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Phytochemicals and Antioxidant Properties in Wheat Bran
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Bran samples of seven wheat varieties from four different countries were examined and compared
for their phytochemical compositions and antioxidant activities. Phenolic acid composition, tocopherol
content, carotenoid profile, and total phenolic content were examined for the phytochemical
composition of wheat bran, whereas the measured antioxidant activities were free radical scavenging
properties against 2,2-diphenyl-1-picrylhydrazyl radical, radical cation 2,2'-azinobis(3-ethylbenzothia-
zoline-6-sulfonic acid) diammonium salt, peroxide radical anion O,*~, and oxygen radical and chelating
capacities. The results showed that the tested wheat bran samples differed in their phytochemical
compositions and antioxidant properties. Ferulic acid, with a concentration range of 99—231 ug/g,
was the predominant phenolic acid in all of the tested bran samples and accounted for about 46—
67% of total phenolic acids on a weight basis. The concentrations for a-, 6-, and y- tocopherols were
1.28—21.29, 0.23—7.0, and 0.92—6.90 ug/g, respectively. In addition, lutein and cryptoxanthin were
detected in all of the tested bran samples with levels of 0.50—1.80 and 0.18—0.64 ug/g, respectively.
Zeaxanthin was detected in the six bran samples, and the greatest zeaxanthin concentration of 2.19
ugl/g was observed in the Australian general purpose wheat bran. s-Carotene was detected in four
of the tested bran samples at a range of 0.09—0.40 ug/g. These data suggest that wheat and wheat
bran from different countries may differ in their potentials for serving as dietary sources of natural
antioxidants.
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INTRODUCTION Trego wheat bran produced in Colorado and accounted for 59

It has been postulated that antioxidants may modulate cellular80% of the total phenolic acids on a per weight basis, along
oxidative status and prevent biologically important molecules With significant levels of syringicp-hydroxybenzoic, vanillic,
such as DNA, proteins, and membrane lipids from oxidative @nd coumaric acids at a concentration range-683ug/g bran
damage and consequently reduce the risk of several chronic(13). Earlierin 1992, Onyeneho and Hettiarachoijyréported
diseases including cancer and cardiovascular disease (1—3)that ferulic, vanillic, anco-coumaric acids were major phenolics
Increasing evidence indicates that wheat and wheat-based foodn Wheat bran extracts, along with other free phenolics including
products contain significant levels of natural antioxidants, which caffeic, chlorogenic, gentisic, syringic, apehydroxybenzoic
may provide health benefits to consumers in addition to general acids. Later in 2003, Adom and othe8 ¢letected ferulic acid
nutrients and energyB12). Wheat is an important agricultural  in grain samples of 11 wheat varieties and experimental lines.
commodity and dietary component across the world. Previous  |n addition to the phenolic acids, carotenoids including lutein,
studies showed that wheat varieties vary in their antioxidant zeaxanthin, an-cryptoxanthin were detected in grain samples
properties, total phenolic contents (TPCs), phenolic acid com- of wheat varieties and experimental lines at concentration ranges
positions, and carotenoid profile8«5, 13). It was also noted  of 25—145, 8.5—27, and-113.5x9/100 g grain, respectively
that growing conditions and the interaction between environ- (g 14, 15). Also noted was the presenceftarotene in wheat
mental factors and genotype altered the antioxidant properties(15). Carotenoids are considered as a group of radical scavengers
and phytochemical compositions of wheat grain and ban ( through two proposed mechanisnis). Tocopherols are another
13). A recent study of Swiss red wheat grain and fractid® (  group of well-recognized natural antioxidants with potential
showed that phenolic antioxidants are concentrated in the peaith benefits. To date, little research has been performed to

aleurone fraction of wheat bran, and further micronization i, estigate the carotenoid or tocopherol profiles in wheat bran.
increased the availability of antioxidants in the aleurone samples. . . o .
The previous studies of wheat antioxidants generally involved

Several phenolic acids have been detected in wheat and Whea]t I duced wheat varieti inal diff A testi
fractions. Ferulic acid was the predominate phenolic acid in ocally produced wheat varielies using dirterent assays or testing
conditions. This made it very hard to compare the data from
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conditions. Therefore, the present study aimed to determine themanganese dioxide at ambient temperature for 30 min. The ABTS

profiles of tocopherols, carotenoids, and phenolic acids in the antioxidant reaction mixture contained 1.0 mL of ABTSwith an

bran fractions of the selected seven wheat varieties from four absorbance of 0.7 at 734 nm and 80 of antioxidant testing sample

different countries. The present research also aimed to examine?r 80 L of 50% acetone solution for the control. The absorbance at

the antioxidant properties and TPCs of the bran samples. In734 nm was measured at 1 min of the reaction, and the Trolox

addition, the potential correlations among individual antioxidant €duivalent (TE) was calculated using a standard curve prepared with

properties and antioxidant components were determined. This ' ©lo%-

research is part of our continuous efforts to promote the Oxygen Radical Absorbance Capacity (ORAC) AssayThe ORAC

improved production and utilization of value-added wheat for assay was conducted using FL as the fluorescent probe using a Turner

disease prevention and health promotion. Quantech digital fluorometer (Barnstead International, Dubuque, |A)

according to a protocol described by Huang and oth&ds18). The

final assay mixture contained 0.0&M FL, 60 mM AAPH, and 300

uL of wheat bran antioxidants or 50% acetone for a reagent blank.
Materials. One bran sample of Swiss red, Canadian hard white, The fluorescence of an assay mixture was determined at ambient

Canadian durum, lllinois soft red, and Australian general purpose wheat temperature and recorded every min for the duration of about 2 h. The

was provided by the Buhler AG (Uzwil, Switzerland), whereas bran excitation wavelength was 490 nm, whereas the emission filter has a

samples of wheat varieties Akron and Avalanche, representing hard wavelength of 515 nm. The TE was calculated using a standard curve

winter red and white wheat, were obtained from Dr. Scott Haley in the prepared with Trolox and used to compare ORAC of wheat bran
Department of Soil and Crop Sciences, Colorado State University (Fort samples.

