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Cereal and legumes meet a considerable requirement of protein and carbohydrate of the local population.
Most of the foods are cereal based but some cereal/legume or legume based foods are also common in
many countries of Asia and Africa. In present study, the effect of fermentation on total phenolics, antioxi-
dant activity and a-amylase enzyme activity of ethanolic extracts of each of seeds and flours combination
(1:1) of Oryza sativa (rice) and Lablab purpureus (seim) was determined. The percentage inhibition of free

Keywords: radicals formation by DPPH and ABTS assays was found maximum i.e. 80.66 +0.21, 97.67 +0.35 on 4th
A.oryzae day of incubation of combined sample of rice and seim seeds fermented with Aspergillus oryzae and As-
A. awamori pergillus awamori, respectively. The increased percentage inhibition of free radical formation of fermented

SSF samples was found greater than the non-fermented samples (65.88 +0.15, 42.00 4+ 0.63). The TPC of sub-

Lablab purpureus strate i.e. rice:seim seeds (1:1) was also found maximum i.e. 47.53 +0.20 on 5th day of fermentation with

Oryza sativa A.awamori. o-amylase activity of fermented samples was also found higher than that of non fermented
samples. Almost similar results were obtained in combined flour extract of both the substrates. Increase
in level of @-amylase enzyme during SSF indicates that enzymes produced by microorganisms were re-
sponsible for release of bound phenolics which may be responsible for increase in antoxidant activity of
extracts of fermented seeds and flour combination a cereal and a legume.

© 2017 Tomsk Polytechnic University. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Cereals and pseudo-cereals are important sources of macronu-
trients. Cereal grains provide significant quantities of energy, pro-
tein and selected minerals in the animal and human diet. Chemical
composition and bioavailability of nutrients vary between species
and varieties of grains and may be affected by the forms of pro-
cessing as feed and food [1]. Cereals also contain a wide range
of chemical classes with antioxidant activity [2]. Cereal grains are
rich in phenolic acids and saponins, while phytoestrogens and
flavonoids are present in small quantities [1]. Legumes (poor man’s
meat) play an important role in human nutrition since they are
rich sources of protein, calories, minerals and vitamins and there-
fore can be good supplements [3]. Legumes belong to the family
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leguminosae, which is probably the second most important source
of food and fodder. The family leguminosae is however, a very im-
portant crop in terms of production system since grains and fodder
can be obtained with minimal investment in terms of nitrogenous
fertilizers. They are rich in lysine and tryptophan [4] but low in
the sulfur-containing amino acids, methionine and cysteine [5]. It
is often, therefore, emphasized that legume seed grain proteins are
the natural supplement to cereal grain protein in producing and
overall essential amino acid balance.

Cereal and legumes meet a considerable requirement of protein
and carbohydrate of the local population. Wheat, barley, maize,
rice and millet are the major cereals that are cultivated in many
countries in Asia and Africa. Traditional foods prepared from major
cereals are common in almost all of the Asian and African coun-
tries. Most of these traditional foods are based on rice, wheat and
barley and some are also prepared from other grains. These prod-
ucts being highly nutritious, easily prepared and conveniently pre-
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served are very popular among the populations. Most of the foods
are cereal based but some cereal/legume or legume based foods
are also common in these countries [6].

It is well accepted that plants are the richest source of an-
tioxidants. Among plants, cereals and legumes are prominent be-
cause they contain a wide array of phenolics [7]. Plant foods such
as grains of cereals, vegetables and fruits contain a wide variety
of biologically active phytochemicals [8]. Phenolic acids occurring
in the grain of cereals, primarily, in bound form as conjugates
with sugars, fatty acids, or proteins act as effective natural an-
tioxidants [9]. The antioxidant properties of phenolic compounds
in grains have been associated with the health benefits attributed
to these crops and the value-added products derived from them.
Antioxidants may play an important role in the chronic disease
prevention by arresting oxidative damage caused by reactive oxy-
gen species (ROS) to vital biomolecules such as DNA, lipids and
proteins [10]. Cancer and cardiovascular diseases are ranked as
the first two leading causes of death in many developed coun-
tries [11,12]. Unhealthy dietary habits, living habits and exposure to
dangerous chemicals in the environment could lead to the produc-
tion of more free radicals. Oxidative damage caused by free rad-
icals may be related to cancer, atherosclerosis, diabetes, arthritis
and other aging diseases [13]. The intake of antioxidant-containing
food has been associated with a reduction in cardiovascular and
other health risks [14-16].

