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This study was conducted to determine the total phenol content (TPC) and free radicals scavenging
activity of methanolic and ethanolic extracts of wheat (WH-711) fractions (grain, bran and flour)
fermented with Aspergillus oryzae (MTCC 3107). Maximum TPC (1469.35 + 4.5, 1426.44 + 5.5 and 1268.91
+ 5.3) was obtained in methanolic extracts as compared to ethanolic extracts (1368.65 + 3.5, 1155.46 +
4.7 and 1314.17 + 5.6 respectively) of wheat bran, grain and flour on the 5 day of fermentation. The free
radical-scavenging activity of ethanolic extracts of fermented wheat grain, flour and bran was found to
be maximum (62.68 + 0.49, 32.87 + 0.71 and 43.89 + 0.88 %, respectively) whereas methanolic extracts of
wheat grain and flour was 59.67 + 0.78 and 28.52 + 0.56 %, respectively on 5" day of incubation using
DPPH assay. Free radical-scavenging activity (71.30 + 0.36%) of wheat bran was significantly higher
than that of fermented grain and flour on the 2" day of incubation. Likewise in ABTS assay, wheat bran
extracted with ethanol and methanol showed higher inhibition (28.48 + 0.62 and 43.55 + 0.72%) on 5"
day of incubation than to the fermented grain and flour. Among all the three fractions, methanolic
extract of fermented wheat bran has the highest TPC and hence has highest free radical scavenging
activity. Total phenolic contents, DPPH and ABTS' radicals scavenging activity of wheat fractions were
significantly correlated (P<0.01) which provide the strong evidence that the antioxidant activity in wheat
fractions was derived from phenolic compounds.

Key words: Antioxidant activity, wheat, solid state fermentation, Aspergillus oryzae.

INTRODUCTION

Cancer and cardiovascular diseases are ranked as the
first two leading causes of death in many developed
countries (Doll and Peto, 1981). Unhealthy dietary habits,
living habits and exposure to dangerous chemicals in the

environment could lead to the production of more free
radicals. It has been reported that oxygen free radicals
and other reactive oxygen species can cause oxidative
injury to living organisms and thus play an important
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role in many lifestyle-related diseases such as arthritis,
atherosclerosis, emphysema and cancer (Halliwell et al.,
1995). Antioxidant is a substance has the ability to delay
the oxidation of a substrate by inhibiting the initiation or
propagation of oxidizing chain reactions caused by free
radicals. It plays important roles to prevent fats and oils
from becoming rancid and protects human body from
detrimental effects of free radicals. With an insufficient
antioxidant system or under severe oxidative stress,
reactive oxygen species (ROS) are overproduced and
can damage biomolecules such as DNA, proteins, lipids
and carbohydrates, leading to the development of several
diseases (Halliwell, 1996). The majority of deaths due to
cancer are related to diet. Therefore, current trends in
dietary modifications have shifted to focus on the
prevention of disease (Willet, 1994). Epidemiological
studies have strongly suggested that consumption of
whole grain and whole grain products rich in antioxidants
is protective against certain chronic diseases,
cardiovascular diseases, diabetes, obesity and cancer
(Wojdy and Oszmai, 2007). These protective effects are
mainly due to the presence of several important
constituents of the whole grains such as polyphenols,
dietary fibre, resistant starch, proteins, lipids, lignans,
vitamins, and minerals (Stratil et al., 2007) as they are
involved in inhibition of the formation of free radicals
(Halliwell, 1996).

Synthetic antioxidants are widely used because they
are effective and cheaper than natural types. However,
the safety and toxicity of synthetic antioxidants have
important concerns (Imaida et al., 1983). Much attention
has been focused on the use of antioxidants, especially
natural antioxidants to inhibit lipid peroxidation or to
protect the human body from the oxidative damage by
free radicals (Yang et al., 2000; Duhan et al., 2011a;
Duhan et al., 2011b; Saharan et al., 2012; Saharan and
Duhan, 2013; Rana et al., 2014; Duhan et al., 2015). In
recent years much efforts has been devoted to natural
antioxidant because of their association with health
benefits (Arnous et al., 2001).

