JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

4826 J. Agric. Food Chem. 2006, 54, 4826—4832

Antioxidant and Antiradical Activities in Extracts of Hazelnut
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Phenolic compounds in the aqueous systems were extracted, from hazelnut kernel (HK) and hazelnut
green leafy cover (HGLC), with 80% (v/v) ethanol (HKe and HGLCe) or 80% (v/v) acetone (HKa and
HGLCa). The extracts were examined for their phenolic and condensed tannin contents and phenolic
acid profiles (free and esterified fractions) as well as antioxidant and antiradical activities by total
antioxidant activity (TAA), antioxidant activity in a S-carotene-linoleate model system, scavenging of
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical, and reducing power. Significant differences (p < 0.05)
in the contents of total phenolics, condensed tannins, and TAA existed among the extracts that were
examined. HGLCa extract had the highest content of total phenolics (201 mg of catechin equivalents/g
of extract), condensed tannins (542 mg of catechin equivalents/g of extract), and TAA (1.29 mmol of
Trolox equivalents/g of extract) followed by HGLCe, HKa, and HKe extracts, respectively. Five phenolic
acids (gallic acid, caffeic acid, p-coumaric acid, ferulic acid, and sinapic acid) were tentatively identified
and quantified, among which gallic acid was the most abundant in both free and esterified forms.
The order of antioxidant activity in a f-carotene—linoleate model system, the scavenging effect on
DPPH radical, and the reducing power in all extracts were in the following order: HGLCa > HGLCe
> HKa > HKe. These results suggest that both 80% ethanol and acetone are capable of extracting
phenolics, but 80% acetone was a more effective solvent for the extraction process. HGLC exhibited
stronger antioxidant and antiradical activities than HK itself in both extracts and could potentially be
considered as an inexpensive source of natural antioxidants.

KEYWORDS: Hazelnut kernel; hazelnut green leafy cover; total phenolics; condensed tannins; phenolic
acids; antioxidant activity; antiradical activity; DPPH; free-radical scavenging

INTRODUCTION phenolic acids, flavonoids, tannins, and lignans, among others)
that possess substantial antioxidant and antiradical activajes (
anticarcinogenic and antimutagenic effects (3), and antiprolif-
erative potential4). These phenolics provide protection against
harmful effects of free radicals and are known to reduce the
risk of certain types of cancer, coronary heart disease (CHD),
cardiovascular disease (CVD), stroke, atherosclerosis, os-
teoporosis, inflammation, and other neurodegenerative diseases
associated with oxidative stres®, 8, 5—9). Moreover, plant
phenolic compounds are known to have multifunctional proper-
ties, such as acting as reducing agents (free-radical terminator/
scavenger), metal chelators, singlet oxygen, and free-radical
quenchers (10).

Evaluation of antioxidant and antiradical activities of fruits,
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Recent recognition of nuts as “heart-healthy” foods by the
Food and Drug Administration (FDA) has provided a major
boost to the image of nuts, including hazelnut. Turkey is the
world’s largest hazelnut producer, contributing approximately
70% to the total global production, followed by Italy (12%),
the United States (6%), and Spain (2%).(Hazelnut green
leafy cover (HGLC) is a byproduct of hazelnut shell processing
(Figure 1), which is removed from hazelnut soon after harvest-
ing with no current commercial value. However, it is occasion-
ally used as fertilizer for the hazelnut trees upon composting.

