citrinin, cyclopiazonic acid, patulin, sterigmatocystin
is also possible in red pepper. The presence of moulds in food does not necessarily
mean that mycotoxins are also present; environmental conditions such as temperature
and relative humidity should also be favourable as well as the type and structure of
the food (Heperkan and Ermis, 2004).

The mycobiota of the red pepper flakes collected from four different regions in
Turkey consisted mainly of Aspergillus (56%), Eurotium (17%) and Penicillium
(16%) species, while Monascus and Scopuloriopsis were detected only once in two
different samples. Among the Aspergillus species, A. niger and A. flavus-A. parasiticus
mould counts were higher 17% and 16% of the mycobiota, respectively, followed by
A. sclerotia (12%). E. amstelodami (12%) and P. viridicatum (11%) (Heperkan and
Ermis, 2004). Red pepper flakes are produced by drying fresh pepper followed by
coarse grinding. Bhat and co-workers (1987) studied the microbial profile on chilli
powder (red pepper) in the USA. Aflatoxin producing A. flavus and A. parasiticus
were detected in 88% of the chilli samples. Heperkan and Ermis, (2004) found that
36% of red pepper flake samples were contaminated with aflatoxigenic fungi such as
A. flavus and A. parasiticus.

As seen in Table 1.3 and Table 1.4 mycobiota were similar in black pepper and
white pepper. Important mycotoxins and their potential producers isolated from black
pepper and white pepper were as follows; aflatoxin producers such as A. flavus;
ochratoxin producers such as A. ochraceus and A. niger; trichothecenes producers
such as F. equiseti and zearalenone producers such as F. equiseti and F. semitectum.
Other mycotoxin-producing moulds such as A. fumigatus, A. tamari, A. terreus, A.
versicolor, Emerciella nidulans, P. brevicompactum and P. glabrum were also isolated.
The only exception was A. parasiticus which was isolated from black pepper but not
from white pepper.

Martinez-Magana et al., (1989) studied the mycobiota of pepper and found that
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Table 1.3 Mycobiota, mycotoxigenic species and possible mycotoxin production in black pepper

Mycobiota Incidence ~ Mycotoxins produced References
(%) by moulds according
to the literature®
Aspergillus Garcia et al., 2001
aureolus
A. candidus Flannigan and Hui, 1976
Garcia et al., 2001
A. flavus 15-43.8 Aflatoxin By, B, Flannigan and Hui, 1976
Cyclopiazonic acid Geeta and Kulkarni, 1987
3-nitropropionic acid Martinez-Magana et al., 1989
Freire et al., 2000
A. fumigatus 13 Gliotoxin Verrucologen Martinez-Magana et al., 1989
Fumitoxins Fumigaclavines  Garcia et al., 2001
A. niger 16-48 Ochratoxin A Martinez-Magana et al., 1989
Garcia et al., 2001
Geeta and Kulkarni, 1987
Freire et al., 2000
Elshafie et al., 2002
A. ochraceus 3.8-26 Penicillic acid Martinez-Magana et al., 1989
Ochratoxin A Xanthomegnin Freire et al., 2000
Viomellein Vioxanthin Garcia et al., 2001
A. parasiticus 15 Aflatoxin By, B,, G, G, Geeta and Kulkarni, 1987
A. restrictus Moreno-Martinez and
Christensen, 1972
Rami et al., 1995
Chourasia, 1995
Geeta and Reddy, 1990
A. sydowii 4 Martinez-Magana et al., 1989
A. tamarii 7.2 Cyclopiazonic acid Moreno-Martinez and
Christensen, 1972
Rami et al., 1995
Chourasia, 1995
Geeta and Reddy, 1990
Freire et al., 2000
A. terreus Citrinin Elshafie et al., 2002
Citreoviridin
Patulin
A. versicolor 4-5.8 Sterigmatocystin Martinez-Magana et al., 1989
Nidulotoxin Freire et al., 2000
Alternaria alternata Moreno-Martinez and
Christensen 1972
Rami et al., 1995
Chourasia, 1995
Geeta and Reddy, 1990
Chaetomium sp. 15.3 (C.globosum) Moreno-Martinez and
Chaetoglobosins Christensen, 1972
Chetomin Rami et al., 1995
Chourasia, 1995
Geeta and Reddy, 1990
Circinella Garcia et al., 2001
Cladosporium sp. (C.herbarum) Freire et al., 2000
Cladosporic acid
Cunninghamella Garcia, et al., 2001
Curvularia Garcia, et al., 2001
Emerciella nidulans 13 Sterigmatocystin Freire et al., 2000
(A. nidulans) Nidulotoxin Elshafie et al., 2002
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Table 1.3 Continued

Mycobiota Incidence ~ Mycotoxins produced References
(%) by moulds according

to the literature®
Eurotium chevalieri 6.5 Freire et al., 2000
E.rubrum 4 Freire et al., 2000
Fusarium oxysporum Freire et al., 2000
F. sacchari Freire et al., 2000
F. solani Freire et al., 2000
Geotrichum Freire et al., 2000
candidum 5
Mycelia sterilata Elsafie et al., 2002
P. brevicompactum 15 Mycopenolic acid Freire et al., 2000

Botryodipliodin
P. glabrum 8.3 ctromycetin Freire et al., 2000
R. oryzae 10 Freire et al., 2000
Syncephalastrum Elshafie et al., 2002
racemosum
Trichoderma sp 3.5 Garcia et al., 2001

T. artroviride

a: adopted from Frisvad and Thrane, (2002).

Aspergillus and Penicillium were the main components of the flora. The most common
aspergilli were A. flavus (group) (46%) and A. niger (20%). They also found that 28%
of 72 strains of A. flavus isolated from spices were toxigenic. Freire et al., (2000)
studied mycoflora and mycotoxins in Brazilian black and white pepper and found
that A. flavus and A. niger were isolated more frequently from black than from white
pepper. A total of 42 species was isolated from surface sterilised corns of the two
pepper types. A. flavus was most frequently isolated and was more prevalent on black
pepper than white pepper (43.8 and 3.4%). A. niger was the second dominant species
on both peppers (16.2 and 4.5%). Other potential mycotoxigenic species isolated
were: A. ochraceus (3.8% black pepper), A. tamarii (7.2 and 4.0%), A. versicolor (5.8
and 2.5%), E. nidulans (13.0% black pepper), Chaethomium (15.3 and 3.7%), P.
brevicompactum (15 and 12.5%), P. citrinum (7.4%), P. islandicum (2.4%), P. glabrum
(2.4% black pepper). The high fungal contamination of black pepper and white
pepper and the high incidence of potential producers of mycotoxins show that these
peppers can be a means of contamination of food.

