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Textural properties of chapatti from different wheat varieties flour
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Abstract

This study was aiming to evaluate wheat flour parameters related to suitability for chapatti making, milled from Pakistani
wheat varieties. Wholemeal flours (protein =12.5-10.2%; wet gluten =21.0-26.0% and gluten index =22-99) of thirteen
Pakistani wheat varieties grown in Pakistan varied in physicochemical and rheological characteristics, all varieties were
suitable for chapatti making but Punjab-11, Galacy-13 and commercial wholemeal flour (CWMF) as a benchmark were
found to be excellent for intended purpose. Moderate stickiness, sheeting ability and contraction after sheeting of dough
was evaluated in Punjab-11, Galaxy-13 and CWMF, made dough easy to handle. Texture of chapatti was estimated by
determining the softness through Instron Universal Testing Machine. Score by panel indicated that wholemeal flour of
wheat varieties utilized for chapatti making were good to excellent in sensory attributes. Correlations were determined
between some sensory and quality parameters of chapatti.
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1 Introduction

Chapatti (flat bread) made from wheat (Triticum aestivum
L.) is consumed in South-Asia and Middle East, whole meal
flour is preferred for intended purpose [1]. In Pakistan 90%
of wheat is consumed in form of chapatti and remaining
for preparation of wheat based products [2]. Chapatti is
made up of two portions, little crumb to large crust and
consumed fresh just after baking [3]. Chapatti is a staple
food to Indo-Pak and African region provides protein and
calories on consumption [4].

Milling of wheat by different tampering times and clear-
ance within rolls had been reflected significant impact on
properties of flour [5]. Wheat flour quality is reflected by
relationship of different parameters, single component is
inadequate to evaluate the quality, investigation of several
aspects are necessary to evaluate rheological properties
and organoleptic characteristics of dough and chapatti
respectively [6].

Quality attributes of chapatti are pliability, puffing, tex-
tural softness, and light creamy to brownish colour, chewi-
ness and wheat like aroma at baking [1]. Ideal colour of
chapatti was creamy with brownish spots at baking and
puffed into two separate layers. The quality of end product
is affected by class of wheat and influence of different con-
stituents and their interaction [7]. Quality and quantity of
protein, gluten content in wheat flour, and water absorp-
tion of whole meal flour influence the sensory evaluation
of chapatti [8].

Quality characteristics of wheat for intended purpose
can be optimized when physicochemical properties affect-
ing technological attributes are identified. Chapatti is pre-
pared from all Triticum aestivum (wheat) cultivars; variation
in quality of chapatti was recorded made from different
wheat cultivars. Chapatti is being prepared at home scale
and consumed throughout the Asian region; therefore it
is need to enhance processing potential and quality of this
product by research either at milling end or screening of
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most suitable wheat varieties. This study was conducted to
determine quality of chapatti from Pakistani wheat varie-
ties flour by evaluating relationship of physicochemical,
rheological and sensory attributes.

2 Materials and methods

Thirteen Pakistani wheat varieties (viz. Faisalabad-08,
Chakwal-50, Aas-11, Punjab-11, NARC-11, Galaxy-13,
Ujjala-16, Zincol-16, NIFA-Lalma, Pisabak-13, Shakkar-13,
NIA-Amber and TD-1) were provided by International
Maize and Wheat Improvement Centre (CIMMYT) Paki-
stan and wheat for commercial whole meal flour (CWMF)
collected from Matiari Flour Mill Karachi. Each wheat sam-
ple was thoroughly mixed and subdivided into working
samples using a precision electronic divider. Thereafter
samples were cleaned manually using appropriate sieves
to separate dust and smaller particles, and hand picking
larger foreign material.

Cleaned, washed and dried wheat was conditioned
to 14 mL/100 g moisture content for 24 h [9]. Tempering
was done by mixing 3 kg batch of each sample for 5 min.
before keeping in air-tight bottles. Milling was obtained
by using Perten laboratory mill 3100 (Perten instruments,
Hagersten, Sweden) equipped with 0.8 mm sieve and
Quadrumat Junior mill (Brabebder GmbH & Co) with stand-
ard sifter mesh size 280 um for wholemeal and white flour
respectively. Samples were analyzed for physicochemical,
dough and baking properties.

