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Abstract

Roasting of cashew (Anacardium occidentale L) nut is a commonly used processing
‘method to improve their texture, colour, flavour and appearance. The effect of roasting
on the content of phenolic compounds, antioxidant activity, and antiradical propertics of
cashew nuts and testa were studied. Raw whole cashew nuts were roasted at low
temperature (LT; 70° C for 6 hours) and high temperature (HT; 130° C for 33 min). Raw
and roasted whole cashew nuis, kemels and recovered testa were used to extract soluble
phenolic compounds under reflux conditions with 80% (v/v) ethanol. The residues were
used to extract insoluble bound phenolics at room temperature by alkaline hydrolysis
under nitrogen. The antioxidant activity was measured using several chemical assays as
well as food and biological model systems.  Cashew nut oils extracted from raw and
roasted whole cashew nuts were examined for their fatty acid composition, colour change
and oxidative stability. The results showed that the highest antioxidant activity was.
achieved when nuts were roasted at HT. The contents of soluble and insoluble bound
phenolic of raw, LT and HT roasted cashew nuts and testa ranged from 1.14 + 0.43 to.

348.99 + 6.88 and 0.03 % 0.01 to 4.53 + 0.12 mg of gallic acid equivalents (GAE) per g

of defatted meal, respectively. Roasting increased the total phenolic content while

decreasing that of the proanthocyanidins. Phenolic acids, namely syringic, gallic and p-
coumaric acids were identified in soluble extracts of raw, LT and HT roasted cashew nuts.

and testa by high performance liquid chromatography (HPLC) and amongst which

syringic acid was the predominant one. Flavonoids, namely catechin, cpicatechin and

igallocatechin were also identified and their contents increased with increasing

temperature.



“The results of the present study showed that HT roasting effectively enhanced antioxidant
activity of cashew nuts and testa. The analysis of fatty acid composition showed that

oleic acid was the major monounsaturated (MUFA) fatty acid. Roasting of whole cashew

nuts improved the oxidative stability of nut oil during storage. The resuls suggest that

whole cashew and testa could be used as a potential source of natural antioxidants in food

applications and for health promotion.
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Chapter 1

Introduction

‘Tree nuts are known to serve as a nu

jous food source with a high lipid content. They
have been shown to lower total and LDL cholesterol levels significantly when replacing
half of the daily fat intake in human subjects (Abbey e al,, 1994). Many authors have
also reported the blood cholesterol lowering effects of tree nuts (Etherton ef al, 1999;
Kendall e al, 2002; Shahidi er al. 2007). In 2003, the US Food and Drug
Administration (FDA) recommended a qualified health claim stating that consumption of
1.50z (42g) per day of most tree nuts may reduce the risk of heart disease. Dreher et al.
(1996) also showed a connection between regular nut consumption and the deereased
incidence of coronary heart discase. Nuts are rich sources of unsaturated fatty acids,
protein, micronutrients, vitamins, and phytochemicals (Rainey & Nyquist, 1997) with
different proportions and contents among nuts. Walnuts are a good source of both
antioxidants and the omega-3 fatty acid, a-linolenic acid, at a higher level than other nuts
such as almonds, pecans, and pistachios (Bravo, 1998).  Almonds are considered as a
rich source of vitamin E and magnesium (Etherton ef al, 2002). Brazil nuts are
partieularly rich in the antioxidant compounds, while pecans are rich in bone-building
‘manganese (Bravo, 1998; Etherton e al, 2002; John & Shahidi, 2010). Peanuts are good
sources of folic acid and contain considerable amount of phytochemicals, including
phenolics (wannins and ellagic acid), flavonoids (luteolin, quercetin, myricetin,
kaempferol, and resveratrol), isoflavones (genistein and  daidzein), terpenes,

organosulphur compounds, and vitamin E (Bravo, 1998; Etherton f al, 2002).



