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Beans were pearled to evaluate the feasibility of increasing antioxidant activity and phenolic
antioxidants. Phenolics were concentrated mostly in the hull fraction at about 56 mg of catechin
equivalents per gram of sample. The methanolic extracts of the pearled bean samples were screened
for antioxidant potential using the -carotene—linoleate and the 1,1-diphenyl-2-picrylhydrazyl (DPPH)
in vitro model systems. The pearled material, also referred to as milled samples, exhibited antioxidant
activity that correlated with phenolic content and inhibited DPPH significantly in a dose-dependent
manner. Phenolics and antioxidant activities were also examined in chromatographic fractions of
methanolic extracts of manually obtained hulls that represented a model used previously to ascertain
antimutagenic activity. Fractions extracted with ethyl acetate/acetone and acetone displayed
antioxidant activity, which implies potent free radical scavenging activity with antimutagenic activity.
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INTRODUCTION due to the presence of pH-dependent pigment8)( A freeze-
dried navy bean hull extract evaluated in storage studies with
soy and sunflower oils showed stronger antioxidant activity than
a BHA—BHT mixture (9). Mung bean hulls possess antioxidant
activity, which has reducing power, scavenge DPPH radicals,
and inhibit lipid peroxidation and nonlipid oxidative damage
(10, 11).

Our previous studies1@, 13) showed that bean hulls
contained large amounts of phenolic compounds, and their
methanolic extract exhibited substantial antimutagenic activity

Dry beans, a staple food in many Latin American countries,
are receiving increasing attention as a functional food. Con-
sumption of dry beans has been linked to reduced risk of
diabetes and obesityl) because of the markedly alternating
effects on blood sugar and insulin response and thereby their
potential use for prevention and control of diabet2s The
inhibitory role of dry beans in reduction of coronary heart
disease has also been not8gnd confirmed recently4j. The
study by Hughes et al5) provides experimental data to support

existing epidemiological research linking high levels of dry bean aga:msts_almc;_nglla:ht%phlmlurlurfrand ?flato;(m B lTh'S Ent:/-v
consumption with reduced colon cancer risk. It is becoming clear mutagenic activity that involves formation of complexes between

that beans, as a source of dietary fiber, regulate gastric emptyinihpiﬂoIIC compo.unds a;pqtmu;?ﬁenshma%.appirﬁnﬂ); be medlat?d
and thus the rate of digestion and absorption, prolong the y Ihe scavenging activity of the phenolics. Therefore, one o

postprandial presence of intestinally derived lipoprotein, and the_ quectlves of this s_tudy was to evaluate the antioxidant
augment the gastrointestinal response in humehs ( activity of the methanolic extracts of bean hulls that served as

The physiological effects of dry bean consumption may be a moqlel prewous!y to ascertain antimutagenic acpvn[lez (
. . -~ 13). Since the hullis rich in phenolics, a simple pearling method
due to the presence of abundant phytochemicals including . )
. . ) . - ~was used to obtain hulls and other bean fractions for subsequent
polyphenolics, which possess both anticarcinogenic and antl'assessment of their phenolics and antioxidant activities. Infor
oxidant properties. It is generally believed that antioxidants P ’

. ; : mation on antioxidant activity will increase the understandin
scavenge free radicals and reactive oxygen species and can be Y 9

. R S . of the function of bean products in the diet to reduce chronic
extremely important in inhibiting oxidative mechanisms that lead diseases
to degenerative diseases. Bean extracts, especially from the hulls, ’
are known to possess antioxidant activity. Thus, the crude maTERIALS AND METHODS

methanolic extract of peas showed strong antioxidant activity Dry beans Phaseolusulgaris cv. Flor de Mayo FM-38, red testa)

grown and harvested in 2001, were kindly provided by Instituto

i?g%vifrifoggcrgrﬁgggoﬁgzﬁg;cghgﬁlg%ee%ggtrreiggggrfpﬁghggéb) 4946399 Nacional de Investigaciones Forestales Agricolas y Pecuarias (INIFAP,

: } 'Mexico). This cultivar was used in our previous studigg, (L3) and

fax (250) 494-0755, E-mail oomahd@agr.gc.ca]. S S .
T(Univ)ersidad Autooma de Qué[a% gr.ge.cal was sel_ected because it is preferred for consumption in the central region
* Agriculture and Agri-Food Canada. of Mexico.
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E nol, and finally a mixture of methanol/water (1:1 v/v). Eight fractions
S (100 mL each) were collected; solvent was removed under vacuum
_ using a rotary evaporator at 40C. The residues were weighed,
Abrasive dehulling solubilized in 2.5 mL of methanol, and stored in the dark-20 °C
(Strong Scott barley Pearler ) N X
until analysis.
p-Carotene Bleaching Method.The antioxidant activity of isolated

v v fractions was evaluated according to fhearotene-linoleate model
system 15) based on the procedures of Mard®) and Velioglu et al.
Fraction 2 Fraction 1 (17). Aliquots (20uL) of each extract or fraction or BHT (10QaV)
(Hll s conytedon) ®B and 200uL of the p-carotene solution were added to a well in a 96-

well flat-bottom microtitration plate (ICN Biomedicals Inc., Aurora,
OH). The sample mixture was diluted by transferring®0to another