2.1 Physicochemical characteristics

Test weight was determined using a standard one litter
bucket procedure for wheat. Shrivelled kernels were sep-
arated by passing the sample through a sieve with long
rounded apertures 1.7 mm wide. Broken kernels were
separated by hand picking from samples. The cleaned
and whole grain samples thus obtained were used for the
determination of thousand kernel weight. Protein content
and zeleny values were determined using NIR technique
(Omeg Analyzer G, Bruins instruments). Gluten content,
gluten index of white flour and moisture content of whole
meal flour were determined according to AACC method
no. 38-12 and 44-15A respectively [9]. Hardness index of
grains was also evaluated through JYDX 100 x 40 Wheat
Hardness Index instrument (Courtesy of Sunridge Flour
Mill).

The colour of whole meal flours were evaluated by
Minolta Chromo Meter CR-300 (Konica Minolta, Tokyo,
Japan). Colour parameters were expressed as “L", a* and
b*. The value of L (0 to 100 scale) reflected the brightness
and whiteness of whole meal flours; a* and b* values (— 60
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to 60 scale) represented the red to green and yellow to
blue colour respectively.

2.2 Rheological properties of flour

Brabender Farinograph equipped with 50 g mixing bowl
was used for the evaluation of water absorption (%),
dough development time (min), dough stability (DST)
and mixing tolerance index (MTI) of whole meal flour.
Alveograph was also used for dough properties of whole
meal flour including deformation in energy (W), tenacity
or resistance to extension (P), dough extensibility (L) and
curve configuration ratio (P/L ratio). These parameters
were determined by following AACC method 54-24 and
54-30A respectively [9].

2.3 Physical characteristics of dough
during sheeting

These characteristics were evaluated by visual estimation
of stickiness, resistance to sheeting and shrinkage after
sheeting of dough during chapatti making. Properties
were scored as Y (low), YY (moderate) and YYY (high).

2.4 Baking properties

Whole meal flours (100 g) were used for making Chapa-
tti. Prior to addition of water, flours were mixed with 1%
salt and 5% oil. The amount of water added to dough was
based on percent water absorption evaluated using farino-
graph.The dough was mixed by a mixer and then allowed
to rest for 30 min; 50 g dough balls was taken and rolled
out using a wooden roller into a thin circular sheet of 1 mm
thickness. It was then cut into an 11.5 cm diameter round
sheet and then baked on a preheated (245 °C) round iron
plate. After 30 s discs were inverted and pressed with soft
cloth for uniform puffing; inversion of disc was repeated
three times after completion of 30 s. Baking process was
completed in 90 s, chapatti was packed in polyethylene
pouches after cooling to 34 °C at ambient temperature
[10].

2.5 Textural properties of chapatti

Mostly in Pakistan chapatti is consumed after 30 min
of baking, therefore textural softness of chapatti was
determined by following same time period after baking.
Textural measurements (tear force and extensibility) of
chapatti were performed using Universal Testing Machine
(Model-4464, Buckinghamshire, England) [11].
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2.6 Sensory attributes of chapatti

Chapattis were evaluated for colour, taste, aroma, break-
ability, chew ability and stickiness after 30 min of baking.
Colour was reflected by different scores i.e. 20 (creamy),
16 (@amber) 12 (yellow) 8 (light brownish), 4 (dark brown-
ish); taste by 15 (strongly wheat like), 12 (wheat like), 9
(slightly wheat like), 6 (slightly bran like), 3 (strongly bran
like); aroma by15 (strongly wheat like), 12 (wheat like),
9 (slightly wheat like), 6 (trace), 3 (undetectable); break-
ability by 20 (very easy), 16 (easy), 12 (moderate), 8 (dif-
ficult), 4 (very difficult); chewing ability by 20 (very soft),
16 (soft), 12 (semi-hard), 8 (hard), 4 (very hard); stickiness
by 10 (non-sticky), 8 (trace), 6 (slightly sticky), 4 (sticky) and
2 (very sticky) [11].