MATERIALS AND METHODS

Collins, CO). Disodium ethylenediaminetetraacetate (EDTA),-2,2
bipyridyl, 2,2-diphenyl-1-picrylhydrazyl radical (DPP)}12,2-azinobis-
(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS),
fluorescein (FL), lauryl sulfate sodium salt, hypoxanthine (HPX),
xanthine oxidase (XOD), nitro blue tetrazolium (NBT), 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), tocophetols (
0-, andy-), and-carotene were purchased from Sigma-Aldrich (St.
Louis, MO), while 2,2-azobis(2-amino-propane) dihydrochloride (AAPH)
was obtained from Wako Chemicals U.S.A. (Richmond, \JALyclo-
dextrin was purchased from Cyclbl&® & D Ltd. (Budapest, Hungary).
Lutein, zeaxanthin, an@-cryptoxanthin were purchased from Indofine
Chemical Co. Inc. (Hillsborough, NJ). All other chemicals and solvents
were of the highest commercial grade and used without further
purification.

Extraction and Testing Sample Preparation.Four grams of each

Radical DPPH Scavenging Activity.Five grams of each ground
wheat bran sample was extracted for 2 h with absolute ethanol using
a Soxhlet extractor, and the final volume of the extract was brought to
200 mL. The radical DPPH scavenging capacities of wheat bran extracts
were determined according to the previously reported procedure using
the stable DPPH3). The initial concentration was 1QM for DPPH
in all antioxidant-radical reactions. The absorbance at 517 nm was
measured against a blank of pure ethanol at 0, 1, 5, 10, 20, 40, 80, and
1400 min and used to estimate the remaining radical levels according
to a standard curve. The kinetics of antioxidarddical reactions was
compared for wheat bran antioxidants at a final concentration of 12.5
mg bran equivalent per mL. To determine thesgialue of the wheat
antioxidants against DPPH radicals, seven levels of each bran extract
were employed. Thés:7nm value at 80 min of reaction was used to

wheat bran sample was ground to fine powder (100 mesh) using a ggtaplish the EE value under the experimental conditions. ThesED

micro-mill manufactured by Bel Art Products (Pequannock, NJ) and

extracted for 15 h with 40 mL of 50% acetone under nitrogen at ambient
temperature. The 50% acetone extracts were kept in the dark under

nitrogen at room temperature until further evaluation of TPCs and
antioxidant properties except the DPRdavenging capacity, because

value is the concentration of an antioxidant to quench 50% radicals in
the reaction mixture under the assay condition.

Chelating Activity. The 2,2'-bipyridyl competition assay was
conducted to measure the?Fehelating activity of bran extract4 {).

the 50% acetone extracts may form precipitates during the assay. TheThe reaction mixture contained 0.1 mL of 1 mM FeSgolution, 50
50% acetone extracts were also subjected to additional treatment foruL of wheat bran extract in 50% acetone, 0.3 mL of 10% hydroxyl-

phenolic acid analyses.

Superoxide Anion Radical G~ Scavenging Activity. The G~
scavenging activity was determined using HPX/XOD system following
a procedure described previousiydj. NBT solution (0.34 mM), HPX
(2 mM), and XOD solution (0.56 unit/mL) were prepared in a sodium
phosphate buffer (0.05 M; pH 7.4). The reaction mixture contained
0.2 mL of 0.34 mM NBT solution, 0.7 mL of 2 mM HPX solution, 0.1
mL of wheat bran antioxidant in 50% acetone, and 0.2 mL of 0.56
units/mL XOD solution. The concentration of wheat bran antioxidant
in test solution was 8.3 mg bran equivalent/mL.

The decrease in absorbance was measured at 560 nm every minutéh

for a 7 min period, and the % remaining was calculated to evaluate
the O~ scavenging capacity of each bran extract according to the
following equation:

% O, remaining= slope of Abs,,dslope of Abg,,x 100

The slope of Absmpewas obtained by plotting th@seo nm Of the

bran antioxidant—radical reaction against the corresponding reaction

time, while the slope of Ahgnwowas determined by plotting th&so nm
of the control radical reaction containing no antioxidant against the
reaction time.

Radical Cation ABTS** Scavenging Activity. The radical scaveng-
ing capacity of wheat antioxidant was evaluated against ABTS

amine—HCI, 0.4 mL of 2,2'-bipyridyl solution (0.1% in 0.2 M HCI),
and 0.8 mL of Tris-HCI buffer (pH 7.4). The absorbance at 522 nm
was measured and used to determine the ERelating activity with
EDTA as a standard.

TPCs. The TPCs of wheat bran extracts were determined using
Folin—Ciocalteu reagent3j. In brief, the reaction mixture contained
50uL of wheat bran extracts, 3 mL of pure water, 2800f the Folin—
Ciocalteu reagent freshly prepared in our laboratory, and 0.75 mL of
20% sodium carbonate. After 2 h oéaction at ambient temperature,

e absorbance at 765 nm was measured and used to calculate the
phenolic contents in wheat bran using gallic acid as a standard. The
Folin—Ciocalteu reagent was prepared by refluxing a mixture of sodium
molybdate, sodium tungstate, 85% phosphoric acid, and concentrated
hydrochloric acid for 10 h and followed by reacting with lithium
sulfateand and oxidizing by a few drops of bromine. The resulting
solution was filtered and ready for testing.