Plant-derived products (edible and nonedible) contain a wide
range of phytochemicals and phenolic compounds (such as
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Hazelnut kernel Hazelnut green leafy cover
Figure 1. Hazelnut kernel and hazelnut green leafy cover.

antioxidant and antiradical potential of foods and dietary 12 hand stored in vacuum-packaged polyethylene pouche8@tC
supplements. To accurately evaluate the potential of antioxidantsuntil they were used for further analysis.

and antiradicals in foods, at least two different methods and Preparation of Extracts. Defatted HK and HGLC were transferred
solvent systems should be employed. to dark-colored flasks, extracted using two different solvent systems

I " [100 mL of an 80:20 (v/v) ethanol/water mixture (HKe and HGLCe)
pis-l';ggh?gtgzl)daénrf da;tggtr:eé; fzrg')ltr?;\lllz gg;nnaﬂg;)%%gz'%ese and an 80:_20 (v/v) acetone/water mixture (HKa and HGLCa)] _at a solid:_
studies have ,acknowledged, that nut hulls are rich sources Ofsol\(ent ratio of 1:10 (w/v), and subsequently placed in a shaking Magni

Y= . . Whirl constant-temperature water bath (model MSG-1122A-1, Blue
natural antioxidant and phenolic compounds, which may render y gjectric Co., Blue Island, IL) at 56C for 30 min (L8). The resulting
beneficial biological activities. AIthough several publications slurries were centrifuged at 4008w 15 min, and the supernatant was
dealing with antioxidant activity and phenolic constituents of collected. The residue was re-extracted twice under the same conditions,
hazelnut kernel (HK) (1927, 28) and its brown skin or testa  and supernatants were combined. Then, the solvent was removed from
(29) have appeared, no such information is available aboutthe combined supernatants under vacuum at*@0(model Biichi
HGLC. Extracts of natural antioxidants from inexpensive or Rotavapor R-114, Blchi Labortechnik AG, Flawil, Switzerland), and
processing byproducts could potentially be used as nutraceuti-the remaining water in the concentrated extract was removed by

cals, dietary supplements, and pharmaceuticals or CosmeticlyOph'hzatlon for 72 h at-=48 °C and 0.046 mbar (Freezone 6, model

inaredients. amona others. Th investigation of bhenolic 77530, Labconco Co., Kansas City, MO). Finally, the prepared crude
ingredients, 9 S- us, investigatl p_ MC oxtracts were stored at20°C in vacuum-sealed pouches (in the dark)
constituents and measurement of antioxidant and antiradical

I 4 | until they were used for further analysis.
activities of HK and HGLC are of particular interest. The UV Spectra. Ultraviolet (UV) spectra of the extracts were recorded

objectives of this study were to investigate the phenolic gjng a Beckman DU 7500 diode array spectrophotometer (Beckman
constituents and their antioxidant and antiradical activities in |nstruments Inc., Fullerton, CA), as reported by Amarowicz et3l).(

the aqueous ethanol and acetone extracts obtained from both petermination of the Total Phenolic Content.The content of total

HK and HGLC. phenolics in extracts was determined according to a modified version
of the procedure described by Singleton and R&®Hi (sing the Folin
MATERIALS AND METHODS and Ciocalteu’s phenol reagent. The content of total phenolics was

determined from a standard curve using catechin as a standard and

Samples. The premium class natural Turkish Tombul hazelnuts expressed as milligrams of catechin equivalents (CE) per gram of
(Corylus avellanalL.) were harvested from the Giresun province of extract.
Turkey at the beginning of the harvest season of 2004. Briefly, HGLCs  Determination of the Condensed Tannin Content.The content
were removed by hand from hazelnuts soon after harvesting. Both of condensed tannins in extracts was determined according to a modified
unshelled hazelnuts and HGLCs were separately sun-dried simulta-version of the vanillin assay described by Price et3#]) &nd expressed
neously for 3 days at20—25°C. The sun-dried HGLCs were green/  as milligrams of CE per gram of extract.
brownish in color. Both sun-dried samples were dispatched by DHL Determination of Total Antioxidant Activity (TAA). The TAA
World Wide Express to the Food Research Center, University of in extracts was determined according to the Trolox equivalent anti-
Lincoln, and then kept in a dark room at®8 until they were analyzed. oxidant capacity (TEAC) assay described by van den Berg €83). (
The unshelled hazelnuts were cracked prior to analysis to remove and Liyana-Pathirana and Shahi@4j. The TAA was expressed as

hazelnut hard shells. The remaining hazelnut kernels with ﬂ(gu(e millimoles of Trolox equiva|ents (TE) per gram of extract.