Sieving plate containing air-sparged distilled water (2410). Dilutions were
done in triplicate since thg-carotene bleaching reaction was subject
to noticeable variations. ADIBA (2@L, 0.3 M) was added to each

v v v well to initiate the reaction. Absorbance readings were recorded in an
2 mm Mesh 1 mm mesh Bottom Pan MRX plate reader (Spectramax Plus 384) using a 450-nm filter at 0
Powder (P) min and at intervals of 1090 min. Plates were kept in the dark at

ambient temperature between readings. Antioxidant activity was

Air Flow Separator calculated by four different methods described previoukHy 18). For

the first method, the log of the absorbance was plotted against time, as
a kinetic curve, and the slope was expressed as the AOX value. The
second method of calculation, based on first-order kinetics, was

{ } £ l conducted as described by Al-Saikhan et aB){(

ol | B | ! In(a/b)/5 = sample degradation rate

where In is the natural log is the initial absorbance at 450 nm and
at time 0,b is the absorbance at 450 nm and at 10, 20, and 30 min,
and 5 represents the time, in minutes. Antioxidant activity (AA) was
also calculated as % inhibition relative to the control using the following
relationship:

Figure 1. Flow diagram for the separation process of bean hulls.

Chemicals.Butylated hydroxytoluene (BHT), 1,1-diphenyl-2-picr-
ylhydrazyl (DPPH), {)-catechinS-carotene, and 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox) were from Sigma
Chemical Co. (Toronto, ON, Canadaj,a’-Azodiisobutyramidine — _
dihydrochloride (ADIBA) and linoleic acid were from Fluka (Sigma- AA = (Reonror = Rsampd X 100Reonio @)
Aldrich Canada Ltd.). Twin 20 was obtained from BDH Chemicals
(Toronto, ON, Canada).

Sample Processing and ExtractionsSix milling products were
prepared from dry bean®laseolusiulgaris cv. FM38) as described sample.

in Figure 1. A Strong-Scott barley pearler was employed for abrasion, e third method of expression, based on the oxidation ratio (ORR),

and manual sieving with 2- and 1-mm screens yielded three fractions: , -« calculated using the equation proposed by Marinova e2@} (
material retained on a 10-mesh U.S. standard, 2-mm sieve; material

retained on an 18-mesh U.S. standard, 1-mm sieve; and material that ORR= RsampléRcomrol 2
passed through the 1-mm sieve. The hull and residue fractions were
obtained by air separation in a laboratory aspirator (Cuthbert Co. Ltd., where Rsampleand Reonior are the same as in eq 1.
Winnipeg, MB, Canada) by adjusting air flow through the cylinder. A In the fourth method, the antioxidant activity coefficient (AAC) was
sample of beans was also dehulled manually after tempering in water calculated according to Mallet et aR1):
to loosen the hulls, followed by lyophilization. All samples except the
material that passed through the 1-mm sieve were ground to a fine  AAC = (Aj,npie 96~ Acontrol 90 X 1000/@contoio~ Acontroiod  (3)
powder in a small coffee mill.
Samples (0.2 g) were extracted with methanol (10 n2h in the where Asample 90iS the absorbance of the sampletat 90 min, and
dark, using a magnetic stirrer at room temperature, and centrifuged atA.,no10iS the absorbance of the controltat 0 min.
1300@ for 10 min. The supernatant recovered was stored in the dark ~ DPPH Method. 2,2-Diphenyl-1-picrylhydrazyl (DPPH), also known
at —20 °C until analysis. as 1,1-diphenyl-2-picrylhydrazyl ar,a-diphenyl$-picrylhydrazyl, is
Total Phenolic Assay.The total phenolic content of methanolic bean  a free radical used for assessing antioxidant activity. Reduction of DPPH
extracts was determined by following the procedure of Mazza et al. by an antioxidant or by a radical species results in a loss of absorbance
(14), adapted for use with microplates. Briefly, the method consisted at 515 nm. Thus, the degree of discoloration of the solution indicates
of mixing 10 uL of sample with 24QuL of a solution of 2% HCI in the scavenging efficiency of the added substance. Determination of
75% ethanol in a 96-well microtitration flat-bottom plate (Corning). antioxidant activity by the DPPH methodq) was adapted for use
The absorbance of the solution was monitored at 280 nm with a with microplates. Briefly, a solution of DPPH (1%0/) was prepared
spectrophotometer (Spectramax Plus 384, Molecular Devices Corp.,in 80% methanol instead of 100%. Using 80% methanol had the
Sunnyvale, CA) to measure total phenolics. Catechin dissolved in advantage of a faster reaction rate for some compounds such as BHT
methanol at concentrations ranging from 0 to 200 mg/L was used as aand lower evaporative losses. Samples or standard was added to a well
standard. Phenolic content was expressed as milligrams equivalent ofin a 96-well flat-bottom visible light plate containing 200 of DPPH
(+)-catechin per gram of sample. solution. Samples were prepared in triplicate for each of four concentra-
Fractionation of Methanolic Extract. An aliquot (0.38 g) of the tion used (6-500 uM). The plate was then covered and left in the
methanolic extract of manually obtained hull fraction (MH) was applied dark at room temperature-@0 °C). After 30, 60, 75, 90, and 120 min,
to a chromatographic column (34 50 cm) packed with silica gel absorbance at 520 nm was measured in a spectrophotometer (Spectra-
(F2s4 0.063-0.20 mm; 76-230 mesh ASTM; Fluka) and eluted using  max Plus 384).
solvents (100 mL each) of increasing polarity, starting with chloroform, A plot of Aszonm Versus concentration was made for each time
a mixture of chloroform/ethyl acetate (1:1 v/v), ethyl acetate, ethyl interval. The sample concentration with initial absorbance closest to
acetate/acetone (1:1, v/v), acetone, acetone/methanol (1:1 v/v), methathat of the blank (DPPH- solvent) was chosen for final calculation of

