EFFICIENCY OF ABRASIVE DEHULLING TO
PRODUCE WHEAT GRAIN FRACTIONS ENRICHED

IN ANTIOXIDANTS

By
YONGFEN CHEN

Bachelor of Science in Food Science
China Agricultural University
Beijing, China
2004

Master of Science in Food Science
Oklahoma State University
Stillwater, Oklahoma
2007

Submitted to the Faculty of the
Graduate College of the
Oklahoma State University
in partial fulfillment of
the requirements for
the Degree of
DOCTOR OF PHILOSOPHY
May, 2011



EFFICIENCY OF ABRASIVE DEHULLING TO
PRODUCE WHEAT GRAIN FRACTIONS ENRICHED

IN ANTIOXIDANTS

Dissertation Approved:

Nurhan. T. Dunford

Dissertation Adviser

Mark Wilkins

Jeff Edwards

Carla Goad

Dr. Mark E. Payton

Dean of the Graduate College



ACKNOWLEDGMENTS

First of all, | want to express my sincere apprié@mto my major professor Dr.
Dunford for her valuable guidance, suggestionsperagement, support and patience
throughout the study. The past five years workiritdp Wwer was the most precious time in
my life. Her precise scientific attitude and extedynhigh standard deeply influenced me.
It has been an honor to be her student. | am &eréraining | learned from Dr. Dunford
will keep benefiting me in my career.

| am also thankful to Dr. Edwards, Dr. Wilkins aBd. Goad for agreeing to be
my committee member. All were very generous withirttime, patience, and giving me
suggestions and ideas, which were great helpful.

| also want to thank Mark Gilstrap, Karthikeyannkechandriya Dharma, and
Robert Ingraham for their help during my experiment

A great gratitude is to my dearest friends Sue @ady Harding, for all of your
encouragement and love in these years. Thanksfoglmy family in US.

Also, | want to thank Oklahoma Stateivérsity and the Food and Agricultural
Products Center, for providing a very good learratrgosphere and advanced facility.

| am also grateful that | have all the supporiphend encouragement from my

friends and lab members: Aihua, Meizhen, Wanda,, Y&lmymaa, Laith, Ee Chin,

Richelle, Lina and Angie. | will remember every daigh you and cherish our friendship.



Last but not least, | want to thank my parentsilighen and Shuzhen Liu, my
husband Mufei Gong, my sister Chen Chen, and mgheran-law Haijun Li, for all the
support and encouragements during my hard time. &feuthe precious treasure in my

life.



TABLE OF CONTENTS

Chapter Page
[. INTRODUCGTION ...ttt e e e ee e e e e ene e 1
1.1 Statement Of ProbIEM ..........ooviviet e 1
2 o 1Y o1 ] 1o £ 2
1.3 ODJECHVES .o e ———————— 2
[I. REVIEW OF LITERATURE. ... .ottt et 4
2.1 INErOAUCTION ...ttt e e e e e e e e e 4
2.2 Wheat bioactive COMPOUNAS ........covvvviiiiiiiiiiiieeeeee e 5
2.2.1 Tocopherols and tOCOtHENALS...........uuuuiiiiiiiiiieee e 6
2.2.2 PReNOIIiC ACIAS ........ooiiiieeeeeee e 9
2.2.3 CarOtENOIAS ...cevvveiiies e et eeeeemms s e e e e e et e eeett e e e e e e eeeaaa e e e e aaeeeeeeeeesnenns 10
2.2.4 0rganiC aCiaS ........cooiiiiiieeeeieiie ettt 12

2.2.5 POHCOSANON ... et ee e 13
2.2.6 Phytosterol

.................................................................................. 15
2.3 Wheat health benefits ...........oo oo 17
2.4 ANIOXIANTS ....cooiiiiii e 19
2.4.1 Oxygen radical absorbance CEpEORAC) ..........eeevvveerriiiiiiiiiiiiiinnns 22
2.4.2 2,2- Diphenyl-1-Picrylhydraz{dRPH) radical scavenging
CAPACIEY @SSAY ..o eeeeieeeeeee e ettt e ettt et ettt e e e e e e e e e e e e e e e e e aaaaaas 23
2.4.3 Total phenolic content (TPC)agsisy Folin-Ciocalteu Reagent.......... 24
2.5 Wheat Milling ... 25
2.5.1 Wheat grain StTUCTUIE ... eeeeeeeeeieeiee ettt eeeee e 25
2.5.2Wheat Milling........oooooiieeee s 26
2.5.3 Tangential abrasive dehullingicle.................ccccoiieee, 28
. MATERIALS AND METHODS. ...ttt e e e 30
3.1 Sample SEIECHION ...ccoiii e e 30
B2 MIlIING e 31
3.3 Tangential abrasive dehulling ... .ccoeeeieiiiiiiii e, 31
3.4 Whole grain sample preparation ........ccccceeeeeeiiiiiiiiiiiieeeeeeeeeeeee e 32
3.5 EXIrACTION ..ttt ettt 33
3.6 MOISTUIE CONTENT ....eviiiieeii e e e 33



3.7 STAICH CONTENT. .. oo e ettt e et e e e e e e e e e eneaeaenees 33

3.8 ASN CONLENT ... e naneaes 35
3.9 LIPIA CONENT ..ottt 35
3.10 Protein CONENT .........uviiiiiii et eeee e 35
3.11 MiINeral CONTENT ........uuviiiiiiiie s s 36
3.12 DPPH radical scavenging capacity egiim .............cccccecvmmemninnnnnnnnnnns 6.3
3.13 Total phenolic CONLENLS ... oo 36
3.14 Oxygen radical absorbance capacityXORasSay .........ccccceveveeeeeienenenenn, 37
3.15 Tocopherols and tocotrienols analyses...........cccocceeeeeiieeeeeee e, 37
3.16 Phenolic acids analySEsS...... . eeeeireiiiiieiieeeiieeesesee s e seseesnnenns 38
3.17 CarotenOidsS @NAIYSES.........oummmneeeeriiteieiiteieieiiie et aeaaas 39
3.18 Organic acids analysis analySES............uuuurriurrirrreiinnirininiinnenninnenneee. 40
3.19 Policosanol and phytosterol analyses..........cccccccviviiiiiiiiceieiiiceee, 41
N e I Y0 [ 0] Y= LRI 41
3.19.2 GC ANAIYSIS .o 42
3.20 StatistiCal @NalYSIS.........uuueuueueiiiiiiiiiiiiiiiiiieiieieeiee e 43
IV RESULTS ...ttt ettt e e e e ettt e e e e e e e e e e e e e eeee e e e e nnnee e 44
4.1 TADD YI€ld .coeeeiiiiiieiie ettt ettt e e e e e e e 44
4.2 SEArCh CONTENL......cooiiii e e 45
4.3 Protein CONENL .......oooiiiiiiieeeeee e 45
o W o] o [ odo] o1 (=T o | SO OR RO PPPPPPPPPPI 46
4.5 Ash content and mineral COmMpPOSItIQN............ccooeiiiiiiiiiiiiiieeeeeeeee 46
4.6 EXtraction Yield ... a7
4.7 Antioxidant capacity analYSES... o eeearieiiiiiiaiiiiae e 48
4.7.1 Oxygen radical absorbance @fpa...........cccccevevvviiiiiiiiiiiiiiiaeenn. 48
4.7.2 Total phenolic CoNteNt ...........coooiiiiiiiiiiiiiiiiiieeeeeeeeee e 49
A.T7.3DPPH ..o 50
4.8 Tocopherols and tOCOtNENOIS ... cceceeeiiiiiiiii e 51
4.9 CArOtENOIAS ... .ottt ettt ettt e e e e e e e e e e e aeaeaeaeaes 52
4.10 PRENOIIC QCIAS ....uviiiiiiiiitemememet et e e 53
4,11 OrganiC ACIdS ........cceiiiiiiieaeeaeiie e e s eneenanene 54
4.12 PONCOSANON ...ttt 55
4,13 PRYLOSTEIOl ...ttt 55
V. DISSCUSION ...ttt e e e et ae e e e e e ennee s 57
VI.CONCLUSION. ...ttt et ememr et e e e e e e s s eeaeeensnneeees 61
FUTURE WORK ..ottt e e mnneee e e e e 63
REFERENGCES ...ttt e e e e e 64
TABLES ..o et e e e 97
FIGURES ...ttt ettt e e e e e e s e e r e e e e s e e ne e 114

Vi



LIST OF TABLES

Table Page

1. TADD VIEIO ...ttt ven e s en e 97

2. Starch content of wheat SAMPIES.....coomumeeiiiiiiiii s 98

3. Protein content of wheat SAMPIES ... cuuwumerereeimimiiiiiiiiiii e 99

4. Lipid content of wheat SAMPIES .......coeiiiiiiiiiii e 100

5. Ash content of wheat SAmMPIES.........ccoeeeemriiiii s 101

6. Mineral compositions of wheat samples.........ccccoeeviiii e, 102

7. Extraction yield and concentration of whesahples...............cuvvvvviviviviiiiiiiennnns 103
8. Antioxidant CapACILY ASSAY .........ccieeaaeeerririeiieiieiieieeiieiaereeeeereeeeeneenneeeeeeeas 104

9. Tocols content and compositions of wheat $asnp.............ccccceniiiiiiiiinnnnns 105
10. Carotenoids content and compositions of Whaaples............c.cccvvviienennnnn. 106
11. Phenolic acids content and compositionstedat samples..............cccceeeeeeeen. 107
12. Organic acids content and compositions @atisamples.............cccceeeeeenn. 108
13. Policosanol content and compositions of weamples ...............eevvvvvevverennnns 109
14. Phytosterol content and compositions of weamples..........ccooevvviiiieiinennnn. 110
15. Contribution of bioactive compounds to ORASZAY .........ccceeveiiiiiiiiiiiinenenn. 111
16. Contribution of bioactive compounds to DP&Say ..., 112
17. Contribution of bioactive compounds t0 TRSEY .....ccccoveiviiiiiiiiiiien e 113

vii



LIST OF FIGURES

Figure Page
1. A typical ORAC assay KiNetiC CUINVE ....cceceeiiiiiiiiiiiiii e 114
2. Wheat Kernel StIUCLUIE ............... sttt 115
3. RONEr MIll e 116
4. Schematic view of the internal flow of stanka debranner....................c..... 117
5. Self-Abrasive plate of TADD ........ccoocoeeeuiiiiii s e 118
6. Bran collection device Of TADD ........uccceeiiiiiiiii e 119
7. Vacuum aspirating device Of TADD ... 120

viii



NOMENCLATURE

HPLC High performance liquistkeamatography
GC Gas chromatography
FID Flame ionization detec
PC Policosanol

PS Phytosterol

wiw Weight to weight
Units

% Percent

°C Degree Centigrade

g Gram

h Hour

kg Kilogram

mL Millliliter

ML Microliter

min Minute

S Second

0z Ounce



CHAPTER1

INTRODUCTION

11 STATEMENT OF PROBLEM

It is well established that wheat is rich in ntibnal and health beneficial
bioactive compounds, specifically compounds witlghhiantioxidant capacity. These
compounds are not uniformly distributed in the wihkarnel. They are particularly
concentrated in the outer layers of the grain casimg bran and germ. Although
endosperm or flour which is rich in starch has besely used in food and industrial
bioproducts, wheat milling industry by-productsyrgeand bran, have not been exploited
to their full capacity for value-added products elepment.

The traditional wheat milling process was desigt®define flour and remove
bran and germ as byproducts. In general, convaaitimller mills use sieving and air
separation for flour recovery, resulting in sigoat flour residue in bran and germ
fractions. Since flour does not contain substaatiabunts of bioactive compounds, flour
contamination dilutes bioactive compounds in brath germ fractions. Development and
optimization of milling techniques that will effiently separate bran and germ and
minimize flour residue in these fractions are neaeg to improve the economic
feasibility of recovery of health beneficial compals from whole wheat grain.

Tangential abrasive dehulling technique was dewdpr controlled removal of

outer layers of grains from endosperm. This metihad not been optimized for



separation of bioactive wheat components from whgiain. To the best of my
knowledge there is no study correlating chemicahposition of wheat grain fractions to
their antioxidant capacity. An understanding of tberrelations between chemical
composition and antioxidant capacity of wheat graactions is critical for designing
efficient downstream processes to be used for wadldeed products development.
Furthermore, formulation of nutraceutical produatsch as policosanol and vitamin E,
for specific health conditions entails the knowledgf relationship between chemical

composition and the efficacy of the products.

1.2 HYPOTHESIS
Tangential abrasive dehulling is an efficient noethto produce wheat grain

fractions enriched in health beneficial bioactieenpounds.

13 OBJECTIVES

The objective of this dissertation is to examihe efficiency of the tangential
abrasive dehulling method to produce wheat frastienriched in health beneficial
bioactive compounds. The specific objectives inelud
1) To study tangential abrasive dehulling procesgfoducing wheat grain fractions
enriched in bioactive compounds with high antiorideapacity.
2) To determine the chemical compositions and antamtidcapacity of wheat
fractions obtained by Tangential Abrasive DehullDgvice (TADD), whole wheat, bran

and commercial aleurone products.