Cinnamon, coriander and ginger are suitable substrates for mould growth and
mycotoxin production. Mycobiota and possible mycotoxin production are shown in
Tables 1.5, 1.6 and 1.7 respectively. Mycotoxigenic fungi isolated from cinnamon
samples were A. flavus, A. niger, A. fumigatus, A. ochraceus, Chaethomium globosum,
E. nidulans, P. chrysogenum, P. citrinum, and P. oxalicum (Table 1.5). As seen in
Tables 1.6 and 1.7, A. flavus, A. niger, A. terreus, E. nidulans, F. equiseti and F.
semitectum were isolated from coriander whereas A. flavus A. fumigatus, A. parasiticus,
A. niger, E. nidulans and several mycotoxin producer Penicillium species were isolated
from ginger.

Mycobiota and mycotoxigenic species in anise, bay leaves, caraway, cardamom,
cumin mustard, oregano, peppermint, rosemary, tilio and turmeric are shown in Table
1.8. Alternaria and Fusarium species dominated over other fungi of mustard seed
from the mixed cropping treatment in India. A. flavus, however had the highest
incidence among mono-cropping samples (Bilgrami et al., 1991).
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Table 1.4 Mycobiota, mycotoxigenic species and possible mycotoxin production in white pepper

Mycobiota Incidence Mycotoxins produced References
(%) by moulds according
to the literature®
A. candidus 2 Flannigan and Hui, 1976
Freire et al., 2000
A. flavus 3.4-47 Aflatoxin B, B, Martinez-Magana et al., 1989
Cyclopiazonic acid Flannigan and Hui, 1976
3-nitropropionic acid Freire et al., 2000
A. fumigatus 12 Gliotoxin Martinez-Magana et al., 1989
Verrucologen Flannigan and Hui, 1976
Fumitoxins
Fumigaclavines
Emerciella nidulans 6 Sterigmatocystin Martinez-Magana et al., 1989
(A. nidulans) Nidulotoxin Flannigan and Hui, 1976
A. niger 4.5-24 Ochratoxin A Martinez-Magana et al., 1989
(few isolates) Flannigan and Hui, 1976
Freire et al., 2000
A. ochraceus 6 Penicillic acid Martinez-Magana et al., 1989
Ochratoxin A
Xanthomegnin
Viomellein
Vioxanthin
A. tamarii 4 Cyclopiazonic acid Freire et al., 2000
Flannigan and Hui, 1976
A. terreus 6 Citrinin, Flannigan and Hui, 1976
Citreoviridin Martinez-Magana et al., 1989
Patulin
A. versicolor 2.5 Sterigmatocystin Flannigan and Hui, 1976
Nidulotoxin Freire et al., 2000
Chaetomium 3.7 Chaetoglobosins Freire et al., 2000
globosum Chetomin
Cunninghamella 1.5 Freire et al., 2000
elegans
Curvularia lunata 2.2 Freire et al., 2000
Eurotium 18 Martinez-Magana et al., 1989
(A.glaucus) Flannigan and Hui, 1976
E. chevalieri 2 Freire et al., 2000
Fusarium 1.5 Freire et al., 2000
oxysporum
Microascus cinereus 2.5 Freire et al., 2000
P. brevicompactum 12.5 Mycopenolic acid Freire et al., 2000
Botryodipliodin
P. citrinum 7.4 Citrinin Freire et al., 2000
P. islandicum 2.4 Rugulosin Freire et al., 2000
Luteoskyrin
Islanditoxin
Cyclochlorotine
Erythroskyrin
Emodin
Rhizopus oryzae 5.5 Freire et al., 2000
Sporendonema sp. 1 Freire et al., 2000
Spormiella minima 2.3 Freire et al., 2000
Trichoderma 1.5 Freire et al., 2000
artroviride

a: adopted from Frisvad and Thrane, (2002).
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Elshafie et al., (2002) detected mycobiota of seven different spices from a group
consisting of one hundred and five samples. Coriander was found to be the most
heavily fungal contaminated among the spices (18 out of 20) followed by black
pepper, ginger, cinnamon, cumin, and cardamom. Clove was the least contaminated
spice due to its microbial inhibitory effect. Cinnamon was found to be contaminated
by a number of fungi (11 out of 20) including potentially mycotoxin producing fungi.
Fifteen samples of spices (ginger, cumin, cinnamon, clove, black pepper, cardamom,
ginger and coriander) that were heavily contaminated by A. flavus were screened for
the presence of aflatoxins using HPLC. No aflatoxins were detected on the samples.
Of the seven spices studied, clove was found to be the least contaminated, while
cumin was the most heavily contaminated.

Medicinal plants such as peppermint, chamomile, anise, caraway and tilio were
analysed for moulds and aflatoxins (Abou-Arab et al., 1999). Samples were
collected randomly from the Egyptian market. Aspergillus and Penicillium genera
were more frequently detected and in greater abundance in the samples than
other genera of fungi. For the A. flavus infection, the results showed that all tested
medicinal plants were infected with the exception of packed tilio. The highest percentage
of infection was in peppermint (15.8%) followed by non-packed tilio (15.4%) as
well as non-packed caraway (13.5%). The other tested medicinal plants showed
a low percentage of A. flavus. However, natural aflatoxin contamination was not
detected.

Rizzo et al., (2004) studied toxigenic fungi on 56 species of medicinal and aromatic
herbs, which were used as raw material for drugs in Argentina. A. flavus and A.
parasiticus were the predominant species isolated, 50% out of 40 isolates were
toxigenic, 26% of isolates produced OTA in low concentrations, 27% of the isolates
were F. verticilloides and F. proliferatum, which produced fumonisin B and fumonisin
B,. Other Fusarium species were able to produce neither group A and B trichothecenes
nor zearalenone.

Martins et al., (2001) studied microbiological quality of seven species (chamomile,
leaves of orange tree, flower soft linden, corn silk, marine alga, pennyroyal mint and
garden sage) of 62 medicinal plants in Lisbon, Portugal. Corn silk samples were the
most contaminated. Fusarium spp., Penicillium spp., A. flavus and A. niger were
predominant in all samples with the exception of garden sage.

1.4 Detecting mycotoxins in herbs and spices

Various methods have been published to determine the mycotoxin content of foodstuffs
by international organisations such as the Association of Official Analytical Chemists
(AOAC), the International Union of Pure and Applied Chemistry (IUPAC), the European
Standardization Committee (CEN). However, an official method related to the
determination of mycotoxin in herbs and spices does not exist. The aim of this
section is not to repeat a specific method developed by the official bodies mentioned
above, but to present information regarding issues to be considered during method
selection and application for herbs and spices together with alternative methods that
can be used in mycotoxin analyses of herbs and spices and the recent development in
the field.
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1.4.1 Mycotoxin determination methods in spices and herbs

All mycotoxin analyses consist of three steps; sampling, sample preparation and
analytical procedure. Sampling should be performed such as to collect a representative
amount of the lot. The sample size in the EU is 30 kg. Sample preparation is the
second step, where the sample is ground to particle sizes as small as possible and

Table 1.5 Mycobiota, mycotoxigenic species and possible mycotoxin production in cinnamon

Mycobiota Incidence  Mycotoxins produced References
(%) by moulds according to
the literature®

