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Preface

Interest in bioactive compounds of fruit and cereals has reached a new high in recent years. The scien-
tific and commercial attention devoted to fruit and cereal bioactives has been accentuated even further
by efficiency reports regarding the beneficial and toxic health effects of such compounds. The benefi-
cial bioactives of many fruit and cereals have been declared to possess anticarcinogenic, antimutagenic
effects in test animals. Recently, the strong antioxidant capacities of many edible fruits and cereals have
been revealed. These many bioactive compounds are responsible for several important characteristics
of fruit and cereals: taste, flavor, color alteration, and antioxidant activity. Natural toxicant bioactives as
mycotoxins have also been detected in specific fruits and cereals.

The specific focus for Fruit and Cereal Bioactives is on the chemistry of beneficial and nutritional
bioactives (phytochemicals such as phenolics, flavonoids, tocols, carotenoids, phytosterols, avenanth-
ramides, alkylresorcinols, some essential fatty acids) and toxicant bioactives (mycotoxins, aflatoxins,
ocratoxin A, etc.) from sources such as pome, stone, and berry fruits, citrus fruits, tropical fruits and
nuts, various cereals (and pseudocereals), pulses (e.g., legumes and edible beans), and so on. Overall, this
book is a comprehensive and detailed reference guide to both major natural beneficial phytochemical
bioactives and mycotoxic bioactives in edible fruits and cereals covering all the latest research from a
wide range of experts.

This book is intended for senior undergraduate and graduate students, academicians, and those in
government and the fruit and cereal industry. It provides a practical reference for a wide range of experts:
fruit and cereal scientists, chemists, biochemists, nutritionists, fruit and cereal processors, government
officials, commercial organizations, and other people who need to be aware of the main issues concern-
ing bioactives.

Each chapter reviews dietary sources, occurrences, chemical properties, desirable and undesirable
health effects, antioxidant activity, evidentiary findings, as well as toxicity of the above-mentioned
bioactives and has been individually highlighted based on the fruit and cereal type. Fruit and Cereal
Bioactives presents unique, up-to-date, and unified data of fruit and cereal chemistry from a biochemical
standpoint.

Ozlem Tokusoglu
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Introduction to Bioactives in Fruits and Cereals

Ozlem Tokusoglu and Clifford Hall ITI
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Fruit and cereal bioactives are classified as phytochemicals and toxicant secondary metabolites.
Phytochemicals containing polyphenols, carotenoids, and functional lipids are naturally derived sub-
stances that have health-promoting, and/or nutraceutical and medicinal proper while mycotoxigenic bio-
actives are toxic substances that are secondary metabolites synthesized by toxigenic fungal species. A
wide variety of mycotoxins are produced by various fungi, often a single fungal species can synthesize
more than one type of mycotoxic bioactive under optimal conditions.

Interest in the bioactive compounds of fruit and cereals has reached a new high in recent years.
Especially, the scientific and commercial attention in fruit and cereal bioactives have been accentuated
by efficiency reports regarding both beneficial and toxical health effects of such compounds.

According to the National Institutes of Health (NIH), bioactive food phytochemicals including poly-
phenols, carotenoids, and functional lipids are “constituents in foods or dietary supplements, other
than those needed to meet basic human nutritional needs, that are responsible for changes in health
status.” Major sources of these bioactive food components are plants, especially fruits, vegetables, and
cereals. But major sources of both phytochemicals and mycotoxins are fruits, nuts, and more major
in cereals.

In this book context, a brief description of the chemistry, sources, and applications of the above-
mentioned major bioactives in fruits and cereals.

Phytochemicals in Fruit and Cereals
Phenolics in Fruit and Cereals

As the name suggests, phytochemicals working together with chemical nutrients found in fruits, cereals,
and nuts may help slow the aging process and reduce the risk of many diseases, including cancer, heart
disease, stroke, high blood pressure, cataracts, osteoporosis, and urinary tract infections (Meskin et al.
2003; Omaye et al. 2000).

Polyphenols occur as plant secondary metabolites. Their ubiquitous presence in plants and plant
foods, favors animal consumption and accumulation in tissues. Polyphenols are widely distributed
in the plant kingdom and represent an abundant antioxidant component of the human diet (Ho, Rafi
and Ghai, 2007). Interest in the possible health benefits of polyphenols has increased due to the
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corresponding antioxidant capacities (Gharras, 2009). Recent evidences show that there is a great
interest to anticarcinogenic effects of polyphenolic compounds, as well as the potential to prevent
cardiovascular and cerebrovascular diseases (Cheynier 2005).

Polyphenols divide into several subgroups including flavonoids, hydroxybenzoic and hydroxycinnamic
acids, lignans, stilbens, tannins, and coumarins that have specific physiological and biogical effects
(Andersen and Markham 2006; Meskin et al. 2003; Tokusoglu 2001; Figure 1.1).

Flavonoids are a chemically defined family of polyphenols that includes several thousand com-
pounds. The flavonoids have a basic structure (Figure 1.2), and several subclasses of flavonoids are
characterized by a substitution pattern in the B- and C-rings. The main subclasses of flavonoids include
flavan-3-ols, flavonols, flavones, flavanones, isoflavones, anthocyanidins, anthocyanins, flavononols,
and chalcons (Figure 1.3) that are distributed in plants and food of plant origin (Crozier, Jaganath, and
Clifford 2006). ‘

Flavonoids in the circulation may protect against cardiovascular disease through their interaction with
low-density lipoprotein (LDL). Biochemical and clinical studies in both humans and experimental ani-
mals have suggested that oxidized low-density lipoprotein (oLDL) has its atherogenic action through the
formation of lipid hydroperoxides and the products derived therefrom. The in vivo antioxidant status of
the LDL particles and the plasma are thus important determinants of the susceptibility of LDL to lipid
peroxidation (Hertog et al. 1993).