1) were used for the analysis. Extraction, Hydrolysis, Identification, and Quantification of
Chemicals. All chemicals were obtained from Sigma-Aldrich Co.  phenolic Acids. Phenolic acids in extracts of HK and HGLC were

Ltd. (Dorset, U.K.), unless otherwise specified. assessed according to the high-performance liquid chromatographic

Preparation of Defatted SamplesAll samples that were tested (HK ~ (HPLC) method of Amarowicz and Weidne35), with slight modifica-
and HGLC) were ground separately in a coffee mill (Moulinex Corp., tions. An aqueous suspension of the extract (100 mg in 10 mL) was
Toronto, ON) for 3 min and then defatted by blending with hexane adjusted to pH 2 (using 6 M HCI), and free phenolic acids were
(1:10, wlv, 3x 5 min) in a Waring blender (model 33BL73, Waring  extracted five times, each into 10 mL of diethyl ether, using a separatory
Products Division, Dynamic Corp. of America, New Hartford, CT) at funnel. The combined extract was then evaporated to dryness under
ambient temperature. Defatted samples were subsequently air-dried fovacuum at room temperature. The aqueous solution was neutralized
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and then lyophilized. The residue was dissolved in 10 mL of 2 M NaOH
and hydrolyzed fo4 h atroom temperature under a stream of nitrogen.
After acidification to pH 2 (using 6 M HCI), phenolic acids liberated
from esters were extracted five times, each into 15 mL of diethyl ether,

using a separatory funnel. Ether from the combined extracts was then extracts®
evaporated to dryness. The dry residues of free and esterified phenolic Hke

acids were dissolved separately in 2 mL of methanol and finally filtered
through a GELMAN Acrodisc LC13 PVDV 0.4bm pore size syringe
filter (PALL Life Sciences, Ann Arbor, MI) for the HPLC analysis.

Phenolic acids in each fraction were analyzed using a Shimadzu
HPLC system (Shimadzu Corp., Kyoto, Japan) consisting of a LC-
10AD pump, a SCTL 10A system controller, and a SPD-M 10A photo-
diode array detector (DAD). Twenty microliters of the sample extracts
was automatically injected into a prepacked LiChrospher 100 RP-18
column (250 mmx 4 mm x 4 mm inner diameter, xm particles,
Merck, Darmstadt, Germany) at room temperature. Isocratic elution
(filtered through a 0.4&m Millipore filter prior to use) was employed
with a mobile phase consisting of HPLC-grade water, acetonitrile, and
acetic acid (88:10:2, v/v/v) at a flow rate of 1 mL/min. The wavelengths
of the DAD were set at 280 and 320 nm for monitoring phenolic acids.
Tentatively identified phenolic acids were quantified on the basis of
their peak areas and comparison with a calibration curve obtained with
the corresponding standards (gallic acid, caffeic geichumaric acid,
o-coumaric acidm-coumaric acid, ferulic acid, sinapic acid, vanillic
acid, protocatechuic acid, syringic acid, gentisic acid, and salicylic acid).
The results from free and esterified hydrolysates were calculated to

represent the total phenolic acid content. Phenolic acids are expressed

as micrograms of phenolic per gram of extract.
p-Carotene—Linoleate Model SystemThe antioxidant activity of

the extracts was evaluated iffaaroteneinoleate model systen86).

Briefly, methanolic solutions (0.2 mL) containing 2 mg of the extract

Alasalvar et al.

