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ABSTRACT 
 

Two commercially available wheat varieties (AS-2002 and Inqalab-91) were 
evaluated for physico-chemical, functional properties and rheological behavior 
following methods mentioned in AACC 2000 during 2009-10. Wheat variety AS-
2002 showed higher values for physical characters than Inqalab-91. Mean value 
for grain length, width, thickness, 1000 kernel weight and test weight were 6.11, 
3.09, 2.74 mm, 45.50 g, 78.50 kg/ha for AS-2002 and 5.93, 3.19, 2.57 mm, 38.94 g 
and 78.00 kg/ha for wheat variety Inqalab-91. Mean values for chemical 
constituents except fiber content, functional characteristics and rheological 
behavior were higher in wheat variety Inqalab-91 as compared to AS-2002. 
Values for chemical components like moisture, protein, ash, fat, fiber and NFE 
contents recorded for Inqalab 91 were 10.23, 12.45, 1.55, 2.96, 1.25 and 71.56 
respectively while for variety AS-2002, 9.52, 11.46, 1.50, 1.95, 1.40 and 74.17% 
respectively. Wheat variety Inqalab 91 exhibited higher mean values for wet 
gluten (30.32%) and dry gluten (10.31%), sodium dodecyl sulphate 
sedimentation value (30.32ml), damaged starch and farinographic 
characteristics like water absorption (56.00%), dough development time (3.00 
min), dough stability mixing tolerance index and softening of dough (6.00 Bu) 
than AS-2002. 
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INTRODUCTION 
 

Wheat (Triticum aestivum) is one of the world’s most important cereal crops 
produced and consumed around the world (56). Pakistan is 8th largest 
producer of wheat contributing 3.17 percent of the total world wheat 
production (58). It contributes 13.8 percent to the value addition in agriculture 
(28) and 30 percent to the total GDP of Pakistan (45). Wheat is traded 
across the globe on the basis of several physico-chemical characteristics, 
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grain hardness being the most important. Wheat quality is dependent upon 
soil composition and environmental factors including temperature, rainfall, 
humidity etc. (71). Variation in quality parameters like physico-chemical, 
rheological and functional characteristics of wheat varieties suitable for 
chapatti making is due to the differences in soil, environmental conditions 
and agronomic practices (53). Winter stress can influence quality of wheat 
(4). Wheat varieties should be classified and traded worldwide on the basis of 
quality parameters and requirements specified by millers, bakers and end 
users (44).  
 
Physical appearance and morphology of wheat grain is influenced by grain 
moisture content (63). Moisture content does not have any direct impact on 
grain quality however it can indirectly influence quality and lessen storage 
period in grains with moisture content higher than recommended (24). 
Estimation of total protein content is the basic parameter in characterization 
of wheat flour (10). Genetic makeup of wheat is primary factor responsible for 
protein quality while nitrogenous fertilizers affect protein quantity (31, 32, 54, 
57, 59) reported that environmental conditions prevailing at maturity 
influenced both the quantity and quality of wheat protein. Wheat flour with 
higher protein content is generally supposed to have higher contribution in 
gluten formation (10). Full characterization of wheat flour requires 
measurement of sedimentation value in addition to knowhow about the 
protein and gluten content of wheat flour (10). The sedimentation value 
(SDS) indicates correlation between gluten content, gluten quality, baking 
quality and loaf volume. Protein composition is main determinant of SDS 
value which is strongly associated with protein content (26). 
 
Flour hydration during dough mixing results in the development of gluten 
proteins into a continuous viscoelastic network (10). The concentration and 
composition of gluten proteins are prime quality attributes of wheat flour (27). 
The strength of wheat flour is based on the gluten quality and content (30). 
Genetic makeup of wheat is the most important factor influencing qualitative 
characteristics of gluten (11, 40, 59). Gluten content showed linear increase 
with total protein content of the flour (48). Production of wet gluten per unit 
protein is predicted from the ratio of wet gluten content to grain protein 
content (WG/P). Croatian wheat varieties with WG/P ratios from 2.7 to 3.0 
exhibited gluten with favorable baking quality (59) while cultivars with strong 
gluten characteristics showed the WG/P ratio closer to 2.3 (27). 
 
