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ABSTRACT

The current research work was undertaken to characterize different Pakistani wheat

varieties for physicochemical, rheological, technological and immunochemical

characteristics. The modification of wheat gluten through methionine binding to develop

bread for celiac disease patients was also the main aim of this study. The results revealed that

wheat varieties differ significantly for the characteristics studied. Significant effect of crop

year was observed on grain width, moisture content, falling number value and dough

rheological parameters. The antibody response against glutenin and HMW-GS was positively

correlated to the total score of breads, chapattis and naans. The electrophoretic patterns of

molecular weight of glutenin subunits of different wheat varieties showed the presence of

glutenin subunits in the range of 28.23 to 110.89 kDa and 28.29 to 113.51 kDa, while total

gliadin electrophoregrams ranged from 31.03 to 89.61 kDa and 32.91 to 92.22 kDa among

different wheat varieties during the crop years 2010-11 and 2011-12, respectively. The wheat

variety AARI-11 outperformed other varieties in most of the physico-chemical, rheological

and technological characteristics. Therefore, it was selected for gluten modification. The

immunoreactivity to the modified gluten proteins was decreased as the reaction proceeds and

minimum immunoreactivity (26±0.37%) was observed near to 60 minutes of reaction time

with 5% methionine added to the system. The results showed that the serum of each patient

had positive IgA index to gliadins from unmodified gluten, but just sera of two patients had

positive IgA index to gliadins from modified gluten and when these proteins were digested the

sera of no patient’s serum had positive IgA reactivity. The gluten content in breads prepared

with modified gluten was observed to be 79 ppm, which is within the limits set by Codex

Alimentarius Commission. The study concludes that the methionine binding to gluten

induced a remarkable reduction of celiac IgA immunoreactivity to gliadin. ELISA is a

reliable method and can be used as single tool for the wheat quality assessment therefore

it should be developed for all wheat varieties. Prospectus of modified gluten for different

wheat based foodstuffs like the assayed bread in this study needs to be investigated. A

research project should also be conducted to investigate the antibody response of

modified gluten.
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Chapter 1

INTRODUCTION

Cereals are staple foodstuff for the human nourishment and they can be processed

into a wide range of products that is of massive economic worth. Among cereal grains,

wheat grains possess uniqueness in terms of certain flour characteristics which forms

dough viscoelastic and suitable for a variety of baked products. Globally wheat covers

maximum area and gives more production as compared to other food grain crops. In

Pakistan, the area and production under wheat has increased significantly which was

3,354 thousand hectares and 3,954 thousand tones in 1947-1948, respectively and rose to

8,666 thousand hectares and 23,517 thousand tones in 2011-12 respectively (GOP, 2011-

12). Wheat comprises of numerous valuable constituents. The prime components of

interests in the wheat grains are starch (60-70%), proteins (10-15%) and non starch

polysaccharides (8.3-9.8%) (Saulnier et al., 2007; Leon et al., 2010).

Wheat is a staple food in the Pakistan and contributes more than 60% calories and

proteins in the total daily dietary requirements. In the world almost 65% of wheat

granules are used unswervingly for human consumption, 21% serves as animal feed, 8%

conserved as seeds and rest 6% wheat grains goes for further purposes in industry (Khan

et al., 2009) . Of the total wheat produced in Pakistan, near about 70% is used for the

making of unleavened flat bread, in the vicinity known as "chapatti" and its cookery

variations like "tandoori roti", "naans", "prathas" and "poories". However, 30% of the

remaining wheat is utilized for the production of other baked creations such as breads,

cookies, cakes and pastries etc (Hussain et al., 2012).

The quality of wheat is somewhat a composite term and is dependent upon many

genetic and not genetic factors such as genotypes, agro-climatic conditions, agronomic

and cultural practices. The wheat quality is usually evaluated depending upon various

physicochemical, biochemical, rheological and baking characteristics. Diverse quality

parameters of wheat granules are of importance while manufacturing various baked

products. In spite of low protein quality and quantity and lack of some essential amino

acids as lysine, methionine and tryptophan, wheat is considered as a valuable supply of
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dietary protein for human consumption (Singh et al., 2000). The protein contents in

mature wheat grains range from 8% to 20% (Khan et al., 2009; Zilic et al., 2011). The

wheat consists of four major protein fractions which are differentiated depending upon

the solvent in which they are dissolved. These fractions comprise albumins which are

dissolved in water as well as attenuated buffers, globulins that can be soluble in briny

solutions, prolamins (gliadin) that are soluble in 70–90% of the ethanol, and glutenins

which can be dissolved weak acid or base. The albumins and globulins are enzymatic

proteins while both gliadin and glutenin protein fractions constitute storage proteins. Of

the whole protein content of the wheat flour almost 80 to 85% is shared by gluten

proteins and thus are a big contributor towards suppleness and flexibility of the dough

(Belderok et al., 2000).

The most diverse compound along with their size distributions, the gluten proteins are

considered amongst the most multifaceted protein complex in natural world and also

because of the changes caused by genetic factors, cultivating circumstances and

technological progressions. These factors have essential part in providing the novel

rheological characteristics and ultimately affecting the quality of baked goods. Although

there is a vast number of valuable research works performed to evaluate the structural and

functional characteristics of the gluten proteins, but still is a quest to quench the thirst

towards better knowledge and skill through modified research progress in the area of

gluten proteins. Among the priority areas an important issue is to gain a thorough insight

for changes in the disulphide linkage initiating from the synthesis of proteins in the

maturing plants and taking a stop finally in bakery manufactures. Another field to be

looked properly is the changes in structure and function of the gluten proteins when an

additive is combined such as dough improver. Heterologous expression and protein

engineering can act as worthwhile tools towards a better comprehending of the structural

as well as functional parameters (Tamas and Shewry, 2006).

The magnitude and eminence of storage proteins (gliadins and glutenins) act as major

determinants of the wheat quality. The wheat gluten is unique in forming viscoelastic dough

which can retain gas during fermentation and produces well aerated products. The glutenin

fraction of wheat protein provides novel stretchy and interconnected characteristics to wheat

dough, which influences ultimately the excellence of the baked inventions. The glutenin
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comprise about 30-45% of the total wheat flour proteins and show a wide array of subunits

having molecular weight ranging from 40 kDa to many millions (Zilic et al., 2011). The

wheat endosperm comprises high molecular weight (HMW) glutenins (80 -140 kDa) and the

low molecular weight (LMW) glutenins (10-70 kDa). The HMW-GS play chief role to

determine bread-manufacture quality, while the LMW-GS contributes mainly towards

dough confrontation and flexibility (Cornish et al., 2001; Khan et al., 2011). The gliadins

consist of single units and form almost 30-40% of the entire wheat flour proteins

(MacRitchie et al., 1990; Zilic et al., 2011). The gliadins, on the basis of the respective

mobilities, are further segregated into four clusters: α, β, γ and ω gliadins that range in 

molecular weight from 30 to 80 kDa (Zilic et al., 2011).

The quality of wheat cannot be assessed by any single test and baking is a real test

for determining the wheat quality. There are many tests available for the appraisal of

wheat value but these tests are costly, time consuming and require a larger quantity of

samples for analysis. The chromatographic and electrophoretic procedures are deemed to

be awfully valuable and promising in recognition of constituents in food (Mayer, 2005)

however, these techniques are not thought to be expedient for regular analysis as these

are comparatively expensive, time overwhelming and difficult to execute. Therefore,

these means are neither appropriate to be exercised in the earlier phases of a breeding line

up nor to apply at granule receival locations. Since wheat grain quality determines the

quality of its end use products, therefore it is imperative to explore new methods/tests

which are inexpensive, rapid, reliable and require small amount of sample for analysis.

The immunological assay/technique has been used as an alternative and effectual

means for evaluating the chapatti and bread making qualities of diverse wheat varieties

(Asensio et al., 2008). Now a days, enzyme-linked immunosorbent assay (ELISA) is

being practiced and preferred for a better quality prophecy and to test wheat, because it

has remarkable benefits of being economical, requirement of smaller amount of sample

and effortless sample management. Enzyme-Linked Immunosorbent Assay (ELISA) is an

immunological method that engages an enzyme to perceive the occurrence of an

antigen/antibody in a sample to be tested (Prabhasankar and Manohar, 2002).
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A test to find out strength related characters of wheat has been demonstrated by

Skerritt (1991a, b) that has used antibodies in opposition to high molecular weight

glutenin subunits (HMW-GS). The outcomes have evidenced the presence of a strong

relation between antibody fastening and dough strength parameters. This method was

customized afterward and was perked up by Andrews et al. (1993) as well as by Hill et

al. (1999). Another study conducted by Andrews and Skerritt (1996) has correlated

extensibility of wheat dough and antibody binding using low molecular weight glutenin

subunits (LMW-GS) definite antibodies. Song et al. (1998) has described a relationship

concerning the binding of antibodies and the quality of wheat and has demonstrated that

specific quality characteristics vary with type of antibodies applied. The correlation

coefficients that were found with polyclonal antibodies have been established to be a

little superior than with monoclonal antibodies. One more important method has also

been employed to recognize wheat varieties appropriate for formulation of chapatti that

uses dot-blotting with polyclonal antibodies against gliadins (Prabhasankar, 2002). Khan

et al. (2011) demonstrated that anti-HMG antibody can be utilized as means for

monitoring wheat for first-rate chapattis and breads.

Celiac disease (CD) is an enteropathy progressed in genetically vulnerable

persons by intake of gluten proteins, most probably because of ingestion of wheat

prolamins. The prevalence of celiac disorder has been estimated to be 1-2% globally

(Rodrigo, 2006), but it appears that it is escalating for the past few decades. As well not

only contributing towards malnutrition it may amplify the hazard for autoimmune

diseases and malignancy if not taken care properly (Rubio-Tapia et al., 2009).

Quite a lot of gluten-free diets with numerous gluten-free specialties have been

explored in recent times to assure the requirement of CD patients. Though, these items

for consumption exhibit reduced quality and squat suitability because of the lack of wheat

gluten (Lee et al., 2007). Hence, quite a few efforts are standby to amend immunogenic

sequences of gluten proteins, retaining their utility and eventually bringing into being

exceptional wheat products (Rizzello et al., 2007). The alterations in immune sequences

of modified gluten protein can be monitored by the use of Immunoglobulin A (IgA)

reactivity to proteins which has been used as prelude evaluation of the security of the

food items for CD patients (Cabrera-Chavez et al., 2008). The approach is to attach some
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amino acid with glutamine residues in gluten proteins to adapt epitopes, amending the

scientific characters keeping in view the amino acid selected for attaching. The gluten

peptides stimulate the immune system of the CD patients and consequently the gluten

specific IgA antibodies are formed, that is well-organized attributable to the sequences as

well as structure of peptides. There will occur veto stimulus to produce an immune

response, owing to a steric mass is attached to the gluten peptides, (Kapoerchan et al.,

2008).

The inclusion of steric bulk into gluten proteins so that to abstain from

identification by the immune system (Gianfrani et al., 2007) appears as to be the most

potent and practicable way to manufacture wheat origin inventions appropriate for need

of CD patients. Alongside it can also serve to make changes in entire wheat flour on the

basis of the celiac-active gluten proteins, so as to be valuable to CD patients.

The mandate of the current study was to evaluate the biochemical and

immunochemical properties of spring wheat varieties grown in Pakistan in relation to the

chapatti, naan and bread making qualities and to elucidate their effects on rheological,

technological and sensorial attributes of wheat flour. This information will be useful for

growers, bakers and consumers. The modification of gluten proteins will also be helpful

to the industry for their future product improvement programs for celiac disease patients.

Keeping in view all of above facts, the present study was designed with the following

objectives;

 To evaluate wheat varieties for physicochemical, rheological and technological

properties.

 To characterize wheat proteins through electrophoretic and immunochemical

techniques and find out their relationship with wheat quality traits.

 To modify wheat gluten by methionine binding to develop bread for CD patients
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Chapter 2

REVIEW OF LITERATURE

People all over the world devour wheat grain and its allied products. Its

consumption as a dietary staple is of much significance in Pakistan owing to considerable

part of diet. It is major crop covering the maximum area with production amongst the

food grain crops. Wheat is among the most vital cereal grains all over the world in terms

of productivity and consumption. Different experiments are always in progress so as to

grow novel wheat species, along with a thought to uphold the dynamism of the older

verities. Several means are employed to characterize wheat depending upon the basic

formulated decisive factor. The eminence of cereal based products is often dependent on

the quality and molecular chemistry of its proteins. ELISA represents domain of recent

investigations mainly attempted to characterize wheat varieties on the basis of its

antibody response. Sufficient research work has been conducted out on the development

of new wheat genotypes with an improved grain yield, nutritional and technological

properties. The research has been carried out on various quality attributes of wheat by

using different techniques. Rigorous literature on different wheat quality characteristics is

available but review of literature most related to present study is as follows:

2.1 Wheat quality and importance

2.2 Physical characteristics

2.3 Chemical characteristics

2.4 Rheological characteristics

2.5 Wheat proteins

2.6 Wheat gluten

2.7 Immunochemical characteristics of wheat gluten

2.8 Gliadins in-relation to celiac disease

2.9 Celiac disease pathogenesis and wheat processing technology

2.10 Modification of gluten proteins
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2.1 Wheat quality and importance

Wheat (Triticum aestivum) is most widely used cereal crop for bread making,

because of absolute performance in bread baking as compared to other cereals. Among all

these cereal crops, wheat has unique importance due to the reason that only wheat flour

has property of making dough that shows the rheological properties which are essentially

required for bread making and for the production of wide range of food products. Unique

rheological behavior of wheat flour is due to the gluten forming storage proteins in the

endosperm of grains. Gluten is responsible for providing the dietary protein to human

beings (Rosell et al., 2007).

Wheat products are the basic food of human beings in many countries of the

world as it provides essential nutrients in diet. Wheat is primary source of carbohydrates

but it also provides proteins, vitamins and minerals when consumed in diet. It is widely

used in different region of the world for the production of different types of food products

like bread and bakery products (Fincher and Stone, 1986; Hoseney et al., 1988). Quality

of wheat is affected by genotypic as well as environmental factors (Loffler and Busch,

1982). Analysis has been carried out for chemical composition to evaluate the quality,

processing behavior and storage life. However, moisture significantly affects keeping

quality.

The technological qualities like milling and baking differ in a wide range from

variety to variety. Composition of wheat variety is very important factor which causes the

changes in quality of protein and starch. Among these factors gluten content, gluten

strength, starch content and amylase properties like α-amylase activity and damage starch 

has great importance. Rheological characters like elasticity, extensibility, viscosity and

changes in these characters during fermentation process have enormous importance in

bakery industry. Different empirical techniques which are based on dough rheology are

widely used for the assessment of flour baking value. Different methods are used for the

observation of these properties (Pomeranz, 1988).

2.2 Physical characteristics

Physical parameters and observations relating to wheat explained some of

the quality characteristics. The length, width and height of the kernel represent the

dimensions of the kernel. Larger kernels were harder than small kernels (Gaines et al.,
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1988). The physical and milling properties are determined by the kernel size and shape.

Test weight and milling were independent of kernel size (Gaines, 1994). Kernel size is

closely related to grain weight and affect the flour yield. The kernel size contributes

directly towards improvements in agronomic as well as milling yield.

Rough index of flour yield is estimated by test weight and it is directly related to

extraction rate. It is considered as an indicator of soundness and a high fundamental

quality in grains. Test weight that is expressed as weight per unit volume, is most

commonly used and simplest criteria for wheat quality. In the United States, it is

expressed as pounds per bushel while in most of countries it is expressed as kilogram per

hectoliter. It is described as number of pounds of wheat required to fill 2150.42 cubic

inches volume when kernels fall into this volume space at a constant rate. Structure of

grain and its chemical composition determine the density of grains (Dholakia, 2001;

Rharrabti et al., 2003).

Schuler et al. (1995) described that test weight was proven to be significantly

linked with flour protein content. A significant correlation has been showed between test

weight and flour yield. This is due to the reason that it is directly related to grain density

instead of weight and more dense kernels tend to have more endosperm (flour) (Pasha et

al., 2009). There was non-significant correlation with kernel width, length, volume and

weight (Schuler et al., 1995) while negative correlation was present with flour yield.

The test weight of hard kernel wheat exceeds from 80 kg/hl as compared to soft

wheat having almost 70 kg/hl test weight. Poor harvest is the reason of low test weight

due to the presence of shrunken, shriveled and sprouted kernels. The wheat with lesser

test weight usually yields poor extraction rate (Cavion and Tran, 2005).

1000 kernel weight is a function of grain size and density and generally expressed

in grams per 1000 grains. Since it is not volume based it is independent of some factors

influencing bulk density, and may be preferred as a measure of grain quality. This is

determined by electronic seed counter and balances. The kernel per unit weight is a

useful index for potential flour yield and is considered to be more reliable guide for

prediction of flour yield than test weight. Grain weight is significantly influenced by the

type of wheat (hard or soft grains) and varies from 20- 45 grams per 1000 grains

(Dholakia, 2001).
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Pakistani wheat possessed higher kernel weight exceeding 30g/thousand kernels.

Wheat kernels can be classified according to grain weight as 15-25 g (very small), 26-35

g (small), 36-45 g (medium), 46-55 g (large) and over 55 g (William et al., 1986).

Thousand kernel weight varied from 42.4 to 48.7 g in 128 wheat varieties while Anjum et

al. (2002) found the kernel weight range from 31.43 to 37.28 g in different Pakistani

wheat varieties. Pasha (2006) investigated 100 different wheat varieties and elucidated

that thousand kernel weight ranged from 26.02 to 49.03g. Schuler et al. (1995) have

shown that thousand kernel weight had no relation to milling qualities of soft red winter

wheat. Baril (1992) reported that thousand kernel weight within a genotype was

positively correlated with agronomic yield.

The mass of the wheat kernel can also be measured through thousand kernel

weight. Wheat breeders and flour millers can also use it as a complement to test weight

because it describes potential flour extraction and wheat kernel composition. Generally it

may be inferred that better flour extraction is yielded when wheat having higher thousand

kernel weight. Quality parameters or flour yield are not associated with thousand kernel

weights, differences in grain size, amount of large seed, and average grain length and

width.

2.3 Chemical characteristics

The wheat grain contains about 70 percent carbohydrate content, relatively less

protein content i.e. 9 to 13 percent, less moisture content of 11 to 13 percent, very small

quantity of lipids, many of enzymes, fiber content, minerals and vitamins (Amendola and

Rees, 2002).

Moisture content determination is very important preliminary step for the analysis

of wheat and flour quality. Moisture content is the significant method used to ascertain

the properties of flours. Maximum or minimum amount of water have legal limits which

describes how much quantity of water must be present in flour and food grains. Moisture

level is amongst the most significant considerations regarding decision making about the

quality of wheat. It is inversely associated to the dry matter of grain and has pronounced

effect on the keeping and milling quality of the wheat grains. Depending on the weather

during harvest, the moisture content of commercial lots of wheat varies between 8.0 and

18 % (Belderok et al., 2000). Qamar (2002) studied the moisture content in different
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fractions of wheat and reported that moisture content ranged from 7.8 to 14.8%. It is an

important quality criterion due to the fact that all wheat grains are stored for a certain

period in some way before their end use (Dholakia, 2001). Moisture content of grain also

provides an insight into storage capability of the grain. Wheat or its flour containing an

elevated level of moisture (higher than 14.5 %) favors insects, bacteria and mold growth,

the entire of these result in hazards of deterioration for the duration of storage. While low

moisture level causes an increase in stability and endurance during the storage time

(Belderok et al., 2000).

The “ash content” is the total quantity of minerals present within a food. The ash

content has significant importance in wheat and flour for milling. Minerals make up

material is known as the ash content of the flour (Amendola and Rees, 2002). Millers

desire to determine the mineral component of the wheat to perceive the preferred or

particular ash concentration in flour. In view of the fact that bran contains a significant

amount of ash, its concentration in flour is an estimation of the expected quantity

obtained through the milling process (Herrman et al., 1995). Ash content in the grain also

designates milling concert by obliquely estimating the amount of contagion of bran in

flour (Herrman et al., 1995). The ash content of flour at a standard milling or extraction

rate (70%) is a reliable indication of the milling quality of the wheat i.e., the efficiency

with which the bran and germ are separated from the endosperm (Matz, 1996). The lower

the ash content, the higher will be the flour yield in a commercial mill. The ash content of

flour may vary between 0.45 to 0.60% (Amendola and Rees, 2002). The ash content was

observed by different researchers, ranged from 0.27 to 0.40% (Noorka et al., 2009); 1.08

to 1.85 % (Ahmad et al., 2001; Butt et al., 2001). In case of whole wheat flour, most of

the minerals were found as bran portion was not removed in whole wheat flour (Akhtar et

al., 2005).

Protein is the second major constituent of the endosperm and varies from 8 to 15

percent of a wheat kernel depending on the variety of wheat and the environmental

conditions prevailing during the growth and development of the seed. Cereal protein is an

important nutrient for human nutrition whereas the quantity and nature of protein are

major determinants of efficient characteristics of wheat flour (Wang et al., 2005). Cereal

protein is a chief constituent of the total protein consumption in most developing
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countries (Singh et al., 2000). Instead of relatively low protein content, usually 8–15%

wheat protein also have an insufficiency of some essential amino acids particularly

lysine, methionine and tryptophan (Singh et al., 2000; Sliwinski et al., 2004). Wheat

having high protein content results in higher price in the market as it is useful in blending

with low protein wheat flours for bread production.

Dry, sunny weather, nitrogen fertilizers and spring-sown varieties will increase

grain protein while abundant rainfall during kernel development results in low protein

content. The protein content is highly prejudiced by the surroundings and fertilizer

appliance while the composition of the storage proteins is determined by the genotype

(Evers et al., 1984). Such compositional variations in the flour affect both the dough

rheology and baking performance (Fustier et al., 2007).

Both protein quality and quantity are important in all types of baking. Higher

protein wheat is used for baking breads and the lowest protein (7-8.5%) for biscuits and

cakes (Kaldy and Rubenthaler, 1987). Flour protein is extremely important because all

other flour properties are some way dependent on protein content. Flour water absorption

is a linear utility of protein. Mixing requirements, mixing tolerance and dough handling

characteristics are related to protein content within a variety of wheat (Orth et al., 1976).

Protein ranges from 8 to 15% of a wheat kernel and is the second major component of the

endosperm. Wheat varieties and the environmental conditions are mostly responsible for

protein content and these two factors exist during the growth and development of the seed

(OECD, 2003). The fresh flour samples were found to have the highest protein content

(12.20%) than sixty days storage samples which have the protein content 11.72%. The

protein content has been observed to be associated with the gluten content (Anjum and

Walker, 2000). In Pakistan, wheat diversities that grew under same circumstances were

having their protein content to be from 10.43 to 14.74 percent (Anjum et al., 2005; Butt

et al., 2004; Ahmad et al., 2001). It has been observed that whole wheat grain possess

10.69% protein as compared to wheat germ which contains 23.15% (Paas and Pierce,

2002).

Cereal lipids are complex compounds which are present in either free state or

bound to other components in cereals as starch or protein. Different milling streams vary

in their essential and non-essential fatty acids (Prabhasankar et al., 2002). Consumption
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of wheat flour in form of baked products or pasta as well as other refreshments are a rich

supply for unsaturated fatty acids (Konopka et al., 2006; Zhou et al., 2004). The outer

portion of the wheat contained considerably more oil than the rest of grain and due to this

reason white flours contained the least oil up to 1% (Kirk and Sawyer, 1991). While

studying quality traits of different wheat varieties grown in Pakistan, the fat content

ranged from 0.74 to 1.20% and 0.78 to 1.18% during crop years of 1996-97 and 1997-98,

respectively (Mahmood, 2004). Moreover, the fat content is ranging from 0.9 to 1.6% in

flour of 72-80% extraction rate, 1.5 to 2.5% in whole flour and 3 to 4% in wheat bran.

Shehzad (2005) studied six different wheat varieties of Pakistan and stated that the

maximum fat content was found in wheat variety Inqalab-91 (0.97%). While comparing

the nutritional information of whole grains against refined wheat, it was found that whole

wheat grain contains 1.99% fat as compared to wheat germ which has 9.72% (Pyler,

1988). The fat content reported by different researchers varied from 1.09 to 2.52% in the

wheat grains which is mainly present in the germ portion of grain (Ahmed, 2001; Zahoor,

2003). Higher fat content was also observed in some varieties which was 4.49 % (Ayaz,

1998). Ambient temperature preserves more of the fat in whole wheat when stored as it

has been observed that a higher content of fat is preset in such samples as compared to

under proscribed conditions. Crude fat varied from 0.33 to 0.65%, 1.12 to 1.73% and

2.51 to 3.92% in straight grade flour, whole wheat flour and wheat bran in different

wheat cultivars, respectively (Ahmad, 2001). Akoh (2002) made it clear that wheat flours

are more secured to oxidative damage at regular marketable moisture concentration as

compared to dehydrated flour to widen the shelf life of the leavening in the mixups.

Wheat bran is a good quality source of fiber and it plays important role in

improving health and reducing the risks of diseases. Crude fiber concentration of wheat is

linked to the content of bran present and is conversely related to flour capitulate. On the

ground of percentage, smaller kernels have more bran as compared to the larger ones

therefore is related to more flour production as compared to the larger ones and thus

contain more crude fiber which results in less flour yield in case of small kernels

(Dholakia, 2001).

Like ash, crude fiber is also related with the amount of bran and has diverse effect

on flour yield (Lodi and Vodovotaz, 2008). Crude fiber content was ranged from 1.41 to



13

2.44% in different wheat varieties (Mueen-ud-Din et al., 2007). The variations in crude

fiber are mostly reasoned by genetics and may also be associated with grain size, shape

and bran thickness. It has been observed that wheat types developed using inorganic

circumstances had considerably upper levels of crude fiber when evaluated against strains

matured under organic states (Nitika et al., 2008). Crude fiber content is also dependent

upon the pace of drawing out of flour, if higher more will be the fiber content as extra

fractions of flour is scraped out of the bran (Zahoor, 2003). The amount of crude fiber

considerably improved with the increasing levels of bran in whole wheat bread (Lodi and

Vodovotaz, 2008).

The sedimentation test is a measure of the strength of wheat and is dependent

upon the extent of hydration and oxidation of the proteins. The addition of the mild

detergent, sodium dodecyl sulphate (SDS) facilitates the hydration of proteins because

the gluten molecules are associated with oil bound molecules. For this test ground flour

sample is shaken in the company of lactic acid and SDS (William et al., 1986). The

proteins with good hydration capacity and good oxidation status are obtained from a

stable suspension and the height of suspension has linear relationship with the strength

and baking potential of the wheat. Sedimentation volume is a measure of baking quality

of the flour protein. The higher the SDS value, the higher the potential baking strength of

wheat flour (William et al., 1986). The SDS-Sedimentation value possesses the greatest

potential as a screening test because of its small sample size, high through put, good

correlation with loaf properties, growing sites and genetic differences in protein quality.

Therefore SDS-Sedimentation value may be directly related to bread making potential

(Blackman and Gill, 1980).

Gluten dough strengthens the dough and causes the formation of a better grain

and consistency in the refined baked bread. The gluten content is an important parameter

to appraise the excellence of wheat flour (Kulkarni et al., 1987). The term ‘gluten’ refers

to the protein, as it shows a main part in finding the baked texture of wheat by bestowing

water absorption ability, cohesiveness, tackiness and suppleness on dough. The quantity

of protein is not a measure of gluten quality (Simic et al., 2006). Gluten quality is

characterized by the degree of extensibility and elasticity (Horvat et al., 2002; Johansson

et al., 2002). Wet gluten represents the fraction of the total wheat protein that
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agglomerates upon hydration leading to dough formation such as bread dough (He and

Hoseney, 1990). Soaked gluten graded as the second highly craved analysis in baking of

bread. A significant positive correlation (R2 = 0.95) has been found between flour protein

and wet gluten content. Wet and dry gluten content ranged from 29.45 to 33.56% and

8.72 to 10.69%, respectively (Mueen-ud-Din et al., 2007). Usually, dehydrated gluten

accessible in markets has almost 70 to 80 percent of protein.

2.4 Rheological Characteristics

Rheological characterization of wheat flour dough is compulsory for the

triumphant manufacture of bakery items as it has influence on mechanical handling and

quality characteristics of the finished products (Bloksma and Bushuk, 1988). The

appropriateness of wheat flour for baking various products as breads, cakes, biscuits and

chapattis depends primarily on particular rheological properties of dough such as water

absorption, dough stability, strength, extensibility, elasticity etc.

Rheological instrumentation and evaluations have turned out to be indispensable

means in analytical laboratories for characterization of constituent materials and final

products, to monitor process conditions and predict product performance and consumer

acceptance. The division of science which is related to the pour and twist of substances is

known as rheology. Information about the rheological and mechanical characteristics of

different food systems has significance in the design of flow processes for the control of

quality, in forecasting storage stability and designing texture (Herh et al., 2000).

Different wheat varieties have different rheological properties. Among them some

varieties are suitable for bread making. Each variety has different ingredients from one to

another those exhibit different rheological properties. Rheological properties of dough

change at every stage of bread making process. When the mixing of dough is carried out

in a high speed mixer then it is transformed into an elastic and coherent mass due to high

stress conditions prevailing at this speed (Steiner et al., 2001). Rheological properties are

directly related to textural characteristics which include mouth feel, taste and shelf

stability (Herh et al., 2000).

Dough rheology characterization is an imperative factor in the assessment of

bread wheat quality and indicates dough handling properties and the tendency of the

dough to contract (Pedersena et al., 2004). Several methods including farinograph,
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amylograph, mixograph and extensograph are used for characterization of the rheological

properties of flour.

The pragmatic rheological quantifications are recurrently performed using

farinographic tools (Razmi-Rad et al., 2007). The results obtained from the graph are

used as factors in preparation of product to predict the amount of water to be added for

the formulation of dough, to check the influence of constituents on assimilation

characters, to appraise flour mixing requirements and to test out flour consistency

(Meintjes, 2004). The outcomes of the test are also helpful to evaluate the upshots of

processing, counting prerequisites of mixing for making of dough, forbearance to over-

mixing and dough uniformity during manufacture. Farinographic water absorption is

influenced by both quantity and quality of flour proteins (Chanvrier et al., 2007). Water

absorption of flour increases linearly with increase in protein content of flour. Manu and

Prasada-Rao (2008) studied rheological properties of wheat flour making the use of

farinograph. It was found that water absorption capacity, dough development time and

dough stability time was 61.3%, 2.0min and 8.25min, respectively. However resistance of

the dough was 9.0minutes. Pakistani wheat varieties were tested for farinographic

characteristics and found variations in water absorption capacity among wheat varieties.

Butt et al. (1997) determined the farinographic characteristics of three Pakistani wheat

varieties and reported that water absorption varied from 63.8 to 66.0%. He also reported

that dough development time, stumpy dough constancy and softening of dough ranged

2.2 to 5.5 min, 8.7 to 13.7 min and 10 to 105 BU, respectively among the wheat varieties.

The mixograph provides an indication of the mixing requirements of flour (Manu

and Prasada-Rao, 2008). Soft wheat flours are evaluated through physical dough testing

instruments (mixograph and farinograph) on the grounds of supposition that the

rheological characteristics of soft wheat flour are contrary to firm wheat flours (Meintjes,

2004). The mixograph results from experiment are convenient in finding out the gluten

potency and distinctiveness of flour for bread making therefore wheat breeders use results

from mixograph in order to evaluate early generation lines for gluten strength of dough

(Pedersena et al., 2004). Water absorption of flour determined by the mixograph

frequently acts as bake amalgamation in bread baking analysis. The technological

experiments have demonstrated remarkable changes in quality considerations such as the
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mixograph peak time and mixograph tolerance index. The quality values of these two

parameters ranged from awfully underprivileged to superfluous strapping, for bread

making, the loaf volume and the bread value point also displayed an ample array of worth

(Grausgruber et al., 2000).

Conventionally, amylograph is used to analyze the pasting behavior of flour or

starch-water slurries (Chanvrier et al., 2007). The prime starch was fastened entirely in

eight wheat varieties that had been amassed at 60 ºC, the amylographic gooeyness of the

flour was found to be increased maximum and the gelatinization temperature decreased.

Starch granule in the flour devoid of storage swelled up discretely in warm amylograph

bowl. Starch granules were aggregated to each other through protein in the stored flour

and might swell together which result in increase the maximum viscosity (Kusunose et

al., 2002). The wheat flours which contained higher protein content have different

amylograms than those which contained lower protein content. It has been showed that

fast increase of viscosity occurred in higher protein content wheat flours at lower

temperature (65-70 ºC) (Seguchi et al., 1998).

 Falling number test measures the α-amylase activity. α-amylase is an inherent 

enzyme of wheat which converts starch into simple sugars. Falling number value is

critical for final product because there exists a straight association between α-amylase 

activity and refined invention characteristics such as bread crumb value and loaf volume.

Proper amount of α-amylase (FN=250) in the flour is desirable for proper baking to 

occur. Falling number value of greater than 250 is generally acceptable for bread making.

Adequate α-amylase activity in flour results high volume bread with firm and soft 

texture. Flour having high α-amylase activity (low FN) requires less amount of water for 

mixing, softens the dough, weakens the bread structure and produces a soft sticky crumb

having low loaf volume(Cauvain and Young, 2001). On the other hand, excessive α-

amylase activity (low FN) results in the formation of darkened loaf crust as a result of

sugar caramalization and sticky crumb structure which causes problems during slicing

(Gooding and Davies, 1997). Millers prefer to avoid wheat with excessive α-amylase 

activity (low FN). Anjum and Walker (2000) observed Falling number values beyond

400 sec. and elevated viscosities of starch paste as determined by RVA pointed squat α-

amylase activity were owned by Pakistani wheat verities. Bread-baking value has been
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demonstrated to be superior in some Pakistani wheat cultivars (Pak 81 and Faisalabad 85)

than other wheat cultivars.

