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Abstract This study was investigated to evaluate the
phenolic acid composition, antioxidant potential and
acceptance of rusk prepared by the progressive replace-
ment of wheat flour with barley flour. The wheat-barley
blends rusks were also evaluated for their pasting and
sensorial properties. The pasting characteristics of wheat
flour was influenced by barley flour incorporation with a
increase in peak and final viscosity values with increasing
amount of barley flour. The results revealed that incorpo-
ration of barley flour into wheat flour improved the nutri-
tional and bioactive compounds profile. The free radical
scavenging activities towards DPPH and ABTS™ was
found to be higher for wheat-barley blends rusk in com-
parison with wheat rusk. As evident from total phenolic
content, total flavonoids contents and antioxidant activities,
barley flour was found to be rich in bioactive compounds in
comparison with wheat flour. Supplementation of rusks
with 30% barley flour were suggested to be nutritionally
superior with an acceptable sensory score and is a suc-
cessful approach to enrich rusks with nutrients.
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Introduction

Busy life style, hectic schedule and globalization have
shifted consumer’s interest towards bakery products
because of their ready-to-eat nature, convenience, and long
shelf life. Biscuits, crackers, cakes, breads, rusks are most
popular products of bakery industry. Wheat is the most
versatile cereal and generally all the bakery foods are
formulated from wheat. Although wheat provides nutrients
and calories but it is still bio-actively and nutritionally
poor. Wheat’s protein quality is inferior to when compared
with other cereals because of low lysine, methionine and
threonine content of wheat proteins (Yakoob et al. 2018).
Traditionally neglected barley cereal used has been boosted
either as whole grain or as an ingredient. Barley has an
excellent nutritional profile and has increasingly become an
active ingredient in healthy food because it has been known
to have high amount of dietary fibres (B-glucan), phenolic
compounds, arabinoxylans and bioactive polypeptide (Pu-
nia et al. 2017; Sandhu and Punia 2017; Alu’datt et al.
2012). Barley mainly contains phenolic such as ferulic
acid, caffeic acid, p-coumaric acid, protocatechuic acid,
flavonols and flavan-3-ols (Hernanz et al. 2001). Being a
source of functional compounds, barley is reported to have
potential of lowering blood cholesterol, glycemic index
(GI) and reduce the risk of chronic diseases (Brennan and
Cleary 2005). Barley is a healthier version of other cereals
and addition of barley or barley constituents to foods is
usually aimed at increasing the content of total and soluble
fibre in foods, improving their physiological efficacy, and
providing health benefits. Therefore, the supply of barley’s
functional components through baked products may be an
interesting opportunity to improve the nutritional behavior
of bakery products (Dhull et al. 2019). By the conse-
quences of modern life style and changing environment,
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development of such kind of functional food products
increases nutritional as well as health status. Previous
studies have reported effect of barley addition on the
quality characteristics of different baked products cakes
(Yakoob et al. 2018), cookies (Sharma and Gujral, 2014a),
chapatti (Sharma and Gujral 2014b), chocolate chips
cookies (Frost et al. 2011), bread (Holtekjolen et al. 2008)
etc. The previously published studies have shown that
addition of barley to the cereal-based products is a suc-
cessful attempt of improving their phenolic level and
antioxidant potential. To the best of our knowledge, studies
regarding the incorporation of barley to wheat flour in
rusks appear to be limited. This prompted us to investigate
the effect of incorporation of barley at level of 10, 20, 30,
40 and 50% on the phenolic acid composition, antioxidant
potential and sensorial properties of rusks.

Materials and methods
Materials

Wheat cultivar (cv.WH-1080) and barley cultivar (cv.BH-
393) were procured from Chaudhary Charan Singh Har-
yana Agricultural University, Hisar for preparing rusks.
The protein contents of wheat and barley were 12.33 and
13.3%, respectively. The grains were cleaned and milled
into fine powder using grinder (Newport Super mill, Aus-
tralia) to pass through 60 BSS (250 um) sieve to obtain
wheat and and stored in a refrigerator till further analysed.

Preparation of wheat flour and wheat-barley flour
blends

Barley flour (BF) was incorporated to wheat flour (WF) and
the blends were named as WF (100% wheat flour), BF-
10% + WF-90%, BF-20% + WF-80%, BF-30% 4 WEF-
70%, BF 40% + WF-60%, and BF-50% + WF-50%.

Water absorption capacity and water solubility
index

Water absorption capacity and water solubility index of
flour and blends were measured by the method described
by Sosulski (1962).

Oil absorption capacity and foaming stability
For the determination of oil absorption capacity and

foaming stability the method of Lin et al. (1974) was
followed.