Phenolic Acid Composition.The 50% acetone extract of each wheat
bran was evaluated for the phenolic acid profile. After acetone was
removed, the wheat bran antioxidants were hydrolyzed with 4 N NaOH,
acidified using 6 N HCI, and extracted with ethyl ethethyl acetate
(2:1, viv) according to the procedure described previous, 13).

The ethyl etherethyl acetate was evaporated at’80using a nitrogen
evaporator, and the solid residue was redissolved in methanol, filtered

generated by the chemical method according to a previously reportedthrough a 0.2im membrane filter, and kept in dark under nitrogen

protocol (10,17). Fifty microliters of bran extracts was diluted with
450 uL of 50% acetone to obtain the testing samples. ABTBas
prepared by oxidizing 5 mM aqueous solution of ABT®ith

until high-performance liquid chromatography (HPLC) analysis. The
phenolic acid composition in the methanol solution was analyzed by
HPLC using a Phenomenex C18 column (250 mm.6 mm) according
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to an established protocol (103). The phenolic acids were separated Taple 1. Antioxidant Properties of Wheat Bran?
using a linear gradient elution program with a mobile phase containing

solvent A (acetic acid/kD, 2:98, v/v) and solvent B (acetic acid/ % 0y~ ABTS** ORAC
acetonitrile/ HO, 2:30:68, v/v/v). The solvent gradient was programmed wheat bran remaining  (TE umol/g bran) (TE umol/g bran)
from 10 to 100% B in 42 min with a flow rate of 1.5 mL/miAq, 13). Swiss red 50.19b+013  19.74d+0.17 107.53d % 4.1
Identification of phenolic acids was accomplished by comparing the canadian hard white 67.07d+0.08  1859c+0.68 124.29¢ + 6.70
retention time of peaks in wheat bran samples to that of the standard canadian durum 57.40a+0.15 18.46bc+048  94.89c + 10.90
compounds. Quantification of an individual phenolic acid was conducted U.S. soft red 60.19c £0.14 17.78a,b+0.53  89.56¢ + 4.54
using the total area under each peak with external standards. Australian general purpose  67.21d+0.15  17.45a+0.24  62.32b +8.94
Carotenoid Composition.Carotenoids were extracted and analyzed U-S. Akron 59.33p+026 18.99c,d+0.29  72.55b+2.05
using HPLC-diode array detection-electrospray ionization (ESI)-tandem Y-S- Avalanche 59.220+0.08  1885c+050  45.02a+8.32

mass spectrometry method (145). Briefly, 200 mg of the ground
wheat bran sample was extracted with 10 mL of methanol/tetrahydro-  *Free radical scavenging activities of the 50% acetone extracts were evaluated

furan (1:1, v/v) at ambient temperature for 15 h and then sonicated for against radical anion O,"~ and cation ABTS"* and expressed as means (n = 3)
another 10 min. The resulting extraction mixture was subjected to * SD. The final concentration of wheat bran antioxidant was 8.3 mg/mL in test
centrifugation at 600 rpm for 5 min at ambient temperature. After solution for radical anion O;*~ scavenging capacity determination. Within each
centrifugation, the supernatant was filtered through a Gr@@nembrane column, means with the same letter are not significantly different (P < 0.05).

filter and kept in the dark under nitrogen until HPLC analysis of

carotenoids, as well as for tocopherol analysis. HPLC analysis was |east significant difference tests (SPSS for Windows, Version Rel.
performed using a TSQ Quantum tandem mass spectrometer (Thermo-0,0.5., 1999, SPSS Inc., Chicago, IL) were conducted to identify
Finnigan, San Jose, CA) equipped with an ESI interface and Agilent differences among means, while a Pearson correlation test was

1100 HPLC system (Agilent Technologies, Palo Alto, CA). HPLC  conducted to determine the correlations among mefndy. Statistical
separation was accomplished according to a previously deSCFIbedSigniﬁcance was declared Bt < 0.05.

protocol with modifications 15). The HPLC was performed using a
Zorbax SB C18 column (Agilent Technologies), 1.0 mm kd50 mm,
3.5um particle size, at room temperature. The carotenoids were eluted
using a mobile phase of water as solvent A and methanol:acetonitrile: ~ Superoxide Anion Radical (3°~) Scavenging Activity. The
2-propanol (54:44:2; v/vIv) as solvent B. The gradient procedure was Q,"~ scavenging activity of wheat bran samples was evaluated
as follows: (i) the gradient was linear from 50 to 99% of solvent B, using the HPX/XOD system and expressed as#6 @maining.

and the flow rate was increased from 0.20 to 0.27 mL/min in the first Significant G~ scavenging activity was detected in all tested
10 min; and (ii) 99% of solvent B and flow rate of 0.27 mL/min for 10 bran samples, while the bran of Canadian durum wheat had the

min. The HPLC column was reequilibrated for another 10 min with test ity t t with and o ® ight
50% solvent B, prior to injection of the next sample. The wavelength greatest capacity to react with and quen naperwelg

of UV detection was set at 440 nm. The TSQ Quantum was operated basis, under the _experimental conditions (Table 1). The bran
in the positive ion mode under the following conditions: nitrogen €Xtract of Canadian durum wheat quenched about 10% more

(>99.7%) was used for sheath gas and auxiliary gas at a pressure ofanion radicals in the radicabntioxidant reaction mixture than

30 psi and 5 units, respectively. The temperature of the heated capillarythat scavenged by Australian general purpose wheat bran. Bran
was maintained at 30TC, and the spray voltage of ESI was set at 4.5 extracts of different wheat samples might significantly differ
kV. A collision-induced dissociation was achieved using argon as the in their O~ scavenging activities (Table 1). The correlation

collision gas at the pressure adjusted to more than 1.0 mTorr aboveyas detected between,© scavenging activity and TPC &
the normal, and the applied collision offset energy was set4b eV. 0.83 andP = 0.02).