Dough rheological characterization is imperative for both the milling and 
baking industry. It predicts flour dough characteristics during processing and 
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the quality of end products (30). Rheological studies are extensively utilized 
and acknowledged by cereal technologists as useful techniques in evaluation 
of flour quality (66). Viscosity and elasticity of the dough are important 
rheological parameters of flour. These are crucial to bakery industry for 
predicting end use of flour. Rheology also plays an important role in quality 
control, in ingredient and preservative specifications to be used in elaborated 
products (23). The rheological properties of a material are directly related to 
its processing and consumer quality (51). 
  
The quality of wheat flours can be defined for several parameters including 
protein, moisture, gluten, sedimentation, enzyme activity and rheological 
properties, none of which serves as adequate by itself (10). The physico-
chemical tests like gluten content, ash content, flour color and falling 
numbers evaluate important characteristics for the pastry industry (43). 
Physico-chemical and functional properties of wheat flour are influenced 
either by genotype or by other non-genetic factors (3). The current study was 
planned to investigate physico-chemical characteristics, functional properties 
and rheological behavior of wheat varieties.  
 

MATERIALS AND METHODS 
 
Physical analysis of wheat: Two commercially available wheat varieties i.e. 
Inqalab-91 and AS-2002 were purchased. Ten grains were drawn from wheat 
sample at random of each variety and grain size like length, width and 
thickness were recorded for each grain by using micrometer. The test weight 
was measured using Schopper chondrometer (AACC (2000) method No. 84-
10) and expressed in pounds per bushel (lbs/bu) and converted to kg/hL by 
relation (lb/bu x 1.292) + 1.419. A representative sample of hundred grams 
was taken and thousand kernel weight was recorded by counting clean, 
sound and unbroken kernels. The kernel weight was expressed as grams per 
1000 kernels. 
 
Wheat tempering and milling: The wheat grains free from dockage and 
foreign matter were subjected to tempering at a moisture content of 15.5 
percent in plastic containers at room temperature for 24 hours and amount of 
water required for tempering was calculated by following the expression 
given in AACC (2000). The tempered wheat was milled through Brabender 
Quadrumate Senior Mill (C.W. Brabender Instruments, Inc.) (1) to get 
different milling fractions viz break flour, reduction flour, bran and shorts. 
Straight grade flour yield was determined by blending the break roll flour and 
reduction roll flour fractions. 
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Chemical analysis: The straight grade flour of each wheat variety was 
evaluated for proximate composition i.e. moisture, crude protein, crude fat, 
crude fiber, ash content, SDS test, wet and dry gluten according to their 
respective methods as given by AACC (2000). The starch damage of the 
flour was assessed according to the method 76-30A (1) with minor 
modifications suggested by (12). 
 

Rheological properties: The flour was assessed for rheological properties 
by running through Brabender Farinograph (C.W. Braber Co. 50 F. Wesley 
St. S. Hackensack) (ICC-Standard 115/1, 1992, AACC Method No. 54-21, 
1995) equipped with a bowl of 50g capacity according to method No. 54-21 
(1) following constant flour weight procedure. The mixing behavior and 
resistance was recorded on a graph and the farinograms were interpreted for 
physical dough characteristics such as dough development time, dough 
stability, mixing tolerance index and softening of dough to determine the 
strength of wheat flour (strong or weak) for products suitability. 
 

Statistical analysis: The data obtained for each parameter was subjected to 
statistical analysis to work out effect of different wheat and flour samples on 
wheat quality by using completely randomized design and mean values 
obtained for each parameter were compared according to DMR test (level of 
significance α = 95, p < 0.05 as described by (62). 
 

RESULTS AND DISCUSSION 
 

Physical Characteristics 
 

Grain size: The grain length and grain thickness were significantly affected 
due to the differences in wheat varieties while grain width did not differ 
significantly among the wheat varieties. The mean values regarding grain 
size (Table 1) indicated that the grain length, width and thickness of wheat 
variety AS-2002 are 6.11, 3.09 and 2.74 mm while Inqalab-91 had 5.93, 3.19 
and 2.57 mm, respectively. The wheat variety AS-2002 possessed higher 
grain length and thickness and lower grain width as compared to Inqalab-91. 
Johnson et al. (32) developed mathematical equation for grain size of wheat 
varieties and observed grain length to be ranged from 6.05 to 7.23 mm. 
Mean values for grain width in the present study are in accordance with the 
findings reported by Pasha (46) who reported the grain width of different 
Pakistani wheat varieties ranges from 2.8 to 3.6 mm. The grain size is not 
only associated with flour yield but it also well correlates with agronomic yield 
of wheat varieties. The present study is also in conformity with the findings of 
Mabile and Abecassis (38) who reported the range of grain thickness from 
2.60 to 3.14 mm. 
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Table 1.  Physical characteristics of wheat varieties. 
 