Emulsion stability

Emulsion stability was evaluated according to the method
described by Naczk et al. (1985).

Pasting properties of blends

Pasting properties of flours were studied using in-build cell
of Modular Compact Rheometer (MCR 52, Austria).
Parameters recorded (Fig. 1) were pasting temperature,
peak viscosity, trough viscosity, final viscosity, breakdown
viscosity and setback viscosity. All the measurements were
replicated thrice.

Color characteristics of blends and rusks

Hunter color measurement of flours was carried out using a
Hunter Colorimeter fitted with optical sensor (Hunter
Associates Laboratory Inc. Restan VA., USA) on the basis
of L*, a*, b* color system.

Rusk preparation

Rusks were prepared by following the method described by
Mallik and Kulkarni (2010). Dough was prepared by
blending 500 g wheat flour/wheat-barley flour blends with
80 g fat, 80 g sugar, 4 g salt and 16 g yeast. In control
samples, additionally 12 g skim milk powder and 220 g
water were used. Wheat flour was replaced by barley flour
at 10, 15, 20, 25 and 30% levels, respectively. The ingre-
dients after mixing were kneaded to a smooth dough and
allowed to stand for 20 min. Again the dough was kneaded
and allowed to stand for further 20 min. The dough was
then shaped and placed in greased baking tray and allowed
to stand for 15 min, for final processing followed by baking
at 225 °C for 15-20 min. After baking, the loaves were
cooled for 1 h, and then placed in a refrigerator for about
2 h for the ease of slicing. The loaves were then mechan-
ically sliced to pieces about 1 cm of thickness followed by
roasting at 200 °C for 15 min in an oven.

Sensory evaluation

The rusks prepared from wheat flour and wheat-barley flour
blends were subjected to sensory analysis by a semi trained
panel comprising of 30 people. The panellists aged
20-35 years comprised of postgraduate students, research
scholars, and faculty members of the department of Food
Science and Technology, Chaudhary Devi lal University,
Sirsa, Haryana. The sensory testing of the samples was
done under ambient conditions in a comfortable and quite
area without distractions under proper lighting and con-
trolled temperature. The panellists evaluated the prepared
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rusks for the parameters crust color, crust hardness, crumb
color, crumb chewiness, taste, aroma and overall
acceptability.

The samples were served in porcelain dishes labelled
randomly with three digit numbers. Each panellist received
a rating form scored on a 9 point hedonic scale (9, ‘like
extremely’; 8, ‘like very much’; 7, ‘like moderately’;
6, ‘like slightly’; 5, ‘neither like nor dislike’; 4, ‘dislike
slightly’; 3, ‘dislike moderately’; 2, ‘dislike very much’;
1, ‘dislike extremely’) to rate the rusks for various
parameters. Mineral water was provided as palate cleansers
between each sample. After palate cleansing, a pause (15 s)
was given before the next assessment. The sensory analysis
of rusks was replicated three times with a fresh batch of
rusks each time.

Total phenolic content of wheat-barley flour blends
and rusks

Total phenolic content was determined by following the
Folin—Ciocalteau method as described by Gao et al. (2002).
Gallic acid was used as the standard, and results are
expressed as pg gallic acid equivalents (GAE)/g of flour.

High performance liquid chromatography (HPLC)
analysis of phenolic acids of wheat-barley flour
blends and rusks

The prepared methanolic extracts were analyzed for iden-
tification and quantification of gallic, ferulic, chlorogenic
acid, p-hydroxybenzoic, syringic, p-coumaric, and ferulic
acid. HPLC analysis was carried out using Agilent 1260
Infinity series HPLC (Agilent Technologies, Santa Clara,
CA) equipped with Quaternary Pump VL (G1311C) and
degasser, 1260 ALS auto-sampler (G1329B) and 1260
DAD VL detector (G1315D). Separations were achieved
using ZORBAX Eclipse C18 column (Agilent Technolo-
gies) under the gradient flow of 0.1% acetic acid in water
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(v/v) as solvent A and methanol as solvent B. The gradient
flow was run as described by Kumar et al. (2014) (0-1 min,
30% B; 1-10 min, 65% B; 10—-14 min, 80% B; 14—-16 min,
80% A; 16-17 min, 40% B; 17-20 min, 35% B and
20-21 min, 30% B) and the detection wavelength was set
as 280 nm. The flow rate was adjusted as 1 ml min~" and
the column temperature was set as 30 °C. The injection
volume was set as 5 pl. For the purpose of quantification,
the calibration curve was prepared using a mixture of
purified standards such as gallic, ferulic, chlorogenic acid,
p-hydroxybenzoic, syringic, p-coumaric, and ferulic acid.
The results were expressed as pg/g DW of the sample.