Many of the phytochemicals and some vitamins (vitamin E, tocopherol) have antioxidant activity in
vitro, which has led to the use of the general term “antioxidants.”

Phenolic compounds

Flavonoids / \ \ Coumarins

Flavons Phenolic acids Lignans Stilbens Tannins
Isoflavons o

Flavonols Hydroxyb.e nzoxc'amd's Sesamol Resveratrol Hydrolyzed
Flavanols Hydroxycinnamiz acids = gesamin Piceatannol Condensed
Flavanones Sesamolin Piceid

Anthocyanidins Sesamolinol  Pinosylvin

Anthocyanins Rhapontisin

Flavononols Tamoxiphen

Chalcons Derivative

Phytoalexins

FIGURE 1.1 Family of phenolic compounds. (From Andersen, Q. M., and Markham, K. R., Flavonoids. Chemistry,
Biochemistry, and Applications, CRC Press, Taylor & Francis, Boca Raton, FL, 2006; Meskin, M. S., Bidlack W. R.,
Davies, A. J., Lewis, D. S., and R. K. Randolph, Phytochemicals: Mechanisms of Action. CRC Press, Boca Raton, FL,
2003; Tokugoglu, O., The Determination of the Major Phenolic Compounds (Flavanols, Flavonols, Tannins and Aroma
Properties of Black Teas, PhD Thesis, Department of Food Engineering, Bornova, Izmir, Turkey: Ege University, 2001).)

FIGURE 1.2 Chemical structure of flavonoids.
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Flavonoids
// \
Flavons Flavonols Flavononols
Apigenin | 1soflavons Quercetin Elavan-3-ols Flavanons (Dihydroflavonols)
Luteloin Daidzein Kaempferol | (+)-Catechin Hesperetin
i i Genistein Miricetin (-)—Epicatechin Hesperitin P
ﬁ?;ks?xl"em Biokenin A Quercitrin (-)-Epicatechingallate| Naringenin Anthocyanidins
Diosmin Formononetin Isoquercitrin | (—)-Epigallocatechin | Naringin Cyan.ld.ln' Anthocyanins
Genkvain |Glisitein Rhamnetin | (-)-Epigallocatechin-| Narirutin Malvinidin Gra ee-y—xtract
Izorhoifolin |Paidzin Isorhamnetin | gallate Didimin Dellﬁmd'."d‘ P
Rhoifolin | Genistin kaempferid Eriositrin ge arg_c:jm in
Tektokirisin | Glisitin Rutin Eriodiktiol etunidin
6'-O-Asetildaidzin | Astragalin Neoriositrin | Peonidin
6'-O-Asetilgenistin | Hiperosid Neohesperitin
6'-O-Asetilglisitin Izosakuranetin
6'-OMalonildaidzin Pinosembrin
6'-OMalonilgenistin Ponsirin
6'-OMalonilglisitin Prunin

FIGURE 1.3 Flavonoid family in food plants. (Adopted from Tokusoglu, O., The Determination of the Major Phenolic
Compounds (Flavanols, Flavonols, Tannins and Aroma Properties of Black Teas, PhD Thesis, Department of Food
Engineering, Bornova, lzmir, Turkey: Ege University, 2001; Merken, H. M., and Beecher, G. R., J. Agric. Food Chem.,
48(3), 579-95, 2000; Beecher, G. R., Antioxidant Food Supplements in Human Health, Academic Press, New York, 1999;
Fennema, O. R., Food Chemistry, Marcel Dekker, New York, 681-96, 1996; Vinson, J. A., Dabbagh, Y. A., Serry, M. M.,
and Jang, J., J. Agric. Food Chem., 43, 2800-2802, 1995.)

Carotenoids in Fruit and Cereals

Carotenoids (Figure 1.4), a group of lipid-soluble compounds responsible for yellow, orange, red, and
violet colors of various fruits and cereals products, are one of the most important groups of natural pig-
ments, owing to their wide distribution, structural diversity, and numerous biological functions (Astorg
1997; Fraser and Bramley 2004).

The provitamin A activity of some carotenoid bioactives, recently, have demonstrated to be effective
in preventing chronic diseases such as cardiovascular disease and skin cancer. Carotenoid bioactives
are classified into four groups: carotenoid hydrocarbons, carotenoid alcohols (xanthophylls), carotenoid
ketons, carotenoid acids.

Hydrocarbon carotenoids are known as carotenes, and the oxygenated derivatives are termed xan-
thophylls (Astorg 1997; Fraser and Bramley 2004; Lee and Schwartz 2005)

Functional Lipids and Lipid Soluble Constituents

There has been a great interest concerning functional lipids in cereals due to their promotion for health
and preventing diseases. Fatty acids play a central role in growth and development through their roles
in membrane lipids, as ligands for receptors and transcription factors that regulate gene expression, as a
precursor for eicosanoids, in cellular communication, and through direct interactions with proteins.

The main fatty acids in cereals are the saturated fatty acids, palmitic (16:0) and stearic (18:0), the
monounsaturated fatty acid oleic acid (18:1), and the diunsaturated fatty acid inoleic acid (18:2) existing
with smaller amounts of other fatty acids. These fatty acids are mainly assembled in glycerolipids; that
is, triacylglycerols (TAG) and variable amounts of phospholipids (PL), glycolipids (GL), in sterol esters
(SE), and waxes (or policosanols) in the different cereal grains.

Lipid soluble vitamins tocopherols and amphiphilic lipids alkylresorcinols, and terpen alcohol com-
pounds are also important bioactive constituents in cereal grains (Figure 1.5). Cereal lipids have high
levels of tocotrienols that coexist with tocopherols, which are the biologically most active antioxidants



