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ABSTRACT: Phenolic acids profile and antioxidant activity of six diverse varieties of spelt are reported. Antioxidant activity was
assessed using eight methods based on different mechanism of action. Phenolic acids composition of spelt differed significantly
between varieties and ranged from 506.6 to 1257.4 μg/g DW. Ferulic and sinapinic acids were the predominant phenolic acids
found in spelt. Total ferulic acid content ranged from 144.2 to 691.5 μg/g DW. All analyzed spelt varieties possessed high
antioxidant potential. In spite of the fact that bound phenolic acids possessed higher antioxidant activities, analysis of antioxidant
potential and their relationship with phenolic acid content showed that free phenolics were more effective. Eight antioxidant
methods were integrated to obtain a total antioxidant capacity index that may be used for comparison of total antioxidant
capacity of spelt varieties. Total antioxidant potential of spelt cultivars were ordered as follows: Ceralio > Spelt INZ ≈ Ostro >
Oberkulmer Rotkorn > Schwabenspelz > Schwabenkorn.
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■ INTRODUCTION
Spelt (Triticum aestivum ssp. spelta L.) is an ancient and distant
cousin to modern wheat (Triticum aestivum). Spelt was the
predominant bread cereal from the fifth century until the begin-
ning of the 20th century. Nowadays, it is an alternative crop in
relation to wheat. Spelt is a more environmentally friendly crop
compared to wheat because it requires lower nitrogen fertiliza-
tion levels and is well-adapted to cool and wet conditions.
Additionally, spelt wheat is a low-input plant, suitable for
growth without the use of pesticides, in harsh ecological con-
ditions and in marginal areas of cultivation.1 For many years,
cultivation of spelt declined, but recent interest in use of
spelt for ecologically grown foods has led to resurgence in its
cultivation.
Epidemiological studies strongly suggest that diets play a

significant role in the prevention of many chronic diseases.
Grain consumption has been associated with reduced risk of
certain chronic diseases, including cancer, and this has been
attributed in part to the unique phytochemicals in grains.2

Phenolic acids and their associated antioxidant activity are one
of the important constituents of wheat, widely studied in recent
years. Simple phenolic acids of wheat include mainly ferulic,
vanillic, syringic, sinapinic, caffeic, and p-coumaric acids, which
have been demonstrated to be a source of nutritional
antioxidants.3 Previously, the phenolic content of whole grains
had been underestimated, as most research only determined the
free phenolic content and not the content of phenolics that
were bound to the cell wall material.2

Grain phytochemicals exert their health benefits through
multifactorial physiological mechanisms including antioxidant
activity. A majority of the phenolics in wheat are found
predominantly in the outer bran layer. Upon digestion, even
though most of the phenolics are ester- or ether-linked to
polymers in the plant cell wall, intestinal microbes are able to
cleave the bonds and free many of the phenolics, thereby

making them nutritionally available.4 Many of these phenolics
exhibit strong antioxidant properties in that they scavenge or
neutralize free radicals and thereby reduce or minimize
oxidative damage to proteins, DNA, and lipids. This reduc-
tion in oxidative damage to cells and cell components may
explain their preventive effect against diseases related to oxidative
stress.5

Current interest in the health benefits provided by grain
consumption has led to an increased focus on the phyto-
chemical content of different grains and grain varieties.
Recently there has been some renewed interest in ancient
grains by health-conscious groups, as well as the health food
market, with the aim to utilize the unique nutraceutical values
offered by these ancient grains.2 In spite of the growing interest
in spelt products, review of recent literature shows a lack of
comprehensive and comparative elaborations concerning
phenolic acids profile and antioxidant activities demonstrated
by spelt varieties. The objectives of this study were to deter-
mine the profiles of total phenolic acids including free and
bound forms and the antioxidant activity profiles of six spelt
varieties.

■ MATERIALS AND METHODS
Plant Material. The examined grain of spelt wheat (Triticum

aestivum ssp. spelta L.) varieties (Ceralio, Ostro, Spelt INZ
Droogendijk, Oberkulmer Rotkorn, Schwabenspelz and Schwaben-
korn) derived from the Experimental Farm (51°19′ N; 23°26′ E)
belonging to Agroecology Department of University of Life Sciences in
Lublin, Poland. The experiments were set up on mixed rendzina soil
formed in the Cretaceous age. Cultivar samples were grown in the
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2011 crop year. Grains (three samples per variety) were dehulled,
grounded in a labor mill, and sieved (60 mesh).6

Chemicals. Ferrozine (3-(2-pyridyl)-5,6-bis(4-phenyl-sulfonic
acid)-1,2,4-triazine), DPPH (2,2-diphenyl-1-picrylhydrazyl), Folin−
Ciocalteau reagent, linoleic acid, ammonium thiocyanate, nitroblue
tetrazolium (NBT), phenazinemetholsulphate (PMS), pyrogallol,
NADH, and hemoglobin were purchased in Sigma-Aldrich Co. USA.
All others chemicals were of analytical grade.
Extraction of Free and Bound Phenolic Compounds.