2.5 Wheat proteins

The novel properties of the wheat proteins are usually accredited to them though

are composite by nature (Weegels et al., 1996). The quality of wheat proteins

unswervingly determines the characteristics of flour when making dough and then of

dough while in baking process (Shewry and Halford, 2002). The protein concentration

varies from 6 to almost 20 percent, and occupies key place in baking procedure. The wide

range of protein level is usually dependent somehow on type of wheat and the

surrounding conditions in which it grows. Protein quality is on the basis of contemplation

of probable end utilization sooner than on nutritional characteristics. The qualitative

differences in the composition and properties of proteins account for much of the

variation in bread making quality between cultivars. The higher the protein contents,

better the bread making quality (Pomeranz, 1990).

Wheat consists of four key proteins which are differentiated depending upon the

solvent in which they are dissolved. These fractions comprise albumins which are

dissolved in water as well as attenuated buffers, globulins that can be soluble in briny

solutions, prolamins (gliadin) that are soluble in 70–90% of the ethanol and glutenins

which can be dissolved weak acid or base. Wheat proteins comprise of storage and non-

storage proteins. These possess uniqueness in forming viscoelastic and cohesive dough

with soft and well-aerated product. The non-storage proteins consist of albumins and

globulins responsible for the volume increase and vary in baking performance. The

storage protein include gliadin and glutenin (Gluten) protein parts, these are described as

proteins which gather during the grain-filling interlude (Shewry and Halford, 2002).

Several studies have been carried out to characterize gluten proteins in order to determine

the molecular basis for their functional properties and for the variation in these properties

amongst wheat cultivars.

Gluten proteins act as chief compounds to find out the exclusive baking worth of

wheat flour by bestowing water absorption capability, cohesivness and viscos-elastic

properties in the dough. These may be subdivided in accordance with their solubility in

alcohols in two major components i.e. the soluble gliadins and the insoluble glutenins.
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The two of the subdivisions contain high concentration of proline and glutamine amino

acids, so are partly intimately associated with each other. Glutenin part consists of

cumulative proteins that are brought together by disulphide linkage within chains. When

the disulphide linkages are decreased in number; the glutenin subunits exhibit solubility in

aqueous alcohols close to gliadins. On the basis of prime configuration, glutenin

subcomponents are partitioned into two as high-molecular-weight (HMW) and low-

molecular-weight (LMW), having molecular weight of 67,000–88,000 and 32,000–35,000

respectively. Two or three structural realms are owned by every gluten protein; one of these

domains has sole recurring sequence that is loaded with glutamine and proline amino acids.

Indigenous glutenins contain a backbone of HMW subunit polymers and LMW units form

the polymeric branches from this backbone. Non-covalent bonds (hydrogen bonds, ionic

bonds and hydrophobic bonds) have been considered as significant to combine gliadins and

glutenins proteins that incriminate structural properties as well as physical characteristics of

dough (Wieser, 2007).

Gliadins proteins primarily consist of single units having molecular weight near to

28,000–55,000. These may be segregated into four factions when passed through

polyacrylamide gel electrophoresis designated as α, β, γ and ω gliadins. Disulphide 

linkages may either be lacking or are present as intra-chain traverse bonds. Gliadins are

assorted concoctions of solitary polypeptide chains that in their basic form are soluble in

aqueous alcohol. These play important part to provide constancy in opposition to

aggregate development by intra-molecular disulfide linkages and consequently, are

thought to be less decisive for the probability to make bread from the flour (Dubcovsky et

al., 1997). The gliadin owns fine extensibility however is short of elasticity that is

foremost important need in the course of making dough. Contrary to gliadin, glutenins

have higher molecular weight and are multi-chained proteins (Graveland et al., 1985)

having good elasticity so, the merging the two proteins in the dough fetches explicit

elasticity and extensibility, thus further can be employed in the dispensation of various

flour products. The share of glutenin and gliadin manipulates the visco-elastic properties of

the gluten throng (Janssen et al., 1991) and is additionally utilized to associate the quality

of bread formed from diverse wheat cultivars (Uthayakumaran et al., 1999).
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A lot of endeavors have been made to expose the structure of the gluten proteins

though, stumpy solubility and short of crystallinity of the proteins have always caused

nuisance by the low solubility and lack of crystallinity of the proteins. The solubility

characteristics of gluten proteins are find out by the prime constitutions of the individual

proteins and their relations with non-covalent forces (remarkably hydrogen bonds and

hydrophobic interactions) (Belton et al., 1998) and further by covalent disulphide bonds.

Still the true protein arrangement has not pointed to be obvious (Veraverbeke and

Delcour, 2002). The grown-up wheat grains enclose 8-20 percent of proteins, out of

which around 80-85 percent is gluten proteins, that bestow elasticity and extensibility

characters to enhance the functional properties of wheat flours. The gliadins and

glutenins comprise each approximately 50% of gluten proteins.

2.6 Wheat gluten

The gluten is characterized as the chewy heap which stays even if wheat dough is

rinsed so as to eliminate starch particles and water-soluble elements. On the basis of the

extent to which it is washed, the dry mass contain 75–85 percent of protein and 5–10 percent

of fats; and remaining whole constituents are starch and non-starch carbohydrates. Commonly,

the name ‘gluten’ is conferred as the proteins, as these part significant features in finding

the novel baking properties by granting water absorption capacity, cohesiveness and visco-

elastic characteristics to the dough. Gluten consists of many protein subunits that are either

as single components or attached between chains with disulphide linkages thus forming

oligomers or polymers (Wrigley and Bietz, 1988). These show novelty of having

certain amino acids as higher regions of glutamine and proline whereas lower

concentrations of charged side group amino acids. The molecular weights of native

proteins are within area of 30,000 Da to higher as compared to 10 million.

Conventionally, on the basis of solubility in aqueous alcohol (as in 60% ethanol), gluten

proteins are fractionated into equal parts i.e. the soluble gliadins and the insoluble

glutenins. So, gliadins have blend of monomeric and polypeptides subunits while

glutenins contain polypeptides assembled through disulphide linkages (Singh and

MacRitchie, 2001a). The gluten is a bulky composite approximately forming 78 to 85%

of whole wheat endosperm protein and consisting chiefly of polymeric and monomeric

proteins called as glutenins and gliadins, correspondingly (Wieser et al., 2006).
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2.6.1 Gliadin composition

The gliadins form varied blend of monomeric polypeptides that are present in

their original form and can be solublized in 70% aqueous alcohol. The gliadins are

segregated into four units as alpha (fastest mobility), beta, gamma and omega having

their order of mobility from fastest to slowest orderly as determined by A-PAGE (i.e.

Acid-PAGE), with molecular weight ranging from 30,000 to 75,000 Da (Gianibelli et al.,

2001). The gamma gliadins vary from alpha and beta gliadins in the quantity of amino

acid i.e. aspartic acid, proline, methionine, tyrosine, phenylalanine and tryptophan. The

omega gliadins are characterized with no cysteine, elevated content of glutamine (40-50

mol%), proline (20-30 mol%) and phenylalanine (7-9 mol%), which correspond to >80%

of the entire amino acid units (Tatham and Shewry, 1995). The entire gliadin sub-clusters

are poor in the ionic amino acids i.e. histidine, arginine, lysine and free carboxylic groups

of aspartic acid and glutamic acid. The glutamic and aspartic acids are present mostly all

as amides.

The two main polyacrylamide gel electrophoresis (PAGE) methods are used for

wheat varietal fingerprinting i.e. low pH analysis (acid-PAGE) of the alcohol soluble

proteins and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of

whole gluten proteins deteriorated and hauled out by sodium dodecyl sulfate (SDS) in the

presence of reducing agents. They achieved the equivalent separations in the capillary

electrophoresis format (Warner et al., 1994).

Hou et al. (1996) identified and quantified the gliadin subgroups in 17 supple

wheat patent flours from four wheat classes and seven all purpose flours. The findings

have shown the relation between amounts of alpha gliadins and wheat rank. The

entitlement of true gliadin subunits was found to be considerably inferior in the patent

flours as compared to corresponding straight grade flours. The amounts of some gliadin

sub-factions and overall gliadins have a range of rapports with rheological characteristics

of flour and further utilization eminence for each class of wheat. The beta gliadins were

present in highest quantity, followed by gamma then alpha and omega gliadins were

present in the lowest quantity in protein flour of each wheat class combined sample.

Anjum (1991) used acid-PAGE analytical technique for fingerprinting Pakistani

wheats. He reported that wheat cultivar Faisalabad-83 possesses an intense band in the
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area of relative mobility 50 which is readily distinguishable and has distinct double bands

in the same position as that of reference cultivar Marquis. He suggested that this cultivar

can also be used as reference for mobility assignments in the countries where standard

Marquis is not available. Wiser et al. (1994) found that a sturdy association subsists

between the protein content of the flours and the amounts of total gliadin, alpha- type and

gamma- type gliadins. The flour properties (baking volume, SDS- sedimentation volume,

dough resistance and extensibility) were correlated only weakly with gliadin contents,

with only omega gliadins and gamma gliadins showing moderate negative and positive

effects, respectively.

Variations were observed in bread making quality in thirty two wheat samples

possessing the same HMW glutenin subunit content but different gliadin compositions.

The bread loaf volumes ranged from 4,450 to 6160 ml per kilogram of flour. The flour

gliadin peaks identified and quantified by HPLC, explained 82% of the variation with

relative composition. Lactate polyacrylamide gel electrophoresis (Lactate-PAGE)

analysis revealed that these peaks contained gliadins migrating in the omega-gliadin

region. They concluded that bread making properties are affected by gliadins and HMW

glutenins (Lonkhuijsen et al., 1992).

The accumulation of the entire gliadin subgroups alpha- beta-, gamma, omega-

and total gliadins has caused a reduction in blending time, crest of opposition, utmost

confrontation to expansion and loaf stature and an augmented opposition breakdown and

flexibility. The various gliadin divisions illustrated disparity in functional characteristics,

with gamma gliadin decreasing the mixing time and utmost resistance to expansion,

omega gliadin taking part in the maximum decrease in loaf height and alpha and beta

gliadin showing the slightest consequence on decreasing the height of loaf. The outcomes

of gliadin units on loaf height were associated with molecular weight, and upshots on

mixing time, maximum resistance to expansion and flexibilty have been connected the

hydrophobicity (Uthayakumaran et al., 1999).

2.6.2 Glutenin composition

Glutenins are cohesive as well as flexible and are accountable for vigor and

suppleness of the dough. The glutenin part consists of amassed proteins that are tied
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together via inter-chain disulphide bonds and have unstable magnitude varying between

500,000 to above 10 million (Wieser et al., 2006), showing a fraction of glutenins as

being one amongst the major proteins occurring in nature. The molecular weight

allocation of glutenins has been considered as a major consideration finding the

characteristics of dough and after baking process. The biggest polymers called as

‘glutenin macropolymer’ (GMP) is the major one to make the greatest contribute the dough

quality and their quantity ((E 20–40 mg/g) is in positive relation with vigor of dough and loaf

volume. Payne et al. (1980) demonstrated that the glutenin portion has been made up of a

fusion of polymers, HMW-GS and LMW-GS. The HMW-GS have molecular weight

varying from 80- 160,000 KDa as obvious from SDS-PAGE. The LMW-GS were

observed to having molecular weight varying from 30-51,000 KDa using SDS-PAGE.

2.6.2.1 High Molecular Weight Glutenin Subunits (HMW-GS)

The high molecular weight glutenin subunits (HMW-GS) report for 5-10% of the

entirety protein (Payne, 1986). They are negligible constituents in stipulations to

eminence; and have major share towards gluten stretch (Tatham et al., 1985) so are

intimately related with quality bread formulation. The HMW-GS have molecular weight

ranging from 80- 160,000 KDa as apparent from SDS-PAGE (Payne et al., 1980) and the

polypeptides having a molecular weight smaller than 60,000 KDa enclosing glutenins had

been considered as bulky polymers connected either by disulfide linkages or by non-

covalent unions between LMW-GS and HMW-GS.

Sub units containing HMW-GS formulate the supple dough and permit to entrap

the gas bubbles formed by yeast and so to rise, this process is of significance to perk up

worth of ultimate product (Cornish et al., 2006). Cultivars used for better eminence of the

baked products contain elevated fractions of such higher molecular mass glutenin

polymers (Bottomely, 1982). The use of advanced methods as “genetic engineering” has

been worthwhile to modify the contents of these proteins and in recent times, to ensure

their efficacy field tryouts had been accomplished in Idaho and California (Bregitzer et

al., 2006) which terminated in that bread baking quality has too been linked to the

glutenin polymer size allotment.
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Yahata et al. (2006) have calculated and scrutinized considerable correspondence

of HMW-GS in wheat mill streams with the SDS sedimentation volume and the mixing

characters that are particular indicators of precise loaf volume and dough vigor.

Additional progress in this respect has proposed the function of particular HMW subunit

in involvement of glutenin to bread making quality. Anjum et al. (2000b) studied high

molecular weight glutenin subunit component of Pakistani spring wheat cultivated at

three locations for 2 years and observed considerable associations between certain HMW

glutenin subunits and some quality traits such as protein, farinograph dough development

time, farinograph water absorption, loaf volume, and mixograph peak height (Anjum,

1991; Anjum et al., 2000). Quite a lot of research work has indicated that quantity and

comparative ratio of HMW fraction is an imperative aspect in working for bread making

quality (Kolster and Vereijken, 1993).

The associations of the quantity of gluten protein natures of fourteen varieties of

wheat flours established on a smaller extent pointed toward the utmost resistance of

dough and gluten and the gluten index were strongly reliant on the worth of glutenin

subunits (GS) in flour. Amongst HMW-GS, the involvement of X-type GS had been

found to be of more importance as compared to that of Y-type GS. The flexibility of

dough and gluten mainly depends upon gliadin to total glutenin ratio and to HMW-GS as

well as LMW-GS, while total HMW-GS is major determinant of dough development

time. Bread volume was persuaded by the total gluten protein content as compared to its

groups or type of subunits, perhaps for the reason of somewhat low array of flour protein

concentration i.e. 8.7-12.0 percent contained by the situate considered (Wieser and

Kieffer, 2001). Andrews and Skerritt (1996) has demonstrated that dough vigor

characters have been mainly associated with HMW-GS level and HMW-GS formulation.

Branlard and Dardevet (1985) verified protein quality for HMW-GS of all the bands

of 70 wheat varieties by SDS-PAGE using densitometry and merely showed a relationship

with protein of each of HMW-GS and diverse flour quality description, alveograph

observing the strength, tenacity, swelling and extensibility, finding all to be linked with no

less than four subunits. Subunits 6 and 8 were the only subunits not related appreciably as a

minimum to one of the characteristics. Subunits 17 and 18 stayed behind auspiciously

concurrent notably with swelling. It had been put forwarded that HMW-GS interrelate
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informing the rheological properties of the dough and vigor of wheat can be enhanced by

making use of wheat with bands affirmative for elevated potency and flexibility. Lorenzo et

al. (1987) accounted that HMW bands 5 and 10 in a homozygous state constantly were

found to be related with increased loaf volumes than bands 3 and 12 or the heterozygous

state bands 5 and 10+3 and 12, contributed by the D genome.

2.6.2.2 Low Molecular Weight Glutenin Subunits (LMW-GS)

On decreasing disulphide bonds, the remaining glutenin subunits show

solubility in aqueous alcohols same as that of gliadins. The major protein sorts are

LMW glutenin subunits, their fraction amounts to 20% in accordance with total gluten

proteins (Wieser and Kieffer, 2001). LMW-GS are related to alpha/beta and gamma

gliadins in molecular weight and amino acid format (Wieser, 2003). Six residues are in

arrangements homologous to alpha/beta and gamma gliadins, and consequently, are

anticipated to be connected by intrachain disulphide bonds.

Low molecular weight glutenin subunits are amongst the chief proportions of

wheat storage proteins, commonly called as prolamins for the reason of their higher

component of the amino acids proline and glutamine. The LMW-GS have molecular

weight varying from 30-51,000 Da on SDS-PAGE (Payne et al., 1980). The LMW-GS

most intimately be similar to γ-gliadins in sequence (Muller et al., 1998) and consist of

almost 20-30% of the total protein (Gupta et al., 1992) and 15-20 various LMW-GS

proteins are documented in 1 and 2D gels of hexaploid wheat (Lew et al., 1992).

Categorization of low molecular weight glutenin subunits (LMW-GS) that

characterize almost 70% of glutenins and 20-30% of total proteins explicated their

capacity to outline large amassed that are linked to dough strength (Melas et al., 1994).

Nevertheless, the strength and resistance provided by LMW to the dough is half to that of

HMW but still correlation coefficients for two are in a comparable range within the

family of glutenin proteins (Wieser and Kieffer, 2001). In divergent, Andrews and

Skerritt (1996) described associations between total glutenin subunit (LMW-GS), and

dough extensibility with numerous sets of flours and found on the whole weak

connections between these proteins and other quality characteristics of dough.
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The foodstuffs made from durum wheat; LMW-GS has a firm part to act for the

end-use quality meticulous subunits encoded by loci at hand on chromosome 1B

(Josephides et al., 1987). The preeminent pasta making properties are coupled with the

incidence of a unique allelic form of classic LMW-GS, named LMW-2 (Payne et al.,

1984). This allele also appears to be significant for finding bread making characteristics

(Pena et al., 1994). Most frequently cultivated durum wheat varieties have either the

LMW-2/g-45 (plus v-gliadin 35) or the LMW-1/g-42 (plus v-gliadins 33, 35 and 38)

allelic forms, the second being correlated with reduced quality pasta making

characteristics. LMW-2 also put forth affirmative consequence on gluten might when

found in hexaploid tritordeum (Alvarez et al., 1999). There are clues that the superior

quality linked with the occurrence of LMW-2 in durum wheat is principally attributable

to the variety that the subunits are supplementary plentiful than the LMW-1 subunits

(D’Ovidio et al., 1992). Differentiations in the total mass of LMW-GS, correlated with

definite allelic forms, have also been accounted to be an imperative root for quality

differentiations in bread (Gupta and MacRitchie, 1994). The 42 K LMW-GS might also

be there in first-rate bread wheat (Masci et al., 2000), however it is not related with the

LMW-2 group that does not come to occur in hexaploid wheat. Likewise, null alleles of

LMW-GS have unfavorable outcomes on these considerations (Benedettelli et al., 1992).

Different allelic types of LMW-GS appear to act various functions in finding diverse

quality characteristics (Luo et al., 2001). Thus the Glu-A3 alleles manipulate protein

concentration, SDS sedimentation volume, and mixograph midline peak value of New

Zealand wheat varieties, while the Glu-D3 alleles do not have any influence on the SDS

sedimentation.

2.7 Immunochemical characteristics of wheat proteins

Wheat has been graded as a staple food of the inhabitants throughout the universe. It

has an imperative pose amongst cereal crops regarding production and consumption. The

varietals trials are frequent to formulate innovative wheat varieties and sustaining the

vitality of the older ones. Numerous means are being employed to find out wheat

properties on account of their known criteria. The value of wheat is usually evaluated by

reason of unusual physico-chemical, biochemical and rheological characteristics together

with milling yield, weight, protein, moisture and gluten. The wheat quality is dependent
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upon cultivar, climatic conditions and year and is articulated by a diversity of physical

and chemical investigations such as test weight, kernel weight, moisture content, ash

content, protein content, SDS etc. The quality of wheat proteins might be reviewed

quantitatively depending upon their molecular weights and revising their rheological

performances along with concluding use.

During the modern years, wheat breeders stipulate effortless techniques tendering

through evaluation of wheat quality making use of minute samples of grain, whole meal,

or flour for the reason that preliminary crosses within breeding plans may bring into

being several thousands of progeny, all demanding only minute quantities (500 mg-10 g)

of grain. Extensive rheological or further value testing processes that necessitate several

grams of flour and are very labor-exhaustive cannot be employed for wheat quality

screening (Andrews et al., 1993). Chromatographic and electrophoretic methods have

been verified to be valuable in food constituents’ credentials (Mackie et al., 2000; Mayer,

2005; Berrini et al., 2006). Paraphernalia of contemporary epoch like High Pressure

Liquid Chromatography (HPLC), Mass Spectroscopy-Gas Chromatography (GC-MS)

and Fourier Transform Infrared Radioscopy (FT-IR) are in frequent use in the urbanized

realm. The time requisite to run each sample obstructs its appliance on huge extent

(Skerritt, 1991, 1993). The means of genetics may be employed for the determination of

wheat quality and its association with end result quality. The indispensable antigen-

antibody reaction offers a way for awfully sensitive and analytical methods. Immunology

has been progressively more identified as an important analytical implement. The skills

probing antibodies productions in reaction to food ingestion are in evolution (Asensio et

al., 2008).

In lots of research exploration, attempts have been turned towards development of

immunochemical assays; various procedures have as well been formed (Gathumbi et al.,

2003; Korde et al., 2003; Lipigorngoson et al., 2003) as qualitative or semi-quantitative

and perhaps most valuable for quick screening. These types include radio-immunoassay

and enzyme linked immuno-sorbent assay (ELISA). Novel and inventive advances for

quick screening techniques basing on dip-stick-like kits and immunosensors enlightening

transducer techniques such as surface plasmon resonance or the quartz-crystal

microbalance, proficient of instantaneous revealing of various mycotoxins, have emerged
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in the latest text (van der Gaag et al., 2003). These practices are chief screening tools for

the recognition of drugs in biological fluids since its pretreatment ease and soaring

capacity to care for several samples in a diminutive time.

Nevertheless, though they are of substantial importance in some occasions, these

means are not expedient for regular sample analyses as are comparatively expensive, time

overwhelming, and multifarious to carry out. Accordingly, in the previous few years the

classification of food products has been executed principally by genetic and

immunological techniques (Carrera et al., 1997; Matsunaga et al., 1999; Terzy et al.,

2005; Liu et al., 2006). The Enzyme-Linked Immuno Sorbent Assay (ELISA) is the most

extensively employed method for authoritarian rationales in perceiving food legitimacy

on account of its specificity, simplicity and sensitivity, amongst additional benefits

(Mackie, 1996). Indirect and the sandwich ELISA are two wider sorts in such analysis.

The detection antibody can be connected to an enzyme or can bind the conjugate

(enzyme-linked antibody) that will start the biochemical reaction (Goldsby et al., 2003).

ELISA may be employed for qualitative and quantitative assessment of preferred groups.

Qualitative results offer a straightforward positive or negative result for a sample, yet, the

optical density or fluorescent units of the sample is plotted into a standard curve in

quantitative ELISA (Goldsby et al., 2003).

These methods can be utilized in cereals for recognition of lots of physiologically

significant substances and their correlation. The approach has quite a lot of benefits as

higher figure of samples can be in limited time with nominal sample volume. With the

intention of accomplish particular analyses; precondition for an ELISA is the

accessibility of quantity of antibodies i.e. monoclonal antibodies (MAb) and polyclonal

antibodies (PAb). Both polyclonal and monoclonal antibodies (MAbs) can be utilized in

ELISA for food constituent detection. PAb present a number of advantages as

identification of a mixture of diverse epitopes of the antigens and more tolerance to small

transforms in the nature of antigen (Harlow and Lane, 1999). Quite the opposite, MAbs

are a homogeneous population of antibodies produced by hybridoma technology that

have defined biological activity, consistent specificity and their production is not

restricted (Goding, 1996). Both polyclonal antibodies and MAbs are employed in the
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ELISA variants for food authentication that have been formerly illustrated (Harlow and

Lane, 1999).

These immunoassays comprise exploitation of MAb and PAb; their responses

against specific proteins can be additionally split against storage (Glutenin/gliadin) and

non-storage (albumins/globulins) proteins. The reactions which are in direct correlation

with product quality are frequently ascribed to glutenin sub-units like LMG-GS and

HMG-GS thus their reaction with antibodies can be supplementary employed for quality

estimation (Prabhasankar and Manohar, 2002). MAb are in use for particular portion of

these protein bigger protein molecules while PAb are used for forecasting general

performance of particular proteins.

2.7.1 Immunochemical characteristics of grain glutenin

Mills et al. (2002) developed monoclonal antibodies (MAb) to wheat gluten

proteins to function as diagnostics for screening of large numbers of wheat lines for their

appropriateness for processing into bread and other products and as research tools for

knowing protein structure and utility (Skerritt, 1991; Andrews et al., 1993). Mills et al.

(2000) further developed an ELISA for the prophecy of dough strength using antibodies

to high molecular weight glutenin subunits (HMW-GS) extracted from wheat flour

samples. This outcome has also been shown earlier in a detailed study making use of a

lots of MAbs (Skerritt, 1991).

Li et al. (2008) additionally developed an ELISA for the estimation of dough

strength using antibodies to high molecular weight glutenin subunits (HMW-GS)

extracted from wheat flour samples. Previously Skerritt (1991) found good association

linking MAb to HMW-GS having extracts of flour samples. The relationship between

antibody binding and the content of large glutenin polymers substantiates exposure of

HMW-GS (Gupta et al., 1995). In recent times, Leszczynska et al. (2008) determined the

worth of rabbit polyclonal anti-QQQPP peptide antibodies to resolve the gluten proteins.

In sub-continent where chapatti is taken as staple food, an indirect enzyme-linked

immunosorbent assay (ELISA) has been developed for assessment of chapatti making

quality of wheat varieties. Polyclonal antibodies against gliadin, low molecular weight
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glutenin (LMG), and high molecular weight glutenin (HMG) of twenty-eight Indian

wheat cultivars were developed and used in ELISA. Out of these antibodies, an

antigliadin antibody response was negatively correlated with farinographic water

absorption (r) -0.89 at P < 0.01), chapatti dough water absorption (r) -0.91 at P < 0.01),

overall chapatti sensory score (r) -0.95 at P < 0.01), chapatti puffed height score (r) -0.95

at P < 0.01), and positively correlated with cut off value of chapatti (r) 0.76 at P < 0.01).

Anti-LMG antibody reaction was not correlated with any of these parameters, whereas

anti-HMG response positively correlated with chapatti dough water absorption (r) 0.44 at

P < 0.05), farinographic water absorption (r ) 0.45 at P < 0.05), and in general chapatti

sensory score (r ) 0.44 at P < 0.05), and negatively correlated with cut off value (r ) -0.38

at P < 0.05) and chapatti puffed height (r ) -0.44 at P < 0.05). The scientists wind up that

wheat varieties with good chapatti-making quality were having less antigliadin antibody

response (Prabhasankar and Manohar, 2002).

Anti – LMG antibody response was found negatively correlated to total scores of

breads and chapattis. Anti- HMG antibody response was positively correlated to total

scores of breads and chapattis. Anti- HMG antibody can be employed as a means for

screening wheat for better quality chapattis and breads (Khan et al., 2011).

2.7.2 Immunochemical characteristics of grain gliadin

It is quite known that wheat quality is largely established by the composition and quantity

of storage proteins (gliadins and glutenins). Many research works have exposed the importance

of gliadins to wheat quality, such as various gliadins and subgroups (Khatkar et al., 2002),

specific gliadin bands (Branlard and Dardevet, 1985) and gliadin alleles (Flate and Uhlen,

2003; Martinez et al., 2005).

Gliadins were extracted from three wheat varieties, viz. Nongda 99260037 (good quality),

Henan 9023 (media quality) and Nongda 98123 (poor quality), and alpha, beta, gamma and

omega gliadins were purified from Nongda 99260037 using preparative SDS-PAGE. The total

gliadins and alpha, beta, gamma, and omega gliadins were used as antigens to immunize

BALB/C mice, and the consequent polyclonal antibodies were prepared, nominated as Anti-

A, Anti-B, Anti-C, Anti-Aa, Anti-Ab, Anti-Ag and Anti-Av, correspondingly. Binding of the

polyclonal antibodies with 8 varieties that changed in quality characteristics demonstrated
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correlations with a number of wheat quality parameters. Correlation coefficients between

antibodies against total gliadins or gamma, and omega gliadin of Nongda 99260037 and quality

parameters were superior to rest of antibodies. Of seven polyclonal antibodies tested, three

(Anti-Ag, Anti-Av and Anti-A) exhibited major positive or negative connections between

antibody binding and dough development time, strength, valorimenter value and stability time, but

no considerable associations were scrutinized with water absorption. These results propose that

polyclonal antibodies could be used for rapid forecast and screening of wheat quality (Li et al.,

2008).

ELISA-tests are taken as the foundation for the revealing of gluten in gluten-free

food due to their sensitivity. They can, though, produce unusual gluten mass owing to the

antibody and indicated substance used. van Eckert et al. (2010) evaluated the reactivity

of three major mouse anti-gliadin-antibodies to a reference gliadin isolated from 28

common bred European wheat varieties. The three inspected antibodies had disparate

reactivity with unlike proteins of the reference gliadin. Antibodies R5 and PN3 reacted

principally with gliadin portions, antibody 401.21 mainly with high molecular weight

glutenins. The results substantiate the individual uniqueness of these antibodies and

describe the magnitude of evaluating immunochemical methods for gluten recognition.

Many gluten ELISAs have been formulated and are dependent upon a range of

antibodies, all recognizing gluten with a higher understanding (Bermudo Redondo et al.,

2005).

2.8 Gliadins in-relation to celiac disease

Celiac disease (CD) is an enteropathy of the small intestine developed in

genetically vulnerable entities. It is described by a permanent intolerance to undigested

peptides derived from gluten proteins, from wheat endosperm and alike proteins from

taxonomically-related species such as rye and barley. The glutenin subunits liberated

from the polymers by reduction of the disulphide bonds have same solubility

characteristics to the indigenous gliadins and it is currently common to characterize two

sets as prolamins. Celiac disease is an autoimmune T cell-mediated disease in which tissue

transglutaminase (tTG) is the auto-antigen and antibodies bound for both alongside tTG

and prolamin peptides, the exogen antigens (Di Sabatino and Corazza, 2009).
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CD is one of the major widespread human genetic disorders, with an incidence of

1-2% globally, and according to the grapevine it is escalating in occurrence (Green and

Cellier, 2007). Over and above nutrient lacks, if not managed, CD can conclude in an

augmented hazard of other autoimmune diseases and malignancy (Lohi et al., 2007; Rubio-

Tapia et al., 2009). At present, the only management for CD consists of a life-long gluten-

free diet, though substitute treatments, such as oral doses of microbial endopeptidases to

denature wheat peptides, are under trial (Ehren et al., 2008; Mitea et al., 2008). Away from

remedial cures, efforts have been made to revise the immunogenic sequences (epitopes) of

gluten proteins to plan foods for CD patients. These comprise long time fermentation by

sourdough, as well as enzymatic alteration to make certain that the epitopes are not

identified by the immune system of CD patients.

Commencement of CD relies upon genetic and environmental issues, and genetic

factors are steady for extended times, infections and dietary practices could be accountable.

Dietary tendencies have transformed dramatically in last few decades, and are influenced

by cereal food technology and processing (Rubio-Tapia et al., 2009). There have also been

revolutionizes in wheat cultivars and in enzyme treatments used in processing, and

gluten ingestion has augmented due to its utilization in processed foods, particularly fast

foods. Thus, it has been advocated that more gluten utilization is linked to enhance the

incidence of CD (Lohi et al., 2007). Consequently, with the purpose to modify gluten

proteins to make foods for CD patients, it is indispensable to deem alterations in food

technology in the last decades, in addition to our existing acquaintance of CD pathogenesis.

2.9 Celiac disease pathogenesis and wheat processing technology

Genetic predisposition based on specific alleles of the human leucocitary antigen

(HLA-DQ2 and HLA-DQ8) is a prerequisite for the mechanism of CD pathogenesis (Briani

et al., 2008). This is consistent with the two-signal model (Bernardo et al., 2008), the first

signal being generated by the innate immunity and the second one by the adaptive

immunity. The innate response is probably mediated by DQ2- and DQ8-independent

peptides that cause stress to intestinal cells releasing IL-15 (Meresse et al., 2004). Such

peptides are defined as 'toxic' (Ciccocioppo et al., 2005). This response causes damage

to enterocytes and increases intestinal permeability (Brandtzaeg, 2006).
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In the adaptive immune response, gluten peptides that are resistant to digestion

by intestinal peptidases are transported across the epithelial barrier to the lamina

propria due to the increased permeability. Once inside, these peptides are deamidated by

tissue transglutaminase (tTG) which recognizes the presence of a proline residue at two

positions C-terminal to the target glutamine, or a large hydrophobic amino acid such as

phenylalanine three positions C-terminal to the target glutamine (Koning et al., 2005).

This generates new epitopes that are efficiently bound to HLA-DQ2 or DQ8 (Kim et al.,

2004). HLA-DQ2 prefers negatively charged amino acids at the p4, p6, or p7 positions in the

peptide (PQPELPYPQ, PFPQPELPY or PQQSFPEQE), while HLA-DQ8 prefers negatively

charged residues at position p1 or p9 (EGSFQPSQE) (Koning et al., 2005). Such peptides

derived from a-gliadin (Shan et al., 2002), are defined as 'immunogenic' (Ciccocioppo et

al., 2005), and recognized by intestinal T cells.

Deamidated peptides and tTG also form intermediate complexes which are

internalized into B cells by binding to immunoglobulin on the surface of tTG-specific B

cells, and deamidated peptides are released and bound by HLA-DQ2 or DQ8 molecules.

After the complexes are transported to the cell surface, T cells recognize deamidated

peptides and trigger in the proliferation of tTG-specific B cells and the production of

antibodies (Briani et al., 2008). Finally, the activated intestinal T cells drive an

inflammatory response that leads to the development of the characteristic celiac lesions.