Plants are potential sources of natural antioxidants. It
produces various antioxidative compounds to counteract
reactive oxygen species (ROS) in order to survive.
Cereals, in general, play an important role in human
nutrition. Botanically, cereals are classified as Poaceae,
the grass family that includes wheat, rice, barley, oats,
rye, maize, sorghum and millets. Cereal grains are known
to contain phenolic acids, saponins and phytoestrogens
as well as small amounts of flavonoids (Zienlinski and
Kozowska, 2000). According to Cassidy (1996) cereals
serve as a major source of lignans in the human diet.
Lignans may function as potent antioxidants by
decreasing the production of ROS thereby exerting
anticarcinogenic effects. Solid-state fermentation (SSF)
process is an alternative way to improve the phenolic
content and antioxidant potential in fermented foods.
Lateef et al. (2008) showed that the nutritional qualities
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and antioxidant activities of different agro-solid wastes
were enhanced by SSF. In the SSF process, different
hydrolytic enzymes could be produced directly from solid
substrate and simultaneously be utilized to release the
phenolics.

Wheat is the most important cereal in the temperate
zones. The importance of wheat for production of flour
and semolina, which form the basic ingredients of bread
and other bakery products and pasta, has been well
recognized (Belderok, 2000). According to Yu et al.
(2002) bran extracts of three different wheat varieties
exhibited significant antioxidant properties against free
radical scavenging and metal ion chelation. Wheat,
together with maize and rice, supplies most of the dietary
saccharides and proteins for human nutrition but is also a
relevant source of antioxidants (Liu, 2007) together with
other particular sources such as tartary buckwheat-
enriched bread (Bojnanska et al., 2009).

(Einkorn)  Triticum monococcum L. subsp.
monococcum, a diploid wheat related to T. turgidum L.
and T. aestivum L., shows higher protein, carotenoid and
tocol contents (Hidalgo et al., 2006; Hejtmankova et al.,
2010) than durum and bread wheat’s, being therefore a
potential food source with high nutritional properties
(Lavelli et al., 2009). Keeping in view the importance of
wheat, the present study was planned to improve the
nutrition value of wheat grain, bran and flour by solid
state fermentation with GRAS fungus.

MATERIALS AND METHODS
Fungal strain

The fungal strain that is Aspergillus oryzae (MTCC 3107) used for
fermentation was procured from Microbial Type Culture Collection
(MTCQ), Institute of Microbial Technology, Chandigarh. The fungal
strain was cultured and maintained on potato dextrose agar media.

Medium and chemicals

For this investigation, wheat (WH-711) grain, flour and bran were
used as the substrate for the preparation of koji by using A. oryzae.
The organic solvents (ethanol, methanol and hexane) were from
Qualigens. All other chemicals used (DPPH, ABTS, gallic acid,
Folin reagent, L-ascorbic acid, sucrose, sodium carbonate etc.)
were of Hi Media.

Culture conditions

Substrates (except flour) were first washed and dried before use.
Fifty grams of each substrate was taken in 500 mL Erlenmeyer
flasks and then soaked in 50 mL Czapek-dox medium [NaNOs (2.5
g/L), KH,PO, (1.0 g/L), KCI (0.5 g/L) and MgS0O4.2H,O (0.5 g/L)]
overnight at room temperature. After decanting the excess media,
the substrates were autoclaved (121°C, 15 min) and subsequently
cooled before inoculation. The autoclaved substrates were
inoculated with 5.0 mL spore suspension (1x10° spores/mL) of A.
oryzae, mixed properly and incubated for 6 days at 30°C. The
substrate without spore suspension was taken as control.
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Extraction of enzymes

Fermented samples were taken at every 24 h of interval. The
enzyme was extracted from fermented wheat grain, flour and bran
with distilled water (1:10 (w/v)). The extracted solution was filtered
through Whatman filter paper No.1. The supernatant was assayed
for a-amylase activity.

Extraction of phenolic compounds

The samples from fermented wheat grain, flour and bran were
taken out from the Erlenmeyer flask at every 24 h of interval and
dried in oven at 60°C for 24 h. The dried substrates (fermented and
non-fermented) were ground in an electric grinder. All samples were
defatted by blending the ground material with hexane (1:5 w/v, 5
min, thrice) at room temperature. Defatted samples were air dried
for 24 h and stored at -20°C for further analysis. Defatted samples
were extracted with 54% ethanol and 54% methanol at 61°C for 64
min (Liyana-Pathirana and Shabhidi, 2006). The extracted samples
were filtered through Whatman filter paper No.1.The filtrate was
used for determination of total phenolic content and antioxidant
properties.

Determination of total phenolic content (TPC)

TPC was determined by using Folin-Ciocalteu method. Two
hundred pL each of ethanolic and methanolic extract was mixed
separately with 1.0 mL of Folin-Ciocalteu reagent (Sigma, Aldrich)
and 0.8 mL of sodium carbonate (7.5%) (Singleton and Rossi,
1965).The contents were mixed and allowed to stand for 30 min at
room temperature. Absorbance was measured at 765 nm using
spectrophotometer (Singh et al., 2007).