Wheat 
varieties 

Physical characteristics 
Grain length 

(mm) 
Grain width 

(mm) 
Grain  

thickness (mm) 
1000 kernel 
weight (g) 

Test weight 
(kg/hl) 

AS-2002 6.11a 3.09 NS 2.74a 45.50a 78.50 NS 
Inqalab-91  5.93b 3.19 NS 2.57b 38.94b 78.00 NS 

 
Thousand kernel weight: Wheat varieties differed significantly for thousand 
kernel weight. The wheat variety AS-2002 (Table 1) possessed greater 
kernel weight (45.50 g) than Inqalab-91 (38.94 g). Anjum et al. (2002) 
reported that Pakistani wheat varieties possessed higher kernel weight 
exceeding 30 g/thousand kernels. It is a valuable technique for the estimation 
of the possible flour yield (36). Thousand kernel weight and grain size are 
under genetic control however environment may affect these parameters 
(68). Wheat variety AS-2002 has more milling yield as compared to Inqalab-
91 due to higher kernel weight.  
 
Test weight: Test weight is the weight of a predetermined volume of grain 
and confers rough signal of size and shape of wheat grain. Flour yield is 
higher for wheat varieties with high test weight (28). It is a rough indicator of 
flour yield during roller milling (36) and important technique in all wheat 
grading systems (50). Wheat varieties differed non-significantly for test 
weight. Wheat variety AS-2002 possessed greater test weight (78.50kg/hl) 
than Inqalab-91 (78.00 kg/hl) (Table 1). The results are in accordance with 
the earlier workers of Butt et al., (15) and Anjum et al., (7) who reported that 
different Pakistani wheat varieties showed test weight varying from 68.30 to 
81.00 kg/hl. 130 hard red spring wheat varieties exhibited test weight in 
range of 66.20 to 80.20 kg m-3 (41). 
 
Chemical characteristics 
 
Moisture content: Wheat varieties varied significantly for moisture content. 
Wheat variety (Table 2) Inqalab-91 possessed greater moisture content 
(10.23%) than AS-2002 (9.52%). The findings of the current studies are in 
concordance with the results of different researchers (15, 39, 61) who 
reported that genotypic variability, agronomic factors and climatic conditions 
prevailing during growth period are main factors influencing moisture content. 
Gulzar et al. (21) reported that moisture level ranged from 10.17-10.57% in 
wheat grains of different varieties. High moisture content enhances 
proteolytic and lipolytic activities leading to loss of nutrients (28). Moisture is 
also an indicator of grain storability and can predict profit margins in milling 
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(64). Wheat or flour with low moisture content is more stable during storage. 
Moisture content higher than 14.5% attracts insects, bacteria and molds (35).   
 
Table 2. Chemical characteristics of wheat varieties. 
 

Wheat 
varieties 

Chemical characteristics (%) 
Moisture 
content  

Crude protein 
content 

Ash content Crude fat 
content 

Crude fiber 
content 

NFE 

AS-2002 9.52b 11.46b 1.50 NS 1.95b 1.40a 74.17a 
Inqalab-91  10.23a 12.45a 1.55 NS 2.96a 1.25b 71.56b 

 
Crude protein: Protein is the most vital constituent of wheat grains and has 
immense impact on nutritional, functional and technological attributes of the 
flour. The effect of wheat varieties was significant on crude protein content. 
Wheat variety Inqalab-91 showed more crude protein content (12.45%) than 
AS-2002 (11.46%) (Table 2). Anjum et al. (7) and Gulzar et al. (21) reported 
that the protein content ranged from 9.68 to 13.45 % and 10.30-11.72%, 
respectively among the wheat varieties which is in accordance with mean 
values reported in current study. Our results are well supported by previous 
studies (5, 53). Protein quantity is an imperative decisive factor for evaluating 
wheat quality (36). Genetic makeup, climate and prevailing growth conditions 
are main factors influencing protein content (34). Wheat protein provides a 
major contribution to the rheological properties of wheat flour dough (21). 
 