Table 1. Contents of Phenolics, Condensed Tannins, TAA, and ICs in
Extracts of HK and HGLC?

total condensed
phenolics® tannins? TAAE ICsof
2324050 405+08g 0.20+00lg  0.504+0.015g
HKa 103 £ 1.0h 320 £ 6.3h 0.62 +0.03h 0.098 + 0.003h
HGLCe 156 + 1.0 385+ 2.1i 1.14 £ 0.05i 0.074 + 0.002i
HGLCa  201+20]  542+21]  129+003  0.0650.002]

2 Data are expressed as means =+ the standard deviation (n = 3) on an extract.
Means + standard deviations followed by the same letter, within a column, are not
significantly different (p > 0.05). ?HKe, hazelnut kernel extracted with ethanol;
HKa, hazelnut kernel extracted with acetone; HGLCe, hazelnut green leafy cover
extracted with ethanol; and HGLCa, hazelnut green leafy cover extracted with
acetone. ¢ Total phenolics, expressed as milligrams of CE per gram of extract.
4 Condensed tannins, expressed as milligrams of CE per gram of extract. € TAA,
expressed as millimoles of TE per gram of extract. /ICso, expressed as milligrams
of extract required to scavenge the initial DPPH radical by 50%.

Statistical Analysis.Results were expressed as mearthe standard
deviation (SD) (n= 3) on an extract. The statistical significance (t-
test, two-sample equal variance, using a two-tailed distribution) and
coefficient of determinations?) were determined using Microsoft Excel
statistical software and chart (add trendline), respectively (Microsoft
Office Excel 2003, Microsoft Corp., Redmond, WA). Differences (
< 0.05) were considered to be significant.

RESULTS AND DISCUSSION

Total Phenolics, Condensed Tannins, and TAAPhenolic
compounds in the aqueous systems were extracted from HK

were added to a series of tubes containing 5 mL of previously prepared and HGLC, using 80% (v/v) ethanol (HKe and HGLCe) or 80%

emulsion of linoleate anfl-carotene stabilized with Tween 40, prepared
as described by Wanasundara et ar)( A reference compound was
carried out using 0.5 mg of BHA (butylated hydroxyanisole). Im-
mediately after the addition of the emulsion to the tubes, the zero-time
absorbance at 470 nm was recorded using a Beckman spectrophotomet
(Beckman Instruments Inc.). Absorbance values were recorded over
120 min period at 15 min intervals the samples were kept in a water
bath at 50°C.

Determination of DPPH Radical Scavenging Activity.The method

described by Amarowicz et al. (38) was used to assess DPPH (2,2-

diphenyl-1-picrylhydrazyl) radical scavenging activity of the extracts.
Briefly, an aliquot (0.1 mL) of methanolic solution containing 0-02
0.1 mg of extracts was mixed with 2 mL of methanol, and then a
methanolic solution of DPPH radical (1 mM, 0.250 mL) was added.
The mixture was vortexed for 15 s and then left to stand at room
temperature for 30 min. Finally, the absorbance of the resulting solution
was read spectrophotometrically (Beckman Instruments Inc.) at 517

(v/v) acetone (HKa and HGLCa). Significant differencps<

0.05) in total phenolics, condensed tannins, and TAA existed
among the extracts. HGLCa extract had the highest content of
total phenolics (201 mg of CE/g of extract), condensed tannins

3%42 mg of CE/g of extract), and TAA (1.29 mmol of TE/g of

extract), followed by HGLCe, HKa, and HKe extracts, respec-
tively (Table 1). Correlation existed between the total phenolic
contents of the extracts and their TA®R = 0.97).

Total Phenolics.The total phenolic content of HK and HGLC
extracts ranged from 23.2 to 103 mg of CE/g of extract and
from 156 to 201 mg of CE/g of extract, respectivelyable 1).
Extracts obtained from 80% ethanol were characterized as
having a lower content of total phenolics compared to those of
extracts obtained from 80% acetone. Siriwardhana and Shahidi
(15) found that the 80% (v/v) ethanol extracts of whole almond
seed (kernel) and its green shell (leafy) cover had a total phenolic

nm. Results were expressed as the content of extract (milligram per content of 8.1 and 71.1 mg of CE/g of extract, respectively. A

assay) versus absorbance at 517 nm. From the graphwhG read as
milligrams of extract required to scavenge the initial DPPH radical by
50%.