where Reonrol @nd Rsample are the degradation rates @fcarotene in
reactant mix without and with sample extract, respectively. The AA
values for different times were averaged to give one AA value for the
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Table 1. Yield of Milled Samples from Phaseolus vulgaris cv. FM-38 Table 2. Phenolic Content in Methanolic Extracts of Milled Bean
Samples
sample yield (%)?2
dehulled beans (DB) 63.42 a concentration?
hull 2 (Hp) 453¢ sample® mg/g sample° mglg beans?
residue 2 (Ry) 4.07c ) 56310 255
hull 1 (Hy) 2.85¢
: R, 55.30b 2.25bc
residue 1 (Ry) 5.12¢
powder (P) 18.20 b Hy 57.04b 163d
MH 78.24 a 6.28 a
DB 2.08d 1.32d
@ Means in a column followed by the same letter are not significantly different P 752¢ 1.37d
by Duncan’s multiple range test at the 5% level. R; 11.61c 059e
WBF 2.09d 2.09c
MDB 2.22d 2.04c

antiradical activity (ARA), defined by the following equation from

Burda and Oleszek2@): @Means in a column followed by the same letter are not significantly different

by Duncan’s multiple range test at the 5% level. b Hp, hull 2; R,, residue 2; H,

ARA =100 x (1 — absorbance of sample/absorbance of control) hull 1; MH, manually removed hull; DB, dehulled beans; P, powder; Ry, residue 1;

4) WBF, whole bean flour; MDB, manually dehulled beans. ¢ Concentration of phenolics

expressed as milligram equivalents of (+)-catechin per gram of sample. ¢ Con-

TEAC. The Trolox equivalent antioxidant capacity (TEAC) assay, centration of phenolics expressed as milligram equivalents of (+)-catechin per gram
based on the reaction of DPPH with Trolox, was used to compare the of beans.

radical scavenging activity of a compound to that of Trolox, a water-

soluble vitamin E analogu@8, 24). Sample or standard (1601 BHT Table 3. Phenolic Content of Fractions Obtained from

or (+)-catechin, 22uL) was added to a well in a 96-well flat-bottom  Chromatographic Separation of Manually Removed Hull (MH)2
visible light plate containing 200L of DPPH solution. The plate was

then covered and left in the dark at room temperatt20(°C). Trolox concentration?
solgtions in the 6800 uM_concentration ranges were e'mployed fo.r' yield relative phenolic mglg Lglg
calibration. The decrease in absorban_ce at 520 nm 30 min after addition . oo (%) content (% of total)? samples beans¢
of a compound was used for calculating the TEAC. The TEAC value,
an indicator of the antioxidant capacity of the sample relative to Trolox g:IEA gg g g-gee 22‘5‘; Eg :
on a molar basis, was calculated as follo@8)( EA 06 h 624 135.4 164
EA/AT 13¢g 5.2d 113.0e 8.8f
TEACsampie= AAsampid(Slope [sample]) ®) AT 56¢ 2700 586.7 b 2080b
ATIME 440D 355a 7724 a 2073.0a
where AAsampie iS the decrease in absorbance of the sample over 30 ME 57d 19.8¢ 4307 ¢ 148.0¢
min, and [sample] is the concentration of the sample in micromolar ~ ME/H,0 34.8a 0.8f 1819 56.2d

