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ABSTRACT

Maya nut was investigated in term of its moistuash content, antioxidant
activities, phenolic components by high pressugidi chromatography-ultraviolet
detector (HPLC-UV) and fatty acid composition by ghiromatography-flame ionization
detector (GC-FID). The results showed that Mayawasg mainly composed of 55.06%
linoleic acid (C18:2 n6), 27.2% palmitic acid (CQj:6.26% stearic acid (C18:0), 9.9%
linolenic acid (C18:3 n3), and 3.36% Cis-11-Eicaser(C20:1). Maya nut possesses a
higher content of polyunsaturated fatty acids (PEf@inoleic and linolenic acid), but
lower content of monounsaturated fatty acids (MUF#sn canola oil and olive oil. The
antioxidant capacities and total phenolic contefthe methanolic Maya nut extract and
other commercially available nuts including walmalmond, and peanut were determined
and compared by three differeint vitro antioxidative assays, i.e., DPPH* free radical
scavenging assay, ferric reducing antioxidant ga@keFRAP) assay, and ABTS free
radical scavenging assay. The DPPH radical scangngctivity and ABTS radical
guenching activity of the Maya nut extract were3836 and 92.55%, respectively, which
were higher than walnut, almond, peanut and comaiematioxidant BHT. In addition,
FRAP value of the Maya nut extract was 8.08 mmdl'/E80 g sample, which was
higher than that of peanut and almond, but lowantthat of walnut. The TPC of Maya
nut was 24.67 mg of gallic acid equivalents pengcd sample, which were 3, 6, and 28
times higher than that of walnut, peanut, almondtifermore, free phenolic acids in the
Maya nut were analyzed by HPLC. 3, 4-Hydroxybenzmda (45 mg/kg), gallic acid

(27.06 mg/kg), vanillic acid (21.15 mg/kg), andfeaf acid (6.5 mg/kg) were found after



the acidic hydrolysis. After the alkaline treatmantd the second acidic hydrolysis, 3,4
hydroxybenzoic acid (342.2 mg/kg), vanillic acidO819 mg/kg), caffeic acid (17.1
mg/kg), p-coumaric acid (13.5 mg/kg), epicatechin (53 mg/kay)d sinapic acid (8.16
mg/kg) were detected. These results demonstratedMiaya nut is rich in bioactive
phytophenolics that results in high antioxidani\aiies; therefore, Maya nut is suitable

to be made into health-benefiting nutraceuticals.
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CHAPTER 1
LITERATURE REVIEW

1.1 History of Maya nut

Brosimum alicastrum, Maya nut, a fast growing andéhtropical rainforest tree
that is indigenous in Central and Northern SoutheAioa can grow up to 40 m in height
and 150 cm d.b.h as seen in Figure 1.1 (The Equiib Fund 2008). It was once
plentiful throughout Central America (see its gexganical distribution shown in Figure
1.2), but faces extinction in parts of its rangeéaese of overcut of trees for firewood and
corn planting (Global Facilitation Unit (GFU) fornderutilized Species, 2007). This
species is under the Moraceae family whose otheusgs consist of mulberries and fig.
The taxonomy of Brosimum alicastrum is determinedadows (Integrated Taxonomic
Information System, 2000).

Kingdom Plantae
Subkingdom Tracheobionta
Division Magnoliophyta
Order Urticales
Familjloraceae
Genus Brosimum

Species Brosimum alicastrum



According to the studies (Puleston, 1968; Pulestt®/2), the seed of B.
alicastrum, or called Maya nut (shown in Figure) thht has other names such as Ramon
nut, Breadnut, Ojoche, Ox, Ash, Ujuxte, Ojite, Oyies Ujushte, Capomo, Pisba waihka
and Masicawas one of the main staple foods for ancient Mayas$ other Neotropical
pre-Columbians. It was also used as an alterndipeel when the production of
traditional crop was low (Puleston, 1968; Pulestt®72). Thousands of villages have
survived for years against drought and famine hysamption of Maya nut. In addition,
there is evidence that Ancient Mayas intentionalljtivated or managed the tree for
harvesting Maya nut because of the edulis fruitd aaotritional seeds of this large
rainforest tree. Moreover, its leaves provide plega$orage, the wood is outstanding for
construction, and various parts of the tree hawwnhesed as regional medicines (Peters,
1989; Peters, 1983).

1.2 Nutritional Properties of Maya nut

Seeds of Maya nut are rich in starch, calcium, gsiten, iron, folate, fiber, and
vitamins A, E, C and B. The nutritional value of yanut is similar to soybean and
comparable to some other nutritional foods (Figré and Figure 1.4) (Vohman &
Sanchez-Garduio, 2008). It is an organic food withmesticides, fertilizers, or other
chemical contamination. One of the reasons whyati@ent people could survive was
possibly partially due to the consumption of Maya as food. In addition, the tree can
conserve soil, biodiversity and environment. Faaraple, the tree can produce 2 tons of
processed foods per year and simultaneously sugpertpopulations of birds and

wildlife. It is believed that the Maya nut forest important to maintain the habitat of



wildlife, healthy environment and local ecosystéfiowever, in last decades, because of
the effect of large destructive plantation of crapat has caused significant biological
erosion of the survival of Maya Nut forest, the Iquality of the people has been affected
resulting in less job opportunities, lower inconmel &hortage of food supply (Vohman &
Sanchez-Garduio, 2008). In order to fight thosécdities, the Equilibrium Fund was
set up and has trained over 7000 women from 348ge$ in Honduras, Nicaragua,
Guatemala, El Salvador and Mexico, to participatthe Maya nut Program to earn their
own money by producing and selling Maya nut for@ased income, better health and
nutrition (GFU for Underutilized Species, 2007).

1.3 Comparison of Chemical Composition of Nuts

1.3.1 Moisture

According to USDA Nutrient Database, the moisturatent of walnu{Juglands regia)
is about 4.07%, in comparison with that of almomtugus dulcis) 4.70%, peanut
(Arachis hypogaee.50% (USDA, 2009).

1.3.2 Ash

The ash compositions of walnutuglands regia almond Prunusdulcis), and peanut
(Arachis hypogaegaare as follows: 1.78%, 2.99%, and 2.33%, resgegt (USDA,
2009).

1.3.3 Protein

The protein content of waln@duglands regia)s 15.23%, while almondPfunusdulcis)
has a protein content of 21.22%, and peaAuachis hypogaeahas 25.80% (USDA,

2009).



1.3.4 Lipid
Lipid is the major constituents of some nuts, ivglnut Juglands regig almond
(Prunusdulcis), and peanutArachis hypogaea Their total lipid contents are as follows:
65.21%, 49.42%, and 49.24% (USDA, 2009), respdgtive
1.3.5 Fatty Acid Composition

Fatty acids (FA) are main components of lipids.sMpart of these carboxylic
acids is found esterified as triacylglycerides. &dly, determination of the FA
composition has become a subject of increasedesttéor both routine food analysis and
lipid research, because of the nutritional impartaand beneficial effects on human
health. For example, total fat intake, the typdabfor fatty acid composition may affect
several physiological and biochemical processeduding blood pressure regulation,
glucose-lipid metabolism, and platelet aggregaii@dmaral, Casal, Pereira, Seabra &
Oliveira, 2003). Some tree nuts are consideredtine&ods because of rich in health
benefiting FAs. For example, walnuts contain richega-6 and omega-3 polyunsaturated
fatty acids (PUFA), and some other nuts have mayeaunsaturated fatty acids (MUFA)
(Amaral, Casal, Pereira, Seabra & Oliveira, 200®)cording to the USDA National
Nutrient Database (USDA, 2009) which lists the comgnts of walnuts, peanuts, and
almonds, the English walnufyglans regia)contains 38% linoleic acid, 9% gamma
linolenic acid (PUFAS), 8.8% oleic acid (MUFA), &4palmitic acid, and 1.6% stearic
acid (saturated fatty acids), respectively. PedAtachis hypogaeahas 15.5% linoleic
acid, 23.7% oleic acid, 5.1% palmitic acid, and%.%tearic acid. AlmondPRfunus

dulcis)involves 3% palmitic acid, 30.6% oleic acid, 12%®oleic acid (Table 1.1).



For general FA analysis, the lipids are at firstracted with appropriate
solvents, e.g., non-polar solvents such as hexadhg, ether, etc., then the fatty acids are
converted into fatty acid methyl esters (FAMESs) amélyzed by gas chromatography /
flame ionization detector (GC/FID) (Christie, 199%hantha & Napolitano, 1992) with
the aid of comparison of retention times (or mazeugately, the retention index, RI) of
authentic standards and sample (Wetter & Thurnh@f5; Spitzer, 1997).

1.4 Mechanism of Antioxidants and Oxidative stress

Organisms are able to develop various defensivehamsms to prevent
excessive exposure to free radicals from a vanésources (Serafini, Villano, Spera &
Pellegrini, 2006). Defensive systems against feekcal-induced oxidative stress include
several means through preventative mechanism,rrepaihanism, physical defense and
antioxidant defense (Labuckas, Maestri, Perelléitidez, & Lamarque, 2008). The latter
in the body consists of enzymatic and moleculaygasto form an antioxidant network
which varies in components and concentration irtirdis environmental conditions
(Serafini, Villano, Spera & Pellegrini, 2006). Bmzatic antioxidant defenses are
composed of superoxide dismutase (SOD), glutathipeeoxidase (GPx), catalase
(CAT), etc. In contrast, some well known non-enzgimantioxidants include ascorbic
acid (Vitamin C),a-tocopherol (Vitamin E), glutathione (GSH), caraigls, flavonoids,
and other antioxidants that can play an importate i plasma (Labuckas, Maestri,
Perellé, Martinez, & Lamarque, 2008). Many of thedmgical effects of antioxidants are
based on their ability to scavenge deleteriousfadéeals, which include reactive oxygen

species (ROS) as well as reactive nitrogen spd&®ES) that are products of normal



cellular metabolism. Free radicals are describednakecules which have an unpaired
electron in the outer orbit. These molecules arallg unstable and very reactive and
can be transformed to other non-radical reactivexigg. These radicals act as a double
bladed sword since they can be either harmful aebeal to living systems. Beneficial
effects of ROS include their physiological rolescallular responses to infectious agents
and various numbers of cellular signaling syste@sygen radicals carry out significant
biochemical activities such as signal transductgeme transcription, and regulation of
soluble guanylate cyclase activity in cells (Zhahgo, Moore, Wu & Wang, 2009;
Uttara, Singh, Zamboni & Mahajan, 2009). At low centrations, ROS can cause
mitogenic response in the cells. NO (Nitric oxids®rves as a significant signaling
molecule and is involved in the relaxation and ipechtion of vascular smooth muscle
cells, leukocytes adhesion, platelets aggrega#ingiogenesis, thrombosis, vascular tone
and hemodynamics (Uttara, Singh, Zamboni & Mahaj2®09). However, at high
concentrations, ROS and RNS can be severely hatmfaéll structures composed of
proteins, lipids, membranes, and nucleic acids K¥,aRhodes, Moncol, Izakovic &
Mazur, 2006). Therefore, if overproduction of frezdicals cannot be balanced by
enzymatic and non-enzymatic antioxidants, oxidaging nitrosative stresses will damage
the biological systems and the redundant free adslitan alter cellular lipids, proteins, or
DNA and suppress their normal function (Barreirasr€ira, Oliveira, & Pereira, 2008).
Oxidative stress is responsible for several patfiodd conditions including
cardiovascular disease, cancer, neurological dessydliabetes and ageing. On the other

hand, in the case of overproduction of RNS, nitiatsyn reactions (protein modification)



can alter the structure of proteins and hinderrthegular functions. In addition, these
agents could induce DNA fragmentation and lipiddation in human body (Barreira,
Ferreira, Oliveira, & Pereira, 2008). Although amidant defensive system of cells
opposes oxidative damage from ROS, presence oatixé@damage accumulating during
the life cycle and free radical-induced damage MADto lipids, to proteins has been
suggested to development of important cell disaréeich as cancer, neurodegenerative
diseases, cardiovascular diseases, and chronamnfation (Valko, Rhodes, Moncaol,
Izakovic & Mazur, 2006).

The capability of antioxidants is not only limiteéd scavenge hazardous free
radicals, but also to modulate cell-signaling patiisv One of the impacts of ROS
materials is their role in signal transduction.rfilgtransduction is a process which a cell
transform outer signals or stimulus to componemdgle the cell. This process is initiated
by extracellular signals such as neurotransmitteysokines, and hormones and can
inhibit various biological activities including genexpression, cell growth, muscle
contraction, and nerve transmission. The modulatbércell signaling pathways by
antioxidants might help preclude cancer by protgcthormal cell cycle regulation,
delaying proliferation and stimulating apoptosigibiting tumor occupation, restraining
inflammation and other effects. In addition, gemethaterial modification due to
oxidative stress circumstances can be the firgt stecarcinogenesis, mutagenesis, and
ageing. Increasing levels of oxidative DNA lesioasd DNA mutation have been
implicated in several tumors and damages in tlwogty of cancer (Prior, Wu & Schaich,

2005). ROS-induced DNA damage resulting in singlelauble-stranded DNA breaks,



modifications of purine, pyrimidine, and deoxyrieosas well as DNA cross-links can
cause inhibition of the transcription, delay ofr&gtransduction, increase of replication
errors, and genomic imbalance, all of which areoiwed in carcinogenesis. Besides of
DNA damage, the lipid peroxidation process resgltirom reactive nitrogen species
(RNS) has been shown in the carcinogenesis mechdhee & Lee, 2006).