Each sample was evaluated by 14 judges (7 males and 7
females from 30 to 47 years age group) for sensory attrib-
utes of chapatti. Coded polyethylene pouches retaining
half of chapatti were distributed with score cards. Chapatti
was assessed in duplicate by each assessor and average
value was calculated. Chapattis were rated on the basis
of 100 points; > 70 rated excellent, 60-69 good, 50-59 fair
and <50 received poor rating.

2.7 Statistical analysis

All tests were repeated in triplicate and mean values were
stated with standard deviations. Statistical analysis was
performed by using SPSS software (SPSS version 17, Inc.,
USA). Pearson’s correlation coefficients were determined

between chapatti quality parameters and whole meal flour
characteristics to evaluate influence of quality attributes
of wheat varieties on chapatti quality. Variations between
samples were evaluated by Duncan’s test. Least significant
difference (LSD) was undertaken to compare mean values
at 5% level of significance.

3 Results and discussion
3.1 Physicochemical properties

Table 1 demonstrated variation in hardness index, test
weight, thousand grains mass, protein content, wet
gluten, dry gluten, gluten index, moisture content and
zeleny value of wheat varieties. Colour of whole meal
flours is another parameter imparts quality effects on
intended product, difference in colour of wheat flours
were recorded among different varieties (Table 2). Protein
content was significantly (P<0.01) correlated with wet
gluten (r=0.834), dry gluten (r=0.818) and zeleny value
(r=-0.700), taste (r=0.727), flour particle size of > 180 um
(r=-0.946),< 110 um (r=0.977) and also significantly
(P<0.05) correlated with aroma (r=0.634); similarly in dif-
ferent studies significant correlation of gluten (wet and
dry) was determined for strong flour; significant negative
correlation was evaluated between zeleny value and crude
protein [12, 13]. Flour of fine particle size imparts negative
effect on protein percentage [14].

Table 1 Physical and chemical properties of Pakistani wheat varieties and CWMF

Varieties HI (%) TW (Kg/hL) TGM (9) PC (%) WG (%) DG (%) Gl MC (%) ZS (mL)
Faisal- 775fg+£2.10  79.2f£1.30 38.4e+1.04 109ab+0.13  21.0bc+0.47 7.0bc+0.15  68.0d+2.54 11.8cd+0.15 55.09+0.24
abad-08

Chakwal-50 71.1ab £1.67 75.8d+1.17  443k+1.07 11.1bc£0.18  20.6b+0.24 7.0bc+0.32 99.0k+2.09 11.9d+0.12 45.0c+0.17
Aas-11 76.5f+1.29 80.8g+1.27 39.2f+1.02 10.2a+0.20 17.5a+£0.41 6.0a+0.21 95.0j+2.50 10.5ab+0.21 40.0a+0.14
Punjab-11 7809 £1.08 74.9c+1.11 32.4a+1.09 10.5ab+0.21 20.0b+0.26 6.4ab+0.50 80.0g+1.92 11.0abcd+0.19 47.0d+0.20
NARC-11 722c+2.14 71.0a+1.24 363c£1.03  11.7cd+0.09 21.5bc+0.51 7.0bc+0.42 77.0f+£2.00 10.9+0.25 48.0d+0.15
Galaxy-13 75.1€+2.09 75.8d+1.40 42.1j+£1.00 10.3a+£0.12  20.0b+0.31 6.5ab+0.29 84.0h+2.63 11.2abcd+0.30 48.0d+0.31
Ujjala-16 704a+153 762d+139 402h+1.03 12.0de+0.17 26.0e+0.59 8.8f+0.48  33.0b+2.11 11.4bcd+0.29 52.0f+0.19
Zincol-16 75.0e+1.88 79.5f+1.28 39.9g+1.08 10.6ab+0.14 21.0bc+0.61 7.1bc+0.31 71.0e+£241 11.0abcd+0.34 43.0b+0.26
NIFA-Lalma 78.09+1.73 72.5b+1.16 37.9d+1.01 10.5e+0.08  24.0d+0.37 8.1e+048 97.0k+2.38 11.0abcd+0.18 54.09+0.35
Pisabak-13 73.8d+1.39 74.5c+1.50 38.2e+1.06 12.3de+0.15 225cd+041 7.6cde+052 98.0k+2.20 11.0abcd+0.24 54.09+0.16
Shakkar-13 71.6bc+£1.58  79.3f+1.42 41.8i+1.04 11.0bc+0.13 235d+0.29  7.9e+0.19 85.0hi*x2.32 10.6ab+0.21 58.0h+0.23
NIA-Amber 745de+1.64 74.3c+1.21 34.4b+1.07 12.0de+0.11 240d+0.27 7.8de+037  60.0c+2.41 10.8abc+0.16 52.0f+0.14
TD-1 76.0+2.08  79.7f+1.37 47.91+£1.02 12.5e+0.19 21.0bc+033 6.9bc+0.26  22.0a+2.30 10.7ab+0.32 50.0e+0.28
CWMF 77.99+191 78.0e+1.19 41.8i+1.00 12.0de+0.10  21.0bc+0.50 6.8bc+0.41 86.0i+2.18 10.2a+0.26 59.0h+0.33