Two features of CD pathogenesis are related to wheat processing in food

production. One is the inability of gastrointestinal peptidases to digest the proline-rich

gluten polypeptides to generate peptides smaller than nine amino acids. The other is the

deamidation of glutamine residues of such peptides by tTG.

The exposure to dietary gluten peptides is essential to trigger the immune

response in genetically predisposed individuals. Therefore, it is not surprising that CD has

been recognized for many years in populations with high wheat intake. However, the

consumption of wheat has spread throughout the world and it is one of the three most

consumed cereals (Tatham and Shewry, 2008). In addition to making baked goods and

pasta, gluten is used in many foods to confer properties such as emulsification,

cohesiveness, viscoelasticity, gelation and foaming (Esteller et al., 2005). These modern

applications as well as traditional ones can decrease or increase epitopes in gluten
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proteins. For example, these processes can result in proteolysis, oxidation or enzymic

modification by transglutaminases (Tatham and Shewry, 2008).

For example, traditional long fermentations in sourdough systems have been

almost totally replaced by the use of leavening agents in very fast processes. These could

result in gluten proteins remaining largely intact and their peptides immunogenic for CD

sufferers (Rizzello et al., 2007). The gluten proteins contain about 15% of proline and 40%

of glutamine (Hoseney, 1994). Proline is a cyclic imino acid which prevents cleavage of

adjacent peptide bonds by most of mammalian peptidases (Hausch et al., 2002).

Peptidases able to cleave proline containing substrates are therefore required to digest

celiac-toxic sequences. It was formerly made by the acidic medium and peptidases

activated during sourdough fermentation started with lactic acid bacteria (De

Angelis et al., 2006; Rizzello et al., 2007).

Deamidation is another example of current gluten processing which could affect

celiac toxic epitopes. This modification has been used to confer additional functional

properties to gluten by removing the amide groups of glutamine (Agyare et al., 2009).

2.10 Modification of gluten proteins

Because gluten proteins contain relatively few ionisable groups, the -NH2 groups

and non-polar side chains have a greater opportunity to react with other compounds to form

covalent bonds. This characteristic has been used to good effect in studies focused on

chemical modifications such as the amide-ester conversion of glutamine in gluten

proteins (Beckwith et al., 1963).

Kapoerchan et al. (2008) selected a gluten peptide with high affinity to HLA-DQ2

and confirmed the amino acid residues recognized by HLA-DQ2 and the other residues

were still available for modification. The authors then substituted proline residues for the

corresponding azide-modified amino acids. This modification caused abolition of T cell

recognition due to the introduction of steric hindrance. Other researchers (Siegel et al., 2007;

Xia et al., 2006) have also investigated the modification of gluten peptides, showing that it

is feasible to modify immunodominant peptides to T cell activation in CD by steric

hindrance. Gianfrani et al. (2007) reported an interesting and novel approach to

reduce gluten immunogenicity by transamidation using mTG. This method takes
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advantage of the same substrate specificity of tTG that creates celiac-active gluten peptides

via deamidation.

TG can catalyze either protein cross-linking, binding of free amines or the

deamidation of glutamine residues to form glutamate, depending on the available

substrates and conditions in the system (Gerrard and Sutton, 2005; Malandain, 2005). TG

crosslinks glutamine and lysine present in proteins or amine groups available from free

amino acids, and it has no effect on the recognition of gluten proteins by the

immune systems of CD patients. Amine groups present on free lysine may also bind to

the amino group from glutamine if insufficient protein-bound lysine is present. If no lysine

is available in proteins or as free amino acids, glutamine residues present in gluten proteins

are deamidated (Zhu and Tramper, 2008). The deamidation by tTG gives a negative

charge to gluten peptides conferring high affinity to HLA-DQ2 or DQ8.

Using mTG in a controlled system to bind free amino acids to glutamine amino

groups in gluten proteins may prevent the immune recognition by HLA-DQ2 molecules

in CD due to steric hindrance by amino acid residues neighboring the negatively charged

glutamic acid residues (Gianfrani et al., 2007). Thus, it may be possible to abolish the

stimulatory activity of gluten proteins whilst still preserving some of their properties.

Although the final functional properties of the modified proteins were not evaluated, their

molecular weight was preserved, which is the major advantage compared with hydrolysis.

Other transpeptidases have been tested for binding amino acids to side chains of

proteins. For example, y-glutamyl transpeptidase catalyses the addition of y-glutamyl

moieties to other amino acids and peptides, with similar mechanisms to TG (Suzuki et

al., 2003).

On the other hand, under specific conditions, peptidases can also catalyse

transpeptidation. The hydrolysis reaction by peptidases is reversible in principle, and the

thermodynamic barriers to the reversal of hydrolysis can be allowed to proceed in the

direction of peptide bond formation (Kumar and Chand Bhalla, 2005). In contrast to

hydrolysis, transpeptidation requires low water activity, where free amino groups react as

nucleophiles instead of water molecules and transpeptidation occurs (Goepfert et al.,

1999). This principle may be also applied to incorporate steric bulk into gluten proteins for

technological modification. Under the appropriate conditions, the unprotonated polar groups
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(NH2) induce to €-amino from glutamine to act as a nucleophile for covalent binding of

free amino acids.

Whatever mechanism is selected to introduce steric bulk into gluten proteins, the

modification will also influence the functional properties of the proteins. Therefore, the

selection of compounds to be bound should take into account the properties that they may

impart to the modified protein. For example, ionized amino acids increase protein

solubility, while hydrophobic amino acids may decrease it. Modification by binding

amino acids to gluten proteins is also more readily carried out on isolated gluten than in

whole wheat flour. For bread making, modified gluten could be mixed with starch from

wheat or another source using a longer mixing time than for unmodified wheat flour to

allow starch:gluten interactions to be established. Therefore, technological assays are

required to optimize the conditions to produce wheat goods.

Firstly, sourdough degradation of gluten proteins is a option for food processing

that includes fermentation. In other processes, the addition of structuring agents shall be

required. The incorporation of steric bulk into gluten proteins in order to avoid immune

recognition (Gianfrani et al., 2007) is the most promising way to obtain wheat-based

products that are tolerated by CD patients. This is because it can be applied to the whole

wheat flour in order to modify all of the celiac-active gluten proteins. However, further

studies are required to optimize the processing of the modified flour or gluten to prepare

foodstuffs with acceptable properties. The introduction of modified products into diets for

CD patients must also be exhaustively evaluated, not only by using serological and

cellular assays but also in dietary intervention studies to ensure that CD symptoms do

not occur.

Immunochemical quality assessment through immunological methods has been

increasingly recognized as a valuable analytical tool in measuring functionality and

suitability of different wheat varieties for their end use. Enzyme-Linked Immunosorbent

Assay (ELISA) may be an effective tool for assessing chapatti and bread making qualities

of different wheats. The food authenticity can be carried out through ELISA test which

has not still been reported for assessing chapatti and bread making quality of Pakistani

wheat varieties. The wheat varieties developed in Pakistan needs to be tested for the
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electrophoretic and immunochemical characteristics in order to find out their relationship

with bread and chapatti making qualities. Celiac disease is long-life intolerance to gluten

proteins. Currently, the treatment is the dietary gluten withdrawal, but commercial gluten

free foodstuffs present undesirable properties. Therefore, attempts needs to be made to

modify the immunogenic sequences of gluten to avoid recognition by the immune system

and to prepare safe and acceptable foods.
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Chapter 3

MATERIALS AND METHODS

3.1 Procurement of wheat varieties

Six spring wheat (Triticum aestivum) varieties namely Sehar-06, Shafaq-06, FSD-

08, Lassani-08, Aas-10, and AARI-11, grown during the crop years 2010-11 and 2011-12

were procured from Ayub Agricultural Research Institute, Faisalabad-Pakistan. The

environmental variables can influence the quality attributes of wheat grains, so in order to

check seasonal variations wheat varieties grown for two years in the same location

receiving similar inputs were used in the present study.

3.2 Physical analyses

3.2.1 Grain size

The grains taken randomly of each wheat variety were subjected to the

measurement of length and width through Verniercaliper.

3.2.2 Test weight

The test weight of six wheat varieties was recorded by using Schopper

Chondrometer (OHAUS; Chicago) and expressed in kilogram per hectoliter (kg/hl) by

following the procedure outlined in AACC (2000) method No. 84-10.

3.2.3 Thousand kernel weight

A representative sample of hundred grams of each wheat variety was drawn and

thousand kernel weight was determined by counting and weighing clean, sound and

unbroken kernels. The kernel weight was expressed as grams per 1000 kernels.

3.3 Wheat milling

The grains of each wheat variety free from dockage and foreign matters were

subjected to tempering at 14.5% moisture level. The tempering of wheat was carried out

in plastic containers at room temperature for 24 hours in order to equilibrate the moisture

contents within the tempered wheat grains. The amount of water required for tempering

was computed by following the expression given below as per procedure outlined in

AACC (2000) method No. 26-95.
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Amount of water (ml) = 100- Original moisture (%) - 1 × Weight of sample (g)
100- Desired moisture (%)

The tempered wheat was milled through Brabender Quadrumate Senior Mill

(C.W. Brabender Instruments, Inc.) and obtain different milling fractions i.e. break flour,

reduction flour, bran and shorts. The fractions were weighed and their percentage was

calculated on the basis of total material recovered according to AACC (2000) method No.

26-21A. The straight grade flour yield was estimated by blending the break roll flour and

reduction roll flour mill streams.

The whole meal wheat flour of each wheat variety was prepared by grinding the

wheat grains through Udy Cyclone Sample Mill (Seedburo Equipment Co., IL) fitted

with 0.5 mm sieve.

3.4 Chemical characteristics of wheat

The wheat flour fractions (i.e., whole wheat flour, straight grade flour) of each

wheat variety were evaluated for chemical composition i.e. moisture, crude protein, crude

fat, crude fiber and ash content by following their respective methods given in AACC

(2000) as given below.

3.4.1 Moisture content

The moisture content in each sample was estimated by the procedure given in

AACC (2000) method No. 44-15A. The well-ground whole wheat flour and straight

grade flour of each wheat variety was taken into separate crucibles and placed in a hot air

oven at 105°C for 24 hours. After 24 hours sample was taken out and placed in

desiccators for 5-10 minutes. Then sample was weighed and noted the weight. Then the

sample was again placed in oven till dried sample attained constant weight. The formula

as given below was used to calculate the percentage of moisture.

Wt. of original sample (g) – Wt. of dried sample ( g ) × 10 0
Moisture Content (% ) =

Wt. of original sample (g)

3.4.2 Crude protein content

The crude protein content determination in flour samples was determined through

Kjeldahl’s method as outlined in AACC (2000) method No 46-10. 2g of dried flour
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sample of each wheat variety was taken into a digestion flask and digested with 30mL

concentrated H2SO4 and 1 digestion tablet till transparent digested material was obtained.

The digested material was then diluted to a volume of 250ml and then10mL of diluted

sample was distilled with 40% NaOH in a distillation apparatus. The ammonia thus

liberated was condensed and entrapped in 4% boric acid solution containing methyl red

as an indicator. The distillate was then titrated against standard 0.1N H2SO4 solution

taken in the burette till golden yellow end point.

Nitrogen (%) = Volume of 0.1 N H2SO4 used × 0.0014 × 250 x 100

Weight of sample × Vol. of sample (10ml)

Crude protein content = N % × 5.70

3.4.3 Crude fat content

The crude fat estimation was carried out by using Soxhlet apparatus according to

AACC (2000) method No. 30-25. 5g of dried samples were taken in separate thimbles

and placed in an extraction tube of Soxhlet apparatus. The adjustment of temperature of

the heater was so that continuous drops of ether fell on the samples in the extraction tube.

The process of extraction was carried out with petroleum ether (B.P. 40-60°C) for 4-6

hours. The residues were transferred into a dry or already weighed china dish. Then this

china dish was placed in a hot air oven for evaporation of ether for 1-2 hours which was

placed in a desiccator to cool the sample and then again weighed. The crude fat was

calculated with the help of following expression;

Crude Fat (%) = Wt. of petroleum ether extract residue x 100

Wt. of sample (g)

3.4.4 Crude fiber content

The flour samples after fat extraction were tested for crude fiber content by

following the procedure mentioned in AACC (2000) method No. 32-10. 2g dried and fat

free flour sample of each wheat variety was taken in a 500mL capacity beaker and

200mL of 1.25% H2SO4 was added to it and the level of beaker was marked. The

contents of the beaker were boiled for 30 minutes. Contents were filtered and gave 2-3
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washings with hot water (150mL) until it was acid free. The residue was transferred to a

500mL beaker again and 200mL of 1.25% NaOH was added into it. The contents were

again boiled for 30 minutes. The contents were filtered and 2-3 washings with hot water

were given until alkali free. The residue was carefully transferred to a tarred crucible and

dried in an oven at 100°C for 3-4 hours until constant weight was obtained. The contents

were heated on flame until the smoke ceased to come out of the sample. Then the sample

was placed in a muffle furnace at 550°C for 4 hours until a grey ash was obtained, then

cooled in desiccator and weighed. The difference in weight was calculated as crude fiber

by using the following formula:

Crude fiber (%) = Loss in weight on ignition x 100

Weight of sample (g)

3.4.5 Ash content

The flour samples were tested for ash content by following the procedure outlined

in AACC (2000) method No. 08-01. 2g of dried flour sample of each wheat variety was

taken in a crucible and heated on flame till smoke ceased. The crucible was transferred to

muffle furnace at 550°C for 6 hours. The sample was cooled in a desiccator and weighed.

The ash contents in the samples were calculated by the formula given below;

Ash (%) = Weight of ash in sample (g) x 100

Weight of sample (g)

3.4.6 Wet and dry gluten

The wet and dry gluten content in each wheat flour sample were determined by

using the Glutomatic System (Perten, GM-2200) by following the procedure given in

AACC (2000) method 38-12.02. 10g well mixed flour sample was added onto the screen.

Sample was spread out over screen by shaking wash chamber in circular motion. 4.8 ml

wash solution was added from dispenser while holding chamber at about 30º angle to

prevent loss of liquid through screen. The sample was shaked gently in a circular motion

to spread liquid over total top surface of the sample. The washing chamber was

assembled onto glutomatic apparatus and the apparatus was run automatically for 20-sec

dough mixing and for 5-min gluten washing. At the end of wash cycle, the chamber was

lowered and gluten was removed from chamber and was placed in centrifuge. The sample

was centrifuged at 6000 rpm for 1 minute. Then gluten index cassette were removed from



41

centrifuge and gluten was removed that was passed through the sieve and was weighed as

weak wet gluten while gluten remaining on the top of sieve, was weighed as strong

gluten. Weight of both weak and strong gluten was recorded as total wet gluten. Then the

total amount of wet gluten was placed in lower heating surface of dryer and gluten was

dried at 150°C for 4 minutes. Gluten was removed from dryer as dry gluten. The total wet

gluten and dry gluten contents were calculated according to the following expression;

Wet gluten contents %= Total wet gluten (g) × 860

100-% sample moisture

Dry gluten contents %= Total dry gluten (g) × 860

100- % sample moisture

3.4.7 Sodium dodecyl sulfate (SDS)-Sedimentation test

The SDS-Sedimentation test for wheat varieties was carried out by following the

method described by Williams et al. (1986). 3 g of flour sample was taken in a graduated

cylinder of l00ml capacity. At 0 seconds, added 50ml indicator solution and shaken 15

times. Then it was shaken twice for 15 times after 2 and 3 minutes. At 5 minutes, 50ml of

SDS reagent was added and inverted the cylinder 4 times. Again the cylinder was

inverted 4 times at 8 and 10 minutes. At 25 minutes the sedimentation volume was noted.

3.4.8 Pelshenke value

The Pelshenke value is an indicator of the wheat gluten strength through gas

production and retention capacity of the wheat carbohydrate/ protein complex. The whole

wheat flour of each wheat variety was tested for Pelshenke value according to AACC

(2000) method No 56-50.

A dough ball of 10g was prepared using a suspension of baker's yeast in water.

The dough ball was placed in about 120mL water at 30oC in water bath. The CO2 was

produced within the dough ball due to fermentation. The gluten formed in the dough

trapped the gas, which was retained and the ball floated to the surface. The gas pressure

became too high with a passage of time and the dough ball disintegrated and fell to the

bottom of the beaker. The difference between time of immersion and disintegration of

dough ball was recorded as Pelshenke value in minutes
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3.5 Falling number

Falling number value was measured in each flour sample by taking triplicate

samples of 7 g each and 25 ml of distilled water (250C) was added in tubes and run the

samples in Falling Number apparatus, Model No. 1600 consisting dispenser No. 1025

(Perten Instruments, North America Inc., Reno, NV, USA). AACC (2000) method No

56-81B was followed for falling number determination.

3.6 Dough rheological properties

The dough rheological properties of different wheat flour samples were measured

by running through Brabander Farinogrph, Mixograph and Amylograph according to

their respective methods described in AACC (2000).

3.6.1 Farinographic studies

The wheat flours were tested for physical dough properties by using Farinograph

(Brabender D-4100 SEW; Germany) according to the procedure outlined in AACC

(2000) method No. 54-21. The farinograms were interpreted for different characteristics

like water absorption, dough development time, dough stability, mixing tolerance index

and softening of the dough as described below.

Water absorption

The percentage of water required to reach at the center of the curve on the 500

Brabender Units (BU) line with maximum consistency of the dough (peak) is termed as

water absorption of the flour sample. The water absorption was recorded directly from

the burette attached to the farinograph.

Dough development time

This is the time required for the curve to reach at its full development or utmost

consistency possessing the highest peak. High peak values are associated with strong

flour, which have long mixing time.

Dough stability

The dough stability was recorded as the time difference between the point where

top of the curve first intersected 500 BU line (Arrival time) and the point where top of

curve left 500 BU line (Departure Time).
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Mixing tolerance index (MTI)

The mixing tolerance index (MTI) value was derived in Brabender Unit (BU) as

the difference from top of the curve at peak to the top of curve after 5 min. from peak.

Softening of dough

The dough softening was measured as the difference in BU from centre of curve

at peak and centre of curve 12 min. after peak.

3.6.2 Mixographic studies

The wheat flour was run through mixograph (National NSI-33R) to assess mixing

properties of the dough i.e. mixing time and peak height percentage, by following the

method No. 22-10 described in AACC (2000). 10 g of flour on a 14 % moisture basis was

weighed and placed in a mixograph bowl. The water was added to the flour from a

burette and the bowl was inserted into the mixograph. The peak height and peak time

were interpreted for each mixogram for each sample.

3.6.3 Amylographic studies

Amylographic Studies were performed using a Brabender amylograph (Brabender

VS6-S; Germany) according to the method described in AACC (2000) method No. 66-

01. From the resulting amylogram, various parameters such as gelatinization temperature

(GT) and peak viscosity (PV) were assessed. The 65g of flour was slurried in 450 ml of

distilled water by using a glass rod. The slurry was transferred to the amylograph bowl

and heated at a rate of 1.5°C/min until it reached to 96°C temperature. After that slurry

temperature was maintained at 96°C for 20 min (hold time) and then cooling was started

at the same rate until 50°C temperature was attained.

3.7 Electrophoretic studies

The protein fractions i.e. gliadin, glutenin, high molecular weight (HMW) and

low molecular weight (LMW) glutenin from flour samples of each wheat variety were

isolated, using a modified sequential extraction standard procedure developed by Curioni et

al. ( 2000).
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3.7.1 Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Each wheat flour sample was subjected to SDS-PAGE analysis by following the

basic method developed by Laemmli (1970) and modified by Singh and Shepherd (1985).

The dried protein pellets were solubilized in 250 µl of a sample buffer. The detail of

solutions prepared for running electrophoresis is given below;

 30% Acrylamide solution

29.2g acrylamide monomer, 0.8g bisacrylamide were dissolved in distilled water

and final volume was made 100mL with distilled water. The solution was filtered under

vaccum using 0.45mm membrane and stored at 4ºC in dark bottle.

 Separating Gel Buffer (1.5 M, pH 8.8)

18.20g Tris base was dissolved in 80mL water, the pH was adjusted to 8.8 with

HCl and volume (100mL) was made with distilled water.

 Stacking Gel Buffer (0.5 M, pH 6.8)

6.1g Tris base was dissolved in 80mL water, the pH was adjusted to 6.8 with HCl

and volume was made to 100 mL with distilled water.

 10% Sodium Dodecyl Sulphate (SDS) Solution

2.0 g SDS was dissolved in 20mL of distilled water.

 10% Ammonium Per Sulphate (APS) Solution

0.1g APS was dissolved in 1mL of distilled water.

 Electrode Buffer

14.4 g glycine, 3.0 g tris base and 1g SDS were dissolved in distilled water to a

final volume of 1000 mL.

 Sample Buffer

62.5 mM tris-HCl pH 6.8, 10% glycerol, 2% SDS, 0.002% bromophenol blue, 5%

mercaptoethanol. (0.75g tris in 50 mL water having pH 6.8 adjusted with HCl, 10mL

glycerol, 2 g SDS, 2 mg bromophenol blue, 5 mL mercaptoethanol were added to make

100 mL with distilled water.
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 Staining Solution

400mL methanol, 100mL acetic acid were dissolved in 500mL distilled water. 1g

Coomassie Blue R 250 was dissolved in 40mL water mixed and added to above solution.

The final volume (1000 mL) was made with distilled water.

 Destaining Solution

400mL methanol and 100mL acetic acid were added in distilled water to make

final volume up to 1000mL.

 Resolving Gel Solution (2 Gels)

 Lower gel buffer 1875μL, 30% acrylamide solution 2500 μL, 10% SDS 300 μL, 

distilled water 2800μL, 10% APS solution 50μL, N,N,N’N’ Tetramethylethylene diamine 

(TEMED) 5μL. 

 Stacking Gel Solution (2 Gels)

 Upper gel buffer 1250μL, 30% acrylamide Solution 875 μL, 10% SDS 200 μL, 

distilled water 2675μL, 10% APS solution 50μL, N,N,N’N’ Tetramethylethylene diamine 

(TEMED) 5μL. 

The electrophoresis was carried out using a 10 % gel concentration (Laemmli,

1970). A 10-well, 0.75 mm comb was used in a Bio-Rad Mini Protein 3 System having

gel size 8.3-7.3 cm. The SDS-gels contained 4% polyacrylamide stacking gel and a

resolving gel of 10% polyacrylamide. Samples [30 µl aliquots from whole wheat flour (5

mg) extracted with 250 µl of sample buffer] were applied into precast application slots.

Upon completion of electrophoresis, the proteins will be fixed in methanol/acetic

acid/water (40/10/50) and then staining with Coomassie Blue R-250.

Interpretation of HMW and LMW Bands

The protein bands were imaged through gel documentation system (Syngene,

Cambridge, UK) system. On first well of each gel, the proteins employed as the

molecular weight (Daltons) markers ranging from 21-200 KDa (SDS-PAGE MW

standards, Medium range, Cat # SM0671, Fermentas.
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3.7.2 Acid-Poly Acrylamide Gel Electrophoresis (Acid-PAGE)

Acid Poly Acrylamide Gel Electrophoresis (Acid-PAGE) for gliadin fractions of

wheat proteins was carried out according to the method of Lookhart et al. (1982) with

some modifications as reported by Anjum (1991).

Acid Polyacrylamide Gel Electrophoresis (Acid-PAGE) was carried out on

duplicate samples. The gliadins were extracted from 250 mg flour sample by using 750

µL 70% (v/v) ethanol for 1 hour at room temperature. The samples were centrifuged at

20000g for 20 minutes and five drops of glycerol were added to 350 µl supernatants to

increase the density of the protein solutions and one drop of 1% methyl green solution as

a tracking dye was also added. The flour samples were kept in cold storage for later use

(Lookhart et al., 1982).

The gel contained 6% (w/v) acrylamide, 0.25% (w/v) N,N-methylenebisacrylamide,

0.24% (w/v) ascorbic acid, 0.25% (v/v) of 0.1% (w/v) FeSo4.7H2O and 0.25% (w/v)

aluminum lactate. The pH was adjusted to 3.1 by the use of lactic acid. The gel solution

was filtered and polymerized by adding 100 µl of H2O2 per 100 ml of gel solution

(Lookhart et al., 1986). Combs of 3 mm thickness were used. The gel solution was

poured immediately into gel chambers already assembled. The gel was allowed to

polymerize for 15 minutes.

The running buffer solution for acid–PAGE contained 5.625 g aluminum lactate

dissolved in 4500 ml distilled water, and the pH was adjusted to 3.1 using lactic acid.

Gliadin extract (15 µl) was loaded in each 3 mm thick slot. The temperature was set

constant at a 20 ºC. The electrophoresis was carried out at constant voltage of 500 v for

2.25 hours. The gels were removed from the glass plates and placed in plastic containers,

and stained with a 300 ml staining solution composed of 9 ml of 1% (w/v) Coomassie

Brilliant Blue R in ethanol and 61 ml of 50% (v/v) trichloroacetic acid (TCA) for 4 hours.

After staining, the gels were destained in a 300 ml solution containing 50% TCA and

distilled water (Lookhart et al., 1986), and each gel was photographed.

Interpretation of gliadin bands

The standard Marquis was purchased from Biorad Company USA. The protein bands

were imaged through gel documentation system. On first well of each gel, the proteins

were employed as the molecular weight (Daltons) markers ranging from 14-94 KDa.
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3.8 Immunochemical studies

3.8.1 Production of polyclonal antibodies

The gliadin, glutenin, high molecular weight (HMW) and low molecular weight

(LMW) glutenin from flour samples of each wheat variety were isolated by using a

modified sequential extraction standard procedure developed by Curioni et al. (2000). The

alpha, beta, gamma and omega gliadins from different wheat varieties were purified by

acid-PAGE. Total gliadins were separated, and the expected bands were cut out and

eluted. All gliadins were concentrated before immunization.

The immunization of rabbits with glutenin, gliadin, low molecular weight (LMW),

high molecular weight (HMW) glutenins and α, β, γ and ω gliadins were performed 

according to the method of Prabhasankar et al. (2002). New Zealand white rabbits were

purchased from National Institute of Health, Islamabad and were injected with glutenin,

gliadin, LMW, HMW glutenins and α, β, γ and ω gliadins fractions of wheat protein. The 

quantification of these proteins was carried out through indirect Enzyme-Linked

Immunosorbent Assay. The initial immunization in Freund’s complete adjuvant (250 ug

of antigent in 500 uL of 16 mM acetic acid per rabbit) was followed by two further

immunizations of 150 ug per rabbit in Freund’s incomplete adjuvant 2 and 4 weeks later.

Doses were divided with half being given subcutaneously and half intradermally. Rabbits

were rested for 2 months. These were given a booster of 100 uL intradermally. One week

later, blood was collected; serum was separated and stored at -20 °C for further studies.

Antibodies were purified from antiserum by using ammonium sulfate precipitation

method and purified antibodies were stored in small aliquots along with 10% bovine

serum albumin (BSA) and 0.01% sodium azide (Mc Kinney and Parkinson, 1987).

3.8.2 Development of Indirect ELISA

Indirect Enzyme Linked Immunosorbant assay (ELISA) method was used for the

quantification of glutenin, gliadin, LMW, HMW, glutenins and α, β, γ and ω gliadins of 

wheat proteins according to the method of Skerritt (1985). Indirect ELISA method was

developed by using anti glutenin, anti gliadin, anti LMW, HMW glutenins and anti α, β, γ 

and ω gliadins antibodies and commercially available anti-rabbit IgG-Alkaline 

Phosphatase Conjugate as enzyme tracer. The optimal dilutions of antibody and enzyme
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conjugate were 1:15 000 and 1:10 000, respectively. The antibody responses for different

wheat varieties were recorded. Accordingly, 200 uL of protein (glutenin, gliadin, LMW,

HMW, glutenins and α, β, γ and ω gliadins) extracts from different wheat varieties were 

diluted to the concentration of 650 ng with carbonate buffer pH 9.6; 50 mmol/L was

added to the wells of micro titer plates and incubated for 2 h at 37 °C or overnight at 4

°C. After washing the plates three times with wash buffer (PBS-containing 0.5 g/L

Tween 20), the empty sites were blocked with a 200 uL solution of gelatin in phosphate

buffer saline (PBS). The plates were then incubated for 1 h at 37 °C and washed again

with wash buffer. This was followed by the addition of glutenin, gliadin, LMW, HMW

glutenins and α, β, γ and ω gliadins antibodies, incubation for 1 h at 37 °C, followed by 

addition of anti-rabbit IgGAKP and incubation of the plates at 37 °C for 1 h. The reading

was recorded on ELISA reader at 405nm.

3.9 Technological characteristics of wheat varieties

3.9.1 Preparation of breads

The breads were prepared according to the AACC (2000) straight dough method

No 10-10B. The ingredients were mixed for 5-10 minutes in a Hobart A-200 Mixer to

form dough and allowed to ferment at 30 °C and 75% R.H. for 180 minutes. First and

second punches were done after 120 and 150 minutes, respectively. The dough was

molded and panned into 100 g test pans, and final proofing was done for 45 minutes at

95 °F (35 °C) and 85% R.H. The bread was baked at 232 °C for 13 minutes.

The sensory scores for external characteristics (volume, crust color, symmetry,

evenness of bake, break and shred) and for internal characteristics (grain, crumb color,

aroma, taste, mastication and texture) were recorded for each loaf assigned by a panel of

trained judges according to the bread score method developed by the American Institute

of Baking and reported by Matz (1960). The detail is given in Appendix II.

3.9.2 Preparation of chapattis

The chapattis were prepared from whole wheat flour of each wheat variety

according to the method developed by Rao et al. (1986). The dough was prepared by

adding 65-70 percent water in 200 g of flour and mixing was carried out for 3 minutes in
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a mixer (Model A-200, H-194–268, Hobart Corp). The dough was allowed to rest for one

hour at room temperature. A dough piece weighing 80 g was rounded and turned into

chapattis by using specially designed platform with the help of rolling pin. The chapattis

were of uniform thickness. Baking of chapattis was done on a thermostatistically

controlled hot plate at a temperature of 210 °C for 1.5 minutes. Sensory evaluation of

chapattis was carried out for color, flavor, taste and texture using hedonic scale by a

panel of trained judges (Land and Shepherd, 1988). The detail is given in Appendix-III.

3.9.3 Preparation of naans

The production of traditional naans of wheat flour was based on yeast

fermentation process (Rehman et al., 2006). Flour (SGF) (100 g), yeast (0.4 g), sugar (0.5

g), sodium bicarbonate (0.8 g), salt (1.8 g), oil (1.5 mL) and water 73 mL) were mixed

into dough. The amount of water required was determined by farinograph method. The

dough was kneaded for 10 min (4 min [slow] + 6 min [fast]) with a Hobart mixer (Model

A-200, H-194–268, Hobart Corp.) equipped with a dough-kneading arm. After mixing,

the dough was allowed to ferment for 1h at 30oC. A dough ball of 90g was taken and

sheeted into a disk of 7-in. diameter with rolling pin. The disk was pressed with the

fingertips in the center covering 5-in. diameter, was allowed to proof for 15 min and was

baked in a tandoor (mud oven) at 315ºC for 3 min.. The naans were packed in a

polyethylene bag at 32oC. Sensory evaluation of the naans was carried out at room

temperature in a sensory laboratory by a panel of five trained judges using a 9-point

Hedonic scale (Land and Shepherd, 1988).

3.10 Modification of wheat gluten

3.10.1 Preparation of modified gluten

Gluten was enzymatically modified based on peptidases catalyzing the hydrolysis

of peptide bonds, but the reaction proceeds in the reverse direction for synthesis of

peptide bonds, in water-restricted media. The attempt was to bind free Met to -NH2

groups from glutamine residues of gluten proteins, using chymotrypsin. Therefore, Met

was bound to the wheat gluten as described previously by Cabrera-Chavez et al. (2010).

Gluten was reconstituted to 30 g/100 mL. Synthesis was carried out at 37 °C using a-

chymotrypsin (Sigmae Aldrich, St Louis, MO) as catalyst (ratio 1:100, enzyme:gluten),
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5% Met (w/w, Met/gluten) and 3 M glycerol. Firstly, the time and the effect of pH (5, 6,

7, 8, 9 and 10) were optimized according to their effect in decreasing IgA

immunoreactivity of sera from CD patients. Then, Met content in the reaction system was

increased to 10 and 20% for the subsequent assays. The pH was maintained constant by

addition of 2 N NaOH or 2 N HCl. Aliquots were taken every 5 min during the first 80

min and inactivation of chymotrypsin was done by heating to 85 °C for 15 min.

Subsequently, each aliquot was centrifuged (3000xg, 15 min) and supernatants were

stored for analysis of free alpha-amino groups (to estimate bound Met). The precipitate

was exhaustively washed (15 times) with deionized water followed by centrifugation

(3000 xg,15 min) to reach neutral pH and avoid salts from pH adjustment. Then,

precipitated fractions were freeze-dried. Control reactions underwent the same treatments

but without the addition of the enzyme.

3.10.2 Immuno-reactivity to modified gluten

For optimization of reaction, immunoreactivity was evaluated using gliadins from

modified gluten extracted with 70% ethanol. A non-competitive indirect enzyme-linked

immunosorbent assay (ELISA) was carried out to evaluate IgA immunoreactivity against

gliadins (Cabrera-Chávez et al., 2008). Briefly, microplates were coated with 5 mg/mL

gliadins in coating buffer (0.1 M NaHCO3, pH 9.6) overnight. After washing (3 times)

with PBST (15 mM KH2PO4, 0.15 M NaCl, pH 7.4, containing 0.2% Tween 20), the

plates were blocked with fish gelatin (Sigma Aldrich) in PBST followed by three washes

and incubated with a human serum samples pool (10 CD diagnosed patients) diluted

1:100 in PBST containing 0.1% gelatin (PBSTG; phosphate-buffered saline Tween–goat

serum). Plates were washed three times and incubated with HRP-conjugated anti-human

IgA antibodies in PBSTG (1:2000 dilutions). After three washes, activity was developed

with 3,3',5,5'-tetramethylbenzidine. The reaction was stopped with 1 M H2SO4 and the

absorbance at 450 nm was read. Percentage of immunoreactivity was calculated as the

ratio of the absorbance at 450 nm of gliadins from modified gluten (sera pool dilution

1:100) with respect to gliadins from the control reaction. Immunoreactivity was assayed

in duplicates for each sample.