In the past years, because of the concern of tgxad carcinogenic claims of
synthetic antioxidants, finding new natural antaaats without undesirable side effects
have become more popular. As a result, studies bantered on antioxidants, such as
phenolics, from natural sources, for instance, nadlijupresent in fruits, vegetables, nuts
and herbs (Frankel & Finley, 2008). Moreover, thes¢éurally occurring antioxidants
might be developed as nutraceuticals helping tbihbxidative damage occurring in the
body (Dudonné, Vitrac, Coutiére, Woillez & Mérillp2009). In this context, phenolic
acids, due to their variety and immense distribytltave been generally studied as likely
models for the development of new basic antioxislant

1.5 Phenolics and Antioxidants

Phytochemicals are defined as non-nutritive bigacplant chemicals in fruits,
vegetables, grains, and other plant foods havingteptive or disease preventive
properties and are considered to reduce the rigthadnic diseases (Dong, He & Liu,
2007). Many individual phytochemicals have beemidied and classified in fruits,
vegetables, and grains. However, still large amoafnfphytochemicals need to be
characterized to comprehend their health beneStsne well-known phytochemicals

include carotenoids, phenolics or polyphenols, laikla, nitrogen-including compounds,



and organosulfur compounds (Dong, He & Liu, 20®Henolic compounds constituting
one of the most widespread groups of substancesthereproducts of secondary
metabolism in plants. More than 8000 phenolic stm&s have been characterized, which
involve essential activities in the reproductiord agrowth of the plants, play important
role as defense agents against pathogens, parasitepredators, as well as promotion to
the color of plants (Dong, He & Liu, 2007). Natupdlenolics can vary from simple (such
as phenolic acids with a C6 ring structure), lowlenalar weight, and single aromatic-
ring compounds to the large, tannins (highly polyizesl compounds) and derived
polyphenols (Crozier, Jaganath & Clifford, 2009heV can be classified by the number
and arrangement of their carbon atoms, and arerggneonjugated to sugars and
organic acids. These phenolics naturally occurmmnglant tissue can be divided into two
groups, the flavonoids, and non-flavonoids. Themtéphenolic acids”, in general,
defines phenols possessing one carboxylic acidtifumad group. However, phenolic
acids naturally occurring in plant tissue impliesa different group of organic acids.
These naturally occurring phenolic acids can bedistidied into two major groups
including two discrete carbon frame-works, hydrarpamic and hydroxybenzoic acids
(Figure 1.5 and Figure 1.6). The numbers and postiof the hydroxyl groups on the
aromatic ring make them different and designatevtresty of phenolic acids (Table 1.2
and Table 1.3) (Stalikas, 200P:Hydroxybenzoic, protocatechuic, vanilic, syringand
gallic acids constitute hydroxybenzoic acid defixed and are generally found in the
bond form and part of a complex structure like iignand hydrolysable tannins. In

addition, they can be present in the form of sudgaivatives and organic acids in plant



foods. The most common hydroxycinnamates inclpemumaric acid, caffeic acid,
ferulic acid and sinapic acid, with caffeic acidwoating (Figure 1.7). These acids occur
as conjugated form, for example with tartaric amidjuinic acid, collectively referred to
as chlorogenic acids (Crozier, Jaganath & Cliffo2®09). Gallic acid is the most
widespread phenolic acid of the biosynthetic precuof hydrolysable tannins, the C6—
C3 hydroxycinnamates and their conjugated derieatiand the polyphenolic C6—-C2-C6
stilbenes and occurs largely as complex sugarsestagallotannins. However, these are
only present in limited extent in dietary comporsemMon-sugar galloyl esters in grapes,
wine, mangoes, green tea and black tea composmitistdderable source of gallic acid in
the human diet. Moreover, ellagic acid and ellagitas found in raspberries and
strawberries are also present largely in fruitsluding pomegranate, blackberries,
persimmon, walnuts, hazelnuts, as well as oak-agees (Crozier, Jaganath & Clifford,
20009).

Although phenolic acids have been known involvirgieus functions, including
nutrient uptake, protein synthesis, structural congmts, enzyme activity,
phytosynthesis, and allelopathy, there is still mumknown functions regarding their
roles in plants (Robbins, 2003). Benzoic and cinpamid derivatives occur in nearly all
plant foods (e.g., fruits, vegetables, and graiagld are substantially distributed
throughout the plant in seeds, leaves, roots, terdss Only a small fraction is present as
“free acids”, while the majority are bonded througgter, ether, or acetal bonds either to
structural components of the plant such as celulgwoteins, lignin or to larger

polyphenols (flavonoids), or smaller organic molesu(e.g., glucose, quinic, malic, or
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tartaric acids) or other natural products (e.gpdres). These linkages lead to a huge
amount of derivatives. This diversity is also actal factor in the complexity of the
analysis of phenolic acids (Robbins, 2003). Ingsding their roles in plant life
represents only one aspect of phenolic acids, thasebeen huge interests from point of
view of food industry. Phenolic acids have beeratesl to color, sensory qualities,
nutritional and antioxidant properties of foodseTeason for analytical investigations of
phenolics has been their contribution in organadeptoperties (flavor, astringency, and
hardness) of foods. In addition, the food indusiag interest of exploration of the nature
and profile of phenolic acids, their influence ouitf maturation, prevention of enzymatic
browning, and their roles as food preservativegnBhcs act as antioxidants, due to the
reactivity of the phenol group (hydroxyl substittem the aromatic ring). It is known
that there are several mechanisms. However, thendotmodel of antioxidant activity
is believed to be radical scavengibg means of hydrogen atom donation. In addition,
electron donation and singlet oxygen quenchinglafmed as other antioxidant - radical
guenching mechanisms. The stabilization of pheradids is influenced by substituents
on its aromatic ring, which, on the other handgeet its radical-quenching ability.
Therefore, distinct acids can have distinct antart activities, for example, the
antioxidant behavior of the free, esterified, glygated, and nonglycosylated phenolics
has been reviewed (Robbins, 2003).

1.6 Sample Preparation and Extraction of Phenolic @mpounds

Sample preparation is critical to any reliable gsiagl without exception to

analyzing polyphenolics and simple phenolics innfda foods, and liquid samples
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(including biological fluids and beverages) thahtzon chemical functional groups with a
great diversity regarding polarity, acidity, numloéhydroxyl groups and aromatic rings,
concentration levels, and complexity of the matiike analyses of phenolic acids and
flavonoids can be different substantially, and rexjudetailed elaboration of sample
preparation, from use of simple filters to more pticated work-up routines, such as
hydrolysis of glycosides, extraction or clean-ugpstprior to analysis. For this reason, no
single pretreatment procedure can be applied tosathples. Choosing the optimal
pretreatment method with respect to the chemicakttres and characteristics of the
analyzed substances has been the common sensalipraeetice (Stalikas, 2007).
Broadly, solid samples are usually exposed to mglligrinding, and homogenization,
which may be processed by air-drying or freezerdyyiOn the other hand, liquid
samples are first filtered or centrifuged beforeytlare either directly injected into the
separation system or the compounds are separateaebys of additional steps using
corresponding techniques (Stalikas, 2007).
1.6.1 Hydrolysis of Phenolic Acids

Acidic hydrolysis and saponification are the mastnmon means of releasing the
acids, although they may decompose under theseitioorsd Enzymatic release is an
alternative but less prevalent technique. The adigdrolytic method involves treating
the plant extract or the food sample itself witst@ng inorganic acid (e. g. HCI) at reflux
or above reflux temperatures in aqueous or alcotsalvents (methanol being the most
common). Acid ranges from 1 to 2 N HCI and the tieactimes range from 30 min to 1

h. Aqueous HCI was reported to be able to destreyhiyydroxycinnamic acids. Krygier et
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al. (Krygier, Sosulski & Hogge, 1982) reported tlestses under acidic conditions varied
with the form of phenolic acid, ranging from 1596% for p-coumaric acid and sinapic
acid, respectively. Saponification entails treatihg sample with a solution of NaOH at
concentrations from 1 to 4 M. Most of the reacticne left to proceed at room
temperature for 15 min up to overnight (Rommel &8tad, 1993). Some investigations
report that the reactions are carried out in thv,das well as under an inert atmosphere
such as argon or nitrogen gas (Stalikas, 2007; RepB003).
1.6.2 Extraction

Extraction techniques need to take into accounidbation of phenolic acids in
the plant. Most phenolic acid derivatives presarthe plant matrix are stored in vacuoles
and are commonly extracted by alcoholic or orgaalvents. The exceptions are those
bound to insoluble carbohydrates and proteins withe plant matrix (Robbins, 2003).
There are various factors influencing the extractaf phenolic acids. Solubility of
phenolics is managed by their chemical nature enpdlant depending on simple, highly
polymerized and very highly polymerized substanédant materials may be composed
of variable amounts of phenolic acids, phenylpragpdsy anthocyanins and tannins,
among others. The interaction of phenolics with eotlplant substances such as
carbohydrates and proteins may be seen in plantis ihteraction might cause the
formation of considerably insoluble complexes, whitas an effect on the extraction
procedure and efficiency. As a result, it is noh@e to develop a universal desirable
method for all plant phenolics. Because of divdesm of plant phenolics, supplemental

steps might be necessary to remove the unwantet|ate and non-phenolic substances
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such as waxes, terpenes, fats and chlorophylisziN&cShahidi, 2006). Another factor
influencing the solubility of phenolics is the potg of solvents. Different solvents such
as methanol, ethanol, propanol, acetone, ethylatgetlimethylformamide and their
combinations can be used for extraction of phesakth distinct proportions of water
(Antolovich, Prenzler, Robards & Ryan, 2000; Zadevski, Naczk & Nesterowicz,
2005). However, very polar phenolic acids (benzaignamic acids) might not be able to
be extracted properly with pure organic solvenesd_polar solvents (dichloromethane,
chloroform, hexane, benzene) are more convenientttie extraction of nonpolar
extraneous compounds such as waxes, oils, stefdtgpphyll from the plant matrix. In
addition, there are also various significant fagtofluencing the extraction of phenolics
such as pH, temperature, sample-to-solvent voluatie, rand time intervals of each of
extraction steps in the extraction process (Stg)ikRQ@07). The extraction time is thought
as an efficient parameter for extraction of polypdie. Desirable extraction times for
phenolic acids can alter from 1 min to 6 h usingl8et extraction (Sun, Sun & Zhang,
2001) and change from 1 min to 24 hour using dffiétechniques (Sun, Sun & Zhang,
2001; Price & Butler, 1977; Maxson & Rooney, 197R)has been demonstrated that
longer extraction times induce the oxidation ofpdlees in the absence of reagents in the
solvent system (Khanna, Viswanathan, Krishnan &w&#n1968).Also, in order to
improve the analytical efficiency, vortex followéy centrifuge, sonication, mechanical
stirring, and continuous rotary extraction haverbeéien adopted (Montedoro, Servili,
Baldioli, & Miniati, 1992; Guillén, Barroso, & PéxeBustamante, 1996a; Guillén,

Barroso, & Pérez-Bustamante, 1996b). The extradfgolyphenols from plant material
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might also be affected by the ratio of solventdople (Naczk & Shahidi, 2006).
Escarpa et al. (Escarpa & Gonzalez, 2001) demdedtthat good yields were obtained
when using 100% methanol for apples and pears8a6#6 agueous methanol for green
beans, lentil and pomace, in the absence of ligdtaddition of 1% BHT (2,6-diert-
butyl-4 methylphenol). In some studies, successktlaction of phenolic acids and their
methyl esters could be implemented by chloroformdtarz, 2001).

1.6.2.1.Liquid-Liquid Extraction Method

Liquid-liquid and solid-liquid extraction (LLE) aréhe most mainly preferred
techniques before analysis of polyphenolics andpnphenolics in plants due to their
convenience of use, efficiency, and wide-rangingliapbility (Stalikas, 2007). Liquid-
liquid extraction is one of the most prevalent skmpre-treatments in an analytical
process to increase selectivity by separating tiadyge from matrix interfering species,
or to raise selectivity by concentrating the aralybm a large sample volume (Silvestre,
Santos, Lima & Zagatto, 2009). In this method, ropthobic sample constituents are
extracted from aqueous samples with a water-iminiscorganic phase. Different
volatile organic solvents can be utilized, inclglipentane, hexane, diethyl ether, ethyl
acetate, chloroform and methylene chloride (PedeBjergaard, Rasmussen, Halvorsen,
2000). The need for the separation usually derfu@® the fact that other solutes or
original solvent(s) interfere in some way with ttlgosen analytic technique. It is also
called selective dissolution method in which thalgie is removed from the original
solvent and subsequently dissolved in a differ@htent (extracted). At the same time,

most of the remainder of the sample remains unetetain the original solution. The
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technique obviously includes two liquid phasesgioal solution and extracting solvent.
The important criteria for a successful separatbrihe analyte are that these liquids
should be immiscible and that the analyte shouldmm¥e soluble in the extracting

solvent (Kenkel, 1994). For successful LLE, the |gea should be extracted

guantitatively from the sample and into the orgasmlvent (Pederson-Bjergaard,
Rasmussen, Halvorsen, 2000).

1.6.2.2 Solid-Phase Extraction Method (SPE)

Solid-phase extraction (SPE) is a simple preparatechnique based on the
principles used in liquid chromatography, in whitle solubility and functional group
interactions of sample, solvent, and adsorbent a@péimized to effect sample
fractionation and/or concentration. A wide range abiemically modified adsorbent
materials (silica gel or synthetic resins) enabiecize group separation on the basis of
different types of physicochemical interaction, reversed phase (C2, C8, C18), cation-
and anion-exchange, etc. It should be noted th& iSRvell suited to the treatment of
sample matrices with high water content, e.g. exdraf herbal materials (Huie, 2002).
Solid-phase extraction (SPE) is a generally utilisgethod to fractionate and to remove
undesirable components from the sample and usefulhk clean-up method of crude
plant extracts or biological samples (Stalikas,Z00_arger phenolics and sugars can be
distinguished from the smaller phenolic compondayt®luting with solvents of varying
pH (Robbins, 2003). SPE offers several advantaigetjding better selectivity, faster
speed, and convenience to automate (Guillén, Bar@sPérez-Bustamante, 1996). A

repetition of acidification, treatment of alkalirelutions and extraction steps are
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generally required to separate the phenolic adidsasic SPE required for all acidic and
basic analyte isolations from the plant extracnsordinary for this method. It has seen
that there is coherence in the choice of absorbentsolating the phenolic acids and
flavonoids. Predominantly, the absorbent is C18dednsilica while the sample solution
or solvents are generally acidified to prohibitigation of the phenolics. It could be said
that another big advantage of SPE is that the cextiact of plant material is injected

directly into this SPE-HPLC system (Guillén, Baop& Pérez-Bustamante, 1996a). Its
use in flavonoid analysis is, however, relativegwn In most cases like the extraction
and separation of phenolics, the sorbent is a @ifgld silica while the sample solution
and solvents are usually slightly acidified to petvionization of the flavonoids in order
to reduce their retention (Rijke, Out, Niessen,e8€é, Gooijer & Brinkman, 2006). The
advantages of SPE include providing higher pregisand throughput, lower solvent
consumption, and prevention of the formation of Emoms, which are often time-

consuming. Additionally, SPE can be easily incogped into automated analytical
procedures with relatively simple and inexpensigaigment, which can lead to greater
accuracy and precision and higher laboratory thmpuyy The main issue in the SPE
method development could be the choice of sorbeatemal and the elution protocol

(Gilbert-Lopez, Garcia-Reyes & Molina-Diaz, 2009).

1.6.2.3 Supercritical Fluid Extraction

Supercritical fluid extraction (SFE) has been uded many years for the
extraction of volatile components, essential oifed aaroma compounds from plant

materials, on an industrial scale. Recently, theliegtion of this technique on an
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analytical scale has started to attract wide istefer sample preparation before
chromatographic analysis. The potential advantagdade the ability to perform rapid
(often less than 30 min) extractions, to reduceus of hazardous solvents replaced by
carbon dioxide, and to combine the extraction st@fs gas, liquid, or supercritical-fluid
chromatography. Another important advantage of yapgl SFE to the extraction of
active compounds from medicinal plants is that ddgtion as a result of the lengthy
exposure to elevated temperatures and atmosphgyigen can be avoided and/or
minimized. Carbon dioxide has been by far the mastd supercritical fluid for
extracting a variety of pesticides from solid mzgs, such as soil, sediments, vegetables,
animal tissues and foodstuffs. The main advantagesing fluid CQ rely on its non-
toxic, non-flammable, inexpensive properties, ame dutomation due to the instruments
available for that purpose and also the abilitybeing coupled to chromatographic
systems. Finally, relatively selective and fastastion procedures can be performed by
modifying the density of the supercritical fluidacreasing the density of the fluid
increases the extraction yield of high molecularghtecompounds. The density of the
fluid can be varied by varying its temperature anessure. The SFE is conceptually not
difficult to perform. The extraction vessel is étl with a sample and placed in a heated
extraction chamber. A pump is used to supply a knpvessure of the supercritical fluid
to an extraction vessel which is thermostated deraperature above the critical
temperature of the supercritical fluid. During teetraction, the analytes are removed
from the bulk sample matrix into the fluid and sweépto a decompressing region.