3) To develop correlations between antioxidant cagaait the chemical

compositions of TADD and commercial products.



CHAPTER 2

REVIEW OF LITERATURE

21 INTRODUCTION

Wheat is a primary agricultural product not only the United States but
worldwide. It is the main food source in many didts 2008, world wheat production
reached 690 million metric tons with China, Indend the U.S. being the top three
largest producers (FAO 2010). Wheat, as the prinsargal grain, comprises up to one
third of the world grain production (Slavin and ets 2000).

In 2007, wheat production ranked fourth after aovk, maize and sorghum in
U.S. (USDA 2010a). Oklahoma is one of the major attproducers in the U.S. (USDA
2008). According to 2009 State Agriculture OvervieivOklahoma, wheat production
ranked third among all the crops producing 77,000,0bushels and brought
$ 369,600,000 to the state (USDA 2010b). Howeverthe past ten years, wheat
production has decreased. Oklahoma is an impoptawider of winter wheat in the U.S.
(USDA 2008). Hard winter wheat is the primary wintgpe in Oklahoma and there are
more than 40 varieties of hard winter wheat grom®klahoma (USDA 2010c). These
varieties include Jagger, Trego, and Intrada.

A study of 31 wheat varieties grown in Oklahomavedd that Trego and Intrada

varieties had the highest amount of policosanol)(RCgroup of compounds with low



density lipoprotein (LDL) lowering properties (lak and Dunford 2005)in a later
study the effect of genotype and environment orbibactive compounds in three wheat
varieties, Jagger, Trego, and Intrada, were exaini@den and others 2009a; Chen and
others 2009b). Trego had the highest PC and pleytdgPS) content followed by Intrada.
The antioxidant properties of Trego wheat have begorted (Zhou and Yu 2004a).

Therefore, Intrada variety was chosen for thistud

Intrada is a hard white winter wheat developed eoafvely by the Oklahoma
Agricultural Experiment Station (OAES), Kansas Agittural Experiment Station and
United State Department of Agricultural Researctvise (USDA-ARS), and released by
the OAES and the USDA-ARS in September 2000. #inigz-derived line selected from
the cross, ‘Rio Blanco’/ ‘TAM 200°. This varietyas a high yield and test weight and
potential for its end-use value in domestic andoeixpread markets. Intrada grows well
in the southern High Plains and performs best udgiand production conditions in

western Oklahoma and in neighboring states (Candrothers 2003).

22 WHEAT BIOACTIVE COMPOUNDS

Wheat grain contains a number of bioactive comgsuincluding tocopherols
and tocotrienols which are also referred to as I$o@w this dissertation, carotenoids,
phenolic acids, organic acids, PC and PS. Thesactive compounds play important
structural and defense roles in wheat grain andriborte to the nutritional quality of the

grain.



221 TOCPHEROLSAND TOCOTRIENOLS

Tocopherols and tocotrienols are fat soluble compsu Each group has four
isomers:a, B, v, 6 (Okarter and Liu 2010). Vitamin E is the geneecn for all eight
tocopherol and tocotrienol isomers (Eitenmiller drek 2004). Both tocopherols and
tocotrienols have a chromanol ring and an aliphgitie chain in their chemical structure.
The difference between tocopherol and tocotrieadhat the side chain of tocopherol is
saturated while the side chain of tocotrienol isatarated (Miyazawa and others 2009;
Theriault and others 1999). Tocols are only foundphotosynthetic bacteria, algae,
plants and animals (MunnéBosch 2007). Vegetablarail cereal grains such as barley,
oats, wheat, rye and rice are excellent source®aufls (Tiwari and Cummins 2009).
Palm oil is one of the most abundant sources ajtt@nols. Crude palm oil contains up
to 800 mg / kg tocotrienols and most of thesevat@cotrienol and-tocotrienol (Sen and
others 2007a).

Tocols can effectively react with lipid peroxyldiaals to form a relatively stable
tocopheroxyl radical and lipid hydroperoxide andpsthe oxidation chain reaction (Sies
and Stahl 1995; Blokhina and others 2003; Burtoth &raber 1990). Because of their
strong antioxidant ability, they can reduce inflaatibon and angiogenesis (Wells and
others 2010). The antioxidant activities of alllgigpcols isomers are not the same due to
the methylation pattern and the amount of methglugs on the chromanol ring. The
order of the strength of antioxidant activity otépherols is as followst > >6 >y
(Blokhina and others 2003j-Tocopherol is the most potent natural antioxidenmt
scavenge lipid peroxyl radicals and reactive oxyged nitrogen species. It has been

reported thati-tocopherol is able to protect lipid oxidation goévent chronic diseases



such as atherosclerosis, cancer and Alzheimersasiés (Tucker and Townsend 2005;
Schneider 2005; Paradiso and others 2009; Ni atnd2087; Traber and Atkinson 2007).
There are studies indicating thatocopherol possesses anti-inflammatory propedres
has a better ability to trap reactive nitrogen ggethana-tocopherol (Reiter and others
2007). The Food and Nutrition Board recommends ttiaintake ofi-tocopherol should
be limited to 1000 mg per day (Medicine 2000).

In several studies tocotrienols have been showretstronger antioxidants than
tocopherols (Choi and Lee 2009; Qureshi and oth88¥; Das and others 2007). Das
and others (2007) clearly demonstrated that tcaotits, especiallg- andy-tocotrienols,
provide protection against cardiovascular diseaséotvering serum cholesterol levels
and reducing oxidative reactions. Sen and othe@®7@, 2007b; 2006) extensively
reviewed the health benefits of tocotrienols anactaded that tocopherol and tocotrienol
isomers have both common yet some unique biolodigaitions. Tocotrienols are the
important part of the vitamin E family, as they pess potent antioxidant, anticancer and
neuroprotective activity and cholesterol loweringpperties. It has been shown that
tocotrienols, especially é-tocotrienol, remarkably suppresses liver and lung
carcinogenesis in mice (Wada and others 2005). Mwya and others (2009) pointed out
that the anticancer ability of tocotrienols wasatetl to their antiangiogenic activity. The
safe dose of various tocotrienols for human congiempvas recommended as 200-1000
mg / day (Yu and others 2006).

Wheat is a good source of tocols. In einkorn whereg total tocols content was
about 77.9qug / g, withp-tocotrienol being the most abundant at 4882 g, , followed

by a-tocotrienol at 12.77g / g ,a-tocopherol at 12.18g / g and3-tocopherol at 4.799g



/ g. Einkorn wheat contained significantly highecdls content than other wheat varieties
(Hidalgo and others 2006). Zhou and others (20@&réned the tocols content in two
wheat varieties from two locations and detectetbcopherol, 5-tocopherol andy-
tocopherola-Tocopherol ang-tocopherol were the two major tocols in the samsiplie a
study of eight soft red wheat genotypes grown imyéend, a-tocopherol was reported to
vary from 3.4 to 10.lug / g (Moore and others 2005). The studies discusdm®ve
indicate that content and compositions of tocolsvireat are affected by genotype and
environment.

Tocols are not evenly distributed in the wheahkérThey are concentrated in the
germ and outer layers of the grain, with very snaatiount of tocols present in the
endosperm. It has been reported that total toami$eat in wheat bran was almost two-
fold higher than that of whole wheat flour (KhandaBhewry 2009). Wheat germ
contains specifically high contents @tocopherol ang-tocopherol. About 2569 / g of
a-tocopherol and 114ig / g of B-tocopherol were found in wheat germ respectively
(Morrison and others 1982). Similar results wengoréed by Piironen and others (1986).
Wheat germ oil (WGO) is rich in tocopherolg-Tocopherol, B-tocopherol andy-
tocopherol were present in four commercial WGO damfEisenmenger and Dunford
2008). Samples obtained by supercritical ,Céxtraction had significantly higher
tocopherol content (26.86 mg / g oil) than the t#ghe three commercial oils (15.08 mg
/ goil, 7.7 mg / g oil, and 7.97 mg / g oih-Tocopherol consisted 90 % of the total

tocopherols.



222 PHENOLICACIDS

Phenolic acids are widely distributed in plants hi8ber and others 2001,
Héakkinen and others 1999). The chemical structdira phenolic acid comprises of an
aromatic ring to which one or more hydroxyl groaps attached. Phenolic acids can be
categorized into two groups according to their cicahstructures. These two groups are
referred to as hydroxycinnamic and hydroxybenzaidsawhich have similar chemical
structures but are distinguished by the numberspasdions of the hydroxyl groups on
the chromatic ring (Khan and Shewry 2009). Hydroaimic acids includ@-coumaric,
caffeic, ferulic, and sinapic acids, while hydrobeic acids arep-hydroxybenzoic,
protocatechuic, vannilic, syringic, and galliedsc(Liu 2007).

Phenolic acids are of great interest because posgess antioxidant properties
and provide protection against chronic diseasel aaacancer (Yi and others 2005) and
cardiovascular diseases (Morton and others 200@9. dntioxidant ability of phenolic
acids is related to the hydroxyl substitute ondh@matic ring. The position and number
of the hydroxyl substitutes affect the hydrogennatonating ability of phenolic acids
which further influence their radical scavenginglish Therefore, different phenolic
acids have varying antioxidant properties (Robk@93). When functioning as free
radical scavengers, phenolic acids donate a ptottime radical to terminate free radical
chain reactions. Hydroxycinnamic acids have a gieomadical scavenging ability than
the hydroxybenzoic acids. Addition of the hydroeyld methoxyl substituents on the
aromatic ring could improve the total antioxidaragerties of phenolic acids (Yu 2008).

Ferulic, vanillic, caffeic, syringic, hydroxybenzp and p-coumaric acid are

commonly found in wheat (Okarter and others 201ign End others 2006). Ferulic acid



is the major cinnamic acid in cereals, and is thestnabundant phenolic acid in wheat
grain. Ferulic acid is concentrated in the aleuyguexicarp, and embryo cell walls of
various cereals. It is present in the endosperfovatconcentration (Smith and Hartley
1983; Khan and Shewry 2009). Among the eleven wix@a¢ties evaluated, Chaml had
the highest ferulic acid content, up to 588.37 pgadf grain (Adom and others 2003).
Another study carried out on eight wheat variegieswvn in Maryland showed that total
ferulic acid content of the samples was higher thenvalues reported earlier, 456-621
pg / g grain. Vanilic, syringic angtcoumaric acids were also found in the samplesrbut
lesser amounts than ferulic acid (Moore and otB86G5). Ferulic acid was concentrated
in the aleurone layer, 7.22-9.06 ug / mg (Antoind athers 2003). The total phenolic
acids content in wheat bran was 4527 pg / g whiah significantly higher than that of
whole wheat flour (1342 pg / g) (Mattila and oth2@905). The ferulic acid content of

bran and germ was 52-70 folds higher than the gretos(Adom and others 2005).

2.2.3 CAROTENOIDS
Carotenoids are a large group of pigmented compotimat are yellow, orange

and red in color. Currently, more than 600 caroi@nbave been identified in plants and
microorganisms. About 50 of these carotenoids hatemin A activity (Liu 2007;
Mayne 1996). Carotenoids can only be synthesizeglants and microorganisms, but
not by animals, so humans and animals get caraterfmm dietary sources (Paiva and
Russell 1999). The carotenoids share a common oialestructure which consists of a
polyisoprenoid and a long hydrocarbon chain witinjegated double bonds (Cadenas

and Packer 2002). Carotenoids are classified intdrdtarbons (carotenes, likg

10



carotene) and their oxygenated derivatives (xaritiégosuch as lutein and zeaxanthin)
(Marquart and others 2007). Carotenoids are esddnti photosynthesis, reproduction
and photoprotection. They are also the major diesaurce of retinol for humans.
Furthermore, carotenoids are lipid soluble antiarid which can effectively quench the
electronically excited molecules, particularly gieglet molecular oxygen (Krinsky 1989;
Britton 1995; Di Mascio and others 1991). Both thenber of conjugated double bonds
and the end groups influence the quenching abdlitgarotenoids (Paiva and Russell
1999). Carotenoids can interact with free radidalsthree ways: electron transfer,
hydrogen donation and the formation of a radicacgs. There are various types of
reactive oxygen species in human body. Chemicarackeristics of these species
strongly affect the mechanisms and rate that caoode can quench free radicals. For
instance -carotene is very reactive to peroxyl radicals ibactive to Q™ (Young and
Lowe 2001).