The total phenolic content was expressed as mg GAE/g by using
the formula (Afolabi et al., 2007):
C=cVI/M

Where C = total content of phenolic compounds in mg/g gallic
acid equivalent; ¢ = the concentration of gallic acid (mg/mL)
established from the calibration curve; V = volume of extract and M
= the weight of pure ethanol extract (g).

Amylase assay

Amylase activity was determined by mixing 0.25 mL of appropriately
diluted enzyme (1:5 v/v) with 0.5 mL of 0.2 M acetate buffer (pH
5.0) and 1.25 mL of soluble starch (1%). After 10 min of incubation
at 50 °C, the concentration of glucose liberated from starch by the
action of a-amylase was estimated spectrophotometrically at 575
nm according to Miller (1959). One unit (U) of amylase activity is
defined as the amount of enzyme that liberates one micromole of
reducing sugar (glucose) per min under the assay conditions.
Results were expressed as EU (UM/mL).

Determination of antioxidant activity

DPPH (1, 1-Dipheny I-2-picrylhydrazyl) radical scavenging
assay

The free radical scavenging activity was measured by DPPH assay.
Four mg of DPPH (0.1 mM) was dissolved in 100 mL of methanol to
obtain working solution. One mL of ethanolic and methanolic extract
was mixed separately with 2.0 mL of 0.1 mM DPPH followed by 30
min incubation in dark. The reduction of the DPPH free radical was
measured by taking the absorbance at 517 nm (Williams et al.,
1995). Colour of DPPH was reduced from purple to yellow.

The antioxidant activity of both ethanolic and methanolic extracts
was evaluated by calculating the inhibition % of free radical
formation using the formula:

% inhibition = [(A-A1)/A] x 100; A= absorbance of the blank (DPPH);
Ai= absorbance of the extract (DPPH+ extract).

ABTS (2, 2-azinobis-3-ethylbenzothiazoline-6-sulphonic acid)
assay

In ABTS assay, antioxidant activity was measured using 7.6 mM
(19.0 mg/5.0 mL) ABTS® solution and 2.6 mM potassium
persulphate (3.5 mg/5.0 mL) solution in 5.0 mL of distilled water.
The resulting solution was left to stand for 16 h in dark at room
temperature. Working solution was prepared by mixing 1.0 mL of
this reaction mixture with 60.0 mL water. 3 mL of ABTS solution
was mixed with 30 pL of ethanolic and methanolic extract and
optical density was measured spectrophotometrically at 734 nm
after 1 min of incubation (Re et al., 1999; Arnao et al., 2001). The
reduction of ABTS was measured by evaluating the inhibition %
using the formula:

% inhibition = [(A-A1)/A] x 100; A= absorbance of the blank (DPPH);
A;= absorbance of the extract (DPPH+ extract).

Statistical analysis of data

The mean value and standard deviation was calculated from the
data obtained from the three replicates. Analysis of data was
performed by paired sample t-test by using PASW statistics viewer
18. Statistical differences at P<0.01 and P<0.05 were considered
as significant values.

RESULTS
Total phenol content (TPC)

In this investigation, the total phenolic content of
ethanolic and methanolic extracts of fermented and non-
fermented wheat fractions were carried out. Results show
that the TPC was higher in fermented samples as
compared to the non-fermented ones. Maximum phenolic
content with ethanolic extract was observed on the 5
day of incubation for wheat bran, flour and grain (1368.65
+ 3.55, 1314.17+5.65 and 1155.46 + 4.75 pM/g gallic acid
equivalents (GAE) respectively). Likewise maximum TPC
content of wheat bran, grain and flour (1469.35 £ 4.5,
1426.44 + 5.5 and 1268.91 + 5.3 pM/g GAE respectively)
was observed as compared to their respective controls
(Figure 1).

Antioxidant assays

DPPH assay

In the DPPH assay, various extracts of wheat grain, flour
and bran showed potent free radical scavenging activity.

The percent inhibition of free radicals formation was
maximum (62.68%) in fermented ethanolic extract on the
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Figure 1. Total phenolic content of wheat grain, flour and bran in uM/g gallic acid equivalent (GAE).
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Figure 2. Free radicals scavenging activity of 54% ethanolic and methanolic extract of wheat fractions
(grain, flour and bran) inoculated with A. oryzae using DPPH assay. (Error bar represents SD, n=3

5" day of incubation as compared to non-fermented
ethanolic extract of wheat grain (41.52%). Similarly, in
fermented wheat flour and bran, maximum inhibition
(32.87 and 43.89%) was observed on 5" day of
incubation which was significantly higher than their
respective controls that is 11.45 and 12.68%, respectively
(Figure 2).