Dietary antioxidants provide protection against oxidative attack by decreasing oxygen
concentration, intercepting singlet oxygen, preventing first-chain initiation by scavenging
initial radicals, binding of metal ion catalysts, decomposing primary products of
oxidation to non-radical compounds, and chain breaking to prevent continuous hydrogen
removal from substrates (Shahidi, 1997). A growing interest in biology and medicine has
been focused on oxidative stress from the viewpoint of its participation in several
diseases such as arterioscleross (Camey ef al, 1991), cancer (Palinski ef al, 1989), and
ageing (Ames et al, 1993). Antioxidant components are microconstituents present in the
diet that can delay or inhibit lipid oxidation, by inhibiting the initation or propagation of
axidation chain reactions (Velioglu ef al, 1998) and scavenging of free radicals. Food
such as fruits, vegetables, nuts, and grains are reported to contain a wide variety of

antioxidant components that include phenolic compounds. The presence and content of

found to correlate with dant potential (Katalinic ef al, 2004)
Upon addition to foods, antioxidants minimize rancidity, retard the formation of toxic
oxidation products, maintain nutritional quality, and extend shelf life (Jadhav ef al,

1996).

Synthetic antioxidant such as, butylated hydroxyanisole (BHA), and butylated
hydroxytoluene (BHT), are largely used by the food industry. However, possible toxicity
as well as general consumer rejection of synthetic products has led to their decreased use.
Much work has been done to find safe and potent natural antioxidants from various plant
sources (Namiki, 1990). As one potential source, plant phenolics serve as primary
antioxidants (Shahidi & Wanasundara, 1992). Dietary components from different plant

sources, including phenolic acids, flavonoids, carotenoids and vitamins C and E, are



effective in the prevention of oxidative stress and related diseases (Kaur & Kapoor, 2001;

Moure et al,, 2001).

Phenolic compounds constitute one of the largest, most abundant and widely distributed

roup of substances in the plant kingdom. Phens

ics are products of the secondary

metabolism of amino acids phen

mine and 10 a lesser extent tyrosine in plants.
Extemal stimuli such as microbial infection, wounding, ultraviolet radiation, and
chemical stressors induce their synthesis (Shahidi & Naczk, 2004). They contain
aromatic rings bearing one or more hydroxyl groups together with a number of other
substituents (Shahidi & Naczk, 2004). In plants, phenolics may act as phytoalexin,
antifeedant, attractant for pollinators, and contributor to plant pigmentation, antioxidant,
and protective agents against UV light, among others. In food, phenolics may contribute
10 the bittemess, astringency, colour, flavour, odour, and oxidative stability of foods
(Shahidi & Naczk, 2004). In addition to their role in plants, several epidemiological and
clinical research findings have demonstrated that phenolic antioxidants occurring in
cereals, fiuits, nuts, and vegetables are principal contributing factors for the decreased
incidence of several chronic diseases (Shahidi, 2000). ~ Earlier interest in phenolic

compounds was concentrated on the deleterious effects caused by the ability of certain

phenolics 1o bind and precipitate macromolecules, such as dietary ~proteins,
carbohydrates, and digestive enzymes, thereby reducing food digestibility. Recent
interest, however, i food phenolies has increased gradually because of the antioxidant

and free radical scavenging abilities associated with some phenolics

and their potential

effe

on human health (Bravo, 1998). Natwral phenols can range from simple

molecules, such as phenolic acids, to highly polymerized compounds, such as



proanthocyanidins also known as condensed tannins. Depending on their basic chemical
structure, phenols can be divided into different classes such as flavonoids, phenolic acids,

hydroxycinnamic acid derivatives, and lignans, among others (Bravo, 1998).

Cashew (dnacardium occidentale 1.) is one of the most important tree nuts and ranks
third in the intemational trade after hazelnut and almond (Mandal, 2000).  Cashew nut
shel liquid, a byproduct obtained during the processing of cashew nuts, is reported to
possess antioxidant activity (Singh e/ al, 2004). The kernel of cashew nut which is
valued in trade is covered with a thin reddish-brown skin called testa. The testa has been
reported to serve as a good source of hydrolysable tannins (Pillai ef al, 1963) with

catechin as a major polyphenol (Mathew & Parpia, 1970).