Many foods are rich in carotenoids. These are Ipagolored fruits and
vegetables, examples include carrots, tomatoegrmaton and pumpkins (Krinsky 1989;
Holden and others 1999). Some carotenoids, such-asotene,p-carotene, ang-
cryptoxanthin have provitamin A activity, which nmsathey can be enzymatically
converted to retinol necessary for vision (Voutien and others 2006; Krinsky 1989).
Carotenoids can protect lipid membranes from pelation and LDL containing lipids
from oxidation (Bendich and Olson 1989). Thereftihe, consumption of carotenoids can
be credited with reducing the risk of cancers, mtioyg protection against DNA damage,
preventing cardiovascular diseases, enhancing mm@&une system, and providing

protection against age related macular degeneratidncataract (Bendich 1989; Young

11



and Lowe 2001; Ziegler 1989; Mayne 1996; McNultyd asthers 2008; Nishino and
others 2009; Krinsky 1989). However, there areorepindicating thap-carotene may
increase the risk of cardiovascular disease angl¢dancer in smokers (Mayne 1996).
Even though the carotenoid content in wheat is vesly high, wheat could
provide significant amounts of carotenoids as wheatadily found in most daily diets.
B-Carotene, zeaxanthin, cryptoxanthin and lutein thee major carotenoids found in
wheat, while lutein is the primary xanthophyll (Khand Shewry 2009). Moore and
others (2005) reported that total carotenoids castan eight soft wheat varieties grown
in Maryland ranged from 1.30 to 1.68 pg/ g andilutvas the most abundant carotenoid
at 0.82-1.14 ug / g followed by zeaxanthin gadarotene. In another study of hard red
winter wheat, lutein was also found to be the preidant carotenoid ranging from 0.97
to 2.43 pg / g. Significant amounts of zeaxantfiaryptoxanthin ang-carotene were
detected in wheat samples as well (Zhou and otke@s). Adom and others (2005)
compared carotenoid contents in two wheat fractione was a bran and germ mixture
and the second one was an endosperm sample. @adwontent of bran and germ

mixture was almost two-fold higher than that of @melosperm sample.

2.24. ORGANIC ACIDS

Organic acids are low molecular weight compouridg tire widely present in
nature and contain one or more carboxyl group&eir themical structure (Jones 1998).
Wheat organic acids are related to Aluminum (Al)etance. The harmless Al is
converted to the toxic form, [Al(#D)¢]*>* in acidic soil adversely affecting plant growth

and production (Darké and others 2004). It has baeygested that the secretion of

12



organic acids from plant roots could contributefte detoxication of Al. Organic acids
can chelate ionic Al to form a stable compoundrevent binding of Al with plant roots
(Li and others 2000; Delhaize and others 1993). §tndies on organic acids in wheat
extracts are limited. Nelson and Hasselbring (198fprted that major organic acids in
wheat were malic, aconitic and citric acids. Buakel others (1985) studied organic acids
in seven wheat varieties by using a capillary da®matography method. In the latter
study, both two and four weeks old wheat grain damwere examined. Succinic, malic,
aconitic and citric acids were detected in the weeks old wheat while no succinic acid
was detected in the four week old wheat.

Organic acids are widely used in food industry iovple color and acidic flavor.
Citric acid and ascorbic acid are commonly usesdtabilize fats and oils. Some organic
acids can chelate metals to enhance the activitgtlodér antioxidants (Pokorny 1991,
Asami and others 2003).

Many antioxidants may work synergistically withhet antioxidants to provide
protection against reactive oxygen radicals. Trtis¢®96) investigated the interaction
of B-caroteneg-tocopherol and vitamin C and found tifatarotene could repair vitamin
E radical and similarly vitamin C could repair fhearotene radicaB-Carotene together
with a-tocopherol can scavenge various radicals to ihtdbchain reaction (Stahl and

others 1998).

225 POLICOSANOL
PC are a mixture of high molecular weight (20-3@o0a) aliphatic primary long-

chain alcohols. Docosanol (C22), tricosanol (C28&}fracosanol (C24), hexacosanol

13



(C26), octacosanol (C28), and triacontanol (C3@) twe main PC in wheat varieties
(Irmak and Dunford 2005; Irmak and others 2006; Chen and others 2009b). PC are able
to lower total cholesterol and LDL and increasenhhignsity lipoprotein levels in serum
(Aneiros and others 1995; Gouni-Berthold and Berthold 2002; Brufau and others 2008).
The studies of PC as a lipid lowering agent areresite(Mas and others 1999; Castano
and others 1995; Hernandez and others 1992; Varady and others 2003). Studies carried
out on 85 patients for 3 or more years indicated BC at a dose of up to 20 mg / day
was safe and well tolerated (Gouni-Berthold andttigdd 2002). It was postulated that
PC reduced the risk of coronary heart disease (CiDnhibiting platelet aggregation
and proliferation (GounBerthold and Berthold 2002; Borg 1991). Although many
studies demonstrated the efficacy of PC to corgesum LDL levels, there are also
reports contradicting the latter studies (Varady atiners 2003).

Irmak and Dunford (2005) examined the distributtdriPC in wheat fractions and
reported that PC were concentrated in bran and @eetions of wheat grain. A recent
study showed that wheat straw had a higher PC obrtken wheat germ and bran
fractions (Dunford and Edwards 2010). The PC cdnéerd compositions of 31 wheat
varieties grown in Oklahoma were evaluated (Irmaki ®unford 2005). The study
demonstrated that Trego and Intrada had the high€stontent among the varieties
studied. Tetracosanol, hexacosanol and octacosarelthe major PC components in all
varieties. Both genotype and environment had sogmt effects on PC content and

compositions in wheat (Irmak and others 200fen and others 2009b).
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226 PHYTOSTEROL

PS, also referred to as plant sterols, are isopdecompounds. They are
cholesterol-like compounds containing a four-ringraid nucleugOstlund 2002; Khan
and Shewry 2009). PS differ in chemical structumamf cholesterol by having a side
chain of an ethyl or methyl group (Moreau and ath2002). Most PS contain 28 or 29
carbons and one or two carbon—carbon double baygisally one in the sterol nucleus
and sometimes a second in the alkyl side chaintoBtanols are saturated PS which are
present in smaller amounts than other PS (Micaltef Garg 2009; Liu and others 2007).
Sitosterol, stigmasterol and campesterol are thst moundant PS in wheat (Berger and
others 2004; Ling and Jones 1995; Kritchevsky and Chen 2005). Brassicasterol,
sitostanol and campestanol are present in minoruataan plants (Phillips and others
2002). So far, more than 250 PS have been idethiifigplants or marine animals (Brufau
and others 2008).

Petersons (1951) was the first to report the sariofesterol lowering properties
of PS. The hypocholesteremic properties of PS haes studied extensively (Miettinen
and other2000; Jones and Ntanios 1998; Brufau and others 2008). A meta-analysis of 41
clinical trials indicated that the intake of 2 gRf® per day could reduce LDL cholesterol
level by 10 % (Katan and others 2003). A numbetlioical studies demonstrated that PS
can lower LDL levels by as much as 10 -14 % in redrand hypercholesteromic adult
males and femalegKritchevsky and Chen 2005; Plat and Mensink 2005). Another
clinical study confirmed that patients already takstatin drugs could reduce their LDL
levels an additional 10 % by inclusion of PS initttget (Blair and others 2000). The

intake of PS up to 3 g per day has been considesézl (Marangoni and Poli 2010).
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Furthermore, PS can provide protection againstairetypes of cancer such as colon,
breast and prostate cancérsvad and Fink 2000; Tapiero and others 2003; Ifere and
others 2009). Some studies linked the health beoéfPS to their antioxidant activity
(Vivancos and Moreno 2005). Yasukazu and Etsuo 3R06ported that PS prevent
peroxidation of vegetable oil by functioning asaioxidant to scavenge free radicals.

PS are naturally found in vegetables and seed lmifsalso in pulses and dried
fruits (Quilez and others 2003). Dietary sourcesP8&f include nuts, grains, beans and
plant oils (Ling and Jones 1995; Marangoni and Poli 2010). In cereal grains, PS are
mostly found in bran and are extractable as patirah oil and waxes (Wu and others
2007). Hence whole grains are better sources ofhB6 refined flour (Piironen and
others 2000). Due to the health benefits of P8&d fondustry has already produced
products enriched in PS. For example PS enrichadariaes, yogurts, salad dressings,
milk and snack bars are available in the markedyod@hese PS enriched foods can be an
effective way to reduce the total cholesterol afal Lcholesterol levels (Micallef and
Garg 2009).

Several groups have examined the PS content angaosaiion of wheat grain
fractions and wheat germ qiEisenmenger and Dunford 2008; Jiang and Wang 2005;
Hakala and others 2002; Nystrom and others 2007). Wheat germ has a much higher PS
content (2.4 mg / g) (Jiang and Wang 2005) than t&2 mg / g) and whole wheat (1.8
mg / g) (Piironen and others 2000). Compared teerotommercial oils, WGO has
extremely high PS content, with sitosterol and castgrol being the major PS (Itoh and
others 1973; Anderson and others 1926). EisenmengkiDunford (2008) showed that

wheat milling, WGO extraction and oil refining texues had significant effects on the
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PS contents of the final product. Also genotype endronment had significant effects
on PS contents and compositions of wheat (Chen ahdrs 2009a; Dunford and

Edwards 2010).

23 WHEAT HEALTH BENEFITS

Grains account for about two thirds of the enenmyy protein intake in developing
countries (McKevith 2004). In the U.S., approxintaie quarter of the calories consumed
are from grain products (Liu 2007). In additiorpt@viding energy, whole grains are rich
in fiber, protein, minerals, vitamins and bioacta@mpounds (Liu 2007; Okarter and Liu
2010). Some of these bioactive compounds havexadént functions. Due to its high
nutritional value, USDA recommends daily consumptid 3 oz of whole grain products
which include bread, pasta and crackers (USDA 210d

Numerous studies have demonstrated that intakehofe grains and whole grain
products can reduce the risk of cardiovascularadis€Jacobs and others 1998; Liu and
others 1999; Liu 2002; Hu and Willett 2002; Liu aottiers 2000b), diabetes (Meyer and
others 2000; Liese and others 2003) and some a(Bkvin 2000; Ferguson and Harris
1999; Adlercreutz 2002; McCullough and others 20@8}he Nurse’s Health Study, Liu
and others (2000a) found an inverse relationshigvd®n whole grain intake and risk of
type 2diabetes. About 76,000 female nurses weregbahis 10 year research project.
The female nurses who consumed approximately 2dnggr of whole grains per week
had a 27 % lower risk of diabetes than nurses vadmsumed less than one serving per
week. Rimm and others (1996) examined the assoucidtetween vegetable, fruit, plus

cereal intake and a risk for myocardial infarct{di) in 43,757 U.S. health professionals,
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aged 40 to 75. Cereal fiber was most strongly aatamt with reduced risk of coronary
heart disease (CHD).

It has been shown that WGO supplementation of doet patients with
hypercholesterolemia reduced both oxidative stess$ platelet formation (Alessandri
and others 2006). Animal studies indicated thatadyeadministration of the lipid fraction
of wheat bran significantly reduced the incidenegsolon tumor formation (Reddy and
others 2000). In addition, WGO feeding is shownbt effective in improving both
fertility and successful delivery of golden hamstéoderwall and Smith 1962). The U.S.
Food and Drug Administration (FDA) approved the Itteglaim notification on food
packages containing at least 51 % (w / w) wholengpeoducts. The claim states that the
consumption of whole grain foods may lower the ocmce of CHD and cancers (FDA
1999). Intake of whole grain foods is also recomdeeh by the American Heart
Association (2010), the American Diabetes Assaam(P010), and the American Cancer
Society (2010).

Researchers have attributed health benefits afawho the bioactive wheat
components with antioxidant properties (Baublis atiters 2000; Liyana-Pathirana and
Shahidi 2007b; Liu 2007). Miller and others (20Qf)inted out that the antioxidant
content of whole grain foods was comparable totdrand vegetables. A recent study
showed that antioxidant capacity of bran was mioaa two times higher than that of the
refined flour (Yu 2008). Similarly, Liyana-Pathimrand Shahidi (2007a) reported that
bran had higher antioxidant capacity than flour ahdrts. Zhou and others (2004a)
compared the antioxidant properties of Swiss re@awlgrain fractions and found that

bran had higher antioxidant capacity and more pienacids than whole grain.
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Phytochemical contents and antioxidant activityrolling fractions from five different
varieties (CaledoniaNY, CaledoniaMI/OH, CayugaNYpaReNY, RoaneMI/OH) of
wheat grain were evaluated by Adom and others (R0D®%as found that bran and germ
fractions had higher antioxidant activity and pleytemical contents than the endosperm
fraction of all five varieties examined. Liyana-Riaana and others (2006) reported that
antioxidant capacity of pearled wheat decreasechvgnain outer layers were removed.
Moreover, the resultant byproducts from pearlinggessed higher antioxidant capacity
than the respective pearled wheat regardless oatwdlass. Beta and others (2005) also
observed that pearling was an effective methocht@le phenolic antioxidants in wheat
bran fraction. Aleurone is an important part of ahgrain. Even though studies about
aleurone are scarce, the limited data availabtaerliterature indicates that aleurone is a
good source of folate (Fenech and others 1999)hasda higher content of ferulic acid
than bran and flour fractions (Mateo Anson and i&t#908). Aleurone extracts have a
higher free radical scavenging ability than tho$ebmn and whole grain (Zhou and

others 2004a).

