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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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2.3 Plant phenolics

Plant phenolics are secondary metabolites composed of an aromatic ring bearing one or

more hydroxyl substituents together with a number of other side groups (Shahidi &

Naczk, 2004). They are derived from a limited pool of biosynthetic precursors such as
pyruvate, acetate, a few amino acids, acetyl CoA and malony! CoA (Robards er al, 1999)
Tollowing the pentose phosphate, shikimate, and phenylpropanoid metabolism pathways
(Randhir ef al., 2004). Two main amino acids involved in the synthesis of phenolic
compounds in plants are phenylalanine and to a lesser extent tyrosine (Shahidi, 2000;
2002). Phenolic compounds most widely occurring in plants include simple phenolics,

phenolic acids, coumarins, flavonoids, stilbenes, tannins, lignans and lignins (Naczk &

Shahidi, 2006).

Phenolics are synthesized as first line defence chemical compounds against infections
(Beckman, 2000), wounding (Hahibrock & Scheel, 1981), nutritional stress (Graham,
1991), cold siress (Christie ef al., 1991) and visible light (Beggs ef al., 1987)
Furthermore, deficiency of iron, phosphorus and nitrogen and the application of
herbicides can also induce the production of secondary metabolites in plants (Weidner ef
al., 2000; Orsak ef al., 2001). They contribute to different attributes in foods such as
bittemess, astringency, colour, flavour, odour and stbility against lipid oxidation
(Shahidi & Naczk, 2004). The proposed mechanisms of antioxidant activity include frec
radical quenching, transition metal chelation, reducing activity, and stimulation of in vivo.

antioxidative enzyme actvities, among others,



Phenolic compounds have the ability to bind and precipitate macromolecules such as

rbohydrates and digestive en deleterious nutritional

proteins, es. thus impartin

effects (Lugasi, 2003). However, knowledge about their ability to act as antioxidants and

free radical scavengers has drawn the curiosity of researchers to find their association in

the prev

tion of degenerative discases such s cardiovaseular ilments, and certain types

of cancer (Duthie et al., 2000; Tapiero ef al., 2002),

Typically the phenolic profile of a plant food is species specific (Maillard & Bersct,
1995; MeKechen ef al,, 1999). The level of phenolic compounds present in a given
species of plant material depends on different factors such as cultivar (Harukaze e al.
1999, Yu er al, 2002 Abdel-Aal & Pierre, 2003; Chethan & Malleshi, 2007)

environmental conditions (Abdel-Aal & Pierre, 2003), cultural practices (Li & Zhang

2001), post harvest (Sicbenhandl er al., 2007), processing, and storage (Rao &

Muralikrishna, 2001; Yang e al,, 2001) conditions.

2.3.1 Phenolic acids

Two classes of phenolic acids, hydroxybenzoic acids and hydroxycinnomic acids are

found in plant materials (Shahidi & Naczk, 2004). Hydroxybenzoic acids include gallic

protocatechuic acids, amo

ers (Figure

p-hydroxybenzoic, vanillic, syringic

). The hydroxycinnamic acids include coumaric, cafeic, ferulic, and sinapic acids

(Figure 2.3) (Sh

hidi & Naczk, 2004). These latier compounds with a phenyl ring (€

and a Cy side chain are known as phenylpropanoids and serve as precursors for the

synthesis of other phenolic compounds.  Loss of a two carbon moiety from

phenylepropanoids leads to the formation of benzoic acid derivatives and decarboxylation



of benzoic acid derivatives is responsible for the formation of simple phenols (Shahidi &

Naczk, 2004).

2.3.2 Flavonoids

Flavonoids are synthesized via condensation of a phenylpropanoid with three molecules
of malonyl coenzyme A. This reaction is catalyzed by the enzyme chalcone synthase that
leads the formation of chalcones which are subsequently cyclized under acidic conditions
to form flavonoids (Shahidi & Naczk, 2004). There are different subelasses of
flavonoids, namely flavones, flavonols, flavonones, flavononols, isoflavones, flavans

(catechins and anthocyanidins) and flavonols. Flavones and flavonols are present as

aglycones in foods (Shahidi & Naczk, 2004). They have similar C ring structures with a
double bond at the 2-3 positions.  Flavones lack a hydroxyl group at the third position
(Shahidi & Naczk, 2004). Table 2.2 and Figure 2.4 present different classes of flavonols

and flavonoids, respectively, in each class of compounds commonly p

atin plants.

233 Lignans

Lignans are compounds that comprise two coupled phenylpropanoid units linked by the
central carbons of their side chains (Shahidi & Naczk, 2004). The common plant lignans
found in the human diet include secoisolariciresinol (SDG), matairesinol, lariiresinol,
pinoresinol and syringaresinol (Liu, 2007). SDG, and matairesinol are readily converted

1o mammalian lignans, enterodiol and enterolactone, respectively, by intestinal microflora

in the human gut and are known 1o exert strong antioxidant (Thompson et al,, 1991
Wang & Murphy, 1994; Thompson et al., 1996) and estrogenic (Glitso et al., 2000)

activities.

2



2.3.4 Lignins

Lignins are formed via polymerization of a mixture of the three monolignols, namely p-
coumaryl, sinapyl and coniferyl alcohols (Lewis & Yamamato, 1990). Additional
compounds are incorporated into lignins in small quantities.  They include
coniferaldehyde (Ralph er al., 2001), sinnamaldehyde (Pillonel et al., 1991,
dibydroconifery! alcohol (Ralph et al., 1997), 5-hydroxyconiferyl alcohol (Ralph e al.,
2001; Marita e al,, 2003), tyramine ferulate (Ralph ef al., 1998) and p-hydroxy-3-

methoxybenzaldehyde (Kim ef al., 2003), among others

235

Tannins are polyphenolic secondary metabolites of higher plants. However, they have

not yet been isolated from the animal kingdom. The polyphenolic structure of the

secondary metabolites from higher plants is a ne

ssary but not sufficient requirement for

membership in the tannin class. When the structural characteristics of the currently

known tannins are analysed, the relatively low oceurrence of C- and/or O- glycosidic

derivatives of gallic acid becomes evident, These are composed of a group of
compounds with a wide diversity in structure and have the ability to bind and precipitate

proteins (Shahidi & Naczk, 2004). Tannins are classified into thrg

groups, namely
condensed tannins, hydrolysable tannins and complex tannins (Khanbabace & Van Ree,

2001).
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Figure 2.4 Chemical structures of flavanols (catechins)



2 Different classes of flavonoids

Examples of compoun

Isoflavone

Anthocyani

Chalcone

di

Luteolin, apigenin,rutin

Hesperidin, naringenin, eriodictyol

Engeletin,genistin, taxifolin

Daidzein, genistein and glycitein

Catechin, gallocatechin, epicatechin, epigallocatechin,

epicatechin gallate, epigallocatechin gallate

Cyanidin, delphinidin, malvidin, pela

pewnidin

Butein, okanin



4 Botanical ch

acteristies of eashew
The cashew (Anacardium occidentale 1.) tree, belongs to the Anacardiaceae family of

0. the pistachio and the poison ivy. The tree is

tive 10 Brazil, but has spread to other parts of tropical South and Central America

Mexico and the West

dies. In the 16005, Portuguese traders introduced

into India and Affica to prevent soil erosion. It is now widely cultivated for its nuts and

other products in the coastal regions of South Africa, Madagascar and Tanzania and in

South Asia, from Sri Lanka to the Philippines (Andrighetti ef al, 1989)

The cashew tree is @ tropical evergreen, which grows up to 12 metres i

mmetrical spread of up to approximately 25 metres. It has leathery oval leaves.

Reddish flowers

usters and the pear-shaped fruits, referred to

cashew apples
that are red or yellowish in colour. At the end of cach fruit s a kidney-shaped ovary, the

nut, with a hard double shell (Figure 2.5). Between the

I and nut is a black caustic
oil, which is difficult 1o remove and can be used in varnishes and plastics. The cashew

tree grows with little care and is easily cultivated. It is usually found from sea level to an

alitude of 1000 metes, in regions with annual rainfall as low as 500 mm and as high as
3750 mm. The tree has an extensive root system, which helps it to tolerate a wide range
moisture levels and soil types, but commercial production is only advisable in well
drained, sandy Toam o red soils. The casher tree can flourish in the sand of oper

beaches, but it grows poorly in heavy clay or limestone. Most cashew trees start bea

fruit in the third or fourth year and are likely to ©

their mature yield by the seventh



10 11 kg per year. Although the cashew tree is capable of living for 50 to 60

1976).

years, most trees produce nuts for about 15 to 20 years (Geraldoa ¢

India is a one of the major cashew exporting countries in the world. Export of cashew

kernels from India during 2004-2005 was 126,667 MT valued at USS 603 million, and

these were mostly exported to the USA, the Netherlands and other European counies.

Export of cashew nut shell liquid and allied produets during 2004-2005 from India was

7474 MT valued at USS 35 million (Andrighetti e al, 1989; Cashew Bulletins, India,

2005). According to the estimate of the Directorate of Cashew Nut and Cocoa

during 2004

Development Board of India, the production of raw cashew nut in Indi

2005 was 544,000 MT compared to 535,000 MT during 2003-2004, and 506,000 MT

during 2002-2003. While the raw nut requirement of the cashew processing industry in

India is estimated to be over 1,200,000 MT per annum while the availability from

domestic sources is less than half of it. Consequently, import of raw cashew nut into

India is necessary, and during 2004-2005, it was 578,884 MT, compared with 452,398

MT during 2003-2004, mostly from the African continent (Andrighetti er al, 1989;

CTCS network, 1993; Azam-Ali & Judge, 2001),

2.4.1 Harvesting of cashew

The harvesting and processing of cashew is very labour intensive. After producing

clusters of flowers, cashews produce the edible apple and also a nut encase

shell, which is the true cashew fruit. The cashew tree flowers for two or three months

and fruits mature about two months after the bloom. The cashew nuts form first at the

end of the stem. Afierwards, the stem swells to form the "apple” with the nut attached




extemally. The cashew nut s 2.5 10 4.0 cm long and kidney shaped. Its shellis about 5

mm thick, with  soft leathery outer skin and a thin hard inner skin (Figure 2.5). Cashew

fruits a

nerally left to fall o the ground before being collected, as this is a

n indication

that the kenel is mature. If fruit are picked from the trees, the cashew apple will be ripe

but the kemel will still be immature (Andrigl

et al,, 1989). Workers clean the area

and detach the nut

m the fruit. For the nuts to be easily traced, the surface under the

tree has to be free from weeds. In some places, the whole

rea under the tree is swept
fiee of dry leaves. The nuts are generally collected in baskets or sacks. The quantity of

nuts, which can be harvested, depends upon the yield of the trees. Where many nuts fall

ther, much less time is required for walkin

in search of them. On the average, each

individual can harvest a maximum of 50 kg of cashew nuts per day (Obler, 1979),

2.4.2 Uses of eashew nuts and byproducts

The cashew tree has been cultivated for food and medicine for 400 years. Cashews have

served nutritional,

medicinal and wartime needs. More recently, they have been used in

the manufacture of adhesives, resins and natural insecticides. During World War II, the

cashenw tree became highly prized as a source of valua

le oil drawn from the shell. The

cashew kemel is a rich source of fat and protein and is a good source of calcium,

phosphorus and iron (Table 2.1). It has a hi of polyunsaturated fatty a

in particular linoleic acid. The apple is a source of vitamin C, calcium and iron (Nagaraja,

2000). The bark, leaves

nd shell are all used in medicinal applications. The leaves

and bark are commonly used to relieve toothache and sore gums and the boiled water

extract of the leaves or bark is used as a mouthwash (Wimalsiri e/ al. 1971).
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A paste of bark ground in water is used in topical applications for the cure of ringworm;

n this form it can however

a5 an iritant and should not be applied to sensitive skin or

es can be used o

1o children. The root has been used as a purgative. Fibres from the

strengthen fishing lines and nets and as folk remedies for calcium deficiency and

intestinal colic, as well as a vitamin supplement. The water-resistant wood is used for

boats and ferries, while the resin, in addition to having industrial uses, is used as an

expectorant, cough remedy and insect repellent (Andrighetti ef al, 1989; CTCS network

1993),

2.4.2.1 Cashew

shell liquid

The cashew nut shell contains a viscous and dark liquid, known as cashew nut shell liquid
(CNSL). It is contained in the thin honeycomb structure between the soft outer skin of
the nut and the harder inner shell. The CSNL content of the raw nut varies between 20

and 25 % (Jain & Kumar, 1997). There are more than 200 patents for its industrial

application, in particular, its use as raw material for phenolic resins and friction powder
for the automotive industry (brake linings and clutch disks). In drum-brake lining
compounds, cashew resins are used as fillers and may also be used as binders (Jain &

Kumar, 1997). In disc pa of cashew resin is restricted to the use of friction

s, the

dust as filler. The advantage of the cashew resins compared with synthetic phenolic

quicter braking action (CTCS, 1993). CNSL is also used in mouldings, acid-resistan

paints, foundry resins, varnishes, enamels and black lacquers for decorating vases and as




insecticides and fu

ides. In tropical medicine, CNSL has been used in treating

leprosy, elephantiasis, psoriasis, ringworm, warts and cons (Jain & Kumar, 1997)

The major phenolic constituents of CNSL are anacardic acids (Kubo el 1993a), cardol

Kubo ef al, 1994a), and cardanol (Wassermann & Dawson, 1948) (Figure 2.6)

An

rdic acid inhibits enzymes such as prostaglandin synthase (Grazzini ef al., 191),

(Shobha er al,, 1994). Itis also known

tyrosinase (Kubo ef al,, 1994a), and lipoxygen:

10 exhibit antitumour, antimicrobial, and antiacne properties (Kubo ef al., 1993a; 1993b;
Kubo ef al, 1994b). Cardanol finds many applications in the form of phenol

formaldehyde resins in vamishes, paints, and brake linings (Tyman, 1980). Even though

cardol was reported to be toxic (Wassermann &Dawson, 1948), recent studies usi

have demonstrated that ther body weight (Suresh &

is to

nce of up 10 5 g / k

Kaleysa, 1990). Cardol is also active a asite of cattle Setaria a

sainst the filarial pa

(Suresh & Kaleysa, 1990). In view of its biological and industrial applications it was

considered necessary to develop a simple and efficient method for the isolation of all the

sjor phenolic constituents of CNSL. Because of the thermolability of the carboxylic

o cardanol), CNSL constituents

oup of anacardic acid (tendency to be conver

cannot be separated by fractional distillation (Tyman er al.

1989). General Foods
Corporation (1946) was the first to report a method to isolate anacardic acid as alkaline

carth metal salt



Figure 2.6 Major phenolic constituents of CNSL



2422 Cashew

pple

The cashew apple is an ed

le food rich in vitamin C. It can be dried, canng

preserve or caten fre:

om the tree. 1t can also be squeezed for fresh juice, which can

then be fer

nted into cashew wine, which is a very popular drink in West Affica. |

parts of India, it is used to distil cashew liquor referred to as feni (Maini & Anand 1993).