In processing of cashew nut, they must be roasted or cooked in steam / boiling water to
remove the kernel. Subsequently, the kemels are removed manually, and the outer red

skin (testa) is discarded. The texture, colour, flavour and appearance of cashew kemels

ltered significantly during roasting. Dry roasting of cashew kemels in hot air is

generally preferred due to low oil content in the final product.  Physical and chemical

changes occurring in roasting are t

¢ and temperature dependent. The degree of
roasting plays a major role in determining the sensory quality parameters, namely aroma,
colour, texture and taste of the product (Azam-Ali & Judge, 2001). Therefore, selection

of appropriae roasting conditions for optimum product quality is essential in this

processing step (

Klar et al, 2001). Several studies have reported textural changes

resuling upon roasting of hazelnuts (Saklar et al. 1999; Demir & Cronin, 2004), coffee



beans (Pitia er al, 2001), pecans (Ocon et al, 1995) and peanuts (Hung & Chinnan,

1989)

A close scrutiny of literature on cashew nut and roasting of it shows a wide gap in the
available information on phenolic contents and their antioxidant activities under different
roasting conditions. Therefore, this study aimed to determine the phenolic content and
antioxidant properties of cashew nut and testa subjected to low and high temperature
roasting conditions. Several in vitro assays, as well as food and biological models were
used 1o assess the effect of roasting on antioxidant and antiradical activity of cashew nuts
and testa. In addition, lipid profile of raw and processed cashew oils was determined and
the oxidative stability of cashew nut oil as affected by low and high temperature roasting
treatments was also investigated. Thus, the objectives of present work was (1) to
determine the effects of low and high temperature roasting of cashew nuts and testa on
the content of phenolic compounds and their antioxidant properties, (2) to identify and
quantify major phenolic acids and flavonoids in cashew nuts and testa, (3) to assess the
antioxidative and antiradical efficacy of phenolics from cashew nuts and testa in food and

biological model systems, and (4) to determine the oxidative stability of cashew

affected by low and high temperature roasting conditions.




Chapter 2

Literature review
2.1 History of nut consumption

Human beings began gathering nuts for food long before the development of agriculture.
Recent archeological studies of a 10,000 year old village in Eastem Turkey have
discovered the existence of a non-migratory society whose economy centred on the

harvesting of almonds and pistachios (Jeor ef al, 1995). Recent research suggests that

civilizations relied on nuts, even before cereal g

. as a staple food. Nuts were able to

play this role because they were a more predictable food source than smaller and |

hearty cereal grains that might have been damaged by severe weather (Fraser ef al, 1992;
Jeor et al, 1995). They could also be stored through long winters, thus providing a stable
food supply throughout the year, and to provide energy, essential fatty acids, protein, and

important micronutrients.

Nuts have also been used for centuries as medicine. For example, in Brazil, a tea made
from peanuts is thought 10 have a calming and relaxing effect. As cultures evolved, the

role played by nuts in cuisines throughout the world also occurred. ~Cooks from the

Mediterranean region, South America, and Asia have long used tree nuts and peanuts as

ingredients in savoury sauces, stuffings, entrees, snacks, appetizers, and desserts (Princas

eral, 1993)

Almonds are related t0 stone fi

uch as peaches, plums, apricots, and cherries. They

ted in either China or Iran and were a valuable trading commodity throughout

Asia and the Middle East. Almonds were brought to California by Franciscan pr



from Spain. Today California is the world’s major supplier of almonds. Hazelnuts, also

called filberts, were described in Chinese manuscripts dating back to 5000 years ago
(Sabate er al, 1993). The ancient Greeks and Romans may have used them for medicinal
purposes as well as for food. Today hazelnuts are used throughout the world, and are
especially popular in Europe and Turkey. Macadamia nuts originated from evergreen
trees in the rain forest of Australia and were introduced into Hawaii a century ago. Over
the years, agricultural specialists have developed varieties of macadamia trees that have

flourished on lands that are too hilly or rocky for other crops (Sabate et al, 1993).