Antioxidant activity (AOA) of wheat-barley flour
blends and rusks

AOA was measured using a modified version of the method
described by Brand-Williams et al. (1995). Methanol was
used as a blank, and antioxidant activity was calculated as
percent discoloration:

% AOA = (1 — (A of sample,_,/A of controli_3)
x 100.

Total flavonoids content of wheat-barley flour
blends and rusks

Total flavonoids content was determined by following the
method described by Jia et al. (1998). Catechin was used as
standard and the results were reported as pg catechin
equivalents (CE)/g of sample.

Metal chelating activity of wheat-barley flour blends
and rusks

Metal chelating activity was measured by following the
method described by Dinis et al. (1994). The chelating
activity of the extract for Fe*"was calculated as follows:
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Iron (Fe")chelating activity (%)
= {1 — ( Absorbance of sample/Absorbance of control)}
x 100.

ABTS™ scavenging capacity of wheat-barley flour
blends and rusks

ABTS™ scavenging activity was measured by following the
method described by Re et al. (1999). A standard curve was
prepared by using different concentrations of vitamin C
similar to DPPH assay. ABTS" scavenging property was
expressed as vitamin C in umol/g of wheat.

Statistical analysis

The data reported in all the tables are expressed as
mean =+ standard deviation of three independent replica-
tions. The data were subjected to one-way analysis of
variance using Minitab statistical software version 15
(Minitab, Inc., State College, PA).

Results and discussion

Physico-hemical properties of wheat flour
and wheat-barley flour blends

Physico-chemical properties of wheat flour and wheat-
barley flour blends differed significantly (p < 0.05). The
water absorption capacity, water solubility index, oil
absorption capacity, foaming stability and emulsion sta-
bility of wheat flour were 135%, 8.12, 135%, 73.2%, and
44.5%, respectively. The incorporation of barley flour to
wheat flour in the blends significantly (p < 0.05) increased
the measured functional properties of flours. Both water
and oil absorption capacity increased significantly
(p < 0.05) and the values of blends ranged between 141
and 173% and 137-151%, respectively. Sharma and Gujral
(2014a) reported that an increase in water absorption
capacity after incorporating barley flour into wheat flour
may be due to increased levels of dietary fibres including
B-glucan which hold more water. An increase in oil
absorption capacity may be attributed to the higher fiber
content of the blends as the surface of fiber has a high
capacity to hold oil by a mechanical process. Wheat-barley
flour blends showed increased foaming stability and
emulsion stability in comparison to wheat flour; values
ranged between 75.3-78.9% and 45.6-49.2%, respectively.
Alu’datt et al. (2012) reported that enhanced solubility of
wheat flour by incorporating barley flour may be

responsible for formulating bakery products which require
good emulsifying and foaming properties.

Pasting properties of wheat flour and wheat-barley
flour blends

The results regarding pasting properties of wheat flour and
wheat-barley flour blends are presented in Table 1. Paste
viscosity and final viscosity of wheat flour was observed to
be 330 mPa s and 827 mPa s, respectively. Peak viscosity
is an indicator of ease with which the starch granules are
disintegrated and often correlated with final product quality
(Yaqoob et al. 2018). Incorporation of 10-50% barley flour
in wheat flour increased peak and final viscosity with
values ranging  between 363-741 mPa s and
859-1349 mPa s, respectively. Setback viscosity also
increased as the incorporation of barley flour increased in
wheat-barley flour blends and the values ranged between
549 and 757 mPa s. As proportion of barley flour in wheat
flour increased, a progressive increase in peak viscosity,
final viscosity and breakdown viscosity was observed,
which may be due to the soluble fibers in the barley flour. It
is reported that dilution of wheat starch with barley con-
stituents such as B-glucan also contributes to such a trend
in pasting properties (Yaqoob et al. 2018). Lazaridou et al.
(2003) also reported that a solution containing -glucan is
more viscous than starch solution of same concentration.
Hence, an increase in -glucan content in flour blends with
increase in barley fraction will result in increase in the
pasting properties. Pasting temperature of wheat flour was
64.8 °C and at increased level of incorporation of barley
flour no significant increase was observed.