In some parts of South America, local inhabitants re

d the apple, rather than the nut
kenel, as a delicacy. In Brazil, the apple is used to manufacture jams and soft alcoholic

drinks. The cashew

le is between three and five inches long and has a smooth, shiny

skin that tms from

reen 1o by

1 red, ora

or yellow in colour as it matures

(Ogunmoyela 1983). It has a pulpy, juicy structure, with a pleasant but stros

¢ astringent
flavour. The cashew apple is very rich in vitamin C (203 mg/100 ml of juice) and

contains five times more vitamin C than an or

nge (Akinwale, 2000; Silva et al., 2000),

A glass of cashew apple juice

meets an adults daily vitamin C (30 mg) requirement

(Silva et al,, 2000). The cashew apple is also rich in sugars and c

ns considerable
amounts of tannins and minerals, mainly calcium, iron and phosphorous (Akinwale.
2000). Furthermore, the fruit has medicinal properties like antimicrobial activity (Muroi

et al, 1993). It s used for curi

scurvy and diarrhoea and it is effective in preventing

cholera and also re

arded as a first class source of energy. Unil recently, the potential of

cashew apple had not

n investigated due to its b

ghly astrin

ent and acrid taste which

s believed to originate from the waxy layer of the skin and which causes tongue and

throat iritation afier cating (Pimentel,

992). Cashew fruit can be made suitable fo

the undesirable ta

he apples into value

added products, such as juices, syrups, canned fiuits, pickles, jams, hutneys, candy and




toffee. The recommended methods for removing the astringency of the cashew apple
include steaming the fruit for five minutes before washing it in cold water, boiling the

fruit in salt water for five minutes or addi

atin solution to the expressed juice

(Pimentel, 1992)

Cashew apples should be processed within two 1o three hours of picking, since they

time (Chempakam, 1983). It is also

undergo rapid deterioration when kept for a long

extremely difficult to use the whole fruit commercially as the apple ripens prior to the

nut. The quality of nuts detached from the green fruit

s unacceptable for

ercialization (Chempaka

n, 1983). The development of processing options for the

cashew apple has also been limited by its high degree of perishability and consequent

difficulties in transportation fron plants.

g areas to distant processi

2423 Cashew wine

Cashew wine is made in many countries throughout Asia and Latin America. It is a light

yellow alcoholic drink, with an alcohol content of 6 10 12 %. Processing Cashew apples

includes cuting into slices in order to ensure a rapid rate of juice extraction when they
are crushed in the juice press. The fruit juice s strilized in stainless sieel pans at a
temperature of 85°C in order to climinate any wild yeast (Rao, 1985). The juice is
filtered and treated with cither sodium or potassium metabisulphite, to destroy or inibit

owth of undesirable types of micro-organisms such as acetic acid bacteria, wild

yeast and moulds. Wine yeast (Saccharomyces cerevisiae) added and the juice is then

thoroughly stirred and allowed 1o ferment for about two weeks. The wine is scparated

from the sediment and clarified by mixing fining agents, such as gelatin, pectin o casein,




with the wine. Filtration is carried out with filt

aids such as fllers earth (Maldonado e1
al. 1975). The fillered wine is transferred to wooden vats. The wine is pasteurized at 50
0 60°C. The temperature should be controlled, so that it does not exceed 70°C, since

alcohol vapourizes at a temperature of 75 to 78°C. The wine is then stored in wooden

vats and subjected to ageing. At least six months should be allowed for agein

essary, the wine should be clarifi

ain before botlling. During ageing and

subsequent maturing in botiles, many reactions, including oxidation, oceur. The

formation of trace amount of esters and aldehydes, together with the

innin and acids

already present enhance the taste, aroma and preservative properties of the wine

(Wimalsiri ef al,, 1971; Maldonado et al., 197

The product s packaged in glass bottles

with corks and should be kept out of direct su

2.4.2.4 Cashew nut

The cashew nut kernel is made up of three different portions namely the shell, the kernel
and the adhering testa. The primary product of cashew nuts is the kernel, which is the
edible portion of the nut and is consumed in three ways: directly by consumers, as roasted

and salted n

ts, in confectionery and bakery products. For example, finely chopped
Kernels are used in the production of sweets, ice creams, cakes and chocolates, both at
home and industrially and as paste to spread on bread (Wimalsiri ef al, 1971). The

relative importance of these uses varies from year to year and country to country, but it is

estimated that at least 60% of cashew kernels are consumed as salted nuts.  Separately

packed cashew nuts ar

a good sellin

. mainly as an appetizer to cocktail drinks

Salted cashews are part of the snack food

narket. They compete mainly with other nuts,




although chips, salted popcorn and other savoury snacks can impinge on the nut market.
The price of cashew nuts is much higher than the price of peanus or other snacks so

those sales

ust be based on a strong taste preference by the consumer. Cashew nuts

ally considered a luxury product and an element of their appeal may lie in this status

(Wimalsiri er al, 1971).

5 Processing of cashew nuts

The processing of cashew is more complicated than that of other nus because it must be
roasted or cooked in steam or boiling water (o remove the kemel from the inside of the
shell. The kemels are removed manually, followed by drying and removal of the outer

red skin. Good-quality raw cashew kemels are low in moisture content (5-6% wet basis)

and are slightly off-white in colour (Woodroof, 1979; Azam-Ali & Judge, 2001).
Cashew kemels are typically dry or oil roasted like most other nuts and are consumed as

a snack or added to confectionary and bakery products. The texture, colour, flavour and

appearance of cashew kemels are altered sign

fcantly during roasti

The resulting

product i crisp and uniquely tasty compared to raw kemels, and is widely enjoyed by
; v iquely tasty comp

consumers. Dry roasting of cashew kemels in hot air is generally preferred because of

the lower oil content in the final product. Roasting is a time-temperature-dependent

process leading to physical and chemical cha

s (Saklar ef al, 2001). The degree of

roasting plays a major role in determining the sensory attributes such as aroma, colour,

texture and taste of the product. Thus, the selection of appropriate roasti itions for

optimum product qualty is essential in the roasting operation (Saklar er al. 2001). The

kinetics of colour change have been extensively studied as a means of controlling the



roasting process (Davidson ef al, 1999; Ozdemir & Devres, 2000; Demir ef al., 2002).

Several studies have reported textural cha of hazelnuts (Saklar e

s upon the roasting

al., 1999; Demir & Cronin, 2004), coffee be

(Pittia er al, 2001), pecans (Ocon ef al.

1995) and peanuts (Hung & Chinnan, 1989).

1 Roasting of cashew kernels

The shelled kemnel is covered with the testa, and the removal of which is facilitated by

drying the shelled kermel, to produce the blanched kemel. Roasting causes shrinkage of

the kemel, thereby allowin

the testa to be easily removed either mechanically or by hand

with a knife. Roasting also protects the kemel from pest and fungal attack at this
vulnerable stage. All processors dry the shelled kemels prior to peeling. The moisture

content of the kemel is reduced from approximately six percent to three percent by

roasting (Woodroof, 1979).

2.5.2 Effect of roasting pro

During the roasting process of foods, important chemical reactions including sugar

caramelization and Maillard reaction take place, which cause significant changes in

product quality (Yousif & Alghzawi, 2000). The Maillard

reaction (MR) which is a part

of non-enzymatic browning reaction system predominates when components such as

rs and amines (amino acids, peptides or proteins) react with each other

during thermal treatments in food processing or the storage of foods. Thus, thermally

processed foods generally contain various levels of Maillard reaction products (MRP),

which are ideal time-temperature indicators for determining the extent of a thermal

process (Fricdman, 1996; Giribert & Ribas, 2000),




The Maillard reaction (MR) is a general

term used to deseribe a complex series of

reactions between reactive carbonyl groups, such as those of reducin

s, and free

amino groups of proteins (Maillard, 1912). Itis a n

enzymatic browning reaction and

of the

may produce coloured or colourless reaction products depending on the st

reaction as well as other factors such as pH, type of reactants, temperature, and water
activity, among others. Condensation reactions between amino acids and lipid oxidation

products may also form MRP, and the role of lipids in the MR is similar to the ro

¢ of

reduci s (Hidal

o & Zamora, 2000). Group of compounds in the

al products of

the reaction includes high-molecular-weight melanoidins, which are furan ring and

nitrogen containing brown compounds.  Little is known about their physical, chemical

and physiological properties because of

cir complex structures. This complexity in
MRP structures limits the determination of antioxidant activity for cach compound in the
whale group of MRPs (Hidalgo & Zamora, 2000).

Lysine is the most important carrier of a fr

oup i proteins, and therefore is the
most significant amino acid participant in the MR.  Beside lysine, arginine, tryptophan,
and histidine are also carriers of free amino groups. Cladinin and Robllce (1952) noticed

that a peptide chain cont

ng modified lysine was not susceptible to the effects of

trypsin and therefore was not utilisable in animal diet. Studying the effect of the MRP on

protein digestion, Oste et al. (1986) determined that low-molecular-weight compounds

developed in the reaction of gl d lysine

inhibited N-amino peptidase. This
inhibition resulted in reduced protein absorption in the digestive tract. Despite more than

90 years of rescarch work in this area, the molecular mechanisms of MR are still not well




MRP have recently been identified

understood, although an increasing number of th

in exceptionally

(Gerrard ef al, 1999). Low-molecular-weight products of the MR
important role in the formation of flavour, aroma, colour and texture in thermally treated

Melanoid products are also

foods. The MR partially proceeds even during stor

formed in the reaction of amino acids or proteins with oxidised lipids. Thes

of structures similar to those developed in the reaction with reducing st

in and carbohydrate

L, 1999). MRP may inhibit processes such as growth, prot

stion, amino acid absorption and activity of intestinal enzymes, including amino

reatic enzymes such as chymotrypsin

peptidases, proteases, and saccharidascs, and
(Finot, 1990), and inducecellular changes in the kidneys, liver, and stomach cecum. In
addition they exert adverse effects on mincral metabolism (Ca, Mg, Cu, and Zn) and
render variable effects on allergic responses and cholesterol metabolism. However, the

also antioxidative effects, as well s,

MRPs also showed not only adverse effeets bu

nic effects (Yen & Hsiesh, 1994; Friedman,

antimutagenic, antibiotic and antiallerg

996; Einarsson ef al, 1998). Various MRP, obtained under strietly controlled

od aromas and antioxidants

conditions, are used as commereial food additives; such a




Chapter 3

Effect of roasting on phenolic content and thy

Kernels and testa

3.1 Abstract

ries of

The effect

oasting on the content of phenolic compounds and antioxidant prop

cashew nuts and testa was studied. Whole cashew nuts, subjected to low temperature

(LT) and high temperature (HT) treatments were used to determine the antioxidant

activity of products. Antioxidant activities of cashew nut, kemel and testa phenolic

hest activity, as

extracts ine as the roasting temperature increased.  The hi

determined by the 1,1-dipheny-2-picrylhydrazyl (DPPH) radical scavenging capacity.

gen radical absorbance capacity (ORAC), hydroxyl radical scavenging capacity
trolox equivalent antioxidant activity (TEAC), and reducing power was achieved when
nuts were roasted at 130 °C for 33 min. Furthermore, roasting increased the total

phenolic content while decreased that of the proanthocyanidines. Phenolic acids, namely

syringic, gallic and p-coumaric acids were identified, amon

llocatechin

and epig

the predominant one. Flavonoids, namely catechin, epicatech

r contents increased with increasing temperature. The results

were also identified and

that HT short time (HTST) roasting effectively enhanced

of the present study s

antioxidant activity of cashew nuts and testa

Key words: DPPH, ORAC, TEAC, proanthocyanidines, phenolic acids, flavonoids



3.2 Introduction

consumption of fruits, v ins and nuts are considered beneficial to

alth and are reported to reduce the incidences of ischemic heart discase and several

types of cancer such as those of lungs, stomach, oesophagus, pancreas and colon (Block

et al,, 1992; Heimendinger et al., 1996; Reddy et al. 2003; Jenab ef al, 2004). Studies
have shown that phenolics are the major phytochemicals with health benefits in humans,

Foods of plant ori

such as fruits and vegetables, tree nuts and whole

have been suggested as a natural source of antioxidants (Cao ef al, 1996; Sun e

2002; Silva et al,, 2004, 2008; Giada er al,, 2006; Parry ef al,, 2006; Yang ef al,, 2009).

Tree nuts have been considered to be a significant component of the Mediterrancan diet.

In 2003, the U.S. Food and Dru

Administration recommended a qualified health claim

stati

hat consumption of 150z (42g) per day of most tree nuts may reduce the risk of
heart disease. Since free radicals play a key role in the pathology of diseases, such as

ntioxidants via the food

cancer, atherosclerosis or inflammatory discases, the supply a

h importance for a healthy life (Scalbert & Williamson, 2000, Alasavar &
Shahidi, 2009). In particular, nuts contain protein, unsaturated fatty acids, dietary fibre
sterols, as well as other phytochemicals and micronutrients that may exert health benefits

(Hu et al, 1999; Kris-Etherton ef al, 2001),

Synthetic antioxidant, like BHA (butylated hydroxyanisole)

BHT  (butylated

hydroxytoluene), are largely used by the food industry and are included in the hum

diet. However, in recent years the use of natural antioxidants has been promoted because

of concems regarding the safety of synthetic antioxidants (Kaur & Kapoor, 2001).



polyphenols, carotenoids and vitamins C and E, are

Dietary components, includin

s useful in the prevention of oxidative stress and related

considered effective antioxi

diseases (Kaur & Kapoor, 2001; Moure e ., 2001),

contribute to different atiributes in foods such as bittemess

Phenolic compound

nst lipid oxidation. The proposed

cy. colour, flavour, odour and stability

astri

transition. metal

mechanisms of antioxidant activity include free radical quenchi

chelating, reducing peroxide, and stimulation of in vivo antioxidative enzyme activities

(Shahidi & Naczk, 2004).

Cashew (Anacardium occidentale L) is one of the most important tree nuts and ranks
third in the international trade afler hazelnuts and almonds (Mandal, 2000). The
processing of cashew nut is more complicated than other nuts. Cashew nut must be
roasted or cooked in boiling water (or steam) to remove the kemel. The kemels are

iz and peeling of the testa which is a thin reddish

removed manually, followed by dryin

brown membrane difficult to remove. Good-quality raw cashew kemels are low in
moisture content (5-6%) and are slightly off-white in colour (Woodroof, 1979; Azam-Ali

& Judge, 2001).

Generally, cashew kemels are consumed as roasted nuts. Roasting is reported as one of

uts (Durmaz ef

e the constituents of edible

the processing conditions that would chan

a snack or added to confectionary and

al., 2010). Cashew kernels are consumed

bakery products like most other nuts. The texture, colour, flavour and appearance of

The resulting produ

ly during s erisp

cashew kemels are altered signifi

affects the sensory

and uniquely tasty compared to raw kemels. The degree of roastin




product. Thus, selection

quality attributes such as aroma, colour, texture and taste of th

ropriate roasting conditions for optimum product quality is essential in the roasting

operation (Saklar ef al, 2001).

The biological activities of cashew nut shell liquid (CNSL) constituents have attracted

much interest in the areas of anti-tumour activity (ltokawa ef al., 1987 & 89; Kubo ef a

1993a &1993b), antimicrobial activity (Himejima & Kubo, 1991; Kubo ef al., 1993a

&1993b; Muroi & Kubo, 1993 ), inhibition of tyrosinase (Kubo er al, 1994), and

xanthine oxidase (Masuoka & Kubo, 2004), uncoupling effects of oxidative
phosphorylation on liver mitochondria (Toyomizu ef al, 2000), and antioxidant activity
(Amorati er al, 2001). Cashew apple and their juices are also reported to possess

antioxidant potential and antimutagenic activity (Cavalcanate e al, 2003). Very few

ashew

studies have evaluated the antioxidant activity of phenolics from the edible

kemnels (Kornsteiner ef al., 2006; Yang ef al., 2009).