Throughout history, fermentation has been used to improve
product properties. Fermentation is an ancient method of food
processing aimed at prolonging shelf-life and improving palatabil-
ity. It may also improve digestibility and nutritional value of food
and feed. Previous studies have shown that microorganisms start
to modify plant constituents during fermentation [17]. Many bio-
chemical changes occur during fermentation, leading to altered ra-
tio of nutritive and antinutritive components of plants, which af-
fect product properties such as bioactivity and digestibility [18]. To
observe the changes in phenolics and antioxidant activities, a study
on solid state fermentation of rice and seim individually with GRAS
filamentous fungi was carried out in our laboratory [19,20] and
found that the activities of fermented substrates were higher than
the non-fermented ones. The present study was carried out to in-
vestigate the effect of fermentation on total phenolic and antiox-
idant activities in combination (1:1) of two substrates and their
milling fraction.

2. Material and methods
2.1. Microorganisms and substrate

The fungal strains i.e. Aspergillus oryzae (MTCC 3107) and As-
pergillus awamori (MTCC 548) used for solid state fermentation in
present study were procured from Microbial Type Culture Collec-
tion (MTCC), Institute of Microbial Technology, Chandigarh. These
fungal strains are generally recognized as safe (GRAS), which are
cultivated and maintained on potato dextrose agar (PDA) plates.
Spore suspension was prepared having a spore count of 1 x 106
spores/mL. Oryza sativa (Mini mogra basmati rice) and Lablab pur-
pureus (seim) were used as substrate for solid state fermentation
and were procured from local market of Sirsa.

2.2. Chemicals and glassware’s

The organic solvents (ethanol, hexane, methanol etc.)
used in current study were from Qualigens (Mumbai, India).
All other chemicals 2,2-diphenyl-1-picrylhydrazyl (DPPH), 3-
ethylbenzothiazoline-6-sulphonic acid (ABTS), gallic acid, Folin-
Ciocalteu reagent, L-ascorbic acid, sucrose, sodium carbonate etc.

used were of analytical grade and purchased from Hi-Media (St.
Louis, USA). Glassware’s used in the study were of borosil.

2.3. Substrate and inoculum preparation

Substrates were first washed and dried overnight in a hot air
oven (Narang Scientific Instruments, NSW 143, Ambala, India).
After dried it was used for fermentation. The fungal culture of
A.oryzae and A.awamori were maintained on slants of potato dex-
trose agar were transferred to fresh PDA plates before starting
the experiment. The inoculated plates were incubated at 25°C for
120 h. Spore suspension of required inoculum was prepared in ster-
ilized cellular grade water having a spore count of approximately
1 x 10% spores/mL by using haemocytometer (Bright-Line Z359629,
Sigma).

2.4. Fermentation conditions

Rice and seim seeds as well as flour in 1:1 ratio (25g:25¢g)
each were taken in 500mL Erlenmeyer flasks and then soaked
in 50mL Czapek-dox medium [NaNOs (2.5g/L), KH,PO4 (1.0g/L),
KCl (0.5g/L) and MgS0O,4. 2H,0 (0.5g/L)] at room temperature
overnight. After decanting the excess media, the substrates were
autoclaved at 121°C and 151b? inch pressure for 15min and then
subsequently cooled before inoculation. The autoclaved substrates
were inoculated with 5.0mL spore suspension of selected fungal
strains, mixed properly and incubated for 6 days at 30 °C. The non-
fermented substrate (prepared without the addition of spore sus-
pension) was taken as control.

2.5. Extraction of enzymes

Fermented samples were taken at every 24 h of interval, the en-
zymes were extracted from fermented substrate with distilled wa-
ter (1:10 (w/v)) by rotation method. Extracted samples were fil-
tered through Whatman filter paper No. 1. The supernatants were
assayed for a-amylase activity.