Wholemeal fractions (1 g) were mixed with 10 mL of 80% chilled
ethanol for 20 min with continuous shaking at room temperature. The
suspension was centrifuged, and the supernatant (free phenolic
extracts) was collected. The pellet was re-extracted twice with 10 mL
of 80% chilled ethanol, and all supernatants were combined. The free
phenolic extracts were concentrated using a vacuum evaporator and
then filled up with methanol to a final volume of 10 mL. The free
phenolic compounds were then stored at −40 °C until further use.
After extraction of free phenolics, 20 mL of 2 M NaOH was added
directly to the pellet and shaken for 90 min at 60 °C. After alkaline
hydrolysis, the solution was acidified to pH 2 with 6 M HCl and
centrifuged to separate cloudy precipitates. The free fatty acids and
other lipid contaminants in the clear solution were removed by
extraction with hexane (five times). The liberated phenolic acids were
then extracted six times with ethyl acetate. The pooled ethyl acetate
extracts were evaporated to dryness, and then bound phenolic
compounds were reconstituted in 10 mL of methanol and stored at
−40 °C until further use.3

HPLC Analysis of Phenolic Acids Profile. Phenolics were
analyzed according to the method described previously.7 Samples were
analyzed with a Varian ProStar HPLC system separation module
(Varian, Palo Alto, CA) equipped with ProStar 325 UV−vis detector.
The column used was a 250 mm × 4.6 mm i.d., 5 μm Varian
ChromSep C18 SS, with a guard column ChromSpher 5 C18 SS
10 mm × 2 mm. The column thermostat was set at 40 °C. The mobile
phase consisted of 4.5% acetic acid (solvent A) and 50% acetonitrile
(solvent B) at a flow rate of 0.8 mL/min. At the end of the gradient,
the column was washed with 50% acetonitrile and equilibrated to the
initial condition for 10 min. Quantitative determinations were carried
out with the external standard calculation, using calibration curves of
the standards. The gradient elution was used as follows: 0 min 92% A,
30 min 70% A, 45 min 60%, 80 min 61% A, 82 min 0% A, 85 min
0% A, 86 min 92% A, 90 min 92% A. Detection was carried out at 270
and 370 nm. Comparison of their retention times with those of the
standard compounds was conducted to identify phenolic compounds
in a sample. Phenolics were expressed in mg/g of dry weight (DW).
Determination of DPPH Radicals Scavenging Activity

(DPPH). Forty μL of methanolic extracts was mixed with 1.80 mL
of 6 μM solution of DPPH• in methanol. Absorbance at 715 nm was
measured immediately and after 10 min of incubation.8 The affinity of
test material to quench DPPH free radical was evaluated according to
equation:

= − ×A A Ascavenging% [( )/ ] 100C( t)0) A( C(0)

where: AC(0), absorbance of control at 0 min; AA(t), absorbance of
sample after 10 min.
Reducing Power Assay (RED). Sample (2.5 mL) was mixed with

2.5 mL of 200 mM phosphate buffer (pH 6.6, prepared by dilution of
NaH2PO4·2H2O and Na2HPO4·7H2O stock solutions mixed with
proper proportions) and 2.5 mL of 1% (w/v) aqueous solution of
potassium ferricyanide K3[Fe(CN6)]. The mixture was incubated at 50
°C for 20 min. A portion (0.5 mL) of 10% (w/v) trichloroacetic acid
was added to the mixture, which was then centrifuged at 25g for 10
min. The upper layer of solution (2.5 mL) was mixed with distilled
water (2.5 mL) and 0.5 mL of 0.1% (w/v) FeCl3, and the absorbance
was measured at 700 nm.9 Data were expressed as a quercetin
equivalent (QE) μg/mg of DW.
Chelating Power Assay (CHEL). The extract samples (0.5 mL)

was added to a 0.1 mL of 2 mM FeCl2 solution and 0.2 mL 5 mM
ferrozine, and the mixture was shaken vigorously and left standing at
room temperature for 10 min.10 Absorbance of the solution was then

measured spectrophotometrically at 562 nm. The percentage of
inhibition of ferrozine−Fe2+ complex formation was given below
formula:

= − ×A A%inhibition [1 ( / )] 100A c

where: Ac, absorbance of control; AA, absorbance of sample
Inhibition of Linoleic Acid Peroxidation (LPO). The anti-

oxidant activity was determined as a degree of inhibition on the
hemoglobin-catalyzed peroxidation of linoleic acid.11 Ten μL of
sample were mixed with 0.37 mL of 50 mM phosphate buffer (pH 7)
containing 0.05% (v/v) Tween 20 and 4 mM linoleic acid and then
equilibrated at 37 °C for 3 min. The peroxidation of linoleic acid was
initiated by adding 0.02 mL 0.035% (w/v) hemoglobin (in water)
followed by incubation in a shaking bath at 37 °C for 10 min and
stopped by adding 5 mL 0.6% HCL (v/v; in ethanol). The
hydroperoxide formed was assayed according to a ferric thiocyanate
method with mixing in order of 20 mM FeCl2 (0.1 mL) and 30%
(w/v) ammonium thiocyanate (0.1 mL). The absorbance at 480 nm
(As) was measured for 5 min. The absorbance of blank (A0) was
obtained without addition hemoglobin to the above reaction mixture;
the absorbance of control (A100) was obtained with no sample addition
to the above mixture. The antioxidative activity of the sample was
calculated as:

