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Abstract Response surface methodology was used to
predict optimum conditions for hot air roasting of barley
grains (temperature, time, and amount). Antioxidant
capacity in the grains was highest under optimum condi-
tions of 250 °C, 63.5 min and 42 g (one and a half layers).
A correlation of R? = 0.74 (p < 0.05) was found between
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity and total phenolic contents. Ethanol and aqueous
extracts were prepared from grains roasted under optimum
conditions and assessed for antioxidant capacity. Antioxi-
dative compounds in the extracts were then identified using
GC-MS. The ICsy value of ethanol extract was signifi-
cantly lower (11.45 pg mL™") than that of aqueous extract
(33.54 pg mL™") and o-tocopherol (12.6 ug mL™") but
higher than BHT (9.59 pg mL™'). The same trend was
observed in linoleic acid assay. In reducing power, the
ethanol extract and «-tocopherol were not significantly
different. Phenolic acids p-hydroxybenzaldehyde, vallinic
and gallic acids were identified as the major compounds in
the extracts. The results obtained from this study show that
it is possible to optimize antioxidant capacity in barley
grains during roasting.
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Introduction

Exogenous chemical and endogenous metabolic processes
in the human body or in the food system might produce
highly reactive free radicals. Oxidation damage caused by
these free radicals can theoretically contribute to chronic
diseases, such as cancer, cardiovascular disease, age-rela-
ted macular degeneration, and aging [1].

Barley (Hordeum vulgare L.) is an ancient cereal grain,
which upon domestication has evolved from largely a food
grain to a feed and malting grain. Barley is gaining
renewed interest as an ingredient for production of func-
tional foods due to its concentration of bioactive com-
pounds. Modest quantities of non-alcoholic drinks based on
barley and malt are consumed in various parts. Both barley
and malt are roasted and hot water infusion of the whole or
ground products are consumed. Examples of such bever-
ages are ‘malt coffee’ ‘barley tea’ or ‘barley coffee’. The
main antioxidative components in grain are classified as
phenolic compounds [2]. In barley most of the free phen-
olics are flavanols and tocopherols, whereas the bound
phenolics are mainly phenolic acids, ferulic acid, and p-
coumaric acid [3]. There have been studies on the antiox-
idant capacity and phenolic content of barley [4-6]. The
abundant contents of phenolic compounds in barley reveal
that barley may serve as an excellent dietary source of
natural antioxidants for disease prevention and health
promotion.

Radical scavenging properties of some roasted nuts and
grains have been studied, and it was demonstrated that
roasted wheat germ, coffee, hazelnut, sweet almond [7],
peanut [8], coffee brews [9-11], and barley [12, 13] have
antiradical properties at certain levels. Roasted barley
grains are valued due to the presence of antioxidant com-
pounds [14]. Barley tea has been reported to provide a
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protective effect against gastric stress ulcers and helps
reduce blood pressure which may reduce the risk of cir-
culatory diseases related to lifestyle [15]. More and more
consumers are recognizing beverage as a source of health-
promoting nutrients which presents an opportunity for the
introduction of novel products, such as healthy grain-based
beverages.

Although barley grain has been proven to exhibit anti-
oxidant capacities to some degree of roasting, no attempts
have been undertaken to optimize hot air roasting and
antioxidant capacity in the roasting process. The objective
of this study was therefore to use a hot air oven to optimize
antioxidant capacity in barley grains. The other objective
was to prepare roasted barley grains under optimum con-
ditions and examine the antioxidant capacity of their
extracts in different in vitro model systems. The antioxi-
dative compounds in the extracts were also identified using
GC-MS analysis.

Materials and methods
Materials

Whole barley grains were purchased from a local market
in Nanjing, China. Linoleic acid (99%), 1,1-diphenyl-
2-picrylhydrazyl (DPPH), 2,2'-azobis(2-amidinopropane)
hydrochloride (AAPH) were obtained from Wako Pure
Chemical Industries Ltd. (Osaka, Japan); a-tocopherol was
purchased from Sigma Chemicals Co. (St. Louis, MO,
USA). Other reagents were of analytical grade and were
purchased from Nanjing Chemical Industry (Nanjing,
China).