3.10.3 Digestion of gluten proteins

Gluten proteins and modified gluten proteins were digested in vitro as previously
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described by Barca et al. (1996). Pepticetryptic digestion was sequentially carried out for 2 h

at 37 °C for each enzyme (pepsin and trypsin, ratio 1:100 enzyme:substrate). Proteases

were inactivated by heating at 85 °C (45 min). Digestion products were freeze-dried and their

extracted gliadins used as coating antigen in ELISA as described above.

3.10.4 IgA index evaluation

An index of IgA was calculated with sera from patients using ELISA data of IgA

against digested or not gluten proteins with highest values of methionine bound and lowest

immunoreactivity. Sera from CD patients and from 6 healthy people were incubated

individually at dilution 1:100. IgA index was calculated using a cut off value (for a

positive outcome) defined as the mean value of the optical densities of six negative sera

(from healthy people) +2 standard deviation values of the absorbance. The index value

was the ratio of optical density of the tested serum divided by the cut off value. Index values

higher than 1.0 were considered positive (Lagerqvist et al., 2001).

3.10.5 Modified gluten bread

AACC (2000) method was used to prepare the control and the modified gluten

breads (Cabrera-Chavez et al., 2010). Wheat flour was replaced by the 15% modified

gluten plus 85% corn starch in the modified bread. Previous to bread making, the corn

starch/modified gluten mixes (from 10:90 to 25:75) were evaluated to determine the

mixograph development time and water absorption. In modified gluten bread making, the

steps of punching were omitted. After mixing, dough molding (70 g) was done followed by the

incubation-fermentation step (85% RH, 36 °C, 45 min). Then loaves were baked (195 °C,

for 45 min). Then, digital images from transversal slices of bread were taken. The sensory

scores for external characteristics (volume, crust color, symmetry, evenness of bake,

break and shred) and for internal characteristics (grain, crumb color, aroma, taste,

mastication and texture) were recorded for each loaf assigned by a panel of trained

judges according to the bread score method developed by the American Institute of

Baking and reported by Matz (1960). The detail is given in Appendix II. Texture analysis

of bread was performed according to Piga et al. (2005) with some modifications using

Texture Analyzer (TA-XT2, Plus, Stable Microsystems, Surrey, UK) interfaced with a

computer. For the data analysis, the Texture Expert program version 4.0.9.0 was used.
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Three repeated measurements were taken for every formulation and mean values were

calculated. Texture of dough (softness and cohesiveness) was analyzed by penetration

test with the help of ball die.

Additionally, gluten content in loaves of bread was determined by Kit Ridascreen

gliadin (R- Biopharm, Darmstadt, Germany).

3.11 Statistical analysis

The data obtained for each parameter was subjected to statistical analysis by using

Statistical Package Co-Stat-2003 (Cohort v-6.1). The experiment was performed using

two factor factorial under completely randomized design (CRD) and the analysis of

variance was applied to determine the level of significance. Moreover, Duncan multiple

range test (DMRt) was applied to explore the significant ranges in different cultivars for

their various quality attributes. The correlation matrix was generated to check the

interdependence of variables over each other with special reference to immunochemical

properties of cultivars.
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Chapter 4

RESULTS AND DISCUSSION

The current research work was undertaken to assess the biochemical and

immunochemical characteristics of spring wheat varieties grown in Pakistan in relation to

their rheological, technological and sensorial attributes. This information will be useful

for growers, bakers and consumers. Another objective of the study was to carry out the

modification of wheat gluten protein through methionine binding in order to develop

bread suitable for CD patients. This modification of gluten proteins will also be useful to

the industry for their future product development programs for celiac disease patients.

4.1. Physical properties of wheat varieties

4.1.1. Grain length

The statistical results regarding grain length of different wheat varieties have been

presented in Table 1. It is obvious from the results that the grain length was significantly

affected due to the differences in wheat varieties and the interaction between crop years

and wheat varieties. The grain length showed non-significant differences between the

crop years.

The results regarding grain length given in Table 2 showed that grain length

ranged from 6.70 to 6.84mm among different wheat varieties when the data of two crop

years was pooled. The wheat varieties Aas-10 and Sehar-06 showed significantly the

highest grain length (6.84mm) followed by FSD-08 (6.75mm), Lassani-08 (6.72mm) and

Shafaq-06 (6.71). The grain length was recorded significantly the lowest (6.70mm) in

wheat variety AARI-11. The grain length observed for wheat variety Shafaq-06 was

found statistically similar to Lassani-08 and AARI-11.

The significant differences in grain length among different wheat varieties

observed in the present study may be ascribed to differences in environmental conditions

and variability in genetic make up of different wheat varieties. Butt (1997) measured the

grain length of 30 Pakistani wheat varieties and found to be varied from 5.790 to 7.118

mm. Similarly Ijaz et al. (2001) reported variation from 5.77 to 6.88 mm in grain length

of some Pakistani wheat varieties. The results of the present study closely fall with in the

range reported by Butt (1997) and Ijaz et al. (2001) for Pakistani wheat varieties.
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4.1.2. Grain width

Analysis of variance for grain width of different spring wheat varieties (Table 1)

elucidated that the grain width varied significantly due to the differences in crop years

and spring wheats. The interaction of crop years × wheat varieties did not vary

significantly with respect to the grain width.

The grain width was found significantly higher in grains produced during the crop

year 2011-12 as compared to the grains produced during the crop year 2010-11. The

grain width varied from 3.18 to 3.67mm and 3.29 to 3.69mm during the crop year 2010-

11 and 2011-12, respectively (Table 2). The grain width was found significantly the

highest in wheat variety Aas-10 (3.67mm) followed by Sehar-06 (3.57mm) and FSD-08

(3.42mm). However, the grain width was recorded significantly the lowest (3.18mm) in

wheat variety Lassani-08 during the crop year 2010-11. The highest grain width during

the crop year 2011-12 was determined in wheat variety Aas-10 (3.69mm) followed by

FSD-08 (3.53mm) and Sehar-06 (3.50mm). The lowest grain width (3.29mm) was

observed in wheat variety Lassani-08. The grain width of wheat variety FSD-08 was not

found statistically different from Sehar-06 and Shafaq-06.

The results in the present study showed significance differences in grain width

among different wheat varieties which may be due to genetic variability among the tested

wheat varieties. The results in the present study are in concordance with the findings

reported by Butt (1997) and Ijaz et al. (2001) who measured the grain width of different

Pakistani wheat varieties and found to be ranged from 2.823 to 3.468mm and 3.20 to 3.63

mm respectively.

The grains size has strong rapport with grain and flour yield. The significant

variation occurred in grain size provides ample opportunity to the wheat scientists and

flour millers to select the wheat variety with higher grain size for their intended uses.
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Table 1: Mean squares for grain size of different wheat varieties

Mean Squares
S.O.V df

Grain Length Grain Width

Crop Years 1 0.00111 NS 0.03484*

Wheat Varieties 5 0.02427** 0.15224 **

Crop Years × Wheat Varieties 5 0.00046* 0.00985 NS

Error 24 0.00016 0.00644

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 2: Grain size of different wheat varieties

Grain Length (mm) Grain Width (mm)Variety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 6.70fg 6.72ef 6.71cd 3.40 3.45 3.42c

Sehar-06 6.82b 6.86a 6.84a 3.57 3.50 3.54b

Lassani-08 6.73de 6.71efg 6.72c 3.18 3.29 3.24d

FSD-08 6.74cd 6.76c 6.75b 3.42 3.53 3.47bc

Aas-10 6.83b 6.84b 6.84a 3.67 3.69 3.68a

AARI-11 6.69g 6.70fg 6.70d 3.24 3.39 3.32d

Mean 6.75 6.76 3.41b 3.48a

Means carrying same letters in a column are not significantly different
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4.1.3. Thousand kernel weight

The mean squares for thousand kernel weight of different spring wheat varieties

presented in Table 3 indicated that thousand kernel weight differed significantly among

wheat varieties but it showed non-significant differences between the crop years and its

interaction with wheat varieties.

The results regarding thousand kernel weight have been given in Table 4 which

showed that thousand kernel weight ranged from 41.85 to 47.52g among different wheat

varieties, when the data of two crop years were pooled. The wheat variety Aas-10 showed

significantly the highest thousand kernel weight (47.52g) followed by Sehar-06 (46.82g),

Shafaq-06 (46.67g), FSD-08 (44.86g) and AARI-11 (42.46g). The wheat variety Lasani-

08 was ranked at bottom with respect to thousand kernel weight (41.85g). The wheat

varieties Shafaq-06, Sehar-06 and Aas-10 showed non-significant differences for

thousand kernel weight.

Pakistani wheat varieties have been investigated for thousand kernel weight by

many researchers. In the present study, the variation found in thousand kernel weight

among spring wheats is well supported by the findings of Khan et al. (2009), Pasha et al.

(2009) Mueen-ud-Din et al. (2007) and Anjum et al. (2003). Khan et al. (2009) indicated

that 1000 kernel weight varied between 25.98 to 40g among different wheat varieties.

Pasha et al. (2009) reported that thousand kernel weight ranged from 26.02 to 49.03g in

different wheat varieties which were grown during two consecutive crop years. Mueen-

ud-Din et al. (2007) observed different wheat varieties for thousand kernel weight and

reported that it ranged from 39.22 to 43.16g. Anjum et al. (2003) reported thousand

kernel weight in different spring wheat cultivars ranged from 33.84 to 40.40g. The

significant variation in results existed in different wheat varieties which may be ascribed

to their genetic makeup.

The kernel weight is a useful tool used for assessment of the potential milling

yield i.e flour yield. The kernel size contributes directly towards the improvement of

grain yield as well as milling yield. The present study suggested that all the wheat varieties

possessing better grain weight i.e 40g offer great potential for their better grain and milling

yield potential. It is also obvious from the present study that wide variation in grain weight

can be exploited by the wheat breeders to improve this trait i.e. grain weight for the
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development of new genotypes. It is also evident that wheat varieties possessing

relatively higher grain weights (Aas-10, Sehar-06) may be used for improvement in grain

yield and better flour extraction during milling by the intended users.

4.1.4. Test weight

The statistical results for test weight of different wheat varieties have been shown

in Table 3 which revealed non-significant differences between the crop years and its

interaction with wheat varieties. However, the test weight among different wheat

varieties varied significantly.

When the years were pooled, the test weight varied significantly from 76.37 to

78.36kg hl-1 among different spring wheats (Table 4). The test weight was recorded

significantly the highest in wheat variety AARI-11 (78.36kg hl-1) followed by Shafaq-06

(77.67kg hl-1), Lassani-08 (77.18kg hl-1), FSD-08 (77.05kg hl-1) and Aas-10 (76.51kg hl-

1). The wheat variety Sehar-06 exhibited significantly the lowest test weight (76.37kg hl-

1). The wheat variety FSD-08 was found statistical at par to the wheat varieties Aas-10,

Shafaq-06 and Lassani-08.

The differences in test weight of different Pakistani wheat varieties in the present

study may be attributed to the differences in climatic conditions, cropping practices and

genetic makeup of the varieties. Khan et al. (2009) reported variation in test weight from

66.47 to 76.90kg hl-1 which is identical to the results found in the present study. Mueen-

ud-Din et al. (2009) tested different wheat varieties for test weight and found that test

weight ranged from 77.35 to 79.43 kg hl-1. The results recorded in the present study are in

close conformity to the findings reported above.

The flour yield is the most important technical and economic factor in case of

milling. The test weight is a rough indicator of flour yield and is considered as one of the

important tools in all wheat grading systems. There is a rapid decrease in milling yield

with decrease in test weight. The present study suggested that all wheat varieties

possessed thousand kernel weight more than 75kg hl-1 which shows their potential for

higher flour yield.
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Table 3: Mean squares for 1000 kernel weight and test weight of different wheat

varieties

Mean Squares
S.O.V df

1000 kernel weight Test weight

Crop Years 1 3.8025 NS 0.79804 NS

Wheat Varieties 5 34.5742** 3.32060**

Crop Years × Wheat Varieties 5 1.5473 NS 0.18281 NS

Error 24 2.2263 0.28771

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 4: 1000 kernel weight and test weight of different wheat varieties

1000 kernel weight (g) Test weight (Kg/hL)Variety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 46.12 47.23 46.67a 77.55 77.78 77.67b

Sehar-06 46.72 46.91 46.82a 76.41 76.33 76.37d

Lassani-08 41.18 42.52 41.85c 76.73 77.64 77.18b

FSD-08 45.42 44.29 44.86b 76.82 77.28 77.05bc

Aas-10 46.67 48.37 47.52a 76.42 76.61 76.51cd

AARI-11 42.12 42.81 42.46c 78.33 78.39 78.36a

Mean 44.70 45.35 77.04 77.34

Means carrying same letters in a column are not significantly different
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4.2. Chemical characteristics of wheat varieties

Wheat quality is the suitability for a particular purpose or use and it depends upon

several milling, physical, chemical and rheological characteristics. In addition to some

physical tests, the wheat quality characteristics are also determined by different chemical

tests like moisture content (important in storage of wheat), protein content (higher the

protein, the higher will be the price of wheat), amylase activity, crude fiber, ash content,

etc. All these chemical tests directly or indirectly determine the wheat quality in relation

to the intended end use. The wheat varieties were analyzed for different chemical

characteristics and the results are described here in after.

4.2.1. Moisture content in different wheat varieties

The moisture content is not only of economic significance but is important with

respect to the keeping qualities of wheat grains and flour. The storage of wheat has been

a fundamental necessity since ancient times. Wheat storage is facilitated by the fact that

grain is of low moisture content. Nevertheless, high moisture levels can allow various

fungi and yeasts to propagate. Less will be the moisture content; more will be the shelf

life of the wheat grains and flour.

The statistical results regarding moisture content in whole wheat flour and straight

grade flour of different wheat varieties have been presented in Table 5. The moisture

content did not differ significantly due to the interaction of crop years with wheat

varieties in case of whole wheat flour while in straight grade flour the interaction of crop

years with wheat variety has a significant effect on moisture content. However, the

moisture content in whole wheat flour and straight grade flour varied significantly among

different wheat varieties and crop years. The results pertaining to the moisture content of

straight grade flour and whole wheat flour have been shown in Table 6. The moisture

content in whole wheat flour varied from 9.86 to 11.33% and 9.41 to 10.91% during the

crop years 2010-11 and 2011-12, respectively.

The moisture content was found significantly the highest (11.33%) in whole

wheat flour of wheat variety Shafaq-06 followed by Aas-10 (11.24%) and Sehar-06

(11.19%) during the crop year 2010-11. However, the moisture content (9.86%) was

found significantly the lowest in wheat variety AARI-11, during the same crop year

2010-11. The moisture content was found significantly the highest (10.91%) in whole
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wheat flour of wheat variety Sehar-06 followed by Aas-10 (10.72%) and Shafaq-06

(10.58%). The moisture content in whole wheat flour of wheat variety AARI-11 (9.41%)

was found significantly the lowest when grown during the crop year 2011-12.

The moisture content in straight grade flour varied from 12.25 to 13.66% and

11.95 to 13.32% between the crop years 2010-11 and 2011-12, respectively. The straight

grade flour of wheat variety Sehar-06 exhibited significantly the highest moisture content

(13.66%) followed by Aas-10 (13.29%). The lowest moisture content (12.25%) was

found in straight grade flour of wheat variety AARI-11, when grown during the crop year

2010-11. The straight grade flour of wheat variety Lassani-08 showed significantly the

highest moisture content (13.32%) followed by FSD-08 (12.62%) and Sehar-06 (12.51%)

while the straight grade flour of wheat variety Shafaq-06 showed the lowest moisture

content (11.95%) when grown during the crop year 2011-12.

The moisture content was found higher in straight grade flour as compared to

whole wheat flour in the present study which may be due to the fact that straight grade

flour has higher moisture content because the wheat grains were tempered to moisture

level of 14.5% before their milling.

Slaughter et al. (1992) reported that moisture content is dependent both on genetic

make up of varieties and climatic factors as well as agronomic conditions experienced by

the wheat varieties during growth period, which are the factors for variation in moisture

content among wheat varieties. The findings of present study are well in agreement with

the finding of Ayaz (1998) who found variation in moisture content from 10.25 to

13.31% in straight grade flour of different wheat cultivars. Pasha et al. (2009) also

reported variation in moisture content from 8.92 to 11.68% in whole wheat flour of

different wheat varieties. Noorka et al. (2009) observed moisture content which varied

from 11.39 to 11.82% in different wheat varieties.
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Table 5: Mean squares for moisture content in different flours of different wheat

varieties

Mean Squares
S.O.V df

Moisture (WWF) Moisture (SGF)

Crop Years 1 1.79114* 2.53871*

Wheat Varieties 5 1.67821** 0.80392**

Crop Years × Wheat Varieties 5 0.04968 NS 0.71307*

Error 24 0.13796 0.10775

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 6: Moisture content in different flours of differen wheat varieties

Moisture (%) WWF Moisture (%) SGFVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 11.33 10.58 10.95a 13.15abc 11.95f 12.55cd

Sehar-06 11.19 10.91 11.05a 13.66a 12.51de 13.08ab

Lassani-08 10.82 10.57 10.70ab 13.00bcd 13.32ab 13.16a

FSD-08 10.85 10.42 10.64b 12.54de 12.62cde 12.58c

Aas-10 11.24 10.72 10.98a 13.29ab 12.21ef 12.75bc

AARI-11 9.86 9.41 9.63c 12.25ef 12.11ef 12.18d

Mean 10.88a 10.44b 12.98a 12.45b

Means carrying same letters in a column are not significantly different

WWF= Whole Wheat Flour

SGF= Straight Grade Flour
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4.2.2. Ash content in different wheat varieties

The ash content generally represents the concentration of mineral contents present

in the given product. The presence of higher ash content indirectly reflects the availability

of more amounts of minerals. The ash content is an important parameter in the milling

industry, if lower the ash contents then higher the quality (Wei, 2002). The clarity of

flour is also assessed by the amount of ash in the flour.

The mean squares (Table 7) regarding ash content of whole wheat flour and

straight grade flour of different spring wheat varieties showed that ash content was not

found significantly different between crop years and due to their interaction with wheat

varieties. However, the ash contents varied significantly among different wheat varieties.

The results pertaining to the ash content in whole wheat flour and straight grade

flour of different wheat varieties given in Table 8 revealed that it ranged from 1.40 to

1.50% and 0.48 to 0.55% respectively, when the data of two crop years i.e. 2010-11 and

2011-12 was pooled. The whole wheat flour of wheat variety Shafaq-06 exhibited

significantly the highest ash content (1.50%) followed by Lassani-08 (1.48%), Aas-10

(1.48%), Sehar-06 (1.46%) and FSD-08 (1.42%). The ash content was recorded

significantly the lowest (1.40%) in whole wheat flour of wheat variety AARI-11. No

statistical differences in ash content of whole wheat flour of wheat variety Sehar-06 was

observed with Shafaq-06, Lassani-08, Aas-10 and FSD-08.

The ash content was found significantly the highest (0.55%) in straight grade

flour of the wheat variety Sehar-06 followed by Aas-10 (0.55%), Lassani-08 (0.52%),

Shafaq-06 (0.51%) and AARI-11 (0.51%). The straight grade flour of the wheat variety

FSD-08 showed significantly the lowest ash content (0.48%) when the data of two crop

years were pooled. The ash contents in straight grade flour of wheat varieties Lassani-08

and Aas-10 were found statistically similar to the wheat varieties Sehar-06, Shafaq-06

and AARI-11.

The ash content of wheat has relation with the amount of bran and hence is

considered as a rough indictor of flour yield. The results found in the present study are

supported by the findings of Akhtar et al. (2005) who reported that ash content ranging

from 0.31 to 0.50% and 1.03 to 1.54% in straight grade flour and whole wheat flour,

respectively of different Pakistani wheat varieties.
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Table 7: Mean squares for ash content in different flours of differen wheat varieties

Mean Squares
S.O.V df

Ash (WWF) Ash (SGF)

Crop Years 1 0.00234 NS 0.00401 NS

Wheat Varieties 5 0.01034** 0.00416**

Crop Years × Wheat Varieties 5 0.00172 NS 0.00082 NS

Error 24 0.00264 0.00099

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 8: Ash content in different flours of differen wheat varieties

Ash (%) WWF Ash (%) SGFVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 1.49 1.51 1.50a 0.50 0.52 0.51bc

Sehar-06 1.44 1.48 1.46ab 0.54 0.57 0.55a

Lassani-08 1.47 1.49 1.48a 0.49 0.55 0.52ab

FSD-08 1.44 1.40 1.42bc 0.48 0.48 0.48c

Aas-10 1.45 1.51 1.48a 0.53 0.55 0.54ab

AARI-11 1.39 1.40 1.40c 0.51 0.50 0.51bc

Mean 1.45 1.46 0.51 0.53

Means carrying same letters in a column are not significantly different

WWF= Whole Wheat Flour

SGF= Straight Grade Flour
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The ash content was found to vary from 1.17-1.65g/100g in whole wheat flour of

different wheat varieties (Pasha et al., 2009). The results with respect to the ash contents

recorded in the present study are in close agreement to the findings of Noorka et al.

(2009) who observed variation from 1.55 to 1.83% in ash content of whole wheat flour of

different wheat varieties.

The whole wheat flour yielded higher ash content as compared to straight grade

flour in the present study which may be due to the presence of bran portion in the whole

wheat flour which is separated during milling process for the production of straight grade

flour.

There are many factors (environmental, genetics) which affect the chemical

composition of wheat grains. The existence of variations in the ash contents among the

tested wheat varieties observed during the present study may be attributed to the

differences in genetic makeup.

4.2.3. Crude fat content in different wheat varieties

The fat content is not only a good source of energy but also plays significant role

in controlling the quality and shelf life of baked goods. The statistical results regarding

fat content of different spring wheats given in Table 9 indicated that fat content varied

significantly among different wheat varieties in both whole wheat flour and straight grade

flour. The effect of crop years and their interaction with wheat varieties was found to be

non-significantly different for this chemical constituent.

It is obvious from the results given in Table 10 that fat content ranged from 1.06

to 1.84% and 0.58 to 0.76% in whole wheat flour and straight grade flour, respectively

when data of overall means were considered. The whole wheat flour of wheat variety

Sehar-06 showed significantly the highest fat content (1.84%) followed by Lasani-08

(1.47%), FSD-08 (1.31%), Shafaq-06 (1.31%) and AARI-11 (1.16%). The fat content in

whole wheat flour of wheat variety Aas-10 was observed significantly the lowest

(1.06%), when the data of two crop years were combined.
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Table 9: Mean squares for crude fat content in different flours of differen wheat

varieties

Mean Squares
S.O.V df

Crude Fat (WWF) Crude Fat (SGF)

Crop Years 1 0.00667 NS 0.00588 NS

Wheat Varieties 5 0.46272** 0.03060**

Crop Years × Wheat Varieties 5 0.00128 NS 0.00038 NS

Error 24 0.00233 0.00094

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 10: Crude fat content in different flours of differen wheat varieties

Crude Fat (%) WWF Crude Fat (%) SGFVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 1.29 1.33 1.31c 0.76 0.79 0.76a

Sehar-06 1.84 1.87 1.86a 0.70 0.71 0.70b

Lassani-08 1.45 1.48 1.47b 0.62 0.74 0.63c

FSD-08 1.32 1.30 1.31c 0.66 0.69 0.67b

Aas-10 1.05 1.07 1.06e 0.56 0.61 0.58d

AARI-11 1.13 1.19 1.16d 0.59 0.60 0.60cd

Mean 1.35 1.38 0.65 0.67

Means carrying same letters in a column are not significantly different

WWF= Whole Wheat Flour

SGF= Straight Grade Flour
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The results (Table 10) with respect to the fat content found in straight grade flour

of different wheat varieties showed that the wheat variety Shafaq-06 contained

significantly the highest fat content (0.76%) followed by Sehar-06 (0.70%), FSD-08

(0.67%), Lassani-08 (0.63%) and AARI-11 (0.60%). However, the fat content was

yielded significantly the lowest (0.56%) in straight grade flour of wheat variety Aas-10.

It is evident from the present study that crude fiber content in whole wheat flour

was found higher than straight grade flour because wheat germ portion remained present

in case of whole wheat flour while in straight grade flour wheat germ is separated during

milling process.

The results with respect to fat content observed in the present study fall within the

limits reported by Zahoor (2003) and Ahmed (2001) who reported variation in fat content

from 1.09 to 2.52% in some Pakistani wheat varieties. These results are further supported

by the findings of Afzal (2004) who found fat contents in straight grade flour varied from

0.86 to 0.98% in some Pakistani spring wheat varieties. Significant variation of fat

contents in whole wheat flour and straight grade flour among different wheat varieties are

also supported by earlier studies of Ijaz (2001) who reported that such variation are due

to the varietal differences (genotypes).

4.2.4. Crude fiber content in different wheat varieties

The wheat bran is a rich source of dietary fiber which is helpful in reducing risk

of cancer and cardiovascular diseases. The fiber content is related to extraction rate of

flour, higher the extraction, higher will be the fiber, because of more bran portion is

scratched from the wheat kernels.

The statistical results (Table 11) regarding fiber content of different wheat

varieties showed that crop years and their interaction with wheat varieties did not

significantly affect the fiber content found in whole wheat flour and straight grade flour

of different wheat varieties. The wheat varieties differ significantly with respect to fiber

content for both types of flours. The results regarding fiber content presented in Table 12

showed that the fiber content ranged from 1.07 to 1.77% and 0.33 to 0.63% in whole

wheat flour and straight grade flour respectively, when the results of two crop years were

combined.



67

Table 11: Mean squares for crude fiber content in different flours of differen wheat

varieties

Mean Squares
S.O.V df

Crude Fiber ( WWF) Crude Fiber (SGF)

Crop Years 1 0.01000 NS 0.00840 NS

Wheat Varieties 5 0.44481** 0.06746**

Crop Years × Wheat Varieties 5 0.01662 NS 0.00149 NS

Error 24 0.01531 0.00584

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 12: Crude fiber content in different flours of differen wheat varieties

Crude Fiber % (WWF) Crude Fiber % (SGF)Variety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 1.13 1.27 1.20c 0.28 0.37 0.33d

Sehar-06 1.03 1.11 1.07c 0.45 0.48 0.47b

Lassani-08 1.72 1.83 1.77a 0.61 0.64 0.63a

FSD-08 1.60 1.55 1.58b 0.51 0.50 0.51b

Aas-10 1.41 1.48 1.44b 0.41 0.44 0.43bc

AARI-11 1.23 1.10 1.17c 0.35 0.37 0.36cd

Mean 1.36 1.39 0.44 0.47

Means carrying same letters in a column are not significantly different

WWF= Whole Wheat Flour

SGF= Straight Grade Flour
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The whole wheat flour of wheat variety Lassani-08 exhibited significantly the

highest fiber content (1.77%) followed by FSD-08 (1.58%), Aas-10 (1.44%), Shafaq-06

(1.20%) and AARI-11 (1.17%). The whole wheat flour of wheat variety Sehar-06 yielded

significantly the lowest fiber content (1.03%). No statistical differences for crude fiber

content in whole wheat flour of wheat varieties AARI-11, Shafaq-06 and Sehar-06 were

observed. Wheat variety Aas-10 was found statistically at par to the wheat varieties

Sehar-06, FSD-08 and AARI-11 for crude fiber content. The straight grade flour of wheat

variety Lassani-08 yielded significantly the highest crude fiber content (0.63%) followed

by FSD-08 (0.51%), Sehar-06 (0.47%), Aas-10 (0.43%) and AARI-11 (0.36). The crude

fiber content was recorded significantly the lowest (0.33%) in straight grade flour of

wheat variety Shafaq-06.

The variation in crude fiber content is mainly attributed to genetics and non-

genetic factors and is also dependent on grain size, shape and bran thickness. Higher the

bran content, higher will be the crude fiber, but in case of straight grade flour, the crude

fiber is present in very small percentage. The variation in wheat varieties may be

attributed to the differences in their genetic makeup. It may also be related to extraction

rate of flour, higher the extraction, higher will be the fiber, because of more portion is

scretched from the bran. The amount of crude fiber considerably improved with the

increased levels of bran in whole wheat flour. The variation in the crude fiber content

from 0.42 to 2.51% in the flour of different wheat varieties has been reported (Butt et al.,

2004). The results of the present study is in close agreement to the findings of Mueen-ud-

Din (2009) who found the variation in crude fiber content from 0.40- 2.14% in different

wheat varieties.

4.2.5. Crude protein content in different wheat varieties

The protein content is one of the important criterion for assessing the wheat

quality. The protein content is not only an indicator of nutritional value, but it also has a

significant impact on dough rheological properties. It is generally correlated with bread

making quality. Good bread flour has strong gluten that is indicated by high protein

quantity.

The mean squares for protein content of whole wheat flour and straight grade

flour of different spring wheat varieties have been shown in Table 13. It is evident from
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the statistical results that the protein content in both type of flours was significantly

affected by the wheat varieties while the crop years and their interaction with wheat

varieties exhibited non-significant differences for this chemical constituent.

The protein content in different wheat varieties ranged from 10.00 to 11.96% and

9.39 to 11.51%, in whole wheat flour and straight grade flour, respectively, when the

results of two crop years were pooled (Table 14). The protein content was found

significantly the highest in whole wheat flour of wheat variety AARI-11 (11.96%)

followed by FSD-08 (10.95%), Shafaq-06 (10.92%), Lassani-08 (10.74%) and Aas-10

(10.30%). The whole wheat flour of wheat variety Sehar-06 yielded significantly the

lowest protein content (10.00%). The protein content between wheat varieties Shafaq-06

and FSD-08 did not differed significantly.

The straight grade flour of wheat variety AARI-11 exhibited significantly the

highest protein content (11.51%) followed by FSD-08 (10.54%), Shafaq-06 (10.52%) and

Lassani-08 (10.28%). The protein content in wheat variety FSD-08 was found

statistically alike to the wheat varieties Shafaq-06 and Lassani-08. The protein content in

straight grade flour of wheat varieties Sehar-06 (9.41%) and Aas-10 (9.37%) were found

statistically similar and were ranked at the bottom.

In the present study, the whole wheat flour yielded higher protein content as

compared to straight grade flour which may be due to the reason that the whole wheat

flour contained substantial amount of bran and germ which is rich in proteins and

responsible for higher level of protein content.

The differences in protein content among different wheat varieties in the present

study is well supported by the studies of Gupta et al. (1993) and Kent and Evers (1994)

who found that quantity of protein depends on genotype, environment and the growing

conditions. Similar findings has also been reported by different scientists and researchers

which exhibited that protein content in Pakistani wheat varieties ranged from 10.43 to

14.74% (Butt et al., 2004; Anjum et al., 2005). Pasha et al. (2009) studied different wheat

varieties and reported that protein content ranged from 10.00-13.4g/100g of flour.
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Table 13: Mean squares for crude protein content in different flours of differen

wheat varieties

Mean Squares
S.O.V df

Crude Protein ( WWF) Crude Protein (SGF)

Crop Years 1 0.62147 NS 1.10250 NS

Wheat Varieties 5 2.71189** 3.84391**

Crop Years × Wheat Varieties 5 0.32548 NS 0.15120 NS

Error 24 0.43899 0.51316

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 14: Crude protein content in different flours of differen wheat varieties

Crude Protein % (WWF) Crude Protein % (SGF)Variety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 10.77 11.07 10.92b 10.30 10.73 10.52b

Sehar-06 9.49 10.50 10.00c 9.17 9.64 9.41c

Lassani-08 10.68 10.79 10.74c 10.05 10.51 10.28b

FSD-08 10.74 11.15 10.95b 10.39 10.69 10.54b

Aas-10 10.24 10.36 10.30c 9.12 9.63 9.38c

AARI-11 11.73 12.18 11.96a 11.24 11.77 11.51a

Mean 10.61 11.01 10.05 10.50

Means carrying same letters in a column are not significantly different

WWF= Whole Wheat Flour

SGF= Straight Grade Flour
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The results in the present study revealed that wheat varieties AARI-11 and FSD-

08 possessing higher contents of protein are more suitable for bread making purposes.

These wheat varieties may also be used by the wheat breeders in their breeding

programme for the development of high protein content in new wheat varieties. The

variation in protein content among different wheat varieties offers potential for a specific

use by the different stakeholders.

4.2.6. Wet gluten content in different wheat varieties

Wet gluten is considered as the second most important test in preparation of

bread. Gluten is a protein complex in wheat which gives dough the viscous property that

holds gas when it rises.

The statistical results for wet gluten content of whole wheat flour and straight

grade flour of different spring wheats have been shown in Table 15. It is obvious from

the results that wet gluten content was not significantly affected by crop years and their

interaction with wheat varieties. However the wet gluten content differed significantly

among different wheat varieties. When the results were pooled across the crop years,

(Table 16) the wet gluten content varied from 27.85 to 31.39% and 30.06 to 36.04%, in

whole wheat flour and straight grade flour, respectively.

The wet gluten content was found significantly the highest (31.39%) in whole

wheat flour of wheat variety AARI-11 followed by FSD-08 (31.11%), Shafaq-06

(29.58%), Lassani-08 (28.84%) and Aas-10 (28.15%). The wet gluten content in whole

wheat flour of wheat variety Sehar-06 was ranked significantly at the bottom (27.85%).

