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ABSTRACT
Four Pakistani winter bread wheat (hard wheat) varieties (Galaxy-13, Faisalabad-08, AARI-11 
and Millat-11) were evaluated at Food Technology Section, Ayub Agricultural Research Institute, 
Faisalabad, Pakistan during the year 2017 for their suitability for different bakery products. 
Wheat varieties were examined for physio-chemical, functional properties and rheological 
behavior. Cookies and plain cakes were also prepared from these wheat varieties and tested 
for sensory evaluation. The Results showed that wheat variety Millat-11 had higher values for 
physical characters than other varieties. Mean values for 1000-kernel weight and test-weight of 
Millat-11 were 34.78 g and 77.30 kg hl-1, respectively. Millat-11 also topped in moisture and fibre 
percentage (13.0 and 1.70) while AARI-11 showed higher value for ash (0.82%), crude protein 
(14.96%) and crude fat (1.35%). Functional characteristics and rheological behavior were higher 
in wheat variety Millat-11 as compared to other varieties. Wet and dry gluten of Millat-11 were 
also higher i.e. 32.40% and 11.50%, respectively. Mean values for water absorption, arrival time, 
dough development time, and departure time and dough stability of Millat-11 were 58.40, 2.30, 
7.70, 13.15 and 11.57%, respectively. Based on sensory evaluation of cookies and plain cakes, 
it was concluded that best quality cookies and the plain cakes can be made using wheat flour 
of Millat-11. 
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INTRODUCTION
Wheat (Triticum aestivum L.) is dominant staple crop 
of Pakistan which is the 8th largest wheat producing 
country. Wheat is a leading food grain and occupies a 
central position in agriculture and economy of Pakistan. 
Wheat production was about 26 million tonnes sown at 
area of 8.91 million hectares in Pakistan (Anon, 2015). 
There has been additional production of wheat which 
is now being milled into flour to produce bread, biscuits 
and other products. It is transported and stored easily, 
and is used to produce a large variety of food, breads, 
cakes, noodles, crackers, breakfast foods, biscuits, 
cookies and confectionary items. More than 60% of 
the total protein and calorie requirements in daily diet 
are fulfilled by wheat. Wheat varieties are grown in 
extensive agro climatic range, and are predictable to 
reveal quantity and quality variances. Therefore, it is 
compulsory to examine the biochemical composition 
of different varieties of wheat available for food in 
Pakistan. 
The term ‘quality’ of wheat cannot be expressed in 
terms of single definition. It depends on several steps 
like physical, chemical, milling, rheological properties 
and baking characteristics. Wheat quality depends in 
terms of its suitability for specific character. The major 
factor influencing wheat quality are cultivar, climatic 
conditions, cropping year, process of harvest and 

storage conditions (Pasha, 2006). Wheat varieties 
vary in their characteristics, which ultimately affect 
the quality of end products. Wheat flour has the 
unique ability to farm viscoelastic dough when mixed 
with water. So, it is advantageous to use this unique 
property in production of an enormous variety of baked 
products. The storage proteins of wheat flour provide 
the unique viscoelastic properties that are essential to 
develop wheat flour dough suitable for bread making. 
Storage proteins account for about 50% of total protein 
in mature cereal grains and have important nutritional 
value humans (Friedman and Brandon, 2001). The 
physico-chemical and rheological properties of flour 
differ  significantly  among  wheat v arieties  which  have  
far-reaching effects on the end use quality of wheat. 
The rheological characteristics vary among varieties. 
The quality  of  wheat  is  the  outline  of  effects  of soil,  
seed  stock, climate  on  the  wheat  plant  and  kernel 
components.  The  quality  of  product   depends   upon 
quality   of   wheat   grain. The   wheat   suitable   for 
one    use  may   have    certain    properties    that    are   
totally   unsatisfactory    for    other   use    (Belderok 
et al., 2000).
The unique characteristic of wheat can be attributed 
to its ability of protein gliding and gluten on which 
hydration form sviscoelastic network. Gluten is an 
actual substance that imparts gas retention in dough 
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(Shah et al., 2008). Wheat is categorized into different 
forms depending upon their texture and type such as: 
durum wheat, soft wheat, medium soft, medium hard 
wheat, hard and extra hard. The soft wheat breaks 
more easily, releases many intact starch granules and 
produces flour of fine texture with minimum starch 
break. However, hard wheat produces coarser texture 
flour with maximum starch break and is needed by 
the mill due to having efficiency of milling (Ikeda et 
al., 2005). Grain hardness is important quality criteria, 
which is used as grading factor to analyze the quality 
of wheat. Hard wheat is most appropriate for yeast 
–leavened bread, due to broken starch granules 
i.e. damage starch absorbs more water. Due to less 
protein, crackers, cookies, biscuits, cakes and pastries 
are prepared from soft wheat. Growth location and crop 
years affect the hardness value of wheat varieties. Still 
there is no discrimination of soft and hard wheat for the 
end uses. Wheat is categorized on the basis of physical 
methods. Therefore, the wheat is unproductively used 
as mixed wheat by growers, millers and bakers for their 
end product (Morris, 2002).
Bakery industry is growing very rapidly, and the 
products are progressively becoming popular among 
all divisions of people. Among ready-to-eat snacks, 
biscuits possess several attractive structures including 
wider ingesting base, comparatively long shelf-life, 
more accessibility and good eating quality (Hooda and 
Jood, 2005). Refined wheat flour contains less amount 
of protein about 7-14% and deficient in essential 
amino acids such as lysine and other valuable food 
components like dietary fibre. Therefore, as compared 
to wheat and root crops, compositing wheat flour 
with locally available grains has been reported to be 
desirable (Sudha et al. 2007; Oyarekua and Adeyeye, 
2009).
This study was designed to evaluate the suitability of 
new winter bread wheat varieties for bakery products 
for their various physical and rheological properties, 
and to identify wheat variety that can meet the standard 
specifications required to produce different bakery 
products.