Roasting of barley grains

Barley grains containing 6.5% moisture were weighed (30,
45 or 60 g) and placed evenly in a pyrex petri dish
(diameter 12.5 cm). The petri dish was placed in the
middle of a pre-heated hot air oven measuring 31 x
27 x 31 cm internal dimensions. The grains were roasted
at different treatment combinations according to the
experimental design obtained using the software Design
Expert (Version 6.0.5, Stat-Ease Inc., Minneapolis, MN,
USA). The grains were then allowed to cool to room
temperature before grinding to pass through a sieve of size
0.9 mm.

Preparation of crude barley extracts
Barley flour was extracted in 80% ethanol or distilled water

in a 1:10 w/v ratio at 45 °C in a shaking water bath for 2 h
under dark conditions. The supernatant and the residue
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were separated by vacuum filtration. The residue was then
re-extracted under the same condition and the extraction
solutions were combined. The obtained extraction solutions
were stored in the dark at —20 °C and analyzed within 24 h
or concentrated in a rotary evaporator under vacuum at
45 °C, lyophilized and stored at —20 °C.

Determination of total phenolic content (TPC)

Total phenolic content of the extracts was determined
according to the Folin—Ciocalteu spectrophotometric
method [16] with slight modifications. Briefly, 0.5 mL
diluted barley extract solution was mixed with 2.5 mL of
tenfold diluted Folin—Ciocalteu’s phenol reagent and
allowed to react for 5 min. Then 2 mL of 7.5% sodium
carbonate (Na,CQOj) solution was added, and the final
volume made up to 10 mL with deionized water. After
reaction for 1 h at room temperature, the absorbance at
760 nm was determined. The calibration curve was per-
formed with gallic acid, and the results were expressed as
mg of gallic acid equivalents per gram of dry weight (mg
GAE/g dw).

Antioxidant capacity
DPPH radical scavenging activity

The radical scavenging activity of the barley extracts was
determined according to the method described by Gaulejac
et al. [17] with slight modifications. Every barley extract
(0.1 mL) was added to 2.9 mL of 6 x 10> M ethanolic
solution of DPPH and mixed thoroughly. The absorbance
at 517 nm was measured after reaction in the dark at 30 °C
for 30 min. Lower absorbance of the reaction mixture
indicates high free radical scavenging activity. All tests
were performed in triplicate, and the percentage inhibition
of the radicals due to the antioxidant properties of the
extracts was calculated as shown below. The ICs, value,
the concentration of antioxidant needed to decrease (by
50%) the initial substrate concentration, was then
determined.

Percentage inhibition = [(Acontrol — Asample ) /Acontrol|
% 100 (1)

where Agampie and Aconror are reactions of DPPH with and
without sample after 30 min, respectively.

Reducing power

The reducing power of roasted barley grains was measured
by direct electron donation in the reduction of [Fe(CN)g]>~
to [Fe(CN)6]4_ according to the method of Oktay et al.
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[18]. Briefly, 1 mL of different concentrations of the
extracts (50200 pg mL™") were mixed with 2.5 mL of
0.2 M phosphate buffer (pH 6.6) and 2.5 mL of K;Fe(CN)g
(1%, w/v). The mixture was incubated at 50 °C for 20 min
(during which ferricyanide was reduced to ferrocyanide).
Then 2.5 mL of 10% (w/v) trichloroacetic acid (TCA) was
added to terminate the reaction. After centrifugation for
10 min at 3,000g, 2.5 mL of the supernatant was added to
the tubes containing 2.5 mL distilled water and 0.5 mL
FeCls (0.1%, w/v). The absorbance of the resulting solution
was measured at 700 nm against a blank. BHT and o-
tocopherol served as standards. Increased absorbance of the
reaction mixture indicated increased reducing power of the
sample.

Linoleic acid system

The antioxidant capacity of ethanolic and aqueous extracts
of roasted barley grains was assayed using a linoleic acid
system. One milliliter of 50 pg mL™" sample, 2 mL of
2.51% (w/v) linoleic acid in ethanol, 4 mL of 0.05 M
phosphate buffer (pH 7.0), and 2 mL of distilled water
were mixed in a tube with a screw cap. The oxidation was
initiated by the addition of 0.417 mL of 0.1 M 2,2'-az-
obis(2-amidinopropane)dihydrochloride (AAPH) and kept
in a 37 °C water bath in the dark. The above mixture
(0.1 mL) was added to 9.7 mL of 75% (v/v) ethanol and
0.1 mL of 30% (w/v) ammonium thiocyanate. After 5 min,
0.1 mL of 0.02 M ferrous chloride in 3.5% (v/v) hydro-
chloric acid was added to the above mixture and then
mixed. The absorbance of the mixture was recorded at
500 nm after 50, 100, and 200 min. The degree of oxida-
tion was measured according to the ferric thiocyanate
(FTC) method, described in detail by Kikuzaki and
Nakatani [19]. Linoleic acid mixture without the addition
of sample was used as the control. BHT and a-tocopherol at
the same concentration served as the reference
antioxidants.