24  ANTIOXIDANTS

Free radicals have been proven to cause oxiddtweage to lipids, proteins and
nucleic acids, which lead to chronic diseases (Bagayam and others 2004; Machlin
and Bendich 1987). A free radical is a moleculéhwit least one unpaired electron in the
outer orbit (Clarkson and Thompson 2000). Becaus¢his unstable structure, free
radicals are highly reactive and they can furthemvert into other intermediates, for

examples peroxyl radical, alkoxyl radical (Mesa atiders 1994), and nitrogen dioxide
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(Fang and others 2002). Antioxidants are effecavdow concentrations to retard or
inhibit oxidation of a free radical. Antioxidantarc counteract and eliminate the negative
effects of free radicals and retard or inhibit dation; thereby reducing blood pressure
and the risk of CHD and suppressing tumor formaiigoung and Woodside 2001;
Moon and Shibamoto 2009). Additionally, antioxidaptay an important role in the food
formulations as they prevent lipid oxidation whiduses rancidity, deterioration of color,
flavor, texture, nutritional quality and the safaty foods (Lanari and others 2004;
Arabshahi-D and others 2007).

There are three steps involved in an oxidatiostrea: initiation, propagation and
termination. During the initiation step, a lipid loule reacts with reactive oxygen
species and generates a highly reactive allyl ehdia the propagation stage, a chain
reaction starts. The unstable allyl radical cathter react with molecular oxygen to form
a lipid peroxyl radical which is also an unstabteades. This lipid peroxyl radical can
readily react with lipid molecules to form lipid ¢hypperoxides and alkoxyl radicals. The
radical formation reaction stops when two radicaact and produce a non-radical
species. Antioxidants can react with the free @digenerated during lipid oxidation
resulting in retardation or inhibition of oxidatigeactions. The antioxidant free radical
generated in the reaction could react with thedliffee radical to produce peroxyl
antioxidant compound$o, based on the above reactjiargtioxidants can be classified
into two groups: primary or chain breaking and selewy or preventative. Primary
antioxidants mainly delay or stop the initiatioregstor inhibit the propagation step.

Secondary antioxidants reduce the oxidation rateqlavich and others 2002).
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There are a variety of compounds naturally pregemiant and animal tissues
that possess antioxidant properties. These antioisdmay react with various free
radicals in different ways. Hence there is no gnggsay that can accurately reflect all
free radical and antioxidant reactions taking platea complex system due to the
multiple reaction mechanisms involved. Thus, sdverethods have been developed to
evaluate total antioxidant capacity of a sample.

Based on the chemical reactions, antioxidant assay$e divided as follows: the
hydrogen atom transfer (HAT) or the single electtmansfer (ET) based assays. The
principle of HAT based methods is the formationdelocalized stable radicals which
slow down or inhibit the chain reaction. This tygfeassay involves three components: an
antioxidant (AH), a free radical and a substratee Tree radical can react with both AH
and the substrate. During the reaction, AH doniselydrogen atom to the free radical
faster than the free radical reacts with the sabstthus retarding the oxidation of the
substrate. Most HAT assays follow competitive reeckinetics. Such assays include the
oxygen radical absorbance capacity (ORAC), thel tcadical trapping antioxidant
parameter (TRAP), and the inhibition of LDL oxidati ET based assays have only two
components, antioxidants and oxidant, in whichakidant is also used as an indicator to
monitor the reaction. A redox reaction takes pldweng the process;

probe (oxidant) + e (from antioxidang—» reduced probe + oxidized antioxidant
The oxidant is the probe which abstracts an eladinmm the antioxidant, resulting in a
color change of the probe. The degree of the colmnge is proportional to the
antioxidant concentration. This type of assaysudel Total Phenolic Content (TPC)

assay using Folin-Ciocalteu Reagent and 2,2-Dipk&Bicrylhydrazyl radical
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scavenging capacity assay (DPPH). (Huang and otk@d$; Prior and others 2005;

Alamed and others 2009; MacDonald-Wicks and otRefs).

2.4.1 Oxygen radical absorbance capacity

ORAC assay is largely used to evaluate the amtéoi capacity of both botanical
and animal tissue extracts (Prior and Cao 2000% Method uses competitive kinetics to
assess the ability of antioxidants to compete Witbrescein (FL), a molecular probe, to
scavenge the peroxyl radicals generated by 2Az@di (2-amidinopropane)
dihydrochloride (AAPH) (Huang and others 2005). Tdenerated peroxyl radical can
oxidize FL to form a non-fluorescent product. Addaatioxidant can react with the
formed peroxyl radical by donating a hydrogen atonprevent the oxidation of the FL
(Ou and others 2001; Huang and others 2002; Pnidioghers 2005). Trolox, a vitamin E
analogue, is used as a standard in this methodspRhte buffer is used as blank.
Antioxidant, phosphate buffer and Trolox are mixath fluorescein solution and AAPH.
The mixture is incubated at 37 °C. The fluorescantensity [485 nm (excitation)/ 535
nm (emission)] is measured every half minute for M. During the reaction, the
intensity of FL is decreased and the loss of Fte@rded by a fluorometer (Fauconneau
and others 1997). A typical ORAC assay kinetic eus/shown in Figure 1. Antioxidant
capacity is calculated by using the area underkthetic curve (AUC) and net AUC
(AUC sample-AUC blank) (Fauconneau and others 199@¢ ORAC value inumoles
trolox equivalent (TE) / g sample is calculated as:
[(AUC sample - AUC blank) / (AUC Trolox - AUC blajikx (umoles Trolox / g sample).

ORAC value is expressed as pmoles (TE) / g saripis.method simulates the reaction
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of peroxyl radicals and antioxidants in both foawl gphysiological systems, and it is
applied to both hydrophilic and lipophilic systerfBisby and others 2008; Sanchez-
Moreno 2002). ORAC assay reflects the quenchinbityabif antioxidants to the peroxyl

radicals, the higher the value, the stronger thi@xidant capacity is.

24.2 2, 2-Diphenyl-1-Picrylhydrazyl radical scavenging capacity assay

The DPPH method was introduced by Blois in 1958dson the measurement of
the reducing power of antioxidants toward DPPH fradical (Blois 1958). DPPH is
astable and commercially available organic nitrogexdical. By virtue of the
delocalization of the spare electron, it has a deelet color and a maximum UV-Vis
absorption at 517 nm. This assay proceeds via dlettiron and hydrogen atom transfer
reactions (Prior and others 2005). The reaction isatletermined by following the rate of
electron transfer from the antioxidant to the DP&#ical. The rate of next reaction step,
hydrogen transfer from the antioxidant to the DPflical, is not significant (Foti and
others 2004). Thus, this reaction is considered®sbased assay (Huang and others
2005).

Briefly, DPPH in methanol is mixed with the antidant sample and allowed to
react. For this assay different initial DPPH contations and reaction times have been
reported in the literature (Igbal and others 200u;and others 2003; Zhou and others
2004b). The absorbance of the reaction mixtureasitared at 517 nm. As the reaction
proceeds the color fades from purple to yellow beeaof the reduction of DPPH radical
and the absorbance decreases as well. The pereentafition of the DPPH radical is

calculated as:
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% DPPHinnibition= (AbSctri- AbStes) / AbScy % 100
As a stable nitrogen radical, DPPH radical diffessn the highly reactive and
transient peroxyl radicals in lipid oxidation. Famstance, some antioxidants react
immediately with peroxyl radicals. However, the saamtioxidants may react slowly or
even be inert to DPPH radical (Prior and others5200This assay is easy, extremely
sensitive and accurate, hence, it is commonly dseevaluate antioxidant capacity of
natural materials (Singleton and others 1999; Séndhoreno 2002), especially the
antioxidant ability of polyphenolic compounds (K#aki and others 2002; Villafio and

others 2007).

2.4.3 Total phenolic content assay by Folin-Ciocalteu Reagent

Phenolics such as phenolic acids are strong adénts. The total phenolic
content of a sample can be used as an estimateanitioxidant capacity. Folin-Ciocalteu
Reagent (FCR) is a mixture of tungsten and molybderoxides. The oxidation of
phenols by the metals in this solution yields aebtwlored product with the maximum
absorption at 765 nm. The intensity of light absorp is proportional to the
concentration of phenols (Huang and others 200Bjs ethod is simple, precise and
sensitive. Because the reaction proceeds slowlgmacidic conditions, the pH has to be
adjusted to basic conditions by using sodium caatesolution (Prior and others 2005).
Dissociation of the phenolic proton leads to a joiele anion, which is able to reduce
FCR. In fact, this method actually measures thecied) ability of the sample and it is an
ET based assay (Huang and others 2005).

NaWO,/NaMoO; — (phenol-MoW 1040
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Mo (VI)(yellow) +¢ — Mo (V)(blue)

The TPC method can be described as follows: mithg FCR, antioxidant
sample, sodium carbonate solution and deionizeyl {later and incubating the mixture
at room temperature for 2 h. Absorbance of the umecat the end of 2 h is recorded at
765 nm. A standard curve which is prepared by ipigtthe absorbance values of gallic
acid standard solutions against their concentratisrused for calculation. TPC value is
calculated as: mg gallic acid equivalent (GE)sagiple = GE mg / mL x sample volume

mL / sample g

25 WHEAT MILLING
251 WHEAT GRAIN STRUCTURE

A wheat kernel is a single-seeded fruit which cstssof three parts: endosperm,
bran and germ (Figure 2) (Posner and Hibbs 200520@8). Endosperm is used as the
energy source during seed germination and earlyt pteevelopment (Yu 2008).
Endosperm is the major part of the wheat kerneichvtakes up about 82 % of the kernel
mass. The main components of endosperm are stactipratein (Yu 2008; Khan and
Shewry 2009). Bran is the outer layer of the keared a byproduct of grain milling. Its
function is to protect the grain against mechanmadl insect damage. Wheat bran
comprises approximately 15 % of the kernel wei@nan has several layers, epidermis,
hypodermis, intermediate-cell, cross-cell, tubé;a@ad testa (Posner and Hibbs 2005).
Carbohydrates are the primary components in whest, followed by protein, ash and
lipids. Besides those, bran also contains somenvuits and phytochemicals (Yu 2008).

Aleurone is the outermost cell layer in the endaspeHowever, aleurone normally
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remains attached to the bran and is removed wah Huring conventional milling (Yu
2008; Posner and Hibbs 2005). Aleurone layer make® 45-50 % of the bran fraction
and is rich in proteins and enzymes which are itgmbr for wheat germination
(Sramkovéa and others 2009; Buri and others 2004)mGs located at the base of the
kernel (Khan and Shewry 2009). Germ comprises t@mnctomponents: embryonic axis
which is composed of the primary root and shoot] scutellum. These two parts are
separated from endosperm by the epithelial layernGplays an important role in
germination. The embryonic axis grows into the #egdand scutellum provides the
nutrition to the embryonic axis (Posner and HibB8% Yu 2008). The germ is about 2-
3 % of the kernel weight. It contains abundant girotlipids, and minerals (Sramkovéa
and others 2009). Additionally, wheat germ is a dyosource of vitamins and

phytochemicals (Yu 2008).

252 WHEAT MILLING
Wheat grain must be processed before it can bé asehuman food. Milling
process separates bran, germ and endosperm. Tamtsep is achieved through three

steps cleaning, tempering, and milling. Wheat alwaysvasiin the mill with impurity

materials such as strings, straw, wood, stonesebalnmlhey must be removed to prevent
damage to the wheat quality and the milling equipim€his foreign matter is removed in
the cleaning system. Cleaning removes undesirabtgoonents by classifying incoming
materials by size, shape, density, and magnetisssn@? and Hibbs 2005). The dry
milling process at very low grain moisture contegtnot efficient for separating

endosperm, bran and germ. Thus, it is necessamgrtdition grain prior to milling. The
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conditioning process involves two steps: addingewand then tempering for sufficient
time to allow moisture to penetrate the kernelse Diptimal tempering will bring the

moisture content of the grain to 13.5 - 15.0 % (Ww/WMempering normally takes 6-10 h.
By conditioning wheat, the endosperm becomes na#deallowing separation from bran
and germ with less force. With sufficient wateraibiis toughened and will not pulverize
during milling (Khan and Shewry 2009; Dendy and Exszaczyk 2001).

The traditional milling system includes the folloyy unit operations: breaking,
size reduction, tailing, and sieving. The breaktesysconsists of pairs of rolls which
rotate in opposite directions to breakdown the wikeanels (Figure 3). Size reduction
systems are made of smooth or corrugated rollsréulatce endosperm into fine particles.
The objective of the tailing system is to recovad@sperm by reducing particle size
small enough to pass the sieves to get a betteratgm. The ground material is then
fractionated by a sieving system that contains re¢\seves of different sizes (Atwell
2001; Posner and Hibbs 2005; Yu 2008).