Mean value of replications (n=4) in a column are significantly different P<0.05

HI hardness index, TW test weight, TGM thousand grain mass, PC protein content, WG wet gluten, DG dry gluten, G/ gluten index, MC mois-
ture content, ZS zeleny

Alphabets demonstrated differences among mean values of different varieties for same parameter. Close values were placed in same group
by Duncan’s test (by using SPSS software version 17, Inc., USA.) and demonstrated by same alphabet
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Table 2 Color of flour obtained from Pakistani wheat varieties and
CWMF

Varieties Color
L a* b*

Faisalabad-08 85.3+0.90 1.0+0.14 11.4+£0.35
Chakwal-50 85.2+0.99 0.98+1.86 11.0+£ 0.34
Aas-11 83.5+0.99 1.1£0.13 10.9+£0.38
Punjab-11 84.7+1.13 1.1£0.13 10.3+£0.42
NARC-11 84.1+£0.79 0.99+0.21 10.5+£0.29
Galaxy-13 83.7+£0.85 1.0£0.19 10.7+£0.38
Ujjala-16 84.9+0.87 0.98+0.30 11.1£0.40
Zincol-16 83.5+1.15 0.99+1.22 104+0.43
NIFA-Lalma 84.7+£1.18 0.97+£0.21 11.2+£0.39
Pisabak-13 84.1+£0.87 1.0£0.13 10.6+£0.41
Shakkar-13 83.8+1.18 1.2+0.91 10.9+0.38
NIA-Amber 84.3+1.10 1.1+£0.79 11.2+£0.45
TD-1 85.3+£0.96 1.1+£0.17 11.0+£0.33
CWMF 84.8+£1.40 1.2+0.27 10.6+£0.44

Mean value of replications (n=4) in a column are significantly dif-
ferent P<0.05

L=whiteness and brightness, a*=red and green, b*=yellow and
blue color of whole meal flour

Wet gluten was significantly (P<0.01) correlated with
protein content (r=0.834), dry gluten (r=0.980), col-
our (r=-0.694), taste (r=0.873), aroma (r=0.769), flour
particle size of >180 um (r=-0.733), flour particle size
of <110 pm (r=0.846) and significantly correlated with
water absorption (r=-0.555) at significance level P<0.05;
dry gluten was significantly (P<0.01) correlated with
protein content (r=0.818), wet gluten (r=0.980), colour
(r=-0.708), taste (r=0.921), aroma (r=0.846), flour particle
size of > 180 um (r=-0.748), flour particle size of <110 um
(r=0.839) and significantly correlated (—0.611) with water
absorption at significance level P <0.05; gluten index was
significantly (P<0.01) correlated with dough development
time (r=0.779), P-value (r=0.691), handling (stickiness)
(r=0.836), resistance to sheeting (r=-0.805) and signifi-
cantly correlated with DST (r=0.649), MTI (r=-0.583) at
significance level P<0.05.