(based on catechin equivalent).
Data were subjected to analysis of variance by the general linear  2Means in a column followed by the same letter are not significantly different
models (GLM) procedure, means comparison by Duncan’s test, and by Duncan's multiple range test at the 5% level. ® CH, chloroform; CHIEA,

Pearson correlation according to SAS methd®B).( chloroform/ethyl acetate (1:1, v/v); EA, ethyl acetate; EA/AT, ethyl acetate/acetone
(2:1, viv); AT, acetone; AT/ME, acetone/methanol (1:1, v/v); ME, methanol; ME/
RESULTS AND DISCUSSION H,0, methanol/water (1:1, v/v). ¢ Concentration of phenolics expressed as milligram

. . . . . equivalents of (+)-catechin per gram of sample. ¢ Concentration of phenolics
Processing of beans yielded two highly purified hull fractions, expressed as microgram equivalents of (+)-catechin per gram of beans.

H, and H, and a residue fraction,Rhat contained hull with
small amounts of cotyledorT&ble 1). The yield of the residue  bean flour (2.09 mg/g) was within the range reported for
fraction R was similar to that obtained by abrasive dehulling common beans3().
of kidney beans~5%) (26). The combined yield of hull (i Methanolic extract of hulls obtained manually (MH) was
+ Hy) obtained from the pearling process (7.4%) and manually further separated into eight different fractions with chloroform
(about 8%) was similar to those reported previoudl®)(The (CH), ethyl acetate/chloroform (EA/CH), ethyl acetate (EA),
yield of dehulled beans at 63% was similar to thosBladseolus ethyl acetate/acetone (EA/AT), acetone (AT), acetone/methanol
aureausobtained by home-scale and traditional commercial (AT/ME), and methanol/water (MEA®) (Table 3) The acetone/
methods 27). The proportion of hulls and cotyledons obtained methanol and aqueous methanol extracts averaged over 6 times
manually from the beans were 8 and 90%, respectively. the yields of acetone or methanol alone. Aqueous methanol
Total phenolic contents of hull, whole, and dehulled beans (50%) is known to be the most efficient solvent for extraction
ranged from 2.2 to 78.2 mg of catechin equivalents per gram of flavonoids in freeze-dried vegetables and frug®)( The AT,
of sample, and from 0.6 to 6.3 mg of catechin equivalents AT/ME, and ME extracts had 7.5, 9.9, and 5.5 times the
expressed per gram of beangable 2). Our results for total phenolic contents, respectively, of the crude extract of the
phenolics of bean samples are in good agreement with thosemanually hulled fraction. The amount of components extracted
reported previouslyl2, 28—30). The highest concentration of by solvents decreased in the following order: AT/MEME/
phenolics was obtained for MH, followed by,Hand H H,O > AT = ME > EA/CH > CH > EA/AT > EA. Theyield
fractions. The manually separated hull (MH) displayed 37-fold of extract from bean hulls increased with increasing polarity of
greater phenolic content than the whole bean flour (WBF) and the solvents, as reported previously for peanut hid® énd
dehulled beans (DB). The similar contents of phenolics for H buckwheat seed component84). Polar solvents extracted
and R suggest that air separation was inefficient in classifying phenolics with different efficiency, where the most polar
these fractions and reflects their similar yieldsble 1). As solvents, AT and ME and their mixtures, extracted the maximum
expected, dehulled beans obtained either manually or by pearlingamount of phenolic compounds (587, 431, and 772 mg of
had the lowest phenolic concentration. Phenolic content of whole catechin equivalent per gram, respectivelyaifle 3). With other
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Table 4. Antioxidant and Antiradical Activities of Methanolic Extracts .
from Samples of Beans (Phaseolus vulgaris cv. FM-38) 0.3 1
antioxidant activity, antiradical activity, E 4 © Cat
p-carotene method? DPPH method? 2 AH2
NI 0.2 OR2
sampleP AOX°® AAd ORR® AAC' ARAJ TEACh 8 *H1
BHT 079 872a 013e 11929a 145d  12d g oMH
catechin 370  559b  043d  4264b  479a  3la 5 01 " BHT
Hy 6.21 31.9d 0.68b 277.2d 30.7b 24b 5
R2 6.30 316d 0.67b 1479e 28.3¢c 21c
Hi 8.47 16.6 e 0.83a 15.0f 275¢ 21c
MH 538  441c 056c  3333c  326h 24b 0.0 ' ‘ ‘ ' !
0 20 40 60 80 100
Time (min)

@ Means in a column followed by the same letter are not significantly different

by Duncan’s multiple range test at the 5% level. n = 3. P BHT and catechin were
measured at final concentrations of 1000 «M. ¢ Antioxidant value. ¢ Antioxidant
activity. € Oxidation rate ratio. ' Antioxidant activity coefficient. 9 Antiradical activity.