2.6. Extraction of phenolic compounds

The fermented and non-fermented substrates were taken out
from the Erlenmeyer flask at every 24h of interval and dried in
oven at 60°C for 24h. 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 wy/v,
5min, thrice) at room temperature. Defatted samples were air
dried for 24h and stored at —20°C for further analysis. Defatted
samples were extracted with 54% ethanol at 61°C for 64 min [21].
The extracted samples were filtered through Whatman filter pa-
per No. 1. The filtrate was used for determination of total phenolic
content and antioxidant properties [22].

2.7. Determination of total phenolics

Total phenolic content was determined using Folin-Ciocalteu
reagent [23]. The ethanolic extract 200 uL was mixed with 1.0 mL
of Folin-Ciocalteu reagent and 0.8 mL of sodium carbonate Na,CO3
(7.5%). The contents were allowed to stand for 30 min at room
temp. The absorbance was measured at 765nm (Systronic 2202
UV-VIS spectrophotometer). Total phenol content was obtained
from the regression equation and expressed as pM/g gallic acid
equivalent using the following formula [24].

C=cV/M

where C=total content of phenolic compounds in mg/g gallic acid
equivalent
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c=the concentration of gallic acid (mg/mL) established from the
calibration curve

V =volume of extract

M =the weight of pure ethanol extract (g)

2.8. a-Amylase assay

o-Amylase activity was determined by mixing 0.25mL of ap-
propriately diluted enzyme (1:5 v/v) with 0.5mL of 0.2M acetate
buffer (pH 5.0) and 1.25mL of soluble starch (1%). After 10 min
of incubation at 50 °C, the concentration of glucose liberated from
starch by the action of @-amylase was estimated spectrophotomet-
rically at 575nm [25]. 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).

2.9. DPPH radical-scavenging effect

The free radical scavenging activity was measured by DPPH as-
say, following Brand-Williams et al [26], method with some modi-
fication. Four mg of DPPH (0.1 mM DPPH) was dissolved in 100 mL
of methanol to obtain working solution. An aliquot of ethanolic
extract (200pL) was mixed with 2.0 mL of 0.1 mM DPPH and in-
cubated for 30 min in dark. The reduction of the DPPH free radi-
cal was measured by reading the absorbance at 517 nm. Color of
DPPH was reduced from purple to yellow. The antioxidant activity
of ethanolic extract was evaluated by calculating the % inhibition
using the formula:

%inhibition = [(A — A;)/A] x 100

A =absorbance of the blank
A; = absorbance of the extract

2.10. ABTS radical cation depolarization assay

In ABTS assay, antioxidant activity was measured using 7.6 mM
(19 mg/5.0mL) ABTS* solution and 2.6 mM potassium persulphate
(3.5mg/5.0mLK;S,0g) solution in 5.0 mL of distilled water. The re-
sulting solution was left to stand for 16 h in dark at room temper-
ature. Working solution was prepared by mixing 1.0 mL of this re-
action mixture with 60 mL water [27,28]. Ethanolic extract (30puL)
was mixed with 3.0mL of ABTS solution and optical density was
measured at 734nm after 1.0 min of incubation at room temper-
ature using spectrophotometer. The reduction of ABTS was mea-
sured in the % inhibition as described in DPPH assay.

2.11. Statistical analysis

The mean value and standard deviation was calculated from the
data obtained from the three replicates. Analyses of data were car-
ried out by paired sample T test and by paired sample correlation
using PASW statistics viewer 18. Statistical differences at P <0.05
were considered as significant values (Table 3).

3. Results
3.1. Total phenolic content (TPC)

In the present investigation, total phenolic content was calcu-
lated with regression equation i.e. y=0.0017x-0.0191 from stan-
dard curve of L-ascorbic acid (Fig. 1A) and expressed as gallic
acid equivalent (GAE). Maximum TPC was observed on 5th day
of fermentation (i.e. 47.53 +£0.20 and 46.664+0.21 GAE pM/mL) of
whole seed but in fermented flour TPC was found maximum (i.e.

Table 1

Effect of fermentation time on percent inhibition of free radical formation by
Lablab purpureus and Oryza sativa seed and flour extracts (54% ethanol) using
DPPH assay (mean + SD).