Experimental design

The roasting conditions were optimized with Box—Behnken
design for a higher yield of antioxidant capacity from
barley grains. Response surface methodology (RSM) was
used to investigate the effect of three independent variables
temperature, time, and amount on the responses of total
phenolic content and antioxidant capacity. The indepen-
dent variables and their levels were selected based on
preliminary experiments carried out in our laboratory. The
factors and levels investigated in the study are shown in
Table 1. Experimental design, data analysis, and quadratic
model building were conducted using the software Design
Expert (Version 6.0.5, Stat-Ease Inc., Minneapolis, MN,

Table 1 Independent variables and their coded and actual values
used in Box-Behnken design

Independent variable Symbol Coded levels

-1 0 +1
Temperature (°C) X, 200 225 250
Time (min) X, 50 60 70
Amount (g) X3 30 45 60

USA). A Box—Behnken design with three variables was
used to determine the response pattern and then establish a
model [20, 21]. The Box—Behnken matrix of the factors is
given in Table 2 along with the experimental values. Five
replicates at the center of the design were used to allow for
estimation of a pure error sum of squares. Experiments
were randomized to maximize the effects of unexplained
variability in the observed responses due to extraneous
factors. The response function (Y) was partitioned into
linear, quadratic, and interactive components.

k k k
Y = ﬁ()+ZBiX1 +ZB,','X2+ZB,']'XI'}(L (2)
i=1 i=1 i>j
where f3, is defined as the constant, B; the linear coefficient,
B;; the quadratic coefficient and B;; the cross-product
coefficient. X; and X; are levels of the independent variables
while k equals to the number of the tested factors (k = 3).

GC-MS analysis of antioxidative compounds

GC-MS analysis was carried out on an Agilent 6890 gas
chromatography with a mass selective detector MSD 5973
(both from Agilent, Palo Alto, CA, USA) using helium at
1.0 mL min™' as the carrier gas. A 30 m x 0.25 mm
i.d. x 0.25 pm film thickness fused silica column coated
with SPB-1 was used. The mass spectrometer was operated
in the electron impact (EI) mode at 70 eV scanning the 20—
550 m/z range. Acquisition was done using HP ChemSta-
tion software (Hewlett Packard Palo Alto, CA, USA). In
order to obtain the phenolic compounds, the extracts were
concentrated to smaller volumes and then partitioned using
ethyl acetate. The ethyl acetate was evaporated from the
sample by a rotary vacuum evaporator until dryness. GC—
MS analysis was done by injecting 1 pL. of the sample
which was dissolved in methanol at the concentration of
1 mg mL™". Injection was carried out at 250 °C. The oven
temperature was programed at 100 °C for 5 min and then
raised to 280 °C at 4 °C min~'. The final temperature was
held for 5 min. The compounds were identified from
spectral comparison with Wiley registry 7th edition with
the US National Institute of Standards and Technology
(NIST) 2005 mass spectra library.
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Table 2 Box—Behnken design matrix along with the experimental values of total phenolic content (TPC) and DPPH radical scavenging activity

(RSA)
Experiments Coded levels Responses
X, X, X3 TPC* DPPH RSA*®
Temp (°C) Time (min) Amount (g) (mg GAE/g dw) (percentage inhibition)

1 225 50 60 3.60 76.71
2 225 60 45 4.01 79.49
3 225 60 45 3.99 79.25
4 250 50 45 3.76 77.46
5 225 60 45 3.97 79.47
6 225 70 60 3.66 76.83
7 225 60 45 3.99 79.31
8 225 50 30 3.59 76.29
9 225 70 30 3.78 78.00
10 250 60 60 3.75 77.32
11 200 60 60 3.16 74.62
12 200 50 45 3.19 74.93
13 225 60 45 3.98 79.41
14 250 70 45 3.92 78.69
15 200 70 45 3.24 75.43
16 250 60 30 3.84 78.09
17 200 60 30 3.17 74.82

? Values are means of three determinations
Statistical analysis

For statistical analysis all computations were performed by
SAS (version 8.0). The data are presented as means of three
determinations. Analysis of variance followed by Student’s
t test was used to determine the differences among various
groups for each concentration. Multiple comparisons of
means were done by LSD (least significant difference) test.
A probability value of p < 0.05 was considered significant.