The straight grade flour of wheat variety AARI-11 contained significantly

maximum wet gluten content (36.04%) followed by FSD-08 (33.33%), Shafaq-06

(32.52%), Aas-10 (31.30%) and Lassani-08 (31.21%). The straight grade flour of wheat

variety Sehar-06 was ranked at bottom with respect to the wet gluten content (30.06%).

The wet gluten content in straight grade flour of different wheat varieties was

found higher than their respective whole wheat flour. The higher wet gluten content in

straight grade flour is due to the fact that in case of straight grade flour bran portion is

removed and it results in increase in the gluten forming proteins.
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Table 15: Mean squares for wet gluten content in different flours of differen wheat

varieties

Mean Squares
S.O.V df

Wet gluten (WWF) Wet gluten (SGF)

Crop Years 1 4.6225 NS 4.4662 NS

Wheat Varieties 5 13.3562** 26.6951**

Crop Years × Wheat Varieties 5 0.2180 NS 0.0962 NS

Error 24 1.9920 0.6656

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 16: Wet gluten content in different flours of differen wheat varieties

Wet gluten (%) WWF Wet gluten (%) SGFVariety

2010- 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 29.22 29.94 29.58bc 32.21 32.83 32.52b

Sehar-06 27.50 28.19 27.85d 29.90 30.22 30.06d

Lassani-08 28.70 28.98 28.84cd 30.94 31.48 31.21c

FSD-08 30.48 31.74 31.11ab 32.87 33.78 33.33b

Aas-10 27.64 28.66 28.15cd 30.82 31.78 31.30c

AARI-11 31.22 31.55 31.39a 35.60 36.49 36.04a

Mean 29.13 29.84 32.06 32.76

Means carrying same letters in a column are not significantly different

WWF= Whole Wheat Flour

SGF= Straight Grade Flour
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The differences in wet gluten among different wheat varieties are attributable to

the differences in genetic make up of wheat varieties which supports to significant

variation in wet gluten among wheat varieties found in the present study. The present

results are also closely related to the previous findings which described that the wet

gluten content of different wheat varieties varied from 26.40 to 38.41% (Randhawa et al.,

2002). Anjum and Walker (2000) have reported that wet gluten differed significantly

among Pakistani wheat cultivars from 27.60 to 35.15%, which also confirmed the results

found in the present study.

4.2.7. Dry gluten content in different wheat varieties

The statistical analysis regarding dry gluten content of whole wheat flour and

straight grade flour given in Table 17 showed that significant differences existed in dry

gluten content of whole wheat flour and straight grade flour among wheat varieties. It is

also evident from the statistical results that dry gluten content was non-significantly

affected by the crop years and their interaction with wheat varieties.

The dry gluten content (Table 18) varied from 8.26 to 9.66% and 9.23 to 11.01%,

in whole wheat flour and straight grade flour respectively, when overall means of two

crop years were combined. The whole wheat flour of wheat variety AARI-11 possessed

significantly the highest dry gluten content (9.66%) followed by FSD-08 (9.35%),

Shafaq-06 (9.05%), Lassani-08 (8.45%) and Aas-10 (8.30%). The dry gluten content was

recorded significantly the lowest (8.26%) in whole wheat flour of wheat variety Sehar-06.

The dry gluten content in straight grade flour of wheat variety AARI-11 was ranked

significantly the highest (11.01 %) followed by FSD-08 (10.40%), Shafaq-06 (10.23%),

Lassani-08 (9.38%) and Aas-10 (9.31%). The straight grade flour of wheat variety Sehar-

06 showed the minimum dry gluten content (9.23%), when the data of two crop years

was pooled.

The dry gluten content in straight grade flour was found higher than the dry gluten

content in the respective whole wheat flour. This difference is due to the fact that in

straight grade flour bran is separated and it enhances the storage proteins in straight grade

flour which contribute toward an increase in dry gluten content. However, the differences

in genetic makeup of wheat varieties are also responsible for differences in dry gluten

content as observed in the present study.
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Table 17: Mean squares for dry gluten content in different flours of differen wheat

varieties

Mean Squares
S.O.V df

Dry gluten (WWF) Dry gluten (SGF)

Crop Years 1 0.51600 NS 0.13322 NS

Wheat Varieties 5 2.10751** 3.20076**

Crop Years × Wheat Varieties 5 0.03331 NS 0.03917 NS

Error 24 0.13923 0.18058

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 18: Dry gluten content in different flours of differen wheat varieties

Dry gluten (%) WWF Dry gluten (%) SGFVariety

2010- 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 9.02 9.08 9.05b 10.22 10.23 10.23b

Sehar-06 8.13 8.38 8.26c 9.21 9.24 9.23c

Lassani-08 8.35 8.56 8.45c 9.30 9.46 9.38c

FSD-08 9.22 9.47 9.35ab 10.38 10.41 10.40b

Aas-10 8.22 8.38 8.30c 9.27 9.35 9.31c

AARI-11 9.41 9.92 9.66a 10.80 11.23 11.01a

Mean 8.73 8.96 9.86 9.99

Means carrying same letters in a column are not significantly different

WWF= Whole Wheat Flour

SGF= Straight Grade Flour
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The results regarding dry gluten content fall within the ranges reported by Anjum

and Walker (2000) who found significant variation in dry gluten content among different

Pakistani wheat varieties varying from 8.88 to 10.09%. The results of the present study

are also comparable to the earlier studies of Randhawa et al. (2002) who reported

variation in dry gluten content from 8.40 to 13.11% in some Pakistani wheat varieties.

The wheat varieties (AARI-11, FSD-08) possessing higher wet and dry gluten contents

have better potential for bread making and should be used to explicit their potential in the

development of new varieties by the wheat scientists.

4.2.8. Pelshenke value

The Pelshenke value is one of the most important and common test used by the

wheat breeders to evaluate their breeding material for the assessment of gluten quality.

The flour quality primarily depends on the gluten strength which is capable of retaining

gas and to produce soft, well aerated end product. The Pelshenke value is known as

wheat meal fermentation time test. Higher Pelshenke value may posse’s stronger gluten

with better wheat quality and can enclose gas for a longer time and give aerated end

product.

The analysis of variance presented in Table 19 indicated that Pelshenke value was

not affected significantly by the crop years and their interaction with wheat varieties.

However, the effect of wheat varieties was found to be significant on the Pelshenke value

of whole wheat flour of different wheat varieties.

The results pertaining to Pelshenke value of different wheat varieties are

presented in Table 20, which ranged from 56.76 to 190.52 minutes in whole wheat flour,

when results of the two years were combined. The Pelshenke value was recorded

significantly the highest in whole wheat flour of wheat variety AARI-11 (190.52min)

followed by FSD-08 (115.36min), Shafaq-06 (102.99min) and Lassani-08 (93.01min).

The whole wheat flour of wheat varieties Sehar-06 (56.76min) and Aas-10 (58.64min)

was found to possess statistically similar results and were ranked lowest and 2nd lowest

respectively with respect to the Pelshenke value.

Williams et al. (1986) have established that Pelshenke value less than 60 minutes

reflects poor or soft gluten and the wheat with the range from 60-120 minutes can be

regarded to possess medium strong gluten and the values exceeding 120 minutes may
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exhibit strong gluten quality. The results obtained in the present study indicated that

many of the Pakistani wheat varieties fell under the category of medium strong gluten as

they exhibited Pelshenke value more than 60 minutes. The wheat variety AARI-11 has

strong gluten proteins and should be used to exploit this trait in new genotypes.

The results regarding Pelshenke value obtained in the present study are supported

by the studies of Randhawa et al. (2002) who found Pelshenke values variations from

108-185 minutes among different Pakistani wheat varieties. The results reported by

Zahoor (2003), are in close agreement to the present findings who reported that

Pelshenke value was significantly affected due to differences in wheat varieties.

Significant variations observed in the present study among different wheat varieties may

be ascribed to the differences in their genetic makeup.

4.2.9. SDS-Sedimentation value

The SDS-Sedimentation test is an indicator of gluten quality which is based on

the hydration of proteins and their sedimentation by using sodium dodecyle sulphate as a

detergent to remove oil adsorbed to protein molecule and to facilitate their hydration.

It is obvious from the statistical analysis that SDS-Sedimentation values

significantly differ in whole wheat flour and straight grade flour of different wheat

varieties (Table 21). The crop years and their interaction with wheat varieties were found

to be non-significantly different for this trait.

The SDS-Sedimentation value presented in Table 22 ranged from 21.67 to

28.27ml and 22.77 to 29.67ml in whole wheat flour and straight grade flour, respectively,

when data of two crop years were combined. The whole wheat flour of wheat variety

AARI-11 yielded significantly the highest SDS-Sedimentation value (28.27ml) followed

by FSD-08 (27.39ml), Shafaq-06 (26.68ml), Lassani-08 (24.05ml) and Aas-10 (22.52ml).

The SDS-Sedimentation value was recorded significantly the lowest in whole wheat flour

of the wheat variety Sehar-06 (21.67ml) when the two crop years were pooled.

The straight grade flour of wheat variety AARI-11 exhibited significantly the

highest SDS-Sedimentation value (29.67ml) followed by FSD-08 (28.58ml), Shafaq-06

(27.52ml), Lassani-08 (24.56ml) and Sehar-06 (23.52ml), when the results of two crop

years were pooled. The straight grade flour of wheat variety Aas-10 gave significantly the

lowest SDS-Sedimentation value (22.77ml).
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Table 19: Mean squares for Pelshenke value of whole wheat flour of differen wheat

varieties

Mean Squares
S.O.V df

Pelshenke value (WWF)

Crop Years 1 18.0 NS

Wheat Varieties 5 14422.2**

Crop Years × Wheat Varieties 5 14.0 NS

Error 24 31.4

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 20: Pelshenke value of whole wheat flour of different wheat varieties

Pelshenke value (min) WWFVariety

2010-11 2011-12 Mean

Shafaq-06 101.35 104.63 102.99c

Sehar-06 58.95 54.56 56.76e

Lassani-08 91.72 94.30 93.01d

FSD-08 114.70 116.02 115.36b

Aas-10 57.90 59.38 58.64e

AARI-11 188.40 192.63 190.52a

Mean 102.17 103.59

Means carrying same letters in a column are not significantly different

WWF= Whole Wheat Flour
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The SDS-Sedimentation values in the present study observed for different wheat

varieties suggested that variation existed in strength of gluten among different wheat

varieties. Higher SDS-Sedimentation values show linear relationship with gluten strength

and consequently with flour quality. Its obvious from the present study that the wheat

variety AARI-11 possesses higher gluten content also showed higher value for SDS-

Sedimentation values. The SDS-Sedimentation test has gained wide acceptance as a

useful, small scale test in bread wheat breeding programs to predict gluten strength and

baking quality. Pakistani wheat varieties studied in this study have been found to possess

difference in gluten quality and offer an opportunity to use these wheats depending for a

specific product subsequently depending upon the gluten strength. The wheat varieties

acquiring higher SDS-values more than 25 ml may be better for bread and can be used for

wheat breeding improvement program. The wheat varieties lower in SDS-Sedimentation

may be considered as more suitable for cakes and cookies purposes.

The results of this study are in concordance with the earlier findings of Mahmood

(2004) who reported the variation in SDS-Sedimentation value of different Pakistani

wheat varieties from 20.67 to 41.50 ml. Pedersen et al. (2004) described the range of

SDS sedimentation value from 17 to 32 ml. The results of the present study are also in

conformity to the earlier findings of Pasha et al. (2007) who reported that SDS

sedimentation value of Pakistani wheat varieties varying from 18.83 to 36.0 mL.

The differences in the present results for SDS-Sedimentation value among

different wheat varieties might be due to the differences in genetic makeup and variation

in growth conditions of wheat varieties.
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Table 21: Mean squares for SDS-Sedimentation value of different flours of differen

wheat varieties

Mean Squares
S.O.V df

SDS-Sedimentation
value (WWF)

SDS-Sedimentation
value (SGF)

Crop Years 1 1.0816 NS 0.5625 NS

Wheat Varieties 5 44.7797** 49.2427**

Crop Years × Wheat Varieties 5 0.8153 NS 0.1039 NS

Error 24 0.3924 0.4175

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 22: SDS-Sedimentation value of different flours of differen wheat varieties

SDS-Sedimentation value (ml)
WWF

SDS-sedimentation value (ml) SGFVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 25.82 27.53 26.68b 27.15 27.90 27.52c

Sehar-06 21.69 21.64 21.67e 23.40 23.63 23.52e

Lassani-08 23.71 24.39 24.05c 24.54 24.57 24.56d

FSD-08 27.40 27.38 27.39b 28.55 28.60 28.58b

Aas-10 22.55 22.49 22.52d 22.68 22.86 22.77f

AARI-11 28.36 28.17 28.27a 29.53 29.80 29.67a

Mean 24.92 25.27 25.98 26.22

Means carrying same letters in a column are not significantly different

WWF= Whole Wheat Flour

SGF= Straight Grade Flour
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4.2.10. Falling number

The analysis of variance given in Table 23 revealed that the falling number was

significantly affected by crop years and wheat varieties in both flours i.e. whole wheat

flour and straight grade flour. However, the interaction of crop years with wheat varieties

showed non-significant effect on this quality trait.

The results pertaining to falling number value presented in Table 24 ranged from

409.00 to 742.17sec and 415.67 to 763.53 sec in whole wheat flour of different wheat

varieties during the crop years 2010-11 and 2011-12, respectively. The highest falling

number value was found in whole wheat flour of the wheat variety AARI-11 (742.17sec)

followed by Shafaq-06 (667.83sec) and FSD-08 (652.33se). However, significantly the

minimum falling number value was recorded in whole wheat flour of wheat variety Aas-

10 (409.00sec), when grown during the crop year 2010-11. The falling number value was

found significantly the highest in whole wheat flour of wheat variety AARI-11

(763.56sec) followed by Shafaq-06 (699.67sec) and FSD-08 (662.17sec), when grown

during the crop year 2011-12. The lowest falling number value (415.67sec) was found in

whole wheat flour of wheat variety Aas-10.

The variation in falling number was found from 553.00 to 802.83sec and 570.33

to 822.33sec in straight grade flour of different wheat varieties between the crop years

2010-11 and 2011-12, respectively (Table 24). The straight grade flour of wheat variety

AARI-11 possessed significantly the highest falling number value (802.83sec) followed

by FSD-08 (747.00sec) and Shafaq-06 (708.33sec), when grown during the crop year

2010-11. The straight grade flour of wheat variety Sehar-06 exhibited significantly the

lowest falling number value (553.00sec), when grown during 2010-11. The falling

number value was recorded significantly the highest in straight grade flour of wheat

variety AARI-11 (822.33sec) followed by FSD-08 (792.50sec) and Shafaq-06

(775.00sec), when grown during the crop year 2011-12. The falling number value was

recorded significantly the lowest in straight grade flour of the wheat variety Sehar-06

(570.33sec) which was statistically at par to the wheat variety Aas-10, when grown

during the crop year 2011-12.
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Table 23: Mean squares for falling number value of different flours of differen

wheat varieties

Mean Squares
S.O.V df

Falling number
(WWF)

Falling number
(SGF)

Crop Years 1 2379* 12844.4*

Wheat Varieties 5 106444** 66418.9**

Crop Years × Wheat Varieties 5 136NS 595.9 NS

Error 24 281 745.6

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 24: Falling number value of different flours of differen wheat varieties

Falling number (sec) WWF Falling number (sec) SGF
Variety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 667.83 699.67 683.08b 708.33 775.00 741.5b

Sehar-06 454.33 463.83 459.08e 553.00 570.33 561.67d

Lassani-08 603.67 622.00 612.84d 662.83 714.67 688.75c

FSD-08 652.33 662.17 657.25c 747.00 792.50 769.75b

Aas-10 409.00 415.67 412.34f 555.33 581.17 568.25d

AARI-11 742.17 763.56 752.87a 802.83 822.33 812.58a

Mean 588.11b 604.37a 671.55b 709.33a

Means carrying same letters in a column are not significantly different

WWF= Whole Wheat Flour

SGF= Straight Grade Flour
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The present study showed that whole wheat flour possessed lower falling number

as compared to straight grade flour. This might be due to the reason that whole wheat

flour containing bran portion have more α-amylase activity which results in decreasing 

the falling number as this explanation has been supported by the findings of Every et al.

(2002) who held that presence of more α-amylase in flours results in decreasing its falling 

number.

The falling number is an indicator of -amylase activity in wheat flour. The

falling number values for wheat varieties exceeding 400 seconds had very low or no

alpha amylase activity. The studies in the present case are corroborated by the work of

Anjum (1991) who also showed that Pakistani wheats possessed lower alpha amylase

activity and recommended malt addition in flour for optimum bread production. It is

obvious from the present study that the flour must be assessed for amylase activity before

its use in bread. The results of the present study are in line with the findings of Anjum

(1991), Wahab (2005), Pasha et al. (2007) and Zahoor (2003) who have also

demonstrated that Pakistani wheats are low in amylase activity as indicated by their

falling numbers exceeding 400 sec.



83

4.3 Rheological properties of wheat flour

Rheology is the discipline of deformation and flow of materials, both solid and

liquid, an understanding of its principles is important to study food texture. The

rheological characteristics provide information regarding dough handling behavior and

properties which play a key role in quality of the finished products. The dough

rheological properties are influenced by the structure of the aggregates and their tendency

to interact with each other. The farinograph, mixograph and amylograph are common

equipments used for assessing the rheological properties of dough (Mani et al., 1992).

4.3.1 Farinographic studies

The farinograph is used to determine the consistency and stability of the dough

and is designed to measure the force required to turn mixer blades at a constant speed

during mixing of the dough. The force increases as gluten is being developed and later

decreases as gluten is broken down with continued mixing.

4.3.1.1 Water Absorption

The water absorption was significantly differed by wheat varieties and crop years.

However, it was not significantly affected due to the interaction between crop years and

wheat varieties (Table 25).

The water absorption of different wheat varieties grown during two different

years have been represented in Table 26. The results indicated that water absorption

ranged from 58.67 to 62.89% and 59.37 to 63.13% between the crop years 2010-11 and

2011-12, respectively. The water absorption was recorded significantly the highest in

flour of wheat variety AARI-11 (62.89%) followed by FSD-08 (60.63%) and Lassani-08

(59.77%), during the crop year 2010-11. The water absorption was found significantly

the lowest (58.67%) in flour of wheat variety Aas-10, during the crop year 2010-11. The

wheat variety AARI-11 exhibited significantly the highest water absorption (63.13%)

followed by FSD-08 (61.73%) and Sehar-06 (61.03%), when grown during the crop year

2011-12. The lowest water absorption (59.37%) was yielded by the wheat variety Aas-10

produced during the crop year 2011-12. The wheat varieties Shafaq-06, Sehar-06 and

Lassani-08 were found statistically at par with respect to water absorption.
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Table 25: Mean squares for water absorption (WA) (Farinograph)

Mean Squares
S.O.V df

Water absorption

Crop Years 1 10.9230*

Wheat Varieties 5 11.6119**

Crop Years × Wheat Varieties 5 0.8025 NS

Error 24 0.3919

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 26: Water absorption of straight grade flour of different wheat varieties

Water absorption %Variety

2010-11 2011-12 Mean

Shafaq-06 58.72 60.93 59.83c

Sehar-06 59.34 61.03 60.19c

Lassani-08 59.77 60.43 60.10c

FSD-08 60.63 61.73 61.18b

Aas-10 58.67 59.37 59.02d

AARI-11 62.89 63.13 63.13a

Mean 60.00b 61.11a

Means carrying same letters in a column are not significantly different from one another
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There is an increase in water absorption with an increase in protein content of

flour. However, other factors like starch damage during milling also affects the water

absorption capacity of the flour. Kent (1983) indicated that the flours from stronger wheat

possessed the ability to absorb and retain larger amount of water as compared to soft

wheat flour. The results of the farinographic studies derived in the present study are in

consistent with the earlier findings of Wahab (2004) who has reported that water

absorption of flours of different wheat varieties grown in Pakistan ranged from 54.9 to

63.7%. The flours of wheat varieties with higher protein content and damaged starch

contained higher water absorption while the flours with lower protein content had lower

water absorption capacity (Yamamoto et al., 1996). Pasha et al. (2011) reported that the

water absorption of wheat variety Inqulab-91 was 58.4%. The results are also closely

related to the findings of Safdar et al. (2012) who found variation in water absorption

from 54.96 to 58.15% among different wheat varieties. Koppel and Ingver (2010)

reported the variation in water absorption from 58.2 to 57.8% when grown during the

crop years 2008-09 and 2009-10, respectively. The differences in the water absorption of

tested wheat varieties in the present study are related to the variation in agro-climatic

conditions, genetic makeup and protein contents.

4.3.1.2 Dough development time

The statistical results with respect to dough development time of different spring

wheats given in Table 27 indicated that the dough development time varied significantly

between the crop years and the interaction between the crop years and wheat varieties.

However, highly significant differences were existed in dough development time due to

wheat varieties.

The results pertaining to dough development time presented in Table 28 revealed

variation in dough development time from 4.33 to 5.37min and 4.43 to 5.97min, when

wheat varieties were raised during the crop years 2010-11 and 2011-12, respectively. The

dough development time was yielded significantly the highest (5.37 min) by the flour of

wheat variety AARI-11 followed by Shafaq-06 (5.17 min) and Lassani-08 (4.87 min),

when grown during the crop year 2010-11. The dough development time was exhibited

significantly the lowest (4.33 min) by the wheat variety Aas-10, when produced during

the crop year 2010-11. The dough development time (5.97 min) was found significantly
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the maximum in flour of wheat variety Lassani-08 followed by FSD-08 (5.53min), during

the crop year 2011-12. The wheat variety AARI-11 and Shafaq-06 were found

statistically at par with respect to dough development time. The wheat variety Aas-10

yielded significantly the lowest dough development time (4.43min), when raised during

the crop year 2011-12. The wheat varieties Shafaq-06, Lassani-08 and AARI-11

possessed statistically similar dough development time.

The results pertaining to dough development time in the present study are

supported by the earlier findings of Wahab (2004) who found that the dough

development time in flour of different wheat varieties ranged from 2.8 to 8.6 min. Safdar

et al. (2012) also reported variation in dough development time from 2.35 to 4.06

minutes. The variation in dough development time is influenced by protein content and

quality of the flour.

4.3.1.3 Dough stability

The statistical results presented in Table 27 for dough stability time in straight

grade flour of different spring wheat varieties indicated that the dough stability time

differed significantly among wheat varieties and crop years. However, the interaction

between the crop years and wheat varieties did not significantly affected dough stability.

The results in Table 28 indicated that the dough stability varied from 4.77 to 6.53

minutes and 4.80 to 6.67 minutes, when grown during the crop years 2010-11 and 2011-

12, respectively. The flour of wheat variety AARI-11 possessed significantly the highest

dough stability time (6.53 min) followed by FSD-08 (6.10 min) and Shafaq-06 (5.83

min), when produced during the crop year 2010-11. The dough stability time was found

significantly the lowest (4.77 min) in flour of wheat variety Aas-10, when grown during

the crop year 2010-11. The dough stability time was found significantly the highest (6.67

min) in flour of wheat variety AARI-11 followed by FSD-08 (6.30 min) and Shafaq-06

(5.93 min), when raised during the crop year 2011-12. The lowest dough stability time

(4.80 min) was recorded in flour of the wheat variety Aas-10.
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Table 27: Mean squares for dough development time (DDT) and dough stability

(DS) (Farinograph)

Mean Squares
S.O.V df

DDT DS

Crop Years 1 2.40250* 0.06250*

Wheat Varieties 5 0.92517* 2.25828**

Crop Years × Wheat Varieties 5 0.35050* 0.00850 NS

Error 24 0.04278 0.03889

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 28: Dough development time and dough stability of straight grade flour of
different wheat varieties

DDT (min) DS (min)Variety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 5.17cd 5.40bc 5.29a 5.83 5.93 5.88c

Sehar-06 4.63ef 5.17cd 4.90b 5.67 5.70 5.68cd

Lassani-08 4.87de 5.97a 5.42a 5.63 5.63 5.63d

FSD-08 4.43f 5.53b 4.98b 6.10 6.30 6.20b

Aas-10 4.33f 4.43f 4.38c 4.77 4.80 4.79e

AARI-11 5.37bc 5.40bc 5.39a 6.53 6.67 6.60a

Mean 4.80b 5.32a 5.76b 5.84a

Means carrying same letters in a column are significantly identical

DDT: Dough Development Time

DS: Dough Stability
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The results in the present study indicated that the dough stability time is

dependent on protein content and gluten quality. The results regarding dough stability

time derived from farinographic studies are in line with the earlier findings of Wahab

(2004) who found variation from 6.98 to 19 min in the dough stability time in flour of

different wheat varieties. The results also falls within the ranges reported by Safdar et al.

(2012) who concluded that dough stability time of flours of different wheat varieties

varied from 5.01 min to 8.91 min. The results of the present investigation are also in

close conformity with the findings of Mahmood (2004) who found dough stability ranges

from 2.500 to 16.00 minutes and 1.500 to 19.00 minutes among different wheat varieties

grown during the two different crop years, 1996-97 and 1997-1998, respectively. Koppel

and Ingver (2010) determined the dough stability time during the different cropping years

and reported variation from 4.2 to 5.9 minutes, when raised during the crop years 2008-

09 and 2009-10, respectively.

4.3.1.4 Mixing tolerance index

The statistical results pertaining to mixing tolerance index of different wheat

varieties given in Table 29 revealed that the mixing tolerance index was significantly

affected by the wheat varieties and crop years. The mixing tolerance index was not

significantly affected by the interaction between crop years and wheat varieties.

The mixing tolerance index ranged from 57.00 to 69.67FU and 59.33 to 77.67FU

between the crop years 2010-11 and 2011-12, respectively (Table 30). The flour of wheat

variety AARI-11 exhibited significantly the highest mixing tolerance index (69.67 FU)

followed by Lassani-08 (67.67 FU) and Shafaq-06 (65.33 FU) during the crop year 2010-

11. The flour of wheat variety FSD-08 yielded significantly the lowest mixing tolerance

index (57 FU). The mixing tolerance index was found significantly the highest (77.67

FU) in flour of the wheat variety AARI-11 followed by Lassani-08 (68.67 FU) and

Sehar-06 (66.00 FU), when grown during the cropping year 2011-12. The mixing

tolerance index was found significantly the lowest (58.17 FU) in flour of wheat variety

FSD-08. The flour of wheat variety Sehar-06 demonstrated statistically similar mixing

tolerance index to the flour of wheat varieties Lassani-08 and Sehar-06.

The results of present study fall within the higher ranges reported by Farooq et al.

(2001) who found mixing tolerance index of the flour of different wheat varieties ranging
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from 20-70 BU. Mueen-ud-Din (2009) also found mixing tolerance index varying from

21.00 to 64.00 BU in the straight grade flour of different wheat varieties. Safdar et al.

(2012) reported variation in mixing tolerance index from 39.67 BU to 106.67 BU. The

results of the present investigation are also in concordance with the findings of Mahmood

(2004) who found that variation in mixing tolerance index of different wheat varieties

between 20 to 140 BU and 10 to 100 BU when grown in two different crop years 1996-

97 and 1997-98, respectively.

4.3.1.5 Softening of dough

The statistical results presented in Table 29 showed that the dough softening

between crop years and wheat varieties differed significantly. However, the interaction of

crop years × wheat varieties differed non-significantly for this trait.

The results regarding softening of dough presented in Table 30 showed that it

ranged from 94.64 to 142.00FU and 96.67 to 153FU, when grown between the crop years

2010-11 and 2011-12, respectively. The softening of dough of flour produced during the

crop year 2010-11 was found significantly maximum in wheat variety Shafaq-06 (142

FU) followed by Lassani-08 (113.33 FU) and Aas-10 (107.00 FU). The flour of wheat

variety FSD-08 exhibited significantly the lowest softening of dough (94.67 FU), when

produced during the crop year 2010-11. The flour of wheat variety Shafaq-06 possessed

significantly the highest softening of dough (153.00 FU) followed by Lassani-08 (126.00

FU) and Sehar-06 (118 FU), when grown during the crop year 2011-12. The flour of

wheat variety FSD-08 got significantly the lowest value (96.67 FU). The softening of

dough of wheat variety Sehar-06 was found statistically similar with wheat varieties

Lassani-08 and AARI-11.

The results obtained in the present study are in agreement to the results reported

by Anjum (1991), who found significant variation in softening of dough among different

wheat varieties. The results are also closely related to the findings of Safdar et al. (2012),

who reported variation in softening of dough from 33.67 to 112.33 BU. The values of the

softening of the dough also differed for all the wheat varieties. The results are also

supported with the findings of Mahmood (2004) who reported ranges for softening of

dough from 25 to 165 BU and 15 to 160 BU among wheat varieties grown during two

different crop years 1996-97 and 1997-98, respectively.
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Table 29: Mean squares for mixing tolerance index (MTI) and softening of dough

(SOD) (Farinograph)

Mean Squares
S.O.V df

MTI SOD

Crop Years 1 44.444* 400.00*

Wheat Varieties 5 143.311** 1935.24**

Crop Years × Wheat Varieties 5 1.644NS 64.60 NS

Error 24 3.444 63.97

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 30: Mixing tolerance index and softening of dough of straight grade flour of
different wheat varieties

MTI (FU) SOD (FU)Variety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 65.33 67.67 66.50bc 142.00 153.00 147.50a

Sehar-06 63.67 66.00 64.83c 106.33 118.00 112.17bc

Lassani-08 67.67 68.67 68.17b 113.33 126.00 119.67b

FSD-08 57.00 59.33 58.17e 94.67 96.67 95.67d

Aas-10 60.33 61.67 61.00d 107.00 103.00 105.00cd

AARI-11 69.67 77.67 71.67a 104.33 111.00 107.67c

Mean 63.94b 66.17a 111.28b 117.95a

Means carrying same letters in a column are significantly identical



91

4.3.2 Mixographic studies

The results regarding dough properties such as mixing time and peak height were

derived from mixogram and the results are discussed here in after.

4.3.2.1 Mixing time

It is obvious from the statistical results regarding mixographic mixing time that

the interaction of crop years with wheat varieties was found to be non-significant for

mixing time. However, the mixing time varied significantly among different wheat

varieties and crop years.

The mixing time of flours of different wheat varieties have been shown in Table

32. The results indicated that mixing time ranged from 4.56 to 5.09min and 4.58 to 5.45

min during the crop years 2010-11 and 2011-12, respectively. The mixing time was

yielded significantly the highest by the flour of wheat variety AARI-11 (5.09 min)

followed by Shafaq-06 (5.08 min) and Lassani-08 (5.04 min), when grown during the

crop year 2010-11. The flour of wheat variety Sehar-06 exhibited significantly the lowest

mixing time (4.56 min), during the crop year 2010-11. The mixing time of flour produced

during the crop year 2011-12 was recorded significantly the highest (5.45 min) of wheat

variety AARI-11 followed by Shafaq-06 (5.11 min) and Lassani-08 (5.03 min). The flour

of wheat variety Sehar-06 gave significantly the lowest mixing time (4.58 min), during

the crop year 2011-12.

The mixing time of flour produced during the crop year 2011-12 was found

significantly higher as compared to the crop year 2010-11, which might be due to the

influence of agro-climatic conditions prevailed during the different crop years. Mixing

time is the time required for the curve to reach at its full development or maximum

consistency possessing the highest peak. The results are in consistent agreement with the

finding of Butt et al. (2001) who reported variation in mixing time from 3.6 to 5 minutes

among different wheat varieties. Haley et al. (2009) studied the peak time in different

wheat varieties varying from 2.80-5.10 min which supports to the results found in the

present study.

4.3.2.2 Peak Height

The statistical results pertaining to peak height of different spring wheat varieties

given in Table 31 showed that the peak height differed significantly among different
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wheat varieties and crop years. The interaction between the crop years and wheat

varieties was found to be non-significant for peak height.

The results for the peak height of different wheat varieties presented in Table 32

showed that it varied from 58.80 to 65.10BU and 60.33 to 69.67BU when grown during

the crop years 2010-11 and 2011-12, respectively. The flour of wheat variety AARI-11

exhibited significantly the highest peak height (65.10 BU) followed by Lassani-08

(65.00) and Aas-10 (62.43 BU), when raised during the crop year 2010-11. The flour of

wheat variety Shafaq-06 possessed significantly the lowest peak height (58.80 BU)

during crop year 2010-11. The highest peak height was found significantly the highest

(69.67 BU) in flour of wheat variety AARI-11 followed by Sehar-06 (65.07 BU) and

Lassani-08 (63.70 BU), when grown during the crop year 2011-12. The wheat variety

Shafaq-06 showed significantly the lowest peak height (62.00 BU), during the second

crop year.

The mixograph peak height exhibits the positive and usually linear relationship

with protein contents of wheat flour. Butt et al. (2001) reported variation in peak height

among different wheat varieties varying from 54 to 75% which is in agreement to the

results reported in the present study.

4.3.3 Amylographic study

The baking properties of flour depend on the starch gelatinization and enzyme

activity of the flour The amylograph is used to assess gelatinization temperature and peak

viscosity of the dough and is designed to measure the α- amylase activity of the dough. 

4.3.3.1 Gelatinization temperature

The results regarding analysis of variance for gelatinization temperature of

different spring wheat varieties presented in Table 33 indicated that the crop years and

wheat varieties showed significant effect on gelatinization temperature. The

gelatinization temperature did not differ significantly due to the interaction of crop years

and wheat varieties.