Ash content: Wheat variety and growing atmospheric conditions are 
decisive factors controlling ash content (13, 19, 49, 50). It exhibits inverse 
relationship with the quality mainly milling process. Low ash content is 
preferred in wheat flour. Effect of wheat varieties was non-significant on ash 
content of whole wheat flour of both wheat varieties. Ash content was found 
to be higher (1.55%) in Inqalab-91 than AS-2002 (1.50 %) (Table 2). The 
findings of current study are in conformity with the results of previous studies 
(16, 21). Our mean values for ash content were comparable with already 
reported values (1.3-1.95%) by Kamal (33). It provides an excellent prediction 
of flour yield and indicates milling performance by indirectly revealing the 
amount of bran contamination in flour. Wheat varieties with a lesser amount 
of ash content contain higher endosperm and ultimately yield more flour (35). 
It affects color and flour with high ash imparts a dark color to end products 
Present study revealed that wheat variety AS-2002 low ash content and more 
milling yield as compared to Inqalab-91. 
 
Crude fat content: Presence of lipids is indispensable for proper gluten 
development of flour. Fat is important due to the fact that wheat oil has less 
shelf stability and quickly it becomes rancid. Crude fat content of whole 
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wheat flour was significantly influenced by differences among wheat varieties. 
Wheat variety INqalab-91 (2.96%) showed more fat content as compared to 
AS-2002 (1.95%) (Table 2). The results of present study showed higher 
mean values than previous findings of Gulzar et al. (21) who found that fact 
contents vary from 1.18-1.43% among different wheat varieties. Higher mean 
values reported in this study may be due to prevailing climatic conditions at 
growth, crop year and genetic variability of wheat varieties. 
 

Crude fiber content: Effect of wheat varieties was non-significant for fiber 
content of whole wheat flour of both wheat varieties. Wheat variety AS-2002 
showed higher mean value (1.40%) for fiber content than Inqalab-91 (1.25%) 
(Table 2). The results of present investigation showed higher mean values for 
fiber content than Gulzar et al. (21) who reported crude fiber in range of  
0.10-0.15% in different wheat varieties evaluated. Higher values may be due 
to the variation in grinding conditions, extraction rate and type of flour i.e. 
whole wheat flour, straight grade flour etc. 
 

Nitrogen free extract: Wheat variety AS-2002 showed higher mean value 
(74.17%) for NFE than Inqalab-91 (71.56%) (Table 2). Ahmad et al. (3) 
reported similar results for carbohydrate (77.58%). Our results are in close 
proximity with findings of Gulzar et al. (21). 
 
Functional properties 
 
Wet and dry gluten: Effect of wheat varieties on wet and dry gluten was 
found to be highly significant. Wheat variety Inqalab-91 possessed higher wet 
and dry gluten as compared to AS-2002. Results showed that Inqalab-91 had 
30.32% wet gluten content and 10.31% dry gluten while AS-2002 had 
27.02% wet gluten content and 9.29 percent dry gluten content (Table 3). 
Values of present investigation are well supported by Gulzar et al. (21) curic 
(17) and Lin et al. (37). The present study suggests that Inqalab-91 should 
be preferred for the production of good quality yeast leavened products while 
AS-2002 is suitable for soft dough products. Genotypes and the 
environmental conditions like temperature and rainfall are main factors 
influencing gluten content of wheat (36). Wheat flour quality is dependent 
upon the gluten content which plays significant role in baking quality of bread 
(34). 
 
SDS Sedimentation Test: SDS sedimentation value was significantly 
affected by wheat varieties (Table 3). Wheat variety Inqalab-91 got higher 
mean value (30.32 ml) for SDS sedimentation test as compared to AS-2002 
(27.33 ml). Pedersen et al. (47) and Randhawa et al. (55) reported the SDS 
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sedimentation value varied from 17 to 32 ml and 18.17 to 28.33 ml, 
respectively. Wheat variety Inqalab-91 containing higher protein content and 
strong gluten showed higher volume of the sediment in SDS test than AS-
2002 having low protein content and weak gluten. 
 
Table 3. Functional characteristics of wheat varieties. 
 

Wheat varieties 
Functional characteristics 

Wet gluten (%) Dry gluten (%) SDS sed. (ml) Damaged Starch (%) 
AS-2002 27.02b 9.29b 27.33b 4.00b 
Inqalab-91  30.32a 10.31a 30.32a 6.25a 

 
Damaged starch: Wheat varieties significantly affect level of damaged 
starch. Wheat variety Inqalab-91 showed higher mean value (6.25 %) for 
damaged starch as compared to AS-2002 (4.00%) (Table 3). Wheat variety 
Inqalab-91 contained higher amount of protein and hard kernel texture. 
Starch granules are tightly held in this variety due to very strong interaction 
between starch granules and surrounding protein matrix. Thus it offers more 
resistance to milling and produces more damaged starch as compared to AS-
2002 having soft kernel texture. The mean values of the current study are in 
close agreement with the results of Meintjés (42) who reported that level of 
damaged starch varied from 4 to 10 percent during the milling process.  
 