Inhibition percentage of free radicals formation was
also studied for methanolic extract of fermented and non-
fermented wheat grain, flour and bran with same fungus.
Maximum percentage of inhibition (59.67 and 28.52%)

was observed in wheat grain and flour on 5" day of
incubation which was significantly different from their
respective control (40.75 and 13.13 %). After 5" day, the
inhibition percentage of free radical formation was
decreased. Methanolic extract of fermented wheat bran
showed maximum inhibition (71.30 %) on 2" day of
incubation as compared to control (68.04%) and further
increase in incubation period lead to sharp decrease in
free radicals inhibition. It has been observed that
fermented wheat fractions have more antioxidant
components than the non-fermented ones.
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Figure 3. Antioxidant activity of 54% ethanolic and methanolic extract of wheat fractions (grain, flour
and bran) inoculated with A. oryzae using ABTS assay. (Error bar represents SD, n=3).

ABTS assay

Another antioxidant assay used was ABTS" radical cation
decolourisation assay which is widely used for the
assessment of free radical scavenging activity of various
substrates. The ABTS assay also showed quite similar
results to those obtained in DPPH assay. The highest
ABTS" scavenging activity for ethanolic extract of wheat
bran (28.48%) was observed on 5" day of inoculation.
Subsequently slight decrease in inhibition was recorded
after the 5" day. Almost similar inhibition was noticed on
the 5" day in wheat flour and grain extracts (26.03 and
21.77 % respectively). Likewise maximum ABTS"
scavenging activity was recorded in methanolic extract of
wheat bran (43.55%) followed by wheat grain (27.52%)
and least in wheat flour (19.50%) where the respective
values in controls were 20.81, 17.61 and10.99%
respectively (Figure 3).

Amylase assay

Amylase is a classical calcium containing enzyme that
catalyze the hydrolysis of starch and related
carbohydrates by randomly cleaving internal a-D-(1-4)
glycosidic linkage, yielding glucose, maltose, maltotriose
and other oligosaccharides. This investigation focused on
the activity of amylase under solid substrate fermentation
for the enhanced release of polyphenol from wheat grain,
flour and bran.

In case of wheat grain fermented by A. oryzae,
maximum am}/lase activity (5.46 + 0.04 pM/mL) was
observed on 5" day of incubation, which was higher than
its control (4.37 £0.02). However enzyme activity

decreased with further increase in incubation period.
Similarly amylase activity was increased with increase in
incubation time in wheat flour and becomes highest on 4"
day (7.84 + 0.64 pM/mL). In case of wheat bran,
maximum enzyme activity (5.54 * 0.03 pM/mL) was
noticed on 4" day of incubation (Figure 4). These results
show that an amylase activity increase with increase in
incubation period and becomes highest on the 4™ and 5"
day of incubation and then after declines.

DISCUSSION

In this study, solvents with different polarities including
methanol and ethanol were used to extract antioxidants
from wheat (WH-711) after fermentation with A. oryzae
and it has been suggested that no single solvent can
extract all the antioxidants from food because of its
variation in solubility and polarity (Garcia-Alonso et al.,
2004; Sun and Ho, 2005; Igbal and Bhanger, 2007).
Maximum phenolic content was observed in fermented
wheat bran followed by wheat grain and flour. Enrichment
of phenolic compound through SSF has also been
reported in black bean (Lee et al, 2007), soybean
(Mccue and Shetty, 2003), cranberry pomace (Vattem
and Shetty, 2002) fava bean (Randhir et al., 2004) and
wheat (Bhanja et al., 2009). Solvent extraction is a
commonly used method to obtain anti-oxidants from plant
materials. Moreover Yao et al., (2004) suggested that
methanolic extraction gave higher phenolic content in
wheat bran and grain than ethanolic extraction. Methanol
is said to be the most suitable solvent in the extraction of
phenolic compounds due to its ability to inhibit the
reaction of polyphenol oxidase that causes the oxidation
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Figure 4. Amylase activity of fermented (with A. oryzae) and non-fermented wheat fractions (grain, flour and
bran) at different incubation periods (Error bar represents, SD, n=3).