Walnuts are considered to be one of the oldest tree foods known to man.  Historical

references date back to Persia in 7000 B.C. Today they are commonly called “English”
walnuts because English merchants transported them o ports around the world
Franciscan priests are credited with bringing walnuts from Spain to California (Sabate ef

al, 1993).

Cashew nuts are native to Brazil, and Portuguese took the

shew plant (o Goa, India,

between the years of 1560 and 1565. Then it was spread throughout Southeast Asia and

evenally Afica. The first country to import cashew nuts from India was the United

States in 1905 (Sabate e al, 1993). Peanuts are native to Central and South America

Records reflect their

as a food in Peru as carly as 2000 B.C. Spanish explorers

brought peanuts back (0 Europe and the Philippines while Portuguese explorers

introduced them to East Africa. Peanuts were brought to North America along with the

slave trade. Today peanuts are widely cultivated in India, China, and the United States

(

abate et al, 1993),



2.1.1 Nuts and various dietary patterns

Nuts are part of the meat altemate group of USDA’s Food Guide Pyramid (USDA, 2005).
“This means they can be eaten daily, in moderate amounts, as part of a healthful diet. Nuts
provide plant protein, fat (most of which is unsaturated), dietary fibre, and several
important vitamins and minerals.  Since nuts are extremely versatile and can be
consumed in many different ways, consumers can easily incorporate them into their diets
(USDA National Nutient Database, 2009). The Mediterrancan and, more recently,
Asian diet pyramids both place nuts on the same level as fruits, vegetables, and legumes.
“This placement, close to the foundation of these pyramids, conveys the message that nuts

can be eaten frequently. Vegetarians combine grains, such as rice and bread, with nuts as

one source of high quality protein. In the past the intake of nuts declined due to the

about their high fat content and § health. The
actual benefit of limiting intake of nuts is now a past concern that has been successfully
refuted. Americans consume less than one ounce of nuts (including nut butters, food
ingredients, and snacks) per day (USDA National Nutrient Database, 2009) . Nuts
aceount for only about 2.5% of the total fat intake in the United States. In addition, new.
technologies now allow for production of reduced-fat nuts and nut butters. Interestingly,
Mediterranean countries, noted for their traditionally healthful diets, have a per capita
consumption of nuts that s almost two fold higher than that of the United States. Menu
analyses verify that nuts can fit into a variety of nutritionally sound diets that derive 20 to

37% of calories from fat (USDA National Nutrient Database, 2009).



2.1.2 Benefits of eating nuts

One of the most unexpected nutitional discov

s of the 1990 was that the frequent

eating of nuts appears to dramatically improve health (Fraser, 1999). In particular, nut
consumption greatly lowers the risk of heart disease (Kris-Etherton et al, 2001). Fraser
et al. (1992) reported that individuals eating nuts daily had up t0 60% fewer heart attacks

than individuals who ate nuts less than once per month.

Some epidemiological studies have confirmed the benefits to the heart of nut eating
(Fraser et al., 1995; Kushi er al, 1996; Kris-Etherton ef al., 2001).  In addition to the
cardiac benefits of consuming nuts,the risks of having strokes, type 2 diabetes, dementia,
macular degeneration, and of gallstones were found 1o be lowered by cating nuts
(Yochum et al., 2000; Jiang et al, 2002; Zhang et al, 2002; Seddon et al. 2003; Tsai ef
al., 2004). Calculations suggest that daily nut eaters gain an extra five t0 six years of ife
free of coronary heart discase and that regular nut cating appears to increase longevity by
about 2 years (Hu & Stamfer, 1999; Fraser & Shavik, 2001). Adding 30 g/day of nuts to
a Mediterranean diet resulted in a significant reversal of the metabolic syndrome (Salas-
Salvado ef al., 2008). The risk of fatal coronary disease and developing type 2 diabetes
decreased steadily as nut consumption increased from less than once a week 10 once or
‘more per day (Sabate, 1999; Jiang et al,, 2002 ). The above studies suggest that 30 to 60
‘grams (1-207) of nuts should be consumed daily to gain the maximum benefits. Whether

even larger amounts confer further benefits is currently unknown.