Due to the limitations of the roller mills, comfg#eseparation of endosperm from
bran fraction is not easy to achieve. Debrannirmgess was developed as a pretreatment
to be used prior to milling to improve flour yielmhd prevent bran carryover to the
refined flour. Debranning, also called pearlingaigprocess that successively removes
bran layers by friction and abrasion (Dexter ando@/@996). A cross sectional image of
a debranner is shown in Figure 3. Prior to debragpniheat samples are conditioned
with water and tempered for a short time so thatwiater is distributed only in the seed
coat. After preconditioning, bran layers are rentbveequentially in equipment

containing a rotating abrasive stone. During theraening process a rotating vane
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hollow shaft leads kernels to the abrasive stogdititing kernels to rub against each
other and the abrasive stone surface (Liu and ®@08; Bottega and others 2009). Air
introduced into the debranner helps to separateldmn from the residual grain (Dexter
and Wood 1996).

The purpose of the traditional wheat milling pregés to produce refined wheat
flour. Wheat bioactive compounds end up in theingllby-products which are mostly
used in low value applications such as animal féséshce, wheat bran and germ are
excellent sources for recovery of health benefibiahctive compounds and value-added
product development. A fundamental understandingthef distribution of valuable
components in wheat fractions is critical for swsfal process development and

optimization.

253 TANGENTIAL ABRASIVE DEHULLING DEVICE

A clean separation of germ and bran from endospemecessary to ensure the
maximum recovery of desirable bioactive compouniingential Abrasive Dehulling
Device (TADD) can be used to achieve this goal. Thecept of tangential abrasion
which is similar to pearling was brought forth i86Ds by Hogan and others (1964) who
found that the outer layers of rice kernels coudshiccessively removed by tangential
abrasion without damaging the kernels. The origifaDD was developed in 1981 by
Oomah and others (1981), which was able to proeggs samples simultaneously. This
first prototype TADD has been used to evaluate Hielgucharacteristics of barley and
sorghum by measuring abrasion rate, flour extractade and dehulling reproducibility.

It was found that TADD was an efficient instrumémtexamine dehulling properties of
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grain and generated reproducible results. Theunsgnt was easy to operate and did not
take much space. Reichert and others (1986) fudeeeloped this instrument allowing
up to 12 samples to be dehulled at a time.

TADD has been extensively used to evaluate thdnems of sorghum (Lawton
and Faubion 1989), barley (Oomah and others 1981, wheat (Reichert and others
1986). Dehulling characteristics of flaxseed (Ooraall Mazza 1997; Oomah and others
1996) , sorghum (Lochte-Watson and others 200@) chickpea (Singh and others 1992)
have also provided valuable data. A recent studgtiiated that TADD can be used to
enrich phytochemicals in sorghum milling fractidsvika and others 2005). This study
used TADD to successively remove sorghum bran sage min intervals. Six fractions
were collected. Phytochemical content and antioxidzctivity of the fractions were
examined. The bran factions collected at 1 andr2ghowed the highest phenols content
and antioxidant capacity, which was about 3 tonges higher than that of the whole
grain sample. To date, no study has been repondateoefficiency of TADD to recover

the antioxidants from wheat grain.
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CHAPTER 3

MATERIALSAND METHODS

31 SAMPLE SELECTION

Intrada wheat was collected from Oklahoma Statevésgity (OSU) variety
testing program plots at Balko (100°07°'W, 36°06’'§podwell (101°06'W, 36°06’N),
and Alva (36°4&"N, 98°3957"W), Oklahoma. Alva and Balko are both on farm f&ld
and the Goodwell location is on the OSU researatiost. Plots had eight 15 cm wide
and 12 m long rows. Seeds were sown into a Ulysdedoam (fine-silty, mixed,
superactive, mesic AridiHaplustolls) at Balko; into a Richfield silt loam (fine, smectitic,
mesic Aridic Argiustolls) at Goodwell; and into a Grant silt loam at Alva. There were two
sets of samples, irrigated and dryland, from thedsell location. Planting dates for
each location were as follows: Goodwell irrigated @ryland: 10-01-04, Balko: 10-18-
04, Alva: 09-30-04. All fields were managed underéin only” practices. Whole wheat
grain samples were collected after normal han/dsthe Intrada samples from different
locations and different agricultural practices wenexed prior to the experiments. A
commercial aleurone sample from Cargill Co. (MNSIA.) was included as a reference.
Samples were stored in paper bags and kept ireadrat -20 °C after being received in

our laboratory until the testing began.
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3.2 MILLING

Cleaned whole Intrada wheat grain samples were d¢egdpto 15 % moisture
content overnight using a tempering instrument && Gear Motor, MOD: 14PCP4265,
Ford Wayne, IN). After tempering, the grain sampées milled using a quadrumat senior
mill (C.W. Brabender Instrument, INC, NJ). A sigester (Gilson Company, Inc, Ohio)
was used to separate bran from endosperm afteangillThe instrument was run for 5
min. Two U.S.A. standard testing sieves (Seedbwoifinent Company, IL) with 500
and 150 pum openings were used in this processtiéGmaeith particle size over 500 pum
has been referred to as “bran” in this study. koastwith particle size at 150- 500 um
and smaller than 150 pm were break flour and shesisectively. Only the bran fraction
which was referred to as “bran” throughout thissdigation was used in the further

analyses.

3.3 TANGENTIAL ABRASIVE DEHULLING
Dehulling by TADD is achieved by a self-adhesiveasive plate mounted on a

10" aluminum backing disk (Figure 4). Bottomleample cups are used to contain the
grain which sits on the rough abrasive surfacemiAimum gap between cups and the
abrasive surface can be adjusted by shims pladegeée the hub and the backing disk.
During the operation, the hinged lid is closed &gk the seeds in the cups. A timer
automatically controls the operating cycle duringich the grains move around freely in

the sample cups, and are peeled as they touclbtheiwe surface. While the TADD is

running, a gentle air flow caused by the high spekedpinning abrasive stone carries

bran out the exhaust port connected to a bran atafe device (Figure 5). The
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three/quarter horsepower motor is equipped withrakeb which stops the rotating disc
instantly after the cycle time has ended. Dehuljeadn samples can be removed from the
sample cups into individual containers with a vanwaspirating device supplied with the
TADD (Figure 6).

The moisture content of Intrada wheat grain wgesaed to 15 % and 20 % in a
tempering instrument (GE A-G Gear Motor, MOD: 14265, Ford Wayne, IN). A
TADD (Venables Tangential Abrasive Dehulling DevicModel no. 4E-10/220,
Veenables Machine Works, Ltd, Saskatoon, Canada)wsad to remove outer layers
from the whole wheat grain. The TADD could holdefibottomless cups; hence abrade
up to five samples simultaneously. Each cup hadsdme dimensions, 6.23 cm inner
diameter x 3.49 cm deep and could hold about 3&d.s The abrasive plate (Coarse disc,
Type 4, Perten Instruments, Huddinge, Sweden) waeg@ on a 10" aluminium support.
The distance between the abrasive plate and thenb@dge of the sample cups was set at
0.042 inch. During the experiments each cup coathabout 80 g of sample. Experiments
were carried out at 1, 3 and 5 min abrasion tintethree grain moisture levels, 15 %, 20 %
and 11 % (the original wheat moisture level). Braactions obtained from TADD
processing which were referred to as “TADD samplisbughout this dissertation were

used for further testing.

34 WHOLE GRAIN SAMPLE PREPARATION
Approximately 100 g of whole grain samples wereughd to room temperature
prior to grinding. The grain samples were grouniih&s in 30 s intervals using a coffee

grinder (Black & Decker CBG5, Miami, FL) at mediwpeed. The ground samples were
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stored in plastic Ziploc bags at - 20 °C until et analyses.

35 EXTRACTION

Ten grams of TADD, bran, aleurone, and whole wiszetples were extracted
separately with 100 mL of ethanol (80 %, v/v in @atfor 16 h in dark under nitrogen.
Extraction was repeated twice. The final conceiunadf the extract was determined by
evaporating the solvent from 10 mL extract undesuven and measuring the weight of

residual extract.

3.6 MOISTURE CONTENT

The moisture content of the samples was deternbgetimerican Association of
Cereal Chemists (AACC) method number 44-15A (AAQQ95). Bran, TADD, whole
grain, and aleurone samples were brought to roompeeature before analysis.
Aluminum weighing dishes were pre-dried in a fore@doven (VWR Scientific, Model
1370 FM, Bristol, CT) for an hour at 130 °C befargalysis. Then the aluminum dishes
were kept in a desiccator to cool them to room tajpire. About 2 g of sample was
weighed in a dried aluminum dish. Then the samgals dried in the oven at 130 °C for 1
h. The difference between the final and initial pemweight as percent of the initial

sample weight was reported as the moisture content.

3.7 STARCH CONTENT
A starch determination kit (Megazyme Internatiotraland Ltd., Bray, Ireland)

was used to analyze the starch content of the ssngacording to the Association of
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Official Analytical Chemists (AOAC) method 996.11QAC 2005). One hundred mg of
sample was weighed into a test tube. Aqueous €ltlf@80d% v/v), 0.2 mL, was added in
to the tube. Then the solvent and sample mixture stisred on a vortex mixer. Dimethyl
sulphoxide (DMSO), 2 mL, (ACS grade, Ameresco, 8phio) was immediately added
to the same tube. Once again the mixture was détomnea vortex mixer and then the tube
was placed in boiling water for 5 min. After theddtn of a-amylase solution (3000 U /
mL) the solution was incubated in boiling water éomin. The tube was transferred into
a water bath at 50 °C, after adding 0.1 mL of amlyoosidase (3300 U / mL) and the
tube content was incubated for 30 min. The fin&itsan was diluted to 100 mL with DI
water. An aliquot of this solution was centrifugad3000 rpm for 10 min. The upper
layer of the centrifuged solution was used forgteech assay. An aliquot, 0.1 mL, of the
solution was transferred in to a glass tube and8.0of glucose determination reagent
including potassium phosphate buffer (0.26 M, p#),7p-hydroxybenzoic acid (0.22 M)
and sodium azide (0.4 % w/v), was added in to #mesglass tube and the tube was
incubated at 50 °C for 20 min. D-glucose was usedamtrol and deionized water was
used as blank. The absorbance of the samples wasureel at 510 nm. Starch content
was calculated as follows:
Total starch (%) = Abs x Fx FV /0.1 x 1 /1000060 / W x 162 / 180

=Abs x FV x F/ W x 0.9
Where;
Abs = absorbance of the solutions measured agaiagént blank at 510 nm
F = factor to convert absorbance values to p gkieo$00 pg glucose / absorbance value

for 100 pg glucose;
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FV = Final volume

3.8 ASH CONTENT

The ash content of the samples was determined dingoto the AOAC method
923.03 (AOAC, 1995). The samples were brought nrdemperature prior to use.
Crucibles were pre-dried in a furnace (Fisher Sdien Model 58 Isotemp® Muffle
Furnace 600 Series, and Fair Lawn, NJ) for 5 h2& 8 and then cooled to room
temperature in a desiccator. Approximately 2 g ahgles was weighed into a dried
crucible then sample was ashed in a furnace forab %25 °C. The percentage residual

weight in the crucibles was reported as the askeabin the sample.

39 LIPID CONTENT

Lipid content was determined according to the AOA€Ethod 960.39 (AOAC,
1995). Approximately 2 g of sample was weighed iatcellulose thimble. The thimble
was placed in the Soxtec extraction unit (Tecattwdel 1043 Extraction Unit, Sweden),
and 40 mL of petroleum ether (Mallinckrodt, PaK&) was used to extract oil from the
sample. The extraction time was 30 min. Extractédwvas dried in a vacuum oven
(Fisher Scientific, Isotemp® Oven, Fair Lawn, Nd) 15 min. The amount of extracted

oil was determined gravimetrically.

3.10 PROTEIN CONTENT
Protein content of sample was analyzed as nitragea LecoTruSpec carbon-

nitrogen analyzer (TruSpec CN, Leco USA, St. Joséfih according to the method of
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National Forage Testing Association (NFTA, 2007A factor of 6.25 was used to

convert nitrogen to protein.

3.11 MINERAL CONTENT
The samples were ashed as described in sectioof 38 dissertation. Minerals
were extracted from ash in hot 3 N HCI before asialyising an Inductively Coupled

Plasma (ICP) spectrometer (SpectroCiros, Fitchuvtk).

3.12 DPPH RADICAL SCAVENGING CAPACITY ESTIMATION

DPPH test was carried out on wheat extracts. Rviabsorbance measurements 2
mL of 60 uM DPPH solution (Sigma-Aldrich, St. LouMdO, USA) was added to 50 pL
of extract. Absorbance of the sample was recoraied BU520 general purpose UV/Vis
spectrophotometer (Beckman, Brea, CA, USA) at 5h7for 60 min at 30 s intervals.
The percent radical inhibition at 60 min is detered using the following equation:

% DPPH inhibition = [(Aontrol — A sampid / Acontro] * 100
where,
Asample= absorbance of the sample at 60 min,

Acontrol = the absorbance of control at time 0 min.