Absidia spp. Flannigan and Hui, 1976

Aspergillus 50 Abdel-Hafez and El Said, 1997

alutaceus*

A. flavus 100 Aflatoxin B, Abdel-Hafez and EI Said, 1997,
Cyclopiazonic acid Elshafie et al., 2002
3-nitropropionic acid

A. niger 70 Ochratoxin A Flannigan and Hui, 1976

Abdel-Hafez and El Said, 1997
Elshafie et al., 2002

A. fumigatus 60 Gliotoxin Abdel-Hafez and El Said, 1997
Verrucologen
Fumitoxins
Fumigaclavines

A. ochraceus Penicillic acid Elshafie et al., 2002
Ochratoxin A
Xanthomegnin
Viomellein
Vioxanthin

Chaetomium 100 Chaetoglobosins Abdel-Hafez and El Said, 1997

globosum* Chetomin

Emerciella 30 Sterigmatocystin Abdel-Hafez and El Said, 1997

nidulans® Nidulotoxin

E. amstelodami** 100 Abdel-Hafez and El Said, 1997

E. chevalieri** 70

E. rubrum** 40

Mucor sp. 60 Abdel-Hafez and El Said, 1997

Elshafie et al., 2002

Mpycelia sterilata Elshafie et al., 2002

Mycosphaerella 30 Abdel-Hafez and El Said, 1997

tassiana

Myrothecium*sp. 30 Abdel-Hafez and El Said, 1997

Nectria*sp. 40 Abdel-Hafez and El Said, 1997

P. chrysogenum 60 Roquefortine C Abdel-Hafez and El Said, 1997

P. citrinum™** 30 Citrinin Abdel-Hafez and El Said, 1997

P. corylophilum 30 Abdel-Hafez and El Said, 1997

P. oxalicum* 40 Secalonic acid F Abdel-Hafez and El Said, 1997

Rhizopus Elshafie et al., 2002

nigricans

R. stolonifer 50 Abdel-Hafez and El Said, 1997

Stachybotrys*sp. 30 Abdel-Hafez and El Said, 1997

Syncephalastrum Elshafie et al., 2002

racemosum

Trichoderma*sp. 40 Abdel-Hafez and El Said, 1997

a: adapted from Frisvad and Thrane, (2002).

*Cellulose agar.

*%50% sucrose agar.
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Table 1.6 Mycobiota, mycotoxigenic species and possible mycotoxin production in coriander

Mycobiota Incidence Mycotoxins produced References
(%) by moulds according

to the literature®
A. flavus Aflatoxin B, B, Rami et al., 1995

Cyclopiazonic acid Elshafie et al., 2002

3-nitropropionic acid
A.niger Ochratoxin A Rami et al., 1995

Elshafie et al., 2002

A.terreus Citrinin Elshafie et al., 2002

Cireoviridin

Patulin
Alternaria alternate Hashmi and Ghaffar, 1991
A. longissima Hashmi and Ghaffar, 1991
A. porri Hashmi and Ghaffar, 1991
Ascochyta spp. Hashmi and Ghaffar, 1991
Botryodiplodia Hashmi and Ghaffar, 1991
Botrytis cinerea Hashmi and Ghaffar, 1991
Cephalasporium Hashmi and Ghaffar, 1991
acremonium
Colletotrichum Hashmi and Ghaffar, 1991
capsici Hashmi and Ghaffar, 1991
Curvularia lunata Rami et al., 1995
Drechslera bicolor Hashmi and Ghaffar, 1991
D. rostrata, Hashmi and Ghaffar, 1991
D. tetramera Hashmi and Ghaffar, 1991
Emerciella nidulans Sterigmatocystin Rami et al., 1995

Nidulotoxin Elshafie et al., 2002
Fusarium equiseti Fusarochromanone Hashmi and Ghaffar, 1991

Trichothecenes type

A&B

Zearalenone
F. oxysporum Hashmi and Ghaffar, 1991
F. semitectum Zearalenone Hashmi and Ghaffar, 1991
F. solani, Hashmi and Ghaffar, 1991
Macrophomina Hashmi and Ghaffar, 1991
phaseolina
Myrothecium Hashmi and Ghaffar, 1991
roridum
M. verrucaria Hashmi and Ghaffar, 1991
Paecilomyces, 53 Elshafie et al., 2002
Penicillium spp. Elshafie et al., 2002
Phoma spp. Hashmi and Ghaffar, 1991
Protomyces Hashmi and Ghaffar, 1991
macrosporus
Pythium spinosum Hashmi and Ghaffar, 1991
Rhizopus nigricans Elshafie et al., 2002
Syncephalastrum Elshafie et al., 2002
racemosum
Verticillium Hashmi and Ghaffar, 1991
alboatrum
Absidia sp. Garcia, et al., 2001

a: adapted from Frisvad and Thrane, (2002).
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Table 1.7 Mycobiota, mycotoxigenic species and possible mycotoxin production in ginger

Mycobiota Incidence Mycotoxins References
(%) produced by
moulds according
to the literature®
Absidia sp. Aziz et al., 1998
A. flavus Aflatoxin B, B, Aziz et al., 1998
Cyclopiazonic acid Elshafie et al., 2002
3-nitropropionic
acid
A. fumigatus Gliotoxin Elshafie et al., 2002
Verrucologen
Fumitoxins
Fumigaclavines
A. parasiticus Aflatoxin B, Aziz et al., 1998
(dominant) B,. G, G,
A. niger Ochratoxin A Elshafie et al., 2002
Alternaria alternate 96.7 Elshafie et al., 2002
Cladosporium Aziz et al., 1998
herbarum
Emerciella nidulans Sterigmatocystin Elshafie et al., 2002
Nidulotoxin
Eurotium amstelodami Elshafie et al., 2002
Fusarium spp. Aziz et al., 1998
Mucor sp. Aziz et al., 1998
Elshafie er al., 2002
Paecilomyces variotii Aziz et al., 1998
Penicillium 85 Mycopenolic acid Overy and Frisvad,
brevicompactum Botryodipliodin 2005
P. crustosum 55 Roquefortine C Overy and Frisvad,
Penitrem A 2005
P. polonicum 35 Penicillic acid Overy and Frisvad,
Verrucosidin 2005
P. cyclopium 25 Penicillic acid Overy and Frisvad,
Xanthomegnin 2005
Viomellein
P. aurantiogriseum 10 Penicillic acid Overy and Frisvad,
Verrucosidin 2005
P. steckii, 10 Overy and Frisvad,
P. bialowiezense 10 2005
P. freii 10 Xanthomegnin Overy and Frisvad, 2005
Viomellein
Vioxanthin
Penicillic acid
P. allii 5 Overy and Frisvad, 2005
P. commune 5 Cyclopiazonic acid Overy and Frisvad, 2005
P. viridicatum 5 Xanthomegnin Overy and Frisvad, 2005
Viomellein
Vioxanthin
Viridic acid
Penicillic acid
P. expansum 5 Roquefortine C Overy and Frisvad, 2005
Patulin
Citrinin
P. discolor 5 Chaetoglobosin C Overy and Frisvad, 2005
Rhizopus nigrificans Elshafie et al., 2002
Syncephalastrum Elshafie et al., 2002
racemosum