The results showed (Table 34) that the gelatinization temperature varied from

58.67 to 61.67°C and 60.33 to 63.33°C when grown during the crop years 2010-11 and

2011-12, respectively.
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Table 31: Mean squares for mixing time (MT) and peak height (PH) (Mixograph)

Mean Squares
S.O.V df

MT PH

Crop Years 1 0.21622* 34.8100*

Wheat Varieties 5 0.35161* 42.8540*

Crop Years × Wheat Varieties 5 0.03930NS 7.7407NS

Error 24 0.04467 10.4144

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 32: Mixing time and peak height of straight grade flour of different wheat
varieties

MT (min) PH (BU)
Variety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 5.08 5.11 5.10a 58.80 62.00 60.40c

Sehar-06 4.56 4.58 4.57c 61.23 65.07 63.15bc

Lassani-08 5.04 5.03 5.04ab 65.00 63.70 64.35ab

FSD-08 4.67 4.99 4.83b 60.03 60.33 60.18c

Aas-10 4.94 5.15 5.04ab 62.43 63.63 63.03bc

AARI-11 5.09 5.45 5.27a 65.10 69.67 67.38a

Mean 4.90b 5.05a 62.10b 64.07a

Means carrying same letters in a column are significantly identical

MT= Mixing Time

PH= Peak Height



94

The gelatinization temperature of the flour produced during the crop year 2010-11

was found significantly the highest (61.67 °C) in the wheat variety AARI-11 followed by

Shafaq-06 (61.67°C) and FSD-08 (61.17 °C). The lowest gelatinization temperature

(58.67 °C) was recorded in the wheat variety Sehar-06, during the same year. The flour of

wheat variety AARI-11 gave significantly the highest gelatinization temperature

(63.30°C) followed by Shafaq-06 (62.83 °C) and FSD-08 (62.06 °C), when grown during

the crop year 2011-12. The flour of wheat variety Sehar-06 gave significantly the lowest

gelatinization temperature (60.33°C).

The results of the present study are regarding gelatinization temperature is in

close agreement to the findings of Zeng et al. (2011) who reported similar variation from

60.58 to 61.48°C among different wheat varieties.

4.3.3.2 Peak viscosity

The statistical results for peak viscosity of flours of different spring wheats given

in Table 33 showed that the peak viscosity of flour was significantly affected by the

wheat varieties and crop years. However, the interaction between crop years and wheat

varieties was found to be non-significantly different for peak viscosity of flours.

The results for the peak viscosity given in Table 34 showed that it ranged from

1181.33 to 1481.33BU and 1231.67 to 1535.00BU when grown during the crop years

2010-11 and 2011-12, respectively. The peak viscosity was found significantly the

highest in flour of wheat verity AARI-11 (1481.33 BU) followed by Lassani-08 (1405.00

BU) and FSD-08 (1331.67 BU) while the lowest peak viscosity (1181.33 BU) was

recorded in flour of wheat variety Aas-10, when produced during the crop year 2010-11.

The peak viscosity was exhibited significantly the highest (1535.00 BU) by flour of

wheat variety AARI-11 followed by Lassani-08 (1411.33 BU) and Sehar-06 (1351.67

BU), when raised during the crop year 2011-12. The flour of wheat variety Aas-10

showed significantly the lowest peak viscosity (1231.67 BU), during the same year. In

the present study, differences in the peaks of the flours of different wheat varieties were

due to differences in the amylase activity. The results of the present study fall within the

ranges reported by Duric et al. (2008) who concluded that peak viscosity varied from 160

BU to 2275 BU among the tested wheat varieties.
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Table 33: Mean squares for gelatinization temperature (GT) and peak viscosity

(PV) (Amylograph)

Mean Squares
S.O.V df

GT PV

Crop Years 1 19.024* 49136.1*

Wheat Varieties 5 7.3401* 61249.4*

Crop Years × Wheat Varieties 5 0.5911NS 2634.4 NS

Error 24 1.9589 1738.9

Total 35

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 34: Gelatinization temperature (GT) and peak viscosity (PV) of straight

grade flour of different wheat varieties

GT (oC) PV (BU)Variety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 61.67 62.83 62.25ab 1409.33 1433.33 1421.20b

Sehar-06 58.67 60.33 59.50c 1310.00 1351.67 1330.81c

Lassani-08 60.50 61.33 60.92abc 1405.00 1411.33 1408.50b

FSD-08 61.17 62.06 61.61ab 1331.67 1345.00 1338.34c

Aas-10 59.50 62.00 60.75bc 1181.33 1231.67 1206.30d

AARI-11 61.67 63.33 62.50a 1481.33 1535.00 1508.67a

Mean 60.53b 61.98a 1352.9b 1384.6a

Means carrying same letters in a column are significantly identical

GT= Gelatinization Temperature

PV=Peak Viscosity
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4.4 Sensory characteristics of wheat products

The sensory analysis is a scientific discipline that applies principles

of experimental design and statistical analysis to the use of human senses for the purposes

of evaluating consumer products. The discipline requires panels of human assessors, on

whom the products are tested, and recording the responses made by them. By applying

statistical techniques to the results it is possible to make inferences and insights about the

products under test.

4.4.1 Sensory characteristics of breads

The bread prepared from the straight grade flour of different wheat varieties were

presented to a panel of five judges and were evaluated for different sensory parameters.

The results for sensory characteristics of breads are discussed as under.

4.4.1.1 Loaf volume

The statistical results given in Table 35 showed that the scores assigned to loaf

volume of breads were significantly affected by the crop years and wheat varieties while

the scores were affected non-significantly by their interaction.

The scores assigned to loaf volume of breads presented in Table 36 indicated

variations from 6.4 to 8.2 scores and 6.8 to 8.6 scores , when wheat varieties were grown

during the crop years 2010-11 and 2011-12, respectively. The scores given to the loaf

volume were significantly the highest (8.2) when the breads were prepared from the

straight grade flour of the wheat variety AARI-11 followed by Lassani-08 (7.2) and FSD-

08 (7.1). However, significantly the lowest scores (6.4) for loaf volume was attained by

the breads prepared from the flour of wheat variety Sehar-06, during the crop year 2010-

11. The loaf volume of breads from wheat variety AARI-11 got significantly the highest

scores (8.6) followed by the breads prepared from the flour of wheat varieties Lassani-08

(7.6) and FSD-08 (7.5), when crop was raised during the year 2011-12. The loaf volume

of the breads from the flour of wheat variety Aas-10 got significantly the lowest scores

(6.8) by the judges.
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Table 35: Mean squares for loaf volume and crust color scores of breads prepared

from different wheat varieties

Mean Squares
S.O.V df

Loaf volume Crust color

Crop Years 1 2.60417* 0.33750 NS

Wheat Varieties 5 4.48750* 1.68750*

Crop Years × Wheat Varieties 5 0.03417NS 0.72750 NS

Error 48 0.58333 0.65417

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 36: Loaf volume and crust color scores of breads prepared from different

wheat varieties

Loaf volume Crust colorVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 6.7 7 6.85bc 6.2 6.4 6.30ab

Sehar-06 6.4 6.9 6.65c 6.3 5.6 5.95b

Lassani-08 7.2 7.6 7.40b 5.6 6.1 5.85b

FSD-08 7.1 7.5 7.30b 5.8 6.4 5.80b

Aas-10 6.5 6.8 6.65c 5.4 6.0 5.40b

AARI-11 8.2 8.6 8.40a 7.0 6.7 7.00a

Mean 7.02b 7.40a 6.05 6.20

Means carrying same letters in column are significantly identical
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The loaf volume or loaf specific volume of bread has linear relationship with

protein contents and quality of the flour. The variation in loaf volume found in the

present study might be attributable to differences in protein contents and quality of

different wheat varieties. The loaf volume increases with increasing flour protein contents

but cultivars differ in the response of loaf volume to increase protein contents.

4.4.1.2 Crust color

The statistical results pertaining to scores assigned to the crust color of breads

prepared from different spring wheat varieties are presented in Table 35 which revealed

that the crop years and its interaction with wheat varieties did not significantly affected

the crust color scores. However, the wheat varieties showed significant variations for

scores given to crust color of breads.

The sensory scores for crust color of breads have been shown in Table 36. The

scores assigned to crust color of breads varied from 5.40 to 7.00 scores, when the results

of two years were combined. The scores to crust color were assigned significantly the

highest (7.00) by the judges to the breads prepared from the flour of wheat variety AARI-

11 followed by Shafq-06 (6.30), Sehar-06 (5.95), Lassani-08 (5.85) and FSD-08 (5.80).

The lowest scores (5.40) for crust colors were assigned to the breads prepared from the

flour of wheat variety Aas-10.

4.4.1.3 Bread symmetry

The mean squares for scores assigned to the breads prepared from the straight

grade flour of different wheat varieties have been shown in Table 37. The statistical result

revealed that the scores given to the bread symmetry varied significantly due to the

differences in crop years and wheat varieties but differed non-significantly due to the

interaction of crop year × wheat varieties.

The scores for bread symmetry have been demonstrated in Table 38 which

indicated that the bread symmetry scores varied from 1.8 to 2.3 scores and 2.05 to 2.7

scores, when wheat grown during the crop years 2010-11 and 2011-12, respectively. The

bread symmetry scores were observed significantly the highest (2.3) for the breads

prepared from the flour of wheat variety AARI-11 followed by FSD-08 (2.1) and Shafaq-

06 (2.1), during the crop year 2010-11. Significantly, the lowest scores (1.8) were given

to bread symmetry of the breads prepared from the flour of wheat variety Sehar-06,
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during the crop year 2010-11. The bread symmetry scores were given significantly the

highest (2.7) to the breads prepared from the flour of the wheat variety AARI-11

followed by Lassani-08 (2.4) and FSD-08 (2.3), during the crop year 2011-12. The breads

prepared from the flour of the wheat variety Sehar-06 got significantly the lowest scores

for symmetry when grown during the crop year 2011-12.

4.4.1.4 Evenness of bake

The analysis of variance for scores given to evenness of bake of bread prepared

from different spring wheat varieties presented in Table 37 showed that the crop years

and wheat varieties differed significantly with respect to scores assigned to evenness of

bake by the judges. The scores given to evenness of bake of breads differed non-

significantly due to the interaction of crop years × wheat varieties.

The scores assigned to the evenness of bake of breads have been given in Table 38. The

results revealed that the scores for the evenness of bake of bread varied from 1.8 to 2.45

scores and 2.05 to 2.6 scores, when the wheat varieties were grown during the crop years

2010-11 and 2011-12, respectively. The scores to the evenness of bake of breads were

assigned significantly the highest (2.45) to the breads of the wheat variety AARI-11

followed by FSD-08 (2.1) and Shafaq-06 (2.1), when the crop was raised during the crop

year 2010-11. The evenness of bake got significantly the lowest scores (1.8) when breads

were prepared from flour of wheat variety Aas-10. Similarly, during the crop year 2011-

12, the scores assigned to the evenness of bake of breads were significantly the highest

(2.6) for the wheat variety AARI-11 followed by FSD-08 (2.4) and Lassani-08 (2.25),

However, significantly the lowest scores (2.05) were attained by the breads prepared

from flour of the wheat variety Sehar-06 during the crop year 2011-12.
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Table 37: Mean squares for bread symmetry and evenness of bake scores of breads

prepared from different wheat varieties

Mean Squares
S.O.V df

Bread symmetry Evenness of bake

Crop Years 1 1.06667* 0.75938*

Wheat Varieties 5 0.37417* 0.40354*

Crop Years × Wheat Varieties 5 0.01917 NS 0.03188 NS

Error 48 0.07448 0.10677

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 4.38: Bread symmetry and evenness of bake scores of breads prepared from
different wheat varieties

Bread symmetry Evenness of bakeVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 2.1 2.3 2.20b 2.1 2.2 2.15b

Sehar-06 1.8 2.05 1.93c 1.9 2.05 1.98b

Lassani-08 2.05 2.4 2.23b 2.0 2.25 2.13b

FSD-08 2.1 2.3 2.20b 2.1 2.4 2.25ab

Aas-10 1.95 2.15 2.05bc 1.8 2.2 2.00b

AARI-11 2.3 2.7 2.50a 2.45 2.6 2.53a

Mean 2.05b 2.32a 2.06b 2.28a

Means carrying same letters in a column are significantly identical
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4.4.1.5 Character of crust

The statistical results (Table 39) showed that the character of crust scores for the

breads prepared from different spring wheat varieties varied significantly due to the

differences in crop years and wheat varieties but not by the interaction of crop years ×

wheat varieties.

The results regarding scores assigned by the judges to the character of crust of

breads have been presented in Table 40. The scores given to the character of crust of

breads ranged from 2 to 2.35 scores and 2.05 to 2.8 scores when wheat varieties were

grown during the crop years 2010-11 and 2011-12, respectively. The character of crust

got significantly the highest (2.35) scores by the breads prepared from the flour of wheat

variety AARI-11 followed by FSD-08 (2.25) and Lassani-08, Aas-10 (2.1) when grown

during the crop year 2010-11. The breads prepared from the flour of wheat variety Sehar-

06 got significantly the lowest scores (2.00) for character of crust. Similarly, during the

crop year 2011-12, the scores were given significantly the highest to the character of

crust of breads prepared from the flour of wheat variety AARI-11 followed by FSD-08

(2.7) and Lassani-08 (2.45). However, the lowest scores (2.05) were given to the breads

prepared from the flour of the wheat variety Sehar-06, during the crop year 2011-12.

4.4.1.6 Break and shred

The statistical results pertaining to break and shred scores of breads prepared from

different spring wheat varieties are presented in Table 41. The results revealed that the

crop years and wheat varieties significantly affected the scores assigned to the break and

shred. The scores due to interaction of crop year × wheat varieties did not differed

significantly for the break and shred of the breads prepared from different wheat

varieties.

The sensory scores given by the judges to the break and shred of breads have been

presented in Table 42. The scores for the break and shred of breads ranged from 2.0 to

2.5 scores and 2.1 to 2.8 scores, when wheat varieties were grown during the crop years

2010-11 and 2011-12, respectively. During the crop year 2010-11, the break and shred

got significantly the highest scores (2.5) to the breads prepared from the flour of the

wheat variety AARI-11 followed by FSD-08 and Lassani-08 (2.25). The lowest scores

(2.00) were given to the breads prepared from the flour of the wheat variety Sehar-06.
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Table 39: Mean squares for character of crust and break and shred of breads scores

prepared from different wheat varieties

Mean Squares
S.O.V df

Character of crust Break and shred

Crop Years 1 0.93750* 0.60000*

Wheat Varieties 5 0.41417* 0.50500**

Crop Years × Wheat Varieties 5 0.08750 NS 0.02500 NS

Error 48 0.09531 0.09063

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 40: Character of crust and break and shred scores of breads prepared from

different wheat varieties

Character of crust Break and shredVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 2.2 2.3 2.25bc 2.2 2.35 2.26bcd

Sehar-06 2.0 2.05 2.03c 2.0 2.15 2.08cd

Lassani-08 2.1 2.45 2.28bc 2.25 2.4 2.33bc

FSD-08 2.25 2.7 2.48ab 2.25 2.6 2.43ab

Aas-10 2.1 2.2 2.15c 2.0 2.1 2.05d

AARI-11 2.35 2.8 2.58a 2.5 2.8 2.65a

Mean 2.17b 2.42a 2.20b 2.40a

Means carrying same letters in a column are significantly identical
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However, during the crop year 2011-12, the breads from wheat variety AARI-11

got significantly the highest scores (2.8) for break and shred followed by FSD-08 (2.6)

and Lassani-08 (2.4). The judges assigned significantly the lowest scores (2.1) to the

breads prepared from the flour of the wheat variety Aas-10, during the crop year 2011-12.

4.4.1.7 Grain

The analysis of variance for scores assigned to the grain of breads prepared from

different wheat varieties presented in Table 41 showed that the crop years and wheat

varieties differed significantly with respect to grain scores. The interaction of crop years

× wheat varieties differed non-significantly for this sensory parameter.

It is obvious from the results given in Table 42 that the scores assigned to the

grain of breads prepared from flours of different wheat varieties varied significantly from

6 to 7.5 scores and 6.6 to 8.4 scores, when wheat varieties were grown during the crop

years 2010-11 and 2011-12, respectively. The scores were attained significantly the

highest (7.5) by the breads prepared from the flour of wheat variety AARI-11 followed

by FSD-08 (7.2) and Lassani-08 (6.7). The scores (6.00) were assigned significantly

lowest to the breads prepared from the flour of wheat variety Sehar-06, when produced

during the crop year 2010-11. The breads prepared from the flour of wheat variety

AARI-11 got significantly the highest scores (8.4) followed by FSD-08 (7.7) and

Lassani-08 (7.3) when produced during the crop year 2011-12. The wheat variety Sehar-

06 got significantly the lowest scores (6.6) for the grain of breads produced during the

crop year 2011-12.

4.4.1.8 Crumb color

The crumb color scores assigned to breads differed significantly among different

wheat varieties but the scores differed non-significantly between the cropping years and

the interaction of crop year × wheat varieties (Table 41).

The results presented in Table 42 revealed that the scores given to the crumb color

of the breads ranged from 6 to 7.45 scores, when the two crop years were pooled. The

scores were assigned significantly the highest to the crumb color of breads prepared from

the flour of the wheat variety AARI-11 (7.45) followed by FSD-08 (7.00), Sehar-06

(6.90), Lassani-08 (6.85) and Shafaq-06 (6.60).
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Table 41: Mean squares for grain and crumb color of breads scores prepared from

different wheat varieties

Mean Squares
S.O.V df

Grain Crumb color

Crop Years 1 5.40000* 0.26667 NS

Wheat Varieties 5 3.43667** 2.31000*

Crop Years × Wheat Varieties 5 0.07000 NS 0.31667 NS

Error 48 0.31250 0.65000

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 42: Grain and crumb color scores of breads prepared from different wheat
varieties

Grain Crumb colorVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 6.6 7.0 6.80cd 6.4 6.8 6.60bc

Sehar-06 6.0 6.6 6.30d 6.8 7.0 6.90ab

Lassani-08 6.7 7.3 7.00bc 6.6 7.1 6.85ab

FSD-08 7.2 7.7 7.45ab 7.1 6.9 7.00ab

Aas-10 6.4 7.0 6.70cd 6.2 5.8 6.00c

AARI-11 7.5 8.4 7.95a 7.3 7.6 7.45a

Mean 6.73b 7.33a 6.73 6.87

Means carrying same letters are significantly identical
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The scores were given significantly the lowest (6.00) to the breads prepared from

the flour of wheat variety Aas-10, when results of two crop years were combined.

4.4.1.9 Aroma

The analysis of variance results regarding scores assigned to aroma of breads

prepared from different wheat varieties are given in Table 43 which indicated a

significant effect of wheat varieties on the aroma scores assigned to the breads. The crop

years and the interaction of crop years × wheat varieties did not significantly affect the

scores given to aroma of different breads.

It is evident from the results given in Table 44 that the scores given to the aroma

of breads ranged from 6.60 to 7.50 scores, when the data of two crop years were

combined. The scores for aroma were assigned significantly the highest (7.50) to the

breads prepared from the flour of wheat variety AARI-11 followed by FSD-08 and

Shafaq-06 (7.25), Sehar-06 (6.85) and Aas-10 (6.75). The lowest scores (6.60) were got

by the breads prepared from the flour of wheat variety Lassani-08, when data of two crop

years were pooled.

4.4.1.10 Mastication

The statistical results pertaining to the scores assigned to the mastication of breads

prepared from different wheat varieties have been presented in Table 43. The results

indicated that the scores assigned to mastication of breads were affected significantly by

the crop years and wheat varieties. The scores were affected not-significantly by the

interaction of crop years and wheat varieties.

The scores assigned to mastication of breads prepared from straight grade flour of

different spring wheat varieties ranged from 6.6 to 7.9 scores and 6.8 to 8.6 scores, when

grown during the crop years 2010-11 and 2011-12, respectively (Table 44). The scores

for the mastication of breads were given significantly the highest (7.9) to the breads

prepared from the flour of wheat variety AARI-11 followed by FSD-08 (7.2) and Shafaq-

06 (7.0), when wheat grown during the crop year 2010-11. The breads from wheat

variety Sehar-06 got significantly the lowest scores (6.6) for mastication.



106

Table 43: Mean squares for aroma and mastication scores of breads prepared from

different wheat varieties

Mean Squares
S.O.V df

Aroma Mastication

Crop Years 1 0.26667 NS 3.26667*

Wheat Varieties 5 1.22667* 3.28667**

Crop Years × Wheat Varieties 5 0.14667 NS 0.19667 NS

Error 48 0.39167 0.23958

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 44: Aroma and mastication scores of breads prepared from different wheat
varieties

Aroma MasticationVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 7.2 7.3 7.25ab 7.0 7.4 7.20c

Sehar-06 6.7 7.0 6.85bc 6.6 6.8 6.70d

Lassani-08 6.4 6.8 6.60c 6.8 7.2 7.00cd

FSD-08 7.3 7.2 7.25ab 7.2 8.1 7.65b

Aas-10 6.6 6.9 6.75bc 6.8 7.0 6.90cd

AARI-11 7.6 7.4 7.50a 7.9 8.6 8.25a

Mean 6.97 7.10 7.05b 7.52a

Means carrying same letters are significantly identical
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The breads from flour of the wheat variety AARI-11 got significantly the highest

scores (8.6) for the mastication of bread followed by FSD-08 (8.1) and Shafaq-06 (7.4),

when crop was raised during the year 2011-12. The wheat variety Aas-10 was ranked at

the bottom by the judges as it got the lowest scores (7.0) for the mastication of breads.

4.4.1.11 Taste

The results given in Table 45 pertaining to scores assigned to taste of breads

prepared from different spring wheat varieties revealed that significant differences

existed among breads from different wheat varieties on the basis of assigned scores. The

crop years and the interaction of crop years × wheat varieties showed non-significant

effect on this sensory trait.

The scores assigned to taste of breads have been shown in the Table 46. The

results substantiated that the scores given to the taste of different breads ranged from

10.05 to 12.40 scores, when the results of two crop years were pooled for this trait. The

scores given to the taste were ranked significantly the highest (12.40) to the breads

prepared from the flour of wheat variety AARI-11 followed by FSD-08 (11.20), Lassani-

08 (10.70), Aas-10 (10.65) and Shafaq-06 (10.50). The breads prepared from the wheat

variety Sehar-06 obtained significantly the lowest scores (10.05) for the taste by the

judges.

4.4.1.12 Texture

The scores assigned to the texture of breads prepared from the flour of different

wheat varieties were significantly affected as function of crop years and varietal

differences (Table 45). However, the interaction of crop years × wheat varieties showed

non-significant differences on this sensory parameter.

The scores given in Table 46 showed that the scores assigned by judges to the

texture of breads prepared form different wheat varieties varied from 10.0 to 12.6 scores

and 10.3 to 13.4 scores, between the crop years 2010-11 and 2011-12, respectively. The

breads prepared from the flour of wheat variety AARI-11 got significantly the highest

scores (12.6) for texture followed by FSD-08 (11) and Aas-10 (10.9), during the crop

year 2010-11. The texture scores of the breads prepared from the flour of wheat variety

Sehar-06 were ranked significantly at bottom.
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Table 45: Mean squares for taste and texture scores of breads prepared from

different wheat varieties

Mean Squares
S.O.V df

Taste Texture

Crop Years 1 1.35000 NS 3.03750*

Wheat Varieties 5 6.64667** 9.77417**

Crop Years × Wheat Varieties 5 0.02000 NS 0.08750 NS

Error 48 0.52917 0.57083

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 46: Taste and texture scores of breads prepared from different wheat

varieties

Taste TextureVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 10.4 10.6 10.50c 10.3 10.7 10.5cd

Sehar-06 9.9 10.2 10.05d 10.0 10.3 10.15d

Lassani-08 10.6 10.8 10.70cd 10.8 11.2 11.00bc

FSD-08 11.0 11.4 11.20b 11.0 11.5 11.25b

Aas-10 10.5 10.8 10.65cd 10.9 11.2 11.05bc

AARI-11 12.2 12.6 12.40a 12.6 13.4 13.00a

Mean 10.77 11.07 10.93b 11.38a

Means carrying same letters in column are significantly identical
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However, significantly the highest scores (13.4) were assigned to the breads

prepared from the flour of the wheat variety AARI-11 followed by FSD-08 (11.5) and

Aas-10 (11.2), when wheats were grown during the crop year 2011-12. The breads of

wheat variety Sehar-06 got significantly the lowest scores (10.3) for the texture.

4.4.1.13 Total score

The statistical results regarding total scores obtained by breads prepared from

straight grade flour of different wheat varieties are presented in Table 47 which showed

that total scores differed significantly due to the differences in crop years and wheat

varieties. The total scores of breads prepared from flours of different spring wheat

varieties differed non-significantly due to the interaction of crop years and wheat

varieties.

The results for the total scores of breads prepared from flours of different spring

wheat varieties have been depicted in Table 48. It is evident from the results that the total

scores of breads ranged between 66.4 to 79.6 scores and 68.7 to 84.4 scores, when wheat

varieties were grown during the crop years 2010-11 and 2011-12, respectively.

Significantly, the highest total scores were obtained by the breads prepared from the flour

of wheat variety AARI-11 (79.6) followed by FSD-08 (73) and Shafaq-06 (69.4), during

the crop year 2010-11. The lowest total scores (66.4) were acquired by the breads

prepared from wheat variety Sehar-06. Likewise, during the crop year 2011-12,

significantly the highest total scores (84.5) were recorded for the breads prepared from

the flour of wheat variety AARI-11 followed by FSD-08 (76.3) and Lassani-08 (73.6).

Significantly, the lowest total scores (68.7) were assigned to the breads prepared from the

flour of wheat variety Sehar-06, when raised during the crop year 2011-12.

Discussion

The bread is an ideal product that can serve as a functional food since it is an

important component of daily part of a large segment of population through out the

world. The bread consumption cannot be replaced by any other single food product. It is

consumed in various forms in many countries (Faridi et al., 1982). The quality of breads

based on sensoric attributes is described by appearance, aroma, texture and flavor

(Meilgard et al., 2007).
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Table 47: Mean squares for total scores of breads prepared from different wheat

varieties

Mean Squares
S.O.V df

Total score

Crop Years 1 189.926*

Wheat Varieties 5 279.921**

Crop Years × Wheat Varieties 5 3.956 NS

Error 48 7.038

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 48: Total scores of breads prepared from different wheat varieties

Total score
Variety

2010-11 2011-12 Mean

Shafaq-06 69.4 72.4 70.88cd

Sehar-06 66.4 68.7 67.55e

Lassani-08 69.1 73.6 71.35c

FSD-08 73.0 76.3 74.65b

Aas-10 67.8 69.6 68.65de

AARI-11 79.6 84.5 82.05a

Mean 70.88b 74.17a

Means carrying same letters in a column are significantly identical
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Pomeranz (1990) has emphasized important role of protein quantity and quality

on baking performance of wheat flour. The present study showed that all the sensory

parameters assessed by the judges were significantly differed among different wheat

varieties. The differences in the scores assigned to different attributes among different

wheat varieties may be ascribed to the differences in the chemical composition of wheat

varieties especially the crude protein, wet and dry gluten content as has been observed in

the previous sections. The differences in scores assigned to various characters of breads

prepared from different varieties in the present study are also supported by the earlier

findings. Butt (1997) reported that bread sensory parameters are significantly affected by

wheat due to the variation in their genetic makeup. This difference might be due to the

differences in chemical constituents such as protein and sugar content of wheat varieties

etc. The present results also revealed wide variation in total scores of breads prepared

from different wheat varieties which provide opportunity to select wheat variety for good

bread purposes. The cropping years did not exert any significant effect on sensory scores

of taste, color and aroma of breads, however remaining sensory attributes were

significantly affected by the crop years. It was also reported that baking quality depends

upon protein quality, damaged starch and alpha amylase activity for different wheat

varieties. The results in the present studies are also supported by the findings of Zahoor

(2003), who found significant variations in bread sensory parameters among different

wheat varieties. Therefore, the differences in bread sensory parameters may be due to

differences in genetic make-up and variation agro-climatic conditions prevailed during

two crop years. Several researchers such as Preston et al. 1992 and Graybosch et al.

(1993) also reported that differences in chemical composition such as protein and sugar

contents of wheat varieties significantly affect the sensory attributes of breads.

The present studies suggest that existence of wide variation among wheat

varieties with respect to their bread baking properties. It may be inferred from the results

that wheat variety AARI-11 is superior in bread quality and is more suitable for bakers

and consumers. The wheat varieties Sehar-06 and AAS-10 are inferior in bread making

quality and can be used for other purposes such as cookies and cakes. The information

from this study provides guidelines for different stake-holders to use best quality wheat

varieties for intended use and the wheat breeders can use best bread quality wheats in
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their breeding program to develop new varieties with improved bread quality. In bread

purposes this information is useful to exploit the potential of good bread quality wheats in

future breeding programs.

4.4.2 Sensory evaluation of chapattis

Chapatti is a staple diet for the people of Indo-Pak subcontinent. The food product

must give pleasure and satisfaction to the consumers if it is to be a part of their eating

habits. The sensory parameters are used to assess liking or disliking of the chapattis. The

consumers prefer chapattis with light brown and creamy color possessing soft enough

texture to fold it for making the desired scoop. The chapattis prepared from the whole

wheat flour of different wheat varieties were evaluated by a panel of judges for different

sensory parameters like color, flavor, texture, feel to touch, foldability and breakability.

The results for sensory characteristics of chapattis are presented as given below.

4.4.2.1 Color of chapattis

The statistical results regarding scores assigned to color of chapattis prepared

from whole wheat flour of different spring wheat varieties presented in Table 49 revealed

that there was a significant effect of wheat varieties on scores assigned to color of

chapattis. The results showed a non-significant effect of crop years and interaction of

crop year × wheat varieties on the scores given to the color of chapattis.

The scores assigned to color of chapattis have been presented in Table 50 which

showed that the scores assigned to color of chapattis ranged from 6.3 to 7.8 scores, when

overall means of two crop years were considered. The color of chapattis prepared from

flour of wheat variety AARI-11 got significantly the highest scores (7.8) followed by

Shafaq-06 (7.2), FSD-08, Aas-10 (7.0) and Lassani-08 (6.8). The chapattis from wheat

variety Sehar-06 got significantly the lowest scores (6.3) for color, when results of two

crop years were combined.

4.4.2.2 Flavor of chapattis

The statistical results pertaining to scores for flavor obtained by chapattis

prepared from different wheat varieties indicated that wheat varieties exhibited

significant effect on scores assigned to flavor of chapattis (Table 49).
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Table 49: Mean squares for color and flavor scores of chapattis prepared from

different wheat varieties

Mean Squares
S.O.V df

Color Flavor

Crop Years 1 1.83750NS 0.60000 NS

Wheat Varieties 5 2.45417* 2.89667**

Crop Years × Wheat Varieties 5 0.00750 NS 0.01000 NS

Error 48 0.47083 0.30417

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 50: Color and flavor scores of chapattis prepared from different wheat

varieties

Color FlavorVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 7.0 7.4 7.2ab 6.7 7.0 6.9bc

Sehar-06 6.1 6.4 6.3c 6.2 6.4 6.3d

Lassani-08 6.6 6.9 6.8bc 7.2 7.3 7.3b

FSD-08 6.8 7.2 7.0b 6.8 7.0 6.9bc

Aas-10 6.8 7.2 7.0b 6.4 6.6 6.5cd

AARI-11 7.6 7.9 7.8a 7.7 7.9 7.8a

Mean 6.82 7.17 6.83 7.03

Means carrying same letters in a column are significantly identical
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The scores assigned to the flavor of chapattis were not significantly affected due to the

differences in crop years and their interaction with wheat varieties.

The scores assigned to the flavor of chapattis given in Table 50 showed that it

varied from 6.3 to 7.8 scores, when the results of two crop years were pooled. The scores

for flavor were obtained significantly the highest (7.8) by the chapattis prepared from

whole wheat flour of the wheat variety AARI-11 followed by Lassani-08 (7.3), Shafaq-

06, FSD-08 (6.9) and Aas-10 (6.5). The judges assigned significantly the lowest scores

(6.3) to the chapattis prepared form the wheat variety Sehar-06, when results of two crop

years were combined.

4.4.2.3 Taste of chapattis

The statistical results in Table 51 indicted that the scores given by the judges to

taste of chapattis prepared from whole wheat flour of different wheat varieties differed

significantly among the wheat varieties. However scores were not significantly different

by the crop years and interaction of crop years × wheat varieties.

The scores given to taste of chapattis have been depicted in Table 52 which

indicated that scores for taste of chapattis ranged from 6.2 to 7.2 scores, when the results

of the two crop years were pooled. The scores for taste were assigned significantly the

highest (7.2) to the chapattis prepared from the wheat variety AARI-11 followed by FSD-

08 (7.0), Lassani-08 (6.8), Aas-10 (6.5) and Sehar-06 (6.3), when data of two crop years

was combined. The chapattis prepared from the flour of wheat variety Shafaq-06 got

significantly the lowest scores (6.2) for taste.

4.4.2.4 Texture of chapattis

The data regarding statistical analysis with respect to scores assigned to texture of

chapattis prepared from different wheat varieties have been presented in Table 51. It is

evident from the results that scores given to the texture of chapattis differed significantly

due to differences in crop years and wheat varieties. The scores given to the chapattis

differed non-significantly due to the interaction between crop years × wheat varieties.