= − − − ×AA A A A A[%] [1 ( )/( )] 100s 0 100 0

where: A0, absorbance of blank; As, absorbance of sample; A100,
absorbance of control

Superoxide Anion Scavenging Activity (SASA). One mL of
nitroblue tetrazolium (NBT) solution (156 μg NBT in 100 mM
phosphate buffer, pH 7.4), 1 mL of NADH solution (468 μg in 100 mM
phosphate buffer, pH 7.4), and 0.1 mg of sample solution were mixed.
The reaction started by adding 100 μL of phenazinemetholsulphate
(PMS) solution (60 μg NBT in 100 mM phosphate buffer,
pH 7.4) to the mixture. The reaction mixture was incubated at 25 °C
for 5 min, and the absorbance at 560 nm against blank samples were
measured. Decreased of absorbance indicated an increased superoxide
anion scavenging activity.12

The affinity of test material to quench superoxide anion was
evaluated according to equation:

= − ×A A ASASA% [( )/ ] 100A(0) (0)

where: A(0), absorbance of control; AA, absorbance of sample
Assay for Superoxide Dismutase-Like Activity (SOD-like).

Superoxide dismutase SOD-like activity was assayed by the method
described previously.13 The reaction mixture was prepared by mixing
0.2 mL of the sample solution, 2.6 mL of the Tris−HCl buffer (50 mM
TRIZMA+ 10 mM EDTA, pH 8.5), and 0.2 mL of 7.2 mM pyrogallol
and kept at 25 °C for 10 min. The oxidized pyrogallol was measured at
420 nm after stopping the reaction by adding 0.1 mL of 1.0 M HCl.
The SOD-like activity was calculated using the following equation:

‐ = − ×A ASOD like activity[%] [1 ( / )] 100s c

where: As, absorbation of tested sample; Ac, absorbation of control
sample

Inhibition of Lipoxygenase (LOXI). Lipoxygenase activity was
determined spectrophotometrically at temperature 25 °C by
measuring the increase of absorbance at 234 nm over a 2 min
period.14 Briefly, the reaction mixture contained 2.45 mL 1/15 mol/L
phosphate buffer, 0.02 mL of lipoxygenase solution (167 U/mL), and
0.05 mL of inhibitor (spelt extract) solution. After preincubation of the
mixture at 30 °C for 10 min, the reaction was initiated by adding 0.08 mL
2.5 mmol/L linoleic acid. One unit of LOX activity was defined as an
increase in absorbance of 0.001/min at 234 nm.

OH• Scavenging Assay (OH). OH• scavenging assay was
performed according to procedure previously described.15 Hydroxyl
radicals were generated by Fenton reaction in the system of FeSO4
and H2O2. The reaction mixture was consisted of 0.5 mL of FeSO4
(8 mM), 0.8 mL of H2O2 (6 mM), 0.5 mL distilled water, 1.0 mL
of extract, and 0.2 mL sodium salicylate (20 mM). The total mixture
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(3.0 mL) was incubated at 37 °C for 1 h, and then the absorbance of
the mixture was recorded at 562 nm. The scavenging activity was
calculated using the following equation:

= − − ×A A Ascavenging activity[%] [1 ( )/ ] 1001 2 0

where: A0, absorbance of the control (without extract); A1, absorbance
of the extract addition, and A2, absorbance without sodium salicylate.
Total Antioxidant Capacity Index (AI). Sample concentration

(mg DW/mL) providing 50% inhibition (EC50) was calculated from
the graph plotting inhibition percentage. Lower EC50 means a higher
potency. Additionally, phenolic acid concentration providing 50%
activity (PAC50) was determined in a dose-dependent manner (data
not shown) of spelt antioxidant action.
Eight antioxidant methods were integrated to obtain the total

antioxidant capacity index (AI) that may be used for comparison of
total antioxidant capacity of spelt varieties. The AI of each spelt was
calculated as the sum of relative activities (RA) for each antioxidant
chemical methods. RA was calculated as follows:

= A ARA /m max

where: Am, measured activity (EC50); Amax, maximal activity
determined for the method
Statistical Analysis. All experimental results were mean ± SD of

three (three extracts and three measurements for each extract) parallel
experiments (n = 9). Statistical tests were evaluated by using the
Statistica 6.0 software (StatSoft, Inc., Tulsa, OK, USA). The obtained
data were subjected to statistical analysis and the consequent
evaluations were analyzed for variance analysis. The statistical
differences were estimated through Tukey’s test. All the statistical
tests were carried out at a significance level of α = 0.05.