MATERIALS AND METHODS
This study was conducted at Food Technology Section, 
Ayub Agricultural Research Institute, Faisalabad, 
Pakistan during the year 2017. Four bread wheat 
varieties i.e. Galaxy-13, Faisalabad-08, AARI-11 and 
Millat-11 were tested in this study. 

Physical analysis of wheat: Wheat samples were 
uniformly divided through Boerne Divider and analyzed 
for physical quality characteristics such as 1000-kernel 
weight and test weight grain according to standard 
procedure of AACC (2000).

Milling of wheat: Wheat was milled using Quadrate 
Senior Mill (C.W. Bra bender, Duisburg, Germany). 
Flour milling fractions namely break flour, reduction 
flour, bran and shorts were obtained. Straight grade 
flour was obtained by mixing the break and reduction 
flours for the preparation of product. Wheat grains 
were milled following the procedure of AACC (2000) 
vide Method No.26-10A. Commercial flour was also  
taken from local market.

Chemical analysis: The wheat flour was subjected 
to proximate analysis such as moisture, crude protein, 
crude fat, crude fibre and ash content according to 
their respective methods of AACC (2000).

Functional characteristics of flour: The wet gluten 
test provides information on the quantity and estimates 
the quality of gluten in wheat or flour samples. The 
wet and dry gluten contents of flours were determined 
according to AACC (2000) vide Method No. 38-10 and 
Method No. 38-12.

Rheological studies: Rheological characteristics of 
different wheat flours such as water absorption, dough 
stability, dough development time, arrival time and 
departure time of flours were measured by using the 
Bra bender Farinograph (C.W. Bra bender, Duisburg, 
Germany) according to the standard method of AACC 
(2000) vide Method No. 54-21 for the determination of  
quality characteristics of flour samples. The amylase 
activity of different wheat flours was studied through 
falling number. Falling numbers were determined 
using Pertain Falling Number Apparatus 1900 (Pertain 
Instruments AB, SE 1405, and Huddinge, Sweden) by 
following the method No. 56-81 as described in AACC 
(2000).

Product development: Cookies and plain cakes were 
prepared from different winter bread wheat varieties 
according to treatment plan.

Physical analysis of cookies: The cookies were 
analyzed for diameter (cm), thickness (cm) and spread 
factor according to the method described in AACC 
(2000).

Sensory evaluation: Cookies and plain cakes were 
evaluated by a panel of judges from Institute of Food 
Science & Nutrition (UOS) and Ayub Agricultural 
Research Institute, Faisalabad (AARI) for color, flavor, 
texture, taste, crispiness and overall acceptability 
according to procedure described by Meilgaard and 
Civile (2007).
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Statistical analysis: Complete randomized design 
was applied and data obtained were subjected to 
statistical analysis using statistical package Statistics 
10 to determine the level of significance (analysis of 
variance technique). Means were compared through 
LSD.