Herein, the supercritical fluid becomes a gas ancnted, while analytes abandoning the
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gas are collected in a vial containing a small wwuof a suitable solvent such as

methanol (so-called solvent mode). A variationto$ tscheme is that of substituting the

collecting liquid at the outlet of the extractortlwvia sorbent cartridge such as C18 (so
called sorbent mode). The extraction of hydrophaoimpounds from complex matrices
containing sugar, proteins, and fat can be achiesletbst quantitatively, but polar
molecules usually give poor recovery rates. Thevery of these compounds can be
improved significantly by adding of a modifying geht, such as methanol or
acetonitrile. Ono et al., (2006) developed a nmésidue method for the determination of
over 300 pesticides in soybeans using SFE and GC-éldtaining recoveries between
70% and 120% for 245 out of the 303 compoundsde&iarbon dioxide was used as a
supercritical fluid and acetone as collection sotvéAn additional clean-up step was
required for soybean samples using a C18 cartradge after that an Envicarb-NH
cartridge column. Despite its selectivity and audtion capabilities, nowadays the use of
SFE has decreased dramatically during the lastleaip/ears, due to the requirement of
green chemistry of extraction and separation, hgist of the instrumentation
maintenance, and the difficulties in method develept. For instance, optimization of
the extraction conditions on the sample can be-ttoressuming and complex optimization
procedures (Gilbert-Lopez, Garcia-Reyes & Molinad)2009).

1.7 Prevention of Cancer

Cells in humans and other organisms are permanexposed to various
oxidizing agents, which may be produced by metabalctivity within cells. The

important fact to maintain an optimal physiologi@id healthy condition to human
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beings is to obtain a balance between oxidants amttxidants. Oxidative stress,
especially in chronic diseases (infections) mawltdsom the overproduction of oxidants
leading to an imbalance. In addition, large biomoles such as lipids, proteins, and
DNA can be affected by this damage resulting inngneased risk for cancer and CVD.
It is very well known that adequate amounts of@atiant compounds (phytochemicals),
such as phenolics and carotenoids can inhibit xieatve stress induced by free radicals
(Liu, 2004). Antioxidant phytochemicals have suppdmtary mechanisms, e.g.,
stimulation of the immune system, regulation ofgemnpression in cell proliferation and
apoptosis, hormone metabolism, and antibacteridlaaiviral effects (Sun, Chu, Wu &
Liu, 2002). One-third of all cancers are consideiede related to unhealthy diet and be
preventable. However, identifying relevant dietapmponents to prevention of specific
cancers is a great challenge.

Many phytochemicals possessing different chemicdtucgires have
anticarcinogenic properties. They are able to atdivytoprotective enzymes and inhibit
DNA damage to inhibit initiation in healthy cells; modulate cell signalling to eliminate
unhealthy cells at later stages in the carcinogprocess. It has been demonstrated that
many well known phytochemicals can influence maspeats of cell biochemistrin
vitro test, but different agents have many similar ati¢igi The cruciain vivo targets for
particular dietary molecules are unknown, makinglifficult to predict which cancer
phenotypes are most likely to be affected. Gengrathany phytochemicals are
insufficient bioavailable and studies recommend toanbinations may be more effective

than single agents. There may also be advantagesnmbining them with chemo- or
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radio-therapies (Manson, Foreman, Howells & Moisge2007). In addition,
phytochemicals can act as blocking agents prewgntime initiation phase of
carcinogenesis or suppressing agents retardingrtimaotion and progression phases of
carcinogenesis (Kwon, Barve, Yu, Huang & Kong, 200he use of natural product as
anticancer agents was approved in the 1950s by fBeNational Cancer Institute (NCI)
under the leadership of the Dr. Jonathan Hartwediter, NCI has been important
institution through its contribution as a grant dascover new naturally occurring
anticancer agents (Gragg, Kingston & Newman, 208&ging in the ref list). In this
context, Maya nut might be a promising healthy f@etause of existence of bioactive
phytochemical substances.

1.8 Methods for Measuring Antioxidant Capacity

Antioxidant capacity assays are classified into gsaups in terms of principal of
chemical reactions. These are hydrogen atom tnaidi&T) reaction based assays and
single electron transfer (ET) reaction based as@dyang, Ou & Prior, 2005), which are
shown in Table 1.4. The HAT-based assays includiognpetitive reaction scheme,
usually are consisted of a free radical generaoroxidizable molecular probe, and an
antioxidant. The ET-based assays measure thetredwapacity of an antioxidant and
when oxidant is reduced, color changes occur (Agtadd., 2007). The HAT- and ET-
based assays determine the radical (or oxidangjesging capacity, rather than the
suppressive antioxidant effect of a sample (Hu&ng,& Prior, 2005). In the chemical
industry, antioxidants are defined as compoundsgbstpone autoxidation of a chemical

product. The autoxidation process results fromaaldchain reactions between oxygen
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and the substrates. Powerful antioxidants, radicalengers can prevent radical chain
reactions. In food science, dietary antioxidantskadly diminish the effects of reactive
species, such as reactive oxygen and nitrogenespeRadical chain reaction inhibitors,
metal chelators, oxidative enzyme inhibitors, anticxidant enzyme cofactors constitute
dietary antioxidants (Huang, Ou & Prior, 2005) this research, the DPPH assay, ferric
reducing antioxidant power assay (FRAP), and AB@&8ical scavenging assay were
utilized to evaluate the antioxidant capacity of yelanut. Moreover, total phenolic
content was analyzed by the Folin-Ciocalteu redyicapacity assay (Singleton & Rossi,
1965).
1.8.1 Diphenylpicryl-hydrazyl (DPPH) Free Radical $avenging Assay

DPPH is a stable and commercially available orgamidical and has an
absorbance maximum centered at about 515 nm (H@ung; Prior, 2005). The radical
DPPH is generally used to evaluate the antiradinttixidant properties of synthetic and
natural phenols using methanol or ethanol as thatmappropriate solvents (Foti,
Daquino & Geraci, 2004) because it is more stdid@ superoxide and hydroxyl radicals
(Alasalvar & Shahidi, 2008). In this assay, thegbeichromogen radical 2,2-diphenyl- 1-
picrylhydrazyl (DPPHe) is reduced by antioxidanttneing compounds to pale yellow
hydrazine. The reaction progress and the scaveragipgcity are generally evaluated in
organic media by monitoring the absorbance decreatses15-528 nm with a
spectrophotometer until the absorbance remaindes{dbagalhdes, Segundo, Reis &
Lima, 2008). The reaction mechanism depends onlectren transfer (ET) reaction

because it happens slowly in strong hydrogen-baeding solvents, such as methanol
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and ethanol (Foti, Daquino & Geraci, 2004). Theesctd for scavenging the DPPH
radicals by an antioxidant RH is shown in Figui@ 1.
1.8.2 Free Radical Scavenging by the Use of the ABTRadical

Generation of the ABTS [2, 29-azinobis-(3-ethylb@hzazoline- 6-sulfonic
acid)] radical cation constitutes the basis of oh¢he spectrophotometric methods that
have been carried out to the measurement of thédatioxidant activity of solutions of
pure substances, aqueous mixtures and beverageprétiormed radical monocation of
2, 29-azinobis-(3-ethylbenzothiazoline-6-sulfonicidx (ABTS¢) is generated by
oxidation of ABTS with potassium persulfate andresluced in the presence of such
hydrogen-donating antioxidants. The influences athlthe concentration of antioxidant
and reaction time on the inhibition of the radication absorption are considered when
evaluating the antioxidant activity. The method ggsses maxima reaction absorption at
wavelengths 645 nm, 734 nm and 815 nm (Re, Pdlliedtroteggente, Pannala, Yang &
Rice-Evans, 1999). Because of its operational colewnee, the ABTS assay has been
used in many research laboratories for studyingpanifnt capacity (Huang, Ou & Prior,
2005). This method is applicable to the study othbwater-soluble and lipid-soluble
antioxidants, pure compounds, and food extracts HRdegrini, Proteggente, Pannala,
Yang & Rice-Evans, 1999).
1.8.2 Ferric Reducing Antioxidant Power Assay (FRAP

FRAP assay also benefits from electron-transferctimas. A ferric salt,
Fe(I)(TPTZ)LCl; (TPTZ= 2,4,6-tripyridys- triazine) (Figure 1.9) is utilized as an

oxidant (Huang, Ou & Prior, 2005). The ferric remhgcantioxidant power (FRAP) assay
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is based on a SET (Single electron transfer) reacind quantifies the ability of the
antioxidant to reduce a ferric 2, 4, 6-tripyridytrmzine salt (F&-TPTZ) to the blue-
colored ferrous complex (Fe TPTZ) at low pH (Jimenez-Alvarez et.al, 2008y the
FRAP assay, excess Fe3+ is used, and the raténtinfictor of F&-TPTZ, and color
formation show the reducing ability of the samBerizie & Strain, 1996). FRAP values
are estimated by measuring the absorbance incaaS83 nm of the sample and an
antioxidant standard solution (ascorbic acid olottasolution, for instance). In addition,
this method is also used with 96-well microplat@ader which provides preferable
reproducibility and more sample throughput (Tsaang, & Young, 2003). In spite of
the low pH value, the ferric-reducing ability mightlirectly demonstrate the antioxidant
capacity. For example, Cao et al. showed a weakshgrificant linear correlation
between serum FRAP and serum ORAC (Cao & Prior8199
1.8.4 Total Phenolic Content with Folin- CiocaltelReducing Capacity Assay (FC).
Although the certain chemical nature of the Foliieg@lteu reagent is not known,
it is considered that it includes phosphomolybdatYosphotungstic acid complexes
(Singleton & Rossi, 1965). The principle of FC asdapends on the transfer of electrons
in alkaline medium from phenolic compounds and wtheducing species to
molybdenum, forming blue complexes. Therefore thesmplexes can be measured
spectrophotometrically at 750—-765nm (Magalhdesudg, Reis & Lima, 2008). Gallic
acid is preferred as the reference standard contpand results are stated as gallic acid
equivalents (GAE mg T}). The weakness of this assay is that FC reagemitispecific

to phenolic compounds. It may be reduced by manmyptenolic compounds, such as
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aromatic amines, sulfur dioxide, ascorbic acid, Because of that reason, the FC assay
was lately suggested for the measurement of tethlaing capacity of samples (Huang,
Ou & Prior, 2005). Some studies demonstrate thatettare good linear correlations
between FC assay and other ET-based assays, sutBA€s and DPPH. (Roginsky,
Lissi, 2005). Even though the FC assay has disadgas, it is reproducible, convenient,
and simple. Moreover, at a long-wavelength, thelpob absorption reduces interferences

from the sample (Magalhdes, Segundo, Reis & Lirda82

1.9 Significance of the Project

Different parts of Maya nut tree have been useceg®nal medicines for a long
time and seeds of Maya nut are rich in nutritiorelles. The objectives of this research
were to explore other potential health beneficlaracteristics of Maya nuBfosimum
alicastrun). Thus, the specific objectives of this study were

1) To evaluate physical properties and to compardsditye acid composition of

Maya nut with other commercial oils,
2) To determine the radical scavenging capacitieggudBITS, DPPH, and
FRAP assays and to uncover the total phenolic cbréed

3) To separate and identify the individual bioactieenpounds.
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1.10 Figures and Tables

A. Full size of Maya nut tree

Figure 1.1-A was authorized to be added in thisith@érom Vohman, 2008)
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B. Powder of Maya nut seeds

Figure 1.1.The appearance &rosimum alicastrum
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Figure 1.2 Distribution ofBrosimum alicastrum, sub species alicastrum;

This figure was authorized to be added in thisighédrom Vohman & Sanchez
Gardufio, 2008)
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Vitamin B-6 (Pyroxidine)

mg/A100g dry product
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Figure 1.3The vitamin B-6 values of Maya nut and other foods

Fiber

Figure 1.4 The fiber values of Maya nut and other foods

Figure 1.3andFigure 1.4are authorized to be added in this thesis (froerBtuilibrium
Fund 2008)
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Nutrient Walnut Almond Peanut
(Value per 100 (Juglands regia (Prunusdulcis) (Arachis hypogaea
grams)
Moisture (g) 4.07 4.70 6.50
Protein (g) 15.23 21.22 25.80
Ash (g) 1.78 2.99 2.33
Total lipid (fat) (g) | 65.21 49.42 49.24
Fatty acids (Q) 62.233 46.69 46.82
Linoleic acid (g) 38 12 15.5
Gamma linolenig 9.08 0.006 0
acid (g)
Oleic acid (g) 8.8 30.6 23.7
Palmitic acid (g) 4.4 3 5.1
Stearic acid (g) 1.6 0.658 1.1

Table 1.1 The comparison of nutrients dfiglands regia Prunusdulcis and Arachis

hypogaegUSDA, 2009)
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Hydroxybenzoic acids

Name R1 R; Rs R4
Benzoic acid H H H H
p-Hydroxybenzoic acid H H OH H
Vanillic acid H OCH, OH H
Gallic acid H OH OH OH
Protocatechuic acid H OH OH H
Syringic acid H OCH; OH OCH;
Gentisic acid OH H H OH
Veratric acid H OCH; OCH H
Salicylic acid OH H H H

Table 1.2The frameworks of the hydroxybenzoic acids

H
O

Ry
OH

R3
R1
R

Figure 1.5The structures of the hydroxybenzoic acids
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Hydroxycinnamic acids

Name Ry R Rs3 R4
Cinnamic acid H H H H
o-Coumaric acid OH H H H
m-Coumatric acid H OH H H
p- Coumaric acid H H OH H
Ferulic acid H OCH: OH H
Sinapic acid H OCH; OH OCH;
Caffeic acid H OH OH H

Table 1.3The frameworks of the hydroxycinnamic acids

Figure 1.6 The structures of the hydroxycinnamic acids
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Figure 1.7 The structure of caffeic acid
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Antioxidant Capacity Assays (in vitro)

Single electron transfer-based assays

M(n) + e (from AH—>
AH-* + M(n - 1)

DPPH (diphenyl-1-picrylhydrazyl)

FRAP ferric ion reducing antioxidant parameter

TEACKrolox equivalent antioxidant capadjty
Copper(ll) reduction capacity
Total phenols assayHayin-Ciocalteu reagent

Hydrogen atom transfer-based assays

Reaction: X + AH—> XH+ A’