Gravimetric characteristics

Gravimetric properties (water absorption capacity, loaf
weight and loaf height) are shown in Table 2. Water
absorption capacity of dough varied significantly
(p < 0.05) and ranged between 81 and 151 ml. Water
absorption capacity of dough increased as the level of
barley flour in wheat flour was increased. Increase in water
absorption capacity may be due to presence of dietry fibres
(B-glucan) which holds more water. The loaf weight for
wheat flour was 225 g and with increase the level of barley
flour in wheat flour, the loaf weight was increased
(244-275 g). Before baking, the height of dough ranged
from 4.7 to 5.5 cm. Higher water absorption capacity is
responsible for higher loaf weight. The height of dough
after baking increased; values ranged from 5.5 to 8.7 cm.
wheat flour dough showed the maximum loaf height after
baking (8.7 cm) whereas blend with 50% barley flour
showed the lowest loaf height. The decrease in loaf height
with the increase in level of barley may be owing to less
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Table 1 Physicochemical and pasting properties of wheat flour (WF) and wheat-barley (WB) flour blends

ES (%) Peak Trough Breakdown Final Setback Pasting
viscosity
(mPa s)

FS (%)

OAC (%)

Water

WAC (%)

Blends

temperature

O

viscosity
(mPa s)

viscosity
(mPa s)

viscosity
(mPa s)

viscosity
(mPa s)

solubility index
(/100 g)
135* £ 0.15 8.12* £ 0.21

141° £ 0.18 8.45® + 0.15
153° £ 1.12  8.79° & 0.43

1649 + 045 9.13° + 1.31

169% + 0.21
173¢ & 0.11

64.8* £ 0.09
64.9* £ 0.06
65.1° + 0.10
65.3° + 0.15
65.4° + 0.12
65.5° + 0.16

827+ 5 525"+ 4

28"+ 7

44° + 5
48*° + 10

302% + 18

753% £ 027 456°+ 132 363°+£15 319° + 21

135 £ 256 73.2" £ 044 445" + 046 330" + 11

137% £+ 31

WF

549° + 6
081° £ 14 580° + 12

1099° + 10 592¢ + 11

859 + 12
11894 + 16

BF10% + WF(90%)
BF20% + WF(80%)
BF30% + WF(70%)
BF40% + WF(60%)
BE50% + WE(50%)

139° 4+ 0.47 76.4° &+ 0.15 4634+ 022 449° £ 22  401° £ 29
141° £ 1.67 7759+ 153 4714+ 017 5614+ 26 5074 + 13
149 £ 234 78.2°4 1.65 483°4+ 034 608 £ 15 529° £ 16

151° £ 0.18 78.9°+ 039 4927 + 1.15

54° £ 18

742¢ £ 9

79¢ + 6
149° + 9

9.26° & 0.75
9.90% + 221

757° £ 7

1349° + 21

741F £ 19 592f + 10

Values are an average of triplicate observations; (Mean £ SD). Values followed by a similar superscript in a column do not differ significantly (P < 0.05)

gas retention power of the wheat-barley blends. A dilution
effect on gluten is observed with the addition of non-wheat
flour to wheat flour that leads to less retention of carbon
dioxide gas causing a depression in loaf height.

Hunter color characteristics of wheat flour
and wheat—barley flour blends and rusks

Hunter color characteristics of wheat flour and wheat-
barley flour blends and rusks are summarized in Table 2.
The L* value indicates the lightness, 0—100 representing
dark to light, a* value, indicator of degree of the red-green
color and b* value indicates the degree of yellow-blue
color, with higher positive b* value indicating more yel-
low. The hunter color values of L*, a* and b* of wheat
flour were 85.3, 2.01, and 13.2, respectively. L* value of
wheat-barley flour blends ranged from 86.1 to 87.6.
Incorporation of barley flour to wheat flour significantly
(p < 0.05) increased L* value, however, substitution at
higher levels showed no significant effect. Values of a*
and b* was significantly (p < 0.05) lowered and the values
ranged between 1.53-1.83 and 8.1-12.9, respectively
among wheat-barley flour blends. Baking led to a signifi-
cant (p < 0.05) decrease in L* value whereas a* and b*
values were significantly (p < 0.05) increased as compared
to their corresponding counterparts flours. The L* value of
flours from rusk (control) prepared from wheat flour was
lowered to 73.1 while those prepared by incorporating
barley flour to wheat flour exhibited L* value in the range
from 60.3 to 72.3. Decrease in L* can be attributed to the
heat employed during the baking that leads to Maillard
reactions and compounds formed contribute to the aroma,
taste and color of foods and are influenced by many fac-
tors, including temperature, reactant concentration, reac-
tion time and water activity (Manzocco et al. 2000). The
rusk prepared from wheat flour showed an increase in a*
value (4.11) while those prepared by incorporating barley
flour to wheat flour also showed increase in a* and the
values ranged between 1.66 and 3.94. Similarly, b* value
of rusk prepared by wheat flour exhibited an increase
(24.5) while those prepared from blends exhibited an
increase in the values ranging from 19.4 to 23.6. During
baking process, some maillard reactions are responsible to
produce brown pigments and temperature, water activity,
pH, types of sugars are the major factors, which are
responsible for such changes (Stojceska et al. 2009).