A close serutiny of the literature shows lack of information on phenolic content and

antioxidant activity of cashew nuts and testa (skin) subjected to different thermal

onditions. The objective of present study was to determine the effects of low

ture ther on the content of phenolic compounds and

d test

antioxidant properties of cashew nut
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33.1 Materials

Raw shelled cashew with testa was obtained from the Green Field Bio Plantation (Pvt) Ld

49 %, Braybrook Street, Colombo2, Sti Lanka. Folin Ciocalteu’s reagent, gallic acid
vanillin,  catechin,  1,1-dipheny-2-picrylhydrazyl  (DPPH), azobis
methylpropionamidine)  dihydrochloride  (AAPH),  fluorescein, tn

ethylenediaminetetraacetic acid

odium salt (NasEDTA), mono- and dibasic potassium

phosphates, sodium chloride, 5.5-dimethyl-I-pyrroline-N-oxide (DMPO), hydr

peroxide, ascorbic acid, p

otassium ferricyanide, trichloroacetic acid, ferric chloride

ferrous chloride, epi

allocatechin, epicatechin, syrir

gic acid, and p-coumaric acid were

purchased from Sigma-Aldrich Canada Lid. (Oakville, ON). Hexane, methanol, ethanol,

sodium hydroxide, hydrochloric acid, diethyl cther, ethyl acetate, sodium carbonate

formic acid, and acetonitrile were purchased from Fisher Scientific Ltd (Ottawa, ON),

Two different processing temperatures were used in this study. For low temperature

processing (LT) raw whole cashew nuts (kernel with testa) were roasted in a forced hot

air convection oven at 70° C for 6 hours. In this, cashew kernels weighing approximately

adin a s

on a stainless steel wire mesh tray p n the centre

of the oven durin After roasting, the hot cashew kern

hot-air roast Is were cooled in

a dessicator at room ten and kept in sealed plastic bags at 4°C, until further

analysis. Under industrial cashew processing operations, both small and large scale

cashew producers use these conditions to obtain good quality products (Hebbar ef a




2005).  For high temperature processing (HT), raw whole cashew nuts were roasted in a

forced air conveetion oven at 130°C for 33 min. This temperature and time combination

was the optimum roasting conditions for cashew kemels based on hedonic sensory

evaluations according to Wanlapa and Jindal (2006). Raw whole cashew nuts were used

as the control to compare the effect of two different roasting conditions.

The raw whole and roasted whole nuts were pecled manually to remove the testa. Raw

and roasted whole cashew nuts, kernels and recovered testa were

ound separately using
a coffee bean grinder (Model CBGS series, Black & Decker®, Canada Inc. Brockville,
ON) to obtain a fine powder which passed thror

oh mesh 16 (sieve opening 1mm, Tylor

test sieve®, Mentor, OH). Each sample was defatted by blending with hexane (1:5, wiv, 5

min, 3 x) in a Waring blender (Model 33BL73, Waring Products Division Dynas

ics Co.
of America, New Hartford, CT) at ambient temperature (20°C). Defatied samples were

air dried for 12 h at room temperature before vacuus n polythene pouches and

packing

stored at -20°C until used for extraction of phenolics.

33.2.1 Extraction of soluble phenolic compounds

Preliminary studies showed that heating of ground samples under reflux conditions with

80% (viv)

anol afforded b

total phenolic content and antioxidant activity

Therefore, refluxing conditions were used to extract soluble phenolic compounds

(Shahidi er al,, 2007). Defatted meal (6 g) was mixed with 100 mL of 80% (v/¥) ethanol
and then placed in a thermostated water bath at 60°C for 40 min. After centrifugation of

the resulting slurry for § min at 4000 x

(IEC Centra MP4, International Equipment

Co®.. Needham He

ts. MA), the supernatant was collected and extraction was repeated




two more times. Combined supernatants were evaporated in vaceuo at 40°C (Buchi,

Flawil, Switzerland) and lyophilized for 72 h at -46°C and 34 x 10° mbar (Freezone

Model

0, Labeonco Co., Kansas City, MO). Resid

es of samples were air dried for

12 h and stored at -20°C uniil ust

» extract bound phenolic compounds within a week

332

of bound phenolic compounds

The sample residue obtained after the extraction of soluble phenolics, as explained above,
was mixed with 50 mL of 4 M NaOH and hydrolyzed at room temperature for 4 h with

stirr

under a stream of nitrogen. The resulting slurry was acidified to pH 2 with 6 M

HCl and extracted 5 times with hexane to remove fatty acids released.  Insoluble bound

imes with dicthyl ether / ethyl acetate (1:1, v/v)

phenolic compounds were extracted five

and subsequently desolventized to dryness at room temperature u

a rotary evaporator

Phenolic compounds were reconstituted in 6 mL of HPLC grade methanol and stored at -

20°C until used for further analysis within two weeks.

333 Methods

33.3.1 Determination of total phenolic content (TPC)

The contents of total phenolics of the extracts were determined by Folin Ciocalieu’s

eagent assay according 1o a modificd version of the procedure described by Singleton

and Rossi (1965). The crude extracts of soluble phenolic compounds were dissolved in

methanol to obtain a concentration of 0.2mg/mL. Folin Ciocalteu’s reagent (0.5 mL) was
added to centrifuge tubes containing 0.5 mL of extracts. The contents were mixed

thoroughly and 1 mL of a saturated solution of sodium carbonate was added to cach tube

"



to neutralize the reaction mixture. The volume was adjusted to 10 mL with adding

distilled water, and the contents were thoroughly mixed by vortexing. Tubes were

allowed 10 stand at ambient temperature in the dark for 35 min followed by centif

for 10 min at 4000 x g. Absorbance of the result

blue colour supematant was read at

725 nm (Model HP 8452A diode array spectrophotometer,

lent Technologies, Palo

Alto, CA) using appropriate blanks.

content of total phenolics in each extract was

determined using a st

dard curve prepared for gallic acid and ex

acid equiv

s (GAE)/g defatted meal,

Proanthocyanidins content of crude phenolic extracts of cashew was determined
colorimetrically as described by Price et al. (1978). To 1 mL methanolic solution of the
extract, 5 mL of 0.5% vanillin-HCI reagent were added followed by incubation for 20
min at room temperature. A separate blank for cach sample was read with 4%

concentrated HCI in meth:

The absorbance was read at 500 nm and the content of

was expressed as jmol catechin equivalents (CE)/g defatied meal

3333 Determi

n of 1, 1-diphy

yihydrazyl (DPPH) radical s

ce (EPR) spectrometry

The DPPH radical scavenging assay deseribed by Shahidi er al. (2007) was adapted with

difications. Two millilitres of DPPH in methanol (0.18 mM solution) were
added 10 500 L of extracts dissolved in methanol. The contents were mixed well and

after 10 min, the mixture was passed throu

the capillary tubing which guides the

sample through the sample cavity of Bruker E-scan EPR spectrometer (Bruker E-scan’

e ——m——_



Bruker Biospin Co. Billercia, MA). The spectrum was recorded using the appropriate
softwares (E-Scan analyzer, Bruker Biospin Co. Billercia, MA). The parameters were set

as follows; 5.02 x 10° receiver

n, 1.86 G modulation amplitude, 2.621 s sweep time, §

G centre field, 5.12 ms time cons

L 9.795

scans, 100.000G sweep width, 3495

GHz n

icrowave frequency, 86.00 kHz modulation frequency, and 1.86 G modulation

mplitude. DPPH radical scaveng

capacities of the extracts were calculated by using

the following equation: DPPH radical scavenging capacity, (%) = 100 — {EPR si

intensity for the medium containing the additive / EPR signal intensity for the contro

al absorban

city (ORAC)

The ORAC was determined der (BMG Labiech,

¢ a Fluostar Optima plate

Durham, NC) equipped with an incubator and two injector pumps with fluoreesein as the

probe and 2,2'-azobis(2-methylpropionamidine) dihydrochloride (AAPH) as the radical

nerator. The rea

o was carried out in 75 mM phosphate buffer (pH 7.0) using a final

action mixture of 200 kL in a 96-well Costar 2650 black plate. Fluorescein (120

64 M, final concentration) was injected into the wells containing the extr

injector pump. The mixture was incubated for 20 min at 37°C in the built-in incubator
and subsequently APPH solution (60 L; 29 mM final concentration), equilibrated at

was rapidly injected into the wells. The plate was shaken for 4 s a

1 to obtain maximum sensitivity, a

addition. To optimize the signal amplification in

200 pL of

gain adjustment was performed at the beginning by manually pipett

fluorescein into a d

ated well. Fluorescence was determined and recorded every




minute for 60 min and the antioxidant activity of the extracts was calculated as trolox

equivalents using a standard curve prepared with 1-10 M (Prior ef .

33.3.5 Determination of hydroxyl radi

Hydroxyl radicals were generated via the Fe*'-catalyzed Fenton reaction and spin-trapped

with 5,5-di methyl

thyl-1-pyrroline-N-oxide (DMPO). The resultant 2-hydroxy-5,5-d

1-pyrrolidinyloxy (DMPO-OH) adduct was detected using a Bruker E-scan EPR. Cashew

acts were dissolved in deionized water and diluted to obtain various concentrations

(1.3 - 13.2 m/mL, final concentrations). Extracts (100 L) were mixed with 100 L of

10 mM H;0, 200 L of 17.6 mM DMPO and 100 uL. of 1 mM. After | min the mixtures
were introduced into the EPR spectrometer and the spectrum was recorded. Hydroxyl

radical scavenging capacities of the extracts were caleulated by using the following

wical scavenging capacity, (

equation; Hydroxyl 100 — {EPR signal intensity for

the medium containing the additive / EPR signal intensity for the control medium} * 100,

33.3.6 Dete alent

ntioxidant activity (TEAC)

ation of trolox equ

The TEAC assay was performed using a modified version of the method described by

Van den Berg e al. (1999). The TEAC assay is based on the scavenging
azinobis-(3-cthylbenzothiazoline -6-sulphonate) radical (ABTS"). A solution of ABTS

dium chloride)

was prepared in 100 mM phosphate buffered saline (pH 7.4, 0.15 M

(PBS) by mixing 2.5 mM az0bis-(

methylpropionamidine) - dihydrochloride

(AAPH) with 2.0 mM ABTS solution. The solution was heated for 16 min at 60°C, by

covering in a tin foil to protect from light, and used within 2 h as the absorbance of the




radical itself depletes with time. Extracts were dissolved in PBS at a concentration of 1

mL. and diluted accordingly to have them fit in the range of values in the trolox

standard curve, For measuring antioxidant capacity, 40 L of the sample were mixed

with 1.96 mL of the ABTS" solution. Absorbance of the above mixture was read at

34 nm after 6 min of addition of

nm at 0 and 6 min. The decrease in absorption at
cashew extract was used for calculating the TEAC values. A standard curve was
preparcd by measuring the reducton in the absorbance of the ABTS solution at differcnt
concentrations of trolox. Appropriate blank measurements (decrease in absorption at 734

nm due 1o solvent without any compound added) were carried out and the values

m of defatted

recorded. TEAC values were expressed as umol trolox equivalents per gra

material,

3337 Determi

tion of reducing pow

The reducing power of cashew extracts was determined using the method explained by

Chandrasekara and Shahidi (2010). The assay medium contained 2.5 mL of extract (2

mg/mL) in 0.2 M phospl

buffer solution (PBS) (pH 6.6) and 2.5 mL of 1% potassium

ferricyanide. After incubating for 20 min at 50°C, 2.5 mL of 10% trichloroacetic acid

(TCA) were added followed by centrifugation at 1750 x g for 10 min. The supernatant

2.5 mL of deionized water and 0.5 mL of

0 a tube contain

(2.5 mL) was transferred i

0.1% FeCly. The 700 nm and

results were expressed

sorbance was measure

ascorbic acid equivalents using appropriate standard curves.




An h-performance  liquid

lysis of phenolic compounds by hi

romatography (HPLC)
The reversed phase HPLC (RP-HPLC) analysis were carried out using an Agilent 1100

HPLC system (Agilent Technologies, Palo Alto, CA) equipped with a GI311A

pump, a GI379A degasser and a G1329A ALS automatic sampler, a G1330B.

quater

ALS Therm, a G1316A Colcom column compartment, a G1315B diode array detector

(DAD) and a system controller linked to Chem Station Data handling system (Agilent

Technologies, Palo Alto, CA). For analytical work, dilute solutions of freeze-dried crude

extracts (10 mg/mL) were passed through 0.45 um polytetrafluoroethylene (PTFE)

membrane syringe filter (Whatman Inc., Florham Park, NJ), and 10 L aliquots were

injected onto a SUPERLCOSIL ~ LC-I8 column (46 * 250 mm, 5 pm; Merck.

adient profile using two solvents was applid at room

Darmstad, Germany). A

temperature (25°C), with solvent A (0.05% aqueous formic acid) and solvent B (methanol

w acetonitrile - 5:95, v/v) and a flow rate of 0.6 mL/min. Compounds of interest were

¢ of 254 - 520 nm)

s of characteristic UV-vis spectra (spectral ran

detected on the
and retention times. To confirm the identity of phenolic compounds HPLC- mass
spectrometry (MS) analysis was performed under the HPLC analytical conditions

iphy/m:

100 series capillary liquid chron

bove  usin

explained

jetector (LC/MSD) ion trap system in electrospray ionization (ESI) negative ion

selecti

and data evaluation were achieved with Agilent

mode. Complete system contre

ies, Palo Alto, CA). An external standard

LC/MSD Trap softy lent Technol




method with authentic compounds was used for the quantification of identificd

compounds.
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Results were expressed as mean + st

ard deviation (SD) of at least three independent

experiments. Differences were estimated by the analysis of variance (ANOVA) followe

by Tukey's “*Honest Significant Difference” test.  Differences were considere

at p < 0.05. Correlation analysis was performed between phenolic contents

and antioxidant activity of soluble and bound extracts using Pearson correlation. Al

statistical analyses were performed using

the free statistical software SPSS 13.0 version

(SPSS Inc., Chicago, IL).

3.4 Results and discussion

The yields of extracts of raw, low temperature (LT), and high temperature (HT) rosied

whole cashew nut, cashew nut kemel, and cashew nut festa are shown in Table 3.1. The

est yield ¢

 soluble and insoluble bound phenolic extracts of 44.2 1.4 and 9.63

£/100 g of defatted meal was afforded by the HT processed cashew festa

respectively, whereas the lowest values of

nd 0.18 % 0.001 g/100 g of defatied

meal were observed, respectively, for raw cashew kemels. Higher yields were obained

for both soluble and bound extracts of the cashew nut testa. These resuls are in

agreement with those of hazelnut ke

and byproducts (Sha

hidi ef al,, 2007). To the

best of our knowledge this is the first study that determines the soluble and insoluble
bound phenolic contents and corresponding antioxidant activities of thermally processed

cashew nut and their testa as a byproduct.