In previous research works, wet gluten and dry glu-
ten were significantly correlated with water absorption
whereas gluten index had significant correlation with
dough stability time and dough development time of
wheat varieties retaining bread making potential [15]. A
study reflected that whole wheat flour of coarser particles
affect gluten network and baking properties [16]. Similarly
positive correlation was recorded between wet gluten
content and sensory attributes of crackers [17]. A study
revealed decrease in dough stability, increase in dough
softening, variation in mixing and pasting properties of
dough by changing concentration of gluten units [18].
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Zeleny value was significantly (P<0.01) correlated with
protein content (r=0.700), flour particle size of >180 um
(r=-0.719), flour particle size of <110 um (r=0.699) and
correlated with wet gluten (r=0.583), flour particle size
of 130-180 um (r=0.541) at significance level P<0.05.
Similarly significant correlation was determined between
sedimentation value and protein of whole wheat flour and
wheat flour used for cookies making [19]. In a study higher
sedimentation value was recorded in fine flour as compare
to coarser frictions [20].

Particle size distribution reflects granulation of material
which imparts effect on physicochemical and rheological
properties of wheat flour. Figure 1 demonstrated particle
size distribution of flours; Aas-11, NARC-11, and TD-1 pro-
duced highest coarser particles (> 180 pm) and Ujjala-16,
Shakkar-13, NIA-Sarang and CWMF flour had maximum
values of fine particles (< 110 pm). In previous study it was
determined that flour particle size from different milling
machines influenced physicochemical and rheological
properties of wheat flour [21].

3.2 Rheological parameters

Farinograph and alveograph were used to evaluate rheol-
ogy of dough made by flour of different wheat varieties
including commercial wholemeal flour; farinograph results
of different flour demonstrated variation in water absorp-
tion, dough development time, dough stability time and
mixing tolerance index of dough from different wheat vari-
eties (Table 3). Farinograph reflected wheat flour charac-
teristics and dough development time have increased with
increase in water absorption and protein content. Water
absorption was significantly (P <0.05) correlated with
wet gluten (r=-0.555), dry gluten (r=-0.611), W-value
(r=0.590), colour (r=0.545) and aroma (r=-0.650), cor-
related with taste (r=-0.680) of chapatti at significant
level of P<0.01. Dough development time demon-
strated significant (P < 0.01) correlation with gluten index
(r=0.779), dough stability time (r=0.852), particle size of
130-180 um (r=0.756), whereas significantly (P<0.01) cor-
related with mixing tolerance index (r=-0.646), handling
(stickiness) of dough (r=0.625) and resistance to sheet-
ing of dough (r=-0.636). Dough stability time was signifi-
cantly (P<0.01) correlated with dough development time
(r=0.852), mixing tolerance index (r=—-0.806), particle size
of 130-180 um and correlated with gluten index (r=0.649),
resistance to sheeting of dough (r=0.572) and particle
size of 180 at significant level of P < 0.05. Mixing tolerance
index was significantly (P <0.05) correlated with gluten
index (r=-0.583), dough development time (r=-0.646),
handling (stickiness) (r=-0.622) and correlated with
dough stability time (r=—0.806) and resistance to sheet-
ing of dough (r=0.764) at significant level of P<0.01.
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Table 3 Rheological properties of Pakistani wheat varieties and CWMF

Varieties Farinograph (whole meal) Alveograph (whole meal)
WA (%) DDT (min) DST (min) MTI (BU) P (mm) L (mm) W (107)) P/L