a: adapted from Frisvad and Thrane, (2002).
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Table 1.8 Mycobiota, mycotoxigenic species and possible mycotoxin production in other spices and

herbs
Spices Mycobiota Incidence ~ Mycotoxins References
and (%) produced by
herbs moulds according
to the literature®
Anise Alternaria sp. 100 Abou-Arab et al., 1999
Aspergillus flavus 50 Aflatoxin By, B, Abou-Arab et al., 1999
Cyclopiazonic
acid
3-nitropropionic
acid
Fusarium spp. 50 Abou-Arab et al., 1999
Penicillium spp, 100 Abou-Arab et al., 1999
Trichoderma sp. 50 Abou-Arab et al., 1999
Bay Aspergillus Gliotoxin Garcia, et al., 2001
leaves Sfumigatus Verrucologen
Fumitoxins
Fumigaclavines
A. niger Ochratoxin A Garcia et al., 2001
Alternaria sp. Garcia et al., 2001
Cunninghamella sp. Garcia et al., 2001
Cladosporium sp. Garcia et al., 2001
Monilia sp. Garcia et al., 2001
Penicillium spp. Garcia et al., 2001
Paecilomyces sp. Garcia et al., 2001
Trichodermasp. Garcia et al., 2001
Caraway Aspergillus Abou-Arab et al., 1999
crothecium Abou-Arab et al., 1999
Penicillium sp. 56 Abou-Arab et al., 1999
Rhizoctonia sp. 33 Abou-Arab et al., 1999
Fusarium sp. Abou-Arab et al., 1999
A. flavus 13 Aflatoxin By, B, Abou-Arab et al., 1999
Cyclopiazonic
acid
3-nitropropionic
acid
A. niger 12.5 Ochratoxin A Abou-Arab et al., 1999
A. terreus 12.5 Citrinin Abou-Arab et al., 1999
Cireoviridin
Patulin
Cardamom Alternaria alternate Elshafie et al., 2002
Emerciella nidulans Sterigmatocystin Elshafie er al., 2002
(Aspergillus nidulans) Nidulotoxin
A. niger Ochratoxin A Elshafie et al., 2002
Cardamom  Fusarium spp. Elshafie et al., 2002
Rhizopus
nigricans Elshafie et al., 2002
Syncephalastrum Elshafie ef al., 2002
racemosum
Cumin A. fumigatus Gliotoxin Geeta and Reddy, 1990
Verrucologen
Fumitoxins
Fumigaclavines

A. niger (dominant)
A. aureolus
Alternaria alternate
Curvularia lunata
Cunninghamella sp.
Circinella sp.

Ochratoxin A

Garcia, et al., 2001
Garcia, et al., 2001
Geeta and Reddy, 1990
Geeta and Reddy, 1990
Garcia et al., 2001
Garcia et al., 2001
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Table 1.8 Continued

Spices Mycobiota Incidence  Mycotoxins References
and (%) produced by
herbs moulds according
to the literature®
Emerciella nidulans Sterigmatocystin Geeta and Reddy, 1990
(A. nidulans) Nidulotoxin
Fusarium spp. Geeta and Reddy, 1990
Helminthosporium
sativum Geeta and Reddy, 1990
Cumin Mucor sp. Garcia, et al., 2001
Rhizopus sp. Garcia, et al., 2001
Scopuloriopsis sp. Garcia, et al., 2001
Trichoderma spp. Garcia, et al., 2001
Penicillium spp. Garcia, et al., 2001
Mustard A. flavus Aflatoxin By, B, Bilgrami et al., 1991
Cyclopiazonic
acid
3-nitropropionic
acid
Alternaria spp. Bilgrami et al., 1991
Eurotium spp. Flannigan and Hui, 1976
(A.glaucus gr)
Fusarium spp. Bilgrami et al., 1991
Oregano Cunninghamella sp. Garcia et al., 2001
Trichoderma sp. Garcia et al., 2001
A. niger Ochratoxin A Garcia et al., 2001
A. versicolor Sterigmatocystin Garcia et al., 2001
Nidulotoxin
Mucor spp. Garcia et al., 2001
Nigrospora sp. Garcia et al., 2001
Chaetomium sp. Garcia et al., 2001
Phoma sp. Garcia et al., 2001
Rhizopus sp. Garcia et al., 2001
Penicillium spp. Garcia et al., 2001
Pepper- Alternaria sp Abou-Arab et al., 1999
mint A. condius Abou-Arab et al., 1999
A. flavus 15.8 Aflatoxin By, B, Abou-Arab et al., 1999
Cyclopiazonic
acid
3-nitropropionic
acid
A. niger 15.8 Ochratoxin A Abou-Arab et al., 1999
A. ochraceus Penicillic acid Abou-Arab et al., 1999
Ochratoxin A
Xanthomegnin
Viomellein
Vioxanthin
A. terreus Citrinin Abou-Arab et al., 1999
Citreoviridin
Patulin
Fusarium spp. Abou-Arab et al., 1999
Penicillium sp. Abou-Arab et al., 1999
Trichoderma sp. Abou-Arab et al., 1999
Rosemary  Alternaria Abdel-Hafez and Said,
1997
A. flavus Aflatoxin By, B, Abdel-Hafez and Said,

Cyclopiazonic
acid
3-nitropropionic
acid

1997
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Table 1.8 Continued
Spices Mycobiota Incidence ~ Mycotoxins References
and (%) produced by
herbs moulds according
to the literature®
A. niger Ochratoxin A Abdel-Hafez and El Said,
1997
A. sydowii Abdel-Hafez and El Said,
1997
Cladosporium sp. Abdel-Hafez and El Said,
1997
Mycospharella sp. Abdel-Hafez and El Said,
1997
E. amstelodami Abdel-Hafez and El Said,
1997
E. chevalieri Abdel-Hafez and El Said,
1997
E. rubrum Abdel-Hafez and El Said,
1997
P. chrysogenum Roquefortine C Abdel-Hafez and El Said,
1997
Tilio Alternaria sp. Abou-Arab et al., 1999
A. crothecium Abou-Arab et al., 1999
A. flavus Aflatoxin By, B, Abou-Arab et al., 1999
Cyclopiazonic
acid
3-nitropropionic
acid
A. niger Ochratoxin A Abou-Arab et al., 1999
Penicillium spp. Abou-Arab et al., 1999
Rhizoctonia sp. Abou-Arab et al., 1999
Turmeric A. flavus Aflatoxin B, B, Geeta and Kulkarni, 1987
Cyclopiazonic
acid
3-nitropropionic
acid
A. parasiticus Aflatoxin B, B,, Geeta and Kulkarni, 1987
Gy, G,
A. niger Ochratoxin A Geeta and Kulkarni, 1987
Eurotium spp. Flannigan and Hui, 1976
(A. glaucus gr)
Mucor sp. 15 Geeta and Kulkarni, 1987

a: adapted from Frisvad and Thrane, (2002).

homogenised, from which a sub-sample is taken (approximately 100 g). In checking
all the factors associated with the variability of mycotoxin results, it was found that
the contribution of sampling is the greatest single source of error (Ahmed, 2000).
Specially, for products like peanuts where the aflatoxin distribution is not homogeneous,
the variability associated to the test procedures (sampling, sample preparation and
analysis) can cause misclassification (Adams and Whitaker, 2004). On the other
hand, in a study on sampling wheat for deoxynivalenol, even with the use of a small
sample size (0.454 kg), the sampling variation was not the largest source of error as
found in other mycotoxin test procedures (Whitaker et al., 2002). Therefore, whether
the particle size or the mycotoxin distribution in the particle is homogeneous or not
does not affect the variability in the sampling stage in wheat (Whitaker et al., 2002).