Results and discussion
Effects of roasting conditions on antioxidant capacity

The antioxidant capacity was evaluated using DPPH, a
stable free radical that shows maximum absorbance at
517 nm in ethanol. DPPH has been widely accepted as a
tool for estimating free radical scavenging activities of
antioxidants [22]. When DPPH encounters a proton-
donating substance such as an antioxidant, the radical is
scavenged and the absorbance reduced. Thus, the antioxi-
dant capacity of the roasted barley grain can be expressed
as its ability in scavenging the DPPH free radical.

A correlation of R*>=0.74 (p <0.05) was found
between DPPH radical scavenging activity and total phe-
nolic content of roasted barley grain. This result suggests
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that the phenolic compounds in roasted barley grains could
be the major contributors of DPPH radical scavenging
activity. A study on malting barley varieties by Zhao et al.
[6] reported that the total phenolic content of barley was
significantly correlated with the antioxidant capacity, as
measured by the DPPH and ABTS assays.

The effect of roasting temperature, time, and amount of
grain on the RSA of extracts from roasted barley grain and
their interactions are shown in Fig. 1. The effect of inter-
action between time and temperature and that of time and
amount were more significant than the interaction between
temperature and amount at p < 0.05. An increase in tem-
perature resulted in a higher DPPH radical scavenging
activity. The activity reached the maximum when the
temperature was at a certain level with no significant fur-
ther improvement thereafter (Fig. 1a, b). Time had a sim-
ilar effect on radical scavenging activity as temperature
(Fig. 1a, c). This is attributed to the liberation of insoluble
bound phenolic compounds in barley grain during roasting
which leads to an increase in the amount of active com-
pounds in the extract. Phenolic compounds are found in
both free and bound forms in cereals. The majority are in
the insoluble bound form which is bound to cell wall
material, such as ferulic acid and its derivatives. Studies by
Jeong et al. [23, 24] showed that simple heat treatment
converts insoluble phenolic compounds to soluble pheno-
lics. They reported that roasting sesame seeds at 200 °C for
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Fig. 1 Response surface plots showing effects of three independent
variables: temperature, time, and amount of barley grains on the
radical scavenging activity (RSA) of roasted barley grains using
DPPH discoloration assay. a Amount was held constant at 45 g, b
time was held constant at 60 min, and ¢ temperature was held
constant at 225 °C

60 min significantly increased the total phenolic content,
radical scavenging activity, reducing power, and antioxi-
dant activity of sesame meal extract. Increase in antioxi-
dant capacity during roasting of barley grain could also
have been due to formation of novel compounds having
antioxidant capacity from the Maillard reaction. Maillard
reaction products (MRPs) have been reported to have
antioxidant capacity [13].

The decline in antioxidant capacity observed with
increase in roasting temperature beyond a certain point
(Fig. 1a, b) was due to degradation of polyphenols because
of the high temperature. Phenolic compounds, both natural
and newly formed, can be degraded due to high tempera-
tures, and total phenolic content may decrease. Duh et al.
[12] found that the antioxidant efficiency of water extracts
of roasted barley samples was weaker than that of
unroasted samples because of the reduction of antioxidant
components with increasing roasting temperature. This can
be attributed to the high roasting temperatures that were
used in this study. The MRPs which appear in excessive
roasting conditions have also been reported to have less
oxygen scavenging capacity or pro-oxidant effects [25].

Different effect on RSA was shown for the amount of
grain used (Fig. 1b, c). There was an optimum value for
amount to obtain the highest DPPH radical scavenging
activity. Higher or lower values led to a decrease in the
scavenging activity.

Model fitting

The Box-Behnken design matrix of the factors is given in
Table 2 along with the experimental values of antioxidant
capacity and total phenolic content of roasted barley grains.
The mathematical model representing the RSA of barley
grain as a function of the independent variables within the
region under investigation was expressed by the following
equation:

Y = —127.66 + 1.29X; + 1.21X, + 0.80X;
+7.32X, X, — 3.80X,X;
—2.67X,X; — 2.80X} — 0.01X; — 6.32X3 (3)

where Y is the RSA of extracts from roasted barley grains
and X, X,, and X3 are the coded variables for temperature,
time, and amount, respectively.