RESULTS AND DISCUSSION

Physical characteristics of wheat varieties

1000-kernel weight: Millat-11 and Galaxy-13 
possessed maximum value of 34.78g and 34.64g, 
respectively, which were at par with each other but 
significantly higher than others (Table 1). 1000-kernel 
weight is useful index for potential milling yield. The 
difference observed in 1000-kernel weight among 
wheat varieties may partially be due to the difference 
in genetic makeup of the varieties and partially due 
to different growing and environmental conditions 
prevailed during growing periods (Randhawa, et al. 
2002).

Test weight: Millat-11 possessed the significantly 
higher value (77.3kg hl-1) of test weight than all other 
varieties (Table 1). Test weight is useful index for 

potential milling yield. The difference observed in test 
weight among wheat varieties may partially be due 
to the difference in genetic makeup of the varieties 
and partially attributed due to different growing and 
environmental conditions prevailed during growing 
periods (Randhawa et al. 2002).

Table 1.  Physical characteristics of winter bread wheat               
               varieties.

Varieties 1000-kernel 
weight (g)

Test weight (kg 
hl-1)

Galaxy-13 34.64a 74.90d
Faisalabad-08 32.90b 75.40c
AARI-11 33.40b 76.60b
Millat-11 34.78a 77.30a

Chemical characteristics of flours of wheat 
varieties
Moisture content: The highest moisture content 
(13%) was found in Millat-11 (Table 2) which was at par 
with those of AARI-11 (12.60%) and commercial flour   
(12.00%) but significantly higher than others (Table  
2). These observations are similar to those of Ahmad 
(2001) and Randhawa et al. (2002) who also found a 
wider range in moisture content of wheat flour.

Ash content: The treatment differences regarding 
ash contents were almost similar to those of moisture 
contents (Table 2). Ash content is extremely important 
measurement which is necessary to know the purity 
of flour sample with respect to bran contamination 
because the residues remaining after this procedure 
represent the mineral content of the sample (Atwell, 
2001). These observations agree to the finding of 
Zanoni and Peri (1993) and Randhawa et al. (2002) 
who also found a wider range of ash content.

Crude protein: AARI-11 had significantly higher 
crude protein (14.96%) followed by Millat-11 (12.95%), 
showing thereby the best quality wheat variety (Table 
2). The protein content is an important criterion while 
considering the wheat quality. On the other hand, 
quality of protein depends on growing conditions (Kent 
and Evers, 1994).  These results are similar to those 
of Zanoni and Peri (1993) and Randhawa et al. (2002) 
who observed a wider range of crude protein. 

Crude fat: AARI-11 and Millat-11 had highest crude fat 
(1.35 and 1.30%), which were at par with each other 

but significantly higher than others (Table 2). In a study 
of composite flour, Dhingra and Jood (2001) found 
similar findings.

Crude fibre: All varieties except commercial flour 
showed non-significant behaviour for crude fibre (Table 
2). The variation in crude fibre is mainly due to genetics 
and that variety may be related to grain size, shape 
and bran thickness. Higher the bran content, higher will 
be the crude fibre but in case of straight grade flour, the 
crude fiber is present in very small percentage. It may 
also be related to extraction rate of flour; higher the 
extraction, higher the fibre, because more portions are 
scratched from the bran (Belderok et al., 2000). These 
observations are also in agreement with the findings of 
Ade et al. (2012).

Functional characteristics of flours

Wet and dry gluten: The wet and dry gluten contents 
ranged from 29.40 to 32.40% and 7.29 to 11.50%, 
respectively. All varieties except commercial flour 
showed non-significant behaviour for both wet and dry 

Table 2. Chemical characteristics of wheat flours.

Varieties Moisture (%) Ash (%) Crude protein (%) Crude fat (%) Crude fibre (%)
Commercial flour 12.00ab 0.40b 10.15d 0.45c 0.59b
Galaxy-13 10.70bc 0.56b 09.54e 0.65b 1.19ab
Faisalabad-08 09.30c 0.56b 11.38c 0.49c 1.30ab
AARI-11 12.60a 0.82a 14.96a 1.35a 1.50a
Millat-11 13.00a 0.59ab 12.95b 1.30a 1.70a
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gluten (Table 3). Farooq et al. (2001) also observed 
a wide range of gluten of wheat varieties in a study 
of production of leavened flat bread. The difference in 
gluten content among different wheat varieties may be 
attributed to the variation in genetic makeup of wheat 
varieties, climatic conditions and differences in cultural 
practices and growth locations (Randhawa et al., 
2002). They reported that wet and dry gluten contents 
ranged from 26.40 to 38.41% and 8.40 to 13.11%, 
respectively.