■ RESULTS
Phenolic Acids Profile. As presented in Table 1, phenolic

acids composition of spelt differs significantly between varieties.
It could be seen that dominant free phenolic acids were
protocatechuic, ferulic, and chlorogenic. Protocatechuic acid
was the dominant free phenolic acid in Ostro, Spelt INZ,
Schwabenkorn, and Oberkulmer Rotkorn grains (47.5, 86.5,
78.2, and 60.2 μg/g, respectively). The free phenolic fractions
of the Ostro, Ceralio, and Oberkulmer Rotkorn grains con-
tained larger amounts of syringic acid than the bound phenolic
extracts. Gallic acid mainly occurred in free phenolic fraction.
Only in Ostro grains, bound phenolics extract contained this
compound. In all samples, a relatively low level of caffeic acid
was determined, however the bound phenolics extract con-
tained larger amounts of this compound as compared to the
free phenolics extracts. It is noteworthy that phenolic acids
were strongly bound with matrix and were effectively released
during hydrolysis. For example, p-coumaric, p-hydroxybenzoic,
ferulic, sinapinic, and chlorogenic acids occurred mainly in the
bound phenolics. Profile of phenolic acids released after
hydrolysis showed that ferulic and sinapinic acids were
dominant components of bound phenolic acids fraction. For
Schwabenspelz, Spelt INZ, and Schwabenkorn, these phenolics
constituted 80%, 78%, and 88% of bound phenolic acids,
respectively. It is worth mentioning that in Ceralio, no salicylic
acid was detected, whereas Schwabenspeltz grain did not
contain o-coumaric acid. An example of HPLC analysis of
phenolic acids is presented in Figure 1. Total phenolic acid
level and contribution of individual phenolic acid in the
phenolics extract of spelt grain differ significantly between
cultivars (Table 1). The highest total phenolic acids (TPA)
content was determined for Schwabenspelz (1257.4 μg/g),
whereas the lowest was for Ceralio (461.7 μg/g). The highest
amount of free phenolic acids were found for Oberkulmer

Rotkorn (161.8 μg/g), whereas the lowest was in Ostro and
Schwabenspelz grains (72.6 and 75.6 μg/g, respectively).
Contrary to this, the highest amounts of bound phenolic
acids were determined in Schwabenspelz (1181.8 μg/g) and
Spelt INZ (967.5 μg/g). In our study, the free/bound phenolic
acid ratio was determined. Taking into account this parameter,
spelt varieties were ordered as follows: Oberkulmer Rotkorn >
Ceralio > Ostro > Spelt INZ ≈ Schwabencorn >
Schwabenspelz (Table 1).

Antioxidant Activity. Considering the chemical diversity
of the antioxidant compounds present in food and the
interactions occurring among those different molecules, the
evaluation of total antioxidant capacity seems to be a more
useful marker as opposed to the evaluation of a single com-
pound. In this experiment, six methods (LPO, antiradical,
chelating, and reducing power estimation) were applied to
analyze the antioxidant activity of spelt grains. Additionally,
SOD-like activity and LOX inhibition activity were determined.
In the light of data presented in Table 2, all tested spelt
cultivars possessed high nutraceutical potential based on
various mechanisms of antioxidant action. It was observed
that all analyzed spelt samples possessed the ability to prevent
lipids against oxidation. Taking into account the free phenolics
fraction, the highest activity was observed for Ceralio extract
(EC50 = 18.9 mg/mL) whereas the lowest was for
Schwabenkorn extract (EC50 = 125.8 mg/mL). It was noted
that OH•, O2−, and DPPH radicals were effectively scavenged
by free phenolics extracts from Spelt INZ (EC50 = 20.6, 30.2,
and 154.3 mg/mL, respectively). High ability to quench O2−

radicals and inhibit LOX was also determined for Ostro free
phenolics fraction. Free phenolics from Ceralio and Oberkulm-
er Rotkorn possessed a high ability to chelate metal ions.
Irrespective of the spelt variety and methods used, higher
antioxidant activity was demonstrated by bound phenolics
fraction. It is worth noting that bound phenolics from all
studied varieties, except Schwabenkorn, effectively prevent
lipids from oxidation. Significantly higher SOD-like activity and
ability to neutralize OH• radicals were determined for bound
phenolics fraction from Schwabenkorn, Ceralio, Oberkulmer
Rotkorn, and Spelt INZ. It should be noted that extracts of
Spelt INZ and Oberkulmer Rotkorn inhibited LOX activity by
a lesser degree than the other studied cultivars. As it can
be observed from the Table 2 that the highest DPPH scaveng-
ing activity was determined for Schwabenspelz (EC50 = 74.9
mg/mL) whereas the lowest was for Schwabenkorn (EC50 =
182.7 mg/mL). On the other hand, when antioxidant activity
was expressed as PAC50, it is clearly visible that in all spelt
varieties, except Oberkulmer Rotkorn, free phenolic acids
comprised the most active fraction (Table 3).
For better estimation of total antioxidant potential, the

antioxidant index (AI) was determined. Data presented in
Table 4 show that the highest relative activity (RA) values were
obtained in both free and bound phenolics extracts from
Ceralio, whereas the lowest were in Schwabenkorn extracts.
Total antioxidant potential of spelt cultivars were ordered as
follows: Ceralio > Spelt INZ ≈ Ostro > Oberkulmer Rotkorn >
Schwabenspelz > Schwabenkorn.