Figure 2. Antioxidant activity of methanolic extracts from milled samples
of beans (Phaseolus vulgaris cv. FM-38) assayed by the S-carotene
bleaching method (BHT and catechin at 1000 #M concentration were

P Trolox equivalent antioxidant capacity. used as reference). Hy, hull 2; Ry, residue 2; Hy, hull 1; MH, manually
obtained hull.

solvents and solvent mixtures, such as EA, EA/AT, EA/CH,
CH, and ME/HO, the contributions of phenolics were 135, 113,

64, 55, and 18 mg of catechin equivalent per gram, respectively.

0.9

That AT/ME extracted the maximum amount of phenolic _ —e—Blank
compounds was not surprising since both solvents (acetone and & :__:Z
methanol) are known to be efficient in extracting procyanidins S 06 e
from grape seed phenolic85). b —o—MH

The S-carotene bleaching method was used to evaluate & —
antioxidant activity in bean samples. Samples with high phenolic & —
content were adjusted to 1008 (asuM catechin equivalents), ﬁ

while DB, P, WBF, and MDB, fractions with lower phenolic
content, were tested at 1% catechin equivalent. BHT and
(+)-catechin were used as standards at a concentration of 12000
uM. The measure of antioxidant activity by th@carotene Figure 3. Antiradical activity of milled sample extracts of beans (Phaseolus
bleaching test showed that only samples MH, R;, and H vulgaris cv. FM-38) (BHT and catechin at 1000 uM concentration were
(Table 4) exhibited antioxidant activity, indicating that it was ~ Uused as reference). Hy, hull 2; Ry, residue 2; Hy, hull 1; MH, manually
concentrated near the surface of the seed. The other sample8btained hull. n = 3.

(DB, P, R, WBF, and MDB) showed little or no antioxidant

activity, probably due to low phenolic content{2 mg/g of ~ antiradical activity (ARA) of extracts from MH, H R;, and
sample). There was a trend toward reduced antioxidant activity H: was significantly more effective than those of catechin but
with decreasing particle size. Antioxidant activity indices, AOX €quivalent to about twice the quenching capacity of BHT at
(antioxidant activity), AA (% inhibition relative to control), ORR ~ 55.1 mg/L (ARA= 34.2%; data extrapolated from BHT curve)
(ratio), and AAC (antioxidant activity coefficient), for bean (Table 4, Figure 3). Calculation of the scavenging activity in
samples followed similar trends. Their values varied from terms of the TEAC similarly showed that the values for the
highest to lowest as follows: ME Hy = R, > H; (Table 4). bean samples MH, £R,, and H surpassed those of BHT but
The extract from MH was more efficient than those from H ~ were lower than those of catechifiable 4). Samples WBF,
R., and H, and at 290 mg/L concentrations the inhibition of MDB, Ry, and P that showed no response infhearotene test
S-carotene bleaching was equivalent to 23.7 mg/L of BHT. Presented weak antiradical activity (15.3, 7.2, 3.2, and 1.2%,
Extracts from H exhibited significantly higher AAC values than ~ respectively). The radical scavenging activity of catechin at
R, despite their similar AOX, AA, and ORR values. As 47.9% was similar to that reported previously, at 46.638),(
expected, antioxidant activity of extracts reflected their phenolic validating the reproducibility of the assay.

content. The inhibition gB-carotene bleaching by bean extracts ~ Extracts from MH, H, Ry, and H showed dose-dependent
(Figure 2) showed that antioxidant activity of milled samples DPPH quenching capacityigure 4); MH and H were more
was lower than those of the standards BHT and catechin. active than R and H,, especially at 106250 mg/L. At 125
Phenolic content, expressed as milligrams per gram of sample,mg/L, the antiradical activities of MH andzivere comparable

o
W

Time (min)

showed significant correlation with AA, ORR, and AAC £
0.762, 0.762, and 0.702, respectively, wit 0.0001 for AA
and ORR, angb < 0.05 for AAC). When phenolic content was
measured as milligrams equivalent of)¢catechin per gram
of beans, it showed strong correlation with AA and ORR, with
r > 0.91 p < 0.0001), and AAC, withr = 0.825 < 0.005).

to those of catechin and BHT, while at 250 mg/L, all bean
samples exhibited antiradical activity superior to that of BHT.
Only four (EA/AT, AT, AT/ME, and ME) of the eight
fractions obtained by chromatographic separation exhibited
antioxidant activity Table 5). Fractions EA/AT and ME had
the highest and lowest antioxidant activities of the four fractions,