Table 3. Functional characteristics of wheat flours.
Varieties Wet gluten (%) Dry gluten (%)
Commercial clour 29.40c 7.29c
Galaxy-13 30.90abc 10.04ab
Faisalabad-08 31.40ab 10.69ab
AARI-11 30.80abc 10.00ab
Millat-11 32.40a 11.50a

Rheological characteristics

Water absorption: Water absorption of Millat-11 
(58.40%) was statistically at par with that of AARI-11 

(57.70%) but significantly higher than others (Table 4). 
Hard wheat flour has the ability to absorb and retain 
more water as compared to soft wheat flour. These 
results are closely related with those of Randhawa et al. 
(2002) who observed that water absorption increased 
when fiber content and protein content increased in 
flour. Yaseen et al. (2010) reported that wheat-corn 
flour had lesser water absorption, dough stability, 
extensibility, resistance to extension and dough energy 
than wheat flour dough. However, addition of gum 
arabic or pectin to wheat-corn flour dough caused a 
noticeable increase in above parameters and yielding 
strengthened doughs.

Dough development time: Dough development 
time was higher in Millat-11 (7.70 min), which was 
significantly more than all other varieties (Table 4). 
Higher dough development time reflects that the flour 
is strong. The results agree to those of Maktouf et 
al. (2016) who found that incorporation of Millat flour 
at optimum level (5 %) led to an increase of dough 
strength and time.

Table 4. Rheological characteristics of wheat flours.

Varieties WA (%) DDT (min.) DT (min.) AT (min.) DS (min.)
Commercial flour 53.50d 5.89b 10.20c 1.75 NS 7.70e
Galaxy-13 54.90c 5.83bc 12.90a 2.11 10.70b
Faisalabad-08 56.70b 5.78c 12.00b 2.17 10.20c
AARI-11 57.70a 5.63d 11.50b 2.21 9.10d
Millat-11 58.40a 7.70a 13.15a 2.30 11.57a

NS = Non-significant, WA=Water absorption, DDT=Dough development time, DT=Departure time, 
AT=Arrival time, DS=Dough stability.

Departure time: The trend of departure time was 
similar to that of dough development time (Table 4). 
Similar findings have been reported by Shuaib and 
Zaib (2007) who observed the influence of fibre from 
different cereals on rheological characteristics of wheat 
flour dough.

Arrival time: The differences among varieties of 
wheat flour for arrival time were not significant (Table 
4). Shuaib and Zaib (2007) also observed farinose-
graph arrival time variation from 2-4 minutes for the 
composite flour.

Dough stability: Millat-11 exhibited the highest dough 
stability (11.57 min) (Table 4). These results match with 
the findings of Ismail (2003) who observed the effect of 
alpha-amylases on dough properties.

Physical analysis of cookies

Width: Width of cookies prepared from Millat-11 flour 
(48.00%) was statistically at par with that of AARI-11 
(47.40%) but significantly higher than others (Table 5). 
The results are closely related to the findings of Hooda 
and Jood (2005).

Thickness: Thickness of cookies in commercial flour 
was found statistically the lowest, while those of all 
other varieties significantly higher but at par with each 
other (Table 5). These results are closely related to the 
findings of Hooda and Jood (2005).

Table 5. Physical analysis of cookies.

Varieties Width 
(mm)

Thickness 
(mm)

Spread 
factor

Commercial cultivar 43.00c 10.40b 40.60a
Galaxy-13 44.10bc 11.20ab 38.50b
Faisalabad-08 45.30b 11.80ab 36.00c
AARI-11 47.40a 12.30a 36.70bc
Millat-11 48.00a 12.95a 35.00c

Spread factor: The observations in case of spread 
factor totally differed to width and thickness. 
Commercial flour (40.60) surpassed all other varieties 
against minimum in Millat-11 (35.00). Rabaha et al. 
(2006) studied the broad beans supplementation in 
wheat flour at different levels and found similar range 
of spread factor.
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Sensory evaluation of cookies

Colour: The difference in colour is mostly attributed to 
the difference in hardness of wheat grains and other 
factors like varieties and their characteristics (Eddy et 
al., 2007). Millat-11 (8.83) gave the best colour than all 
other varieties (Table 6). Amjad et al. (2010) and Ade 
et al. (2012) also observed various values of colour in 
different varieties.