TRAP total radical trapping antioxidant
parameter)

Crocin bleaching assay

Oxygen radical absorbance cap@RAC)
IOU (inhibited oxygen uptake)
Inhibition of linoleic acid akation
Inhibition of LDL oxidation

Other assays

TOSC (total oxidant scavenging capacity)
Chemiluminescence
Electrochemiluminescence

Table 1.4In vitro Antioxidant capacity measurement assays
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2, 2-Diphenyl-1-picrylhydrazyl (DPPHe)

RH Antioxidant | » Re

2, 2-Diphenyl-1-picrylhydrazyl (DPPH)

Figure 1.8 The scheme for scavenging the DPPH radicals landoxidant RH
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Figure 1.he structure of [Fe (lll) (TPTZ)**
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CHAPTER 2
ANTIOXIDANT POTENTIAL AND NUTRITIONAL VALUES OF MAY A
NUT, WALNUT, PEANUT AND ALMOND
Abstract:

Different parts of the Maya tredBiosimum alicastrum have been used for
different applications, including forage, constrant and medicine. Recent studies have
also shown that the seeds of Maya nut possessuganigtritional values. In this study,
Maya nut oil was compared with other two commelgiatlible oils: olive oil and canola
oil, in terms of their fatty acid composition andagptity. In addition, proximate analyses,
antioxidant capacities, and total phenolic contdrihe Maya nut and other commercially
available nuts including walnut, almond, and peawete measured and compared.
Antioxidant capacities of Maya nut, walnut, almoadd peanut were evaluated by three
differentin vitro antioxidative assays (i.e., DPPH* free radicalvecaing assay, ferric
reducing antioxidant potential (FRAP) assay, andl8Bree radical scavenging assay).
The Maya nut seed (dry) powder contain 1.31% @it th composed of 27.20% palmitic
acid (C16:0), 6.26% stearic acid (C18:0), 9.90%vlénic acid (C18:3 n3), 55.06%
linoleic acid (C18:2 n6), and 3.36% Cis-11-Eicoser{€20:1). It has a higher content of
linoleic and linolenic acid (PUFASs), but lower cent of oleic acid than canola oil and
olive oil. The TPC of Maya nut was 24.67 mg of galcid equivalents per gram of
sample, which were 3, 6, and 28 times higher than of walnut, peanut, almond. The
FRAP value of Maya nut was 8.08 mmof#&00 g sample, which is lower than that of

walnut but higher than that of peanut and almondy&Inut exhibited a stronger DPPH
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(83.35%) free radical scavenging activity than walnpeanut, and almond at
concentration of 1 mg/mL. The level of DPPH scawegaactivity of Maya nut was
higher than that of BHT (76.46%) at 1000 ppm coftregion. Furthermore, Maya nut
showed powerful ABTS radical quenching activity than walnut, peanutd @amond.
The Maya nut extract possessed the highest anéiokidapacity (92.55% of ABTS
inhibition) followed by the walnut extract (92.17%peanut extract (91.12%), and

almond extract (58.96%), respectively.
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2.1 Introduction

Maya tree Brosimum alicastrumis widely distributed in Mexico and its leaves
are usually used for forage, and/or as mediciriesidt seed is immensely high in fiber,
calcium, potassium, folate, iron, zinc, proteinsl amtamins A, B, C and E (Vohman &
Sanchez-Garduio, 2008), and has been used azaraalte food by the ancient Mayas,
who traditionally either ate the raw nut seeds @denthem into juice or marmalades
(Roys, 1931). Though some studies on nutritiondues of the Maya nut were
conducted, its fatty acid profile and antioxidaotgntial have not been studied yet.

Fatty acid composition may affect lipid oxidationdafinal quality of food, as
well as human health. For example, omega-6 and a+iggolyunsaturated fatty acids
(PUFA) are implicated to have anti-inflammatoryeets in the body, and are used in the
nutritional dietary supplements for treatments dhrdtis, asthma, allergies, and skin
conditions (Amaral, Casal, Pereira, Seabra & Ola;e2003).

Since oxygen-derived free radicals were found talbsely relevant to various
diseases such as cancer, inflammation, aging, Amres disease, cardiovascular
diseases, diabetes. etc (Yeh & Yen, 2003; Yu, Betdarris, & Haley, 2003),
antioxidants, particularly natural antioxidants,iethcan quench the free radicals and
cease their propagation to prevent the biologieahages, have attracted much attention
(Parry et. al.2006; Parry, Cheng, Moore, & Yu 2008). Although tlevelopment of free
radicals is a natural procession, when defectext fadicals may become biologically
dangerous. The steps of the chain reaction redpenfir the actions of free radicals

include initiation, propagation, and terminatioreps. The final step, termination, is
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considered the cause of free radical onset of cameause this step might bring about
DNA damage, mutations and other hazardous effEéaisinstance, their involvement in
the onset and development of colorectal cancerdslwaccepted.

In addition, many foods are subject to differenctéas for the quality
deterioration, e.g., lipid autoxidation. Conseqlgmtatural and/or synthetic antioxidants
are frequently added as food additives to secund fpuality in terms of flavor, color,
texture and nutritional values, as well as the febelf life. Though some synthetic
antioxidants such as butyl hydroxyanisole (BHA) dndyl hydroxytoluene (BHT) are
very effective, their use is limited in commercegbplications because they might be
hazardous to human health (Ito, Fukushima, TsubmaiSHagiwara, & Imaida, 1985).
Therefore, it is crucial to discover some otheruraty occurring non- or less-toxic
antioxidants which could be used to preclude fooddative deterioration. Natural
antioxidants also have been used as nutraceuticabsmetic ingredients since they
constitute multiple functions. In this study, weabized the antioxidant capacity of Maya
nut using three complimentany vitro assays: 2, 2-diphenyl-1-picrylhydrazyl (DPPH*)
free radical scavenging assay, ferric reducingoaidant potential (FRAP) assay, and
ABTS free radical scavenging assay. The antioxidativity, total phenolic content, and
proximate values of Maya nut, were also compareth Wiose of the commercial nuts
and standard antioxidant, butylated hydroxytolu¢BeiT). Moreover, the fatty acid
composition of Maya nut was compared with thathef ¢live oil and canola oil which are

both considered health benefiting oils and usednconly in the United States.
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The goals of this study were: (i) to evaluate aatiant capacity and total
phenolic content of Maya nut and to compare thedaeg with the commercial nuts
including walnut, peanut, and almond; and (ii) &tedlmine proximate analyses and fatty

acid composition of Maya nut and compare theseegalhith olive oil and canola oil.

2.2 Materials and Methods:

2.2.1 Materials and Chemicals

The Maya nutBrosimum alicastruinsample was obtained from The Equilibrium
Fund (TheEquilibriumFund.org, Colorado, CO, USA)nsdlted dry roasted peanuts
(Wal-Mart Stores, Inc, Bentonville, AR, USA), pesarwalnuts, almonds (Hines Nut
Company, Dallas, Texas, USA), extra virgin olivé (@ertolli Company, New Jersey,
USA) and canola oil (Pure Wesson, ConAgra Foods amy, Memphis, Tennessee,
USA) were purchased from a local market in ClemS8®, USA. Fatty acid methyl ester
(FAME) standards were purchased from Supelco Ceoeelldidnte, PA, USA).
Heptadecanoic acid was obtained from MP Biomedi¢@kio, OH, USA). Sodium
methoxide was purchased from Acros Organics (Newgeye NJ, USA). Potassium
carbonate was from the Alfa Aesar, 99% min (Masgsetis, MA, USA). The Folin-
Ciocalteu reagent, gallic acid, 2, 4, 6-tri (2-piyt)-s-triazine (TPTZ), 2, 2-diphenyl-1-
picryl-hydrazyl radical (DPPH) and ferric chloriaeere purchased from Sigma-Aldrich
Co, MO, USA. Sodium carbonate and sodium acetatee viil®m Fisher Scientific.

Ferrous sulfate was from J.T. Baker Chemical Compbtydrochloric acid and glacial
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acetic acid were obtained from EM Science. HPLGIgrand laboratory grade solvents
were purchased from Fisher Scientific (Suwanee, G34)
2.2.2 Preparation of Defatted Samples:

The oil extraction method was modified from prewlyu reported method
(Shahidi, Alasalvar & Liyana-Pathirana, 2007). admples were ground separately in a
spice and nut grinder (Model SG 10C, Blank and i@ars Company, Stamford, CT) for
5 min and then defatted by sonication with hexdn®, /v, 3x10 min) with the Branson
sonicator (Model 5510, Bransonic Tabletop Ultraso@ieaners, Branson Ultrasonics
Corporation, Danbury, CT) at an ambient temperatline samples were centrifuged at
3024y (Model Eppendorf Centrifuge 5810 R, Eppendorf Nakinerica Inc., Westbury,
NY) for 10 min before the upper layer was remov@efatted samples were subsequently
air-dried for 1 hour for further analysis.

2.2.3 Extraction of Crude Phenolics:

The preparation of antioxidant extracts was modifrem the method reported by
Siriwardhana and Shahidi (2002). Phenolic compowprdsent in the defatted samples
were extracted by 80:20 (v/v) ethanol/water mixt(6ey of sample /100 mL of solvent)
at 80°C for 30 min by a Soxhlet extractor. The Itasy slurries in the flask were
collected. The residue was re-extracted twice utldersame condition, the remaining
slurries were collected. The solvent in the slgriias removed by a rotary evaporator at
40 °C (Model R-200; Buchi, Switzerland). The preggacrude extracts were re-dissolved

in methanol, and filtrated by Whatman filter pagpp. 5). The final concentration was
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expressed as mg of sample equivalent per mL ofanethThey were stored at -20 °C in
the dark until they were used.
2.2.4 Determination of Total Phenolic Content

Content of phenolics in the extracts was determiaecording to a modified
procedure described by Singleton and Rossi (Simglét Rossi, 1965) using the Folin-
Ciocalteu phenol reagent. The Folin-Ciocalteu phesagent (1:10 diluted with distilled
water) (1 mL) was added to each centrifuge tubdatoimg 200 pL of the extract, and
800 pL saturated sodium carbonate (75.05 g/L). {libes were thoroughly mixed by
vortexing before the tubes were allowed to starahatient temperature for 2 hours until
the characteristic blue color developed. Absorbaotethe clear supernatants was
measured at 750 nm using a UV spectrophotometenggs 20 Model 4001/4;
ThermoSpectronic, Rochester, NY, USA). The blankod of any extract was used for
background subtraction. The content of total phesah each extract was determined
from a series of standard solutions in concentnatiaf 25, 50, 100, 200, and 400 pug/mL
of gallic acid as a standard and expressed as llig @eid equivalents (GAE) per gram
of extract.
2.2.5 Determination of DPPH Radical Scavenging Aatity and Antioxidant
Capacity

The method described by Kitts et al. (Kitts, Wijekveme & Hu, 2000) was used
with some modifications to evaluate the DPPH rddicavenging activity of the extracts.
A volume of 0.5 mL of antioxidant extract solutifh 2, 3, 4, 5 mg/mL in methanol) was

mixed with 0.5 mL of 0.125 mM DPPH solution dissedvin methanol. Methanol was
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used as a blank solution. The absorbance of tliti@aamixture was measured at 515 nm
after 1 hour and compared with the standard amt#oxi BHT. Lower absorbance of
reaction mixture demonstrated higher free radiaavenging activity. Finally, the
absorbance of the resulting solution was read sgauodtometrically at 515 nm. Results
were expressed as the content of extract (mg paypsersus absorbance at 515 nm. The
scavenging of DPPH radical of the extracts wasutaied according to the equation:

DPPH radical scavenging activity (%) =dtrol— Asample X 100
Acontrol

2.2.6 Ferric Reducing Antioxidant Potential (FRAP)Assay

The ferric reducing power of extracts was deterwohibg a modified version of
the FRAP assay described by Benzie and Strain (Bemd Strain, 1996). This method
was based on the reduction, at low pH, of a cadsriderric complex (P&
tripyridyltriazine) to a blue colored ferrous corapl(Fe?-tripyridyltriazine) by the action
of electron-donating antioxidants. The reductiorasried out by measuring the change
of absorbance at 593 nm.

The working FRAP reagent was freshly prepared dajynixing 10 volumes of
300 mM acetate buffer at pH 3.6, with 1 volume 0fdiM TPTZ (2,4,6-tri(2-pyridyl)s-
triazine) in 40 mM hydrochloric acid and with 1 vole of 20 mM ferric chloride. A
standard curve was prepared using various contemsa(i.e., 0.5, 1, 2, 4, 5 mM) of
FeSQ+<7H,0. All solutions were used on the day of preparat@ne hundred microliters
of sample solutions and 3Qd. of deionized water were added to 3 mL of freshly

prepared FRAP reagent. The reaction mixture wasbaied at 37 °C for 30 min in a
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water bath. Then, the absorbance of the samplesnveasured at 593 nm. A sample
blank reading using acetate buffer was also takdre difference between sample
absorbance and blank absorbance was calculatedsauldto calculate the FRAP value.
In this assay, the reducing capacity of the exd¢réetted was calculated with reference to
the reaction signal given by a Feblution. FRAP values were expressed as mmoldre
of sample. All measurements were done in triplicate
2.2.7 Free Radical Scavenging by the Use of the ABTRadical

The free radical scavenging capacity of extracts alao studied using the ABTS
radical cation decolorization assay (Re, Pellegioteggente, Pannala, Yang & Rice-
Evans, 1999), which is based on the reduction oT 8Bradicals by antioxidants of the
plant extracts tested. ABTS was dissolved in deeshiwater to a 7 mM concentration.
ABTS radical cation (ABTS) was produced by reacting ABTS solution with 25
potassium persulfate (final concentration) andvalg the mixture to stand in the dark at
room temperature for 12-16 h before use. For thdysthe ABTS' solution was diluted
in deionized water to an absorbance of 0.7 (x0€22J34 nm. An appropriate solvent
blank reading was takeAB). After the addition of 10QlL of agqueous extract solutions
to 3 mL of ABTS" solution, the absorbance reading was taken at 801°20 min after
initial mixing (AE). All solutions were used in the same day of arafoon, and all
determinations were carried out in triplicate.

The percentage of inhibition of ABTSwas calculated using the following
formula. % inhibition = [&A — Ae / Ag] x 100

where A = absorbance of the blank sample, amd=Absorbance of the extract
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2.2.8 Proximate Analyses

Moisture content was determined by placing 2 grarhground Maya nut in
disposable aluminum pans. The samples were theegla a Thelco Laboratory Oven
(Model 130DM by Precision Scientific Inc., Maharaah India) set to100 °C for 5 hours.
The samples were then immediately re-weighed. Tdraptes were then held in a
desiccator prior to fat analysis.

The samples were placed in porcelain cruciblespartdnto a Thermolyne Type
6000 programmable furnace to determine ash corftenbace temperature was started at
room temperature and increased 5°C per minute @% °C was reached. The
temperature then was increased 10°C per minutd 686°C was reached. The
temperature was held at 525 °C for 5 hours. Aft@ling, samples were weighed.