Total phenolic content of wheat and wheat—barley
flour blends and rusks

Phenolic compounds are antioxidants and help in protect-
ing body tissues from oxidative damage, delay food dete-
rioration and maintain its nutritional profile. Total phenolic
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Table 2 Gravimetric characteristics and hunter color characteristics of wheat flour (WF) and wheat-barley (WB) flour blends and rusks

a* value b* value

L* value

Loaf height
after baking

(cm)

Loaf height

before

Loaf weight

(€9)

Water

Blends

absorption

Rusk

Flour blends

Rusk

Flour blends

Rusk

Flour blends

baking (cm)

capacity (ml)

13.2° + 0.02  24.5%356 & 0.02
1299 £ 0.03  23.6%g0 £ 0.04
11.8° £ 0.03  22.1%g;, + 0.03

4.11% 04 £ 0.01
3.94%5 & 0.02

3.83% 17 + 0.02

853"+ 0.02 73.1%45 + 0.07 2.01° £ 0.02

225 £ 0.67 55°+002 879+ 0.04

81 + 1.10

WF

1.83° + 0.01

7.5° £ 0.02 87.3°+£0.01 63.9°565 £ 0.02 1.76° £+ 0.02

7° + 0.07

86.1" + 0.03  72.3|;¢ %+ 0.02

8.1° £ 0.02

244° + 0.89 5.3° + 0.03

105° £+ 1.23
127° 4+ 1.26

BF-10% + WF-90%

251°+ 134 5.1°+0.01

139 °4 £ 1.10 262 + 1.45 5% 4+ 0.02

148¢ + 1.16
1519 4+ 1.20

BF-20% + WEF-80%

20.4% 08 £ 0.02
19.6% 139 % 0.01
19.4% 139 & 0.01

1.71%° £ 0.01  2.83%654 = 0.01 9.8° £ 0.03

87.4° £ 0.05 63.5°575 % 0.03

BF-30% + WEF-70%

6.2 +£0.02 87.5°+0.04 63.1° 75+ 0.03 169" £0.02 276635 £ 0.02 82% + 0.02

5.5 £ 0.10

2674 + 0.98 4.8* + 0.03

BF-40% + WF-60%

1.66%54 + 0.01 8.1 + 0.01

1.53* + 0.01

87.6° + 0.02 60.3% 3, + 0.06

275+ 0.78 4.7* £ 0.02

BF-50% + WEF-50%

Values are an average of triplicate observations; (Mean & SD). Values followed by a similar superscript in a column do not differ significantly (p < 0.05). Subscripts denote the percentage

increase (1) decrease (|) from control samples for corresponding properties

content of wheat flour was 885 pug (GAE)/g, it increased
significantly (p < 0.05) as the proportion of barley flour in
the blends increased and the values ranged between
1004-2090 ng (GAE)/g (Table 3). Liyana-Pathirana and
Shahidi (2007) reported total phenolic content of 769 mg
FAE/g in defatted wheat flour. Wheat is reported to have
less phenolic compounds than barley. Holtekjolen et al.
(2008) reported that replacement of wheat flour with barley
flour led to a significant (p < 0.05) increase in total phe-
nolic content. Baking led to a significant (p < 0.05)
decrease in total phenolic content and the values ranged
between 434 to 764 pg (GAE)/g in blends with a per-
centage decrease of 56.7-63.4%. Sharma and Gujral
(2014b) reported upto 17% reduction in total phenolic
content in chapattis upon baking. Same results of decrease
in total phenolic content were also reported by
Holtekjolenet al. (2008) during bread making. Leenhardt
et al. (2006) reported that decrease in total phenolic con-
tent may be due to damage or degradation of antioxidant
active compounds present in flours as a result of the
thermal process upon baking. Molecular structure of phe-
nolic compounds changes as a result of heating which
leads to either reduced chemical reactivity or decreases
their extractability due to certain degree of polymerization
(Altan et al. 2009).