Identification of carotenoids was accomplished by comparing the HPLC ] " - o T ]
retention time and selected reactant monitoring (SRM) analysis of the Radical Cation Scavenging Activity. The ABTS*scavenging

sample peaks with that of the authorized pure commercial carotenoid capacity of the bran extracts ranged from 17.5 to ml
compounds. Them/z from 568.6 (molecular ion) to 157.3 (major ~ TE Per gram of branTable 1). Wheat bran samples might
fragment) was set for lutein and zeaxanthin, an@552.6— 145.3, significantly differ in their radical cation scavenging activities.
536.6— 119.3 were set for cryptoxanthin afiecarotene, respectively.  The greatest ABTS scavenging capacity was detected in the
Data were acquired with Xcalibur software system (Thermo-Finnigan). Swiss red wheat bran, whereas the bran of Australian general
The quantification for each carotenoid compound was conducted using purpose wheat was least effective to directly react with and
the total ion counts with an external standard. quench ABTS' in the reaction mixture, under the experimental

Tocopherol Composition. The methanol/tetrahydrofuran extracts  condition. The ABTS" scavenging capacity was not correlated
of the bran samples prepared for carotenoid analysis were used 0y any other tested antioxidant activities or phytochemical levels.
evaluate theo-, 0-, and y-tocopherol concentrations in wheat bran ORAC Assay. The ORAC values were determined using the
samples. HPLC separation was performed using a Zorbax SB C18 _ :

50% acetone extracts of bran samples and expressemals

column (Agilent Technologies), 1.0 mm i.g. 30 mm, 3.5um particle g i
size, at room temperature. The tocopherols were eluted using a mobile®f TE per gram of bran. All bran extracts exhibited significant

phase of water as solvent A and acetonitrile as solvent B. The gradient ORAC values (Table 1). The greatest ORAC value of 1ol
procedure was as follows: (i) the gradient was linear from 80 to 99% TE/g was observed in the bran extract of the Canadian hard

of solvent B, and the flow rate was 0.3 mL; and (i) 99% of solvent B white wheat and followed by that of the Swiss red wheat. The
was kept for 10 min. The HPLC column was reequilibrated for another lowest ORAC value of 45mol TE/g, which was about 36%

10 min with 50% of solvent B, prior to the injection of the next sample.  of that in the Canadian hard white wheat bran, was detected in
The identification of tocopherols was conducted by comparing the the pran extract of Avalanche wheat collected from Colorado
HPLC retention time and SRM analysis of the sample peaks with that i, the United States. No correlation between ORAC value and

of the authorized pure commercial tocopherol compoundsn¥h&om . . : ]
430.6 (molecular ion) to 165.3 (major fragment) was setcfdpco- any of the tested antioxidant activity or phytochemical concen
tration was observed.

pherol, andm/z 416.6 — 151.3 and 402.6— 137.3 were set for . . .
y-tocopherol and-tocopherol, respectively. The quantification for each Radical DPPH Scavenging Activity. The ethanol extracts

tocopherol was accomplished using the total ion counts with external Of wheat bran samples were analyzed and_compared _for their
standards. EDso values against DPPHFigure 1). EDsg is the required

Statistical Analysis. Data were reported as meads standard concentration of wheat bran antioxidants to scavenge 50%
deviations (SD) for triplicate determinations. Analysis of variance and DPPH radicals in the reaction mixtures under the experimental

RESULTS
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Figure 1. EDsp of wheat bran extracts against DPPH radicals: Swiss
red, Canadian white, Canadian durum, U.S. red, Australian general, U.S.
Akron, and U.S. Avalanche stand for Swiss red wheat bran, Canadian
hard white wheat bran, Canadian durum wheat bran, soft red wheat bran
from lllinois, bran of Australia general purpose wheat, Akron red wheat
bran from Walsh (Colorado), and Avalanche wheat bran from Burlington
(Colorado), respectively. All tests were conducted using the ethanol
extracts. The initial DPPH* concentration was 100 uM in all reaction
mixtures. EDsy is the concentration of wheat bran extracts to quench 50%
of DPPH radicals in the reaction mixture within 80 min under the
experimental conditions.
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Figure 2. Radical DPPH scavenging activities of wheat bran extracts:
Swiss red, Canadian white, Canadian durum, U.S. red, Australian general,
and U.S. Avalanche stand for Swiss red wheat bran, Canadian hard white
wheat bran, Canadian durum wheat bran, soft red wheat bran from lllinois,
bran of Australia general purpose wheat, and Avalanche wheat bran from
Burlington (Colorado), respectively. All tests were conducted using the
ethanol extracts. The initial DPPH* radical concentration was 100 uM in
all reaction mixtures, while the final concentration of wheat extracts was
12.5 mg wheat equivalent per mL.

conditions, with the E) value negatively associated the DPPH
scavenging activity. The Efgvalues ranged from 6.1 mg bran
equivalent per mL for Akron wheat bran to 12.1 mg bran
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EDTA (mgl/g bran)