The dried samples from the moisture analysis were ipto dried thimbles,
stopperred with cotton, and held in a Soxhlet @mitl6 hours. Hexane was used as the
extraction solvent. After extraction, the thimbiesre dried in the oven for overnight at
100 °C. The thimbles were then weighed to deternmadat content.

Maya nut was analyzed for protein content usinghsly modified bicinchoninic
acid assay (BCA assay) method described by Smi#h @mith et al, 1985). The BCA
reagent was prepared by combining 50 mL of readenbntaining sodium carbonate,
sodium bicarbonate, BCA detection reagent, andusodiartrate in 0.1 N sodium
hydroxide with 1 mL of reagent B consisting of 4%pper sulfate pentahydrate solution.
Five mg of maya nut samples (ground in a mill) wereeghed into the centrifuge tubes

and suspended in 1.0 mL of the BCA reagent. Theokswere then incubated at 37 °C
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for 30 min in a water bath with vortex mixing inexy 10 minutes. The samples were
then cooled in an ice bath for 1 min and centritbge 300@ for 10 min at room
temperature. An aliquot of 0.2 mL supernatant veasaved and diluted with 0.8 mL of
BCA reagent. The solution was thoroughly mixed lytex and its absorbance was
measured at 562 nm. A standard curve was condtrusieg a series of standard bovine
serum albumin solutions in concentrations of 5d), 1200, 400 pg/mL. Protein content
was expressed as mg protein/mL.

2.2.9 Preparation of Fatty Acid Methyl Esters (FAMES)

The preparation of fatty acid methyl esters (FAMEss modified from the
procedure described by Surh, Ryu & Kwon (Surh, ByKwon, 2003). Sixty milligrams
of the sample were put into a screw capped cutuve with 1 mL internal standard of
heptadecanoic acid (2mg/mL in hexane) as an intestaadard. Then, 2 mL of 0.5 N
sodium methoxide was slowly added during stirriitpe sample tubes were tightly
closed with Teflon-lined caps, placed in a watehtz 50°C for 10 min and cooled down
within 5 minutes. Then 3 mL of 5% methanolic HClsvadded and the mixture was
incubated in water bath at 80 °C for another 10uteis and cooled down for 5 minutes.
Eventually, 1 mL hexane and 7.5 mL of 6% aqueoxS® was slowly added to stop the
reaction and neutralize the mixture. After cengdtion at 1200 rpm for 5 minutes, an
aliquot of hexane upper phase was transferred atwial and subjected to gas

chromatography. All of these reactions were pertanm triplicate for the extract.
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2.2.10 Analysis of Methyl Esters with GC

The fatty acid composition of Maya nut oil was exsed from the FAMES by
GC-FID (Model GC-17A, Shimadzu Scientific Instruntennc., MD, and USA). The
results were expressed as % individual fatty adidotal fatty acids. A fused silica
capillary column DB-Wax was used (I.D. 0.25 mm,gén60 m, thickness 0.25 um,
J&W Scientific, Folsom, CA, USA). Helium was usesl the carrier gas in a 1:15 split
mode at a flow rate of 1.2 mL/min. Injection volumvas 5 puL. Column was operated at
70 °C for 4 min, then temperature-programmed atQ/&in to 175 °C, held there for 27
min, programmed at 4 °C/min to 215 °C, and finaigld there for 31 min; Total run was
80 min. It is worthy of note that the start-up tesradure at 70 °C allowed the reasonable
resolution of the short-chain FAME, while maintaigithe temperature at 215 °C for a
longer period of time permitted appearance of teg/\Jong-chain FAME. Fatty acids
were identified by comparing the retention timetlod peaks in the sample with those of
the standard mixtures. Determination of the retentime and area of peaks were carried
out by the software “Shimadzu ClassVP 7.0” (Shime8zientific Instruments Inc., MD,
USA).
2.2.11 Statistical Analyses

Data were reported as the mean + standard deviaiibstatistical analysis was
performed on the SAS V9.2 software for Windows (SASitute Inc., Cary, NC, USA).
Differences among sample means were determinednblysas of variance (one-way

analysis of variance, ANOVA) ax0.05.
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2.3 Results and Discussion

This is the first research about Maya nut and tieer® proximate analysis values
provided by The USDA National Nutrient Database.thrs research, Maya nut was
compared with different nuts such as walnut, almoadd peanut. The proximate
compositions of walnut, almond, peanut, and Maytaanel summarized in Table 2.1.

Moisture content of the Maya nut powder was 5.58#tich had a low moisture
value compared with other nuts. Low moisture conigeritical for keeping quality and
shelf life of seeds as low moisture (I&w) reduces the probability of microbial growth,
unwarranted fermentation, premature seed germmatiand many undesirable
biochemical changes normally associated with tipeseesses. When expressed on a dry
weight basis, the lipid content of the samples eanfgom 1.31 % for Maya nut to 64.50
% for walnut. Maya nut has the lowest lipid contantong the nuts. When expressed on
a dry weight basis, the values for ash contentaim®st close to each other. However,
Maya nut has the highest ash content as comparegé®e 2.48% ash in peanut, walnut,
and almond (Table 2.1). As we know, ash is the neimg inorganic residue after the
water and organic matter have been removed byrfweati the presence of oxidizing
agents. Ash contemepresents a measure of the total amount of mmerakent within a
food (Nielsen, 2003). Among the nuts, Maya nut tkees largest amount of inorganic
components such as Ca, Na, K and Cl. When expressaddry weight basis, the value
for protein is 62.6 g/100g. Maya nut has a higtretein content compared with walnut

(15.23 g/100g), almond (21.22g/100g), and pearfi6gy/100g).
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Fatty acids are recognized as essential nutrient®ih human and animal diets,
and are implicated to possess numerous healthitserBfieir use in the pharmaceutical
and food industries has also been well documer@atiirated fatty acids are considered
to contribute to cardiovascular diseases, wheteasitsaturated fatty acids are shown to
help cellular function and promote a healthy heHlne essential fatty acids, omega-6 and
omega-3 polyunsaturated fatty acids (PUFA), areo almplicated to have anti-
inflammatory effects in the body, and are usedhia nutritional treatment of arthritis,
asthma, allergies, and skin conditions (Amaral,ad2ereira, Seabra & Oliveira, 2003).
These essential fatty acids are considered to ldiverincidence of immune system
disorders such as cancer, multiple sclerosis, apdsl (Henry, Momin, Nair & Dewitt,
2002).

In this research, fatty acid composition of olive canola oil and Maya nut was
compared. Edible vegetable oils such as olive il @anola oil contain high amounts of
monounsaturated fatty acids (MUFA) and polyunsaéatrdatty acids (PUFA) which are
considered to promote hearth health, to lower Lbblesterol. Olive oil is attributed to a
high proportion of monounsaturated fatty acids (MIdf; namely oleic acid, which
represents 70-80% of the fatty acids present girviolive oil (Cicerale, Conlan, Sinclar
& Keast, 2009). The fatty acid profiles of Maya hotive oil, and canola oil were
determined by GC-FID, and the results are showraiole 2.2. The peaks of major fatty
acids of Maya nut and the peaks of standard faftysamixture were shown with respect
to their retention times in the GC-FID chromatogsaffigure 2.1 and 2.3). In addition,

As the result shown in Figure 2ihe major fatty acid of olive oil and canola oildkeic
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acid (C18:1), a monosaturated fatty acid (MUFAY), the¢ major fatty acid of Maya nut is
linoleic acid (C18:2 n6), a polyunsaturated fattyda(PUFA). In our study, the mean
values of the oleic acid (C18:1) in olive oil andnola oil were 67.40 and 64.2 (%
FAME), respectively, while the mean value of theoleic acid (C18:2 n6) in Maya nut
was 55.06 (% FAME). All samples contained predomilyamonounsaturated fatty acids
(MUFAS) (e.g. 67.40% for olive oil) or polyunsatted fatty acids (PUFAS) (e.g. 3.36%
for Maya nut). It was reported that the oleic a@@d8:1) content of the olive oil ranged
from 62.66 to 76.84 % in European olive cultiva@albou, Rjiba, Nakbi, Gazzah,
Issaoui, Hammami, 2010) and ranged from 64.73 t047% in Spanish olive cultivars
(Allohuche, Jiménez, Gaforio, Uceda & Beltran, 2007 was noted that and the oleic
acid content of canola oil ranged from 58.0 to 8@ FGunstone, Harwood & Dijsktra,
2004).

In our study, olive oil and canola oil have simi@mounts of oleic acid, but
surprisingly, there was no oleic acid detectedhim Maya nut. However, depending on
the sample, there was a significant variation talt®UFAs. Linoleic acid (C18:2) and
linolenic acid (C18:3) were the predominant conttdrs toward the makeup of the
PUFAs. Linoleic acid (LA) and alpha linolenic adiiLA) belong to the n-6 (omega-6)
and n-3 (omega-3) series of polyunsaturated fatiysa(PUFA), respectively. They are
defined as the "essential" fatty acids since tha@ynot be synthesized in the human body
and are mostly obtained from the diet (Russo, 200%he current study we found Maya
nut containing 55.06 % linoleic acid, whereas oloieand canola oil have 11.84% and

22.52%, respectively. Wijendran and Hayes repattied the linoleic acidLA) was the
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major dietary fatty acid regulating low-density dgrotein (LDL)-C metabolism by
downregulating LDL-C production and protect agacmtonary heart disease (Wijendran
and Hayes, 2004). In addition, we found that Mayahad a higher amount of linolenic
acid than olive oil and canola oil. The mean valagdinolenic acid of the Maya nut,
canola oil and olive oil were 9.9, 7.38, and 1.2Z6KAME), respectively.

Results from the present study revealed Maya nut had higher PUFAs than
olive oil and canola oil. Both n-6 (linoleic aci@18:2 n6) and n-3 (linolenic acid, C18:3
n3) polyunsaturated fatty acids have been assdciatth lower cardiovascular risk.
Within the n-6 series, linoleic acid seems to daseecardiovascular risk. A high intake
of long-chain n-3 fatty acids has consistently bassociated with a lower incidence of
CHD in prospective cohort studies. The shorter chai3 fatty acid, such as the a-
linolenic acid, has been considered to have artiytrmic effect in experimental
models, and seem to decrease primarily fatal coyoeeents (Erkkila, Mello, Risérus &
Laaksonen, 2008). Therefore, presence of the Imolecid ( C18:3 n3) and other highly
unsaturated fatty acids in the Maya nut provideepwals of lowing free radical
production in human beings. The highly unsaturd&tty acid composition of Maya nut
makes it well-suited for improving nutritional bédme of foods (Savoini, Agazzi,
Invernizzi, Cattaneo, Pinotti & Baldi, 2010). FiguR.4 shows the comparison of the
polyunsaturated fatty acid (PUFA), monounsaturatetty acid (MUFA) and total
unsaturated fatty acid (TUFA) in Maya nut, olivd, @nd canola oil. As seen in the
figure, PUFA value of Maya nut was 64.96%. Polydunssed fatty acids (PUFAS) are

increasingly in demand due to the beneficial efemt human health. Comprehensive
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studies have shown that PUFAs have two main funstiql) regulating membrane
fluidity and membrane proteins; and (2) serving nastabolite precursors, such as
prostaglandins and Leukotrienes (Ho, Jiang & CR&0,7; Certik & Shimizu, 1999). As
PUFAs have their unique structures and functioeficincies of PUFAs would cause
various abnormalities in humans (Gill & Valivety947). Dupont et al. reported that
PUFAs and MUFAs of corn oil were 59 and 24 % (% FAMDupont et.al., 1989). The
PUFA is linoleic acid (C18:2n-6) primarily, with amall amount oflinolenic acid
(C18:3n-3) giving an n-6/n-3 ratio of 83 (Dupontaét 1990). In another study, Li,
Cherian, Ahn, Hardin and Sim noted that PUFAs imeotedible oils such as palm oill,
sunflower oil were 10.3 and 66.4% (FAME%), respesti (Li, Cherian, Ahn, Hardin &
Sim, 1996). Compared with the olive, canola, cang palm oils, the Maya nut oll
possesses a higher amount of PUFA. Despite the PigRAs, Maya nut was low in
MUFA, especially in oleic acid.

Many sample preparation methods have been devetopmadiluate polyphenolics
and simple phenolics in a wide range of samplesypost importantly, extraction is the
crucial step for the recovery and isolation of lbioge phytochemicals from plant
materials before analysis. In addition, it is wortbting that the removal of unwanted
phenolics and non-phenolic substances such as wkatess also critical. Solid-liquid
extraction (Soxhlet extraction) is the most commamted method prior to analysis of
polyphenolics and simple phenolics. Methanol, ebhasmcetone, diethyl ether, and ethyl
acetate are the commonly used extraction solv&ttdikas, 2007). It was reported that

among the five organic solvent extracts made byreih methanol, acetone, ethyl
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acetate, and hexane, the ethanolic extracts ofupesssed produced higher yields and
stronger antioxidant activity than other organitvent extracts (Huang, Yen, Chang, Yen
& Duh, 2003). Also, Wijeratne, Abou-Zaid, and Shdhindicated that extraction
conditions were the best when carried out in 80B&mal at 80 °C for 30 min to obtain
the highest amount of phenolic extracts from almf@nijeratne, Abou-Zaid & Shahidi,
2006).

Many plants and nuts contain several therapeuwicalttive constituents,
especially polyphenols. Plant phenolics constitome of the main classes of natural
antioxidants (Dimitrios, 2006). Phenolic compourndsild react with the molybdenum-
containing Folin-Ciocalteu reagent and be inducgdah electron transfer. With the
electron transfer, the deep yellow color was comekito a blue color that can be
measured spectroscopically (Singleton & Rossi, 1985 shown in Table 2.3, total
phenolic contents (TPC) of the samples were ilaistt as gallic acid equivalents (GAE)
per gram of sample of the extract. The TPC of tleyd/Inut, walnut, peanut and almond
were 24.67+0.85, 8.12+0.51, 4.3+1.78, and 0.87320n@ of GAE per gram of sample
(mg GAE/ g sample), respectively. It is seen thate are significant differences in the
phenolic contents between the Maya nut and othéremtracts. Maya nut had the
considerably higher TPC in ethanol solvent systAimond has the lowest TPC in the
solvent system. A higher concentration of totalmgilies in almond seed using 80% (v/v)
acetone extract (16.1 mg of CE/g of extract) wasaiobd by Amarowicz et al.
(Amarowichz, Troszigska & Shahidi, 2005). Our result suggests that Maya can

potentially be a good natural source of dietarynaiie compounds.
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In the present study, the FRAP assay was develtpedetermine the ferric
reducing ability of the samples. The antioxidanpamaty of the samples was estimated
from their ability to reduce the TPTZ-Eecomplex to the TPTZ-E&complex (Benzie &
Strain, 1996). Calculation of the FRAP values wased on iron (ll) sulfate (Table 2.3).
Walnut had the greatest ability to induce the THFEZ- complex to the TPTZ-Eé
complex, followed by the Maya nut, peanut, and alchd’'he mean values of the walnut,
Maya nut, peanut, and almond were 22.64+0.009, 80085, 1.61+0.00032, and
1.52+0.0009 mmol F&100 g sample, respectively. Maya nut was comparéblthe
values of different kinds of nuts. The mmol*#&00g sample equivalent of Maya nut
was higher than that of different species of chastii4.7 mmol/100g), roasted peanuts
(2.0 mmol/100g), and pistachios (1.7mmol/100g) (FPRAuts). Moreover, ferric
reducing antioxidant power of Maya nut was prefexdb various kinds of beverages
such as orange juice (0.64 mmol/100g), grape j@ic2 mmol/100g) (Carlsen et.al,
2010).