Quantification of phenolic compounds of wheat
and wheat-barley flour blends and rusks

The content of phenolic acids of wheat and wheat-barley
flour blends and rusks are summarized in Table 4. The
phenolic acids detected in control and blended rusks were
gallic acid, ferulic acid, chlorogenic acid, p-hydroxyben-
zoic, syringic acid, and p-coumaric acid. The gallic, ferulic
acid, chlorogenic acid, p-hydroxybenzoic, syringic and p-
coumaric of 41.4, 7.2, 0.41, 0.8, 2.1 and 0.5 pg/g was
observed for control wheat flour. As the concentration of
barley flour in wheat is increased, the phenolic acid content
were also increased. Gallic acid was observed to be highest
in 30% barley blends (acceptable by sensory) (82.2 ng/g)
followed by ferulic > syringic acid > p-coumaric acid >
4-hydroxybenzoic acid > chlorogenic, respectively with
values of 8.64, 3.68, 1.67, 1.30 and 1.15 ng/g.). Phenolic
acid very are heat sensitive phenolic acids and baking
process led to decrease in phenolic acids. The highest
decrease in 30% barley incorporated rusks was found in
gallic acid (86.4%) followed by p-coumaric acid (63.4%),
chlorogenic acid (40.8%), syringic acid (39.6%), ferulic
acid (33.1%) and 4-hydroxy benzoic acid (22.3%). Fares
and Menga (2010) also reported decrease of phenolic acids
during thermal thermal which may be due to presence
oxygen, water and heat which induce oxidative degrada-
tion of phenolics. Abdel-Aal and Rabalski (2013) reported
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Table 3 Total phenolic content (TPC), antioxidant activity (AOA) and total flavonoids content (TFC) of wheat flour (WF) and wheat-barley

(WB) flour blends and rusks

Blends TPC (ug GAE/g) AOA (%) TFC (ug CE/g)
Flour blends rusk Flour blends rusk Flour blends rusk

WF 885" + 21 275% 6.0 £ 56 11.8* 4+ 0.12 5.6% 525 = 0.10 112* £ 0.10 71.8% 355 = 1.45
BF-10% + WF-90% 1004° £ 32 434° 56, + 42 15* £ 0.16 7.3 515 £ 0.16 141° £ 0.19 94.8" 3,7 £ 1.21
BF-20% + WF-80% 1371° + 18 548° 60 £ 15 18° + 0.23 10.1°)435 £ 0.35 169° + 1.23 87.3% 483 £ 1.17
BF-30% + WF-70% 1506 + 28 623% 556 + 18 219 £ 0.14 12.5% 404 £ 0.46 2114 £ 2.21 125.5% 405 £ 0.98
BF-40% + WF-60% 1771° + 34 684°615 + 20 27° 4+ 0.32 11.9% 559 & 0.78 252° + 1.32 151.6°40 + 0.77
BF-50% + WF-50% 2090° + 21 764" 34 + 16 317+ 0.17 12.7°59 + 0.09 319° + 1.14 182.2% 4p0 £ 1.46

Values are an average of triplicate observations; (Mean & SD). Values followed by a similar superscript in a column do not differ significantly
(p < 0.05). Subscripts denote the percentage decrease (|) from control samples for corresponding properties

that phenolics are dependent of formulation process,
heating conditions and phenolic compounds.

Antioxidant activity of wheat and wheat—barley
flour blends and rusks

The DPPH assay is an electron transfer-based assay, which
can measure the capacity of an antioxidant in the reduction
of organic nitrogen radicals. The antioxidant activity of
wheat flour was observed to be 11.8%. Increasing barley
flour proportion in the wheat-barley flour blends progres-
sively increased the antioxidant activity from 15 to 31%
which is due to the higher antioxidant activity of the barley
flour as compared to wheat flour (Table 3). Rusks supple-
mented with barley are more nutritious and provide higher
consumption intake of fibres and contain significant
amount of antioxidants. Baking decreased antioxidant
activity in wheat flour and wheat-barley flour blends and
the values ranged between 5.6 and 12.7% with a percentage
decrease by 40.4 to 59%. The decrease may be due that
phenolics are reactive compounds which easily degraded
due to heat during baking. The phenolic compounds are
heat labile and less resistant to the heat, and heating over
70-80 °C may destroy or alter their nature. Therefore,
upon baking, decrease in AOA may be due to thermal
destruction of phenolic compounds. Holtekjolen et al.
(2008) also reported that the antioxidants, which are pre-
sent in cereals, can be modified during thermal processes
and due to this levels of DPPH decreased in breads in
comparison to the flours. Structural deformation of phe-
nolic compounds during thermal treatment leads to reduc-
tion in extraction of antioxidants (Altan et al. 2009).