In general, exploration and optimization of a fitted
response surface may produce poor or misleading results,
unless the model exhibits a good fit, which makes checking
the model adequacy essential. By use of analysis of vari-
ance (ANOVA), the p value of the model was <0.0001
(Table 3), which indicated that the model fitness was sig-
nificant. The lack of fit value of the model was 0.7819,
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Table 3 Analysis of variance (ANOVA) for the fitted quadratic
polynomial model

Source Sum of df Mean F value Probability
squares square (p) >F

Model 48.60 9 5.4 703.19 <0.0001

Residual 0.054 7 0.008

Lack of fit 0.012 3 0.003 0.37 0.7819

Pure error 0.042 4 0.011

Total 48.66 16

R® = 0.9989, RZ; = 0.9975

which was not significant, indicating that the model
equation was adequate for predicting the yield under any
combination of values of the variables.

Coefficient (Rz) of determination is defined as the ratio
of the explained variation to the total variation, and is a
measurement of the degree of fitness. A small value of R*
indicates a poor relevance of the dependent variables in the
model. The model can fit well with the actual data when R>
approaches unity. The high coefficient of determination
value (R? = 0.9989) obtained indicated that the model as
fitted can explain 99.8% of the RSA variability.

By computation, the optimal conditions to obtain the
highest RSA of roasted barley grains were determined as
follows: temperature of 250 °C, time of 63.5 min and 42 g
of grains. In terms of layers this amount of grain formed
one and a half layers in the petri dish (one layer was
formed by 30 g).

Antioxidant capacity

Antioxidant compounds present in barley extracts are
complex, and their activities and mechanisms would lar-
gely depend on the composition and conditions of the test
system. Many authors have stressed the need to perform
more than one type of antioxidant capacity measurement to
evaluate the antioxidant capacity of plants [26, 27]. Hence,
the following measurements were adopted in order to
assess the antioxidative potential of extracts from barley
grain roasted under optimum conditions.

Measurement of reducing power

It has been reported that reducing power is associated with
antioxidant capacity, and may serve as a significant
reflection of the antioxidant capacity [18]. The reducing
power of ethanolic and aqueous extracts of roasted barley
grains was concentration dependent (Fig. 2a). As the con-
centration increased from 50 to 200 pg mL™!, there was an
increase in absorbance with all the extracts. For all the
tested concentrations, the ethanol extract had a reducing
power significantly higher than the aqueous extract but
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Fig. 2 Antioxidant capacity of extracts from roasted barley grains as
assessed by a reducing power assay and b linoleic acid system at a
concentration of 50 pg/mL. BHT and a-tocopherol were used as
reference antioxidants

significantly lower than BHT (p > 0.05). There was no
significant difference between ethanol extract and o-
tocopherol in all the concentrations tested. The power of
certain antioxidants is associated with their reducing power
[28], which is associated with the presence of reductones.
The reducing power of extracts from roasted barley grain
was from their antioxidant capacity. The phenolic com-
pounds in the extracts acted in a similar way as the
reductones.

DPPH radical scavenging activity

Relatively stable organic radical DPPH has been used
widely for the determination of antioxidant capacity of pure
antioxidant compounds as well as different cereal extracts
[29, 30]. The ICs(, the concentration of antioxidant needed
to decrease (by 50%) the initial substrate concentration, is a
parameter widely used to measure antiradical efficiency.
The lower the ICs, the higher is the antioxidant power. The
ICs values of barley extracts, BHT, and a-tocopherol were
compared (Table 4). The ethanol extract was more efficient
by the lower ICs, value of 11.45 + 0.43 g mL™" compared
to the aqueous extract (33.54 + 0.39 pg mL™") and
a-tocopherol (12.6 + 0.45 pg mL™"). The ICs, values of
BHT were significantly lower (9.59 = 0.12 pg mL™") than
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Table 4 Radical scavenging activity of extracts from roasted barley
grains expressed as 1Csg

Samples ICs0 (ng mL™)
Ethanol extract 11.45 £+ 043¢
Aqueous extract 33.54 + 0.39°
a-Tocopherol 12.60 + 0.45°
BHT 9.59 + 0.12¢

Values are means £ SD of three determinations

Values within the column followed by different letters are signifi-
cantly different at p < 0.05

both the roasted barley grain extracts and the reference
antioxidant o-tocopherol at p < 0.05.