■ DISCUSSION
Phenolic Acids Profile. The health benefit (lower risk of

cardiovascular disease, ischemic stroke, type II diabetes,
metabolic syndrome, and gastrointestinal cancers) of whole
grain consumption may be due to their unique phytochemical
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composition. The common phenolic acids found in whole
grains were ferulic acid, vanillic acid, caffeic acid, syringic acid,
and p-coumaric acid.4 Ferulic and other phenolic acids protect
wheat kernels by providing both physical and chemical barriers
through cross-linking carbohydrates, antioxidant activities to
combat destructive radicals, and astringency that deters
consumption by insects and animals.16 Differences in phenolic
acid composition among cultivars have been observed.17 Ferulic
acid, a hydroxycinnamic acid derivative, is the predominant
phenolic acid found in whole grains.18 Okarter et al.2 reported

that the total ferulic acid content of 11 wheat varieties ranged
from 286.5 to 587.8 μg/g DW, with the bound ferulic acid
accounting for more than 97% of the total ferulic acid content.
The total ferulic acid content of eight Maryland-grown soft
wheat samples ranged from 455.5 to 620.8 μg/g DW, with the
bound ferulic acid accounting for more than 89% of the total
ferulic acid content.17 Li et al.19 reported that the total ferulic
acid contents of spring wheat and winter wheat were 787.3 and
773.6 μg/g DW, respectively. In our study, significantly higher
ferulic acid contents were observed for Schwabenspelz, Spelt

Figure 1. HPLC profile of free and bound phenolic acids of spelt (Schwabenspelz). The arrows indicate the main constituents of phenolic acids
fraction: ferulic and sinapinic acids.

Table 2. Antioxidant Activity of Spelt Cultivars

spelt cultivar

activity extract
Ostro

EC50 [mg DW/mL]
Schwabenspelz

EC50 [mg DW/mL]
Spelt INZ

EC50 [mg DW/mL]
Schwabenkorn

EC50 [mg DW/mL]
Ceralio

EC50 [mg DW/mL]
Oberkulmer Rotkorn
EC50 [mg DW/mL]

LPO free 39.4 ± 1.32c 20.3 ± 0.89a 26.4 ± 1.99b 125.9 ± 9.08d 19.0 ± 0.38a 20.7 ± 1.40a

bound 24.2 ± 1.71c 13.2 ± 0.88a 14.4 ± 0.54a 113.8 ± 8.11d 8.7 ± 0.88b 13.2 ± 1.20a

CHEL free 73.3 ± 9.11b 101.1 ± 7.22c 74.0 ± 6.43b 127.9 ± 2.79d 48.6 ± 1.90a 55.5 ± 7.10a

bound 40.1 ± 3.19b 91.4 ± 7.12c 33.7 ± 2.32a 83.1 ± 4.16c 29.8 ± 4.33a 35.5 ± 2.01ab

OH free 26.2 ± 2.23b 29.4 ± 3.11b 20.7 ± 0.99a 20.6 ± 1.29a 27.5 ± 1.56b 20.6 ± 2.08a

bound 23.7 ± 1.45d 18.0 ± 0.67c 11.3 ± 0.34a 11.8 ± 0.11a 12.5 ± 0.78ab 13.1 ± 0.61b

SASA free 21.1 ± 1.30b 33.3 ± 1.00a 30.2 ± 2.06a 40.9 ± 1.56c 58.8 ± 2.09d 30.5 ± 2.54a

bound 11.5 ± 1.78a 27.6 ± 2.34d 14.2 ± 2.11ab 22.4 ± 1.41c 34.0 ± 0.77e 17.3 ± 0.98b

SOD-LIKE free 27.3 ± 0.45c 20.7 ± 1.87b 18.5 ± 0.11a 18.4 ± 0.21a 18.5 ± 0.55a 18.4 ± 1.04a

bound 15.7 ± 0.71c 15.8 ± 0.66c 8.8 ± 1.23b 11.3 ± 0.39a 11.3 ± 0.22a 11.8 ± 2.01ab

LOXI free 64.2 ± 3.34a 113.2 ± 9.11b 641.6 ± 23.10d 110.0 ± 3.07b 72.6 ± 5.11a 350.0 ± 11.23c

bound 41.7 ± 1.11a 62.7 ± 3.87b 350.6 ± 23.11d 72.4 ± 8.00b 44.5 ± 3.45a 166.7 ± 8.65c

DPPH free 228.3 ± 11.23a 158.7 ± 9.43b 154.3 ± 5.99b 277.8 ± 19.07a 248.7 ± 10.30a 245.1 ± 8.88a

bound 139.2 ± 8.22a 74.9 ± 2.78b 95.3 ± 6.00c 182.7 ± 12.05d 150.8 ± 9.11a 140.0 ± 5.44a

REDa free 26.5 ± 1.56ab 26.5 ± 2.00ab 23.9 ± 1.87a 23.1 ± 1.23a 29.1 ± 1.23b 25.6 ± 2.11ab

bound 56.4 ± 3.33c 45.9 ± 0.99a 44.0 ± 1.10a 40.7 ± 2.29ab 35.1 ± 1.96b 46.9 ± 2.78a