% inhibition of DPPH
Seed (rice:seim)

% inhibition of DPPH
Flour (rice:seim)

Fermentation
time (in days)

A.oryzae A.awamori A.oryzae A. awamori
Control 65.88+0.15 66.97+0.35 61.37+021 60.07+0.20
2 71.20+£042 7297+030 64.22+030 64.10+0.28
3 7239+£013 72254129 6739+028 67.29+0.20
4 80.66+0.21 80.61+0.18 7415+030 65.81+0.18
5 63.38+0.35 71484026 73.28+0.25 61.57+0.31
6 60.29+0.23 70.88+0.13 63.20+0.13 60.08+0.27

SD, standard deviation.

Table 2

Effect of fermentation time on percent inhibition of free radical formation by
Lablab purpureusand Oryza sativa seed and flour extracts (54% ethanol) using ABTS
assay (mean = SD).

% inhibition of DPPH
Seed (rice:seim)

% inhibition of DPPH
Flour (rice:seim)

Fermentation
time (in days)

A.oryzae A.awamori A.oryzae A.awamori
Control 45224043 42.00+£0.63 46.57+0.64 43.87+1.22
2 63.78+0.56 55.71+045 64.29+0.57 56.044+0.49
3 73.89+035 69.51+042 73.94+063 60.09+0.57
4 95.66+0.56 97.67+0.64 84.01+043 73.43+0.64
5 8298+0.70 96.22+035 71.66+0.85 71.89+114
6 9529+043 86.25+0.77 6117+0.77  68.95+0.50

SD, standard deviation.

46.83+£0.26 and 39.55+0.16 GAE pM/mL) on 4th day of incuba-
tion with A.awamori and A.oryzae, respectively. These values of
fermented seed as well as flour were found higher than the non-
fermented one (29.48 +£0.20 and 16.16+-0.26) as shown in Fig. 1B.

3.2. DPPH radical-scavenging assay

The results showed that maximum percentage inhibition
(80.66 +0.21 and 80.61 4 0.18) of free radicals formation was found
on 4th day of incubation in combination (1:1) of seeds of rice
and seim when fermented with both the fungi i.e. A.oryzae and
A.awamori, respectively. The percentage inhibition of free radi-
cals formation was more in fermented substrate than the non-
fermented one. However, the inhibition of free radical formation of
fermented flours combination was observed maximum on 4th and
3rd day of incubation (74.1540.30 and 67.29 4 0.20) with A. oryzae
and A.awamori, respectively, but it was less than the fermented
seeds (Table 1). Both the fermented seeds as well as flours combi-
nations of seim and rice showed the higher percentage inhibition
than the non fermented ones (60.07 +0.20 and 66.97 & 0.35).

3.3. ABTS radical scavenging assay

According to the results shown in Table 2 the fermented seed
extract of rice and seim (1:1) showed highest (95.66 +0.56 and
97.67 +0.64) scavenging of ABTS radicals on 4th day of incubation
with A. oryzae and A. awamori, respectively. Similarly in case of fer-
mented flour combination of rice and seim the maximum inhibi-
tion i.e. 84.01 £0.43 and 73.43 +0.64 was observed on 4th day af-
ter fermentation with both the fungi. These results showed similar-
ity with DPPH assay as the value of fermented combination of rice
and seim seed as well as flour were higher than the non-fermented
samples (42.00+0.63 and 46.57 +0.64). The Table 3 showed that
the total phenolic content of both seed and flour of rice and seim
was significantly correlated (P < 0.05) with the ABTS values.
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Fig.1. (A) Standard graph of TPC with R? value (B) Total phenolic content (uM/mL) in combination of seim and rice seeds and flours extracts (54% ethanol) fermented with

Aspergillus oryzae and Aspergillus awamori (Error bar represents SD, n=3).

-li.::)rl:diample correlation by using PASW statistics viewer 18. Statistical differences at P <0.05 were considered as significant value.
Substrate TPC DPPH TPC DPPH TPC ABTS TPC ABTS
A.oryzae A.awamori A.oryzae A.awamori
Combination of seeds (seim:rice) 0.089f 0.4997 0.912¢ 0.975*
Combination of flours (seim:rice) 0.876* 0.1697 0.992* 0.899*

* P <0.05 (significant).
T P>0.05 (non significant).