USred  Australian  US Akron Us

Avalanche

Swissred  Camadian  Canadian

general
Wheat :
Figure 3. Chelating capacity of wheat bran samples: Swiss red, Canadian
white, Canadian durum, U.S. red, Australian general, U.S. Akron, and
U.S. Avalanche stand for Swiss red wheat bran, Canadian hard white
wheat bran, Canadian durum wheat bran, soft red wheat bran from lllinois,
bran of Australia general purpose wheat, Akron red wheat bran from Walsh
(Colorado), and Avalanche wheat bran from Burlington (Colorado),
respectively. The vertical bars represent the SD (n = 3), and values
marked by the same letter are not significantly different (P < 0.05).

white durum

ingly, the bran extract of Swiss red wheat had the greater initial
reaction rate than that of Akron wheat, but the bran extract of
Akron wheat quenched more radicals in the testing system when
the radical—antioxidant reaction reached equilibrium (Figure
2). These data indicated that the bran extract from Swiss red
wheat is a kinetically more active scavenger against DRiradh

that from Akron wheat, whereas the bran extract of Akron wheat
is a thermodynamically stronger radical inhibitor under the
testing conditions. The DPPHKcavenging capacity was posi-
tively correlated with TPCs under the experimental condition
(r =0.91,P = 0.01).

Chelating Activity. The chelating properties of the 50%
acetone extracts of wheat bran samples were expressed as EDTA
equivalents per gram of braifrigure 3). The F&" chelating
activity of the bran samples ranged from 1 to 1.9 mg EDTA
equivalent per gram of bran under the experimental conditions.
A significant difference in chelating activity was observed
among some of the wheat bran samples (Figure 3). The bran
extract of Akron wheat from Colorado in the United States
showed the strongest chelating capacity, whereas the bran
extracts of soft red wheat from lllinois had the lowest chelating
activity. The chelating activity was not correlated with any tested
antioxidant activity or antioxidant concentration under the
experimental conditions.

TPC. The wheat bran samples were examined and compared
for their TPCs expressed as gallic acid equivalents (GE). The
seven bran samples might differ from each other in their TPCs
(Figure 4). The greatest TPC of 2.9 mg GE/g bran was detected
in the Avalanche wheat from Colorado, while bran of the general
purpose wheat from Australia had the lowest TPC value of 2.2
mg GE/g bran. The TPC was correlated with theGcaveng-
ing capacity of the 50% acetone extraats<0.83,P = 0.02)
and the DPPH scavenging capacity of the ethanol extraets (
0.91,P = 0.01).

Phenolic Acid Composition.Ferulic, syringicp-OH benzoic,

equivalent per mL for Australian general purpose wheat bran, vanillic, and coumaric acids were detected in all seven tested
indicating that individual wheat bran samples may significantly wheat bran sample3éble 2). Ferulic acid was the predominant
differ in their DPPH radical scavenging capacities. The kinetics phenolic acid in all tested bran samples and accounted for about
of each wheat antioxidant—DPPH radical reaction was deter- 46.1—67.2% of the total identified phenolic acids on a per

mined and reported iRigure 2. The bran extract of Canadian

weight basis. The bran of Akron wheat had the greatest

durum wheat had the greatest initial rate in reacting with DPPH concentration of total phenolic acids (36§/g) and ferulic acid
and quenched the largest quantity of radicals in the system when(230.549/g). Bran samples of Swiss red and U.S. soft red wheat

the antioxidantDPPH reaction reached equilibrium. Interest-

also had total phenolic acids above 3a§/g with ferulic acid
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Table 2. Phenolic Acid Composition of Wheat Bran?

Zhou et al.

p-OH benzoic vanillic syringic coumaric ferulic
(«9/g bran) («9/g bran) («9/g bran) («g/g bran) («9/g bran)
Swiss red 19.65d + 0.35 16.55b +0.27 57.15¢c + 0.47 9.01e £0.02 209.3e +0.33
Canadian white 29.50f +£0.03 19.31e £0.38 60.62d + 0.37 8.00d + 0.09 100.5b + 0.54
Canadian durum 20.79e £ 0.34 26.45g +0.13 29.27a +0.36 16.21g +0.08 146.9c £ 0.11
U.S. red 18.01c +0.33 15.01a +0.32 60.38d £ 0.77 10.22f +0.07 207.9e +1.19
Australian general 19.85d,e + 0.52 17.48d £ 0.08 74.63e +0.16 5.49¢ £ 0.08 163.1d £ 0.77
U.S. Akron 14.00b +1.24 25.52f £ 0.40 85.01f £ 0.44 4.38b £ 0.36 230.5f+1.38
U.S. Avalanche 10.53a+0.10 17.11c £ 0.01 30.79b +0.11 3.70a+0.16 98.54a +0.39

@ Swiss red, Canadian white, Canadian durum, U.S. red, Australian general, U.S. Akron, and U.S. Avalanche stand for Swiss red wheat bran, Canadian hard white wheat
bran, Canadian durum wheat bran, soft red wheat bran from lllinois, general purpose wheat bran from Australia, Akron wheat bran from Walsh (Colorado), and Avalanche
wheat bran from Burlington (Colorado), respectively. p-OH benzoic, vanillic, syringic, coumaric, and ferulic stand for p-OH benzoic, vanillic, syringic, coumaric, and ferulic
acids, respectively. Within each column, means with the same letter are not significantly different (P < 0.05; n = 3).