The DPPH radical scavenging assay is commonly eyagdlon evaluating the
ability of antioxidants to scavenge free radicdlse change in absorbance at 515 nm is
used as a measure of the scavenging effect of tecydar extract for DPPH radicals
(Farhoosh, Kenari & Poorazrang, 2009). The absaédat 515 nm decreases as the
reaction between antioxidant molecules and DPPltaagrogresses. Hence, the more
rapidly the absorbance decreases, the more pbieaintioxidant activity of the extract in
terms of its hydrogen atom-donating capacity (Alesa Karamé, Amarowichz &

Shahidi, 2006). As shown in Figure 2.5, after 6(hutes of the reaction, the DPPH
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remaining % of the Maya nut, walnut, almond, peaantl standard antioxidant BHT at
concentration of 400 ppm (ng/mL) were 78.07%, 8%885.50, 45.47%, and 83.27%,
respectively. After 60 minutes, their DPPH remagn¥ approached stable. In this study,
Maya nut showed a higher level of DPPH scavenggottyity than almond and peanut,
but lower level of DPPH scavenging activity thanlwa and almond at 400 ppm. The
phytochemical extracts of the samples exhibiteceqoaintioxidant activities. Variety,
process methods, in-shell or without shell, cuttma conditions, and storage conditions
markedly affect the content of total antioxidantaiig, Liu & Halim, 2009). Based on
the FRAP, TRAP, and TEAC assays, the contributioboaind phytochemicals from six
nuts (almonds, hazelnuts, peanuts, pine nuts, chists, and walnuts) extracted by
methanol and alkaline, to the total antioxidantazdy (TAC) was also evaluated by
Pellegrini et al. (Pellegrini, Serafini, Salvatoi2el Rio, Bianchi & Brighenti, 2006). In
all three assays, walnuts had the highest TAC ga|Bellegrini, Serafini, Salvatore, Del
Rio, Bianchi & Brighenti, 2006). In our model systefree radical scavenging activity
was in the following order: Maya nut > BHT > walmetalmond > peanut at 1mg/ml
concentration (Figure 2.5). In addition, the congaar of % DPPH scavenging values of
the Maya nut extract and BHT is presented in Figufe Maya nut showed a higher %
DPPH scavenging value than that of BHT antioxidantl000 pg/mL (1000 ppm)
concentration.
Numerous methods are used to evaluate antioxidativitees of natural

compounds in foods or biological systems with vagyiesults. Two free radicals that are

commonly used to assess antioxidant activity inroviare 2, 2 azinobis (3-
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ethylbenzothiazoline-6-sulfonic acid) (ABT$ and 2, 2-diphenyl-1-picrylhydrazyl
(DPPH). The ABTS" is generated by reacting a strong oxidizing ageotassium
persulfate) with the ABTS salt. The reduction oé thlue-green ABTS radical by
hydrogen-donating antioxidant is measured by thmpmassion of its characteristic long
wave absorption spectrum. The method is rapid andoe used over a wide range of pH
values (Arnao, Cano & Acosta, 1999; Lemanska et. 2801) in both aqueous and
organic solvent systems. It also has good repdiéyadnnd is simple to perform; hence, it
is widely reported (Awika, Rooney, Wu, Prior & Cesns-Zevallos, 2003). In the ABTS
assay, the values ranged from 58.96 to 92.55%. Mayaxtract possessed the highest
antioxidant capacity (92.55% of ABTS inhibition) lltaved by the walnut extract
(92.17%), peanut extract (91.12%), and almond ekt(&8.96%), respectively. The
methanolic extracts of Maya nut and walnut withosgrer DPPH radical scavenging
activities also exhibited higher ABTS values (Fig@.7). Moreover, high correlations
have been found between the DPPH scavenging &sidhd ABTS radical scavenging

capacities of the antioxidant extrad® € 0.9139, Figure 2.8).

2.4 Conclusions

In summary, Maya nut has the high amount of ashecdrand the low amount of
lipid content among the nuts. The experiments skiothiat Maya nut contained 27.2%
palmitic acid (16:0), 6.26% stearic acid (18:00%.linolenic acid (18:3), 55% linoleic
acid (18:2), 3.36% Cis-11-Eicosenoic acid (20:1)64.96% PUFA, and 3.36% MUFA.

In contrast, olive oil and canola oil have simiganounts of oleic acid compositions and
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there was no oleic acid found in Maya nut. Howewes,demonstrated that Maya nut had
higher amount of linolenic acid than olive oil acdnola oil. The mean values of
linolenic acid of the Maya nut, canola oil and elivil were 9.9, 7.38, and 1.26 (%
FAME), respectively. Results from this study showkedt Maya nut had higher PUFA
and lower MUFA than olive oil and canola oil. Th@Q of the Maya nut is 24.67+0.85
mg of gallic acid equivalents per gram of samplg @GAE/ g sample). These values are
considerably higher than that of walnut, almond] peanut. In FRAP assay, walnut had
the greatest ability to induce the TPTZFeomplex to the TPTZ-Eé& complex,
followed by the Maya nut, peanut, and almond. Besidt the concentration of 1 mg/mL,
the DPPH remaining % of the Maya nut, walnut, althopeanut, and standard
antioxidant BHT were 83.35%, 71.58%, 18.1%, 9%, 82®7%, respectively. The level
of DPPH scavenging activity of Maya nut was clasé¢hat of BHT at concentrations of
400 and 500 ppm. ABTS free radical scavenging waha@ged from 58.96 to 92.55%
among nuts and Maya nut extract possessed theshightoxidant capacity (92.55% of
ABTS inhibition). Moreover, we have found a highredation between the DPPH
scavenging activity and the ABTS radical scavengiagacity of the antioxidant extracts
(R2 = 0.9139). These results demonstrated that Mayia had suitable nutritional
properties (higher linoleic, medium linolenic, lowkeic acid, and high ash contents),
which could make it a health-benefiting food. Alddaya nut had potent antioxidant
activities that resulted from its intrinsic contemf bioactive compounds. Although the

chemical profiles in terms of the fatty acid comipoa and phenolic acids in the Maya
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nut have been characterized, further research gsirezl to promote its usage as

nutraceuticals and functional foods.
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2.5 Fiqures and Tables

Table 2.1The proximate compositions of walnut, almond, pgaand Maya nut

Percentage on Dry Weight Basis?

Maya nut Peanut Walnut Almond
Moisture 5.53+0.11 6.50+0.093 4.07+0.15 4.70+£0.046
Ash 3.27+0.015 2.33+0.064 1.78+0.019 2.99+0.015
Protein 62.6+0.85 25.80+0.24 15.23+0.23 21.22+0.044
Lipid 1.31+0.32 49.24+0.29 65.21+0.49 49.42+0.18

Values are means of triplicates and shown wahdsrd error

Values for peanut, walnut, and almond are froeMWlSDA National Nutrient Database
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Table 2.2Fatty acid composition of Maya nut, olive oil arehola oil

Fatty Acid Composition (% of methyl esters)

Fatty acid Maya nut Olive ail Canola oil
C16:0 27.22+2.05 12.1+0.76 3.52+0.6
(Palmitic)

C 16:1 n9 Nd Nd 0.5+0.18
(Palmitoleic acid)

C 18:0 6.26+0.88 2.72+0.16 1.62+0.2
(Stearic)

C18:3 n3 9.9+3.3 1.26+0.07 7.3840.6
(Linolenic)

C18:1 n9 Nd 67.40+2.72 64.2+4.82
(Oleic)

C18:2 n6 55.06+4.92 11.84+0.42 22.52+1.73
(Linoleic)

C20:1 3.36+1.36 4.3+1.74 1.14+0.08
(Cis-11-Eicosenoic)

Values are expressed as means with (standard error)
None of the values are different as determinedr®rway analysis of variance, ANOVA

atp<0.05
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Table 2.3Total Phenolic Content (TPC) and Ferric Reducingigxidant Power (FRAP)

of Maya nut, walnut, almond and peanut extracts

Sample TPC (mg GAE/g) FRAP (mmol FeZ100
9)

Maya nut 24.67+0.85 8.08+.0.35

Walnut 8.12+0.51 22.64+0.009

Peanut 4.3+1.78 1.61+0.00032

Almond 0.875+0.02 1.52+0.0009

TPC: Total phenolic content and expressed as gatlit equivalent (GAE)

TPC and FRAP measurements were done in triplicate.
Values are expressed as means with (standard error)
None of the values are different as determinedri®sway analysis of variance,

ANOVA at p<0.05
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Figure 2.2 Comparison of fatty acid content within Maya raltye oil, and canola oll
Values are expressed as means with (standard error)

None of the values are different as determinedri®sway analysis of variance, ANOVA

atp<0.05
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Values are expressed as means with (standard error)

None of the values are different as determinedri®sway analysis of variance,

ANOVA at p<0.05
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Values are expressed as means with (standard error)

None of the values are different as determinedri®sway analysis of variance,

ANOVA at p<0.05
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Figure 2.7The % ABTS inhibition of Maya nut, walnut, peanatdealmond at
1mg/mL concentration

Values are expressed as means with standard error

None of the values are different as determinedri®sway analysis of variance,

ANOVA at p<0.05
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CHAPTER 3
CHEMICAL COMPOSITION AND CHARACTERIZATION OF MAYA NUT
Abstract

Individual phenolic compounds were prepared by l@thacidic and an alkaline
hydrolysis in order to isolate free phenolic acidsm their glycosides. Free phenolics
were then identified by high performance liquid ahatography (HPLC-UV), which
showed that 3, 4 hydroxybenzoic acid was the malj@nolic compound in the Maya nut
extract. First of all, acidic hydrolysis was conthtt to reveal the presence of 3, 4
hydroxybenzoic acid (45 mg/kg), gallic acid (27106/kg), vanillic acid (21.15 mg/kg),
and caffeic acid (6.5 mg/kg) in Maya nut. Moreovélre bound phenolic acids were
identified by HPLC-UV detection at 280 nm. Whilepapng alkaline hydrolysis for the
Maya nut extract, more and larger amount of freenplic acids were detected, including
3, 4 hydroxybenzoic acid (326.2 mg/kg), vanilliada¢103.9 mg/kg), caffeic acid (17.1
mg/kg), p-coumaric acid (13.5 mg/kg), and a flavanol, e@chin (53 mg/kg). In
addition, second acidic hydrolysis of the remaibednd phenolic acids was performed
to obtain more 3, 4 hydroxybenzoic acid and sinapid in the Maya nut extract. Results
indicate that 3, 4 hydroxybenzoic acid and vanifl@d were detected in high amounts.
The presence of rich phenolic compounds is an itapbicharacter of Maya nut for its
various biological and nutritional properties. Maver, further investigation is suggested
to be carried out for the nutraceutical applicatidrthese secondary metabolites present

in Maya nut.
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3.1 Introduction

Maya nut has been used as a staple food for maarg ¢ the Ancient Mayas. Its
seeds are nutritious, including the rich amounpalyphenols. In our study, we found
that the Maya nut powders possessed high antiokidetivities and might contain a
number of polyphenols including phenolic acidsydiaoids, flavanols, many of which
are strong free radical scavengers (Jacobs, Mey8pl&oll, 2001), and are considered
health benefiting (i.e. anti-atherogenic, anticaogenic, anti-ischemic, etc.), which can
be prepared as nutraceutical and functional fodd®ugh food-grade extraction
(Lapornik, Prosek, & Wondra, 2005). In addition,chese of the growing interest in
natural health benefiting compounds, there is @ neésolate, identify and quantify them
from raw materials and evaluate their potentialthdzenefits (Sellappan, Akoh, Krewer,
2002). However, the analyses of those differentgdhemicals (e.g., phenolic acids and
flavonoids) can be significantly different, and darmd exhaustive elaboration of sample
preparation, from use of simple filters to more epticated procedures, such as
hydrolysis of glycosides, and extraction or cle@nsteps prior to analysis. Therefore, no
single pretreatment process can be performed teaaiples (Stalikas, 2007). Acidic
hydrolysis and saponification are among the mostmonly used procedures to release
the phenolic acids, even though the methods miglbripose the target compounds
under the conditions. The acidic hydrolytic treatinef the sample usually uses a strong
inorganic acid (e.g. HCI) at high temperaturesqaoeous solvents (methanol, ethanol or
acetone). The concentrations of acids might diifem 1 to 2 N, and the reaction times

range from 30 min to 1 h (Krygier, Sosulski & Hogd882). With the usage of increased
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temperature and high concentration of the acidtmois, analytes can be extracted
quicker and more efficiently. Saponification progesirequires the sample to be treated
with a solution of NaOH at concentrations from 14té. Most of the reactions occur at
room temperature for 15 min up to overnight (Romé&#&Vrolstad, 1993).

The goals of applying two different hydrolytic peatures (i.e., acidic vs. alkaline
hydrolyses) in this research project were: (i) tompare and optimize the extraction
methods to extract phenolic compounds from the Mayga and (ii) to quantify the

individual phenolic compounds.