3.4. a-Amylase assay

The present investigation was also focused on the «-amylase
activity under the solid substrate fermentation for the enhanced
release of polyphenol from rice and seim seed as well as
flour. Highest a-amylase activities (1.36+0.02, 0.92+0.01 and
1.294+0.14, 0.96+0.01 EU (uM/mL) of each of seed and flour
of the substrates were observed on 3rd day of fermentation
with A.awamori and A. oryzae, respectively. The fermented samples
showed higher enzyme activity than the non-fermented ones i.e.
0.52+0.02, 0.79+0.01 and 0.65+0.01, 0.64+0.04 EU (uM/mL) in
both the substrate as shown in Fig. 2.

4. Discussion

Phenolic compounds, present in all plants, are of great im-
portance for food and beverages derived from plants, since these
compounds are responsible for their organoleptic properties. As
a consequence, they are closely related to the quality of such
products, and thus their analysis is of considerable interest [29].
Legumes and cereals are rich sources of polyphenolic compounds.
Here, in the current research the phenolic content of substrate
augment with solid state fermentation and phenolic content in-
creases with increase in incubation time (in days). Maximum phe-
nolics was found on the 5th day of incubation (Fig. 1B) of seed
combination and on the 4th day of flour combination of the sub-
strate (rice:seim) with both the fungi i.e. A.awamori and A. oryzae.
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Fig.2. a-Amylase activity of fermented and non-fermented seed and flour in combination of seim and rice at different incubation periods (Error bar represents, SD, n=3).

After attaining the maximum value, phenolics content in the sam-
ple decreases gradually. Previous studies suggested that phenolic
content of substrate is correlated with their antioxidant activities
[30]. Increased phenolic content in fermented samples as com-
pared to non-fermented samples was also found in earlier inves-
tigation with different substrates [20,31].

Cereal and legumes provide significant quantities of energy,
protein and selected micronutrients in the animal and human
diet. Significant levels of antioxidants have been detected in ce-
reals, cereal-based products and legumes [32,33]. Antioxidants are
present naturally in the plants and their related foods. The nat-
urally present antioxidants increase with fermentation techniques
[34-36]. In this study DPPH and ABTS radical scavenging assays
were performed for measurement of free radical scavenging ac-
tivities of rice and seim. A freshly prepared DPPH solution exhib-
ited a deep purple color with a maximum absorption at 517 nm.
This purple color disappears when an antioxidant is present in
the medium. Thus, antioxidants molecules can quench DPPH free
radicals and convert them to a colorless product, resulting in a
decrease in absorbance at 517nm [37]. The ABTS assay is also
based on the ability of the antioxidants present in the sample to
scavenge the cation radical of ABTS*. This scavenging results pro-
duced a decrease in the absorbance at 734nm [38,39]. The per-
centage inhibitions of free radicals formation of both the assays
were found maximum at 4th day of incubation of seed and flour
combination (rice:seim). The fermented seed combination showed
higher inhibition then fermented flour combination when incu-
bated with A.awamori and A. oryzae. a-Amylase is one of the most
important enzymes which can be used in a number of industrial
processes. Studies on fungal amylase especially in the develop-
ing countries have been concentrated on Aspergillus species, proba-
bly because of ubiquitous nature and non-fastidious nutritional re-
quirements [40]. During fermentation, fungus releases various en-
zymes [41,42] and the same has been observed in this study where
maximum amylase activity was observed on 3rd day after incuba-
tion with A.oryzae and A.awamori. The main objective i.e. to in-
crease the phenolics, antioxidants and amylase activity through fer-
mentation was found in this study because the resulted value of
fermented samples was higher than the non-fermented samples.
Earlier studies also showed that the value of fermented substrates
were greater than the non-fermented samples [43,44].

5. Conclusions

Cereal and legume based foods are most popular followed by
fruit, vegetable and milk based products. Results obtained from
the present work showed that through SSF, the level of phenolics
can be increased. Enzymatic release of bound phenolics increases
the TPC values as well as the antioxidant property during fermen-
tation. So, fermented substrate possesses more phenolics and an-
tioxidant activities as compared to the non-fermented substrate.
In this study increase in level of amylase enzyme is directly cor-
related with increase in TPC. So, it could be concluded from the
results of present study that the fermented ethanolic extract of
rice and seim seed combination as compared to flour will be an
antioxidant rich and healthy food supplement compared to non-
fermented seed and flour combination of rice and seim.
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