3.0 d g

ab a b

ra
(=1

GE (mg/g bran)

00

Australian  US Akron uUs
Avalanche

Swiss red  Canadian  Canadian  US red

white durum eeneral

Wheat

Figure 4. TPCs of wheat bran samples: Swiss red, Canadian white,
Canadian durum, U.S. red, Australian general, U.S. Akron, and U.S.
Avalanche stand for Swiss red wheat bran, Canadian hard white wheat
bran, Canadian durum wheat bran, soft red wheat bran from lllinois, bran
of Australia general purpose wheat, Akron red wheat bran from Walsh
(Colorado), and Avalanche wheat bran from Burlington (Colorado),
respectively. The vertical bars represent the SD (n = 3). Values marked
by the same letter are not significantly different (P < 0.05).

Table 3. Tocopherol Profiles of Wheat Bran?

total
a-tocopherol  o-tocopherol  y-tocopherol  tocopherols

(ugfg) (egfg) (uglg) (1emol/100 g)
Swiss red 6.55c £0.67 548c+0.22 6.77c+0.38 4.51c+0.28
Canadian white 7.86d£0.95 6.41d+0.42 2.87a,b+2.11 4.10c+0.74
Canadian durum  21.29f+£1.74 2.03b+0.39 6.06c +£0.46 6.90e + 0.44
U.S. red 329 +0.10 5.96c,d+0.36 2.98b+0.12 2.96b+0.13
Australian general 2.29a,b£0.09 7.04e+0.39 2.23a+0.08 2.81b +0.09
U.S. Akron 14.17e £1.03 0.23a+0.04 8.30d+0.45 5.34d+0.14
U.S. Avalanche 128a+0.06 0.25a+0.05 2.32a+0.10 0.92a+0.22

aSwiss red, Canadian white, Canadian durum, U.S. red, Australian general,
U.S. Akron, and U.S. Avalanche stand for Swiss red wheat bran, Canadian hard
white wheat bran, Canadian durum wheat bran, soft red wheat bran from lllinois,
general purpose wheat bran from Australia, Akron wheat bran from Walsh
(Colorado), and Avalanche wheat bran from Burlington (Colorado), respectively.
Within each column, means with the same letter are not significantly different (P
<0.05; n=13).

levels over 20Qug/g (Table 2). The ferulic acid concentration
was not correlated with any other identified phenolic acids or

antioxidant properties in the wheat bran extracts.

Tocopherol Profile. a-, 6- andy-tocopherols were detected

in all tested wheat bran sampleBaple 3). Total tocopherols

ranged 0.92—6.9@xmol per 100 g of bran. Canadian durum

wheat bran contained the greatest level of total (6u9®1/100

g) anda-tocopherol (21.2%g/g) among all tested wheat bran
samplesTable 3). The highest-tocopherol level of 7.04g/g

was detected in the bran of Australian general purpose wheat,
and the greatesy-tocopherol at a level of 8.3@g/g was
observed in the U.S. Akron wheat bran. Bran samples might
significantly differ in their tocopherol compositions. Interest-
ingly, a-tocopherol was the primary tocopherol in the bran
samples of Canadian white, Canadian durum, and U.S. Akron
wheat;o-tocopherol was the major isomer in the bran samples
of U.S. soft red and Australian general purpose wheat; and
y-tocopherol was the primary form for bran samples of Swiss
red and U.S. Avalanche wheat, suggesting that bran samples
differed in both the total tocopherol concentrations and the
tocopherol profiles. The seven tested wheat bran samples
exhibited 16.6-, 30.6-, and 3.7-fold differences in their -,
andy-tocopherol contents, respectively. A significant correlation
was detected between total amdocopherol contents & 0.93,

P = 0.002). In addition, the)-tocopherol concentration was
correlated with the TPCr(= 0.88, P = 0.01), whereas the
y-tocopherol level was correlated with DPPH radical scavenging
capacity (r= 0.96,P = 0.02).

Carotenoid Profile. The carotenoid composition including
p-carotene, zeaxanthin, lutein, and cryptoxanthin was examined
for all seven wheat bran sampléaple 4). Lutein and crypto-
xanthin were detected in all tested bran samples. Zeaxanthin
was detected in six of the seven tested bran samples under the
experimental conditions, wherefiscarotene was only present
in four of the tested wheat bran samples. Bran samples might
significantly differ in their carotenoid profiles. The greatest total
carotenoid level of 0.6@mol/100 g bran was observed in bran
of Canadian durum or Australian general purpose wheat.
Avalanche wheat bran had the lowest level of total carotenoids
among all tested bran samples. Interestinghcryptoxanthin
presented in all tested bran samples but was not the major
carotenoid in any individual wheat bran samplealfle 4). The
concentration ofs-cryptoxanthin was 0.18—0.64g/g in the
tested wheat bran samples under the experimental conditions.
Zeaxanthin was the primary carotenoid in three of the tested
wheat bran samples, and lutein was the major carotenoid for
the other four wheat bran samples including Swiss red, Canadian
durum, Akron, and Avalanche wheat. The greatest zeaxanthin
level of 2.19ug/g was detected in Australian general purpose
wheat bran, while the highest lutein content of 1:80g was
observed in Akron wheat bran. The total carotenoid content
among the seven bran samples exhibited a 5.7-fold difference,
while lutein andf-cryptoxanthin concentrations had 3.6- and
3.5-fold differences, respectively.

Antioxidant Properties of Bran Extracts on a Per Unit
of TPC Basis. The chelating activity, radical cation ABTS
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Table 4. Carotenoids Profile of Wheat Bran?