The levels of mycotoxin are regulated in several countries by set maximum
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permissible levels therefore the method selected to be used must have appropriate
sensitivity. In addition, having short analysis time, ease-of-use, being a reliable, less
interfering, and inexpensive substance are other important factors (Ahmed, 2000;
Lombaert, 2002).

The technical infrastructure of the laboratory is also very important for the selection
of the method. For example, thin layer chromatography (TLC) can be considered as
an appropriate method due to its low initial investment. However, the application and
evaluation of the method is very difficult. Evaluation should be made with a densitometer.
Thus the visual errors in the determination of the equivalent mycotoxin to the standard
should be eliminated. During an interlab study with 28 participating laboratories, on
DON analysis of agricultural products, it was reported that the results from TLC were
considerably lower than the average value (p = 0.01) (Josephs et al., 2001). In fact,
thin layer chromatography is suitable for confirmation of positive samples (De Nijs
and Notermans, 2000).

Almost all analytical procedures consist of the similar basic steps which include:

extraction

purification and clean-up

separation, detection and determination
confirmation.

Not all methods for mycotoxins in foodstuffs incorporate a cleanup step. In particular,
ELISA methods may not require any cleanup (Scott, 2002). However, Yu et al.,
(1998) developed and used immunoaffinity columns (IAC) for the cleanup of CPA
extracts prior to ELISA analysis of corn, peanuts, and mixed feed (Dorner, 2002).
ELISA is a useful tool for screening purposes before LC or GC.

The analytical methods for mycotoxins include thin layer chromatography (TLC),
high performance liquid chromatography (HPLC) or reversed phased liquid
chromatography (LC), enzyme-linked immunosorbent assay (ELISA), and, more
recently, by tandem mass spectrometry (MS) (Scott, 2002; Trucksess, 2000; Ventura
et al., 2004). Aflatoxins, ochratoxin A, deoxynivalenol and zearalenone can be
determined by fluorescence detection after chromatographic separation (De Nijs and
Notermans, 2000). Gas chromatography (GC) has also been used for many mycotoxin
analysis especially for the identification and quantification of multiple trichothecenes
in foods (Lombaert, 2002).

Capillary electrophoresis (CE) may be used as an alternative technique to analyse
mycotoxins (Cancalon, 1995; Martin et al., 2005). A particular type of CE, micellar
electrokinetic capillary electrophoresis or micellar electrokinetic capillary
chromatography (MECC) has been used for aflatoxin, cyclopiazonic acid, citrinin,
griseofulvin, mycophenolic acid, ochratoxin A, patulin, penicillic acid, and
sterigmatocystin analyses (Cancalon, 1995; Martin et al., 2005). The method has
several advantages such as more rapid analysis, reduced amount of organic solvents,
smaller sample volume, and increased efficiency and resolution (Martin et al., 2005).
According to a survey of the literature, HPLC was the leading approach, followed by
TLC and ELISA in mycotoxin analyses in herbs and spices (Table 1.1). In addition,
a single study was found on liquid chromatography-tandem mass spectrometry in
medicinal herbs in the literature (Ventura et al., 2004).

Ventura et al., (2004), extracted aflatoxins in Rhammus purshiana which is a
medicinal herb, with methanol:water and tested by liquid chromatography and detected
by mass spectrometry single quadruple using an electrospray ionisation source (LC-
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MS) in order to avoid derivatisation. The detection limit was 10 ng and the quantification
limit 25 ng. The advantages of the method can be stated as follows (Ventura et al.,
2004). Using a short column (C18) for chromatographic separation allows rapid
determination obtaining sharp chromatographic peaks and minimising consumption
of the mobile phase. Using low quantities of methanol for the extraction steps avoids
the use of chlorate solvents that are harmful. The polymeric sorbent is as easy to
apply as immunoaffinity columns but is cheaper. Mass spectrofotometric detection is
employed in order to avoid derivatisation which presents several disadvantages.

Mycotoxins are extracted from the food matrix using a suitable solvent mixture.
Mycotoxins such as aflatoxins, ochratoxin A and penicillic acid dissolve in chloroform
better than in a hydrophilic solvent. However, since chloroform is carcinogenic, it
should be replaced by solvents such as methanol:water, acetonitrile:phosphoric acid
or acetic acid, toluene:acetic acid (Ahmed, 2000; Scott, 2002).

For the purification and cleanup steps, commercially available and disposable
SPE columns or cartridges, of which those incorporating silica and immobilised
antibodies for immunoaffinity chromatography are the most widely used (Scott,
2002). A recently introduced technique is the use of molecularly imprinted polymers,
polymers with cavities or imprints complementary in shape to an analyte of interest
(Scott, 2002).

1.4.2 Points to be borne in mind in mycotoxin research

Moulds can cause allergic reactions and some of them are pathogenic. As mould
spores are easily spread in the air, care must be taken while working with them, using
a separate laboratory with restricted entry. As mycotoxins are toxic chemical substances,
care must be taken to avoid exposure to mycotoxins by direct contact and inhalation.
Work must be carried out in a separate laboratory, equipped with a fume hold.
Protective goggles, gloves and lab-coats must be worn. Disposable laboratory wastes
must only be disposed of after they have been soaked in a 10% solution of household
bleach for 30 minutes. In order to remove aflatoxin remnants on glass surfaces, the
articles must be rinsed with methanol, soaked in a 1% solution of household bleach
for two hours, and acetone added to 5% of total volume. They should be left for
30 minutes to react and then washed thoroughly (Trucksess, 2000). As mycotoxin
standards are sensitive to external influences such as light, oxygen and temperature,
a suitable laboratory environment must be ensured.

1.5 Preventing and controlling mycotoxin contamination

Mycotoxins can lead to various diseases in human beings. They also lead to loss of
products and product quality, diseases in animals, low yield generally and reduction
in the number and size of eggs produced. Mycotoxins also seriously threaten the
health of future generations. Aflatoxin B is a human carcinogen (IARC, 1993). As
an etiological agent, it is associated with several human diseases encountered particularly
in Africa, Asia and South America, e.g., primary hepatic carcinoma, hepatic cirrhosis
in children, chronic gastritis, Kwashiorkor and Reye’s syndrome (Ostry et al., 1999).