Linoleic acid system

Figure 2b displays the inhibitive activity of extracts from
roasted barley grains and reference antioxidants against
linoleic acid peroxidation. A low absorbance is an indica-
tion of a low concentration of the formed peroxides and a
high level of antioxidant capacity. Both the ethanol and
aqueous extracts delayed the oxidation of linoleic acid, on
the basis of low absorbance values, and exhibited higher
antioxidant capacity than control. In particular, the etha-
nolic extracts showed significantly stronger antioxidant
capacity than the aqueous extracts and the positive control
of a-tocopherol. The antioxidant capacity followed the
order: control < aqueous extracts < tocopherol < ethanol
extracts < BHT. The same pattern of activity was revealed
in the DPPH radical scavenging activity.

Antioxidative compounds in roasted barley grain
extracts

Antioxidative compounds were analyzed by GC-MS, and
several phenolic compounds attributed to the antioxidant
capacity of roasted barley grain were identified (Table 5).
The major phenolic compounds in the ethanol extract,
which had a higher antioxidant capacity compared to the
aqueous extract, were p-hydroxybenzaldehyde (34.27%),
vanillic acid (15.98%), and gallic acid (15.4%). The
aqueous extract was high in vanillic acid (29.8%) and
gallic acid (16.75%). The difference in antioxidant capacity
can be attributed to the polarity of the two solvents used
with some phenolic compounds being extracted in the
ethanol and not in the aqueous extract. This included
compounds, such as p-hydroxybenzaldehyde, p-hydroxy-
acetophenone, 3,4-dihydroxybenzaldehyde, and p-hydroxy-
benzyl alcohol, which have been reported as phenolic
compounds present in barley grain [14]. Gallic acid,
vanillic acid, catechin, and syringic acid together with
other phenolic compounds have been identified in barley

Table 5 Antioxidative compounds in roasted barley grain extracts

Compound Relative content (%)
Ethanol ~ Aqueous
extract extract

p-Hydroxybenzaldehyde 34.27 nd

Gallic acid 15.40 16.75

Vanillic acid 15.98 29.80

Tocopherol 7.96 10.78

p-Hydroxyacetophenone 5.78 nd

Syringic acid 5.37 5.28

Catechin 4.37 12.67

3,4-Dihydroxybenzaldehyde 5.30 nd

Phenol, 4 amino 2.89 5.71

p-Hydroxybenzyl alcohol 0.90 nd

Salicylic acid 0.83 2.28

p-Hydroxybenzoic acid 0.89 2.07

1, 2-Benzenediol 3,5-bis (1,1-dimethylethyl) nd 12.09

1, 2 Benzenediol 4 (1,1-dimethylethyl) nd 2.56

nd not identified

and malt extracted with hot water at 45 °C [31]. All

identified compounds had similitude index of more than
800.

Conclusion

From response surface plots, three factors (temperature,
time, and amount of grain) significantly influenced the
radical scavenging activity of barley grain, independently
and interactively. Roasting increased both antioxidant
capacity and polyphenolic content in barley to an extent
thereafter having a decrease. These results show that it is
possible to optimize antioxidant capacity during roasting
using response surface methodology. Under optimum
conditions the results indicated that the ethanol extract
from roasted barley grain possesses significantly higher
capacity than the aqueous extract and «-tocopherol in all
the tested assays except reducing power. GC-MS analysis
revealed more compounds in the ethanol than in the
aqueous extract which is the reason for the high antioxidant
capacity of the former. Phenolic compounds p-hydroxy-
benzaldehyde, gallic acid, and vanillic acid were found to
be the major compounds in the roasted grains responsible
for antioxidant capacity. The differences in the ethanol and
the aqueous extracts are due to differences in the polarity of
the extraction solvents used. This influenced the type of
compounds that were extracted and thus the antioxidant
capacity. However, more research is required to find out
the best extraction for aqueous extract in order to increase
the phenolic content and antioxidant capacity of the extract
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for health purposes. This can be based on factors such as
the amount of water to be used, its temperature, and the
amount of grain to be extracted.
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