[-carotene zeaxanthin lutein cryptoxanthin total carotenoids

(uglg) (uglg) (uglg) (uglg) (1mol/100 g)
Swiss red ND 0.48b +0.02 0.71b £ 0.01 0.35b +0.02 0.27b +0.01
Canadian white 0.09a +0.08 1.99d + 0.06 0.77b + 0.02 0.42b +0.02 0.59d + 0.03
Canadian durum 0.40c +0.01 1.23b +0.03 1.58c +0.03 0.59d £ 0.01 0.68e +0.02
U.S. red ND 1.34c £ 0.02 0.74b +£0.02 0.50c + 0.02 0.46¢ +0.01
Australian general 0.18b +0.01 2.19d + 0.03 0.79b + 0.03 0.64d + 0.02 0.68e £ 0.01
U.S. Akron 0.11a +0.02 0.25a +0.01 1.80d + 0.03 0.44b £0.02 0.46¢ £ 0.02
U.S. Avalanche ND ND 0.50a + 0.02 0.18a+0.01 0.12a+0.02

@ Swiss red, Canadian white, Canadian durum, U.S. red, Australian general, U.S. Akron, and U.S. Avalanche stand for Swiss red wheat bran, Canadian hard white wheat
bran, Canadian durum wheat bran, soft red wheat bran from lllinois, general purpose wheat bran from Australia, Akron wheat bran from Walsh (Colorado), and Avalanche
wheat bran from Burlington (Colorado), respectively. Within each column, means with the same letter are not significantly different (P < 0.05; n = 3); ND, not detected.

Table 5. Antioxidant Properties of Bran Extracts on a Per Unit of TPC from Germany and France. However, the present study detected
Basis? similar amounts of lutein and zeaxanthin in the Canadian durum

wheat bran, whereas Hentschel and others (15) observed only
trace levels of zeaxanthin in the grain and bran samples of the

EDTA Eg/mg TE/mgof  ORAC/mg of TPC

_ wheat bran of TPC{ug)  TPC (umo) (umol TE) eight durum wheat varieties. Furthermore, we determined in this
Swiss red . 0.54b£007  7.39c£006  40.27d 154 study that lutein was the primary carotenoid in four wheat bran
Canadian hard white 0.69c£0.12 8.19%+0.30 54.74e +£2.95 | d thi th . t id in the oth
Canadian durum 0372007 63%+017  32.83+3.77 Samples, and zeaxanthin was the major carotenoid in the other
U.S. soft red 043ab+010 7.74d+023  38.98d+1.97 three wheat bran samples. This was in contrast to the observation
Australian general purpose  0.71c£0.05 7.9de+0.11  28.22bc+4.05 that lutein was the predominant carotenoid in wheat grain of
U.S. Akron 0.72c+0.08 6.94b+011  2651b+0.75 he 11 wheat varieti nd in the eight durum wheat varieti
U.S. Avalanche 047ap+005 64%+017  155a+286 the eat varietie$f and in the eight durum wheat varieties

(15). This may be partially due to the fractions of wheat used
2EDTA Eq stands for EDTA equivalent, a measurement of the chelating capacity. in the studies and th,e dlﬁere,nce in wheat variety and growing
TE/mg of TPC is the ABTS scavenging capacity on per unit of TPC basis. ORAC enV|ror'1mentaI Cond't'or_]s' This result also suggests that the total
represents the oxygen radical absorbing capacity. Within each column, means of lutein and zeaxanthin may be a preferred measurement of
with the same letter are not significantly different (P < 0.05; n = 3). carotenoid contents in wheat and wheat bran. Interestingly, lutein
and zeaxanthin are positional isomers, which differ from each

scavenging property, and ORAC, on a per milligram of TPC other only in the position of one double bond. According to
basis, were calculated and expressed as EDTA eq/mg of TPC the chemical structures, zeaxanthin has a longer conjugated
TE/mg of TPC, and ORAC/mg of TPCTéble 5; see table system than lutein and is more stable than lutein. Therefore,
footnote for details). The bran of Canadian white wheat had lutein may be isomerized to zeaxanthin under certain conditions
the greatest ABTS scavenging property, the strongest chelating such as storage at ambient temperature or heat generated during
activity against F&", and the highest ORAC value on a per the milling process. It has been demonstrated that the lutein
unit of TPC basis. The same hierarchy of TE/mg of TPC and content rapidly decreased during seed aging or storadg (
ORAC/mg of TPC was observed in the seven wheat bran but the authors did not simultaneously measure the zeaxanthin
samples from four different countries, although no correlation contents. In 1997, Mortensen and Skibstéé)(showed that

was detected (= 0.70,P = 0.08). both zeaxanthin and lutein could react with phenoxyl radicals,
and zeaxanthin is a slightly kinetic preferred reagent and has a
DISCUSSION greater relative first-order rate constant. These data and informa-

.. tion suggest the possibility that lutein may be converted to
In the present study, bran samples of seven wheat varieties, gayanthin during bran preparation and storage, and this
produced in four different countries were evaluated and .,nyersion may increase the antioxidant activity of bran

compareql for th_elr carotenmd_contents mcludﬁ}gar_otene, carotenoid. Future research is required to test this hypothesis.
zeaxanthin, lutein, cryptoxanthin, and total carotenoid concen- . . .
Cereal grains are important dietary sources of tocopherols

trations. Among the seven tested wheat bran samples, lutein . -
g P (20—22). Among tocopherol isomerg;tocopherol exhibits the

ranged from 0.5 to 1.&g per gram of bran, which equals to L9 - -
50—1804g/100 g. This range is comparable to that of about strongest vitamin E activity and has the greatest reactivity