aExpressed as quercetin equivalent [μgQ/mL]. bMeans followed by different letters in the lines are significantly different at p < 0.05. cLPO,
inhibition of linoleic acid peroxidation; CHEL, chelating power; OH, OH• radicals scavenging assay; SASA, superoxide anion scavenging activity;
SOD-LIKE, superoxide dismutase-like activity; LOXI, ability to inhibition of lipoxygenase activity; DPPH, DPPH radicals scavenging activity; RED,
reducing power.
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INZ, and Schwabenkorn, whereas Oberkulmer Rotkorn, Ostro,
and Ceralio extracts contained significantly lower amount of
ferulic acid (144.2, 216.2, and 261.1 μg/g DW, respectively).
Values obtained in our study were also generally in agreement
with data provided by Mpofu et al.20 Significantly higher values
in comparison to our studies were obtained by Siebenhandl
et al.18 and Mattila et.al.21 In our study, bound ferulic acid
contributed 84−99% to the total ferulic acid content. These
findings are similar to those reported by Okarter et al.2 Data
concerning durum wheat showed that its bran contained
protocatechuic, p-hydroxybenzoic, caffeic,vanillic, chlorogenic,
syringic, p-coumaric, and ferulic acids at concentrations of 226,
124, 116, 637, 84, 130, 580, and 764 μg/g, respectively.22 Zhou
et al.23 reported similar phenolic acids in durum wheat but at
lower levels. These results were confirmed by our study. Grains
of analyzed spelt cultivars contained above-mentioned phenolic
acids, but their amounts differ significantly. Sinapinic acid
contents reported in the present study are higher than those
previously reported.3 Schwabenspelz, Spelt INZ, and Schwa-
bencorn varieties were especially rich in this phenolic acid.
Okarter et al.2 stated that p-coumaric acid was the second most
abundant phenolic acid found in whole wheat. In our study, the
highest content of this compound was observed in
Schwabenspelz, Spelt INZ, and Oberkulmer Rotkorn kernels
(14.4, 12.9, and 14.9 μg/g, respectively). These data are in
agreement with those provided previously.17 In whole wheat

hydroxybenzoic acid derivatives (protocatechuic, p-hydroxy-
benzoic, salicylic, vanillic, and syringic acids) have also been
reported.4 These reports are in agreement with our results. The
dominant hydroxybenzoic acid derivatives in spelt extracts were
protocatechuic and syringic acids. In the study of Moore et al.,17

only two of the eight wheat varieties had any syringic acid in the
free fraction. Contrary to this, in our studies, syringic acid was
determined in free phenolics fraction of all spelt varieties.
Additionally, in Ostro, Ceralio, Schwabenspelz, and Oberkulmer
Rotkorn, amounts of free acids were significantly larger than the
bound ones (Table 1).

Antioxidant Activity. The antioxidant activity is of a
fundamental importance to human life. Many of the biological
functions, including antimutagenicity, anticarcinogenicity, and
antiaging, among others, may originate from this property.24 In
vitro methods used to measure antioxidant activity (i.e., ABTS,
DPPH, ORAC, or FRAP) do not provide information about
the bioavailability or metabolism of these compounds in
biological system. However, these methods are useful to screen
and compare antioxidant activity levels among a wide variety of
samples. The different contribution of individual phenolic acid
in the phenolic extracts resulted in the different antioxidant
capacity of the extracts.2 Comparison of the antioxidant
capacity of the spelt varieties used in these studies is difficult
because the different antioxidant capacity assay has not been
standardized.

Table 4. Relative Activities and Total Antioxidant Potential of Spelt

spelt cultivar

antioxidant activity phenolics fraction Ostro Schwabenspelz Spelt INZ Schwabenkorn Ceralio Oberkulmer

Rotkorn Relative Activity (RA)
LPOa free 0.22 0.43 0.33 0.07 0.46 0.42

bound 0.36 0.66 0.60 0.08 1.00 0.65

CHELa free 0.41 0.29 0.40 0.23 0.61 0.54
bound 0.74 0.33 0.88 0.36 1.00 0.84

OHa free 0.43 0.38 0.55 0.55 0.41 0.55
bound 0.48 0.63 1.00 0.96 0.90 0.86

SASAa free 0.54 0.34 0.38 0.28 0.20 0.38
bound 1.00 0.42 0.81 0.51 0.34 0.66

SOD-LIKEa free 0.32 0.42 0.47 0.48 0.47 0.48
bound 0.56 0.55 1.00 0.77 0.77 0.74

LOXIa free 0.65 0.37 0.06 0.38 0.57 0.12
bound 1.00 0.67 0.12 0.58 0.94 0.25

DPPHa free 0.33 0.47 0.49 0.27 0.30 0.31
bound 0.54 1.00 0.79 0.41 0.50 0.53

RED free 0.47 0.47 0.42 0.41 0.51 0.45
bound 1.00 0.81 0.78 0.72 0.62 0.83

Antioxidant Index (AI)
free 3.37 3.18 3.11 2.66 3.54 3.24
bound 5.67 5.06 5.98 4.38 6.07 5.38
total 9.04 8.24 9.08 7.05 9.61 8.61
free/bound ratio 0.59 0.63 0.52 0.61 0.58 0.60

aLPO, inhibition of linoleic acid peroxidation; CHEL, chelating power; OH, OH• scavenging assay; SASA, superoxide anion scavenging activity;
SOD-LIKE, superoxide dismutase-like activity; LOXI, ability to nhibition of lipoxygenase activity; DPPH, DPPH radicals scavenging activity; RED,
reducing power.
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Reduction of DPPH radicals reveals that examined extracts
possessed radical inhibitors or scavengers acting as primary
antioxidants. They might react with free radicals, particularly
with the peroxy radicals, which are the major propagators of the
auto-oxidation chain of fat, thereby terminating the chain
reaction.4 Hung et al.3 stated that percentage DPPH•