Determination of the Reducing Power.The reducing power of
the extracts was determined as described by Amarowicz et@lagd
Oyaizu (39). Briefly, a suspension of each extract (8:02 mg) in 1
mL of distilled water to which were added 2.5 mL of a 0.2 M phosphate
buffer (pH 6.6) and 2.5 mL of a 1% (w/v) solution of potassium
ferricyanide was used for the determination of reducing power. After
incubation in a water bath at 3C for 20 min, 2.5 mL of a 10% (w/v)
trichloroacetic acid solution was added, and the mixture was then
centrifuged at 1750dor 10 min. Following this, 2.5 mL of the
supernatant was combined with 2.5 mL of distilled water and 0.5 mL
of a 0.1% (w/v) solution of ferric chloride. Finally, the absorbance of
the reaction mixture was recorded spectrophotometrically (Beckman

higher concentration of total phenolics in almond seed using
80% (v/v) acetone extract (16.1 mg of CE/g of extract) was
obtained by Amarowicz et al40). Compared to cited studies,

a content of total phenolics in HK extracts, much higher than
that of almond seed extracts, was detected. Recently, Madhuijith
and Shabhidi (41) studied the antioxidant potential of four bean
varieties and their hull fractions, which were extracted with 80%
(v/v) acetone. The total phenolic content of whole seed and bean
hull extracts ranged from 4.9 to 93.6 mg of CE/g of extract
and from 6.7 to 270 mg of CE/g of extract, respectively.
Subsequently, Shahidi et afl2) studied the antioxidant activity

of white and black sesame seeds and their hull fractions, which
were extracted with 80% (v/v) ethanol. The total phenolic
contents of whole black sesame seeds and hull extracts were

Instruments Inc.) at 700 nm; the increased absorbance of the reaction29.9 and 146.6 mg of CE/g of extract, respectively. The
mixture indicates a greater reducing power. Results were expressed agorresponding values for white sesame were 10.6 and 29.7 mg

content of extract (milligram per assay) versus absorbance at 700 nm.

of CE/g of extract, respectively. Both HK and HGLC were
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Table 2. Contents of Free and Esterified Phenolic Acids (micrograms per gram) in Extracts of HK and HGLC?

free phenolic acids esterified phenolic acids
extracts? gallic caffeic p-coumaric ferulic sinapic gallic caffeic p-coumaric ferulic sinapic
HKe nd¢ nd nd nd nd 158 + 5d nd 13+ 1d nd 39+2d
HKa nd nd 5+1d nd nd 204 + 6e nd 21+1e nd 52+2e
HGLCe 253 + 25d nd 38 +5e nd nd 1244 + 40f 376 + 8d 180 + 12f 55+ 2d 22 £ 1f
HGLCa 269 + 27e nd 41 +5e nd nd 1450 + 449 352+ 8e 202 + 14f 58 + 3d 18+ 1g

2Data are expressed as means + the standard deviation (n = 3) on an extract. Means * standard deviations followed by the same letter, within a column, are not
significantly different (p > 0.05). © HKe, hazelnut kernel extracted with ethanol; HKa, hazelnut kemel extracted with acetone; HGLCe, hazelnut green leafy cover extracted
with ethanol; and HGLCa, hazelnut green leafy cover extracted with acetone. ¢Not detected.