3.13 TOTAL PHENOLIC CONTENTS
A mixture of 0.1 mL of extract, 500L of FCR (Sigma-Aldrich, St. Louis, MO,
USA), 1.5 mL of 20 % sodium carbonate, and 7.9 miodized water was allowed to

react for 2 h at ambient temperature. Absorbandbheotolution was measured at 765 nm
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on a DU520 UV/Vis spectrophotometer (Beckman, Bf@a, USA) at time 2 h. Gallic
acid (Sigma - Aldrich, St. Louis, MO, USA) was usedprepare an external standard
curve for quantification. Total phenolic contenttibé samples was reported as gallic acid

equivalents (GE) per g of solid sample used foraetion.

3.14 OXYGEN RADICAL ABSORBANCE CAPACITY (ORAC) ASSAY

The ORAC assay was performed by using a HTS-70@09ddlate (Perkin-Elmer
Co., Covina, CA, USA) reader at excitation and ainis wavelengths of 485 and 535 nm,
respectively. All the reagents were prepared irFpHO phosphate buffer. Extract, 20 uL,
was mixed with 160 pL of fluorescein (TCI, Portlai@R, USA) (0.2 ug / mL) and 20
pnL AAPH (Sigma-Aldrich, St. Louis, MO, USA) (33.2g1 mL) in a 48-well clear plate
and reacted at 37 °C for 45 min. The same procedueze used to prepare blank and
standard which were 20 pL of PB (pH = 7.0) and R®f110 uM Trolox (Sigma-Aldrich,
St. Louis, MO), respectively. ORAC values were ghkdted as:

[(AUC sample - AUC blank) / (AUC Trolox - AUC bla&j] x dilution factor
(DF ) x (umoles Trolox / g sample).

ORAC value was expressed as pmoles Trolox / g sampl

3.15 TOCOPHEROLSAND TOCOTRIENOLSANALYSES

Tocopherol and tocotrienol contents of the samplese analyzed according to
Katsanidis and Addis (Katsanidis and Addis 1999)e HPLC system (Alliance 2690
Waters Corp., Milford, MA, USA) consisted of a segtgons module (Model 2695) and a

Photodiode Array Detector (PDA) (Model 2996, Watdvkiford, MA, USA). Extracts
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were filtrated through a 0.46m syringe filter before injecting to the HPLC. Two
microliter of sample was injected into a normal gh&PLC column, Zorbax RX-SIL
(5 um particle size, 4.6 x 250 mm, Agilent Technologi8anta Clara, CA, USA) and
separation was achieved by using a mobile phassistong of hexane (HPLC Grade,
Fisher Scientist, Fairlawn, New Jersey, USA) angiispanol (HPLC grade, Pharmco Co.
Brookfield, CT, USA) at a ratio of 99:1. Isocraflow rate was 1.3 mL / min. Column
temperature was set at 35 °C. The tocopehrols acodtrienols compositions of the
samples were identified by direct comparison ofrtkbromatographic retention times
with those of the authentic compounds. An extercalibration curve was used to
guantify tocol content of the extracts. Seven imdiial tocol standardsi-tocopherol ¢-

T), B-tocopherol §-T), é6-tocopherol §-T), y-tocopherol {-T), a-tocotrienol (-T3), o-
tocotrienol §-T3) andy-tocotrienol {-T3) were purchased from Sigma (Sigma-Aldrich
Corporation, St. Louis, MO) and used for peak idmation. All the samples were
prepared and analyzed in triplicai&ne data collection and analysis were managed using
Waters Pro Empower software (Version 5.00.00.00tev8Corp., Milford, MA) running

on a PC (DELL, XP-Professional, Round Rock, TX).

3.16 PHENOLIC ACIDSANALYSES

Phenolic acids in samples were analyzed by ael&/a?2695 series HPLC
(Alliance 2690 Waters Corp., Milford, MA, USA) equied with a Photodiode Array
Detector (PDA) (Model 2996, Waters, Milford, MA, By and a SunFire C18 (250 x
4.60 mm, 5um, Phenomenex, Torrance, CA) column. After filtetecbugh a 0.45 um

syringe filter, 10 pL of sample was injected to HieLC. A mobile phase consisting of
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acetonitrile (solvent A) (HPLC grade, VWR, West Glee, PA, USA) and 2 % acetic
acid in water (v / v) (solvent B) was used at avflate of 1.0 mL / min for a total run
time of 70 min. The solvent gradient program wadcdisws: 100 % B to 85 % B in
30 min, 85 % B to 50 % B in 20 min, 50 % B to 0 %nB min and 0 % B to 100 % B in
15 min. Benzoic and cinnamic acids were monitoredvavelengths, 280 and 320 nm,
respectively. Individual phenolic acids were idgeti by comparing the retention time of
the sample peaks with that of the standards. Gékéinzoic, vanillic, caffeic, syringi@-
coumaric and ferulic acids from Sigma (Sigma-Aldri€orporation, St. Louis, MO, USA)
were used as standards. External calibration cypvegared for individual acids were
used to quantify the amount of phenolic acids mmghmples. All samples were prepared
and analyzed in triplicat®ata signals were acquired and processed on a ECL(DXP-
Professional, Round Rock, TX) running the Watere Empower software (Version

5.00.00.00, Waters Corp., Milford, MA).

3.17 CAROTENOIDSANALYSES

The carotenoid analysis was conducted by usingaeeHPLC system equipped
with a Waters 2487 dual-wavelength absorbance teteg Waters 600S controller, a
Waters 616 pump, an inline degasser, and a WatEfsadtosampler (Waters Corp.,
Milford, MA). Mobile phase consisted of HPLC gradeethanol (Fisher Scientist,
Pittsburgh, PA, USA) and deionized water from aliglire water purification system
(Millipore Corporation, Molsheim, France)at a ratb 95:5 as solvent A and HPLC
grade Methyl tert-butyl ether (MTBE) (Mallinckro@aker, Inc. Phillipsburg, NJ, USA)

as solvent B. Isocratic elution was achieved wih%4 solvent A and 25 % solvent B.
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Sample, 10 pL, was injected to YMC Carotenoid Se®imn (250 x 4.6 mm, 3 um
column, Waters Corp.) at an isocratic flow ratd & mL / min. Column temperature was
set at 35 °C. The individual carotenoids standdudein, zeaxanthin angtcarotene from

Sigma (Sigma-Aldrich Corporation, St. Louis, MO, A)Swere detected at 450 nm.
External calibration curves were used to quantiyotenoids in the samples. The
individual carotenoids were identified by directquarison of the retention times of the
peaks appeared in sample chromatogram with thog@eofiuthentic compounds. All
samples were prepared and analyzed in triplicateta 3signals were acquired and
processed on a PC (DELL, XP - Professional, RoundkRTX) running the Waters

Empower2 software (Version 6.20.00.00, Waters Cddgford, MA).

3.18 ORGANIC ACIDSANALYSES

The organic acids analysis was performed by uamggilent 1200 Series HPLC
system. The mobile phase, 0.005 M sulfuric acics degassed by a Degasser (G1322A,
Agilent, Santa Clara, CA, USA) by using a Quad Py@@311A, Agilent, Santa Clara,
CA, USA). A Bio-radAminex HPX - 87H column (30 x8/mm, Bio-rad, Hercules, CA,
USA) equipped with a guard column (30 x 4.6 mm,-Bid, Hercules, CA, USA) were
used for the analysis. Sample, 5 uL, was injectedi autosampler (ASL, G1329A,
Agilent, Santa Clara, CA, USA). Flow rate was 0.6/min. Column temperature was
35 °C. Dual-wavelength absorbance detector (G13Xgient, Santa Clara, CA, USA)
was used to measure the absorbance of organic atcitl) nm. The organic acid peaks
appeared on the sample chromatograms were idenhtifyedirect comparison of their

chromatographic retention times with those of aufise compounds. An external
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calibration curve was used to quantify each orgauicl in samples. Citric, ascorbic,
malic, succinic, lactic and fumaric acids (Sigmaldrich, St. Louis, MO) were used as
standards. All samples were prepared and analyzettiglicate. Data signals were
acquired and processed on a PC (DELL, XP-Profeaki®ound Rock, TX) running the
ChemsStation for LC 3D software (Rev. B.04.0x. Agtl@echnologies, and Palo Alto,

CA).

3.19 POLICOSANOL AND PHYTOSTEROL ANALYSES
3.19.1 Hydrolysis

Approximately 2 g of ground sample was hydrolyzgddfluxing with 30 mL 1.0
N NaOH in methanol for 45 min while stirring. Thenlution was cooled and filtered
through glass wool using a glass funnel. Residwdknal on the glass wool was washed
with deionized water from a Millipore water puriitton system (Millipore Corporation,
Molsheim, France) and HPLC grade diethyl ether ¢{Bik & Jackson, Muskegon, Ml).
Then the filtrate was extracted with 20 mL dietleyher, and extraction was repeated
three times. The diethyl ether layers combined femanh extraction were washed with
water until neutrality. The extract was dried at°@5using a Reacti-Vap evaporation unit
(Model 18780, Pierce, Rockford, IL) after dryingesvanhydrous sodium sulfate (ACS
grade, EMD Chemicals Inc., Gibbstown, NJ). The desiwas transferred to a 1 mL
volumetric tube. Then 250uL silylation reagent [N-Methyl-N- (trimethylsilyl)
trifluoroacetamide] (MSTFA), Pierce (Rockford, ILAhd 500uL chloroform was added
to the tube. The sample was derivatized by heatir °C for 15 min. The total volume

was brought to 1 mL by chloroform before analysigg a GC.
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3.19.2 GC Analysis

PC and PS contents of the samples were analyzedibg a HP 6890 Series GC
system coupled with a flame ionization detectoD)HIHP Company, Wilmington, DE).
A fused silica capillary Equity-5 column (30 m ®28.mm x 0.5 um film thickness) from
Supelco (Bellefonte, USA) was used for the analy3ise oven temperature was
programmed from 150 °C to 320 °C with 4 °C / miratieg rate and maintained at 320
°C for 15 min. Helium was used as carrier gas b fate of 1.0 mL / min. The inlet
temperature was 300 °C. The samplespu{l) were injected into the GC by an
autosampler (HP 7683, HP Company, and Wilmingtda). ’he split ratio was 1:10. The
data collection and analysis were managed usintgRa@hemstation (Rev. B.01.03 [204],
Agilent Technologies, and Palo Alto, CA).

The PC and PS peaks appeared on the sample chgyaratwere identified by
direct comparison of their chromatographic retemtiomes with those of authentic
compounds. The individual PC standards used fok pEntification, eicosanol (C20),
heneicosanol (C21), docosanol (C22), tricosanoBjC&tracosanol (C24), hexacosanol
(C26), heptacosanol (C27), octacosanol (C28) wenehased from Sigma (Sigma—
Aldrich Corporation, St. Louis, MO) and used withdurther purification (97% and
higher purity). Triacontanol (C30) (96 % purity) svabtained from Aldrich (Sigma —
Aldrich Corporation, St. Louis, MO). N-Methyl-N-{tnethylsilyl) trifluoroacetamide
(MSTFA) from Pierce (Rockford, USA) was used as teivatization reagent. The
phytosterol standards were stigmasterol (95 % yui-sitosterol (97 % purity) (Sigma-
Aldrich Corporation, St. Louis, MO) and campestgidhatreya Inc., Pleasant Gap, PA).

Heptadecanol was used as an internal standardbtAdir chemicals used in this study
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were reagent grade unless otherwise stated.

Stock solutions of PC and PS were prepared in afdon (HPLC grade, Burdick
& Jackson, Muskegon, MI) and derivatized with MSTBA 60 °C for 15 min. The
desired concentrations of standard solutions weepgsed by dilution of the stock

solutions.

320 EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS

For TADD experiments a 3 x 3 factorial (moistung thme) design was used.
Three references (aleurone, Intrada bran, and wibleat) were also analyzed. The
antioxidant capacity of TADD samples were comparethe aleurone sample by using
Dunnett's multiple comparison method. Samples rgawignificantly higher or similar
antioxidant capacity as the aleurone were furthetyaed for their bioactive compounds.
All the tests were carried out at least in dupkcand in randomized order with the mean
values being reported. The means were comparedg uSimckey's adjustment.
Experimental data were assessed for non-normafity l@eterogeneity of variances.
Appropriate linear and generalized linear mixed etedvere analyzed using version 9
SAS/GLM, SAS/MIXED and SAS/GLIMMIX procedures (Seftre Version 9.2. SAS
Institute INC., Cary, NC). All statistical tests mgeperformed at the 0.05 level of

significance.
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CHAPTER 4
RESULTS

In this study two sets of samples were examinece Tirst set of samples
consisted of bran fractions obtained by using a DAd various grain moisture contents
and abrasion times. These samples were labeledlawd: TADD - Moisture content of
the sample - Abrasion time. For example “TADD-20+&fers to the TADD sample
obtained at 20 % grain moisture content and 3 TADD abrasion time. All TADD
samples were from wheat variety Intrada grown ina@&ma. In previous studies it was
found that Intrada had significantly higher amoahbioactive compounds than the other
varieties examined (Chen and others 2009a; Cheno#rets 2009b). The second set
included a commercial aleurone sample and a “bsamiple obtained by using Intrada
wheat variety and a quadrumat milling system asagx@d in the experimental section of
this dissertation. Information on wheat varietiegdl to produce commercial aluerone

was not available. Whole wheat sample was the samety as TADD samples, Intrada.