Nuts are considered s a fatty food and many might worry that they will put on weight by

eating more nuts.  After all, 30 grams of nuts may contain about, on the average, 190




calories. According to the present evidence, nuts do not seem to cause weight gain

(Fraser, 1999; Garcia-Lorda et al., 2003). Nuts appear 1o satisfy hunger sufficiently and

appropriately 1o reduce the consumption of other foods.

2.1.3 Nu

t content of nuts
Nuts are nutrient dense foods because they have a high total fat content, ranging from
46% in cashews and pistachios to 76% in macadamia nuts, and provide 4.7-7.1 Calories
/g muts (Table 2.1). However, the fatty acid composition of nuts is not considered
harmful because the saturated fatty acid (SFA) content is low. Nearly one half of the
total fat of nuts is made p of unsaturated fat, which includes monounsaturated fatty acids
(MUFAS; mainly oleic acid) in most nuts and polyunsaturated fatty acids (PUFAS)
including linoleic acid and a-linolenic acid (ALA; 18:3n-3), te latter, in walnuts (Ros &
Mataix, 2006). 1t should be noted that, with 3 g/serving, walnuts are considered as whole
foods with the highest content of ALA of all edible plants (Exler & Weihrauch, 1986).
The fatty fraction of nuts also contains considerable amounts of plant sterols, with
antioxidant and cholesterol lowering properties (Vivancos & Moreno, 2005; Segura ef al.,
2006). Nuts are rich sources of other bioactive macronutrients. They are an excellent
source of protein (25% of energy) and often have a high content of L-arginine, the amino.
acid precursor of the endogenous vasodilator nitric oxide (Huynh & Chin-Dusting, 2006).
Nuts are also a good source of dietary fibre, which ranges from 4 to 11 ¢/100 ¢ (Table
2.1), and standard servings provide 5-10% of daily fibre requirements. Among nut
constituents, there are also significant micronutrients. Nuts contain sizeable amounts of
folate and are rich sources of antioxidant vitamins and phenolic compounds (Blomhoff et

al, 2006

egura ef al., 2006). Almonds in particular are especially rich in a-tocopherol,
10



whercas walnuts contain significant amounts of y-tocopherol, increasingly recognized as

a relevant antiatherogenic molecule (Wagner ef al., 2004). Importantly, most phenolics
are located in the outer pellicle of nuts, which means that the pecled product loses much
ofits antioxidant capacity (Blomhoff ef al, 2006). Industrial bleaching, sometimes used
to restore a desirable white colour 1o the hard shells of nuts, destroys most of the
antioxidants when the shells are naturally cracked, as shown for pistachios (Seeram ef al.,
2006). These facts, rarely taken into consideration in prior studies with nuts, should not
be overlooked in future feeding trials or when giving advice on nut intake in healthy
diets. Compared with other common foodstuffs, nuts have an optimal nutitional density
in salutary minerals, such as calcium, magnesium, and potassium. Like most vegetables,
the sodium content of nuts is very low, ranging from undetectable in hazelnuts and
pecans to 18 mg/100 g in peanuts (Segura ef al, 2006). Clearly, this advantage of nuts is
Tost when they are consumed as a salted product. Whole, unpeeled, and otherwise

unprocessed nuts have a unique composition, with naltered nutrient and non-nutrient

bioactive molecules. Most nut constituents have shown beneficial effects when clinically

on diverse cardiovascular

tested, s such or as part of enriched foods, for cff

outcomes, including risk markers (Brown & Hu, 2001; Blomhoff, 2005; Kay ef al,

2006).
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2.2 Antioxidants
Antioxidants are compounds that when present at low concentrations compared o that of
an oxidizable substrate retard or prevent the autoxidation process (Halliwell &
Gutteridge, 1999). Ingold (1968) classified all antioxidants into two groups, namely
primary chain breaking antioxidants, which directly react with lipid radicals converting

them 1o non-radical products, and secondary or preventive antioxidants,
2.2.1 Autoxidation

The oxidative deterioration of food lipids involves, primarily, autoxidative reactions
which are accompanied by various secondary reactions having oxidative and non-
oxidative character. Autoxidation is a natural process that takes place between molecular
oxygen and unsaturated lipids in the environment. Polyunsaturated fatty acids (PUFA)

ptible to autoxidation and many undergo decomposition; these PUFA could be
in the form of free fatty acids, triacylglycerols or phospholipids. An alternative pathway
leading to lipid oxidation s photooxidation through excitation of lipids or oxygen in the
presence of light and a sensitizer (Gordon, 2001).  The main steps of lipid autoxidation
are initiation, propagation, and termination.