shown to be good sources of phenolics compared with those ofDue to different expressions used in this study (on an extract
almond, bean, and sesame seeds (40—42). basis) and those in the cited study (on an as is weight basis),
Condensed Tannins.The content of condensed tannins, no direct comparison could be made on a quantitative basis.
expressed as milligrams of CE per gram of extract, varied quite  Phenolic Acids.The contents of free and esterified phenolic
markedly, from a low of 40.5 for HKe to a high of 542 for acids in extracts of HK and HGLC are listed Trable 2. A
HGLCa (Table 1). Extracts from HGLCa and HGLCe contained total of five phenolic acids were tentatively identified, one of
larger amounts of condensed tannins than extracts obtained fromwhich was a hydroxylated derivative of benzoic acid (gallic acid)
HKa and HKe. In addition, acetone extract (80%) was a more and four of which were cinnamic acid derivatives (caffeic acid,
effective solvent for the extraction of condensed tannins that p-coumaric acid, ferulic acid, and sinapic acid). In addition, there
ethanol extract (80%). According to Naczk et &d3), a higher were several unknown compounds in both free and esterified
level of crude tannins was detected in wild blueberry leaves phenolic acids. Among the identified phenolic acids, gallic acid
extracted with acetone [70% (v/v)] compared with that extracted was most abundant in both free and esterified forms, and all
with ethanol [95% (v/v)]. The reason acetone extract is more five phenolic acids were present only in the HGLCe and HGLCa
effective than ethanol extract is that tannins are relatively high- extracts. In contrast, no phenolic acid was detected in HKe
molecular weight compounds and the polarity of ethanol is too extract. Caffeic acid, ferulic acid, and sinapic acid were not
low for total extraction of these polar compounds from plant detected in free phenolic acids. The order of total phenolic acid
sources. Acetone extract [80% (v/v)] provides the most complete concentration (both free and esterified) was as follows: HGLCa
extraction of phenolic compounds from lentil seeds, especially > HGLCe > HKa > HKe. The esterified phenolics were the
flavonols and condensed tannins (18), and this is expected topredominant form of phenolic acids and comprised 100, 98.2,
extend to other high-tannin plant material. 86.6, and 87% of the total soluble phenolic acids present in
Tannins, partly responsible for the astringent taste as well asHKe, HKa, HGLCe, and HGLCa extracts, respectively.
the brown color, are water-soluble naturally occurring complex  Senter et al.Z9) compared phenolic acids of nine edible tree
polyphenols that are present in many plant foods, including nuts, nuts produced in the United States. The extracts of nut samples
their skins, and hulls2;, 44). According to Venkatachalam et showed great diversity in the phenolics that were present.
al. (45), total tannins in nine commercially important edible tree Qualitative and quantitative differences existed among nut
nuts (hazelnut, almond, Brazil nut, cashew, macadamia, pecansamples in the phenolic acids present, with gallic acid being
pine nut, pistachio, and walnut) varied from 0.01 to 0.88% on predominant except in pine nut, almond, and hazelnut (filbert).
an “as is” weight basis, expressed as CE by the vanillin assay.A total of eight phenolic acids were isolated and identified
The health aspect of tannins has been reviewed well by Chungamong nine nutghydroxybenzoic acidy-hydroxyphenylacetic
et al. (44). Hagerman et al. (46) reported that tannins were 15 acid, vanillic acid, protocatechuic acid, syringic acid, gallic acid,
30 times more effective in quenching peroxyl radicals than caffeic acid, and ferulic acid). Protocatechuic acid has been
simple phenolics and Trolox. Therefore, tannins should be reported to be the predominant phenolic acid in testa (brown
considered as potentially important biological antioxidants.  skin) of hazelnut with a concentration of 0.36/g. This
TAA. The total antioxidant activities of HKe and HKa phenolic acid was not detected in our study. This could be due
extracts were lower than those of HGLCe and HGLCa extracts to either different extraction solvents used between the two
(Table 1). The data indicated that TAA values of HK and HGLC studies (we used 80% ethanol or acetone, whereas they used
extracts at the same extract concentration were in the following 0.1 M HCI in methanol) or the possibility that amounts of brown
order: HGLCa> HGLCe > HKa > HKe. Moreover, TAA skin present in HK might have not been sufficient for detection
values of HGLCe and HGLCa extracts were 5.7- and 2.1-fold of protocatechuic acid, since brown skin represents a very minor
greater than those of their corresponding HKe and HKa extracts, proportion of the whole HK. It has been reported that caffeic
respectively. The contents of total phenolic and condensed tanninacid, sinapic acid, ferulic acid, argtcoumaric acid are more
extracts were closer; hence, at a given extract concentration,antioxidative than protocatechuic acid, syringic acid, vanillic
HGLC extracts would be more antioxidative than HK extracts. acid, and protocatechuic acid (47).
The TAA of HKa was 2.6- and 2.1-fold higher than those of  Yurttas et al. (27) isolated and tentatively identified six
crude acetone extracts [80% (v/v)] of almond seed (40) and phenolic aglycones in Turkish and American hazelnut extracts;
pea (30), respectively. these were gallic acigh-hydroxybenzoic acid, epicatechin and/
Wu et al. 8) measured the lipophilic and hydrophilic or caffeic acid, sinapic acid, and quercetin. However, the variety
antioxidant capacities of common foods in the U.S. markets of hazelnut and extraction solvents used in this study was
and found that hazelnut had the third highest value (966l different from that used by Yurttas et al. (27), who used 300
of TE/g on an as is basis) of total antioxidant capacity (by mL of a methanol/water mixture (2:1, v/v) for extraction
combining lipophilic and hydrophilic) among 10 nut samples solvents. Variety and extraction exerted a great influence on
that were examined, with pecan and walnut having the highest.the concentration and variability of phenolic acids present.