41 TADDYIELD

In this dissertation the term “TADD vyield” refers the bran collected by using a
TADD. TADD vyield varied from 6.76 % to 31.03 % (w/wiry basis) depending on the
moisture content of the sample and the abrasioe {ihable 1). Effects of moisture x
time on TADD vyield was significant (p < 0.0001). Al sample moisture levels TADD

yield increased as the abrasion time increased ®etlowest and the highest TADD
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yields were obtained at 20 % sample moisture andnd 5 min abrasion times,
respectively (Table 1, samples TADD-20-1 and TADDS). It appears that grain
tempering with excess water caused over saturafiohe outer grain layers. As a result

bran removal was not efficient at very short almagime.

42  STARCH CONTENT

Starch content of the samples ranged from 2.46 %0.16 % (w/w, dry basis),
with aleurone and whole wheat having the lowest #ml highest starch contents,
respectively (Table 2). High starch content in veéhaheat was expected. Because starch
is the main component of endosperm and whole wdaaples did not go through a bran
separation process. Effect of moisture by abrasma interaction on starch content was
significant (p = 0.0002). For TADD samples, thadtacontent increased significantly as
the abrasion time increased, except for TADD-20ad aADD-20-5. Among all the
samples examined in this study commercial aleursa@ple had the lowest starch
content (2.47 %) indicating very effective endospexeparation during production. As
expected whole wheat grain had very high starchterdn(50.16 %). Bran also had

significant amount of starch, 18.86 %.

43 PROTEIN CONTENT

The highest protein content among the TADD samplas obtained at 15 %
moisture and 1 min abrasion time (Table 3). TADD5Lhad the lowest protein content
(13.61 %). Effect of moisture x time (p < 0.0001) grotein content of the samples was

significant. Protein content of this sample wasilsinto that of the bran (p = 0.2764).
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Our test results on protein content of bran (20g2vere in agreement with the literature
values (14.2 - 26.2 %) (Hidalgo and Brandolini 2008rotein content of the whole
wheat was within the range reported in the liteatllO - 18 % (Sramkova and others

2009) and similar to that reported for Intrada vii{€hnen and others 2009a).

44  LIPID CONTENT

Lipids are present in small amounts in whole whesadl flour. They play an
important role in processing, storability, nutnitjoand consumer acceptance of the flour
based products (Konopka and others 2004).

Table 4 shows the lipid content of the samplesaffscted by moisture and
abrasion time. Lipid content ranged from 2.92 %&167 % (w/w, dry basis). Effect of
moisture x abrasion time on lipid content was d$igant (p < 0.0001).Whole wheat had
significantly lower lipid content than the othemgales. This result is similar to the data
reported by Konopka and others (2004). The reagploW lipid content was because of
the presence of large amount of endosperm whicitedillipids in whole wheat. The lipid
contents of bran and aleurone determined in thidystvere slightly lower than those

reported by Khan and Shewry (2009).

45 ASH CONTENT AND MINERAL COMPOSITION
Ash content is associated with the mineral conténtheat grain and varies with
genotype and growth environment (Chen and othe®d8&0 Minerals are concentrated in

the outer layers of the grain. High ash conteniceiés the presence of bran in the
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samples. Endosperm or flour fraction of wheat isangood source of minerals (Varo and
others 1980).

The ash contents of the samples are shown in TabMeurone had the highest
ash content, 7.40 % (w / w, dry basis), among #mpdes examined in this study. This
finding supports the starch content data discusséder in section 4.2 of this dissertation.
Commercial aleurone sample had the lowest stargitent indicating good starch
separation during fractionation. Effect of moistw abrasion time on ash content was
significant (p < 0.0001). Whole wheat had signifitg lower ash content (1.66 %, w/w,
dry basis) due to the presence of abundant floimil& to the findings of this
dissertation Hidalgo and Brandolini (2008) reportéet bran had much higher ash
content than whole wheat. Nine minerals, Na, MgKPCa, Fe, Cu, Zn and Mn, were
detected in all the samples. Mg, P, K and Ca wesentajor minerals in all the samples
(Table 6). Findings of this study were consisteithwther studies (Khan and Shewry

2009).

4.6 EXTRACTION YIELD

All wheat samples were extracted with ethanol ¢80/ water (20 %) mixture.
Yield and concentration of the extracts are shawmable 7. Extraction yield which was
expressed as weight percentage of the sample rdrgadl2.83% to 6.97%. Effect of
moisture x abrasion time on extract yields wasigmt (p < 0.0001). TADD-20-1 and
whole wheat extract yields were similar (p = 0.98k0t significantly lower than those
for the rest of the samples. Low extraction yiedd fvhole wheat was expected because

of the large endosperm content in the sample. ¢obigceivable that all TADD samples
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contained some germ except TADD-20-1 because o¥ehelow TADD vyield obtained

with the latter sample (Table 1).

47  ANTIOXIDANT CAPACITY ANALYSES

In this study, three antioxidant capacity testRAT, TPC and DPPH were used
to evaluate the wheat extracts. Antioxidant cagaoit all the TADD extractss was
compared to that of the commercial aleurone extkactusing Dunnett test. Those
samples which had similar to or significantly higlaatioxidant capacity than aleurone
were further analyzed for their content and contpwsiof bioactive compounds.
Butylated hydroxytoluene (BHT), a synthetic antdemt commonly used in food

applications, was used as a reference.

471 OXYGEN RADICAL ABSORBANCE CAPACITY

All the wheat extracts examined in this study exbd strong peroxyl radical
scavenging ability. TADD-11-1, TADD-20-3 and aleneohad the highest ORAC values
among the wheat samples (Table 8). Extracts frdmiaé TADD samples had higher
ORAC values than the bran and whole grain extracEffect of moisture x time
interaction on ORAC values was significant (p <00.0). Bran and whole wheat had
similar ORAC values. Igbal and others (2007), andok and others (2005) reported
higher ORAC values for bran and whole grain thaws¢hreported in this dissertation.
Use of different extraction solvents and protoawmlay cause this variation. Igbal and
others (2007) used methanol extraction first thetnaeted the residue with 2 moles/L

sodium hydroxide again, and Moore and others (2@@&pacted antioxidants by using a
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50 - 50 acetone-water mixture. Zhou and others4@pbave demonstrated that acetone-
water extraction resulted in greater ORAC valuenttiee ethanol extraction. However,
ORAC value for bran reported in this study was kEintio that reported by Yu and others
(2005) by using absolute ethanBIHT had significantly higher ORAC value than aleth

samples.

472 TOTAL PHENOLIC CONTENT

Table 8 shows the TPC results for the samples imeahin this study. Whole
wheat, TADD-15-5 and TADD-20-1 had the lowest TACI8-1.86 GE mg / g sample)
which was almost half of the TPC for bran (2.41 @ / g sample). Liyana-Pathirana
and Shahidi (2007a) also reported that bran hadi@x@ more TPC than whole grain.
Moisture x time interaction had a significant etffea TPC (p < 0.0001). TADD samples
obtained at 1 min had high TPC values that werelainto that of bran and aluerone
except TADD-20-1. This result was due to low bracavery at 20 % grain moisture
level caused by oversaturation of the samples ackirseess of endosperm and bran. BHT
had significantly higher TPC value than all thessteamples.

Adom and Liu (2002) evaluated total phenolic caht& four cereal grains, corn,
wheat, oats and rice. Corn had the highest TPOVeltl by wheat (1.36 mg GE / g of
grain) which was similar to the value reportedhis tstudy. Similar results have also been

reported by other research groups (lgbal and sth@07; Zhou and Yu 2004a).
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473 DPPH

Table 8 shows DPPH radical scavenging ability beat extracts. Whole wheat
exhibited the lowest DPPH inhibition (9.79 %). BHi&d significantly stronger DPPH
radical scavenging ability than all the samplesidtlwme x time had a significant effect
on DPPH (p < 0.0001).

It has been reported that wheat showed lower Dguhching ability than that of
black rice, sorghum and barley (Choi and others7200n this dissertation, bran had
significantly stronger DPPH scavenging ability thwmole grain (p < 0.0001) which was
also reported by Liyana-Pathirana and Shahidi (2pzZhou and Yu (2004b) examined
DPPH inhibition ability of Trego and Akron wheatrigies. Ethanol extracts (70%
ethanol) of Trego and Akron whole grain scavengédb@% and 37.83% of DPPH
radicals, respectively. In a following study, braxtracts from Trego and Akron wheat
collected from three locations in Colorado wereneixeed and found that 52.47- 60.03 %
and 72.14 - 72.48 % of DPPH radicals were quenblyeirego and Akron bran extracts,
respectively (Yu and others 2005).

A statistical analysis of the results obtainedrfrthree antioxidant capacity tests
examined in this study, TPC, DPPH and ORAC, in@iddhat TADD-11-1, TADD-15-1,
TADD-15-3, TADD-20-3, TADD-20-5 had higher antioxidt capacity than the other
TADD samples. Therefore, these samples were furtimalyzed for their chemical
composition focusing on the health beneficial bin@ccompounds. Aleurone, bran and

whole wheat samples were also analyzed for thematal composition as references.
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48 TOCOPHEROLSAND TOCOTRIENOLS

Table 9 shows the tocols content and compositidriee samples. Whole wheat
had the lowest tocols content, 3.02 pg / g sampleurone (12.20 pg / g sample),
TADD-20-3 (11.02 pg / g sample), and TADD-15-1 @0.ug / g sample) showed
significantly higher tocols than the other sampkel. TADD sample had higher tocols
content than the bran sample. The tocols contebtaf sample was in accordance with
other studies (Zhou and others 2005; Zhou and ®tB804b). These results support
earlier reports demonstrating that tocols are cotnated in the outer layers of wheat
grain (Hidalgo and Brandolini 2008).

HPLC method used in this study did not sepadeigcopherol fromu-tocotrienol,
hence the result was expressedndscopherol +a-tocotrienol. Similarlyy-tocopherol
andy-tocotrienol peaks overlapped on the sample chrognams; therefore, results for
these compounds were reportedydscopherol +y-tocotrienol. The tocol compositions
varied among the samplesTocopherol +o-tocotrienol and-tocopherol +y-tocotrienol
were detected in all TADD and reference samplese@ whole wheat (Table 9). Only
a-tocopherol + a-tocotrienol peak was identified in the whole whept and o-
Tocopherols were found only in the aleurone sanmiple. study of Maryland-grown soft
wheat bran, onlyr-tocopherol, ranging from 3.4 ug / g to 10.1 pg, M@s reported
(Moore and others 2005). Zhou and others (2005)né&d the tocopherol content and
compositions in hard red winter wheat bran and megothe presence eftocopherol
(4.10 - 6.51 pg/ gh-tocopherol (0.16 - 0.38 g/ g) apdocopherol (3.68 - 5.59 ug/ g).
These results are in agreement with the data prexbsém this dissertation. TADD-15-1,

TADD-20-3 had significantly highex-tocopherol +u-tocotrienol as well ag-tocopherol
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+ y-tocotrienol content than the other samples. Alear@lso contained significant
amount of a-tocopherol +a-tocotrienol. Tocols are lipid soluble antioxidantet are

concentrated in bran and germ. TADD-20-3 and aleiaontained significant amount of
lipid. Extraction yield for TADD-15-1 was higher &h the other samples leading to
higher antioxidant concentration in the sample.sehndings are in agreement with the

high tocol content in TADD-20-3, TADD-15-1 and atene samples.

49 CAROTENOIDS

In this study, all the samples were analyzed fa@irtisarotenoid compositions
including p-carotene, lutein and zeaxanthin. The total camtkenontent of the samples
ranged from 1.89 to 3.83 pg / g sample (Table Whole wheat had significantly lower
carotenoid content than the other samples dueettatiye quantity of endosperm. TADD-
15-1, TADD-15-3, TADD-20-3, and TADD-20-5 had sifioantly higher total
carotenoids as well as lutein contents than therate. The major carotenoid in cereal
grains is lutein, followed by zeaxanthin (Konopkalathers 2006). In this dissertation,
only lutein and zeaxanthin were detected in all gamples (Table 10). Lutein was the
primary carotenoid in all the samples ranging frofilto 2.92 g / g sample. This range
is comparable to the values reported in earliedistu(Hidalgo and others 2006; Zhou
and others 2004b). The amount of lutein in themasnis almost two to three folds that
of zeaxanthin (0.48-0.95 pug / g sample). Similssules were also reported by other
research groups (Zhou and others 2004b; Zhou d&®is0P005; Moore and others 2005).
Similar to the findings of this study, Adom and etk (2005) reported that wheat bran

had significantly higher carotenoids content thadasperm.
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410 PHENOLIC ACIDS

In cereal grains phenolic acids are present ieettiorms: free, soluble-conjugated
and bound. Most phenolic acids exist in a bounchfaddnly free phenolic acids can be
extracted by aqueous ethanol (Adom and Liu 2002).