Faisalabad-08 72.2de+0.24 45cde+0.17 32cd+0.16  58f+2.07 76e+1.73 29f+3.14  1941+£3.05 1.10a+0.55
Chakwal-50 70.4abcd£0.17 5.5gh+0.13 6.59+0.24 38b+1.62 899g+251 33h+209 114h+279  2.70d+1.20
Aas-11 70.4abcd+0.19  4.4bcd+0.25 3.6d+0.21 45d+1.35 115j£2.38  21c+153 100f+2.42 5.48j+0.02
Punjab-11 70.9bcd +£0.26 4.0bc+0.18 2.7abc+0.15  58f+2.14 125k+3.09 24de+178 124j+£3.18 5.21i+£0.02
NARC-11 69.0abc+0.33  4.4bcd+0.23 44e+020 56e+3.06 103h+3.14 17a+143 76d+1.72  6.06 k+0.02
Galaxy-13 71.5cde+0.35 4.2bc+0.21 3.0bc+0.11 67h+221 103h+4.06 17a+1.69 79e£191  6.06k+2.40
Ujjala-16 68.2ab+0.18 37ab+0.14 3.2cd+0.17 659g+2.15 66c+1.99 19b+2.30 53b+2.61 3.47f+0.87
Zincol-16 68.2ab+0.27  4.7cdef+0.07 53f+0.23 32a+1.53 87f£2.26  25e+3.14 79e+2.85 3.48f+0.72
NIFA-Lalma 68.5ab+0.41 6.0h+0.20 6.79+0.21 37b+1.93 116j£4.09 25e+2.75 118i£3.04 4.64h+1.49
Pisabak-13 70.8bcd+0.43  5.0defg+0.17 6.69+0.20 42c+2.03 1531+4.15 23d+296 152k+2.29 6.65 1+ 1.40
Shakkar-13 67.6a+0.38 5.2efg+0.14 53f£0.24  41c+2.00 63b+3.82 319g+3.08 75d+1.81 2.03b+1.24
NIA-Amber 70.0abcd £0.40 33a+£0.05 2.6ab+0.19  74ij£3.57 71d+2.97  28f+2.04 62c+2.03 2.54c+1.46
TD-1 69.9abcd £0.22 3.2a+0.21 24a+0.16 73i+2.28 60a+2.81 19b+1.83 45a+1.90 3.16e+1.54
CWMF 71.5cde+0.34 5.4fgh+0.19 4.1e+0.21 75j+£3.01 111i+4.06 25e+196 1129+3.02 4.449=%2.07

Mean value of replications (n=4) in a column are significantly different P<0.05

WA water absorption, DDT dough development time, DST dough stability, MT/ mixing tolerance index, P tenacity, L dough extensibility, W
baking strength, P/L configuration ratio

Alphabets demonstrated differences among mean values of different varieties for same parameter. Close values were placed in same group

by Duncan’s test (by using SPSS software version 17, Inc., USA.) and demonstrated by same alphabet

A study on wheat varieties had shown significant cor-
relation between water absorption and W-value of non-
bread wheat [22]. Similar research work as above regard-
ing sensory attributes had been conducted for evaluating
sensory and textural properties of chapatti [23]. Signifi-
cant correlation of wet and dry gluten was recorded with
water absorption and dough stability during study on
quality of wheat flour [24]. In a study significant correla-
tion was determined between dough development and
dough stability time; whereas mixing tolerance index
indicated significantly negative correlation [25]. Research
findings revealed that dough development time signifi-
cantly decreased and dough stability time significantly
increased by reducing particles size of wheat flour [26]. A
study reflected significant correlation of dough develop-
ment and dough stability time with stickiness of dough;
glutenin was associated with dough strength as improve-
ment in dough strength resulted in reduction of stickiness
[27].

In this study alveograph reflected that flour of differ-
ent wheat varieties varied in P-value, L-value, W-value
and P/L ratio (Table 3) had mark able impact on sheeting
behaviour after resting of dough. Alveographic parameter
P-value was significantly (P<0.01) correlated with gluten
index (r=0.691), P/L ratio (r=0.808), moisture content of
chapatti after 30 min of storage (r=0.737); L-value was

significantly (P <0.01) correlated with W-value (r=0.703),
P/L ratio (r=-0.674), chewing ability (r=0.867) and had
significant correlation (P <0.05) with extensibility of
chapatti after 30 min of storage (r=-0.596), breakability
of chapatti (r=0.645), stickiness (r=—0.600); W-value was
significantly (P<0.001) correlated with L-value (r=0.590),
stickiness of dough (r=0.723), resistance to sheeting of
dough (—0.663) and correlated with water absorption of
flour (r=0.590), chewing ability of chapatti (r=0.563) at
significance level of P<0.001; P/L ratio was significantly
(P<0.005) correlated with moisture content of chapa-
tti after 30 min of storage (r=0.567), chewing ability
(r=-0.586), particle size of 110-130 um (r=0.570) and also
significantly (P<0.01) correlated with P, L values (r=0.808,
—0.674) respectively.