25—145ug per 100 g of grain detected in the whole grains of 29ainst singlet oxygen20, 22). The o-tocopherol has the
the 11 wheat varietie$]. These data indicate that a significant Strongest antioxidative potency among all tocopherol isomers,
level of lutein is presented in the bran fraction of wheat, but followed by they-, -, and o-isomers, respectively. In the
lutein may not be concentrated in the bran. This conclusion Present study, significant levels of, 4-, andy-tocopherols
supported the previous observations that all inner layers of theWere detected in the seven wheat bran samples. The bran
durum wheat kernel and the bran had a significant amount of samples differed in theio-, 6-, y-, and total tocopherols,
carotenoids measured as lutein and zeaxanthin, and bran mighguggesting the potential influence of wheat variety and growing
contain less carotenoids than the inner fractiolss, (9). In condition on tocopherol production in wheat bran and grain.
the present study, we detected significant amounts of zeaxanthinThe a-tocopherol level ranged from 1.28 to 21.28/g in the
(12349/100 g) in the Canadian durum wheat bran, along with seven bran samples tested in the present study, which is
lutein at a concentration of 158y/100 g. This makes a total of ~ comparable to the level of about 1&/g in the wheat bran
281u1g/100 g for lutein and zeaxanthin. This total level is greater sample from Finland21), 8.2u:g/g detected in wheat flou2p),

than that of 125-22049/100 g detected by Hentschel and others and the level of 9.%g/g observed in freshly milled whole meal
(15) in the bran samples of eight durum wheat varieties obtained wheat flour (20), and 9.5—104g/g in wheat mealq1). This
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range is much lower than that of 26@40ug/g in wheat germ
(22) or the levels of 90, 180, and 1%@/g in the olive, soybean,
and peanut 0ils22). Thea-tocopherol detected in this study is
the (R,R,R)-a-tocopherol, which is the natural formoetoco-

pherol and is preferentially retained and distributed throughout
the body, although all tocopherols are absorbed equally after
ingestion (23). The most recent U.S. recommended daily

allowance suggests that healthy adults need-1BL mg of
(R,R,R)-a-tocopherol to meet the vitamin E requiremed.(
Wheat bran and whole grain may significantly contribute to the
daily dietary intake of vitamin E to meet life requirements,

prevent deficiency symptoms in normal humans, and prevent

several chronic diseases.
In agreement with the previous observatidn 10, 13, 25),

ferulic acid was the predominant phenolic acid detected in the
bran extracts of the seven wheat samples and accounted for 46—
70% of the total phenolic acids on a per weight basis. Ferulic (14)

acid ranged from 99 to 23ig per gram of bran among the
seven bran samples. This range is comparable to that-ef 91

111u9/g detected in the bran extracts of Trego wheat grown at

different locations 13). Ferulic acid has been evaluated for its
antioxidant properties26) and potential application as an

analytical parameter in rapid determination of bran carryover

in flour during milling (26). In addition, the bran samples of

the seven selected wheat varieties differed significantly in their
total carotenoid contents, TPCs, phenolic acid compositions, and

Zhou et al.

(8) Adom, K. K.; Sorrells, M. E.; Liu, R. H. Phytochemical profiles
and antioxidant activity of wheat varietiek.Agric. Food Chem
2003,51, 7825—7834.

(9) Yu, L.; Haley, S.; Perret, J.; Harris, M. Comparison of wheat
flours grown at different locations for their antioxidant properties.
Food Chem2004,86, 11-16.

(10) Zhou, K.; Laux, J. J.; Yu, L. Comparison of Swiss red wheat
grain, and fractions for their antioxidant properti&sAgric. Food
Chem.2004,52, 1118—1123.

(11) Yu, L.; Perret, J.; Davy, D.; Wilson, J.; Melby, C. L. Antioxidant
properties of cereal products.Food Sci2002,67, 2600-2603.

(12) Abdel-Aal, E.; Hucl, P. Composition and stability of anthocyanins
in blue-grained wheatl. Agric. Food Chem2003,51, 2174—
2180.

(13) Zhou, K.; Yu, L. Antioxidant properties of bran extracts from

Trego wheat grown at different locationk.Agric. Food Chem

2004,52, 1112—1117.

Pinzino, C.; Nanni, B.; Zandomeneghi, M. Aging, free radicals,

and antioxidants in wheat seeds.Agric. Food Chem1999,

47, 1333—13309.

(15) Hentschel, V.; Kranl, K.; Hollmann, J.; Lindhauer, M. G.; Bohm,
V.; Bitsch, R. Spectrophotometric determination of yellow
pigment content and evaluation of carotenoids by high-
performance liquid chromatography in durum wheat grdin.
Agric. Food Chem2002,50, 6663—6668.

(16) Mortensen, A.; Skibsted, L. H. Importance of carotenoid structure
in radical-scavenging reactionk.Agric. Food Cheml1997,45,
2970—2977.

antioxidant properties, confirming the previous observation that (17) Miller, N.; Rice-Evans, C. Factors influencing the antioxidant

genotype and growing conditions may influence the production

of phytochemicals including antioxidants in wheat, 8, 13,
15).

In summary, this research suggests that bran samples of

wheat from different sources may significantly differ in their

antioxidant properties and phytochemical compositions. Wheat

activity determined by the ABTS radical cation ass&yee
Radical Res1997,26, 195—199.

(18) Huang, D.; Ou, B.; Hampsch-Woodill, M.; Flanagan, J. A,;
Deemer, E. K. Development and validation of oxygen radical
absorbance capacity assay for lipophilic antioxidants using
randomly methylated b-cyclodextrin as the solubility enhancer.
J. Agric. Food Chem2002,50, 1815—1821.

bran is an excellent source of dietary natural antioxidants and (19) Abdel-Aal, E.-S. M.; Young, J. C.; Wood, P. J.; Rabalski, I.;

phenolic acids, and may contribute to total dietary carotenoids

and tocopherols.
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