The free radical scavenging activity of methanolic extract respectively Figure 5). The antioxidant activities (AA and
from the bean samples was also tested by measuring their abilityORR) of fraction EA/AT were equivalent to those of catechin
to quench the stable 1,1-diphenyl-2-picrylhydrazyl radical at 197 mg/mL. The AAC values of fractions EA/AT and AT
(DPPH). This assay provides stoichiometric information with were significantly not different from those ofldnd R (Table
respect to the number of electrons taken up by the tested4), respectively. The EA/AT and AT extractable fractions had
compounds in the presence of the stable free radical. Theantioxidant activities (AOX, AA, and ORR values) similar to
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Figure 4. Antiradical activity of milled samples of cv. FM-38 at different
concentrations evaluated by the DPPH method (BHT at 500 M and
catechin at 100 M concentration were used as reference). H,, hull 2;
R,, residue 2; Hy, hull 1; MH, manually obtained hull; CAT, catechin.

Table 5. Antioxidant and Antiradical Activities of Chromatographic
Fractions Obtained from Manually Removed Hull Fraction (MH) of
Beans (Phaseolus vulgaris cv. FM-38)

antioxidant activity, antiradical activity,

p-carotene method? DPPH method?
sample  AOX° AAd ORR® AAC' ARA¢ TEACh
EA/AT 568 5434a 047c 279.03a 19.59 a 154a
AT 660 4743a 053c 157.89b 3.72d 041c
AT/IME 738 3800b 0.62b 13289bc  18.71b 146a
ME 743  2826c 0.72a 72.37¢ 16.59 ¢ 1.16b

@ Means in a column followed by the same letter are not significantly different
by Duncan’s multiple range test at the 5% level. n = 3. ® EA/AT, AT, AT/ME, and
ME represent ethyl acetate/acetone (1:1, v/v), acetone, acetone/methanol (1:1,
viv), and methanol, respectively. ¢ Antioxidant value. ¢ Antioxidant activity. € Oxi-
dation rate ratio. f Antioxidant activity coefficient. 9 Antiradical activity. " Trolox
equivalent antioxidant capacity.

0.4

E © EA/AT
S A AT

w

g X AT/ME
g o ME

E- O Cat

B

Z W BHT
<

0.0 , - ,

20 40 60 100

Time (min)

80

Figure 5. Antioxidant activity of fractions separated on silica gel
chromatographic column from manually removed hull (MH) fraction of
beans (Phaseolus vulgaris cv. FM-38) assayed by the /3-carotene bleaching
method (BHT and catechin at 1000 #M concentration were used as
reference). EA/AT, AT, AT/ME, and ME represent ethyl acetate/acetone
(2:1, viv), acetone, acetone/methanol (1:1, viv), and methanol, respectively.

those of the MH fractionTable 4), suggesting that the latter
may be represented in its entirety by fractions EA/AT and AT.
Antiradical activities (ARA and TEAC) of EA/AT and AT/ME
fractions were significantly higher than those of ME and AT
and surpassed those of BHT, with the exception of Aalle

5, Figure 6). When the values for phenolics were compared
against the antioxidant and antiradical activities of the chro-
matographic fractions, a poor relationship existed among the
parameters. For example, fraction AT/ME had lower antioxidant

J. Agric. Food Chem., Vol. 50, No. 24, 2002 6979

0.6

o
w

100 150
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Figure 6. Antiradical activity of chromatographic fractions obtained from
manually removed hull fraction (MH) of beans (Phaseolus vulgaris cv.
FM-38) (BHT and catechin at 100 uM concentration were used as
reference). EA/AT, AT, AT/IME, and ME represent ethyl acetate/acetone
(2:1, viv), acetone, acetone/methanol (1:1, viv), and methanol, respectively.

activity (half of AAC value) than fraction EA/AT, although its
phenolic content was 7 times higher than that of the latter. These
results suggest that the antioxidant activity of the fractions
remains unaccounted for by its phenolics, since the latter most
likely is covalently bound or unglycosylated.

In our study, phenolic content in column fractions, expressed
as milligrams per gram of sample, showed only moderate
correlation with antioxidant activity, AACr(= 0.676,p < 0.05).

This is in contrast with a previous repo87) that the antioxidant
activities of extracts fractionated from the hulls of fava beans,
broad beans, lentil, and peas differed and were dependent on
their contents of phenolic compounds.