It is obvious from the results (Table 52) that scores assigned to texture of chapattis

ranged from 6.0 to 7.2 scores and 6.4 to 7.6 scores, when grown between the crop years

2010-11 and 2011-12, respectively.
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Table 51: Mean squares for taste and texture scores of chapattis prepared from

different wheat varieties

Mean Squares
S.O.V df

Taste Texture

Crop Years 1 2.01667 NS 1.83750*

Wheat Varieties 5 1.77667* 1.84417*

Crop Years × Wheat Varieties 5 0.08667NS 0.05750 NS

Error 48 0.38750 0.50417

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 52: Taste and texture scores of chapattis prepared from different wheat
varieties

Taste TextureVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 6.0 6.4 6.2c 6.0 6.6 6.3c

Sehar-06 6.1 6.5 6.3c 6.2 6.4 6.3c

Lassani-08 6.7 6.9 6.8ab 6.7 7.1 6.9b

FSD-08 6.8 7.1 7.0ab 6.7 6.9 6.8b

Aas-10 6.4 6.6 6.5bc 6.3 6.6 6.5c

AARI-11 7.0 7.4 7.2a 7.2 7.6 7.4a

Mean 6.45 6.82 6.52b 6.87a

Means carrying same letters in a column are significantly identical
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The chapattis prepared from the whole wheat flour of the wheat variety AARI-11

were assigned significantly the highest scores (7.6) for texture followed by Lassani-08

(7.1) and FSD-08 (6.9) while the chapattis prepared from the wheat variety Sehar-06

were ranked at the bottom by the judges with respect to scores (6.4) assigned to texture,

when these wheats were grown during the crop year 2010-11. However, during the crop

year 2011-12, significantly the highest texture scores (7.2) were obtained by the chapattis

prepared from the whole wheat flour of the wheat variety AARI-11 followed by Lassani-

08 (6.7) and FSD-08 (6.7). The wheat variety Shafaq-06 obtained significantly the lowest

scores (6.0) for texture when grown during 2010-11 crop years.

4.4.2.5 Feel to Touch

The statistical results pertaining to scores assigned to feel to touch of chapattis

prepared from different wheat varieties showed significant variation in scores assigned to

feel to touch between crop years and wheat varieties (Table 53). The results further

showed that scores given to feel to touch of chapattis were not significantly affected due

to interaction of crop years × wheat varieties.

The scores assigned to feel to touch of chapattis presented in Table 54 ranged

from 6.1 to 7.2 scores and 6.2 to 8.0 scores between the crop years 2010-11 and 2011-12,

respectively. The scores assigned to feel to touch of chapattis indicated that the chapattis

prepared from wheat variety AARI-11 were assigned significantly the highest scores

(7.2) followed by the chapattis prepared from wheat varieties Lassani-08 (7.0) and FSD-

08 (6.7), during the crop year 2010-11. The lowest scores (6.1) for feel to touch were given

to the chapattis prepared from wheat variety Sehar-06 during the crop year 2010-11. The

feel to touch scores were assigned significantly the highest to chapattis prepared from the

wheat variety AARI-11 (8.0) followed by Lassani-08 (7.5) and FSD-08 (7.2). The

chapattis prepared from the whole flour of wheat variety Aas-10 got significantly the

lowest scores (6.2) for feel to touch, during the crop years 2011-12.
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Table 53: Mean squares for feel to touch and foldability scores of chapattis

prepared from different wheat varieties

Mean Squares
S.O.V df

Feel to touch Foldability

Crop Years 1 3.75000* 4.53750*

Wheat Varieties 5 2.48667* 3.53417*

Crop Years × Wheat Varieties 5 0.31000NS 1.96750 NS

Error 48 0.85833 0.89583

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 54: Feel to touch and foldability scores of chapattis prepared from different

wheat varieties

Feel to touch FoldabilityVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 6.4 6.8 6.6bc 6.4 6.0 6.2bc

Sehar-06 6.1 7.0 6.6bc 5.9 7.5 6.7abc

Lassani-08 7.0 7.5 7.3ab 5.0 6.7 5.9c

FSD-08 6.7 7.2 7.0abc 7.1 7.0 7.1ab

Aas-10 6.3 6.2 6.3c 6.0 6.3 6.2c

AARI-11 7.2 8.0 7.6a 7.3 7.5 7.4a

Mean 6.62b 7.12a 6.28b 6.83a

Means carrying same letters in a column are significantly identical



118

4.4.2.6 Foldability of chapattis

The analysis of variance for scores assigned to the foldability of chapattis

prepared from different spring wheat varieties presented in Table 53 indicated that the

scores assigned to foldability of chapattis differed significantly as a function of crop

years and varietal differences. However, the scores given to the foldability of chapattis

were not significantly affected due to interaction of crop years × wheat varieties.

The scores assigned to foldability of chapattis depicted in Table 54 revealed that

these ranged from 5.0 to 7.3 scores and 6.0 to 7.5 scores between the crop years 2010-11

and 2011-12, respectively. The chapattis prepared from the flour of wheat variety AARI-

11 got significantly the highest scores (7.3) followed by the chapattis prepared form the

flours of the wheat varieties FSD-08 (7.1) and Shafaq-06 (6.4), during the crop year

2010-11. The chapattis got significantly the lowest scores (5.0) for foldability, when

prepared from the flour of wheat variety Sehar-06. The scores to foldability of chapattis

were given significantly the highest (7.5) to chapattis prepared from wheat varieties

AARI-11 and Sehar-06 followed by the chapattis prepared from the whole wheat flour of

variety FSD-08 (7.0) and Lassani-08 (6.7), when grown during the crop year 2011-12.

The chapattis prepared from the flour of wheat variety Shafaq-06 were given significantly

the lowest sensory scores (6.0) by the judges, when wheat grown during the crop years

2011-12.

4.4.2.7 Breakability

The data regarding mean squares for scores assigned to breakability of chapattis

prepared from different wheat varieties have been presented in Table 55. The statistical

results indicated that scores assigned to breakability of chapattis by the judges differed

significantly between the crop years and among different wheat varieties. However, the

interaction of crop years × wheat varieties showed non-significant differences in the

scores assigned to the breakability of different chapattis.

The scores assigned to the breakability of different chapattis have been presented

in Table 56. The results showed that the scores given to the breakability of chapattis

varied from 5.8 to 7.6 scores and 6.3 to 7.8 scores when wheat grown during the crop

years 2010-11 and 2011-12, respectively.
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Table 55: Mean squares for breakability and total scores of chapattis prepared from

different wheat varieties

Mean Squares
S.O.V df

Breakability Total Scores

Crop Years 1 1.66667* 105.337*

Wheat Varieties 5 3.75667** 97.994**

Crop Years × Wheat Varieties 5 0.09667 NS 3.108 NS

Error 48 0.44375 5.133

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 56: Breakability and total scores of chapattis prepared from different wheat

varieties

Breakability Total ScoresVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 6.2 6.4 6.3cd 44.7 46.6 45.7cd

Sehar-06 5.8 6.3 6.1d 42.1 46.5 44.3d

Lassani-08 6.6 7.0 6.8bc 45.8 49.4 47.6bc

FSD-08 7.1 7.2 7.2ab 48.0 49.6 48.8b

Aas-10 6.1 6.7 6.4cd 44.3 46.2 45.3d

AARI-11 7.6 7.8 7.7a 51.6 54.1 52.9a

Mean 6.57b 6.90a 46.08b 48.73a

Means carrying same letters in a column are significantly identical
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The scores were given significantly the highest (7.6) to the breakability of

chapattis when prepared from wheat variety AARI-11 followed by chapattis prepared

from the wheat varieties FSD-08 (7.1) and Lassani-08 (6.6). Significantly the lowest

scores (5.8) were assigned to the chapattis prepared from the flour of wheat variety

Sehar-06 when produced during the crop year 2010-11. When wheats were grown during

the crop year 2011-12, the wheat variety AARI-11 got significantly the highest scores

(7.8) for breakability of chapattis followed by the chapattis prepared from the flour of

wheat varieties FSD-08 (7.2) and Lassani-08 (7.0). Significantly, the lowest scores (6.3)

was obtained by the chapattis prepared from the flour of the wheat variety Sehar-06,

when raised during the crop year 2011-12.

4.4.2.8 Total scores

The statistical results pertaining to total scores obtained by chapattis

prepared from different wheat varieties are presented in Table 55 which showed

significant effect of crop years and wheat varieties on total scores. However non-

significant differences existed in total scores due to the interaction of crop years × wheat

varieties.

The results for total scores obtained by chapattis prepared from different spring

wheat varieties have been shown in Table 56. It is evident from the results that total

scores assigned to chapattis prepared from different wheat varieties ranged from 42.1 to

51.6 scores and 46.2 to 54.1 scores, between the crop years 2010-11 and 2011-12,

respectively. The chapattis prepared from the wheat variety AARI-11 got significantly

the highest total scores (51.6) followed by the chapattis prepared from the wheat varieties

FSD-08 (48.0) and Lassani-08 (45.8), when grown during the crop year 2010-11. The

wheat variety Sehar-06 was ranked at the bottom with respect to total scores (42.1).

Similarly, during the crop year 2011-12, significantly the highest total scores were given

to chapattis prepared from the whole wheat flour of wheat variety AARI-11 (54.1)

followed by chapattis prepared from the wheat varieties FSD-08 (49.6) and Lassani-08

(49.4), when raised during the crop years 2011-12. The total scores were given

significantly the lowest (46.2) to the chapattis prepared from the wheat variety Aas-10.
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Discussion

The quality of chapattis is affected by the wheat quality (Prabhasankar, 2002).

The chapatti making quality of wheat is mainly dependent on protein content and quality.

The medium hard wheat having a protein content of 9.5–10.5% is suitable for chapattis

making purposes (Schofield, 1992). Shaikh et al. (2007) and Haridas et al. (1986)

reported that the most important parameters of chapatti quality are color, texture and

flavor and are evaluated as greater pliability, soft texture, and light creamish brown color

with small brown spots, fully puffed, slight chewiness and baked wheatish aroma. The

sensory attributes of chapattis studied were found significantly different among different

wheat varieties. The results are supported and are in conformity with the findings of

Anjum et al. (2008) and Ahmad et al. (2007) who reported significant variation in

sensory attributes of chapattis due to differences in wheat varieties. The results are also in

line with earlier findings of various researchers (Butt, 1997; Ahmad, 2001) who have

found similar results while testing different Pakistani wheat varieties. Ahmad (2001)

reported that variation in quality characteristics based on sensory evaluation regarding breakability

among the wheat varieties may be due to differences in wheat varieties, their protein content and

quality.

The present results provide useful information to the processors, consumers and scientists

regarding Pakistani wheat varieties for the production of chapattis. In Pakistan, wheat is mostly used

for preparation of chapattis and thus the wheat varieties (AARI-11 and FSD-08) possessing higher

total scores may be preferred by the end users. These wheat varieties may also be used as a potential

source for evolving new wheat varieties with good chapatti quality.

In the present study although the process conditions were identical for the preparation of the

chapattis but quality of chapattis varied significantly. Except color, flavor and taste all other sensory

parameters were affected significantly during the crop years. Thus significant effect of crop year

and wheat varieties suggested that chapatti quality depends not only on the genetic make-up of the

wheat varieties but also on growing conditions prevailed during the crop year. In Pakistan, 70%

wheat is consumed for the preparation of chapattis, therefore, the wheat varieties producing good

quality chapattis should be used by the breeders in their breeding programs.
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4.4.3 Sensory evaluation of naans

The naans are generally consumed fresh (within an hour) and have a creamy color

and should retain their soft and pliable structure. The naans prepared from the straight

grade flour of different wheat varieties were presented to a panel of judges and evaluated

for different sensory parameters such as color, flavor, taste, texture, flexibility,

chewability and overall acceptability. The results for sensory characteristics of naans are

discussed as here in after.

4.4.3.1 Color of naans

The mean squares for scores assigned to color of naans prepared from straight

grade flour of different wheat varieties are presented in Table 57 which showed that color

of naans differed significantly due to the wheat varieties but color was not affected

significantly due to crop years and interaction of crop years × wheat varieties.

The results for scores assigned to color of naans have been presented in Table 58.

It is obvious from the results that scores assigned to color of naans varied from 6.3 to 7.8

scores, when the results of two years were combined. It is evident from the results that

significantly the highest scores (7.8) were given to the color of naans prepared from the

flour of wheat variety AARI-11 followed by Sehar-06, Lassani-08 and FSD-08 (7.0). The

naans prepared from the wheat variety Aas-10 got significantly the lowest scores (6.3) for

color when results of two years were combined.

4.4.3.2 Flavor of naans

The results regarding analysis of variance with respect to scores assigned to flavor

of naans prepared from different wheat varieties are presented in Table 57 which

indicated highly significant effect of wheat varieties on the flavor scores assigned to

naans. The scores assigned to flavor of naans did not differ significantly between the crop

years and interaction of crop years × wheat varieties.

It is evident from the results (Table 58) that scores given to flavor of naans ranged

from 5.8 to 7.1 scores, when two years were pooled. The naans prepared from the wheat

variety AARI-11 got significantly the highest scores (7.1) for the flavor followed by

FSD-08 (6.3). The naans from wheat varieties Shafaq-06, Sehar-06 and Lassani-08 got

the similar sensory scores (7.2) for flavor. Significantly, the lowest scores (5.8) for flavor

were obtained by the naans prepared from the flour of wheat variety Aas-10.
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Table 57: Mean squares for color and flavor scores of naans prepared from

different wheat varieties

Mean Squares
S.O.V df

Color Flavor

Crop Years 1 0.26667 NS 0.93750 NS

Wheat Varieties 5 2.44667* 1.84417*

Crop Years × Wheat Varieties 5 0.30667 NS 0.31750 NS

Error 48 0.72708 0.60208

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 58: Color and flavor scores of naans prepared from different wheat varieties

Color FlavorVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 6.7 7.0 6.9b 6.0 6.4 6.2b

Sehar-06 7.1 6.8 7.0b 5.8 6.6 6.2b

Lassani-08 6.6 7.3 7.0b 6.2 6.2 6.2b

FSD-08 6.9 7.1 7.0b 6.2 6.3 6.3b

Aas-10 6.3 6.2 6.3c 5.6 6.0 5.8c

AARI-11 7.8 7.8 7.8a 7.2 7.0 7.1a

Mean 6.90 7.03 6.17 6.42

Means carrying same letters in a column are significantly identical
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4.4.3.3 Taste of naans

The results pertaining to analysis of variance (Table 59) for scores given to taste

of naans prepared from straight grade flour of different wheats showed that wheat

varieties exhibited significant effect on the scores assigned to taste of naans. However,

crop years and interaction of crop years × wheat varieties did not significantly affect the

sensory parameters.

The results regarding scores assigned to taste of naans given in Table 60 which

showed that the scores for taste of naans ranged from 5.6 to 6.7 scores among different

wheat varieties, when the results of two crop years were pooled. The naans prepared from

the wheat variety Shafaq-06 got significantly the highest taste scores (6.7) followed by

Lassani-10 (6.6), AARI-11 (6.5), FSD-08 (6.3) and Sehar-06 (6.0). The scores were

given significantly the lowest (5.6) to the naans prepared from the straight grade flour of

wheat variety Aas-10, when data of two crop years were pooled.

4.4.3.4 Texture of naans

The scores assigned to texture of naans prepared from straight grade flour

of different wheat varieties were significantly affected as function of crop years and

varietal differences (Table 59) but scores assigned to texture were not found significantly

different due to interaction of crop years × wheat varieties.

The results substantiated that scores (Table 60) assigned to texture of different

naans varied from 5.6 to 7.0 scores and 6.3 to 7.2 scores among different wheat varieties,

when grown during the crop years 2010-11 and 2011-12, respectively. The scores were

assigned significantly the highest (7.0) to the texture of naans prepared from the straight

grade flour of wheat variety AARI-11 followed by Lassani-08 (6.8) and FSD-08 (6.3),

when raised during crop year 2010-11. During the same year significantly, the lowest

scores (5.6) were explicated by the naans prepared from the wheat variety Aas-10.

However, during the crop year 2011-12, significantly the highest scores for texture were

given to naans prepared from the straight grade flour of wheat variety AARI-11 (7.2)

followed by Lassani-08 (7.1) and FSD-08 (6.7). The wheat variety Sehar-06 obtained

significantly the lowest scores (6.3) for texture of naans, when grown during the crop

year 2011-12.
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Table 59: Mean squares for taste and texture scores of naans prepared from

different wheat varieties

Mean Squares
S.O.V df

Taste Texture

Crop Years 1 4.312 NS 2.81667*

Wheat Varieties 5 1.69667* 2.19667*

Crop Years × Wheat Varieties 5 0.57000 NS 0.10667 NS

Error 48 0.59167 0.50208

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 60: Taste and texture scores of naans prepared from different wheat varieties

Taste TextureVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 6.5 6.9 6.7a 6.0 6.4 6.2c

Sehar-06 5.8 6.2 6.0bc 5.8 6.3 6.1c

Lassani-08 6.6 6.6 6.6ab 6.8 7.1 7.0a

FSD-08 6.2 6.3 6.3abc 6.3 6.7 6.5b

Aas-10 5.6 5.6 5.6c 5.6 6.4 6.0c

AARI-11 6.9 6.0 6.5ab 7.0 7.2 7.1a

Mean 6.26 6.26 6.25b 6.68a

Means carrying same letters in a column are significantly identical
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4.4.3.5 Flexibility of naans

It is obvious from the results regarding scores assigned to flexibility of naans

prepared from different wheat varieties presented in Table 61 that differences in crop

years and wheat varieties significantly affected the scores given to flexibility of naans

while it showed non-significant effect of interaction between crop years × wheat varieties

in scores given to flexibility.

It is evident from the results (Table 62) that scores given to flexibility of naans

prepared from straight grade flour of different wheat varieties varied from 6.0 to 7.4

scores and 6.4 to 7.8 scores, between the crop years 2010-11 and 2011-12, respectively.

The naans prepared from wheat variety AARI-11 was assigned significantly the highest

scores (7.4) for flexibility followed by FSD-08 (7.0) and Lassani-08 (6.9), during the

crop year 2010-11. The naans prepared from the wheat variety AAS-10 got significantly

the lowest scores (6.0) for flexibility, when wheats were grown during 2010-11 crop year.

Significantly the highest scores for flexibility were assigned to the naans prepared from

the wheat variety AARI-11 (7.8) followed by FSD-08 (7.5) and Lassani-08 (7.3) and the

lowest scores (6.4) for flexibility were recorded for naans prepared from straight grade

flour of wheat variety Sehar-06, when these wheats were grown during the cropping year

2011-12.

4.4.3.6 Chewability of naans

The data regarding statistical results for scores assigned to chewability of naans

prepared from straight grade flour of different wheat varieties have been presented in

Table 61. The statistical results indicated that scores given to chewability of naans by the

judges varied significantly between the crop years and wheat varieties. However,

chewability scores did not show significant effect due to interaction of crop years × wheat

varieties.

The scores assigned to chewability of naans given in Table 62 showed that scores

varied from 5.4 to 6.8 scores and 6.0 to 7.3 scores, between the crop years 2010-11 and

2011-12, respectively. The scores assigned to chewability was found significantly the

highest (6.8) for naans prepared from the wheat variety AARI-11 followed by Shafaq-06

(6.4) and Lassani-08 (6.3), during the crop year 2010-11.
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Table 61: Mean squares for flexibility and chewability scores of naans prepared

from different wheat varieties

Mean Squares
S.O.V df

Flexibility Chewability

Crop Years 1 3.03750* 3.03750*

Wheat Varieties 5 2.87417* 1.99417*

Crop Years × Wheat Varieties 5 0.02750 NS 0.14750 NS

Error 48 0.75417 0.51667

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 62: Flexibility and chewability scores of naans prepared from different wheat

varieties

Flexibility ChewabilityVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 6.7 7.2 7.0bc 6.4 6.7 6.6ab

Sehar-06 6.1 6.4 6.3c 6.2 6.3 6.3bc

Lassani-08 6.9 7.3 7.1bc 6.3 6.7 6.5ab

FSD-08 7.0 7.5 7.3b 6.2 7.0 6.6ab

Aas-10 6.0 6.6 6.3c 5.4 6.0 5.7c

AARI-11 7.4 7.8 7.6a 6.8 7.3 7.1a

Mean 6.68b 7.13a 6.22b 6.67a

Means carrying same letters are significantly identical
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The lowest scores (5.4) to chewability were awarded to the naans prepared from

the straight grade flour of wheat variety Aas-10, during 2010-11. During the crop year

2011-12, significantly the highest chewability scores were given to naans prepared from

the flour of wheat variety AARI-11 (7.8) followed by FSD-08 (7.0), Lassani-08 and

shafaq-06 (6.7). Significantly, the lowest scores (6.0) for chewability were observed for

naans prepared from the straight grade flour of the wheat variety Aas-10, when grown

during the crop year 2011-12.

4.4.3.7 Overall acceptability of naans

The scores assigned to overall acceptability of naans prepared from different

wheat varieties by the judges differed significantly as a function of crop year and varietal

differences (Table 63). The scores assigned to overall acceptability of naans differed non-

significantly due to the interaction of crop years × wheat varieties.

The results for scores assigned to overall acceptability of naans depicted in Table

64 showed that scores varied from 5.6 to 6.9 scores and 5.8 to 7.5 scores, when wheat

grown during the crop years 2010-11 and 2011-12, respectively. The scores were given

significantly the highest (6.9) to the overall acceptability of naans prepared from wheat

variety AARI-11 followed by Shafaq-06 (6.2) and Lassani-08 (5.8), during the cropping

season 2010-11. The naans prepared from the straight grade flour of wheat variety FSD-

08 grown during 2010-11, got significantly the lowest scores (5.6). The naans of wheat

variety AARI-11 got significantly the highest scores (7.5) for overall acceptability

followed by Shafaq-06 (6.7) and FSD-08 (6.4), when grown during the crop year 2011-

12. Significantly, the lowest scores (5.8) for overall acceptability were given to naans

prepared from the straight grade flour of wheat variety Sehar-06, during the crop 2011-12

crop year.

4.4.3.8 Total scores of naans

The statistical results pertaining to total scores obtained by naans prepared from

different wheat varieties are presented in Table 63. There was a significant effect of crop

years and wheat varieties on total scores but non-significant effect due to interaction of

crop years × wheat varieties was observed.

It is evident from the results (Table 64) that total scores obtained by naans

prepared from straight grade flour of different wheat varieties varied from 40.1 to 50.0
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scores and 43.0 to 50.6 scores, when wheat produced during the crop years 2010-11 and

2011-12, respectively. The naans from wheat variety AARI-11 obtained significantly the

highest total scores (50.0) followed by Lassani-08 (45.2) and FSD-08 (44.4), when raised

during the crop year 2010-11. The naans of wheat variety Aas-10 got significantly the

lowest total scores (40.1), during the crop year 2010-11. Significantly, the highest total

scores were obtained by the naans prepared from the straight grade flour of the wheat

variety AARI-11 (50.6) followed by Lassani-08 (47.5) and FSD-08 (47.3), when

produced during 2011- 12 crop years. The wheat variety Aas-10 got significantly the

lowest total scores (43.0), during 2011-12 crop years.

Discussion

Naan is a usual commercial bread of Pakistan where it is baked mostly in the so-

called country restaurants. The flat bread dough is plastered on the inside surface of a

deep-dug earthen oven, called a “tandoor”. This oven is internally heated by burning

firewood or gas. It is relatively more nutritious than chapatti and roti, as it is prepared

from fermented dough. Naan has better digestibility and greater storage life. No other

class of food of the normal diet in Pakistan provides so cheaply as many calories per unit

weight of naans and no other food stuff can even partially replace bread and roti as a

major item in the foreseeable future. It is mostly consumed at breakfast, while it is also

available at lunch and dinner with specific dishes (Farooq et al., 2001).

The differences found in sensory parameters of naans may be due to the

difference in the hardness of wheat grains and several other factors like wheat varieties

and milling characteristics. Moreover, higher water absorption is an indication of better

dough development for naan preparation. This also suggested that flours possessing

higher water absorption may be more suitable for yeast leavened products and texture

with improved grain of bread. The color of naan is an important parameter for the

consumer’s acceptance. The significant difference was found in the color of all the naans.

The difference in color of all the naans may be due to the differences in hardness/softness

of wheat grains.
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Table 63: Mean squares for over all acceptability and total scores of naans prepared

from different wheat varieties

Mean Squares

S.O.V df
Over all

acceptability
Total Scores

Crop Years 1 4.26667* 75.9375*

Wheat Varieties 5 2.92667* 83.0342*

Crop Years × Wheat Varieties 5 0.09667 NS 1.9675 NS

Error 48 0.49583 8.3875

Total 59

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 64: Over all acceptability and total scores of naans prepared from different

wheat varieties

Over all acceptability Total ScoresVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 6.2 6.7 6.5b 43.8 46.6 45.2b

Sehar-06 5.6 5.8 5.7c 43.1 45.1 44.1bc

Lassani-08 5.8 6.3 6.1bc 45.2 47.5 46.4b

FSD-08 5.6 6.4 6.0bc 44.4 47.3 45.9b

Aas-10 5.6 6.2 5.9bc 40.1 43.0 41.6c

AARI-11 6.9 7.5 7.2a 50.0 50.6 50.3a

Mean 5.95b 6.48a 44.43b 46.68a

Means carrying same letters in a column are significantly identical
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The results for the texture of naans are in line with findings of Farooq et al.

(2001) in which flat breads (naans) got scores in the range of 6.53 to 8.20. Highly

significant variations in flexibility scores existed among the wheat varieties. The

flexibility depends upon many factors like protein content of flour, farinographic water

absorption and damaged starch but wheat starches didn’t affect the flexibility. Freshly

prepared naans had maximum chewability that gradually declined with the passage of

time during storage which might be caused due to loss in moisture content. The

chewability is related to hardness or softness of the naans. Significant difference in terms

of chewability observed in naans might be due to difference in protein contents and water

absorption of flour obtained from different wheat varieties.

Although, there are many factors responsible for the quality of flat breads (naans)

such as method used for preparation of dough, protein content and quality, diastatic

activity, water absorption, damaged starch etc., but it was observed from the present

study that the differences are mainly due to the variation in the genetic make up of wheat

varieties as other conditions were almost identical for all the naans. The sensory

evaluation of the naans prepared with straight grade flour from different wheat varieties

showed that wheat variety AARI-11 got maximum scores for most of sensory parameters

which can be exploited by different stakeholders to achieve their specific purpose.
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4.5 Immunochemical characterization of wheat varieties

The quality of wheat is generally assessed on the basis of different physical,

chemical, biochemical, rheological and technological properties. The quality of the wheat

proteins can be assessed quantitatively and qualitatively based on their molecular weight

distribution, their relationship with dough rheological properties, and end use quality. The

wheat breeders always demand simple methods to predict wheat quality using small size

of grains. The scientists are now working to develop rapid and fast techniques applicable

for the identification and quality assessment of wheat varieties. The Enzyme-Linked

Immuno Sorbent Assay (ELISA) is one of the most widely used techniques for regulatory

purposes in detecting food authenticity because of its specificity, simplicity and

sensitivity, among other advantages.

4.5.1 Antibody response against gliadin

The statistical results for antibody response against gliadin of different spring

wheat varieties presented in Table 65 indicated significant variations in antibody

response due to the differences in spring wheats. However, the antibody response against

gliadin was found to be non-significant between the crop years and their interaction with

wheat varieties.

The antibody response against gliadin varied from 0.35 to 0.77 among different

wheat varieties, when the results of two crop years were combined (Table 66). The

antibody response against gliadin was recorded significantly the highest (0.77) in the

wheat variety ARRI-10 followed by Shafaq-06 (0.70) and Lassani-08 (0.60). The wheat

varieties FSD-08 and Aas-10 exhibited statistically similar antibody response (0.53). The

lowest antibody response (0.35) against gliadin was revealed by the wheat variety Sehar-

06, when data of two crop years were pooled.
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Table 65: Mean squares of antibody response against gliadin and glutenin

Mean Squares
S.O.V df

Gliadin Glutenin

Crop Years 1 0.00120NS 0.00010NS

Wheat Varieties 5 0.08796** 0.13194**

Crop Years × Wheat Varieties 5 0.00008NS 0.00014NS

Error 12 0.00026 0.00020

Total 23

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 66: Antibody response against gliadin and glutenin fractions of wheat protein

in different wheat varieties

Gliadin GluteninVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 0.69 0.71 0.70b 0.95 0.97 0.96b

Sehar-06 0.34 0.35 0.35e 0.57 0.58 0.58f

Lassani-08 0.59 0.61 0.60c 0.67 0.67 0.67e

FSD-08 0.53 0.53 0.53d 0.93 0.91 0.92c

Aas-10 0.52 0.54 0.53d 0.72 0.72 0.72d

AARI-11 0.76 0.78 0.77a 1.02 1.03 1.03a

Mean 0.57 0.59 0.81 0.82

Means carrying same letters in a column are significantly identical
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4.5.2 Antibody response against glutenin

The analysis of variance regarding antibody response against glutenin of different

wheat varieties have been presented in Table 65. It is obvious from the present results

that the antibody response against glutenin evaluated through animal modeling using

rabbits as test animal depicted significant variations due to the differences in wheat

varieties. The interaction of crop year’s × varieties and between the crop years, the

antibody response against glutenin was found to be non-significantly different.

The results regarding antibody response against glutenin has been given in Table

66. The antibody response against glutenin ranged from 0.58 to 1.03 among different

wheat varieties, when the two years data were pooled. The antibody response against

glutenin was found significantly the highest (1.03) in the wheat variety ARRI-10

followed by Shafaq-06 (0.96), FSD-08 (0.92), Aas-10 (0.72) and Lassani-08 (0.67). The

wheat variety Sehar-06 exhibited significantly the lowest antibody response (0.58)

against glutenin (Table 66).

4.5.3 Antibody response against High Molecular Weight Glutenin Subunits (HMW-

GS)

The mean squares pertaining to antibody response against HMW-GS of different

wheat varieties presented in Table 67 revealed that the antibody response against HMW-

GS differed significantly among the wheat varieties. However, non-significant

differences were recorded between the crop years and due to interaction of crop year’s ×

wheat varieties for antibody response against HMW-GS.

The results (Table 68) substantiated that the antibody response against HMW-GS

varied significantly from 0.33 to 0.74 among different wheat varieties, when the results of

two crop years were combined. The antibody response against HMW-GS was yielded

significantly the highest (0.74) by wheat variety ARRI-10 followed by Shafaq-06 (0.64)

and FSD-08 (0.55). The wheat varieties Sehar-06 and Aas-10 showed the similar

antibody response (0.49) against HMW-GS. The lowest antibody response (0.33) against

HMW-GS was explicated by the wheat variety Lassani-08, when results of two crop

years were pooled.
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Table 67: Mean squares of antibody response against HMW-GS and LMW-GS

Mean Squares
S.O.V df

HMW-GS LMW-GS

Crop Years 1 0.00002NS 0.00015NS

Wheat Varieties 5 0.07997** 0.17212**

Crop Years × Wheat Varieties 5 0.00025NS 0.00019NS

Error 12 0.00019 0.00033

Total 23

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 68: Antibody response against HMW-GS and LMW-GS fractions of wheat

protein in different wheat varieties

HMW-GS LMW-GSVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 0.64 0.64 0.64b 0.88 0.90 0.89a

Sehar-06 0.48 0.50 0.49d 0.47 0.48 0.48d

Lassani-08 0.33 0.32 0.33e 0.39 0.39 0.39e

FSD-08 0.56 0.54 0.55c 0.69 0.68 0.69b

Aas-10 0.48 0.49 0.49d 0.52 0.52 0.52c

AARI-11 0.74 0.74 0.74a 0.85 0.87 0.86a

Mean 0.53 0.54 0.64 0.64

Means carrying same letters in a column are significantly identical
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4.5.4 Antibody response against Low Molecular Weight Glutenin Subunits (LMW-

GS)

The mean squares for antibody response against LMW-GS of different wheat

varieties have been shown in Table 67. It is evident from the statistical results that

antibody response against LMW-GS was not found significantly different between the

crop years and due to interaction between crop years and wheat varieties. However, the

antibody response against LMW-GS varied significantly among different wheat varieties.

The antibody response against LMW-GS was found in the range of 0.39 to 0.89,

when the results for the crop years were combined (Table 68). Significantly, the highest

antibody response (0.89) against LMW-GS was recorded in wheat variety Shafaq-06

followed by ARRI-10 (0.86), FSD-08 (0.69), Aas-10 (0.52) and Sehar-06 (0.48). The

lowest antibody response (0.39) was yielded by the wheat variety Lassani-08. The wheat

varieties Shafaq-06 (0.89) and ARRI-10 (0.86) were found statistically at par with respect

to antibody response against LMW-GS (Table 68).

4.5.5 Antibody response against alpha gliadin

The statistical results for antibody response against alpha gliadin of different

spring wheat varieties given in Table 69 indicated that the antibody response against

alpha gliadin varied significantly due to the differences among wheat varieties. The effect

of crop years and interaction of crop years and wheat varieties was found to be non-

significant for antibody response against alpha gliadin.

It is obvious from the results given in Table 70 that the antibody response against

alpha gliadin varied from 0.13 to 0.37 among different wheat varieties, when overall

means of crop years were considered. The wheat variety Lassani-08 exhibited

significantly the highest antibody response (0.37) against alpha gliadin followed by

ARRI-10 (0.34), Aas-10 (0.28), FSD-08 (0.26) and Shafaq-06 (0.20). The wheat variety

Sehar-06 exhibited significantly the lowest antibody response (0.13) against alpha

gliadin, when means of two crop years were considered. The wheat varieties Lassani-08

and ARRI-10 were statistically at par with respect to antibody response against alpha

gliadin. Statistical similar antibody response against alpha gliadin was also observed for

wheat varieties FSD-08 and Aas-10, when means of two crop years were considered.
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4.5.6 Antibody response against beta gliadin

The mean squares for antibody response against beta gliadin of different wheat

varieties have been given in Table 69. The antibody response against beta gliadin among

different wheat varieties varied significantly. However, non-significant effect on antibody

response against beta gliadin due to the differences in the crop years and interaction

between crop years x wheat varieties was revealed by the statistical results.