3.4.1 The total phenolic contents (TPC)

The contents of total phenolic compounds of soluble and insoluble bound cashew extracts

obtained with different processing conditions are shown in Table 3.1 The data were

expressed as mg of gallic acid equivalents (GAE) per g of defutted meal. The phenolic

contents of soluble and insoluble bound extracts of raw, LT and HT treated cashew nuts

om 1.14 + 0.43 1o 34

and testa ra 99 + 6,88 and 0.03 £ 0.01 to 4.53 + 0.

respectively

The results of this study showed that contribution of bound phenolie fraction to the tota
phenolic content of the cashew nuts and testa. was not prominent and the values ranged
from 0.5 10 2% and 0.6 10 1.7 % for raw and HT weated samples, respectively. In
contrast 1o the resuls obtained in this swdy, Yang er al. (2009) reported o high

contribution (72%) of insoluble bound form to the total phenolic content of cashew nut

Raw cashew kemel showed the least TPC whereas HT treated testa showed the highest
In general, raw as well as LT and HT treated cashew testa showed higher TPC than that
of kernel (Table 3.1). Itis reported that the outer layers such as peels, shells, and hulls or

skin of plant materials contain higher phenolic content, thus acting as defence substance

against pathogens, parasites, and predators, as well as contributing to the colour of plants

(Hartley et al, 1990).
In this study, soluble phenolic extracts of HT treated cashew nuts and testa showed a

significant (p < 0.05) increase, which ranged from 29 to 372% in TPC than these of their

raw counterparts.  Furthermore, HT treated bound phenolic extracts also showed



significantly (p < 0.05) higher phenolic contets than thse of ther raw counterpats that

ranged from 1 The TPC of soluble phenolic extracts of LT treated cashew

nuts and testa ra of defatted meal

The soluble phenolic extracts of LT treated kernel and testa showed significantly (p

0.05)h

er TPC that ranged from 14 to 344 % compared to their raw counterparts. In

nuts and testa showed

addition, bound phenolic extracts of LT

er TPC compared to raw counterparts and the increment

ficantly (p < 0.05) b

ranged from 153 to

increased the

According 10 the results obiained in the present study, thermal processing

TPC of cashew nuts and their testa. These results are in agreement with similar studies

conducted using other types of nuts such as peanuts and hazelnuts (Yu er al, 2005;

Locatelli ef al, 2010). Yu er al. (2005) showed that roasting (175° C for 5 min)

inereased the TPC of peanut skin by 40% compared to the raw peanut skin. According to

Loca roasting conditions (180 min.) brou

el et al. (2010) b it about higher

TPC of the soluble phenolic extract, than that of medium roasting (180°C 10 min.) of

hazelnut skin. ~ Talcott ef al. (2005) found that the TPC of peanuts (testa removed)

increased or decreased depending on the cultivar upon roasting at 175°C for 10 min.

In the present study, roasting at low and high temperatures resulted in higher TPC
compared to raw cashew nuts and testa. This could be atiributed to the liberation of
cashew phenol oasting, which could be mre soluble in ethanol. Jeong et a!

2004) showed that the content of phenolic compounds of defatted




submited to different roasting

emperatures increased, probably due to the release of
bound phenolic compounds.

On the other hand, during heat treatment, a reaction between reducing su

acids, known as the Maillard reaction, can take place, thus leading to the formation of a

variety of byproducts, intermediates and brown pigments (melanoidins) which may

contribute to the TPC, flavour, antioxidative activity and colour of food. The reaction is

favoured by low water activity during roasting of nuts, pulses and sceds. The

s (MRPs) as well as the resultant melanoidins have

intermediate Maillard reaction produ

activities, which are related to the presence of reductone-type structures

high antioxid
(Hayase et al, 1989), Thus, in addition to phenolics, other compounds such as MRPs
present in the extracts of roasted samples could interfere with the determination of TPC
by Folin Ciocalteu’s assay, giving higher values compared to the raw samples in the
Due to the fact that cashew nuts and thei skins

present study (Sahin e al. 2009).

2000;Venkatachalam & Sathe, 2006), formation of

contain protein and sugars (Nagara

Millard broy products in the cashew skin and kemel during roasting could be

possible. It appears that roasting conditions as well as type of nuts affect the TPC of the

extracts of the skins. Monagas ef al. (2009) reported that the TPC of roasted (145° C 30

of GAE / g of

d 134 mg

min) peanut, hazelnut, and almond skins were 371

sample, respectively.  In the present study HT treated cashew skin showed 348 mg of

GAE / g of defatted meal which is in the range of the values reported by Monog



3.4.2 Proanthocyanidins content (PC)

are flavan

The proanthocyanidins, also known ol oligomers

n a wide variety of foods including berrics, red wines, and nuts

(Hammerstone ef al, 2000). Venkatachalam and Sathe (2006) reported that cashew

contained 40 mg of tannin per 100 of edible n

Proanthocyanidin contents of different cashew extracts obtained from raw and samples

le 3.1 The PC of soluble and

roasted under different conditions are shown in

insoluble bound phenolic extracts ranged from 0.11 £ 0.001 to 23.89  0.51 and 0.0016

0.0001 10 03077 £ 0.0003 m of defatted meal,

catechin equivalents (CE) per

cased the content of PC of

respectively. In p <0.05) decn

soluble and bound phenolic extracts of cashew nuts as well as their testa and this

reduction ranged from 6 to 42 and 7 1o 34% for soluble and bound extracts, respectively

The results of the present work showed that heat processing decreased the assayable

tannin content and this may partly be due to the degradation / polymerization of
Tan et al. (1984) reported that dry heat treatment of winged beans reduced the tannin

levels by 56-75%. In accordance with the results of the present study, Sze-Tao et al

(2001) also showed that tannin content of walnuts which were thermally processed (24

C for 5 min) decreased by 14% compared o that of their unroasted ~counterparts

Furthermore, Gentile e al. (2007) showed that roasti

of pistachios decreased their

proanthocyanidin content by 12 % compared to the raw nuts.



343 DPPH

dical seavenging capacity

ntly used to evaluate antiradical

DPPH s a synthetic organic radical frequ proper

ral radicals

nd food extracts. It is more stable than common

bioactive compou

and unaffected by certain side reactions, such as metal ion chelation and enzyme

inhibition. The assay is based on the measurement of the reducing ability o

toward DPPH, which can be monitored by measuring the decrease in the absorption

intensity of the EPR signal or absorption at 517 nm

DPPH radical scavenging activity of raw and roasted cashew nuts and testa extracts are

presented in Table 3.2. DPPH radical scavenging activity of soluble and insoluble bound

extracts of raw casherw nuts and testa ranged from 3.17 % 0.15 10 179.3 % 1.14 and 0.13
0.01 10 81.16 £ 5.38 mg of GAE per g of defatted meal, respectively. The DPPH radical
scavenging activity of soluble phenolic extracts of kemel and testa significantly (p

0.0) increased with the roasting temperature whereas bound phenolic extracts g

showed a decrease. The soluble phenolic extracts of HT treated testa showed a higher

DPPH radical scavenging activity than that of LT treated testa. However, according to

Locatelli ef al. (2010) there was no significant (p < 0.05) difference between the soluble
phenolic extracts of medium and high temperature treated hazelnut skin. This could be
due 1o the varietal differences of nuts, the content of phenolics therein and processiny

s employed.

The DPPH ¢

adical scavenging activity of soluble phenolic extracts of cashew nuts and

byproducts highly correlated with TPC (7 = 0.943; p<0.0001) and PC (F* = 0.966;

p<0.0001). Furthermore, DPPH radical scavenging activity of bound phenolic extracts




positively and significantly correla

ed with their corresponding TPC

@ = 099
p<0.0001) and PC (¥ = 0.997; p<0.0001). This study clearly demonstrated that roasti

of cashew has a significant effect on th

DPPH radical scavenging

ctivity of the extracts

of nuts and their

is could be atributed to their phenolic contents as w

MRPs present.

3.4.4 Oxygen rad

The present study showed that oxygen radical absorbance capa

ty of soluble and

insoluble bound phenolic fractions of cashew extracts were diff

ent and depended on

whether raw or

oasted nuts were considered (Table 3.2). The ORAC of soluble phenolic

extracts of HT treated cashew kemnels and testa showed si

ificantly (p < 0.0) higher

values compared to their raw counterparts. The ORAC values obtained in the present

study showed the same trend as TPC and PC. There was a strong positive relationship
between TPC and ORAC ( = 0.977; p<0.0001) as well as PC and ORAC (7 = 0.972

p<0.0001) in soluble phenolic extracts of cashew nuts and testa. According to Monogas
et al. (2009) ORAC values of roasted peanuts, hazelnuts and almonds skins were 13.3,

4.5 and 4.03 mmol

of TE

of sample. However, in the present study ORAC of HT

treated cashew testa showed a b

alue (74 mmoles of TE/g of defatied meal) than

hose reported in other studies for roasted nut skins. Davis ef al. (2010) reported a 14%

gher ORAC

value for whole roasted blanched peanuts than that of the raw sample

whereas findings of the present study showed an

er ORAC value for HT treated

whole cashew nuts compared to their raw counterpart.



345 Hydroxyl radical scavenging capacity

Hydroxyl radical is generated through Fenton reac

tions in the presence of F

and H,0

and may be spin-trapped with S

imethyl-1-pyrroline-N-oxide (DMPO) due to the very
short lfe of the radical. The DMPO-adduct, a relatively stable free radical, can easily be

detected using electron paramagnetic resor

e (EPR) spectroscopy.

The hydroxy! radical sci

enging capacities of cashew extracts obtained under different

processing conditions are shown in Table 3.2. Hydroxyl radical scavenging capacity of

soluble and insoluble bound phenolic s:

ples ranged from 18.5 + 1.21 10 109,15 + 7.17

and 6.89 + 0.0 10 684.67  1.78 mg of C

er gram of defatted meal, respectively.
Interestingly, roasting did not change hydroxyl radical scavenging capacity of whole
cashew nut and testa significantly (p < 0.05) except for the soluble phenolic extract of
cashew kemel which showed a 2 fold increase compared (0 its raw counterpart, The

present analysis showed that extracts of whole cashew nut and testa contained a higher

nount of flavonoids such as catechin, epicatechin and epigallocatechin which may have

prooxidative effects at high concentrations, spet

y in the presence of ransition metal
ions (Rodriguez ef al, 2001). Thus, although the content of phenolic compounds of
rousted cashew extracts inereased, as determined by Folin Ciocalieu’s assay and HPLC

analysis, all phenolics present may not contribute to hydroxyl radical sc:

nging activity
in the extracts. However, as cashew kemel contained comparatively low content of
flavonoids this effect may not be prominent and may exert high hydroxyl radical
scavenging capacity as observed in the present study. To the best of our knowledge this

6l



is the first study that showed the effect of roasting on the hydroxyl radical scaven

activity of cashew nuts and testa

3.4.6 Trolox equivalent antioxida

ity (TEAC)

he 2.2"-azinobis<

hylbenzothiazoline -6-sulphonate) (ABTS) solution is oxi

ot

ing 1o the formation of ABTS", which is intensely coloured.

The antioxidative capacity of test compounds is assessed by measuring their ability to

se the colour reacting directly with the ABTS radical. The ABTS"can be

generated chemically by oxidizing ABTS® using ferrylmyoglobin, m:

nethylpropionamidine) dihydrochloride (AAPH), potassium persulphate

o through enzymatic reactions. However, the use of oxidizir

agents in the assay

medium allows the antioxid:

nt compounds to direetly react with th

erroncous estimations (Prior ef al., 2003)

The TEAC values of tested cashew samples are summarized in Figure 3.1 The soluble

extracts of LT treated cashew testa yielded the highest TEAC value of 880 + 33 pmoles

of TE ed meal wh

eas that of raw kemel had the least value of 38.9 + 1.0
pmoles of TE /g of defatted meal. Consistent with the results obtained for other

antioxidant assays employed in this study, the soluble ph

olic extracts, showed high

TEAC values for whole cashew, kemel and testa which were 15,

nd 21 times higher

et al. (2006) reported that

than these of their bound counterparts, respectively. Pell

TEAC values of soluble phenolic extracts of hazelnuts, pistachios, almonds and walnuts
were 13, 15, 22 and 7 times higher than those of their bound extracts, respectively
The analyses in the present study are also in agreement with TEAC values of soluble




extracts rej

orted for thermally processed cashew nuts at 150 °C for 60 min (Acar ef al.
2009). In the present study, TEAC of HT treated cashew kernels showed a 1.3 times
higher value compared to the raw ke

mels. Acar ef al. (2009) also

orted a 1.6 times

increase in TEAC values of HT treated cashew kernels compa

d 1o that of its unroasted

counterparts. In addition, Yu ef al. (2005) reported that roasting increased the TEAC

value of peanut skin compared 10 its raw counterpart due to the increase of phenolic
content during thermal processing. The present analysis showed a dircet strong

relationship between TPC and TEAC (¢ = 0.991; p<0.0001) as well as PC and TEAC (¢

0.993; p<0.0001) of cashew extracts further confirming the find

of others (Jeon

al., 2004, Yu et al, 2005).

3.4.7 Reducing power

The reducing power of an extract serves as a good indicator of its antioxidative activity
(Zou et al,, 2004). Ascorbic acid was used as a standard in this study and the results were

expressed as pumoles of ascorbic acid equivalents (AAE) per g of defatted meal. Figure

3.2 depicts the reducing power of different cashew extracts examined in this study

Among the soluble phenolic extracts HT treated cashew testa had the highest reducing

power of 2394 + 120 umoles of AAE per g of defatted meal whereas raw kemel showed

the least of 9.5 + 0.23 ymoles of

AAE per g Insoluble bound phenolic extracts of

cashew kemels and by-products showed a lesser reducing power compared to their
soluble counterparts. The reducing power of the extracts followed a similar trend as TPC

reported in this study. Furthermore, the correlation analysis showed a

association between reduciny

wer and TPC (= 0.972; p<0.0001) and reducing power




and PC

= 0.963; p<0.0001) in this study. Thus phenolics present in the exr

acts

demonstrated a substantial reducing power due to their ability to donate

ate radical chain reactions by converting free radicals to stable products. In

addition, enhancement in the reducing power by roasting could be due to the formation of

new reductones during heat treatment

nds in soluble cashew extracts

3.4.8 Phenolic compoy

Major phenolic acids and flavonoids identified in soluble extracts of raw and roasted

cashew nuts and testa are

sented in Table 3.3. A typical chromatogram obtained for

HT treated cashew whole nut is depicted in F

igure 3.3 In general the predominant

phenolic acids identified in cashew whole nuts and testa were syringic.

gallic and p-
coumaric acids. However, this work showed that only trace amounts of syringic and p
coumaric acids were present in cashew kernels whereas testa was  rich source of all
three phenolic acids identified. The contents of syringic, gallic and p-coumaric acids

were 2.507, 0.361 and 0.252 n

of defatted raw testa meal, respectively. Thermal
processing  affected the content of phenolic acids present in cashew soluble extracts

Thus, HT treated cashew kemels had a significantly (p < 0.05) lesser content of gallic

acid compared to the raw kemel. Conversely, testa of HT treated cashew nuts had about

ting liberation of

3 times higher gallic acid content compared to its raw counterpart sug

gallic acid during heat processing. Pillai ef al. (1963) reported that cashew nut testa

contained a considerable amount of hydrolysable tannins. Thus, it is possible that

allic acid from hydrolysable tannins present,

uling 10 a higher

content of it in the HT treated testa as shown in the present study. Earlier, Shahidi ef a




(2007) reported five phenolic acids, namely gallic, caffeic, p-coumaric, ferulic a
P ’

sinapic acids in hazelnut kemel and its by-products. In almond and its by-products,

Wijeratne et al. (2006) showed the presence of cafleic, p-coumaric, ferulic and sinapic

acids. Nevertheless, the results of the present study showed that cashew nuts had syringic
acid as a predominant phenolic acid in the samples tested.  Senter ef al. (1983) reported

e presence of 0.23 pg of syringic acid per g of extract of pine nuts. Walnuts also

contained a considerable amount acid (Colaric ef

Major flavonoids identified in the present study were catechin followed by epicatechin

and epigallocatechin. The contents of catechin, epicatechin and cpigallocatechin in

defatted meals of raw cashew nut Kernel and testa were 0.70, 0.09, 1.64 and 47. 29

st that cashew testa which is a byproduct of

2.0 mg/ g, respectively. These resulis s

ificant nutraceutical importance due to its high content of

cashew processing has a

flavonoids. It is well established that flavonoids are

polyphenolic compounds, includin

greement with the present

effective natural antioxidants (Shahidi & Naczk, 2004). In a

results, Mathew and Parpia (1970) previously reported the presence of catechin and

epicatechin as predominant polyphenolics in cashew testa. In general, HT treated testa

er flavonoid content, which showed a 2- 4 fold increase when compared to the

had a hi

raw testa. The results obtained in the HPLC d isomerization

of such compounds during heat treatment of cashew nuts and testa. This fact gains
support as it corresponds 1o a significant (p < 0.05) decrease in tannin content in HT
treated cashew testa (Table 3.1). Furthermore, Yu ef al. (2006) showed that roasting




decreased proanthocyanidin (trimers and tel

imers) of peanut skin and increased its

monomers content when compared to the raw skin.