In a research finding significant correlation was deter-
mined between P/L and water absorption of Romanian
wheat; W-value was significantly correlated with water
absorption of wheat flour; significant correlation was
recorded between P/L and particle size index of flour
obtained from winter wheat [28]. A study reflected sig-
nificant correlation between alveographic parameters
and sensory characteristics of intended product made
by wheat flour containing small portion of rice bran [29].
Another study on wheat flour quality reflected significant
correlation between P — P/L, W-L, W-Wabs, P/L-P and L [30].
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3.3 Physical behaviour of dough during sheeting

Wheat varieties NARC-11, Ujalla-16 and TD-1 reflected
maximum resistance to sheeting, shrinkage after sheeting
and low stickiness; Punjab-11, Galaxy-13 and CWMF had
moderate resistance to sheeting, stickiness and shrink-
age after sheeting; Faisalabad-08, Chakwal-50, Zincol-16,
NIFA-Lalma, Pisabak-13 and Shakkar-13 demonstrated
minimum resistance to sheeting and shrinkage after
sheeting (Table 4). Flour of NARC-11 and Galaxy-13 had
maximum dough strength; whereas flour of Chakwal-50
and Shakkar-13 had minimum dough strength as previous
study revealed that dough strength and dough extensibil-
ity was negatively correlated [11].

3.4 Organoleptic evaluation

In Pakistan chapatti is consumed as a major part of diet in
fresh form within 30 to 60 min; mostly baking products are

consumed after long storage as time is require to supply
at consumer end. Creamy colour, softness and pliability
of structure are indicator of fresh product during storage.
Reduction in extensibility and increase in deformation
modules of chapatti are common during long storage.
Pakistani wheat cultivars were milled to prepare chapat-
tis that were judged by panel of 18 members to score from
fair to excellent (Table 5). Colour, taste, aroma, breakability,
chewing ability and stickiness of chapatti were considered
for total score and overall acceptability.

Panellist’s score for sensory properties in term of texture
demonstrated significant (P<0.01) correlation r=0.771
between break ability and chewiness of chapatti. Estima-
tion of flour suitability for intended purpose, correlation
between physicochemical parameters and chapatti quality
has reflected the significance of these tests as reported in
previous study [31, 32].

Table 4 Physical attributes of

> . Varieties Physical properties of dough during Baking properties of chapatti after 30 min.

dough, !aacklng p_ropertles of sheeting of storage

chapatti from Pakistani wheat

varieties and CWMF Handling  Resistance  Shrinkage MC (%) TF (MPa) EX (mm)

(stickiness) to sheeting after sheet-
ing

Faisalabad-08 YYY Y Y 21.3b+0.16 3.3¢x0.25 12.3i+£0.59
Chakwal-50 YYY Y Y 21.0ab+0.23 4.2d+0.30 13.4j+3.21
Aas-11 YYY YY YY 26.1 g+0.31 3.7¢+0.27 6.5def+1.78
Punjab-11 YY YY YY 25.2f+0.14 27b+046  6.8ef+1.89
NARC-11 Y YYY YYY 22.8d+0.15 1.9a+£0.26 6.4de+1.95
Galaxy-13 YY YY YY 23.9e+0.18 4.7e+0.41 5.9b+2.09
Ujjala-16 Y YYY YYYY 21.8c¢+0.30 52f+0.24 6.2cd+3.60
Zincol-16 YYY Y Y 2639+0.18 589g+0.19 10.69g=%3.06
NIFA-Lalma YYY Y Y 2599+0.25 120h+£041 11.1h+215
Pisabak-13 YYY Y Y 30.7h+0.26 5.1ef+0.27 6.9f+2.35
Shakkar-13 YYY Y Y 2639+0.19 5.1ef£0.18 13.5j+2.87
NIA-Amber Y YY YY 22.0c+0.11 3.3c+0.42 11.9i£2.51
TD-1 Y YYY YY 20.8ax0.15 3.3¢+0.26 48a+1.84
CWMF YY YY YY 26.19+0.22 4.7i+£0.32 72h+2.62
Mean value of replications (n=4) in a column are significantly different P<0.05
Y (1)=low, YY (2) =moderate, YYY (3) = high, MC=moisture content, TF =tear force, EX = extensibility
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Table 5 Organoleptic evaluation of chapatti made from Pakistani wheat varieties and CWMF

Varieties Colour Taste Aroma Breakability Chewingability ~ Stickiness Total score  Overall
acceptability