Flavour: Cookies prepared from Millat-11 attained 
more score (9.00). The difference in flavour may be due 
to the difference in grain hardness other characteristics 
of wheat (Ahmad, 2001). The results were similar to 

those of colour (Table 6). These results are closely 
related with the findings of Amjad et al. (2010) and 
Ade et al. (2012) who observed the different flavour in 
different genotypes.

Taste: Millat-11 gave the best taste (8.40) followed 
by Faisalabad-08 (7.00). the difference in taste is also 
attributed due to the difference in hardness/ softness 
of wheat grains and other factors like varieties and 
their characteristics (Eddy et al., 2007). Results about 
taste were similar to those of colour and flavour (Table 
6). Amjad et al., (2010) and Ade et al., (2012) also 
observed the different tastes in different genotypes.

Table 6. Sensory evaluation of cookies.
Varieties Colour Flavour Taste Crispiness Overall 

acceptability
Commercial flour 3.00d 3.50c 3.00c 5.00c 3.10c
Galaxy-13 4.00cd 4.50bc 5.00b 5.90c 4.10bc
Faisalabad-08 6.00b 7.50a 7.00a 7.00b 7.10a
AARI-11 5.00bc 5.50b 3.700bc 6.00bc 5.10b
Millat-11 8.83a 9.00a 8.40a 9.00a 8.90a

Millat-11 flour was found overall acceptable (Table 7) as 
this variety got the top position in all sensory attributes 
of plain cakes. These findings are in agreement with 
conclusion of Dhingra and Jood (2001) who worked 
on supplementations of soy and barley flours to wheat 
flours. Ahmad (2001) studied the sensory evaluation 
of wheat and cassava composite bread and effect 
of label information on acceptance and preference. 

He also observed almost similar variations in overall 
acceptability.

CONCLUSION
Cookies and plain cakes were prepared from winter 
bread wheat varieties. Sensory evaluation of cookies 
and plain cakes revealed that cookies and plain cakes 
made from variety ‘Millat-11’ got maximum scores 

Crispiness: Results about crispiness were similar to 
those of colour, flavour and taste (Table 6). According to 
Ubbor and Akobundu (2009), crispiness is a desirable 
quality of cookies. They observed crispness scores 
ranging from 2.05-3.15 in cookies made from different 
flours. They further narrated that high fat content of 
flour was obviously responsible for the higher scores 
and less crispness. 

Overall acceptability: Millat-11 was found acceptable 
variety in sensory evaluation (Table 6) as this variety 
got the top position in case of colour, flavour, taste 
and crispiness. Ahmad (2001) studied the different 
wheat varieties for leavened flat bread and observed 
almost similar variations in overall acceptability. 
Ubbor and Akobundu (2009) reported that all cookies 
were acceptable, scoring below 4 on a 9-point hedonic 
scale.

Sensory evaluation of plain cakes
As regards sensory attributes of plain cake, Millat-11 
surpassed all other varieties (Table 7) like those of 
sensory attributes of cookies (Table 6), showing its 
supremacy over all other varieties. The differences 
in colour, flavour and taste may be attributed to the 
difference in hardness/ softness of wheat grains and 
other factors like varieties and other characteristics 
of wheat (Ahmad, 2001; Eddy et al., 2007). These 
findings agree to the conclusion of Dhingra and Jood 
(2001) who worked on supplementations of soy and 
barley flours to wheat flours. Pertuzatti et al. (2015) 
evaluated the sensory acceptability and purchased 
intent of different bakery and confectionery products 
prepared by semi-industrial and artisanal process. 
They found variations in sensory attributes of cakes 
made by various flour combinations.

Table 7.  Sensory evaluation of plain cakes.
Varieties Crumb 

colour
Taste Uniformity 

of cell
Moistness Thickness of 

walls
Overall 

acceptability
Commercial flour 4.20c 3.05c 4.30c 3.70c 2.70d 3.20d
Galaxy-13 5.10c 3.85bc 5.20c 4.40c 3.40cd 4.30cd
FSD-08 7.20ab 6.95a 7.30ab 7.00b 6.45b 7.00ab
AARI-11 5.90bc 4.93b 6.00bc 4.90c 4.56c 5.20bc
Millat-11 9.00a 8.50a 8.70a 9.00a 8.30a 8.70a
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in most of characteristics such as flavour, colour, 
taste, crispiness and overall acceptability. Millat-11 
possessed higher values of physical, chemical and 
rheological traits of flour than other varieties. On the 
basis of results, it is concluded that the best quality 
cookies and plain cakes can be made by using wheat 
flour of Millat-11. 
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