3.5 Conclusions

The results of the present study indicate that cashew nut kemels and testa constitute

phenolic compounds that are responsible for a wide array of antioxidant activities. The
contribution of bound fraction is insignificant (p < 0.05) compared to the soluble phenolic

fraction of cashew nuts and testa. The HT treated cashew nuts

d testa showed

phenolic content and antioxidant activity than LT tr

d samples. Overall, the findi

of this study

est that thermal processing

ances the

joxidant value of cashew
kemels. Furthermore, it is noteworthy that cashew testa, a waste byproduct can be

utilized, as a health-promoting and disease-preventing nutraceutical i
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Chapter 4

Antioxidative pot olics in food and biological model systems as

affected by roasti

4.1 Abs

The effect of onditions on antioxidant cap

different roastin

city of phenolics of cashew

nuts and their testa was evaluated using several food and biological model systems. Total

phenolic content was determined by Folin Ciocalte’s assay. Accelerated oxidative

stability of stripped corn oil in the presence of cashew extracts was determined using the

Rancimat method.  Antioxidant activity of extracts obiained under high and low

temperature roasting conditions was assessed in a fi-carotene linoleate and a cooked
comminuted pork model system. Inhibition of oxidation of human low  density

lipoprotein (LDL) cholesterol and stand breaki

of supercoiled deoxyribonuelic acid

(DNA) was also investigated. In general, whole cashew nuts and testa extra

demonstrated stronger antioxidant activity than that of cashew kemel except for the
inhibition of LDL cholesterol oxidation. In general, roasted cashew showed considerable
antioxidative efficiency, in model systems employed in this study, however, the effect
was not significantly (P < 0.05) different from that of their raw counterparts, excapt for

the Rancimat assay. The results suggest that whole cashew nut and testa ext

be used as a potential source of natural antioxidants in certain food applicatic

disease risk reduction

rk model, DNA scission

Key words: f-carotene linoleate, cooked comminuted

inhibition, L DL oxidation, Rancimat




42 Introduction

A general consensus has been reached during the last couple of decades that diet plays a

major role in the development or control of chronic diseases, such as cancer, coron

heart disease, obesity, and diabetes. The recommendations, which are mainly based on

epidemiological studies, show that fruits, vegetables, grains, nuts, and less processed

cases with litle or

taple foods provide the best protection against the development of

no merit in recommending vitamin or other micronutrient supplements for discase

prevention (Jacobs er al., 1998; Willett, 1999; Alasavar & Shahidi, 2009).

Nuts have been part of the human diet for a long time and valued as an alternative source

of protein and lipid. Recently, many nuts have been identified as a rich source of

antioxidants, Nuts therefore constitute one of the most nutritionally concentrated kind of

food available. Most nuts, left in their shell, have  remarkably long shelf-life and can

conveniently be stored for winter use (Halvorsen ef al,, 2002; Shahidi & Naczk, 2004;

W e al, 2004),

Nuts have favourable effects on cardiovaseular diseases through several possible
mechanisms.  These effects may be mediated by their fatty acid profiles, fibre or

antioxidant contents, or by a combination effect of compound presents. Several recent

ogical effects that may be

studies have shown that nut antioxidants have interesting bio

related to their favourable influence on cardiovascular disease (Shahidi & Naczk,

Among tropical nuts, cashew (Anacardium occidentale, L) plays an important role as an

edible nut. The nut is valued due to its kemel which is the principal industrialized



product. The kemels are rich in lipids (42.6%) and protcins (20.0%) and processed

kemmels are consumed as snacks in the roasted and salted forms (Sathe, 1994). These are
also used in the preparation of a variety of food products such as cakes, sweets, ice

rate their characteristic taste (Sathe, 1994).

cream, biscuits and chocolates to incorp
Quantitative determination of the major phenolic lipids in cashew apple, kemels, and

shells of cashew nut at various st sted the possibility of fatty

s of development su

nesis of these phenolic lipids (Shobha er al, 1992). Ryan et al. (2006)

acid type bi

reported the presence of unsaturated fatty acid:

and phytosterols in cashew  nuts.

Recently, the antioxidant activities of various bioactive compounds such as phenolics,

flavonoids, phospholipids. sphingolipids, sterols, and tocopherols were reported in

cashew nut samples (Miraliakbari & Shahidi, 2008: 2009). Furthermore,

the ethanolic extract of cashew nut testa exhibited significant antioidant activity

(Kamath & Rajini, 2007); the polyphenolic compounds present in the testa appear o

contribute to the observed antioxidant activity (Sajilata & Singhal, 2006).

Dictary antioxidants are believed o play a significant role in human health by prevention

¢ to biomolecules such as DNA, ribosenuclei

f radical dam: acid (RNA), proteins, and

cellular organelle. Therefore, there is

inereasing interest in identifying and assessing

commonly consumed foods that contain bioactives with a potenial to inhibit free rad
damage. Polyphenolics have been shown to possess free radical-scavenging and metal-

chelating activities, in addition to their reported anticarcinogenic properties (Middleton,

1998). These plant-based, non-nutrient phytochemicals may have a protective effect on

the susceptibility of LDL cholesterol to oxidative modification and ultimately, on

atherosclerosis.  The oxidative modification and _inflammation hypothesis ~of



atherogenesis is widely accepted and supported by experimental data in

hypercholesterolemic animal models and human epidemiologic studies, as reviewed by

Chisolm and Steinberg (2000).  Atherogenesis is a multifactorial process that includes
oxidatively modified LDL cholesterol, which triggers pathological events through

multiple pathways, leading to atherosclerosis (Berliner & Heinecke, 1996).

Even though few reports are available on the presence of some bioactive compounds in
cashew nut kernels, to the best of our knowledge there is no information on the effect of
various heat processing methods on the levels of bioactive compounds and their
antioxidant activity in different food and biological model systems. Hence, the present
study was carried out to determine the antioxidative potential of cashew nut and testa in
food and biological model systems as affected by low and high temperature roasting
treatments to identify suitable and effective heat processing methods, which maximize

the health beneficial bioactive compounds,

4.3 Materials and methods

431 Materials

Raw shelled cashew with testa were obtained from the Green Field Bio Plantation (Pvt.)

Ltd., Colombo, Sri Lanka. Folin Ciocalteu’s reagent, sodium carbonate, gallic acid,
stripped com oil, butylated hydroxyanisole (BHA), trichloroacetic acid (TCA),

thiobarbituric acid (TBA), malonaldehyde, f-carotene, linoleic acid, Tween 40, human

low density lipoprotcin (LDL) cholesterol, ethylenediaminetetraacetic acid trisodium salt
(Na;EDTA), mono- and dibasic potassium phosphates, sodium chloride (NaCl), PBR 322

Plasmid  DNA. 22-azobis(2-methylpropionamidine) dihydrochloride  (AAPH),

bromophenol blue, xylene eyanol, and sucrose, were purchased from Sigma-Aldrich

76



anol, ethanol, sodium hydroxide, hydrochloric

Canada Lid. (Oakville, ON). Hexane, meth

from Fisher

acid, diethyl ether, ethyl acetate, and sodium carbonate, were purchased

Scientific Lud. (Ottawa, ON). SYBR safe was purchased from Probes

Invitrogen, Eugene, OR, USA.

432

ple prep

Two different processing temperatures were used in this study. For low temperature

processing (LT) raw whole cashew nuts (kerel with testa) were roasted in

air conveetion oven at 70" C for 6 hours. In this, cashew kernels weighing approximately

100 g were spread in a single layer on a stainless steel wire mesh tray placed in the centre

he hot cashew kernels were cooled in

After roastin

of the oven during hot-air roasti

at 4°C, until further

a dessicator at room temperature, and kept in sealed plastic bay

analysis.  Under industrial cashew processing operations, both small and large scale

cashew producers use these conditions o obtain good quality products (Hebbar er
2005).  For high temperature processing (HT), raw whole cashew nuts were roasted in a

e and time

min. This temperatur

forced hot-air convection oven at 130° C
combination was the optimum roasting conditions for cashew kemels based on hedonic
sensory evaluations according to Wanlapa and Jindal (2006). Raw whole cashew nuts

re the effect of two different roasting conditions.

were used as the control 1o cor

The raw whole and roasted whole nuts were pecled manually to remove the testa. Raw

and roasted whole cashew nuts, kernels and recovered testa were ground separately using
a coffiee bean grinder (Model CBGS serics, Black & Decker, Canada Inc. Brockville, ON)

oh mesh 16 (sieve opening 1mm, Tylor test

0 obtain a fine powder which passed throu




sieve, Mentor, OH). Each sample was defatted by blending with hexane (1:5, wiv, $ min,

3 %) in a Waring blender (Model 33BL73, Waring Products Division Dynamics Co. o

America, New Hartford, CT) at ambient temperature. Defatted samples were vacuum

packed in polythene pouche room temperature for 12 h and stored at -

20°C until used for extraction of phenolics.

43.2.1 Extraction of soluble phenolic compounds

round

Preliminary studies showed that heating of mples under reflux conditions with
80% (v/v) ethanol afforded high total phenolic content and antioxidant  activity

Therefore, reflux conditions were used to extract soluble phenolic compounds (Shahidi er

2007). Defatted meal (6 g) was mixed with 100 mL of 80% (v/v) ethanol and then

placed in a thermostated water bath at 60°C for 40 min. Afier centrifugation of the

resulting slurry for 5 min at 4000 x g (IEC Centra MP4, International Equipment Co.

Needham Heights, MA), the supematant was collected and extraction was repeated two

more times. Combined supernatants were evaporated in vaccuo at 40°C (Buchi, Flawil,

Switzerland) and lyophilized for 72 h at -46°C and 34 x 10 mbar (Freczone, Model

77530, Labeonco Co., Kansas City, MO),

43.3 Methods

4331 Dete ion of total phenolic content (TPC)

¢ contents of total phenolics of the extracts were determined according to a modified

nd Rossi (1965). The crude extracts of

version of the procedure described by Singlei

soluble phenolic compounds were dissolved in methanol to obtain a concentration of

 tubes containing

).2mg/mL.. Folin Ciocalteu’s reagent (0.5 mL) was added to centrif




0.5 mL of extracts. The contents were mixed thoroughly and 1 mL of a saturated solution

of sodium carbonate was added to cach tube to neutralize the reaction. Volume was

Iy mixed by

fistilled water, and the contents were thorol

adjusted 1o 10 mL with addin

vortexing. Tubes were allowed to stand at ambient temperature in the dark for 35 min

followed by c ion for 10 min at 4000 x g. Absorbance of the resulting blue

colour supematant was read at 725 nm (Model HP 84524 diode array spectrophotometer

lent Technologies, Palo Alto, CA) using appropriate blanks. The content of total

phenolics in each extract was determined using a standard curve prepared for gallic acid

and expressed as mg gallic acid equivalents (GAEg of erude extract

tive stability of stripped corn oil at 100 C by

The effectiveness of cashew extracts on delaying oxidation of commertially available
stripped com oil (SCO) was measured under accelerated oxidative conditions using a

Rancimat apparatus (Model 743 Rancimat, Metrohm lon Analysis Lid., CH-9101

Herisau, Switzerland).  The cashew extracts were added into the sample tubes of the

Rancimat apparatus containing 3 g of SCO. The volatile oxidation products were

collected in the measuring vessels conaining 60 mL of deionized water. A const
stream of dry air (20 L/h), obisined by passing laboratory air through molecular sieve
was blown through the samples in the reaction vessel. The oil samples are brought to an
clevated temperature (100°C) and maintsined these over the course of the experiment

The conductivity of the aqueous solution was monitored continuously and recorded. The

inflection point was caleulated by the software (PC software version 1.0, 2000, Metrohm

Ton Analysis Lid., CH-9101, Herisau, Switze

land). A blank containing pure SCO devoid

_



PF = (IP e/ IP

of extracts was used. Results were reported as protection factor (PF),

P wisive = inflection point of oil mixture containing the additive; and IP

). Where, I

inflection point of pure oil

ion in comminuted pork model system

ned

The thiobarbituric acid reactive substances (TBARS) in the cooked pork was detes

and Shahidi (1996).

using a modified version of the method deseribed by Wettasin

pork was mixed with 20% (w/w) deionized water in Mason jars. Cashew

phenolic extracts and butylated hydroxyanisole (BHA) were added separately to meat

no extract

(100 g) that was then thoroughly homogenized. A control sample contai

was also prepared.  Samples were cooked in a thermostated water bath at 80 £ 2°C for 40

min while stirring every 5 min with a glass rod. After cooling to room temperature, meat

systems were homogenized, transferred into plastic bags, and then stored in a refrigerator

At 4°C for 14 days. Samples for the analyses of TBARS were drawn on days 0, 5, 7 and

nd were analyzed for TBARS according to the method of Siu and Draper (1978) with

tube to which $ mL of a 10% (w/v) solution of trichloroacetic acid (TCA) were added

Fisher Scientific, Nepean, ON, Canada) at hi

and vortexed (Fisher Vortex Genie
speed for 2 min. An aqueous solution (0.02 M) of thiobarbituric acid (TBA) (5 mL) was

¢ tube, followed by further vortexing for 30 s. The sample

were subsequently centrifuged at 3000 x g for 10 min and the supematants were filtered

through a Whatman No. 3 filter paper. Filtrates were heated in a boiling water bath for

bance of the resultant

45 min, cooled to room temperature in an ice bath, and the absor

pink-coloured chromogen read at 532 nm. A standard curve was prepared using 1,1,3,3




tetramethoxypropane as a precursor of the malondialdehyde (MDA). The TBARS values
were then calculated using the standard curve and expressed as milligrams MDA

equivalents per kilogram of sample

hew soluble phenolic extracts in f-carotene -

4334 Antioxidant activity of ¢

linoleate model system

The antioxidant activity of extracts was evaluated in a f-carotene-linoleate model system
as explained by Chandrasekara and Shahidi (2010) with some modifications based on the

ability of the extracts to decrease the oxidative blea
linoleate emulsion. A 10 mg sample of crystalline f-carotene was dissolved in 10 mL of

chloroform and 0.5 mL of the solution was pipetted into a S0 mL round bottom flask