scavenging of the free and bound phenolics extracted from
whole waxy wheat were 15.5% and 27.9%, respectively. These
results were higher than those provided by our study. DPPH
radical scavenging activity of spelt bound phenolics were
comparable to the activity of white wheat flour. Also, Sedej et al.25

proved that IC50 value of wheat ethanolic extract was 31.2 mg/mL.
In our study, the most active fraction of bound phenolics
from Schwabenspelz and Spelt INZ average about 74.9 and
95.3 mg/mL, respectively. Reactive oxygen species (ROS) and
free radicals such as superoxide anion (O2−) and hydroxyl
radical (OH−) are constantly formed in the human body by
normal metabolic action and have been implicated in the
pathogenesis of certain human diseases. Their action is opposed
by a balanced system of antioxidant defenses including
antioxidant compounds and enzymes. Upsetting this balance
causes oxidative stress, which can lead to cell injury and death.
All analyzed spelt varieties showed high abilities to scavenge
OH• and O2− radicals. Most importantly, activity of free and
bound phenolics fractions differ less than in other methods
(Tables 2−3). The highest activities against OH• were
demonstrated by Spelt INZ, Schwabenkorn, and Oberkulmer
Rotkorn grains, whereas O2− radicals were most effectively
scavenged by Ostro grain phytochemicals. In the light of
previous data,26 this fact can testified that antiradical-active
compound could be highly bioavailable and can prevent upper
gastrointestinal tract against ROS damages.
In addition, in the present study, SOD-like activity of spelt

extracts were determined. Free phenolics of all samples
demonstrated high activity with EC50 values ranging from
27.3 to 18.4 mg/mL. These data are in agreement with those
obtained during SASA and OH• scavenging assays and indicate
that free phenolics of spelt grain demonstrated higher activity
against ROS than other antioxidant actions such as lipid
prevention, chelating, and reducing power, strongly connected
with bound phenolics.
The normal cellular physiology is reliant on the intactness of

the plasma membrane. Oxidative damage of membrane lipids
by peroxidation may modulate the signal transduction pathways
that may consequently affect various downstream processes.
Oxidative damage to membrane may also disrupt the ionic
channels, membrane transport proteins, and inactivate
membrane-associated enzymes, and the lipid bilayer itself may
become more permeable due to oxidative damage. A number of
chronic diseases are indeed characterized by an intense increase
in LPO products.27 In recent literature, there is a lack of data
concerning the inhibition of lipid peroxidation by spelt
varieties. Data showed in the studies clearly indicated that
spelt grains contained phytochemicals able to prevent lipid
against oxidation. In all the varieties, activity (expressed as
EC50) of bound phenolic fraction was higher than activity
demonstrated by free phenolics. The higher ability to inhibit
lipid peroxidation was observed for Ceralio grains. Additionally,
all spelt varieties demonstrated the ability to inhibit lip-
oxygenase activity. It is very interesting that both extracts (free
and bound phenolics) for Ostro and Ceralio grains
demonstrate high LOXI activity. These results may indicate
their potential anti-inflammatory properties.

Because ferrous and cupric ions are the most effective pro-
oxidant in food systems, and ferrous ions are commonly found
in food systems, high chelating activity of investigated extracts
would be beneficial in retarding metal-catalyzed oxidation.28 In
the present study, higher activity was observed for bound
phenolics fractions and ranged from 35.0 to 56.4 μg QE/mL.
Reducing power of the free phenolics fraction did not exceed
30 μg QE/mL. In recent study, there is a lack of data
concerning the reducing power of spelt varieties. The presence
of some more potent chelating component(s) in wheat flour
extract might be responsible for its higher chelating capacity.
Significant Fe2+ chelating activities and inhibitory effects were
detected in wheat grain extracts.22 Chelating power of free and
bound phenolics spelt extracts differ significantly. Higher
activity was observed in bound phenolic fractions. These
results were lower than those obtained by Sedej et al.25 In
recent literature, there is a lack of data concerning chelating
abilities of spelt grains.