The products on which most work is being done to bring the mycotoxin hazard
under control are ground nuts, cotton seed and maize. The factors influential in
formation of mycotoxins have been determined with the work carried out so far and
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attempts have been made to create control strategies in this respect. However, research
indicates that mycotoxin has still not been brought entirely under control. The most
important factor in arriving at this conclusion is the fact that mycotoxin formation
does not take place in agricultural products such as ground nuts, cotton seed and
maize, in spices such as red pepper and mustard and in dried fruits such as figs only
after they are harvested, it also occurs before they are harvested. The critical stages
after harvesting are drying and storage, but actual contamination takes place before
harvesting, while the product is still ripening. As has been stressed by many researchers,
one of the major factors in aflatoxin formation is the stress period caused by drought
at the end of the season (Dorner et al., 1992; Park, 2002b). Taking this finding as a
starting point, a ‘biocontrol method based on biological competition” has been developed
(Dorner et al., 1992).

1.5.1 Preharvest controlling

Many types of mould produce mycotoxins which are toxic for human beings, warm-
blooded animals and birds under suitable conditions (Moss, 1998). Although the
presence of mould does not always indicate the presence of mycotoxins, it signals a
mycotoxin hazard. From time to time the presence of mycotoxins in the form of
aflatoxin and ochratoxin is encountered in spices and herbs as well. Incidence of
infection with mycotoxygenic mould is high in physically damaged products which
have been in contact with the soil. Formation of mycotoxin, with certain exceptions,
usually commences at the drying stage following harvesting in red pepper and mustard
(mycotoxin formation has also been observed in these products before harvesting) —
and continues throughout the storage and transportation periods as well. For this
reason it is vital to prevent contact of the product with the soil during harvesting and
drying to avoid mycotoxin formation. Prevention of damage by vermin, insects and
other similar harmful agents, adherence to the rules of hygiene, rapid and effective
drying must also be ensured. Although, following an effective drying process, stability
related to the reduction in water activity is achieved in microbiological terms in
spices and herbs, transportation and storage are other stages which need to be borne
in mind.

Storage conditions, particularly if the product is stored in heaps, encourage the
development of mould. The product can become completely contaminated with mould
and thus be rendered totally unsuitable for consumption. In certain situations, although
development of mould is not observed, mycotoxins may be present in large quantities.
It is for this reason that the practice of storing herbs and spices in heaps should be
abandoned. In addition, it should not be forgotten that mycotoxin control can only be
achieved by means of systematic work among different disciplines. Good agricultural
practices, (GAP), good manufacturing practices (GMP), good hygiene practices (GHP)
and hazard analyses critical control points (HACCP) systems must be implemented.

1.5.2 Technological methods
Work done to bring mycotoxins under control and the latest information on the
methods developed are explained below.

Controlling mycotoxins by microorganisms
Two different strategies can be applied to control mycotoxins in the substrate by
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microorganisms. First of all specific microorganisms which possess the ability to
eliminate mycotoxins from contaminated substrates can be added. Second, atoxigenic
mould species inoculated to the soil prevent mycotoxin production by toxigenic
species before harvest. Removing mycotoxins by microorganisms from contaminated
foods or feeds is one promising approach to be considered. Several bacteria (Ciegler
et al., 1966; Line et al., 1994; El-Nezami et al., 1998; Oatley et al., 2000; Haskard
etal., 2001), yeast (Yiannikouris et al., 2004a,b), mould (Varga et al., 2000) and even
protozoa (Kiessling ef al., 1984) have been used to remove various type of mycotoxins
from different substrates. However, the mechanisms by which mycotoxins are
eliminated, which vary according to the type and the number of the organisms (EI-
Nezami et al., 2002a) involved, and the pH of the substrate (Haskard et al., 2001) are
still being investigated.

The first bacteria reported to remove aflatoxin from solution was Flavobacterium
aurantiacum (Ciegler et al., 1966). F. aurantiacum NRRL B-184 degrades aflatoxin
B, in liquid medium as well as in several types of food (corn, peanuts, corn oil, milk,
soybeans, peanut milk, and peanut butter) (Hao and Brackett, 1988; Line and Brackett,
1995). The bacterium actually metabolises the toxin to water-soluble and chloroform-
soluble degradation products and CO, (Line and Brackett, 1995). Line et al., (1994)
reported that dead F. aurantiacum cells bind some aflatoxin but are unable to further
degrade their water-soluble compounds or carbon dioxide. They also reported that a
high population of cells (ca. 1 x 10'® CFU/ml) was necessary to effect degradation
(Line et al., 1994). Smiley and Draughon, (2000) studied the mechanism of degradation
of AFB, by F. aurantiogriseum and reported the crude protein extract of the bacterium
to bind AFB/, suggesting the mechanism to be enzymatic.

Specific lactic acid bacterial strains remove toxins from liquid media by physical
binding (Haskard et al., 2001). Lactobacillus rhamnosus strain GG (LGG) removed
AFB, (Haskard ef al., 2001) and ZEN (El-Nezami et al., 2004) from solution most
effectively. Surface components of these bacteria are involved in binding (Haskard et
al., 2001). Haskard et al. (2001) suggested that binding of aflatoxin B; appears to be
predominantly extracellular for viable and heat-treated bacteria. Acid treatment may
permit intracellular binding. Lahtinen et al., (2004) also investigated the AFB; binding
properties of viable L. rhamnosus and suggested that cell wall peptidoglycan, or
components bound covalently to peptidoglycan, are important for AFB; binding. It
was found that other carbohydrates such as teichoic acid (Knox and Wicken, 1973)
and exopolysaccarides existing in the cell wall have no positive role for binding
aflatoxin as well as cell wall proteins, Ca*> or Mg*? (Lahtinen e al., 2004). The
researchers suggested that the use of lactic acid bacteria had been recommended as
a method for removing aflatoxins from food and feed (El-Nezami ef al., 2002a,b;
Pierides et al., 2000, Haskard er al., 2001).

Aflatoxin was not the only mycotoxin removed from substrates by lactic acid
bacteria, but also common Fusarium toxins such as trichothecenes were also removed
by Lactobacillus and Propionibacterium (El-Nezami et al., 2002a). The researchers
indicated that significant differences exist in the ability of the bacteria to bind
tricothecenes in vitro (El-Nezami et al., 2002a). Several reports describe the OTA
degrading activities of the microbial flora of the mammalian gastrointestinal tract,
including rumen microorganisms of the cow and sheep, and microbes living mainly
in the caecum and large intestine of rats. The human intestinal flora can also partially
degrade OTA (Varga et al., 2000).