Afier chloroform was removed under vacuum, using a rotary evaporator al room

temperature, 20 mg of linoleic acid, 200 mg of Tween 40 emulsifier and 50 ml. of aerated

orous shaking. Absorbance at 450 nm was

distilled water were added to the flask with vi

PPTIMA,

read using a microplate reader equipped with a built-in incubator (FLUOstar

BMG LABTECH GmbH, Offenburg, Germany). Methanolic extracts (20 uL) were
manually pipetted into sample wells of a Costar flat bottom 96 well assay plate (Corning
Incoperated, Coming, NY) and injector pump was programmed to inject f-carotene

linoleic acid emulsion (200 uL) in cach of the well with automatic mixing. The

at 45 C and absorbance was read at 450 nm. The microplate

microplate was incubate
reader was programmed to perform additional shaking of the contents in wells before

each reading. Readings of samples were recorded immediately at zero time and every

min up 10 120 min.  An equal amount of methanol was used for the control. Blank

amples devoid of fi-carotene were prepared for background sublraction. Butylated




hydroxyanisole (BHA) (200 ppm) in methanol was used as a reference standard.
Antioxidant activity coefficient (AAC) afier 120 min of incubation was calculated using
the following equation; AAC = (A (20~ Acq20))/ (Acw) = Aczo)) where Ay 2oy and Ac
(a0 are the absorbance values measured at 120 min for the sample and the control,
respectively, and Aqp, is the absorbance value of the control, at 0 min. The results were

expressed as AAC /g extract

4

5 Effect of cashew extracts on preventing cupric ion-induced human low

density lipoprotein (LDL) cholesterol peroxidat

n

The method described by Andersen ef al. (2001) and Hu and Kitts (2000) was used to
measure human LDL cholesterol oxidation. Human LDL cholesterol (in PBS, pH 7.4

with 0.01% EDTA) was dialyzed against 10 mM PBS (pH 7.4, 0.15 M NaCl) for 12 h

under a flow of nitrogen at 4°C and EDTA-free LDL cholesterol was subsequently
diluted 1o obtain a standard protein concentration of 0.2 mg/mL with PBS. The diluted

LDL cholesterol solution (200 L) was

ixed with 1000 L of PBS and 10 L of extract
(2 mg/mL) in a test tube. Oxidation of LDL cholesterol was initiated by adding 5.1 mM

cupric sulphate solution resulting in a 4 M copper concentration in the reaction mixtu

The mixture was incubated at 37°C for 100 min. The initial absorbance (¢ = 0) was read at

234 nm immediately after mixing and every 5 min thereafter

e pattern of changing
absorbance was plotted against time and percentage inhibition of conjugated dines (CD)

formation was calculated

s follows.  Inhibition of formation of CD (%) = (AbS swauine ~

ADS s/ ADS suguine — AbS quine) X 100, Where, Absyuuine = absorbance of LDL




mixture with CuSO; only; Absumpc = absorbance of LDL with extractstandard and

CuSOy; Abs,

e of LDL without CuSO,,

4.3.3.6 Supercoiled strand DNA scission by peroxyl and hydroxyl

Plasmi ) was dissol

supercoiled DNA (pBR d in 10 mM PBS (pH 7.4, 0.15 mM

sodium chloride). Two micro litres of DNA (50pg/mL) were mixed with 2 uL of cashew

L) dissolved in the same PBS. Peroxyl radical was generated using

extracts (0.2 1

2,2"-azobis(2-amidino-propane) dihydrochloride (AAPH) dissolved in PBS to attain a
final concentration of 9 mM and mixed with the DNA and the extract mixture at a total
volume of 10 L. The reactants were incubated at 37°C for 1 h in the dark (Hu ef a

of 0.25%

2000). Upon completion of incubation, the loading dye (2 L), consisti

bromophenol blue, 0.25% xylene cyanol and 40% sucrose in distilled water, was added to

the sample and loaded 10 a 0.7% (w/v) agarose gel prepared in Tris-acetic acid-EDTA

buffer (40 mM Tris acetate, | mM EDTA, pH 8.5) YBR

\ded along with 100 uL/L of

safe gel stain. Horizontal gel electrophoresis was performed at 60 V for 5 h. The bands

were visualized under the UV light and images were analyzed using AlphaEase™ stand

alone software (Alpha Innotech Co., San Leandro, CA). The protective effect of cashew

DNA retention % = (Intensity

d based on the following equa

extracts was caleul

reoiled DNA in sample/ Intensity of supercoiled DNA in control) X 100.

of s

Normalized DNA percentage inhibition was expresst

Results were expressed as mean = standard deviation (SD) of at least three independent
experiments.  Differences were estimated by analysis of variance (ANOVA) followed by

nificant at

Tukey's **Honest Significant Difference” test. Differences were considered si




p <0.05. All satistical analyses were performed using the free satistical software SPSS

44 Results

discussion

This study evaluated the antioxidant activity of the phenolic extracts from raw and

roasted whole, kemel and testa of cashew nuts in several food and biological model

systems. The present analysis showed that 100 g of shelled raw cashew nuts with testa on

a dry weight (dw) basis contained 369 mg of gallic acid equivalents (GAE) of total

phenolics. In addition r

asting at low temperature (LT) and high temperature (HT)

significantly (p < 0.05) increased the total phenolic content from 369 to 536 and 1891 mg

GAL

nuts (dw), respectively
Due to the fact that, phenolic extracts were used in all model systems employed in this
study, the total phenolic content (TPC) of crude cashew extracts are summarized in Table

4.1, Soluble phenolic extracts of HT treated cashew testa yielded the highest TPC value

0 790.9 + 15 mg of GAE per g of extract whereas that of raw kemel had the least TPC of

mg of GAE per g of extract, |

nificantly (p < 0.05)

increased the TPC of extracts of cashew nuts as well as their testa and this incensement

ranged from 20 to 344

4.4.1 Antioxid

ctivity by the Rane

Oxidation of lipids is a pivotal cause of quality deteriorat
leads to off-flavour development and formation of toxic compounds that affeet the quality
and nutritional value of foods. Moreover, lipid oxidation products have been known to

rathnam ef al, 1995). In the

be associated with aging, heart disease, and cancer (Ram:

present study, the antioxidant activity of raw and roasted cashew extracts were evaluated




for their potential in inhibiting accelerated autoxidation of com

(SCO) at 100° C. The experiment was carried out using a Rancim:

apparatus and the

protection factors (PF) were calculated for whole nut, kerel, and testa extracts subjected

to different roasting conditions. The higher PF of SCO indicates the betier antioxidant
activity of the phenolic extract.  The PF of different cashew extracts obtained from raw

and roasted samples are shown in Table 4.1 The PF of phenolic extracts of whole,

kemel and testa of cashew increased significantly (p < 0.05) with increasi

temperature at the concentration of 0.5mg/mL of stripped oil and ranged from 1.49 to

3510 1.51, respectively. The increasing antioxidant activity with

roasting could be due to their compositional changes oceurring during heat treatment. A

shown in the previous study (Chapter 3), the contents of phenolic acids (gallc, syring

p-coumaric) and flavonoids (catechin, epicatechin, epigalocatechin) increased upon

roasting. In general, phenolic acids and flavonoids, among others, have been recognized

to confer stability to vege

ble oils against autoxidation (van Ruth ef al,, 2001).  In the

present study, when extracts were used at a concentration of S mg/mL in stripped com

ail, phenolic extracts of raw cashew whole, kernel and testa showed higher PF than that

of the values obtained at a low concentration (0.5mg/mL). Interestingly, raw cashew

testa at 5 mg/mL had 1.8 times higher PF than that at the concentration 0.5 mg/ml.

However, at the high concentration (Smg/mL), phenolic extracts of roasted samples had
lower PF than those of their raw counterparts (Table 4.1). On the other hand, no

prooxidative activity was found with extracts obtained for raw or roasted samples at the

two concentrations of soluble phenolic extracts employed in this study. Thus, additional

experiments at even higher concentrations are needed to ascertain whether the extracts of



er concentration.  In the

roasted cashew samples could beco

me prooxidative at a hi

present study, it was found that the PF of butylated hydroxyanisole (BHA), at a

concentration of 0.2 was 2.48 + 0.13. This w

proximately 1.5 times h

mL in SCO. Althot

than that of cashew exiracts at a concentration of 0.5 n synthetic

antioxidants such as butylated hydroxytoluene, butylated hydroxyanisole, tertiary-

butylhydroguinone, and propyl gallate have widely been used in controlling lipid

oxidation, their safety has recently been questioned. Thus, there is much interest in the

evelopment of safer antioxidants using natural extracts from oilseeds, cereals, |

and other plant materials (van Ruth ef al, 2001; Liyana-Pathirana & Shahidi, 2006;

Madhujith & Shahidi, 2007),

4.4.2 Cooked comm

ted pork model syste

Lipid oxidation is a major cause for quality deterioration in muscle foods that leads to a
number of products which are responsible for off odours and off flavours (Kanner ef al
d in this work, usin

1991).  The results obaing a cooked comminuted pork model

system, did not indicate any

reat difference among phenolic extracts used in lowering of

the thiobarbituric acid reactive substances (TBARS) (Table 4.2). The extracts were

effective in inhibiting the oxidation of cooked pork in comparison with the control which

showed the i

hest MDA equivalent values of TBARS for the entire period of storage.

Although there was a significant (p < 0.05) difference in TBARS contents among the

neral no si

el and testa, in

phenolic extracts of whole, k nificant (p < 0.05) trend

existed among phenolic extracts as a result of roasting. The different additives inhibited

oxidation slightly on tested days of storage. At the end of day 7 of storage, cashew

extracts at 0.2 %, inhibited the formation of TBARS by 77.5 10 80.4, 1.0 to 16.5 and 93.2




10 94.6% for wh

kernel

BHA at 0.02% inhibited

and testa, respectively. Furthermore,

oxidation as evaluated by TBARS by 91.2 %. The foregoing results showed that raw as

well as roasted testa had the highest effectiveness in inhibition of TBARS formation

greement with the present results, Wijerathne er al. (2006) also

showed that phenolic extracts of the brown skin had a higher inhibition (60%) than that of

whole seed extract (54%) of almonds on the seventh day of storage

inoleate model sys

The discolouration of f-carotene has widely been used to measure the antioxidant activity

of plant extracts (Wijerathne ef al, 2006; Madhujith & Shahidi 2007; Shahidi ef al.
2007). In a f-carotene-linoleate emulsion system, phenolic antioxidants prevented the

loss of colour by neutralizing the linoleic acid free radicals. The greater the potential of

the antioxidant, the lesser the depletion of colour in the system that can be determined

spectrophotometrically. Thus, this system can be employed to evaluate the efficacy of

unknown antioxidative compounds (Wettasinghe & Shahidi, 1999). In the present study

the method was modified using a 96-well microplate for sample incubation and automatic

absorbance me

asurement

igure 4.1 presents the changes of corrected absorbance of retained f-carotene with time
due to the phenolic extracts of cashew whole, kernel and testa.  The linoleic acid free
radicals attack the highly conjugated f-carotene molecule, thus reducing the /-carotenc
content at a faster rate in the absence of extracts. However, in the presence of additives

the loss of ficarotene occurred at a slower rate (Figure 4.1). The reference antioxidative

BHA, excrted the strongest antioxidative eflect, among

<o all samples tested

The descending order of inhibition of f-carotene bleaching was testa>whole>kemel.




as noted in the comminuted pork model system in the present study

did not render a significant (p < 0.05) differential effect on the inhibition of /-

carotene bleaching. Figure 4.2 shows the antioxidant activity coefficient (AAC) of

cashew extracts. HT tre

ed c

w whole, kernel and testa showed significantly (p

0.05) lower AAC values than that of the corresponding raw extracts indicating a reduced

antioxidant activity. In this study the TPC of phenolic extracts of LT and HT treated

cashew showed higher values compared to that of their raw counterpart (Table 4.1). This
could be due to the liberation of phenolic compounds during heat treatments or/and due

to the formation of M:

lard reaction products (Hayase ef al, 1989). However, reduced

antioxidant activity of HT treated extracts in the f-carotene-linoleate emulsion system in

this study demonstrates that these compounds may not contribute to the prevention of

on in this study

Furthermore, cashew testa showed a higher AAC values compared to cashew whole and

‘ kemel. However, a high AAC value was observed for BHA at 200 ppm, which was

able to that of the activity of raw cashew testa extract. These results are in

sgreement with an carlier study on hazelnuts (Shahidi ef al, 2007). In the same study i

was reported that hazelnut skin possessed 1.3 times higher retention of /-

otene

st 1o the results obtained in this

compared to the whole hazelnut. However, in cont

study, Wijerathne ef al. (2006) showed that almond brown skin extract had the lowest

activity, but the

ion percentage was 83%. The variations observed in the
present analysis could be due to the extraction differences of the proportion of lipophilic

 hydrophilic compounds present in cach extract. In the preset empts were

ade to dist

uish between lipophilic and hydrophilic compounds present




444 Cups

duced human low density lipoprotein (LDL) peroxid:

Oxidation of polyunsaturated lipid components of LDL cholesterol by reactive oxygen

nesis of atherosclerosis.

species (ROS) is an important cause which leads to the patho

Furthermore, it has been shown that transition metal ions may promote oxidative

modification of LDL cholesterol thre

h hydroperoxides (Decker ef al,, 2001). Altho

physiological signif

ance of copper (Cu **) induced LDL cholesterol oxidation is

controversial ( Kontush & Beisi

cl, 1999), it has been used as a useful biolo

Pathirana &

model to determine the antioxidant activity of natural plant extracts (Liyana

Shahidi, 2006; Wijerathne et al,, 2006). Ziouzenkova et al. (1998) showed that bindir

of redox active Cu ** to LDL cholesterol at both low and high affinity binding sites is
necessary to initiate LDL cholesterol oxidation.  Furthermore, Giessauf et al. (1995)
showed that copper-mediated oxidation of tryptophan residues in the LDL-apolipoprotein

B s responsible for lipid oxidation in the LDL cholesterol particles. According to Decker

et al. (2001) both free radical scavenging and copper chelation activity of antioxidants are

‘ responsible for inhibition of LDL cholesterol oxida

In the present study, the efficacy of cashew phenolic extracts to inhibit LDL cholesterof

oxidation was evaluated by monitoring conjugated diene (CD) formation at 37°C. The

inhibitory percenta

s of extracts

ainst CD formation are presented in Table 4.3, Afier

incubation for 12 h, extracts of raw as well as roasted cashew kemels exerted the highest

inhibition of 69%. In addition, the oxidation control by whole cashew nuts

35.6 10 51.1% and the HT roasted nuts showed

highest effect. In contrast to other

systems

ployed in this study, cashenw testa exhibited the least inhibition which ran

from 41.5 to 46.1% afier 12 h of incubation. The observed differences could be due to




the variations in the solubility and partitioning of responsible compounds between

n the LDL cholesterol.  According to Frankel ef al. (1994) the

aqueous and lipid phases

physicochemical properties of antioxidants are known to affect their antioxidant efficacy
in complex, multiphase systems. I has been shown that lipophilic antioxidants such as a-

inst LDL cholesterol oxidation than hydrophilic

tocopherol provide a better protection

antioxidants (Ziouzenkova e al, 1996).  This is due to the fact that lipophilic

antioxidants enter LDL cholesterol particles, whereas hydrophilic compounds act on the
surfiace of the LDL cholesterol particles, hence making the latter less effective in the

system (Abuja er al, 1998). Recently, Trox ef al. (2010) reported that 100g of raw

cashew nut kemnels (on a dry weight basis) contain a mounts of

57 zeaxanthine (0.56 ug), a-tocopherol (2900 ug), and

). lutein (3029 pg

tocopherol (11000 pg). Furthermore, it has been shown that, depending on the flavonoid
structure, transition metal fons may serve as catalysts of flavonoid oxidation imparting

ez et al, 2001),

15 in th

systems (Sugihara er al, 1999; Rod:

Possible prooxidant effect of catechin, epicatechin, and epigallocatechin may originate

from their autoxidation which may occur by the formation of superoxide and
semiquinone free radicals and accelerated by cupric ions (Mochizuki ef al, 2002). HPLC

analysis showed that testa had 68, 314 and 1.3 times higher catechin, cpicatechin and

epigallocatechin, respectively, than that in the cashew kemel (Chapter 3). The hi

concentrations of the aforementioned flavonoids of testa in the cupric induced human

LDL cholesterol oxidation system may compensate their antioxidant effect




1t is noteworthy that catechin (0.03my

mL) which was used as a standard compound in
the present analysis showed a 40% inhibition against LDL cholesterol oxidation and this

was similar to the values obtained for cashew testa (Table 4.3). In the present stu

cashew testa showed a hi

hibition than that of

aw whole cashew nuts.  In

agreement with the results obtained in this study, Wijerathne ef al. (2006) and Shahidi er

al. (2007) showed that almond brown skin and hazelnut skin had higher inhibition

percentages than those of their corresponding whole nuts

Supereoiled strand DNA scission

age of supercailed DNA strands retain

43 shows the percen ed, affer incubation

ew whole and testa

with peroxyl radicals generated by AAPH. Both extracts of casl

showed a high retention percentage of supercoiled DNA and ranged from 78 10 91 and 84

10 91%, respectively. Peroxyl radicals are known to exert oxidative damage in biological
systems due to their comparatively long half-life and thus greater affinity to diffuse into

ical fluids in cells (Hu & Kitts, 2001). The phenolic extracts from cashew kernels

showed the least effect than those of whole cashew nut and testa. Furthermore, no

ificant (p < 0.05) difference was observed between low and high roastis

¢ conditions

for any of the whole, kernel or testa samples.