@ Springer

Total flavonoids content of wheat and wheat-barley
flour blends and rusks

Total flavonoids content of wheat flour was 112 pg CE/g
whereas wheat flour replaced by barley flour at levels of 10,
20, 30, 40 and 50% exhibited total flavonoids content of
141, 169, 211, 252, 319 ng CE/g, respectively. Incorpo-
ration of barley flour to wheat flour led to a significant
(p < 0.05) increase in total flavonoids content (Table 3).
Barley is a rich source of flavonoids as compared to wheat
therefore, increasing its proportion in wheat flour increased
the total flavonoids content significantly (p < 0.05). Bak-
ing led to a significant (p < 0.05) decrease in total flavo-
noids content. The rusk prepared by wheat flour exhibited
total flavonoids content of 71.8 ng CE/g whereas those
prepared by incorporating 10, 20, 30, 40 and 50% barley
flour to wheat flour showed total flavonoids content values
of 94.8, 87.3, 125.5, 151.6 and 182.2 pg CE/g, respec-
tively. The percentage decrease in total flavonoids content
upon baking ranged from 32.7 to 48.3%. Sharma and
Gujral (2014b) reported decrease in total flavonoids con-
tent upto 30.7% upon chapatti baking. A reduction in fla-
vonoids compounds upon thermal processing has also been
reported by Angioloni and Collar (2011) upon bread
making from multigrain cereals and such changes might be
due to flavonoids breakdown during heating. The flavo-
noids are thermally unstable and the heat treatment during
processing destroys the flavonoids compounds (Xu and
Chang 2008), however, destruction of these compounds are
dependent on duration of heating during processing
(Sharma and Gujral 2014b).

Metal chelating activity of wheat—barley flour blends
and rusks

For wheat flour, metal chelating activity was observed to
be 26.1%. A significant increase in metal chelating activity
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Table 4 Phenolic acids composition of wheat flour (WF) and wheat-barley (WB) flour blends and rusks (pg/g)

Rusks

Flour blends

Phenolic acids

BF-30% + WEF-

70%

BF-20% + WEF-

80%

BF-10% + WF-

WF
90%

BF-30% + WEF-

70%

BF-20% + WEF-

80%

BF-10% + WEF-

90%

WF

10.5%g, & 0.01 11165564 % 0.01

10.06°,76.4 & 0.01

82.1° + 0.04 9.6° 765 % 0.01
4.2% 46 £ 0.03

56.02F £ 0.01

42.8° £+ 0.03

41.4° + 0.02

Gallic acid

5.78% 33, + 0.02

0.68% 405 £ 0.02
1.01° 555 £ 0.02

4.92% ., £ 0.02

4.54% 45 £ 0.01

8.649 £ 0.02
1.15* + 0.01
1.30* + 0.03

8.35° &+ 0.01
0.84* + 0.02
1.22° + 0.02

7.94¢ 4+ 0.03
0.72* & 0.04
1.17° £ 0.01

7.29 4+ 0.01

Ferulic acid

04145, 1 + 0.03
093237 & 0.04

037" 456 % 0.01

0.90° 53 + 0.02

0.32° 1219 = 0.02
0.66° 21 4 £ 0.02

0.41* + 0.01
0.84° + 0.02

Chlorogenic acid

4-hydroxy benzoic

acid

093|706 £ 0.02  2.22°396 & 0.01

0.53% 676 + 0.04

0.71°)75.4 £ 0.02
0.47% 3,5 £ 0.02

3.17¢ + 0.03 3.68° & 0.03 0.57° 735 + 0.01
1.67° & 0.02

1.64° £+ 0.03

2.89° £ 0.01
0.70* £+ 0.03

2.14° 4+ 0.01
0.53*® &+ 0.01

Syringic acid

0.61% 634 % 0.03

0.07% 567 % 0.01

p-coumaric acid

Values are an average of triplicate observations; (Mean & SD). Values followed by a similar superscript in a column do not differ significantly (p < 0.05). Subscripts denote the percentage

decrease (|) from control samples for corresponding properties

was observed upon incorporation of barley flour in wheat
flour and the values ranged between 29.4 and 45.5%
(Fig. 1) which is attributed to the higher metal chelating
activity and antioxidant activity of barley flour as com-
pared to wheat flour. Baking of the dough into rusk led to a
significant (p < 0.05) decrease in metal chelating activity
in rusk made from wheat flour (14.6%) and wheat-barley
flour blends (16.6-22.1%). Fang et al. (2008) reported that
the antioxidant activity is mainly due to the total phenolic
content and total phenolic acids. Therefore, a decrease upto
51.4% in metal chelating activity is due to decrease in
amount of phenols. Stevenson et al. (2008) reported that
antioxidant compounds are very heat sensitive and during
processing some compounds like maillard reaction com-
pounds are formed (Gawlik-Dziki et al. 2009) which may
mask decrease in total phenolic content as well as loss of
antioxidant activity in products during the heat treatment.