The cell wall fraction of Saccharomyces cerevisiae represented 13.3-25.0% of the
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dry weight of the total cell and was composed of various glucan, mannan and chitin
contents (Yiannikouris et al., 2004a). Among the cell wall components B-D-glucans
were the main molecules responsible for ZEN adsorption. Weak noncovalent bonds
(hydrogen bonding reactions) are involved in the complex-forming mechanisms
associated with ZEN. The chemical reactions between 3-D-glucans and zearalenone
are therefore more of an adsorption type than a binding type (Yiannikouris et al.,
2004a).

An atoxigenic A. niger strain was found to decompose OTA in both liquid and
solid media, and the degradation product, ochratoxin o was also decomposed. (Xiao
et al., 1996; Varga et al., 2000). A. niger secreted carboxypeptidase which could
decompose OTA to ochratoxin o and phenylalanine (Varga et al., 2000). This method
might allow the elimination of OTA from solid substrates such as green coffee beans
and cereals (Varga et al., 2000).

Control of mycotoxins by means of biocontrol based on biological competition is
implemented before harvesting for products such as ground nuts, cotton seed and
maize in particular. Implementation was described as follows (Dorner et al., 1992);
an A. parasiticus strain, which does not produce toxin but has extremely competitive
features, is added to the soil. The mould becomes dominant in the soil microflora and
replaces the A. flavus/parasiticus strain, which is a natural producer of aflatoxin, thus
preventing its development. Thus, groundnuts exposed to the stress of end-of-season
drought are also exposed to the attack of the dominant competitive mould. However,
due to the fact that the mould does not form a toxin, no aflatoxin is formed in the
product, or is formed in smaller quantities. In research carried out in the three-year
period between 1987 and 1989, it was observed that while in groundnuts grown in
soil in which no implementation had taken place, aflatoxin quantities were 531,
96 and 241 ppb; in products raised in soil injected with non-toxin-producing mould
the quantities were low, being 11, 1 and 40 ppb respectively (Dorner et al., 1992).
The research indicated that the biological control method was applicable in pre-
harvesting control of aflatoxin contamination and that it possessed a potential which
could be of assistance in obtaining a product free of aflatoxin or containing a smaller
quantity of it.

Various binding agents were added to the feed, thus binding the aflatoxin, and
reducing the amount of aflatoxin absorbed by the gastrointestinal tract, decreasing
aflatoxin intake and bioavailability. Phillips et al., (2002) stated that processed calcium
montmorillonite clay (HSCAS) was a powerful agent binding the AFB; and that
addition of 0.5% w/w or lower-quantity HSCAS to poultry-feed would cause no
adverse effects.

The effect of thermal processing on mycotoxins

The effects of thermal degradation at high temperatures vary according to the type of
mycotoxin. While the heat applied during cooking processes commonly applied at
home (roasting, frying, boiling) results in thermal degradation of some mycotoxins,
it has no effect on aflotoxins, neither does it degrade AFB; and AFG; (Park, 2002b).
The temperature required for partial degradation and thus thermal inactivation of the
aflatoxin must be over 150 °C (237-306 °C). Other factors contributing to the degree
of thermal inactivation of mycotoxins by means of roasting are the initial contamination
level, moisture content of the product, temperature and duration of roasting. The type
of food and the type of aflatoxin also affect the level of degradation and inactivation
(Rustom, 1997). While the presence of water in the environment aids the inactivation
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of aflatoxin, the presence of salt delays inactivation. While water leads to the opening
up of the lacton ring of AFB, it also leads to the formation of carbolic acid; however,
the ionic salts lengthen the duration of the inactivation process (Rustom 1997).
Roasting is a good method for reducing aflatoxin levels in certain commodities, i.e.,
oil and dry-roasted peanuts, microwave-roasted peanuts (Park, 2002b). In the study
made of samples of red pepper flake obtained from different regions as well, no
mould or aflatoxin was encountered in the samples of red pepper flake which are
roasted in oil and known as ‘isot’ (Heperkan and Ermis, 2004).

When the effect of thermal processing on other mycotoxins apart from aflatoxin
is studied, it is observed that DON, FUM and ZEN are resistant to thermal
processing. DON is known to be stable up to 170 °C at neutral to acidic pHs (Wolf-
Hall and Bullerman, 1998). Baking has been shown to cause little or no effect on
DON levels in flour and dough (Trigo-Stockli, 2002). Seitz et al., (1986) stated that,
with cooking, the DON concentration in dough was reduced by 20-40%. (DON
concentration in dough 0.2-0.9 mg/kg flour). On the other hand, Scott et al., (1984)
stated that little or no reduction in DON concentration took place in the DON
concentration of bread made from flour with a DON concentration of 1-7 mg/kg.
Roasting of wheat contaminated with 30 mg/kg DON using a commercial gas-fired
roaster was shown (Stahr et al., 1987) to reduce DON levels by 50% (Trigo-Stockli,
2002).

Bullerman et al., (2002) reported that although generally heat stable, fumonisin
concentrations appear to decline as processing temperatures increase. At processing
temperatures of 125 °C or lower, losses of fumonisin are low (25-30%), whereas at
temperatures of 175 °C and higher, losses are greater (90% or more). Processes such
as frying and extrusion cooking, where temperatures can exceed 175 °C, result in
greater loss (Bullerman et al., 2002).

ZEN is known for its marked heat stability. In general, thermal processing was not
effective in reducing ZEN. However, use of heat in combination with pressure during
processing (extrusion cooking) resulting in substantial losses of ZEN in corn (Ryu et
al., 2002). Ryu et al. (1999) reported that the amount of reduction in ZEN in spiked
corn grits ranged from 66—83% at temperatures of 120—160 °C. The moisture content
of the grits (18-26%) had no significant effect on reduction of ZEN during extrusion.
Flame roasting of naturally contaminated corn (0.02-0.06 W/g) at temperatures of
110-140 °C reduced the concentration of ZEN by 50% (Hamilton and Thompson,
1992).

Citrinin is more sensitive to heat in comparison with other mycotoxins. At the
same time, it has been observed that exposure to UV light resulted in a certain
reduction of citrinin activity (Frank, 1992). Therefore thermal processing can be an
effective method in citrinin detoxification (Kitabatake et al., 1991). Decomposition
and detoxification of citrinin can be realised under dry conditions with heat processing
at 175 °C. Under moist conditions temperature of detoxification can be reduced to
35 °C, but when citrinin is thermally treated under these conditions additional toxic
compounds are formed. One of these is citrinin H;, which is more toxic then citrinin
(Fouler et al., 1994).

In recent years studies have been made of the effects of cooking in microwave
ovens; it has been established that the power of the microwave, duration of thermal
processing and the presence of water in the environment results in a decline in
mycotoxin quantities. It is considered that thermal effects play the most important
role in the inhibition of microorganisms, that in the absence of thermal effect microwave
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energy does not render microorganisms inactive, but at the same time enhances and
complements the thermal effects (Mertens and Knorr, 1992).