Radicals cleave supercoiled plasmid DNA (form 1) to nicked circular DNA (form I1) as

shown in Figure 4.4. Lane | represents the native supercoiled DNA sample without any

tives. The presence of peroxyl radicals resulted in a scission of supercoiled DNA and
this was clearly seen in the well, where the reaction mixture did not contain any

antioxidant (Figure 4.

Lane 2). The presence of a high intensity form 11 band and the

disappearance of the form | band in lane 2 indicates that supercoiled DNA was

O e e



completely nicked. Wells 3 through 8 contained supercoiled DNA, along with the same

concentration of radical together with cashew extracts (40 ppm). Wells 3, 4 and 5

contained extracts of raw whole, kemel and testa, respectively, whereas wells 6, 7 and 8§

T treated whole, kernel and testa, respectively. The intensity of form I band in the

lanes containing whole and testa extracts was high, reflecting a high level of retention

percentage of supercoiled DNA (Figure 4.3)

biliy to scaven

The inhibitory ffects of cashew extracts may be due to thes e peroxyl

radicals. This is further confirmed by the results obtained throu

h oxygen radical
absorbance  capacity (ORAC) assay which demonsirated the peroxyl radical inhibition
as reported in Chapter 3. The ORAC values of soluble phenolic extracts of casherw
whole, kernel and testa followed the same trend as those observed for supercoiled DNA
strand scission. Shahidi e . (2007) showed that hazelnut skin extract had the highest
inibition whereas kemel (with skin) showed the least preventive effect on DNA strand
scission. However,in the present study both whole cashew nut as well as testa showed a

similar effect on inhibition of DNA strand scission (Figure 3). The foregoing results

indicate that cashew phenolic extracts may inhibit DNA scission by oxygen radicals.

High performance liquid chromatographic (HPLC) analysis, as shown in Chapter 3,

revealed that extracts of whole cashew and testa were rich sources of both phenolic acids

(gallic, syringic, p-coumaric) and flavonoids (catechin, cpicatechin and epigallocatechin)

e known 1o T

des nt

ared 10 the kemel. Ph

comy nolic acids and ntoxid
properties (Shahidi & Naczk, 2004). Furthermore, the extract is a mixture of different
compounds that may render synergistic or antagonistic effects. The nature of peroxy

radicals formed depends on the food and biological models used in the study. There are




complex peroxyl radicals such as cholesterol derivatives in LDL model and faty acid
derivatives in f-carotene linoleic acid emulsion system. Thus, the chemistry of thes

peroxyl radicals and their reactions in biological systems are variable. This may explain

the inhibition variability of cashew extracts against oxidation in different model systems
employed in the present study. To the best of our knowledge this research reports, for the
firsttime, the antioxidant activty of phenolics of raw and roasted cashew nuts and testa,
4.5 Conelusions

“The results of this study revealed that, in general, whole cashew and nuts testa were better
sources of antioxidants compared 1o the kemel as assessed in different food and
biological model systems.  However, extracts of cashew kemel showed effective

inhibition against copper induced human LDL oxidation. Furthermore, roasting did not

contribute signifieantly to enhancing the antioxidant activity of cashew products in food
and biological model systems compared 1o their raw counterparts except under

accelerated autoxidation conditions in stripped com oil.



Total phenolic content and protection factor as determined by Ra

cimat

Process Total phenolic conte Protection factor
conditions 05mg/mLofoil  SmgmL of oi
Raw cashew whole 270440 149001 1954001
LT treated cashew whole 35,5 £0.7 574007 130+ 0.06"
HT treated cashew whole  120.0+7.0" 1594004 106+ 0,01
Raw cashew kernel 50418 1394001° 1680.10"
LT treated cashew kernel  19.6+3.3 " 1394£007° 117002
HT el 201£40" 1.574002° L11£001"

Raw cashew testa 65624230 0.05* 2834 0,05°
LT treated cashew esta~ 701.2£2 1364005 1574002
HT treated cashew testa 790.9.+ 15.4 005" 148001

Toata v xproweed & means £ SD (7= 3) Means £ SD Tollowed by T same superserit
eter, withina column are not signifcantly differen (p > 0.05). GAE, galli acid
cquivalent; LT, low temperature treated; and HT, high temperatue treated




‘able 4.2: TBARS (as malond

ldehyde equivalen

s/ kg of m

) of cashew extracts

Processin

Day

' 3538

' 2990

3.65

temperature

BARS (umols MDAE / kg of meat), s

conditions Day 0 Day 5 Day 7
BHA 03840, 008 2122015
Control 25.54 40 3815229
Raw cashew whole 5625064" 58151430 7822034
LT treated cashew whole 546 +0.73 081 766014
HT treated cashew whole  4.93£0.30°  7.15£004° 858 1.30
Raw cashew kernel 2639£096° 27174301 065
LT treated cashew kemel 24,61 % 167 24066" 34564261
HT treated cashew kemel 15, 306240 65° 32854315
Raw cashew testa 246£024" 26040, 275£034°
LT treated cashew testa 22350420 224£026°  234£031°
HT treated cashew testa 260£033°  286+022° 275:0.8°
Data are expressed as m SD (n=3). Means £ SD followed by the same
letter, within a column are not significantly different (p > 0.05). MDAE
Malondialdehyde equivalents; BHA, Butylated hydroxyanisole; LT, low
treated; and HT, high wwre treated

0.88



Table 4

density lipoprotein (LDL) cholesterol peroxidation

Effect of cashew extracts on preventing cupric ion-induced human low

Processing conditions

Tnhibition (%)

0 2 24h

Catechin 8974282 40004152 39815072
Raw cashew whole 9454081 35604044°  3407+183°
LT treated cashew whole  8.98+0.79°* 36974613"  3840+083°
HT treated cashew whole 961 1.24" 51094470 5036191°
Raw cashew kernel 979061 690343410 6903+ 181"
LT treated cashew kemel 8,63 40,33 683541430 G8.4953.64°
HT weated cashew kemel 8924023 6890+062"  68.74+ 083"
Raw cashew testa 8494094 4605£024° 568243220
LT reated cashew testa 8920.71° 45160720 504242230
HT treated cashew testa 9.12£061" 43664213 47.79£301°

Data are expressed as means + SD (n = 3). Me
letter, within a column are not signifi
treated; and HT, high temperature treate

ns + SD followed by the same superseript
ity different (p > 0.03). LT, low temperature
ed



rotenc -l

ure 4.1: Retention of /-

odel system
data are expressed as means  SD (n = 3). Means + SD followed by the on
s are not signifcantly diferent (p = 0.05). RAWE,raw whole nut extract; LTWE, low
; HTWE-high temperature treated whole nut extrac
b

HTKE, high

temperature treated whole nut extr
RAKE, raw kernel extract; ure treated kemel extract

ated kemel extract; RATE 1; LTTE, low temperature
d testa extract; HTTE, high temperature treated testa extract; BHA, Butylated

200ppm; Extracts

E, low temper
temperature tre Faw testa extra
re used at a concentration of S00 ppm

S SRS BT T L
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(AAC) at 120 min for cashew ext

‘ Data are expressed as means + SD (n = 3). Means + SD followed by the

ime letter, on
nificantly different (p > 0.05). RAWE, raw whole nut extract; LTWE, low

temperature treated whole nut extract; HTWE
gt RAKE,rw emelextrac; LTKE, low temp
ATE, raw testa extract; LTTE

high temperature treated P
d HTTE, hi

treated testa extrac h temperature treated testa extract




peroxyl rad

I DNA scissio

Figure 4.3: Retention pereentage of supercoiled DNA by cashew ext
duced
Data are expressed

means £ SD (n = 3). Means
are not significantly different (p > 0.05). RAWE
temperature treated whole nut extract; HTWE
RA kemel extract; LTKE
ature tre
festa extract

SD followed by the same lette

r, on bars
low

high temperature treated whole nut extract

low termperstur reated kemel extrac; HTKC

ated kenel extract; RATE, raw festa extract

and HTTE, high temperature treate

raw whole nut extract; LTWE

ure treated
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Form-|

Form-l

ure 4.4: Effect of cashew extracts on preventing peroxyl rac
scission

Lane 1, DNA; Lane 2, DNA + peroxyl radical; Lane 3, DNA + peroxyl radical + raw
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Chapter §

of cashew nut oil as affected by different roasting conditions

5.1 Abstract

Cashew nut oil extracted from raw and roasted whole cashew nuts were examined for
their fatty acid composition, colour change and oxidative stability. Fatty acids were

analyzed using gas chromatography (GC). A spectrphotometric method was used 1o

determine the colour changes of the resultant oil. Oxidative stability was monitored
under accelerated oxidation conditions by employing conjugated dienc (CD) and
thiobarbituric acid reactive substances (TBARS) assays.  The contents of
monounsaturated (MUFA), polyunsaturated (PUFA) and saturated (SAFA) fatty acids

were 61, 17 and 21%, respectively. Oleic acid was the major MUFA whereas linolcic

acid was the main PUFA in cashew nut oils. ~ Oxidative stability as determined by CD
values at 72 h of storage was 1.08 and 0.65 for the raw and high temperature roasted
cashew nut oil, respectively. The TBARS values, expressed as malondialdehyde (MDA)

equivalents decreased with increasing roasting temperatures. Roasting of whole cashew

d the oxi y of nut oil

Key words: Colour, GC, SAFA, MUFA, PUFA, CD, TBARS
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5.2 Introduction

Tree nuts and their oils are known 1o contain bioactive and health promoting substances
and as such have long been considered an important component of the human diet.
Epidemiological evidences indicate that the consumption of tree nuts may exert several
cardioprotective effects, which are speculated to arise from their lipid component that
includes unsaturated fatty acids, particularly oleic acid, and phytosterols, among others
(Hu & Swmpfer, 1999). Miraliakbari and Shahidi (2008 ab) have reported the
compositional characteristics of nut oils and the antioxidant activity of their minor

components.

Fats, oils, and lipid containing foods are oxidized at different rates, resulting in changes
in their sensory and nutritional characteristics. One of the most important parameters that

influence lipid oxidation is the degree of unsaturation of fatty acids involved. The

t chemical structures that exhibit

presence of nawral compounds having  diff
antioxidant activity may also affect the rate of oxidation (Gutfinger, 1981; Montedoro er

al, 1992; Akasbl et al,, 1993; Montedoro et al, 1993

Another fipid alteration is lipid

hydrolysis, with consequent free futty acid (FFA) generation, by chemical or enzymic

ction. “This phenomenon is of particular interest in water containing lipid matrices, such

as butter and virgin olive oil during olive processing. Although the original causes and

the consequer are quite different,

f oxidative and hydrolytic degradation proce:

they seem to interact with cach other and contribute to the reduction of shelf lifc of edible

oils




Oxidative stability is an important parameter for the quality assessment of fats and oils.
Autoxidation is affected by atmospheric oxygen and the oxidation process is initiated by
free radical reactions involving unsaturated futty acids (Loury ef al, 1965; Frankel, 1984;
Gunstone & Amer, 1984). The primary products formed are hydroperoxides, which then
break down in a series of complex reactions, to yield secondary products including
alcohols and carbony] compounds (Loury ef al, 1965; Frankel, 1984; Gunstone, 1984).

These can be oxidized further to carboxylic acids (Loury et al, 1965).

Tree nut oils are primarily composed of triacylglycerols.  They also contain
diacylglycerols, monoacylelycerols, free fatty acids, and other minor components,
including natural antioxidants and fat soluble vitamins. Generally, tree nut oils are
somewhat similar to peanut oil and are rich in monounsaturated fatty acids,
predominantly oleic acid, but contain much lower amounts of polyunsaturated fatty acids,

such as linoleic acid, and small amounts of saturated lipids (USDA, 2005).

During the roasting process, a pleasant aroma and a taste that transfers to the oil and
present during extraction is developed. The conventional method for the preparation of
condiment oils, such as sesame and red pepper oils, involves cleaning, roasting and
pressing but not refining (Kim ef al, 2002). The roasting process is the key step for
making condiment o, since the colour, flavour, composition, and quality of the oil are
influenced by the process. Some studies have shown that the chemical composition of oil
i independent of the roasting temperature used for it preparation (Jung ef al, 1999; Kim
et al., 2002; Yen, 1990; Yoshida & Takagi, 1997). However, there are no published
reports on lipid class compositions of roasted cashew nut oils, and their oxidative
stabiliies. Therefore, this study was conducted to investigate the changes in colour, faty.
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acid composition and oxidative stability of the oil extracted from cashew whole nut

roasted at different temperatures.
5.3 Materials and methods
5.3.1 Materials

Raw shelled cashew with testa was obtained from the Green Field Bio Plantation (Pvt.)
Ltd., Colombo, Sri Lanka.  Fatty acid standards, anhydrous sodium sulphate, 2.2,4-
trimethylpentane, 1,1,3,3-tetramethoxypropane, and 2-thiobarbituric acid (2-TBA) were
purchased from Sigma-Aldrich Canada Ltd. (Oakville, ON).  Hexane, chloroform,
methanol, sulphuric acid, and 1-butanol were purchased from Fisher Scientific Ld

(Ottawa, ON).
5.3.2 Sample preparation
Roasting was done using two different processing temperatures in this study. For low

temperature processing (LT) raw whole cashew nuts were roasted i a forced convection

hot-air oven at 70° C for 6 hours. In this, cashew kernels weighing approximately 100 g

were spread in a single layer on a stainless steel wire mesh tray placed in the center of the
oven during hot-air roasting.  Afier roasting, the hot cashew kemels were cooled in a
dessicator at room temperature, and kept in sealed plastic bags at 4°C, until further

analysis. Under industrial cashew processing operations, both small and large scale

cashew producers use these conditions to obtain good quality products (Hebbar et al.
2005). For high temperature processing (HT), raw whole cashew nuts were roasted in a
forced air convection oven at 130" C for 33 min. This temperature and time combination
was the optimum roasting conditions for cashew kernels based on hedonic sensory
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evaluations according to Wanlapa and Jindal (2006). Raw whole cashew nuts were used

as the control to compare the effect of two different roasting conditions,

Raw and roasted whole cashew nuts, were ground separately using a coffee bean grinder

(Model CBGS series, Black & Decker, Canada Inc. Brockville, ON) to obtain a fine
powder which passed through mesh 16 (sieve opening 1mm, Tylor test sieve, Mentor,
OH). Each sample was defatted by blending with hexane (1:5, wiv, 5 min, 3 x) in a
Waring blender (Model 33BLT3, Waring Products Division Dynamics Co. of America,
New Hartford, CT) at ambient temperature (20°C). The resulting oil and hexane mixture
was filtered through a Whatman no. 4 filier paper using a Buchner funncl. The residue
was re-extracted with hexane twice and the filtrates from the three extractions were
combined, and solvent was evaporated in vaccuo (Rotavapor model 461, Buchi, Flawil,
Switzerland) at 40 °C to reduce the volume. The hexane-oil mixture o obtained was
then passed through anhydrous sodium sulphate placed over a filter paper in a funnel,
followed by evaporation of the remaining solvent in vaccuo at 40 °C. The resuling oil
was weighed and transferred into glass bottles, capped with nitrogen, and stored at -80 °C

until used for further analysis.