Table 11 shows the free phenolic acid contentscamapositions in the samples.
Whole wheat had significantly lower total phenaaids (16.33 pug / g sample) than other
samples mainly due to the presence of endosper®DF20-3, TADD-11-1, TADD-15-

3 and aleurone had the highest total phenolic amiéent among the samples (41.21-
47.23 ng / g sample). TADD-11-1, TADD-15-3, and TIB20-3 had significantly
higher phenolic acids contents than bran (39.51 gggample), but not significant from
the commercial aleurone sample (45.11 pug / g sgmitléas been reported that free
phenolic acids were present in the wheat germpthi@ reservoir of lipids (King, 1962).
TADD-11-1, TADD-15-3, and TADD-20-3 contained sifjoantly higher amount of
lipid than bran. Hence three TADD fractions withgtmioil content also had higher
phenolic acids than bran.

Benzoic, vanillic, caffeic, syringi@-coumaric, and ferulic acids were found in all
the samples (Table 11). Ferulic, benzoic, syringid vanillic were the major phenolic
acids extracted from wheat samples. TADD-11-1 aledirane contained the highest
ferulic acid contents, 14.98 pg / g sample and 1.8 / g sample, respectively. There
was no significant difference between TADD-11-1 aamdurone (p = 0.3007), but
TADD-11-1 showed significantly higher ferulic aaidntent than the rest of the samples.

Free phenolic acids are a small portion of thalt@henolic acids in wheat

(Sosulski and others 1982). Kim and others (206@)rened four types of wheat bran
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and found that free phenolic acid content in theas ranged from 3.87 to 31.13 ug/g
bran. It was also reported that ferulic, vanillicdasyringic acids were the major free
phenolic acids in bran. These results were compatatour study. Adom and Liu (2002)
reported that free ferulic acid in the wheat samyds 1.11 pg / g grain which was lower

than that found in our samples. It is importanate that Adom and Liu used dehulled.

411 ORGANIC ACIDS

Total organic acid contents of the samples arevshia Table 12. Whole grain
had the lowest organic acid content (29.79 umglsdmple). TADD-15-1 (82.50 pmole
/ g sample) and bran (76.64 pmole / g sample) huifisantly higher amount of organic
acids than other samples. All the TADD samples s$igdificantly higher organic acids
than the aleurone sample indicating that organidsaare concentrated in the bran
fractions. HPLC method used to analyze organicsacwlld not separate ascorbic and
malic acids. Hence results were reported as ascerbmalic acids. Citric, ascorbic +
malic, succinic, and fumaric acids were found intla¢ samples (Table 12). Succinic,
citric, and fumaric acids were the most abundagéwic acids in the samples. In aleurone,
the succinic acid comprised approximately 73 %hef total organic acids. Literature on
organic acids contents and compositions of wheatpoments are scarce. Organic acid
content and composition in plants vary with plamtet and genotype (Clark 1969). Most
of the studies on organic acids in wheat were edraut on wheat leaves (Burke and
others 1985; Clark 1969). Lohaus and others (1@8®)ted out that wheat kernel had
much greater organic acids contents than thosenadabén wheat leaves. Malic, citric,

succinic and fumaric acids were the major acidsidoin wheat, rye and barley. The
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latter study reported higher amounts of organidsdn wheat as compared to this

dissertation possibly due to the different ext@ctinethod used.

412 POLICOSANOL

The total PC content of the samples ranged frot@®1o 64.81 pg / g sample
(Table 13). Aleurone had significantly higher PQitemt than the other samples. TADD-
11-1 and TADD-15-1 had significantly higher PC thather TADD samples. Nine PC
components were identified in all the samples. G224, C26, C28, and C30 were the
most abundant PC components found in all the sanfpkeble 13).

A previous study on whole wheat showed that to@lcBntent in Intrada variety
varied from 16.0 to 26.2 pg / g sample and C23,, €26, C28, and C30 were the major
PC components (Chen and others 2009b). The totalda€nt of whole wheat found in
this study was consistent with the previous studyiak and Dunford (2005) examined
PC content and compositions in the bran of 31 whagagties in Oklahoma. Intradead
significantly higher PC content, 37.0 pg / g, tilaa other wheat varieties examined. PC

content of the bran examined in this study wasdnghan that reported in the latter study.

413 PHYTOSTEROL

Wheat contains significant amount of PS. Table Hehs the total PS content of
the samples. Whole wheat had significantly lowercBtent, 320.93 pg / g sample, than
the other samples. TADD-11-1 (1660.18 pug / g sanpkd the highest PS content
among the samples examined in this stydfaitosterol, stigmasterol, and campesterol

were the major PS found in all the samples (Taldg &sp-sitosterol was the most
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abundant PS representing over 60% of the totalTR®D-11-1 had significantly higher
B-sitosterol contents than rest of the samples. ralee had significantly higher
stigmasterol and campesterol than the other samples

The PS content and compositions of Intrada whaatbdeen evaluated by Chen
and others (2009a). The PS content of the wholen glample used in this study was
consistent with the previous study (Chen and otl28@9). It has been reported that
wheat bran had higher PS content than whole ghiysttom and others 2007; Jiang and
Wang 2005). A similar trend was observed in thssditation. The PS content of the
bran used in this dissertation is slightly loweart the previously reported values in the
literature (Nystrom and others 2007; Piironen atiteis 2002). The latter studies used
both acid and alkaline hydrolysis for PS analydithe samples. In this dissertation, only

alkaline hydrolysis was carried out.
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CHAPTER S

DISCUSSION

Starch content of the samples was positively cateel with TADD vyield (r =
0.90763, p < 0.0001, where r refers to PearsoneG@tion Coefficient) because of the
increased weight of the sample collected from TAB®starch content increased. A
negative correlation between ash content and TABMYr = - 0.91622, p < 0.0001)
suggests that bran concentration in the TADD sasplecreased as TADD yield
increased because of the increased starch amouci dituted bran fraction with high
ash content.

Ash content in grain samples is a sign of the presef bran. In this study, ash
content was significantly correlated with tocols=(0.77320, p < 0.0001), carotenoids (r
= 0.41665, p = 0.0428), and phenolic acids (r 281®, p = 0.0010), indicating that
these bioactive compounds are concentrated in foaation of the wheat. Since tocols
and carotenoids are lipid soluble antioxidantsy thee significantly correlated with the
lipid content (r = 0.85981, p < 0.0001; r = 0.829p% 0.0001). Additionally, phenolic
acids were also positively correlated with thedipontent of the samples (r = 0.89669, p
< 0.0001). King (1962) reported that free phenati@s were found in the wheat germ. It
is expected that samples with high oil content wdlinprise greater amount of germ that

also contains phenolic acids.
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Three different antioxidant capacity tests wereiedrout in this study ORAC,

TPC, and DPPH. The goal was to examine the differsarction mechanisms that might
be involved in the action of wheat extracts ascaxiants. ORAC assesses the hydrogen
atom donation ability of the extracts to quenchoggr radicals, TPC expresses the total
phenolic content, which contributes to the antiaxidcapacity of the samples, and DPPH
measures the electron transfer ability of the ex$r#éo inhibit organic nitrogen radicals.
ORAC values were positively correlated with thedifr = 0.65181, p < 0.0001) and ash
contents of the samples (r = 0.60509, p < 0.000hE strong correlation between ORAC
and the lipid content is due to the presence a Bpluble antioxidants such as tocols and
carotenoids in the extracts. These compounds diectiek peroxyl free radical
scavengers. Strong correlation between ORAC andlgamontent of the samples (r =
0.75793, p < 0.0001) also supports the peroxylceddscavenger properties of the
extracts. Phenolic acids were significantly cotedawith ORAC (r = 0.65813, p <
0.0001) as well. Phenolic acids are effective pgroadical scavengers because of their
hydrogen atom donation ability (Yeh and Yen 200B8oth ferulic acid/ORAC and-
tocopherol +a-tocotrienol/ORAC correlations were strong and pesi Among the
bioactive compounds, ferulic acid was the highestrtbutor to the ORAC values (Table
15) (%= 0.6282, where?rrefers to square of Pearson Correlation Coefftieferulic
acid is a potent antioxidant due to its phenolicleus and unsaturated side chain
(Castelluccio and others 1996). The —COOH subgiitubn the phenol ring makes it
easier for the ferulic acid to donate its hydrogtam (Nenadis and others 2003).

Ash content was positively correlated with DPPH (3.53862, p = 0.0007) due to

the same reason as discussed earlier. Correldtemeen ORAC-DPPH, ORAC-TPC,
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TPC-DPPH were all significant (p < 0.0001) and pwsi The strongest correlation was
observed between TPC and DPPH, r = 0.71478. Sirfildings have been reported by
other research groups (Zhou and others 2004a; Zhdwthers 2004b). DPPH has been
widely used to evaluate the radical scavengingtglmf phenolic compounds which are
strong quenchers of the DPPH radicals (Villafio atters 2007; Fauconneau and others
1997). Phenolic acids have both hydrogen donatimdyedectron transfer ability (Rice-
Evans and others 1996; Rice-Evans and others 1B®RH radicals react with phenolics
via two different mechanisms. In these reactiorigestt type plays a key role. The HAT
mechanism is dominant if the reaction takes placapolar solvent while polar solvents
such as methanol or ethanol leads to ET mecharisti 4and others 2004). Tocols,
carotenoids, and phenolic acids were shown to hasignificant positive correlation with
DPPH assay (Prior and others 2005). Tocols andterasms can stop oxidation by
donating a hydrogen atom to a free radical (Nikil athers 1984; Gurney and others
1996; Terao 1989). Ferulic acid showed strong DP#&tical inhibition properties {=
0.5497) (Table 16). As expected phenolic acid gunteas positively correlated with
TPC (r = 0.83516, r < 0.0001). Caffeic acid was rt@st important compound affecting
the TPC result = 0.8750) (Table 17).

Although PC and PS do not contribute to the antdiawt capacity of wheat
extracts they were examined in this study becafisheir putative health benefits. PC
content was significantly correlated with ash caht@g = 0.81425, p < 0.0001) because
PC was concentrated in the bran fraction of wheaihdIrmak and Dunford 2005). PC is
a group of compounds that are classified as waxR$@re normally found in the oils.

This could be the reason that both PC and PS vigmédisantly correlated with the lipid
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content (r = 0.80203, p = 0.0002; r = 0.63741,(hGO79).
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CHAPTER 6

CONCLUSION

This study examined efficiency of the tangentiataasive dehulling method to
produce wheat fractions enriched in health beraflmioactive compounds. TADD-20-3
contained significant amounts of tocols, carotescahd phenolic acids. TADD-15-1
contained the most organic acids. TADD-11-1 hadhiighest PC and PS content. Most
TADD fractions expressed greater antioxidant cdgaand contained higher amount of
bioactive compounds than bran. Whole wheat had sew®active compounds content
due to the existence of large amount of endospéhm results indicated that TADD is an
efficient processing method to enrich bioactive poonds in wheat extracts. Both
moisture and abrasive time affected the antioxidaptcity of the samples. TADD-11-1,
TADD-15-1, TADD-15-3, TADD-20-3, and TADD-20-5 hatthe highest antioxidant
capacity among the samples. This trend indicatat dhlow moisture levels, 11 % and
15 %, shorter abrasive time was required to prodtaetions with higher antioxidant
activity. However, at high moisture levels, 20 %nder abrasive time was needed to
recover bran because of the oversaturation ankirstigs of wheat bran and endosperm
fractions. It appears that short abrasion timeffescgve in minimizing starch content in
TADD samples which dilutes the bioactive compoualsthe final product. High

moisture tempering (>15%) should be avoided podsran separation since it leads to
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endosperm bran stickiness leading to poor separatfficiencies. This study clearly
demonstrated that TADD produced products that hsiwglar or higher antioxidant
capacity as the commercial aleurone. Considerireg the commercial sample had
significantly lower starch content than that of tAADD samples, downstream
processing of TADD products to remove starch (sieving process) could produce
superior products to the commercial sample.

Bioactive compounds greatly contributed to theaddtiant capacity tests. Tocols
and phenolic acids were strongly correlated with@RAC values. DPPH was positively
correlated with tocols, carotenoids and phenoliclsacFerulic acid was the dominant

compound contributing DPPH radical scavenging ciéypat the extracts.
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FUTURE WORK

Surface Response Methodology should be used tonizetiTADD processing
parameters to obtain wheat fraction with high aatiant capacity. A sieving system
should be added after TADD processing to minimimdosperm contamination in the
samples and consequently increase the antioxidgatctty of the final product. Effect of
solvent type on recovery of bioactive compoundsnfiwheat fractions requires further
research. An economic feasibility study is the t@ygetermine market potential of wheat

extracts as functional food ingredients, nutracaddiand dietary supplements.
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