Our data showed that bean phenolics exhibited antioxidant
activity. On the other hand, when antiradical activity was
evaluated, milled samples MH,;RH;, and R, including
fractions EA/AT, AT, AT/ME, and ME, showed better scaveng-
ing effects on the free radical DPPH, suggesting that these
phenolics are better as free radical scavengers than as antioxi-
dants. The results of this study provide evidence that bean hulls,
and to a lesser extent other bean fractions obtained by dry
dehulling, exhibit interesting antioxidant properties, expressed
by their capacity to either scavenge free radicals or inhibit lipid
peroxidation. The antioxidant effects of the manually separated
hulls and their fractionated methanolic extracts may partly
explain the reported antimutagenic activities. Further elucidation
of the composition of the phenolic extract from the seed coat
of beans and variability in antioxidant activity due to cultivars
is currently in progress. This study demonstrates the feasibility
of producing fractions of bean by dry milling that have elevated
levels of phenolic antioxidants and enhanced antioxidant activi-
ties. The data suggest that it would be possible to manipulate
the dry milling process to produce a fraction or fractions that
contain the desired concentration of one or more of these
antioxidants. Thus, a diet rich in beans and bean products
(obtained by an optimized milling process) may be useful in
the treatment of pathologies in which free radical production
plays a key role.

LITERATURE CITED

(1) Geil, P. B.; Anderson, J. W. Nutrition and health implications
of dry beans: a reviewl. Am. Coll. Nutr 1994 13, 549-558.

(2) Sandberg, A.-S. Developing functional ingredients a case study.
In Functional Foods Concept to ProducGibson, G. R.,
Williams, C. M., Eds.; CRC Press: Boca Raton, FL, 2000;
Chapter 9, pp 209232.



6980 J. Agric. Food Chem., Vol. 50, No. 24, 2002

(3) Anderson, J. W.; Story, L.; Sieling, B.; Chen, W. J. L.; Petro,
M. S.; Story, J. Hypocholesterolemic effects of oat-bran or bean
intake for hypercholesterolemic meAm. J. Clin. Nutr 1984
48, 749-753.

(4) Bazzano, L.; He, J.; Ogden, L. G.; Loria, C.; Vupputuri, S.;
Myers, L.; Whelton, P. K. Legume consumption and risk of
coronary heart disease in US men and wordeah. Intern. Med
2001, 161, 2573-2578.

(5) Hughes, J. S.; Ganthavorn, C.; Wilson-Sanders, S. Dry beans
inhibit azoxymethane-induced colon carcinogenesis in F344 rats.
J. Nutr. 1997, 127, 2328-2333.

(6) Bourdon, I.; Olson, B.; Backus, R.; Richter, B. D.; Davis, P.

A.; Schneeman, B. O. Beans, as a source of dietary fiber, increase

cholecystokinin and apolipoprotein B48 response to test meals
in men.J. Nutr. 2001 131, 1485-1490.

(7) Tsuda, T.; Osawa, T.; Nakayama, T.; Kawakishi, S.; Ohshima,
K. Antioxidant activity of pea beanPhaseolusvulgaris L.)
extract.J. Am. Oil Chem. Sod 993 70, 909-913.

(8) Tsuda, T.; Ohshima, K.; Kawakishi, S.; Osawa, T. Antioxidative
pigments isolated from the seeds Rlhaseolusvulgaris L. J.
Agric. Food Chem1994 42, 248-251.

(9) Onyeneho, S. N.; Hettiarachchy, N. S. Effect of navy bean hull
extract on the oxidative stability of soy and sunflower ols.
Agric. Food Chem1991, 39, 1701-1704.

(10) Duh, P.-D.; Yen, W.-J.; Du, P.-C.; Yen, G.-C. Antioxidant
activity of mung bean hullJ. Am. Oil Chem. Socl997, 74,
1059-1063.

(11) Duh, P.-D.; Du, P.-C.; Yen, G.-C. Action of methanolic extract
of mung bean hulls as inhibitors of lipid peroxidation and non-
lipid oxidative damageFood Chem. Toxicoll999 37, 1055
1061.

(12) GonZtez de Meja E.; Castao-Tostado E.; Loarca-PanG.
Antimutagenic effects of natural phenolic compounds in beans
Mutat. Res. Genet. Toxicol. Enon. Mutagen 1999 441, 1-9.

(13) Cardador-Martinez, A.; Castano-Tostado, E.; Loarca-Pina, G.
Antimutagenic activity of natural phenolic compounds present
in the common bearPhaseolusulgaris) against aflatoxin B
Food Addit. Contam2002 19, 62—69.

(14) Mazza, G.; Fukumoto, L.; Delaquis, P.; Girard, B.; Ewert, B.
Anthocyanins, phenolics, and color of Cabernet Franc, Merlot,
and Pinot Noir wines from British Columbial. Agric. Food
Chem 1999 47, 4009-4017.

(15) Fukumoto, L. R.; Mazza, G. Assesing antioxidant and prooxidant
activities of phenolic compoundd. Agric. Food Chem200Q
48, 3597-3604.

(16) Marco, G. J. A rapid method for evaluation of antioxidadts.
Am. Oil Chem. Socl968 45, 594-598.

(17) Velioglu, Y. S.; Mazza, G.; Gao, L.; Oomah, B. D. Antioxidant
activity and total phenolics in selected fruits, vegetables and grain
products.J. Agric. Food Chem1997, 45, 304—-309.