3 Methods

5.3.3.1 Determination of colour development

The colour of raw, low temperature (LT) and high temperature (HT) treated whole
cashew nut oil was determined.  As an index of colour development, the absorbance at
420 nm of 5% (W) solutions of oils in chloroform as recommended by Yoshida et al

(1999) was measured spectrophotometricaly.
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5.3.3.2 Fatty acid (FA) composition analysis

Fatty acid methyl esters (FAMES) were prepared for each oil sample and were analyzed

using gas chromatography (GC), as described by Wang and Shahidi (2010). In brief, the
FAMEs were prepared using methanol and 6% sulphuric acid. Oils were esterified

according 1o official AOCS (1990) method. Methyl esters of FA were extracted with

hexane and 1 L. aliquots of the extracts were auto injected for GC analysis (Agilent
Technologies Canada Inc., Mississauga, ON, Canada) equipped with a flame ionization
detector (FID). The column used was a Supelcowax-10 fused-silica capillary column (30
m X 0.25 mm diameter, 0.25 um film thickness; Supelco Canada Lid., Oakville, ON,
Canada). The carrier gas was helium, and the total gas flow rate was 20 mL/min.

Idenification and quantification was done using ki tandard

3.3 Determination of oxidative stabi

“The oxidative stability of cashew nut oils were studied using accelerated autoxidation
conditions. Two grams of cashew nut oil samples was accurately weighed into 10 L

clear glass sample vials and loosely capped before being placed in a Schaal oven

n (Thelco, Model 2, Precision

condi ientific Co., Chicago, IL) in the dark and heated
1060 °C. For each sample, six vials were loaded into the oven, and samples were
removed afier 0, 6, 12, 24, 36, 48, and 72 hours and stored at -80 °C until used for

conjugated diene (CD), and thiobarbituric acid reactive substances (TBARS) analysis.

nation for each sample was carried out in tiplicate.
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5.3.3.4 Determination of conjugated diene (CD) content

The CD contents were determined according to the method explained by Wang and

‘Shahidi (2010). In bri

1, A specified amount of oil (0.02-0.03 g) was weighed into a 25

mL volumetric flask, and made up to the mark with

4-trimethylpentane. The solution
was thoroughly mixed before reading its absorbance at 234 nm (Model HP 84524 diode
array spectrophotometer, Agilent Technologies, Palo Alto, CA). Pure 224-

trimethylpentane was used as a reference. Conjugated dienc values were calculated using

the following equation: CD = Absorbance of solution at 234 nm /C*l where C=

concentration of oilin g per 100 mL.

length of the cuvette in em (IUPAC, 1987)

5.3.3.5 Analysis of thiobarbituric acid reactive substances (TBARS)

TBARS values were determined according to the official AOCS (1995) method. The oil
(50-100 mg) was weighed into a 25 mL. volumetric flask and made up to volume with
I-butanol. Aliquot (5 mL) of this solution was transferred into a serew capped test tube:
1o which freshly prepared 2-TBA reagent (500 mg 2-TBA in 250 mL 1-butanol) was
added. Contents were thoroughly mixed and heated in a thermostated water bath at 95°C.
After 2 h the samples were removed from the water bath and cooled in an ice bath. The
absorbance was then read at 532 nm. A standard curve was prepared using 1,1,3,3-
tetramethoxypropane as the malondialdehyde (MDA) precursor and the results were

expressed as mmol MDA equivalents/g oil.



5.3.3.6 Statistical analysis

Results were expressed as mean + standard deviation (SD) of at least three independent
experiments. Differences were estimated by the analysis of variance (ANOVA) followed
by Tukey's “Honest Significant Difference” test.  Differences were considered
significant at p < 0.05. Al statistical analyses were performed using the fiee statistical

software §

PSS 13.0 version (SPSS Inc., Chicago, IL).

5.4 Results and diseussion

5.4.1 0il yield

The oil yield of cashew nuts roasted at different conditions ranged from 41.30  0.40 to

42,58+ 038 % (Figure 5.1). The roasted cashew nut yielded a significantly (P < 0.05)

higher percentage of oil than that of raw cashew nut. The oil ields obtained in this study
are in the range of those reported by others for tree nuts such as cashew nut (40.4 &
2.0%). almond (50.6 + 2.19%), Brazil nut (60.8 + 1.1 % ), pecan (58.1 2.8 %), pine nut

(58.8 % 1.9 %), and pistachio (512 % 1.0 % ) on a weight basis (Shahidi & Miraliakbari,

2005; Ryan et al, 2006).

5.4.2 Colour development of cashew nut oil

igure 5.2 presents the absorbance values as indices for colour development of cashew

nut oil obtained under diffe

ent roasting conditions.  With the roasting proc

absorbance of cashew oil at 420 nm increased significantly (P < 0.05) and the colour of

cashew nut oils changed gradually from light yellow to deep brown. The absorbance

Values ranged from 0.1563 % 0.001 10 0.2282 + 0,015, The results in this study showed
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that the colour formation in the roasted oil was influenced by the temperatures employed.
The Maillard reaction products (MRPs) are formed in thermally processed foods due to
non-enzymatic reactions between reducing sugars and free amino acids (Koechler &
Odell, 1970). The increase in colour of oils with increasing roasting temperature seemed
10 be due to non enzymatic browning and MRP formed at elevated roasting temperatures.
Previous studies have also reported an increase in the colour of oils with increasing
roasting temperature of seeds, such as rice germ and sesame seed which are consistent

with the results of this study (Yen, 1990; Yosida, 1994; Kim et al, 2002),
5.4.3 Fatty acid composition
Fatty acid composition of an oil can be used as an indicator of its stability, physical

properties, and nutritional value, Fatty acid profiles of the raw and roasted cashew nut

oils determined by GC are presented in Table 5.1. The major monounsaturated fatty acid

(MUFA) present in cashew nuts was oleic acid (C18:1 n-9), with a content ranging from
60.57 % 0.11 10 61.33 £ 0.04%. Linoleic acid (C18:2 n-6) was the most abundant

polyunsaturated fatty acid (PUFA) present at 16,79+ 0.07 to 17.03 % 0.11 % with a lesser

amount of linolenic acid (C18:3 n-3). The primary saturated fatty acids (SFA) identified

in cashew nuts were palmitic acid (C16:0) and stearic acid (C18:0) present at 1021 +
0.01 10 1031+ 0.05 % and 9.57 + 0.05 10 10.14  0.01%, respectively. In accordance

the present study, Venkatachalam and Sathe (2006) reported oleic, linolenic,

palmetic, and s id contents of raw cashew oil at 61.15 + 0,03, 16.88 + 0,07, 10.70

£ 0,02, 9.33 + 0.03% respectively.  In addition, Toschi et al. (1993) and Ryan et al

(2006) also reported similar values for the above mentioned fatty acids found in raw
cashew nut oils,
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In general, the ratio of total SFA to MUFA to PUFA of cashew nut oils was 1.2: 3.6: 1.0.
This ratio remained the same for oils extracted from raw, LT, and HT treated whole
cashew nuts, suggesting that roasting had little or no effect on the fatty acid profiles of
cashew nut oils. Several authors have reported that FA compositions of rice germ,
sesame seed and safflower seed oils prepared under different roasting temperatures and
time combinations remained unchanged (Yen, 1990; Yosida, 1994; Kim ef al, 2002; Lee

et al,, 2004),

5.4.4 Oxidative stability of cashew nut oils

“The oxidative stability of cashew nut oils were tested by determining the contents of CD
and TBARS. The results clearly showed greater oxidative sability of cashew nut oil
under accelerated autoxidation conditions with increased roasting temperature. Table 5.2
shows the changes in the contents of CD and TBARS (mmoles MDA equivalents /g of
oil) in cashew nut oils during storage at 60°C. Generally, the CD values of oils extracted
from roasted cashew nuts were significantly (P < 0.05) lower than that extracted from raw.

cashew nut suggesting their high oxidative stabilty

CD show the degree of formation of primary products of lipid oxidation due to a shift in
double bond positions upon oxidation of methylene interrupted lipid diene or polyenes
(Salunkhe ef al, 1991). CD contents of cashew nut oils increased gradually as the
storage time increased. Oxidative stability of cashew nut oils, based on changes of CD
contents, followed the same order as those evaluated by the TBARS method in this study.
Therefore, the oils from cashew nut roasted at high temperatures had a significantly

(P<0.05) higher oxidative stability than oils from raw cashew nuts or those roasted at a




low temperature. These results are in agreement with those previously reported for
sesame ol that indicate a better oxidative stability for sesame oil that was procured from
seed subjected 10 a higher roasting temperature (Yen & Shyu, 1989). Lee ef al. (2004)

also reported that oxidative stability of safflower oil prepared from sceds roasted at

different 140-18001C) with temperature.

TBARS values provide a measure of the secondary oxidation products in the oil. The
TBARS values, expressed as mmoles MDA equivalents per g of ol extracted from raw or
roasted cashew nut increased slowly during the storage period forall samples. Morcover,
TBA values of oils (Table 5.2) from raw, LT, and HT treated cashew nut oil were 0.105
£0.02,0.120+ 001, and 0.113 + 0.0 mmoles MDA equivalents per g of oil respectively
for oil samples afier 72 h of storage under Schall oven condition. These results were in
agreement of with those of Abou-Gharbia ef al. (1997) who studied on the effect of

processing on oxidative stability of sesame oil extracted from intact and dehulled sceds.

The better antioxidative stability of cashew nut oil prepared from cashew nut roasted at

high temperature was possibly due to the formation of Maillard browning reaction

products during the roasting process which are known to positively influence products,

shelf life (Hayase er al, 1989).



5Co

hew nut oil extracted from raw and roasted whole cashew nuts were examined for

atty acid composition, colour change and oxidative stability. In general fatty acid

composition remained unchanged for cashew nut oils extracted from raw as well as
roasted whole nuts. Oleic was the major fatty acid followed by linoleic, palmitic, and
stearic acids in all oil samples tested. Oxidative stability, as determined by the contents

of CD and TBARS, was increased with increasing roasti

emperature. The colour of

ail ext

ted from roasted whole cashew nuts exhibited a hi

her absorbance value

compared to that from raw whole cashew nut, possibly due to the formation of MRPs

which are known o render antioxidant effect. Thus, roasting of whole cashew nuts
improved the stability of their oil components against autoxidation. Further studies are

nted 1o isolate th

 active components in cashew nut oil samples and to positively
identify their contribution to the antioxidant activity of ofls extracted from roasted whole



Table 5.1: Fatty acid composition of cashew nut oil extracted under different

Roasting condi

Fatty acid % RAW LW HTW
16:0 103140.05° 10214000 1028+0.00*
16:1n-9 034001 0344000 0334000"

0.06:+0.01° 0.03%0.00* 0.11£000"
17:0 013000 0124000 0.14+000"
18:0 9.83+0.06" 9.57+0.05* 1014001
18:1n-9 6057011* 6133004 60.680.00*
18:20-6 17030017 1679+0.07* 1679000
18:30-3 0214001 022+000* 0.192000°
20:0 074001 0674001 0.642001%
20:10-9 019001 019001 017000
22:0 0.14£0.00" 012£001° 0.11£001%
2:0 on o0 0094001 009+0.00°

Data are expressed as means + SD (n = 3). Means
raw are not significantly different (p > 0.05). RAW, raw whole cashew nut oil; LTW, low
temperature roasted whole cashew nut oil; and HTW, high temperature roasted whole

cashew nut oil

n3

SD followed by the same letters, on






Figure 5.1: Yield of cashew oil at different roasting conditions. Data are expressed as
means £ SD (n = 3). Means # SD followed by the same letier, on bars are not
significantly different (p > 005). RAW, raw whole cashew nut oil; LTW, low
temperature roasted whole cashew nut oil; and HTW, high temperature roasted whole



Figure 5.2: Colour development (absorbance at 420 nm) of cashew nut oil at

different roasting conditions. Data are expressed as means  SD (n = 3). Means & SD.

followed by the same letter, on bars are not significantly different (p > 0.05). RAW, raw

nut oil; LTW, I nut oil; and HTW,

high temperature roasted whole cashew nut ol

1ne
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Chapter 6

Conclusions and future studies

6.1 Conclusions

ate that cashew nut kemels and testa contain

The results of the present study ind

a wide array of antioxidant activities. The

enolic compounds that are responsible
contribution of insoluble bound phenolic fraction to the total antioxidant activity was
insignificant (p < 0.05) compared to the soluble phenolic fraction of cashew nuts and

testa, The high temperature (HT) roasted cashew nuts and testa showed a b

content and antioxidant activity than raw and low temperature (LT) roasted samples. In

seneral, the findings of this study suggest that thermal processing enhances the value of

cashew kernels and testa as natural antioxidants and cashew testa, a waste byproduct can

be utilized, as a health promoting and disease preventing nutraceutical ingredient.

Extracts of cashew kemel showed effective inhibition against copper induced human low
density lipoprotein (LDL) cholesterol. However, roasting did not contribute significantly

to enhancing the antioxidant activity in food and biological model systems ¢

ared to

d autoxidation conditions of stripped corn oil

the raw counterparts except under accele

and extract system as assed by the Rancimat method.

Fatty acid composition of cashew nut oils extracted

from raw as well as roasted wh

nuts remained unchanged. Oleic was the major fatty acid followed by linoleic, palmitic

and stearic acids in raw, LT and HT roasted whole cashew oil samples tested. Oxidative

stability, as determined by the contents of CD and TBARS, was increased with increasing

roasting temperature.  The colour of oil extracted from roasted whole cashew nuts



pared to that from raw whole cashew nu

exhibited a higher absorbance value con
possibly due to the formation of MRPs which are known to render antioxidant effec

ew nuts improved the stability of oil extracted from them

Thus, roasting of whole

6.2 Future studies

In the present study chemical assays and in virro food

assess the antioxidant activity of raw and roasted cashew nuts and testa. However, it is

d bioavailability of active components of cashew

information on the absorpt

phenolic extracts is limited, thus such studies are necessary. Furthermore, the effects of

torage of raw and roasted cashew nuts on the antioxidant activity under differen
conditions need 1o be examined.  In addition, identification of active components that

contribute to the antioxidant activity of oils extracted from raw
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