Wheat variety AS-2002 containing lower level of damaged starch is suitable 
for the production of cookies because flour with low water absorption capacity 
is preferred for cookie making while Inqalab-91 having higher water 
absorption capacity due to higher level of damaged starch is good for bread 
making. Higher content of starch damage exerts deleterious effect on quality 
of cookies and is believed a negative attribute for soft wheat flours (25). 
Stiffness of sugar snap cookie dough was augmented with increasing content 
of damaged starch while cookie diameter decreased (20). 
 
 
Rheological study of wheat varieties 
 

Water absorption: Farinographic water absorption of flour of both wheat 
varieties was significantly influenced by variation among wheat varieties. 
Significantly higher water absorption (58.40%) was recorded in wheat variety 
Inqulab 91 than AS-2002 (56.00%) (Table 4). The finding of the current 
studies are in line with the results of Butt (14). Yamamoto et al. (70) reported 
that wheat flour possessing higher protein content and starch damage has 
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more farinographic water absorption value than flour with lower protein 
content and less damaged starch.  
 
Table 4. Rheological characteristics of wheat varieties. 

 

Wheat varieties 
Rheological characteristics 

Water abs. (%) DDT (min) DS (min) MTI (BU) SOD (BU) 
AS-2002 56.00b 3.00b 13.50a 30.00b 60.00NS 
Inqalab-91 58.40a 4.00a 10.10b 40.00a 70.00NS 

 
Dough development time: The wheat varieties showed significant impact 
on dough development time. Wheat variety Inqalab-91 exhibited higher mean 
values for dough development time (4 min) as compared to AS-2002 (3 min) 
(Table 4). Dough development time ranged from 1.87 to 8.60 minutes in 
different wheat varieties (15). The dough development time is influenced by 
concentration and quantity of wheat protein. 
 
Dough stability: Dough stability of flours of both wheat varieties was 
significantly influenced due differences among wheat varieties. Wheat variety 
AS-2002 got higher mean value for (3.5 min) dough stability than wheat 
variety Inqalab-91 (Table 4). The findings of the current studies are in 
concordance with those of Mahmood (39) who reported that wheat varieties 
sown during two different crop years, 1996-97 and 1997-1998 showed mean 
values varying from 2.500 to 16.00 minutes and 1.500 to 19.00 minutes, 
respectively for dough stability. Farinographic studies by Anjum and Walker 
(5) revealed that some Pakistani wheat varieties exhibit higher values for 
dough stability than US wheat varieties. 
 
Mixing tolerance index: The mixing tolerance index of flour of both wheat 
varieties was significantly affected by the genotypic differences in wheat 
varieties. Higher mean value for mixing tolerance index was observed in the 
flour of wheat variety Inqalab-91 as compared to AS-2002 (Table 4). The 
findings of the current studies are in line with the results of Mahmood (39). 

 
Softening of dough: Wheat varieties showed non-significant impact on 
softening of dough. Inqalab-91 got higher mean value (70BU) for softening of 
dough than AS-2002 (Table 4). Our results are in concordance with 
Mahmood (39) who found that degree of dough softening varied from 25 to 
165 BU and 15 to 160 BU, respectively among wheat varieties harvested 
during two different crop years 1996-97 and 1997-98. 
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CONCLUSION 
 

Wheat variety AS-2002 depicted higher mean values for physical 
characteristics than Inqalab-91. Variety Inqalab-91 with higher protein 
content, wet and dry gluten, SDS sedimentation value, damaged starch, 
strong gluten and better rheological characteristics is better suited for 
preparation of bread and its variants like chappati, ‘roti’ and ‘naan’ while AS-
2002 with less protein content, weak gluten as well as lower values for wet 
and dry gluten, SDS sedimentation value, damaged starch and inferior 
rheological characteristics is suitable for the manufacture of baked products 
like cookies, cakes, pastries and crackers. Protein content  has  an 
increasing  effect  on  all  three  rheological  properties  and  that  kernel  
weight  has  an  increasing effect on water absorption percentage in the 
dough. 
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