4830 J. Agric. Food Chem., Vol. 54, No. 13, 2006 Alasalvar et al.

12 12
10 | 10 HGLCa
g 08} HKa 8 o0s |
c j =
3 3
5 06| 5 06 [ HGLCe
@ HKe @
2 2
<« 04 B < 04 |
0.2 | 02 F
0.0 . L L 0.0 . L ! !
220 260 300 340 380 220 260 300 340 380
Wavelength (nm) Wavelength (nm)

Figure 2. UV spectra in extracts of HK and HGLC.

Ten phenolics (including triterpenoids) in almond hul4 ( 0.60

22,48, 49) and four phenolic acids in almond sed®) have £ 050
been reported following base-assisted hydrolysis. Like hazelnut b
and almond kernels (seeds), some of other tree nut kernels and E 0.40
their processing byproducts have been reported to contain § 0.30
different patterns and levels of phenolic aci@$. ( § o BHA
Ultraviolet Spectra. Figure 2 depicts UV spectra of phenolic s 0.20 I:gtgi
compounds extracted from HK and HGLC. The UV spectra of 2 o0 | *-rKe
extracts depended upon the extraction solvent that was em- ' iésgro[
ployed. HKa extract exhibited maximum absorbance at 280 nm, 0.00 L L L L L ]
whereas HKe extract showed no maximum absorption. With 0 20 40 60 80 100 120
regard to HGLC, the UV spectra of both HGLCa and HGLCe Oxidation duration (min)

extracts exhibited maximum absorbance at 274 and 272 nM, gy 0 3 Antioxidant activity in extracts of HK and HGLC in a -carotene—
respectively. The UV spectra of the extracts showed that both i eate model system.

acetone and ethanol were capable of extracting phenolics, but

acetone was a more effective solvent for extracting hazelnut (onnin fractions of phenolics to the observed antioxidant activity
samples. This could be due to the presence of large amounts ofy¢ ihe prepared extracts from hazelnut samples.

condensed tannins that are more soluble in acetone than ethanol v\ rttas et al. 27) studied antioxidant activity of non-