The effects of irradiation on mycotoxins

As the irradiation process depends on the dose applied, the type of the product, of the
moulds and their number, it has a preventative action on the development of moulds.
Doses of 1-3.5 Gy irradiation delayed the growth of moulds such as Penicillium
expansum on some fresh fruits (Tiryaki et al., 1994). Wolf-Hall and Schwartz (2002)
reported that Fusarium survival decreased on malting barley by approximately 78%
at 10 kGy using electron beam irradiation. However, researchers drew attention to
the following subject; in the course of prevention of mould development, sub-lethal
or inhibitory concentrations of chemicals may prevent fungal growth, but actually
stimulate mycotoxin production (Wolf-Hall and Schwartz, 2002). In the same way, it
was established in research where the effects of irradiation on Aspergillus flavus and
A. parasiticus were studied, that the aflatoxin-producing characteristics of surviving
isolates in irradiated cereals were enhanced (Moss and Frank, 1987). Gamma irradiation
(2.5 Mrad) did not significantly degrade aflatoxin in contaminated peanut meal (Feuell,
1996). Ochratoxin A is also stable to gamma ray irradiation at a dose of 7.5 mrad
(75 kGy) (Paster et al., 1985). The high cost of equipment, limited positive results
and lack of consumer acceptance of the irradiation process, are disadvantages of this
method as a commercial application (Park, 2002b).

How chemicals affect mycotoxins

A great deal of work has been done on the effects of such chemicals as ammonia
(Park et al., 1992), hydrogen peroxide (Clavero et al., 1993), calcium hydroxide
(Charmly and Prelusky, 1994), sodium bisulphite (Accerbi et al., 1999) and ozone
(McKenzie et al., 1997) on mycotoxins, but although positive results have been
obtained, it has been observed that these substances would lead to loss of certain
characteristics in agricultural products and thus render them unfit for consumption;
at the same time, it has been established that certain chemicals form more toxic
reaction products than the existing mycotoxin and thus their use was limited. It has
been reported that certain food compounds and additives are effective against mycotoxins
and that they do not lead to any changes in the structure and nutritive qualities of the
foodstuff. The effect of ammonium peroxidedisulphatine on aflatoxins has been cited
as an example (Tabata et al., 1994).

Mycotoxins such as Aflatoxin B, Fumonisin B;, T2 toxin and Ochratoxin A
enhance lipid peroxidation and result in membrane damage in living organisms.
Selenium, vitamins A, C and E, act as superoxide anion scavengers due to their
antioxidising effects and protect the organism from the harmful effects of mycotoxins
(Rustom, 1997).

Biotechnological approaches

Increased interest has been observed in the use of biotechnological methods in the
development of plant defence against mycotoxin-forming (and at the same time)
pathogenic moulds, together with plant-improvement work. Many new techniques in
transgenic approaches in particular, and in marking of molecules have been developed
and are in use; thus, the numbers, locations and effects of resistant or target genes can
be assumed. The effects of mycotoxins can also be neutralised by means of anti-
fungal proteins, binding and carrying of molecules are also prevented. For example,
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in the fight against head blight in wheat, caused by Fusarium species, selection of
resistant genes can be realised with the aid of marked molecules at very early stages
such as the seed-sowing stage (Miedaner, 2004). Similar research has been concentrated
on fungal pathogenity and host defence mechanisms, and antifungal protein originating
in plants and microorganisms has been transferred to wheat. Work was done on plants
such as rice and barley and on microorganisms for the chitinase enzyme and glucanase
genes which degrade the cell walls of the fungus in particular (Miedaner, 2004).
Work is continuing on genes that code antifungal proteins such as osmotin, which
prevents the pathogenic fungus from affecting the plant (Miedaner, 2004). In a similar
manner, marked DNAs are used in order to establish plant resistance emerging at a
later stage under the influence of environmental factors. Use is made of different
sources instead of one single donor to obtain resistant genes (Paul et al, 2002;
Buerstmayr et al., 2003; Miedaner, 2004). Other methods which can be used in
mycotoxin control are neutralisation of effect, acceleration of flow of carrier proteins,
destruction of the mycotoxin molecule and making changes in the target (Miedaner,
2004).

1.5.3 Regulatory aspects for herbs and spices

As it is not always possible to prevent formation of mycotoxins, which have been
proved to be a health hazard, the aim is to ensure that products with the lowest
possible mycotoxin contents reach consumers. These considerations have resulted in
a further lowering of maximum permissible mycotoxin values for agricultural products
in the European Union (Adams and Whitaker, 2004). Approximately 90 countries
have regulations that establish maximum aflatoxin limits in food and feed products.
Regulations and limits vary from country to country (Adams and Whitaker, 2004).
Mycotoxin limit values in the United States are approximately five times in excess of
EU limits, but it has been reported that work is in progress to reduce these values.
Maximum permitted mycotoxin values in spices in the EU are 5 ppb for aflatoxin B,
and 10 ppb for total aflatoxin (OJEC, 2002).

1.6 Future trends

A great deal of intensive research has been done during the 46 years that have passed
since the presence of mycotoxins was first established in poultry in Britain in 1960.
Specific reliable new methods and techniques have been developed which enable
results to be obtained at low detection levels and short periods of time in detection of
mycotoxin in plant and animal products, body fluids such as milk and blood. Much
progress has been achieved in the field of biotechnology as well, the location and
characteristics of mycotoxin-producing genes having been established and transgenic
products partially resistant to mycotoxin formation generated. Another extremely
important development is the positive results obtained from work on the addition of
various biological and non-biological (clay-based) binding agents to food or feed,
thus binding the mycotoxins and reducing their absorption and bio-utilisation by the
body. Thus, it will be possible to reduce the amount of mycotoxin to which the body
is exposed. However, in spite of all these favourable developments mycotoxin continues
to be a serious hazard in certain products.
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There is a need for more research into biomarkers, which enable constant monitoring
of mycotoxin. Thus, effective techniques enabling toxin-contaminated products to be
separated at source could also be developed. Another important matter, particularly
in developing countries, is to do something about the present lack of effective
organisations bringing information to farmers and to ensure inter-disciplinary
collaboration in this respect. The setting up of international working groups would be
extremely useful in terms of achieving a regular exchange of information concerning
mycotoxins.

1.7 Sources of further information and advice

CAST (Council for Agricultural Science and Technology) (2003), Task Force Report
No. 139. Mycotoxins: Risks in Plant, Animal and Human Systems CAST, Ames,
Towa, USA.

DeVries J W, Trucksess M W, and Jackson L S (2002), Mycotoxins and Food Safety,
New York, Kluwer Academic/Plenum Publishers, 173—-179.

FAO (Food and Agriculture Organization of the United Nations) (2001), Manual on
the application of the HACCP system in mycotoxin prevention and control, FAO/
IAEA training and reference centre for food and pesticide control, Rome.

Barug D, Van Egmond H P, Lopez-Garcia R, Van Osenbruggen W A, and Visconti A
(2004), Meeting the Mycotoxin Menace, Netherlands, Wageningen Academic
Publishers, 69-80.

Samson R A, Hoekstra E S, and Frisvad J C (2004), Introduction to food and airborne
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