(18) Oomah, B. D.; Mazza, G. Flavonoids and antioxidative activities
in buckwheatJ. Agric. Food Chem1996 44, 1746-1750.

(19) Al-Saikhan, M. S.; Howard, L. R.; Miller, J. C., Jr. Antioxidant
activity and total phenolics in different genotypes of potato
(Solanum tuberosunt..). J. Food Sci 1995 60, 341—-343.

(20) Marinova, E. M.; Yanishlieva, N.; Kostova, I. N. Antioxidative
action of the ethanolic extract and some hydroxy coumarins of
Fraxinus ornusbark. Food Chem1994 51, 125-132.

(21) Mallet, J. F.; Cerrati, C.; Ucciani, E.; Gamisana, J.; Gruber, M.
Antioxidant activity of plant leaves in relation to theirtoco-
pherol contentFood Chem1994 49, 61—-65.

Cardador-Martinez et al.

(22) Burda, S.; Oleszek W. Antioxidant and antiradical activities of
flavonoids.J. Agric. Food Chem2001, 49, 2774-2779.

(23) Van den Berg, R.; Haenen, G. R. M. M.; van den Berg, H.; Bast,
A. Applicability of an improved Trolox equivalent antioxidant
capacity (TEAC) assay for evaluation of antioxidant capacity
measurements of mixtureBood Chem1999 66, 511—-517.

(24) Pietta, P.; Simonetti, P.; Mauri, P. Antioxidant activity of selected
medicinal plantsJ. Agric. Food Chem1998 46, 4487-4490.

(25) SAS Institute, INcSAS/STAT User’'s Guid¥ersion 6, 4th ed.;
SAS Institute: Cary, NC, 1990.

(26) Reichert, R. D.; Oomah, B. D.; Youngs, C. G. Factors affecting
the efficiency of abrasive-type dehulling of grain legumes
investigated with a new intermediate-sized, batch dehuller.
Food Sci 1984 49, 267-272.

(27) Deshpande, S. S.; Damodaran, S. Food legumes: chemistry and
technology. InAdvances in Cereal Science and Technotogy
Pomeranz, Y., Ed.; American Association of Cereal Chemists,
Inc.: St. Paul, MN, 1990; Vol. X, pp 147241.

(28) Deshpande, S. S.; Sathe, S. K.; Salunkhe D. K.; Cornforth, D.
P. Effects of dehulling on phytic acid, polyphenols and enzyme
inhibitors of dry beansRhaseolusulgarisL.). J Food Sci1982
47, 1846-1850.

(29) Deshpande, S. S.; Cheryan, M. Evaluation of vanillin assay for
tannin analysis of dry beand. Food Sci1985 50, 905-910.

(30) Ganthavorn, C.; Hughes, J. S. Inhibition of soybean oil oxidation
by extracts of dry bean®baseolusulgaris). J. Am. Oil Chem.
Soc 1997, 74, 1025-1030.

(31) Bressani, A.; Elias, L. G. The nutritional role of polyphenols in
beans. InPolyphenols in Cereals and Legumétulse, J. H.,
Ed.; International Development Research Centre: Ottawa,
Canada, 1980; pp 6168.

(32) Lee, H. S. HPLC Analysis of Phenolic Compounds.Food
Analysis by HPLCNollet, L. M. L., Ed.; Marcel Dekker: New
York, 2000; pp 775824.

(33) Duh, P.-D.; Yen, D.-B.; Yen, G.-C. Extraction and identification
of an antioxidant component from peanut hullsAm. Oil Chem.
Soc 1992 69, 814-818.

(34) Przybylski, R.; Lee, Y. C.; Eskin, N. A. M. Antioxidant and
radical-scavenging activities of buckwheat seed componénts.
Am. Oil Chem. Socl1998 75, 1595-1601.

(35) Escribano-Bailon, T.; Gutierrez-Fernandez, G.; Rivas-Gonzalo,
J. C.; Santos-Buelga, C. Characterization of procyanidingtisf
vinifera variety Tinta del Pais grape seedsAgric. Food Chem
1992 40, 1794-1799.

(36) Lida, T.; Yoshiki, Y.; Kawane, M.; Okubo, K. Reactive oxygen-
scavenging compound isolated from adzuki beansPhy-
tochemicals and Phytopharmaceuticahahidi, F., Ho, C.-H.,
Eds.; AOCS Press: Champaign, IL, 2000; pp 2@%0.

(37) Troszynska, A.; Bednarska, A.; Latosz, A.; Kozlowska, H.
Polyphenolic compounds in the seed coat of legume s&s.

J. Food Nutr. Sci1997 6/47, 37—45.

Received for review March 7, 2002. Revised manuscript received August
15, 2002. Accepted August 16, 2002.

JF020296N