3.2 Materials and Methods

3.2.1 Materials and Chemicals

2, 6-Di-tert-butyl-4-methyl phenol and butylateddngxytoluene (BHT) in 99%
purity were purchased from Acros Organics (NewjgrdeJ, USA). Acetic acid was
obtained from EM Science. Sodium hydroxide, die#tyler, ethyl acetate, and methanol
were purchased from Fisher Scientific. Gallic aaidnillic acid (97% purity), caffeic
acid (in minimum of 99% purity), 3,4-hydroxybenzacid, p-coumaric acid (>98 %),
and sinapic acid (>97 purity) were from Sigma-Adtiri (-)-Epicatechin was from MP
Biomedicals.
3.2.2 Acidic Hydrolysis

A homogenized dried (0.2-0.5 g) sample was weighéal a 50-mL graduated
plastic test tube and mixed with 7 mL of methamainfaining 2 g/L of 2, (3)ert-butyl-

4-hydroxyanisole) and 10% acetic acid (85:15) (7 ehimethanol and 1.05 mL of acetic
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acid) using Vortex for 1 minute. A 4-g sample of thixture was then weighed into a 50-
mL test tube and 5 mL of the extraction solutior2®¥4mL of methanol and 0.75 mL of
acetic acid) was added. After mixing by vortex, prextract was ultrasonicated for 30
min, made up to 10 mL with distilled water, and edx Then, 1 mL of the extract was
filtered through a membrane filter (0.46n, 25 mm; Fisher Scientific) for the HPLC
analysis of free phenolic acids.
3.2.3 Alkaline Hydrolysis

In comparison of the acidic hydrolysis for relegsifitee phenolic acids, the
alkaline hydrolysis methods used 12 mL of distilledter and 5 mL of 10 M NaOH to
hydrolyze the sample in a sealed test tube, whies stirred overnight at room
temperature (about 16 h) using a magnetic stifiiee. solution was then adjusted to a pH
of 2. The liberated phenolic acids were extractedd times with 15 mL of a mixture of
cold diethyl ether (DE) and ethyl acetate (EA, Ib§)manually shaking and centrifuge.
DE/EA layers were combined, evaporated to drynass, dissolved into 1.5 mL of
methanol. After the sample was filtered through @mbrane filter (0.4%um, 25 mm;
Fisher Scientific), it was analyzed by the HPLC.
3.2.4 The Second Acid Hydrolysis

After the alkaline hydrolysis was carried out, aidec hydrolysis was completed
by adding 2.5 mL of concentrated HCI into the teske followed by incubating the tube
in a water bath (85 °C) for 30 min. After the acidiydrolysis, the sample was allowed to
cool down followed by the adjustment of pH to 2. eTBE/EA extraction was collected

and treated as that as the alkaline hydrolysis. Siiheents were evaporated. The extract
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was then dissolved into 1.5 mL of methanol an@rdd through a membrane filter (0.45
pm, 25 mm; Fisher Scientific), and analyzed by HPLC.
3.2.5 HPLC Analysis

Phenolic analyses were carried out using a ShimbidiLC- 20AT HPLC system
(Kyoto, Japan) equipped with a model SPD-20A UV/\di&ector, a model DGU-20A5
degasser, and a model SIL-20 AHT auto samplerpofavhich was connected and
controlled by the LC Solution software. Wavelengtised for the identification of
phenolic acids with UV detector were 280 nm forigadcid, 3,4-hydroxybenzoic acid,
vanillic acid, caffeic acid, p-coumaric acid, angicatechin; 280 nm and 329 nm for
sinapic acid. Separation of phenolic acids was gotedl on a Premier C18 column (150
X 4.6 mm; 5um particle size) with a C-18 guard column. Gradigation was employed
with a mobile phase consisting of 50 mMR®D,, pH 2.5 (Solution A) and acetonitrile
(Solution B) as follows: isocratic elution 95% A/5By 0-5 min; linear gradient from
95% A/5% B to 50% A/ 50% B, 5-55 min; isocratic & 50% A/50% B, 55-65 min;
linear gradient from 50%A/50%B to 95% A/5% B, 65-@iln; post-time 6 min before
next injection. Flow rate of the mobile phase waantained at 0.7 mL/min, and the
injection volumes of the standards and sample etstraere 1QuUL. All phenolic acids
were quantified using the external standard metQa@ntification was based on the peak
area. Calibration curves of the standards were niadeliluting stock standards in

methanol to yield 10-50g/mL.
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3.2.6 Statistical Analyses

Samples for HPLC analysis were performed on the SA software for
Windows (SAS Institute Inc., Cary, NC, USAData were reported as the mean +
standard deviation. Differences among sample meare determined by analysis of

variance (one-way analysis of variance, ANOVAp«0.05.

3.3 Results and Discussion

Phenolic acids are well known for their variouslbgical functions, including
nutrient uptake, protein synthesis, regulation fyene activity, photosynthesis, serving
as structural components, allelopathy, etc, althotigere are still many unknown
regarding their roles in plants. Only a minor frastof phenolic acids exists as “free
acids”. In contrast, the majority exists througtegsether, or acetal bonds either to the
structural components of the plant (cellulose, ginst, lignin), or to polyphenols
(flavonoids), or to smaller organic molecules (egjucose, quinic, maleic, or tartaric
acids) or other natural products (e.g., terpenBsgse linkages elicit to a vast range of
derivatives. This diversity is one of the major ttas resulting in the analytical
complexity of phenolic acids. Moreover, phenolicidacare not evenly distributed
throughout plant tissues (Robbins, 2003) and tbgrgts a large variation during various
stages of maturation. Growing conditions, sucheagperature and soil nutrient, are well
known to affect the phenolic acid content as wétighg & Wang, 2001).

Phenolic acids have been associated with colorsasgnqualities, nutritional

values and antioxidant properties of foods. Forngda, one reason for previous
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analytical investigations is that the phenolicsen#fwve influential organoleptic properties
(e.g., flavor, astringency, and hardness) of fodasaddition, the content and profile of
phenolic acids in foods, their effect on fruit matiion, prevention of enzymatic

browning, and their roles as food preservatives faeguently examined (Tomas-

Barberan & Espin, 2001; Maga, 1978). However, ateuanalysis of their contents in
foods seems difficult, which, in part, arises frone unsatisfactory extraction of these
compounds from food matrixes. Previously, very cboaped extraction methods have
been employed to determine free, esterified, arydofysated phenolic acids in plant
material. Generally, three different hydrolysis ggdures have been used for the
determination of free and total phenolic acids. kykis of the ester to a carboxylic acid
has been used to simplify the analysis and obtamoge specific profile of the phenolic

acids in foods. There are two known proceduresrtegdn the literature to cleave the
ester bond, which are acidic hydrolysis and sapmtiobn (or the alkaline hydrolysis)

(Robbins, 2003; Escarpa & Gonzalez, 2001). Thedthir less prevalent technique,
conducts cleavage through the use of enzymes d&es®r Though reaction times and
temperatures for the acidic hydrolysis are highdyiable, this method commonly uses
strong inorganic acid (e.g., HCI) at reflux or abaeflux temperatures in aqueous or
alcoholic solvents (methanol being the most commdi)e saponification method

requires a solution of NaOH with specific concettrzs ranging from 1 to 4 M to treat a
sample. Most of the reactions are allowed to sttrm@om temperature for time ranging
from 15 min to overnight (Escarpa & Gonzalez, 200&ung, Fenton, & Clandinin,

1981).
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In this study, an acidic hydrolysis and alkalinedfolysis were used to allow
reasonable estimation of composition and contehighenolic acids in Maya nut. The
extractability, products of acid and alkaline hygsis after each extraction step are
presented as a scheme in Figure 3.1.

Ultrasonication for 30 min during the hydrolysis piienolic acids resulted in
better extraction values. To optimize the alkahgdrolysis procedure, the most effective
combination for most phenolic acids was 16 h aneil5of 10 M NaOH. Generally,
alkaline hydrolysis liberated most of the bound e acids. Following the alkaline
hydrolysis, the acidic hydrolysis was performedilterate the rest of the bound phenolic
acids. The combination of 2.5 mL of concentrated, B0 min, and 85 °C was decently
effective with minimal losses. In the previous @shes, extractability of phenolic acids
into the DE/EA solution was examined by recovestdeThese recovery tests showed
that, generally, free phenolic acids extracted weth DE/EA solution with recoveries
ranging from 87 to 112%. In addition to free phenacids, some forms of bound
phenolic acids could also be extracted to someedemto the DE/ EA solution (Mattila
& Kumpulainen, 2002).

High performance liquid chromatography (HPLC) igpr&ssurized system that
separates compounds based on partition betweestatienary phase in the column and
liquid solvent(s) (Rounds & Gregory, 2003). In nairphase HPLC, the stationary phase
is polar and the mobile phase is non-polar. Orcthrgrary, reversed-phase HPLC utilizes
a non-polar stationary phase and polar mobile plkasé as water, or a polar solvent

such as acetonitrile or methanol. Solutes are nmethiin the column based on
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hydrophobicity. Increasing the percentage of orgaalvent in the mobile phase will
decrease retention time (Rounds & Gregory, 2003)C2P8 stationary phase with
hydrophilic endcapping was utilized, which has bskawn to be highly suitable for the
separation of polyphenolics in various matricesva#ages of HPLC analysis are its
speed of analysis, and high sensitivity if the appiate detector is used. A disadvantage
is the requirement for volatile solvents in the mwlphase. Another disadvantage is that
samples usually require preparation and filteringrpto analysis (Rounds & Gregory,
2003).

The chromatographic profiles in this section cquoesl to the acidic hydrolysis,
alkaline hydrolysis and the second acid hydrolysisthe nut powders (Maya nut
powder), which were collected into the DE/EA salutiand detected at 280 nm (Figure
3.2, 3.3, and 3.4Among the hydroxybenzoates, gall;,4hydroxybenzoic, and vanillic
acids were identified by their UV spectra and bynparison of their retention times (RT
in minutes) with standard compounds (Figure 3.9)e hydroxycinnamates, such as
caffeic, p-coumaric, and sinapic acid and one of flavangiscagechin were identified
accordingly. After the acidic hydrolysis, peakslof3, 4, and 5 yielded gallic acid (RT =
5.3), 3, 4-hydroxybenzoic acid (RT = 10.1), vanilacid (RT = 20.2) and caffeic acid
(RT =21.3), after the alkaline hydrolysis, peaks70f8, 9, 12, and 13 yielded 3, 4-
hydroxybenzoic acid (RT=10.1), vanillic acid (RT#9.2), caffeic acid (RT=21.3), p-
coumaric acid (RT= 26.2), and epicatechin (RT= R8Hksides, after the"? acidic

hydrolysis, the sinapic acid (RT= 28.4) and 3,4+oygbenzoic acid were also identified.
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Hydroxybenzoic acid derivatives

Each individual phenolics, such as the caffeicamilic, was measured in mg and
the total phenolics were reported in mg per kg cdy® nut. The total content of
hydroxybenzoic acids constituted from 508.91 to .390of the total phenolic acids
present in the Maya nut. After the acidic hydradygiallic acid content is 27.06 mg/kg,
3, 4-hydroxybenzoic acid content is 45 mg/kg, aadilic acid content is 21.15 mg/kg;
after the alkaline hydrolysis, the content of tpecoumaric acid is 13.5 mg/kg,
epicatechin content is 44.74 mg/kg, 3, 4-hydroxyloén acid content is 326.2 mg/kg,
vanillic acid content is 89.5 mg/kg, and caffeiadacontent is 17.1 mg/kg; after the
second acidic hydrolysis, 3,4-hydroxybenzoic a@dtent is 16 mg/kg and sinapic acid
content is 8.17 mg/kg (Table 3.1). These phenalidsamay act as natural antioxidants
and play important roles in the health benefitacgbs, Meyer & Solvoll, 2001; Jacobs,
Meyer, Kushi & Folsom, 1998). Our HPLC analysis whd that the Maya nut seed
exhibited a high content of the vanillic acafter the alkaline hydrolysis. This phenolic
acid has been reported as an efficient antioxidantpound, scavenging reactive oxygen
species (ROS), including superoxide anion, hydrogeroxide, and hydroxyl radical
(Zhou, Yin & Yu, 2006). Zhou, Yin, and Yu reveal#tht only ferulic and vanillic acids
had significant capacity to form a chelating compléth Ci** among the tested phenolic
acids in the ESR (erythrocyte sedimentation rax@egment (Zhou, Yin & Yu, 2006).
Earlier, in 1999, a study compared the activitypehzoic acid derivatives with cinnamic
acid derivatives in prevention of human LDL oxidati (Natella, Nardini, Felice, &

Scaccini, 1999). Ferulic, vanillic, syringic, 4-coaric (p-coumaric acid) and 4-OH (3,4-
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hydroxybenzoic) benzoic acids all showed signiftcactivity in prevention of human
LDL oxidation (Natella, Nardini, Felice, & Scaccini999) which quenched cation
radical ABTS, and protected protein molecules from radicalchktaas determined by
the oxygen radical absorbing capacity (ORAC) ad3&h & Yen, 2003). Our study
demonstrated that the extract of Maya nut seed maisly dominated by the 4-OH
benzoic acid (371.2 mg/kg). In addition, Maya negd was rich in vanillic acid (110.65
mg/kg). The amounts of 4-OH benzoic acid found pple juice, tomato, carrot, coffee
(drink), red raspberry, strawberry, and black autisavere 0.66, 0.51, 55, 1.5, 26, 75, and
39.3 mg/kg, respectively, and the amount of vandicid found in tomato, carrot, coffee
(drink), red raspberry, strawberry, black mulbesyiglack currants, and blackberries were
0.23, 8.9, 0.7, 5.2, 1.0, 6.5, 48.3, and 45.1 mgrégpectively. The results showed that
Maya nut extract possesses much higher vanillid and 4-OH benzoic acid than apple
juice, tomato, carrot, coffee (drink), red rasppgestrawberry, black mulberries, black
currants, and blackberries. However, gallic acids i@und in a small amount (27.06
mg/kg). Under the alkaline condition, it was notédt the gallic acid was not stable.
Hence, the results obtained for this phenolic aitiealine hydrolysis was too low and are
not shown in Table 3.1.
Hydroxycinnamic acid derivatives

Lately much attention has focused on the role arethanism of several
flavonoids as inhibitors of oxidative processesr(Meker et.al., 1996). Minor attention,
however, has been directed to the antioxidant ictof the simple phenolic acids, the

derivatives of benzoic and cinnamic acids. Thesepounds are abundant in plant feod
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(i.e., fruits, vegetables) (Herrmann and Nagel,9)98nd therefore a certain quantity of
them is consumed in our daily diet. A specific aption of phenolic acids has been
demonstrated both in animal (i.e., rat) and in hurests, and specific metabolites have
been identified in human and rat urine consequdhtatella, Nardini, Felice & Scaccini,
1999). In addition, a role of caffeic acid in thetiaxidant defense in vivo has been
demonstrated in rat (Nardini, Natella, Gentili, iEel& Scaccini, 1997). In the past few
years, the antioxidant activity of some of thesalfmonomeric phenols was studied in
different model systems. Some phenolic derivatesinnamic and benzoic acids were
studied for their capacity to reduce ferrylmyoglolihich has the potential for oxidising
polyunsaturated fatty acid side chains in low dgrigioproteins and to inhibit the LDL
oxidative modification induced by metal catalysts lwy ferrylmyoglobin (Natella,
Nardini, Felice & Scaccini, 1999). The wavelength maximum absorption of
hydroxycinnamic acids is near 320 nm (Maatta, Kagldin, Toérréren, 2001), but these
compounds were generally absorbed appreciably @tr28 in our study. Peaks were
assigned agp-coumaric acid, caffeic acid, and sinapic acid lmnparison with the
spectra of the respective standards. The retenimes of the hydroxycinnamic acid
derivatives ranged from 7 to 30 min, indicatingttti@ese compounds are present as
derivatives of differentlegrees of polarity (Maatta, Kamal-Eldin, Torrér@001). The
content of p-coumaric acid after alkaline hydradysi 13.5 mg/kg. The content of caffeic
acid after acid hydrolysis is 6.5 mg/kg, while dsntent after the alkaline hydrolysis is
17.1 mg/kg. The contents of free caffeic acid foumdblueberries, black mulberries,

black currants, skin of white grape pomace, seéaeide grape pomace, apple (Granny
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Smith), and apple juice are 17.4, 4.9, 10.6, 1.9, 1.4, and 1.92 mg/kg (Mattila &
Kumpulainen, 2002; Kammerer, Claus, Carle & Schiep804; Zadernowski, Naczk &
Nesterowicz, 2005). When comparing the caffeic ammount with these foods, the
content of free caffeic acid in Maya nut is lowkan blueberries and black currants but
higher than black mulberries, skin of white grapenace, seeds of white grape pomace,
apple (Granny Smith), and apple juice. The contaftcaffeic acid liberated from
glycosides found in black mulberries, apple juittemato, red raspberry, and strawberry
are 2.7, 22.08, 22.5, 5.1, and 1.86 mg/kg. The daaffeic acid amount found in Maya
nut seed is 17.1 mg/kg. Therefore, Maya nut hakdrigontent of caffeic acid than the
black mulberries, red raspberry, and strawberryyoBd the protective antioxidant
behavior, other biological activities of phenolicidgs have been reported. Caffeic acid,
one of the most prominent naturally occurring cmmaacids, is known to block the
biosynthesis of leukotrienes, components involved immunoregulation diseases,
asthma, and allergic reactions (Koshihara, Neibtuyota, Lao, Fujimoto & Tatsuno,
1984).