ABTS™ Scavenging activity of wheat-barley flour
blends and rusks

ABTS™ scavenging activity of wheat flour was 6.32%.
Increasing the level of barley flour in the wheat-barley
flour blends progressively increased the scavenging activ-
ity from 7.8 to 11.3 umol/g (Fig. 2) which could be due to
the higher scavenging activity of barley as compared to
wheat. Baking led to a significant (p < 0.05) decrease of
scavenging activity in rusk made from wheat flour with
3.3 umol/g and in  wheat-barley flour blends
(4.2-6.1 umol/g). Moore et al. (2009) reported a decrease
in antioxidant activity of wheat pizza upon baking.
Chlopicka et al. (2012) also observed decrease in activity
of breads in comparison to the flours and reported that the
antioxidants, which were present in cereals, can be modi-
fied during thermal processes.

Sensory characteristics of rusk

The sensory aspects and consumer acceptance have to be
considered during the developing new products. With the
addition of barley flour, the appearance became more
grained (Table 5). The sensory results showed that the
crust and crumb properties, chewing properties, taste,
aroma and overall acceptability of rusks were best for
rusks made from only from wheat flour (control). Color of
the rusk surface was similar to the control rusk up to 30%
barley flour addition; then it became more intense when
higher levels of barley flour (40-50%) was incorporated.
The same tendency was observed for flavor when higher
levels of barley was substituted which gave stronger
intensity of this attribute. Effort of chewing was affected
after 40% barley flour was incorporated, the rusk became
hard to chew. The incorporation of barley flour to wheat

@ Springer
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Table 5 The effect of incorporating barley flour (BF) to wheat flour (WF) on the organoleptic quality of rusks

Blends Crust color  Crust hardness Crumb color Crumb chewiness Taste Aroma Overall acceptability
WF 8.6°+0.12 87+0.16 9 +0.20 8¢+ 0.12 9°4+ 011 9°+0.18 89+ 021
BF-10% + WF-90% 83°+0.10 8394+021 8.6+ 023 84+ 0.12 89°+0.15 89°+0.12 8.6 +0.12
BF-20% + WE-80% 7.5+ 021 74°40.17  8.6°+0.14 82°+ 022 8.7°+0.07 87°+027 82%+0.13
BE-30% + WE-70%  72°+0.09 7.3 4005 7.5°+0.12 7.3°+034 85°+0.10 85°+0.19 8.1°+0.10
BF-40% + WF-60% 62" 4+ 0.07 62°+023 65°+009 54°+023 68°+026 68 +018 67°+0.12
BF-50% + WF-50% 5.8+ 0.18 56+0.13 50*+025 49°+0.15 57*4+0.17 6.0* £ 0.21 6* &+ 0.05

Values are an average of triplicate observations; (Mean £ SD). Values followed by a similar superscript in a column do not differ significantly

(p < 0.05)
Fig. 2 ABTS™ scavenging 12
activity of wheat flour (WF) and
wheat-barley (WB) flour blends 10
and rusks
8
6
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flour at levels of 10-30% did not affect the sensory attri-
butes significantly. Rusk prepared from wheat-barley flour
blends (40%) were moderately acceptable due to its
gummy taste. Further incorporation of barley flour to wheat
flour at levels of 50% decreased the sensory score drasti-
cally and rusk were unacceptable due to its irregular shape,
gluten dilution, gummy mouth feel and characteristic
aroma.

According to sensory analysis, overall acceptance of
rusks were found the best for control sample. Rusks pre-
pared with barley flour addition to wheat flour were liked
moderately and like slightly by panelists. Although, as the
incorporation of barley flour to wheat flour increased the
bioactive potential and antioxidants content of rusks, but
addition of upto 30% barley flour gave satisfactory sen-
sorial results in terms of overall acceptability score.
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Conclusion
The results of present study revealed that barley incorpo-

rated rusks were nutritionally superior that wheat rusks.
Addition of increasing amount of barley flour into wheat
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flour significantly affected the pasting properties of wheat
flour. As the concentration of barley flour in wheat is
increased, total phenolic content, phenolic acid composi-
tion and antioxidants properties were also increased.
Among the phenolics, gallic acid was observed to be
highest in the highest concentration followed by ferulic,
syringic acid, p-coumaric acid, 4-hydroxybenzoic acid,
chlorogenic, respectively. Barley flour may be added to
wheat flour upto a level of 30% without any detrimental
effect on rusks sensory properties. Therefore, supplemen-
tation of barley flour into wheat flour may be useful
strategy for the consumption of foods rich in antioxidants
which have health benefits.
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