Bioactivity of Free and Bound Phenolic Acids. Bound
phytochemicals can not be digested by human enzymes, could
survive stomach and small intestine digestion, and therefore
may possibly reach the colon. The colonic microflora may
release the bound phytochemicals through fermentation and
thus provide site-specific health benefits in colon or other
tissues after absorption.2 For this reason, bound phenolics are
often defined as main antioxidants of cereals. On the other
hand, Mateo Anson et al.26 stated that the bioaccessibility of
ferulic acid from unprocessed aleurone, bran, and flour was low,
which confirms the in vivo low bioavailability from cereal bran
consumption. Free ferulic acid was highly bioaccessible, while
only a very small part of bound fraction was apparently released
during gastrointestinal digestion. The total bioaccessibility
remained under 1%. Nevertheless, free ferulic acid in the
intestine was extensively absorbed, thus absorption itself is
probably not the limiting factor for this compound. In the light
of these facts, more attention must be given to free phenolic
acids content. Probably the health-promoting properties of
grains also depend on free phenolics due their high
bioavailability. For this reason, in this study, the free/bound
phenolic acid ratio (F/B) was determined. The highest value of
this parameter was obtained for Oberkulmer Rotkorn and
Ceralio (0.6 and 0.4, respectively), whereas the lowest was for
Schwabenspelz (0.06) grains extract (Table 1). High value of
this parameter may indicate bioavailability and bioactivity of
phenolic nutraceuticals. Hung et al.3 proved that antioxidant
capacity of the bound phenolic extracts also mostly contributed
to total antioxidant of the whole grain flour. The total
antioxidant capacity of all graded milling fractions were mainly
contributed by the bound phenolic extracts (72.5−83.2%). On
the other hand, the antioxidant capacity of the bound phenolics
of the white flour was only slightly higher than that of the free
phenolic extracts. These data are in agreement with those
concerning lipid prevention, reducing potential, chelating
power, and DPPH-scavenging presented in this study but in
opposite to those concerning ROS neutralization. Previous
studies3,29 have proved that the bound phenolic compounds
were the primary antioxidants of wheat. Citied investigators
stated that these compounds, not extractable by aqueous
methanol or ethanol but released upon alkaline, acid, or enzyme
hydrolysis, show significant health benefits as compared to the
free phenolics in wheat grains. As opposed to this, Mateo
Anson et al.26 proved that binding of ferulic acids to
arabinoxylans and other indigestible polysaccharides restricts
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its release in the small intestine. Thus, bioavailability of bound
phenolics could be questionable. In the light of this data, high
anti-ROS activity of free phenolic compounds from spelt can
indicate their pro-health capacity. Results obtained in this
work seem to confirm the assumption that antioxidant potential
of spelt depends on free phenolic acids (Table 4). Because
multiple reaction mechanisms and different phase locations are
usually involved in measuring the antioxidant capacity of a
complex food system, there is no simple universal method by
which “total antioxidant capacity” can be measured accurately
and quantitatively. The consensus is that multiple methods,
based upon different reaction mechanisms, should be used.30

For this reason, in our study, total antioxidant index was pro-
posed.
As it can be seen in Table 4, the highest AI value was

obtained for Ceralio. The similar, comparable AI values were
estimated for Ostro and Spelt INZ varieties, whereas the lowest
TAI value was determined for Schwabenkorn variety. The
lowest free/bound phenolics activity ratio was estimated for
Spelt INZ. In other samples, free/bound ratios average about
0.60. These results showed that in Spelt INZ grain, contrary to
others varieties, total antioxidant activity was strongly depended
on bound phenolics.
Obtained data showed that free and bound phenolic profiles

of spelt varieties were comparable to those reported in the
literature for wheat. In the light of results obtained, it can be
concluded that hydroxybenzoic acid derivatives dominated in
the free phenolics fraction, whereas hydroxycinnamic acid
derivatives were predominant in the bound phenolics fraction.
It was noted that Oberkulmer Rotkorn, Ostro, and Ceralio
contained the lowest total phenolic acid content in comparison
to other analyzed varieties but their antioxidant potential was
the highest. All analyzed spelt varieties possessed high
antioxidant potential (Tables 2−4). In spite of the fact that
bound phenolic acids possessed higher antioxidant activities
(expressed as EC50), analysis of antioxidant potential and their
relationship with phenolic acid content showed that free
phenolics were more effective (antioxidant activities expressed
as PAC50). The phytochemicals found in spelt grains may be
responsible for the health benefits associated with whole grain
consumption. Therefore, high antioxidant potential of poten-
tially easily bioaccessible and bioavailable phenolics (free
phenolic acids), sensory properties comparable to common
wheat products, and environmental and ecological aspects
could be the additional positive argument for the consumers to
buy spelt products. However, future research, especially
concerning bioaccessibility and bioavailability of active
compounds, is needed to provide high-quality evidence for
health benefits of spelt nutraceutical compounds.
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Antiproliferative and antioxidant activities of common vegetables: a
comparative study. Food Chem. 2009, 112, 374−380.
(25) Sedej, I. J.; Sakac, M. B.; Misan, A. C.; Mandic, A. I. Antioxidant
activity of wheat and buckwheat flours. Prog. Nat. Sci. 2010, 188, 59−
68.
(26) Mateo Anson, N.; van den Berg, R.; Havenaar, R.; Bast, A.;
Haenen, G. R. M. M. Bioavailability of ferulic acid is determined by its
bioaccessibility. J. Cereal Sci. 2009, 49, 296−300.
(27) Santanam, N.; Ramachandran, S.; Parthasarathy, S. Oxygen
radicals, antioxidants, and lipid peroxidation. Semin. Reprod. Endocr.
1998, 16, 275−280.
(28) Kehrer, J. P. The Haber−Weiss reaction and mechanisms of
toxicity. Toxicology 2000, 149, 43−50.
(29) Liyana-Pathirana, C. M.; Shahidi, F. Importance of insoluble-
bound phenolics to antioxidant properties of wheat. J. Agric. Food
Chem. 2006, 54, 1256−1264.
(30) Sun, T.; Tanumihardjo, S. A. An integrated approach to evaluate
food antioxidant capacity. J. Food Sci. 2007, 72, 159−165.

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf3011239 | J. Agric. Food Chem. 2012, 60, 4603−46124612