Other studies have reported that caffeic acid amaesof its esters might possess
antitumor activity against colon carcinogenesigi{ef, Hollman & Katan, 2001). Recent
investigations by Maggi-Capyeron et al. have linkederies of phenolic acids with the
inhibition of AP-1 transcriptional activity (Maggi€apeyron et. al.,, 2001). AP-1 is an
activator protein implicated in the processes tl@mntrols inflammation, cell
differentiation, and proliferation. The caffeic dalerivatives (e.g., dicaffeoylquinic and

dicaffeolytartaric acids) have been shown to beemiofor the inhibitors of human
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immunodeficiency virus type 1 (HIV-1) integrase (AV enzyme). This enzyme is
used by the virus to integrate its genetic matentd the host cell's DNA. Therefore,
these hydroxycinnamate derivatives are currentipg@vestigated for their potential
antiviral therapy (King et.al., 1999). Moreovaer,vitro reaction of caffeic with nitrite in
human gastric fluid can inhibit nitrosation of ditmgamine and aminopyrine (Torres y
Torres & Rosazza, 2001). Another hydroxycinnamid ga-coumaric acid was detected
only after alkaline hydrolysis. Fergusan, Zhu & Hademonstrated that thpecoumaric
acid has the ability to protect against oxidatiteess and genotoxicity in cultured
mammalian cells (Fergusan, Zhu & Harris, 2005)adidition, the p-coumaric acid can
act as an antimutagen to protect against degenerdiseases such as cancer (Fergusan,
Zhu & Harris, 2005; Ferguson, Fong, Pearson, Ra&pHarris, 2003). Antioxidants such
asp-coumaric acid and other hydroxycinnamic acids s&y chemoprotective agents by
reacting with reactive nitrogen species (RNSs) saghitrite or peroxynitrite to suppress
N-nitrosamine formation (Torres y Torres & RosazZ4)1). Torres and Rosazza showed
that p-coumaric acid might behave as an effective cheoteptive agent by quenching
nitrosating agents in various biological cells,luaing salivary and gastric fluids (Torres
y Torres & Rosazza, 2001).

In the study, after the acid hydrolysigcoumaric was not detected. However,
after the alkaline hydrolysis, small amountpaéoumaric acid was found. The content of
p-coumaric acid after the alkaline hydrolysis is5L8ng/kg. In addition, epicatechin,
known as the subgroup of flavanols, was detectexhiamount of 44.74 mg/kg after the

alkaline hydrolysis when compared with the autleestandard. The monomeric flavanol
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(-)-epicatechin is of particular interest because tompound and its metabolites have
been identified as bioactive molecuirsvivo (Schroeter et al., 2006). (-)-Epicatechin can
be absorbed into circulation after ingestion o¥élaol-containing foods (Schroeter et al.,
2006) and may cross the blood—brain barrier (AbdMBhsen et al., 2002). Studies in
humans demonstrated that (-)-epicatechin-rich fo@asl purified (-)-epicatechin
promoted cardiovascular function (Heiss et al.,22(xhroeter et al., 2006). Pragigal
found that spatial memory was enhanced in miceafde)-epicatechin-containing diet
compared with controls. Moreover, the study indidathat genes associated with
learning and angiogenesis (the development of bleedsels) were upregulated.
However, those genes involved with inflammation aelll death were decreased by
(-)-epicatechin consumption (Praag et al, 2007).eiilcomparing the (-)-epicatechin
content of Maya nut, cocoa and cholocate that hlagehighest (-)-epicatechin amounts
among foods, the content of (-)-epicatechin in Mayais not as high as that in cholocate
and cocoa, but is considered with a moderate amourg. (Faepicatechin contents of
milk chocolate, dark chocolate and cocoa are 180, 5580 mg/kg (Gu, House, Wu, Ou
& Prior, 2006), which is higher than that in varsokinds of black tea. The (-)-epicatechin
content in black tea ranges from 1.52 to 14.9 mg#kepng different varieties (Rechner,
Wagner, Van Buren, Van de Put, Wiseman & Rice-Eya2082).

Another hydroxycinnamic acid presenting in Maya after the second acidic
hydrolysis is sinapic acid, which is a member aé #h-hydroxy-cinnamic acids. The
sinapic acid has also been shown to possess drdinxidative and antibacterial activity

in vitro (Nowak, Kujawa, Zadernowski, Roczniak,&Kowska, 1992; Tesaki, Tanabe,

96



Ono, Fukushi, Kawabata, & Watanabe, 1998). In alditt has been indicated to be a
more effective antioxidant than ferulic acid, whigh turn is more effective thap-
coumaric acid (Cos, et. al., 2002). According tolliKkyNousiainen, Biely, Sipil&,
Tenkanen, and Heinonen, sinapic acid and its dires were the most effective
antioxidants. Moreover, the esterification to glsices did not decrease the antioxidant
activity of ferulic and sinapic acids. Hydroxycirm& acids esterified to the primary
hydroxyls in glucopyranoside and arabinofuranosigeable to move more freely than in
other isomers. Therefore, this chemical modificatienables them to function as
antioxidants more efficiently (Kylli, Nousiainen,idy, Sipil&a, Tenkanen, & Heinonen,
2008). In our study, we identified that the sinapmd content in Maya nut after the
second acid hydrolysis is 8.165 mg/kg. There wemmes other peaks in the HPLC
chromatograph in our study, but they did not mattth any of the standards used in the

present study.

3.4 Conclusions

The reported high variability of amounts of indivad phenolic acids and the total
phenolic acids in foods depends on several factsugh as genetic, agronomic,
environmental, and extraction procedures (Cai &theld, 2001; Shahidi, & Naczk,
1992). It must be noted that some minor amountplanolics may escape from
extraction because of interaction with dietary féhgroteins, and any other polymerized
structures. HPLC analysis of Maya nut extract reagéhe presence of hydroxycinnamic

and hydroxybenzoic acid phenolics. Among the phemmampounds in the optimal Maya
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nut extract, 3, 4-hydroxybenzoic acid was the mammpound present. The phenolic
compounds consisted of 3, 4 hydroxybenzoic acilficggcid, vanillic acid, caffeic acid,

p-coumaric acid, epicatechin, and sinapic acid. &atatected phenolic compounds
remained unidentified. The results from this stddynonstrated that phenolic compounds
are diverse and present in considerable amountstefidrie, Maya nut is suitable as
ingredients in functional foods and could serveaasimportant antioxidant resource.
Further investigations are required to evaluateahtgproliferative activities in order to

improve its usage in food and dietary supplemgmaducts for health promotion.
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3.5 Figures and Tables

Table 3.1Recoveries of Phenolic Acids after Different Hylgsis Conditions at

280 nm (mg per kg of Maya nut)

Phenolic acid

Sample (Maya nut)

Gallic acid

1
2
3

27.06 +£6.7

3,4-hydroxybenzoic acid

1
2
3

45+ 1.9

326.2+ 1.56

16+2.043

Vanillic acid

1
2
3

21.15+7.8

103.9+6.01

Caffeic acid

1
2
3

6.5+ 1.13

17.1+ 4.28

P-coumaric acid

1
2
3

13.5+ 3.7

Epicatechin

1
2
3

53+ 0.24

Sinapic acid

1
2
3

8.165+0.205

Procedures; 1: methanol-acetic acid extractiomjkaline hydrolysis; 3: acid hydrolysis

Values are expressed as means with (standard error)
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Figure 3.1 Scheme of the extraction procedures for HPLC amalyf phenolic acids
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Filtered through a
membrane filter

HPLC

100



Figure 3.20btained HPLC Chromatogram of phenolic acids afted hydrolysis
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Figure 3.30btained HPLC Chromatogram of phenolic acids aftiealine hydrolysis
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Figure 3.40btained HPLC Chromatogram of phenolic acids daftersecond acidic
hydrolysis
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Figure 3.50btained HPLC Chromatogram of mixture of stangadrenolic acids
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SUMMARY

Maya nut Brosimum alicastruincontains some nutritional components which
were investigated in this study. Its fatty acid @asition was compared with that of
other two commercially edible oils: i.e., olive aihd canola oil. The results demonstrated
that Maya nut contained 27.2% palmitic acid (1686% stearic acid (18:0), 9.9%
linolenic acid (18:3), 55% linoleic acid (18:2),38% Cis-11-Eicosenoic acid (20:1), or
64.96% PUFA and 3.36% MUFA. Results from this ststipwed that Maya nut had
higher PUFA but lower MUFA than olive and canola i addition, proximate analyses,
antioxidant capacities, and total phenolic con@nMaya nut and other commercially
available nuts such as walnut, almond, and peamue wneasured. Maya nut has the
highest ash content and the lowest lipid contenvragnthe nuts. In the FRAP assay,
walnut showed the greatest ability to induce th&@ Z4Fe** complex to the TPTZ-Eé
complex, followed by the Maya nut, peanut, and alchdBesides, at concentration of 1
mg/mL, the DPPH remaining % of the Maya nut, walr@inond, peanut, and standard
antioxidant BHT were 83.35%, 71.58%, 18.1%, 9%, a6d6%, respectively. The level
of DPPH scavenging activity of Maya nut was clasé¢htat of BHT at 400 and 500 ppm
concentration. The ABTS free radical scavengingi@slranged from 58.96 to 92.55%
among the nuts, but the Maya nut extract possetgedighest antioxidant capacity
(92.55% of ABTS inhibition). Moreover, we have falhigh correlations between the
DPPH scavenging activities and ABTS radical scavengapacities of the antioxidant
extracts R2 = 0.9139). HPLC analysis of the Maya nut extrastealed the presence of

hydroxycinnamic and hydroxybenzoic acid phenolitee phenolic compounds in the
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Maya nut extract include 3, 4-hydroxybenzoic agallic acid, vanillic acid, caffeic acid,
p-coumaric acid, epicatechin, and sinapic acid, mgnwhich 3, 4-hydroxybenzoic acid
was the major compound. The result demonstrated thea phenolic compounds are
diverse and present in considerable amounts. Intaurg) Maya nut contains valuable
nutritional chemicals and is suitable to be made fanctional foods and/or serves as an
antioxidant resource for nutraceuticals. Regardimg progress of this research, it is
recommended to take further investigations to etalumore bioassays such as
antiproliferative activities in order to improves itisage in food and dietary supplemental

products for health promotion.
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APPENDIX A

A Letter of Authority

From: Erica Vohman, the Founder of Equilibrium Furdayanut@gmail.com)
To: Hatice Kubra Tokpunar, Master student, Depantneé Food Science and Human

Nutrition, Clemson University, USA. (htokpun@clemsadu)

Original e-mail:

From:erika vohman (mayanut@gmail.com)

Date: 27 October 2010 Wednesday

To: hatice tokpunar (htokpunar@hotmail.com); mayanut@goom

Dear Hatice,

Please use this email for all correspondence, tlyank

You may use the photo and the distribution maif lke.

Can you tell me how Maya Nut compares to greemnt@atioxidant content?
thank you and good luck! | am very excited aboutnjbesis.

Erika
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From: hatice tokpunar (htokpunar@hotmail.com)

Date: 27 October,2010 Wednesday

To: info@theequilibriumfund.org

Hi Ms. Vohman,

My name is Hatice Kubra Tokpunar and | am a masttetent in Food Science Program
in Clemson University, USA.

Can | obtain permission from you to add some figucemy thesis?

One of is the picture of the full size of Maya tnate from Maya nut brochure in
Equilibrium Fund web site and the other is figuoésutrition values of Maya nut
Brochure in Equilibrium Fund web site. Also, Thesgicture which shows the
distribution ofBrosimum alicastrum, sub species alicastramal it is from Maya Nut
(Brosimum alicastruininternational symposium notes and its name isd&Juatilized
plants for food, nutrition, income and sustainat#gelopment".

| really appreciate your time and help,

Have a good day,

Sincerely,

Hatice Kubra Tokpunar

Master candidate

Department of Food Science and Human Nutrition

P&A Building A201

Clemson University, SC, 29634

htokpun@clemson.edu
htokpunar@hotmail.com
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APPENDIX B

A Letter of Authority

Original e-mail:

From: Cecilia Sanchez Garduiio, Directora Mexico, www.arajtinstitute.com.
(sanchez_garduno@yahoo.com)

To: Hatice Kubra Tokpunar, Master student, Departroéfiood Science and Human
Nutrition, Clemson University, USA. (htokpun@clemsadu)

Date: 10/29/2010

Dear Hatice

I'm very sorry for not replying earlier. The figuyeu say, | imagine, is original to Berg's
(Moraceae specialist) work on the distribution od&mum. | can send you

the bibliographic reference if you don't have thihk you can use it as long as you put
the original source. Erika has told me about yateresting thesis. | can't wait to read it
when its published. My biggest congratulations.

best wishes

cecilia

Dra. Cecilia Sanchez Gardufio

Directora Mexico

www.mayanutinstitute.com

Buscamos el balance entre las comunidades, la atie@n y los bosques

Matanzas 659, Lindavista

Mexico D.F. 07300

tel (55) 5754 1212

cel 04455 1798 6205
skype ceciliasanchezgarduno
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From: Hatice Kubra Tokpunar

To: Cecilia Sanchez-Garduno

Date: 10/27/2010

Hi Ms. Dr.Cecllia,

My name is Hatice Kubra Tokpunar and | am a masttetent in Food Science Program
in Clemson University, USA. Can | obtain permissimom you to add this figure to my
thesis? It represents DistributionBfosimum alicastrum, sub species alicastramd it is
from Maya Nut Brosimum alicastruin Traditional rainforest food for healthy forests
and families in Central America. International sysipim "Underutilized plants for food,
nutrition, income and sustainable development”.

| really appreciate your time and help,

Have a good day,

Sincerely,

Hatice Kubra Tokpunar

Master candidate

Department of Food Science and Human Nutrition

P&A Building A201

Clemson University, SC, 29634

htokpun@clemson.edu

htokpunar@hotmail.com
201-960-8072
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