In the initiation step, the free radical is formed from an unsaturated lipid molecule (RH)
at an allylic methylene group, by the action of an initiator. Afler initiation, propagation

reactions oceur in which one lipid radical is converted into a different lipid radical.

These reactions commonly involve abstraction of a hydrogen atom from a fresh lipid
molecule or addition of oxygen to an alkyl radical. In the termination step, two radicals

react with one another to yield a product that does not sustain the propagation phase.
13



Termination is also possible in the presence of antioxidants that possess free radical

scavenging activity (St. Angelo, 1996)

2.2.2 Primary antioxidants

imary antioxidants can be defined as the compounds, which can react with lipid
radicals to convert them to more stable products. - Antioxidants have the ability to donate

a hydrogen atom to lipid radicals and neutralize them.

ROO" +  AH ——* ROOH + A

RO + AH —* ROH + A

ROO" + A" T ROOA

——— ROA

R+ A —— RA

The resulting antioxidant phenoxyl radical (A%) does not initiate new free radicals and is

not subject to rapid oxidation by a chain reaction.  Antioxidant radicals may also

participate in termination reactions of ROO", RO" and other antioxidant radicals, thus

preventing propagation of chain reaction

Reactions between antioxidant radicals and lipid molecules and oxygen are exothermic in
nature and the activation energy increases with increasing A-H and R-H bond

dissociation energies (Shahidi ef al 1992). A molecule will be able to act as a primary
14



antioxidant if it is able o donate a hydrogen atom 10 a lipid radical and if the radical
derived from the antioxidant is much more stable than the lipid radical, or is converted to
other stable products. Phenol itself s inactive as an antioxidant, but substitution of alkyl

‘groups into the ortho(o), meta (m) or para (p) positions increases the electron density on

the hydroxyl group by an inductive effect and this enhan tion with lipid

radicals (Gordon, 1990).

The presence of bulky substituents in the ortho and para positions of the phenol ring also
reduces the rate of reaction of the phenol with lipid radicals. The steric effect opposes
the increased stabilization of the radical and both effects must be considered in assessing
the overall activity of an antioxidant (Gordon, 1990).  The introduction of a second

hydroxyl or methoxyl group at the orho or para positions of the hydroxyl group of a

phenol increases its antioxidant activity.

Antioxidants are effective in extending the induction period only when added to

unoxidized substrates.  Antioxidants are virtually ineffective in retarding deterioration,

which has already begun. The effect of antioxidants depends on several fuctors including

antioxidant structure, oxidation condition and the nature of the sample being oxidized

(Gordon, 1990). The effectivencss of an antioxidant depends on the activation energy,

rate constants, oxid: duction potential, and solubi 1996)



2.2.3 Secondary antioxidants

The preventive antioxidants deactivate possible precursors of ROS by functioning as
metal chelators, peroxide decomposers, singlet oxygen quenchers, and inhibitors of
lipoxygenase and other related enzymes. Metal chelating agents have a significant effect
on preventing lipid oxidation. Generally food lipids contain trace amounts of metal ions,
which may arise from the presence of metal activated enzymes or their decomposition
products (Gordon, 1990). Furthermore, metal ions may be included as contaminants

from food processing and equipment, and storage vessels. Muscle food products contain

a high concentration of iron in association with muscle hemoglobin present. Transition
metal fons such as Cu, Fe, and Mn reduce the length of the lag time and increase the rate