and might have brought about their better extraction and hence,cqpherol phenolics of hazelnut and found that nonhydrolyzed
a higher absorbance valugaple 1). The excellent ability of  gyiracts of hazelnut phenolics exhibited greater antioxidant
acetone to extract phenolic compounds in this study is in 4qiivities than the corresponding hydrolyzed extracts. They
agreement with published data for lentil seeds and may be dueg,ggested that some phenolics may have been destroyed during
to better solubilization of condensed tannins in this solv&8y. ( hydrolysis. Antioxidant activity in 80% (v/v) acetone extract
Antioxidant Activity in the f-Carotene—Linoleate Model of almond seed in the same model system showed a weaker
System.To study the antioxidant efficacy of samples, the active antioxidant activity for almond seed extradi0) compared to
components must be extracted effectively from the defatted that of 80% acetone extract of HK. The antioxidant activities
samples. A number of solvent systems have been used succesgf several plant-derived foods and their byproducts using the
fully for extraction of antioxidants and bioactives from oilseeds same model system with different extraction solvents have been
(19, 20, 40, 50) and plant species (183). Therefore, two  published (13,16, 20, 43, 50). The antioxidant activities of
solvent systems (80%, v/v, ethanol and 80%, v/v, acetone) wereextracts determined herein exhibited similar patterns, with some
evaluated for their effectiveness in the preparation of HK and exceptions.
HGLC extracts. These solvent systems were chosen because Scavenging of DPPH RadicalsThe DPPH radical scaveng-
they were less polar than pure water and might extract more ing assay is commonly employed in evaluating the ability of
hydrophobic compounds. antioxidants to scavenge free radicals. The change in absorbance
The antioxidant activity of both HK and HGLC, as measured at 517 nm is used as a measure of the scavenging effect of a
by the p-carotene-linoleate model system, is presented in particular extract for DPPH radicalg). The absorbance at
Figure 3. As oxidation progressed, the absorbancg-oérotene 517 nm decreases as the reaction between antioxidant molecules
at 470 nm decreased and its yellow color faded. The referenceand DPPH radical progresses. Hence, the more rapidly the
compound, BHA, exhibited a more powerful antioxidant activity absorbance decreases, the more potent the antioxidant activity
than all extracts that were examined. The antioxidant activity of the extract in terms of its hydrogen atom-donating capacity
in this model system was in the following order: BHA (16). As shown inFigure 4, HGLCa and HGLCe extracts
HGLCa> HGLCe > HKa > HKe > control. However, acetone  exhibited a greater scavenging activity than their HKa and HKe
extracts were more effective compared than the correspondingcounterparts. No significant difference ¢ 0.05) was noted
ethanol extracts; a higher level of condensed tannins, which arebetween HGLCa and HGLCe extracts at all concentrations that
more soluble in acetone, may have brought about the strongerwere tested, except for 0.08 and 0.1 mg/assay at which HGLCa
antioxidant activity observed for acetone extracts. A similar was a strongemp(< 0.05) scavenger than HGLCe. Similar trends
trend of UV spectra was also reported when wild blueberry were also observed for kg(Table 1). The scavenging potentials
leaves were extracted with 70% (v/v) acetor8)( More of the extracts that were tested (HGLCa, HGLCe, HKa, and
research is needed to assess the contribution of tannin and nonHKe), reported as milligrams of extract required to reduce the
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14 r Thus, reducing activity leads to termination of the radical chain
12 ! reactions that may otherwise be very damagib)(
£ The results obtained from the extracts of HGLC were similar
g 10 to those reported for crude tannins of can&a) @nd blueberry
® 08 leaf extracts 43). The reducing powers of HK extracts (HKa
§ 05 and HKe) determined in this study were found to be higher
s™ than that of 80% (v/v) acetone extract of almond se&d).(
§ 0.4 In summary, different assays used for examining antioxidant
< o2 | and antiradical activities of HK and HGLC extracts revealed
| that HGLC exhibited stronger antioxidant and antiradical
0.0 ! ! * ! ! activities than HK and could potentially be considered as an
000 002 004 006 008 010 inexpensive source of natural antioxidants. Acetone was found
Content (mg/assay) to be an effective solvent for extraction of antioxidants from
Figure 4. Scavenging activity in extracts of HK and HGLC on DPPH both HK and HGLC. Further research is required for qualitative
radical. and quantitative determination of free, esterified, glycoside, and
ester-bound phenolic acids in HK and HGLC. Furthermore, it
12 1 0 ke is also needed to evaluate antioxidant and antiradical activities
g 10 | ——HKa of various phenolic fractions of these extracts as well as to
£ —a_HGLCe isolate and identify the active components of HK and HGLC.
2 08 [ —a—HGLCa
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