Table 1. Paired sample correlation between total phenolic contents and free radical
scavenging activity of wheat fractions (grain, bran, and flour) using PASW statistics

viewer 18.
Ethanolic extract Methanolic extract
Substrate
TPC DPPH TPC ABTS TPC DPPH TPC ABTS
Wheat grain 0.865** 0.994* 0.899** 0.886**
Wheat flour 0.955* 0.939* 0.886** 0.892**
Wheat bran 0.841** 0.973* 0.961* 0.986*

*P<0.01 (more significant); **P>0.05 (less significant).

of phenolics. Several studies reported that methanol
extracted samples had high phenolics and antioxidant
activities (Ara and Nur, 2009; Jayasri et al., 2008; Chew
et al., 2008; Mothana et al., 2010). The lysis ability of the
solvent and the use of additional cell wall disruption
techniques favour the extraction yield. To extract more
polar pigments, such as carotenoids, hydrophilic solvents
like methanol play the main role in extraction, which is not
so influenced by the use of physical or mechanical
disruption methods (Henriques et al., 2007).

DPPH and ABTS were used to determine the anti-
oxidant activity of a specific compound or plant extracts
(Koleva et al., 2002). In the DPPH assay, free radical
accepts hydrogen and gets reduced by an antioxidant.
The DPPH radical solution possesses a distinct purple
color which disappears as antioxidants react with DPPH
and it breaks the radical chain reaction by donating a
hydrogen atom (Bhanja et al.,, 2008). Increase in
antioxidant activity in the fermented wheat fractions are in
conformity with the finding of Brand- Williams et al.
(1995) which reveals that there were more antioxidant
components in fermented okara than in non-fermented
ones. Fermented okra are free radical inhibitors or

scavengers, acting possibly as primary antioxidants.
These results are similar with that of soybean kojis by
various organisms (Lin et al., 2006) and fermented okra
by Bacillus subtilis B2 (Zhu et al., 2008). Total phenolic
contents and DPPH radical scavenging activity of wheat
fractions were significantly co-related (P<0.01) which
provide the strong evidence that the antioxidant activity in
wheat fractions is derived from phenolic compounds
(Table 1). Increased inhibition percentage of free radical
formation in fermented samples than the non-fermented
ones was supported by many other findings (Duenas et
al., 2005; Jonnalagadda et al., 2011). In mung beans and
black beans similar results were obtained, where SSF
significantly increased the phenolic content, thus
enhancing the antioxidant activity of the beans (Randhir
and Shetty, 2007). Similar to DPPH assay, total phenolic
content and ABTS" scavenging activity was also
significantly correlated (P<0.01) (Table 1). Phenolic
compounds have been established to exert a scavenging
effect for free radicals (Shahidi et al., 1992). High
antioxidant activity observed in wheat fractions could be
correlated to their high total phenolic contents. Similar
results have been reported by several researchers.
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Table 2. Paired sample test (2-tailed) between
total phenolic contents and a- amylase activity of
wheat fractions (grain, bran, and flour) using
PASW statistics viewer 18.

Substrate TPC amylase
Wheat grain 0.001*
Wheat flour 0.001*
Wheat bran 0.000*

*P<0.01 (significant, 2- tailed test).

Amylase production reached its maximum level after
120 h of incubation. On further incubation, the enzyme
activity gradually decreased. This may be due to the
depletion of essential nutrients required for the growth
and enzyme production (Kumar and Duhan, 2011; Kumar
et al., 2013). Amylase hydrolyzes starch, glycogen and
related polysaccharides by randomly cleaving internal
glucosidic linkages to produce different sizes of
oligosaccharides (Bhanja et al.,, 2007). Total phenolic
contents and amylase activity of wheat fractions were
significantly (P<0.01) correlated (Table 2). It was evident
in this study that phenolic contents increased after
fermentation, which may be due to the hydrolytic
enzymes produced by fungi that catalyze the release of
aglycones from the substrate and hence increase the
phenolic content and antioxidant potential as well.

Conclusion

This investigation showed that the solid state
fermentation carried out with A. oryzae was quite
effective for the improvement of phenolic contents and
free radicals scavenging activity of wheat fractions (grain,
bran and flour). Maximum antioxidant activity was noticed
in bran in both the extracts followed by grain and flour in
methanolic extracts and flour and grain in ethanolic
extracts. Amylase also played an important role in
release of phenolics during the fermentation with the
fungus. So it can be concluded that solid state
fermentation can be used to improve the neutraceutical
properties of wheat fractions. These results have shown
that the fermented wheat fractions are antioxidant rich
and may be used for the preparation of healthy food
supplement as compared to non-fermented wheat
fractions.
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