of oxidation of lpids

Metals act as prooxidants by clectron transfer liberating radicals from fatty acids or
hydroperoxides. Chelation of metal ions by food components reduces the pro-oxidative
effects of these ions and raises the energy of activation of the initiation reactions

considerably (Gordon, 2001).  Ethylenediaminetetraacetic acid (EDTA), citric acid,

id, and malic acid, and

polyphosphates, phytates, oxalates, phosphoric acid, tartari
phospholipids are among the commonly used sequesterants in the food industry. EDTA
forms thermodynamically stable complexes with all transition metal ions, thereby making
the metal ions unavailable for chemical reactions.  Amino acids and pepides also serve

as metal chelators (Pokorny, 1987). The metal chelating characteristics of polyphenolic

‘compounds such as flavonoids are also important factors in their antioxidant activities.

Carotenoids such as lycopene, zeaxanthin, lutcin, and canthaxanthin quench singlet

1



oxygen by either physical or chemical routes (Yanishlieva-Maslarova, 2001). The
neutralization of singlet oxygen by carotenoids is predominantly through physical
quenching that involves the transfer of excited energy from singlet oxygen to the
carotenoids resulting in the formation of triplet ground state oxygen and triplet excited
carotenoid (Stahl & Sies, 1993). Excited carotenoid dissipates absorbed energy through
rotational and vibrational interactions converting back to ground state carotenoids (Stahl
& Sies, 1993). The protonated phenolic is not a good ligand for metal chelation, but once
deprotonated, it serves as a good chelator. In the presence of suitable cations, the proton

is displaced at physiological pH levels (Hilder et al., 2001).

2.2.4 Synthetic antioxidants
Most synthetic antioxidants are phenolic derivatives, sually substituted with more than
one hydroxy or methoxy groups (Pokory, 1996). Synthetic food antioxidants currently
approved for use in foods are butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), propy! gallate (PG), and tert-butylhydroguinone (TBHQ). The Food and Drug
Administration (FDA) in the USA governs the application of antioxidants in foods and
FDA regulations require that antioxidants and their carriers be declared in the ingredient
label of the product in the United States. Figure 2.1 shows the structures of the

frequently used synthetic antioxidants.

Approximately 40 countries reportedly permit the use of BHT.  Food grade BHA,
referred to as 2(3 Hert-butyl-4-hydroxyanisole, is generally a mixture of greater than 85%
of 3-tert-butyl-4-hydroxyanisole (3-BHA) and 15% or less 2-tert-butyl-4-hydroxyanisole

(2-BHA), while food-grade BHT which is 3,5-di-tert-butyl-4-hydroxytoluene is not less
7




than 9% (wiw) pure (Williams er al, 1999). BHA is metabolized to. tert-
butylhydroquinone (TBHQ) and tert-butylquinone (TBQ) in the liver. DNA damage has

been reported for TBQ, but not for BHA or TBHQ (Morimoto ef al., 1991),

It has been found that BHA at high doses of above 3000 ppm (0.3%) induces forestomach
‘squamous cell carcinoma in rodents, but not glandular cell or other types of neoplasms in

the glandular stomach. Humans do not have a foresiomach and therefore are less

ve to exposure to BHA damage than rodents (Williams ef al, 1999),
2.2.5 Natural antioxidants

Antioxidative compounds naturally available in foods are well appreciated for both
preserving foods and supplying essential antioxidants in vivo to combat oxidative stress

related conditions. Natural antioxidants include phytochemicals such as flavonoids,

isoflavones, phenolic acids, carotenoids, tocols and other low-molecular-weight

compounds. Natural antioxidants occurring in foods may be used as components of
composite food formulations or may be extracted and subsequently added into foods.
Extracts of green tea, sage, and rosemary can be added 10 a variety of foods, while

tocopherols found in plant oils can be used in bulk oil and other commodities 1o prevent

etables, spices, herbs, fruits, onions, teas, tomato, and oilseeds are rich in

natural antioxidants, among others (Pokony, 1996; Naczk & Shahidi, 2006).
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igure 2.1 Chemical structures of commonly used synthetic antioxidants
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