Faisalabad-08 18.2+1.65a 9.1+1.43a 88+1.72ab 9.7+1.29ab 10.4+1.23ab 6.1+0.19def 62.3+7.51a Good
Chakwal-50 18.1+142a 93+1.27a 87+151ab 84+0.79a 9.5+1.60a 73+0.17g 61.3+6.76a Good
Aas-11 16.5+091a 10.1+1.20a 94+1.47ab 10.1£1.30abc 10.6+1.54ab 59+0.30cdef 62.6+6.72a Good
Punjab-11 17.8+1.33a 103+0.94a 9.5+1.28ab 14.2+1.60d 14.3+0.84b 4.5+0.29ab 70.6+6.28a Excellent
NARC-11 172x134a 94+131a 82+£1.36a 14.2+1.50d 10.9+1.47ab 5.1+0.38bc 65.0+7.36a Good
Galaxy-13 16.6+1.65a 10.7+1.25a 9.8+1.46ab 14.0+1.50cd 10.8+1.52ab 53+0.36bcde 67.2+7.74a Excellent
Ujjala-16 16.8+1.33a 9.7+1.29a 82+1.61a 123+1.41abcd 10.1£1.38a 4.0+0.27a 61.1£7.29a Good
Zincol-16 16.5+1.71a 105+1.26a 9.9+1.81ab 9.5+1.19ab 10.3+1.29ab 6.2+0.32ef 62.9+7.58a Good
NIFA-Lalma 174+152a 9.6*+141a 80%+1.70a 139+1.28cd 11.0£1.49ab 5.0+0.45bc 64.9+7.85a Good
Pisabak-13 173+094a 9.6+0.86a 85+0.98a 14.1+1.38cd 11.1£1.15ab 5.0+0.42bc 65.6+5.73a Good
Shakkar-13 16.7+1.17a 10.1+1.35a 10.4+1.19ab 8.6+1.37a 9.7+1.52a 7240409 62.7+7.00a Good
NIA-Amber 16.8+1.58a 9.4+131a 82+136a 14.2+1.50d 10.9+1.47ab 5.1+0.38bc 64.6+7.60a Good
TD-1 180+1.24a 9.8+1.38a 83+1.32a 9.2+1.31a 10.1+0.78a 6.4+0.29 fg 61.8+6.32a Good
CWMF 17.2+143a 125+130a 13.0£1.60b 13.5+1.47bcd 10.8+1.45ab 52+0.26bcd 72.2+7.57a Excellent

Mean value of replications (n=4) in a column are significantly different P<0.05

Alphabets demonstrated differences among mean values of different varieties for same parameter. Close values were placed in same group
by Duncan’s test (by using SPSS software version 17, Inc., USA.) and demonstrated by same alphabet

3.5 Texture of chapatti

Texture of chapatti was estimated by determining the soft-
ness through Instron Universal Testing Machine. Extensibil-
ity and tear force of chapatti were determined after 30 min
of storage. Wheat variety Shakkar-13 had maximum exten-
sibility as compare to TD-1 with minimum extensibility
of chapatti (Table 4). Similar results were recorded in a
study conducted to determine the instrumental texture
of chapatti [11]. This test provided clear differences that
could be utilized for segregation of wheat varieties.

4 Conclusion

Thirteen Pakistani wheat varieties and CWMF had been
selected to evaluate most suitable wheat flour/flours for
chapatti making by determining physicochemical, rheo-
logical properties and sensory attributes. Moderate stick-
iness, sheeting ability and contraction after sheeting of
dough were evaluated in Punjab-11, Galaxy-13 and com-
mercial wholemeal flour reflected easy to handle. Dough
from other varieties i.e. NARC-11, Ujalla-16 and TD-1 had
comparatively low sheeting ability; Faisalabad-08, Chak-
wal-50, Zincol-16, NIFA-Lalma, Pisabak-13 and Shakkar-13
having maximum stickiness, made them not easy to han-
dle as compare to Punjab-11, Galaxy-13 and CWMF. Sen-
sory characteristics reflected that all selected Pakistani
wheat varieties were suitable for chapatti making but few
(Punjab-11 and Galacy-13) including CWMF were found to
be excellent for intended purpose.
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