The results regarding antibody response against beta gliadin depicted in Table 70

indicated variation in the antibody response against beta gliadin from 0.08 to 0.21 among

the tested wheat varieties, when two crop years were combined. The antibody response

against beta gliadin was recorded significantly the highest (0.21) in the wheat variety

Aas-10 followed by ARRI-10 (0.20), FSD-08 (0.16), Lassani-08 (0.14) and Shafaq-06

(0.12) while minimum antibody response (0.08) against beta gliadin was revealed by the

wheat variety Sehar-06, when means of two crop years were combined. Wheat varieties

Shafaq-06 (0.12) and Lassani-08 (0.14) showed statistical same antibody response against

beta gliadin on combining data of two crop years.

4.5.7 Antibody response against gamma gliadin

The statistical results (Table 71) for antibody response against gamma gliadin of

different spring wheat varieties indicated that there was a non-significant effect of crop

years and the interaction of wheat varieties x crop years on antibody response against

gamma gliadin. The wheat varieties differed significant with respect to antibody response

against gamma gliadin.

The antibody response of gamma gliadin shown in Table 72 substantiated

response against gamma gliadin was found significant with variation from 0.33 to 0.55

among different wheat varieties, when the data of two crop years were pooled. The

antibody response against gamma gliadin was exhibited significantly the highest (0.55)

by the wheat variety AARI-11 followed by Lassani-08 (0.51), Shafaq-06 (0.49), FSD-08

(0.44) and Sehar-06 (0.40). The lowest antibody response was obtained against gamma

gliadin of wheat variety Aas-10 (0.33), during both the crop years.
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Table 69: Mean squares of antibody response against alpha and beta gliadin

Mean Squares
S.O.V df

Alpha gliadin Beta gliadin

Crop Years 1 0.00034NS 0.00027NS

Wheat Varieties 5 0.03223** 0.00969**

Crop Years × Wheat Varieties 5 0.00015NS 0.00011NS

Error 12 0.00029 0.00015

Total 23

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 70: Antibody response against alpha and beta gliadin fractions of wheat

protein in different wheat varieties

Alpha gliadin Beta gliadinVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 0.19 0.21 0.20c 0.12 0.12 0.12d

Sehar-06 0.12 0.13 0.13d 0.07 0.09 0.08e

Lassani-08 0.37 0.37 0.37a 0.13 0.14 0.14d

FSD-08 0.25 0.27 0.26b 0.16 0.16 0.16c

Aas-10 0.28 0.28 0.28b 0.21 0.21 0.21a

AARI-11 0.34 0.34 0.34a 0.19 0.20 0.20b

Mean 0.25a 0.27a 0.15a 0.16a

Means carrying same letters in a column are significantly identical
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4.5.8 Antibody response against omega gliadin

The analysis of variance (Table 71) for antibody response against omega gliadin

of different wheat varieties elucidated that antibody response against omega gliadin

varied significantly due to differences in wheat varieties but a non-significant effect of

crop years and their interaction with wheat varieties on the antibody response against

omega gliadin was observed.

The results related to the antibody response agaisnt omega gliadin have been

depicted in Table 72. The antibody response against omega gliadin varied significantly

from 0.19 to 0.43 among different wheat varieties, on combining the results of two crop

years. The antibody response against omega gliadin was determined significantly the

highest (0.43) in the wheat variety AARI-11 followed by Lassani-08 (0.33), FSD-08

(0.30), Aas-10 (0.29) and Shafaq-06 (0.27) while significantly the lowest antibody

response against omega gliadin (0.19) was found in the wheat variety Sehar-06, when

results of two crop years were combined.

Discussion

The results pertaining to the antibody response assessed by employing animal

modeling through rabbits as test animal revealed significant variation among different

wheat varieties on antibody responses against different protein fractions (gliadin,

glutenin, HMW-GS, LMW-GS, alpha gliadin, beta gliadin, gamma gliadin and omega

gliadin). The results of the present study showed that the wheat variety AARI-11

exhibited significantly the highest antibody response against all the assessed protein

fractions. The significant variation in antibody response against different protein fractions

observed may be due to the differences in the genetic make up of the different wheat

varieties.

The present results are in consistent with the earlier findings of Prabhasanker and

Manohar (2002) who developed an indirect ELISA for evaluating chapatti making quality

of some Indian wheat varieties and reported responses against anti-LMG antibodies and

anti-HMG antibodies varying from 0.307-0.703 and 0.303-0.710, respectively. These

values are well within the responses recorded for the respective protein fractions in the

present study.
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Table 71: Mean squares of antibody response against gamma and omega gliadin

Mean Squares
S.O.V df

Gamma gliadin Omega gliadin

Crop Years 1 0.00010NS 0.00094NS

Wheat Varieties 5 0.02539** 0.02509**

Crop Years × Wheat Varieties 5 0.00013NS 0.00029NS

Error 12 0.00020 0.00030

Total 23

* = Significant (P< 0.05); ** = Highly Significant (P<0.01); NS= Non-Significant

Table 72: Antibody response against gamma and omega gliadin fractions of wheat

proteins in different wheat varieties

Gamma gliadin Omega gliadinVariety

2010-11 2011-12 Mean 2010-11 2011-12 Mean

Shafaq-06 0.49 0.49 0.49c 0.26 0.27 0.27d

Sehar-06 0.39 0.40 0.40e 0.18 0.20 0.19e

Lassani-08 0.51 0.51 0.51b 0.33 0.33 0.33b

FSD-08 0.43 0.44 0.44d 0.29 0.31 0.30bc

Aas-10 0.33 0.33 0.33f 0.27 0.31 0.29cd

AARI-11 0.54 0.56 0.55a 0.43 0.43 0.43a

Mean 0.44 0.46 0.29 0.31

Means carrying same letters in a column are significantly identical
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Li et al. (2008) suggested that the polyclonal antibodies are the useful tools for

rapid prediction and screening of wheat quality. Mills et al. (2002) also developed

monoclonal antibodies to wheat gluten proteins for use as diagnostic for screening of

large number of wheat lines for their bread processing suitability.

Khan et al. (2010) also reported significant variation in antibody response towards

high molecular weight glutenin subunits (HMW-GS) and low molecular weight glutenin

subunits (LMW-GS) of different wheat varieties which supports to the present results in

which significant variation observed among wheat varieties due to antibody response

towards high molecular weight glutenin subunits (HMW-GS) and low molecular weight

glutenin subunits (LMW-GS). The antibody response against HMW-GS varied from

0.300 to 0.70 among different wheat varieties. Significant variation existed among wheat

varieties with respect to antibody response against low molecular weight glutenin (LMW-

GS). The antibody response against LMW-GS varied from 0.55 to 0.90 among different

wheat varieties. Existence of wide variation with respect to antibody responses of

different protein fractions indicates the existence of differences in the end quality of these

wheat varieties.
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4.6 Correlation studies

The correlation matrix was generated by correlating the mean values of antibody

response against various protein fractions with mean values of quality parameters of flour

and sensory scores of breads, chapattis and naans.

4.6.1 Correlation studies between antibody responses against different proteins with

quality attributes of straight grade flour and breads

The correlation matrix regarding antibody response of gliadin, glutenin, HMW-

GS and LMW-GS showed a significant relationship with different wheat quality

attributes (Table 73).

It is obvious from the results that a significant and positive correlation existed

between gliadin antibody response with crude protein content (r= 0.59) and SDS-

Sedimentation value (r= 0.53). Anti-gliadin antibody response was found positively

correlated with texture of breads (r= 0.68). It is apparent from the correlation studies that

gliadin antibody response was found negatively correlated with loaf volume of breads (r=

-0.65), character of crust of breads (r= -0.56), break and shred of breads (r= -0.65), color

of crumb of breads (r= -0.54), breads aroma (r= -0.74) and total scores of breads (r= -

0.63).

The antibody response against glutenin showed significant and positive

relationship with crude protein (r= 0.86), SDS-Sedimentation value (r= 0.91) and water

absorption (r= 0.73). A significant and positive relationship of crust color of breads (r=

0.59), breads symmetry (r= 0.67), character of crust of breads (r= 0.62), break and shred

of breads (r= 0.54), grain of breads (r= 0.51), breads aroma (r= 0.90), mastication of

breads (r= 0.88), texture of breads (r= 0.54) and total scores of breads (r= 0.56) with

antibody response against glutenin was also observed.

The crude protein (r= 0.63), SDS-Sedimentation value (r= 0.70) and water

absorption (r= 0.62) was also found in a significant and positive relationship with

antibody response against HMW-GS.
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Table 73: Correlation coefficients of gliadin, glutenin, HMW-GS and LMW-GS

antibody response for bread making characteristics

Parameters Gliadin Glutenin HMW-GS LMW-GS

Crude protein SGF 0.59 0.86 0.63 0.67

Wet gluten SGF - - - -0.77

Dry gluten SGF - - - -0.78

SDS sedimentation value SGF 0.53 0.91 0.70 0.79

Water absorption SGF - 0.73 0.62 -0.63

Loaf volume of bread -0.65 - 0.56 -

Crust color of bread - 0.59 0.61 -0.73

Bread symmetry - 0.67 0.57 -0.69

Evenness of bake of bread - - 0.75 0.59

Character of crust of bread -0.56 0.62 0.86 0.91

Break and shred of bread -0.65 0.54 0.75 0.89

Grain of bread - 0.51 0.73 -

Color of crumb of bread -0.54 - - -

Bread aroma -0.74 0.90 0.94 0.96

Mastication of bread - 0.88 0.78 0.83

Taste of bread - - - -

Texture of bread 0.68 0.54 0.62 -

Total scores of bread -0.63 0.56 0.60 -0.59
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The breads sensory attributes like loaf volume (r= 0.56), crust color (r= 0.61),

symmetry (r= 0.57), evenness of bake (r= 0.75), character of crust (r= 0.86), break and

shred (r= 0.75), grain (r= 0.73), aroma (r= 0.94), mastication (r= 0.78), texture (r= 0.62)

and total scores (r= 0.60) also exhibited a significant and positive relationship with

antibody response against HMW-GS.

It is obvious from the results that a significant and positive correlation existed

between LMW-GS antibody response, crude protein content (r= 0.67) and SDS

sedimentation value (r= 0.79). The LMW-GS antibody response was found significantly

and negatively correlated with wet gluten (r= -0.77), dry gluten (r= -0.78) and water

absorption (r= -0.63). The evenness of bake of breads (r= 0.59), character of crust of

breads (r= 0.91), break and shred of breads (r= 0.89), breads aroma (r= 0.96) and

mastication of breads (r= 0.83) also generated a significant and positive relationship with

antibody response against LMW-GS. The LMW-GS antibody response was found

significantly in negative relationship with crust color of breads (r= -0.73), breads

symmetry (r= -0.69) and total scores of breads (r= -0.59).

The correlation studies (Table 74) illustrated a significantly relationship of alpha,

beta, gamma and omega gliadins with different quality attributes of straight grade flour

and sensory parameters of bread. A significant and positive correlation was found

between alpha gliadin antibody response and crude protein (r= 0.52) and SDS

sedimentation value (r= 0.62). The alpha gliadin antibody response showed significantly

negative relationship with wet gluten (r= -0.54), dry gluten (r= -0.70) and water

absorption (r= -0.59). A significant and negative correlation of loaf volume of breads (r=

-0.59), character of crust of breads (r= -0.93), taste of breads (r= -0.59), texture of breads

(r= -0.68) and total scores of breads (r= -0.60) was observed against alpha gliadin.

The results demonstrated that a significant and positive correlation between beta

gliadin antibody response and crude protein (r= 0.73) was obtained. The wet gluten (r= -

0.68), dry gluten (r= -0.56) and water absorption (r= -0.58) was found significantly and

negatively correlated with antibody response against beta gliadin. A significant and

negative correlation existed between beta gliadin antibody response and loaf volume of

breads (r= -0.50), breads symmetry (r= -0.63), evenness of bake of breads (r= -0.53),
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Table 74: Correlation coefficients of alpha, beta, gamma and omega gliadin

antibody response for bread making characteristics

Parameters
Alpha

Gliadin

Beta

Gliadin

Gamma

Gliadin

Omega

Gliadin

Crude protein SGF 0.52 0.73 0.92 0.72

Wet gluten SGF -0.54 -0.68 -0.69 -0.83

Dry gluten SGF -0.70 -0.56 -0.78 -0.82

SDS sedimentation value SGF 0.62 - 0.78 0.64

Water absorption SGF -0.59 -0.58 - -0.78

Loaf volume of bread -0.59 -0.50 -0.76 -0.84

Crust color of bread - - - -

Bread symmetry - -0.63 - -

Evenness of bake of bread - -0.53 - -0.53

Character of crust of bread -0.93 -0.77 0.75 0.53

Break and shred of bread - - - -

Grain of bread - -0.54 - -0.62

Color of crumb of bread - -0.53 -0.91 -

Bread aroma - - 0.55 -

Mastication of bread - - - -

Taste of bread -0.59 - - 0.56

Texture of bread -0.68 -0.84 -0.59 -0.92

Total scores of bread -0.60 -0.60 - -0.82
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character of crust of breads (r= -0.77), grain of breads (r= -0.54), color of crumb of

breads (r= -0.53), texture of breads (r= -0.84) and total scores of breads (r= -0.60) with

antibody response against beta gliadin.

The gamma gliadin antibody response was significantly and positively correlated

with crude protein (r= 0.92) and SDS- Sedimentation value (r= 0.78). The wet gluten (r=

-0.69) and dry gluten (r= -0.78) were significantly and negatively correlated to antibody

response of gamma gliadin. A significant and positive relationship of breads sensory

attributes i.e. character of crust (r= 0.75) and aroma (r= 0.55) with antibody response

against gamma gliadin was also observed.

The antibody response against gamma gliadin was significantly and positively

correlated with protein content of flour (r= 0.72) and SDS-Sedimentation value (r= 0.64).

The antibody response against gamma gliadin showed significant and negative

relationship with wet gluten (r= -0.83), dry gluten (r= -0.82) and water absorption (r= -

0.78). A significant and positive relationship of character of crust of breads (r= 0.53) and

taste of breads (r= 0.56) with antibody response against omega gliadin was also

measured. The loaf volume of breads (r= -0.84), evenness of bake of breads (r= -0.53),

grain of breads (r= -0.62) texture of breads (r= -0.92) and total scores of breads (r= -0.82)

were significantly and negatively correlated to antibody response of omega gliadin.

4.6.2 Correlation studies between antibody responses against different proteins with

quality attributes of whole wheat flour and chapattis

The results for correlation matrix given in Table 75 showed significant

relationship of different gluten proteins antibody response with different quality attributes

of whole wheat flour and sensory parameters of chapattis.

It is obvious from the results that a significant and positive correlation existed

between gliadin antibody response with crude protein (r= 0.64) and SDS-Sedimentation

value (r= 0.59). The gliadin antibody response was negatively and significantly correlated

with Pelshenke value (r= -0.69). It is also obvious from the correlation studies that

gliadin antibody response was observed negatively and significantly correlated with

chapatti color (r= -0.71), chapatti flavor (r= -0.51), chapatti taste (r= -0.63), chapatti

foldability (r= -0.63) and total scores of chapattis (r= -0.67).
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The antibody response against wheat glutenin showed significant and positive

relationship with crude protein (r= 0.88), wet gluten (r= 0.89), dry gluten (r= 0.96), SDS-

Sedimentation value (r= 0.96) and Pelshenke value (r= 0.79). A significant and positive

relationship of chapatti color (r= 0.68) chapatti flavor (r= 0.54), chapatti feel to touch (r=

0.78), chapatti foldability (r= 0.81), breakability (r= 0.66) and total scores (r= 0.72) of

chapattis with antibody response against glutenin was also observed.

The results (Table 75) illustrated that the antibody response against HMW-GS

was significantly and positively correlated with crude protein (r= 0.64), wet gluten (r=

0.71), dry gluten (r= 0.84), SDS-Sedimentation value (r= 0.74) and Pelshenke value (r=

0.76). A significant and positive relationship of chapatti color (r= 0.65), chapatti feel to

touch (r= 0.63), chapatti foldability (r= 0.90), breakability (r= 0.75) and total scores of

chapattis (r= 0.70) with antibody response against HMW-GS was also recorded.

A significant and positive correlation existed between LMW-GS antibody

response and crude protein (r= 0.65), wet gluten (r= -0.68), dry gluten (r= -0.85), SDS-

sedimentation value (r= 0.82) and Pelshenke value (r= -0.66). LMW-GS antibody

response was found significantly and negatively correlated with chapatti color (r= -0.66),

chapatti foldability (r= -0.81), breakability (r= -0.55) and total scores (r= -0.55). The feel

to touch of chapattis was significantly and positively (r= 0.84) correlated with antibody

response against LMW-GS.

The results pertaining to correlation matrix showed a significant and positive

relationship of alpha gliadin antibody response with crude protein (r= 0.71) and SDS-

sedimentation value (r= 0.78). The alpha gliadin antibody response was significantly and

negatively correlated with Pelshenke value (r= -0.60). A significant and negative

correlation of chapatti color (r= -0.64), chapatti flavor (r= -0.84), chapatti taste (r= -0.90)

and total score (r= -0.68) was recorded against alpha gliadin.

The correlation studies showed a significant and positive correlation between beta

gliadin antibody response and crude protein (r= 0.73). The antibody response against beta

gliadin was significantly and negatively correlated with wet gluten (r= -0.77), dry gluten

(r= -0.59) and Pelshenke value (r= -0.62). The chapatti color (r= -0.78), chapatti flavor

(r= -0.53), chapatti taste (r= -0.65), chapatti feel to touch (r= -0.59),
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Table 75: Correlation coefficients of gliadin, glutenin, HMW-GS and LMW-GS

antibody response for chapatti making characteristics

Parameters Gliadin Glutenin HMW-GS LMW-GS

Crude Protein WWF 0.64 0.88 0.64 0.65

Wet Gluten WWF - 0.89 0.71 -0.68

Dry Gluten WWF - 0.96 0.84 -0.85

SDS-sedimentation value WWF 0.59 0.96 0.74 0.82

Pelshenke value WWF -0.69 0.79 0.76 -0.66

Chapatti color -0.71 0.68 0.65 -0.66

Chapatti flavor -0.51 0.54 - -

Chapatti taste -0.63 - - -

Chapatti Texture - - - -

Chapatti feel to touch - 0.78 0.63 0.84

Chapatti foldability -0.63 0.81 0.90 -0.81

Breakability - 0.66 0.75 -0.55

Total Score -0.67 0.72 0.70 -0.55
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breakability (r= -0.77) and total scores (r= -0.83) were significantly and negatively

correlated with antibody response against beta gliadin.

The crude protein content (r= 0.68) and SDS-Sedimentation value (r= 0.71) were

significantly and positively correlated with antibody response against gamma gliadin.

The wet gluten (r= -0.53) and dry gluten (r= -0.61) were found significantly and

negatively correlated with antibody response against gamma gliadin. A significant and

positive relationship of chapatti flavor (r= 0.65) and chapatti feel to touch (r= 0.50) with

antibody response against gamma gliadin was recorded.

The correlation studies carried out of whole wheat flour and sensory attributes of

chapattis with antibody responses against omega gliadin showed that the antibody

response against gamma gliadin showed significant and positive relationship with protein

crude protein (r= 0.68) and SDS-Sedimentation value (r= 0.62). The antibody response

against gamma gliadin was found significantly and negatively correlated with wet gluten

(r= -0.62), dry gluten (r= -0.61) and Pelshenke value (r= -0.86). The chapatti feel to touch

(r= -0.65) and total scores (r= -0.69) were significantly and negatively correlated with

antibody response against omega gliadin.

4.6.3 Correlation studies between antibody responses against different proteins with

different quality attributes of straight grade flour and naans

The results pertaining to correlation studies between antibody responses against

different proteins with different quality attributes of straight grade flour and naans are

given in Table 77.

The results showed a significant and positive correlation of gliadin antibody

response with crude protein content (r= 0.59) and SDS-Sedimentation value (r= 0.53). It

is also evident from the correlation studies that gliadin antibody response was negatively

and significantly correlated with taste of naans (r= -0.63).

The antibody response against glutenin showed significant and positive

relationship with crude protein (r= 0.86), SDS sedimentation value (r= 0.91) and water

absorption (r= 0.73). A significant and positive relationship of naan color (r= 0.53), naan

taste (r= 0.50), naan flexibility (r= 0.62), naan chewability (r= 0.55), naan over all

acceptability (r= 0.87) and total scores (r= 0.54) with glutenin antibody response was

found (Table 77).
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Table 76: Correlation coefficients of alpha, beta, gamma and omega gliadin

antibody response for chapatti making characteristics

Parameter
Alpha

Gliadin

Beta

Gliadin

Gamma

Gliadin

Omega

Gliadin

Crude Protein WWF 0.71 0.73 0.68 0.68

Wet Gluten WWF - -0.77 -0.53 -0.62

Dry Gluten WWF - -0.59 -0.61 -0.61

SDS-sedimentation value WWF 0.78 - 0.71 0.62

Pelshenke value WWF -0.60 -0.62 - -0.86

Chapatti color -0.64 -0.78 - -

Chapatti flavor -0.84 -0.53 0.65 -

Chapatti taste -0.90 -0.65 - -

Chapatti Texture - - - -

Chapatti feel to touch - -0.59 0.50 -0.65

Chapatti foldability - - - -

Breakability - -0.77 - -

Total Score -0.68 -0.83 - -0.69
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The antibody response against HMW-GS showed significant and positive

relationship with crude protein (r= 0.63), SDS sedimentation value (r= 0.70) and water

absorption (r= 0.62). A significant and positive relationship of antibody response against

HMW-GS was also observed for naan color (r= 0.67), naan flavor (r= 0.63), naan texture

(r= 0.54), naan flexibility (r= 0.51), naan chewability (r= 0.53), naan over all

acceptability (r= 0.71) and total scores (r= 0.56).

It is evident from the results (Table 77) that a significant and positive correlation

existed between LMW-GS antibody response and crude protein content (r= 0.67) and

SDS-Sedimentation value (r= 0.79). LMW-GS antibody response was found significantly

and negatively correlated with wet gluten (r= -0.77), dry gluten (r= -0.78) and water

absorption (r= -0.63). A significant and positive relationship of naan chewability (r=

0.57), naan taste (r= 0.70) and naan flexibility (r= 0.50) with antibody response against

LMW-GS was also existed. The LMW-GS antibody response showed a significant and

negative relationship with naan over all acceptability (r= -0.63) and total scores (r= -

0.55).

The alpha gliadin antibody response was found significantly and positively

correlated with crude protein (r= 0.52) and SDS-Sedimentation value (r= 0.62). The alpha

gliadin antibody response showed a significant negative relationship with wet gluten (r= -

0.54), dry gluten (r= -0.70) and water absorption (r= -0.59). A significant and negative

correlation of naan flavor (r= -0.60), naan flexibility (r= -0.61) and total scores (r= -0.50)

was observed with antibody response against alpha gliadin.

It is apparent from the correlation matrix that a significant and positive correlation

existed between beta gliadin antibody response and crude protein (r= 0.73) (Table 78). A

significant and negative correlation existed between beta gliadin antibody response and

wet gluten (r= -0.68), dry gluten (r= -0.56) and water absorption (r= -0.58). The naan

flavor (r= -0.51) and taste of naan (r= -0.61) was found significantly and negatively

correlated with antibody response against beta gliadin.
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Table 77: Correlation coefficients of gliadin, glutenin, HMW-GS and LMW-GS

antibody response for naan making characteristics

Parameters Gliadin Glutenin HMW-GS LMW-GS

Crude Protein SGF 0.59 0.86 0.63 0.67

Wet Gluten SGF - - - -0.77

Dry Gluten SGF - - - -0.78

SDS-sedimentation value SGF 0.53 0.91 0.70 0.79

Water absorption SGF - 0.73 0.62 -0.63

Naan color - 0.53 0.67 -

Naan flavor - - 0.63 -

Naan taste -0.63 0.50 - 0.70

Naan texture - - 0.54 -

Naan flexibility - 0.62 0.51 0.50

Naan chewability - 0.55 0.53 0.57

Naan over all acceptability - 0.87 0.71 -0.63

Total score - 0.54 0.56 -0.55
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The results showed that a significant and positive correlation existed between

gamma gliadin antibody response with crude protein (r= 0.92) and SDS sedimentation

value (r= 0.78). The wet gluten (r= -0.69) and dry gluten (r= -0.78) were significantly and

negatively correlated with antibody response against gamma gliadin. A significant and

positive relationship of naan sensory attributes i.e naan flavor (r= 0.79) naan taste (r=

0.63) with antibody response against gamma gliadin was existed. The results showed that

a significant and negative correlation existed between gamma gliadin antibody response

and naan color (r= -0.55), naan texture (r= -0.57) naan flexibility (r= -0.87), naan

chewability (r= -0.90) and total scores (r= -0.50).

The correlation studies carried out of straight grade flour and sensory attributes of

naan with antibody responses to omega gliadin (Table 78) showed that the antibody

response against gamma gliadin exhibited significant and positive relationship with

protein content of flours (r= 0.72) and SDS-Sedimentation value (r= 0.64). The antibody

response against gamma gliadin showed significant and negative relationship with wet

gluten (r= -0.83), dry gluten (r= -0.82) and water absorption (r= -0.78). A significant and

positive relationship of naan taste (r= 0.51) was found with antibody response against

omega gliadin. Naan texture (r= -0.85), naan flexibility (r= -0.52), naan over all

acceptability (r= -0.69) and total scores (r= -0.76) were significantly and negatively

correlated with antibody response against omega gliadin.

Discussion

The results of the present study suggest that anti-glutenin and anti-HMW-GS antibody

response was positively correlated to the quality characteristics of flour and breads,

chapattis and naans making. The occurrence of positive relationship between anti-

glutenin and anti-HMW-GS antibody response with quality characteristics is possibly due

to the fact that these protein exert significant effect on bread, chapatti and naan making.

The anti-LMW-GS and anti-gliadin antibody response was observed negatively

correlated with most of the quality characteristics. The anti-omega gliadin has also

impact on bread, chapatti and naans quality characteristics as it shows positive

relationship with some of the characteristics studied.
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Table 78: Correlation coefficients of alpha, beta, gamma and omega gliadin

antibody response for naan making characteristics

Parameters
Alpha

Gliadin

Beta

Gliadin

Gamma

Gliadin

Omega

Gliadin

Crude Protein SGF 0.52 0.48 0.80 0.77

Wet Gluten SGF -0.54 -0.68 -0.62 -0.80

Dry Gluten SGF -0.70 -0.56 -0.59 -0.61

SDS-sedimentation value SGF 0.62 - 0.68 0.62

Water absorption SGF -0.59 -0.58 0.62 -0.79

Naan color - - -0.55 -0.49

Naan flavor -0.60 -0.51 0.79 -0.46

Naan taste - -0.61 0.63 0.51

Naan texture - - -0.57 -0.85

Naan flexibility -0.61 - -0.87 -0.52

Naan chewability - - -0.90 -

Naan over all acceptability - - - -0.69

Total score -0.50 - -0.50 -0.76



155

The results regarding correlation in the present study are in close agreement with

the findings of Prabhasanker and Manohar, (2002). They developed an indirect ELISA

(enzyme-linked immunosorbent assay) for the assessment of chapatti making quality of

different Indian wheat varieties. They raised polyclonal antibodies against gliadin, low

molecular weight glutenin (LMG), and high molecular weight glutenin (HMG) of twenty

eight Indian wheat varieties and the produced antibodies were utilized in ELISA. They

reported that antigliadin antibody response was negatively correlated with farinograph

water absorption (r) -0.89 at P < 0.01), chapatti dough water absorption (r) -0.91 at P <

0.01), chapatti puffed height score (r) -0.95 at P < 0.01), overall chapatti sensory scores

(r) -0.95 at P < 0.01). However the antigliadin antibody response was found positively

correlated with shear value of chapattis (r) 0.76 at P < 0.01). They observed that anti-

LMG antibody response was not correlated with any of these parameters, whereas anti-

HMG response was positively correlated with farinograph water absorption (r ) 0.45 at P

< 0.05), chapatti dough water absorption (r) 0.44 at P < 0.05) and overall chapatti sensory

scores (r ) 0.44 at P < 0.05). The further reported that anti-HMG response was found

negatively correlated with shear value of chapattis (r ) -0.38 at P < 0.05) and chapattis

puffed height (r ) -0.44 at P < 0.05). The present results are further supported by Xi Yun

and Fang (1998) who found that antibodies produced against HMG was positively

correlated with protein content, wet and dry gluten and bread volume as has been

observed in the present study.

Skerrit (1991a) reported an assay to predict strength related properties of wheat dough

using antibodies against high molecular weight glutenin subunits (HMW-GS) and

concluded existence of high correlations between antibody binding and dough strength

parameters. Andrew et al. (1993) investigated correlations between antibody binding and

dough strength parameters by using antibodies specific for low molecular weight glutenin

subunits (LMW-GS) and found similar kind of relationship among some quality

parameters. Our results are also in consistent with the findings of Khan et al. (2011) who

reported that Anti – LMG antibody response was found negatively correlated to total

scores of breads and chapattis. The Anti- HMG antibody response was found positively

correlated to total scores of breads and chapattis. He further stated that Anti- HMG

antibody can be used as a tool for screening wheats for good quality chapattis and breads.
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Li et al. (2008) studied the antibody response of gliadins (alpha, beta, gamma and

omega gliadins) extracted from three wheat varieties. They reported that binding of

the polyclonal antibodies showed correlations with some wheat quality parameters.

Correlation coefficients between antibodies against total gliadins or gamma and omega

gliadin and quality parameters were found significant. The polyclonal antibodies

tested displayed significant positive or negative associations between antibody binding

and dough development time, strength, valorimenter value and stability time, but no

significant correlations were observed with water absorption. He further stated that these

results suggest that polyclonal antibodies could be used for rapid prediction and

screening of wheat quality.

The present study suggests that the use of antibodies response against glutenin

and HMW-GS offers good tool for predicting quality of wheat for suitability to bread,

chapatti and naan making quality.
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4.7 Electrophoretic characterization of different wheat varieties

The glutenins (high molecular weight glutenin subunits and low molecular weight

glutenin subunits) and gliadins (alpha, beta, gamma and omega gliadin) fractions in

different wheat varieties produced during the cropping year 2010-11 and 2011-12 were

determined through SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and Acid-

Polyacrylamide Gel Electrophoresis (Acid-PAGE). The results interpreted from their

electrophoretograms are shown in figures 1 and figure 2 as well as in Tables 79, 80, 81

and 82.

4.7.1 SDS-PAGE characterization of glutenins

The high molecular weight glutenin subunits (HMW-GS) and low molecular

weight glutenin subunits (LMW-GS) fractions have been identified as two major classes

of glutenin polypeptides in different wheat varieties. These two classes of glutenin

polypeptides occur in wheat flour as crossed-linked proteins resulting from inter-

polypeptide disulphide linkages. These HMW-GS and LMW-GS were identified by

comparing with the standards of molecular weight subunits (21-200 kDa) run in the same

gel.

The polypeptides detected in the present study can be divided into two major molecular

weight regions. The polypeptides present at 28.23 kDa to 69.81 kDa are known low

molecular weight glutenin subunits (LMW-GS) while those which are present in the

region above 70 kDa are high molecular weight glutenin subunits (HMW-GS) as already

reported by Beitz and Wall (1972). It is evident from the electrophorogram that more

number of polypeptides were observed in the region falling under low molecular weight

glutenin subunits.

The SDS-PAGE patterns of molecular weight of glutenin subunits of different

wheat varieties given in Tables 79 and 80 showed the presence of glutenin subunits in the

range of 28.23 to 110.89 kDa and 28.29 to 113.51 kDa, during the cropping years 2010-

11 and 2011-12, respectively. The highest molecular weight glutenin subunit

(110.89kDa) was observed in wheat variety Lassani-08 while the lowest molecular

weight subunit (28.23kDa) was expounded by the wheat variety FSD-08 during the crop
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year 2010-11. It is also obvious from the results that the highest molecular weight

glutenin subunit (113.51 kDa) was found in wheat variety AARI-11 and the lowest

molecular weight subunit (28.29 kDa) was observed in wheat variety FSD-08, during the

cropping season 2011-12. A wide variation with respect to high molecular weight

subunits in different wheat varieties occurred. Our results are in consistent with the

findings of Gianibelli et al. (2001) who reported the range from 70 kDa to 130 kDa for

HMW-GS and results for HMW-GS identified in present study fall within these ranges.

The highest numbers of polypeptide bands were identified in wheat varieties Shafaq-06,

Lassani-08 and AARI-11 during cropping year 2010-11. While during the crop year

2011-12, the highest numbers of polypeptides were observed in wheat varieties Shafaq-

06, Lassani-08, FSD-08 and AARI-11. MacRitchie (1992) has reported that glutenin

polymers are made up of high molecular weight (100kDa) and low molecular weight (31-

45kDa) glutenin subunits linked together by disulfides bonds which support to the present

electorphoretic bands influenced for LMW-GS.

It is well known that HMW-GS strongly contributes to the rheological properties

of dough. The presence of particular subunits has also been associated with superior

bread making quality. The reason of this relationship is still unclear but may have

importance due to cysteine aminoacid which affects the degree of cross linking and to the

structural regularity, thus affecting the elasticity of the molecule (Shewry et al., 1992).

Our study also showed that the wheat variety AARI-11 possessed HMW-GS with higher

molecular weights, and this variety was also found best with respect to chapatti, naan and

bread baking qualities.
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Fig. 1: Electrophoregrams of HMW-GS and LMW-GS of different wheat

varieties during the cropping season 2010-11 and 2011-12
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Table 79 Presence of HMW-GS and LMW-GS in different wheat varieties produced during 2010-11

Wheat varieties

Band #
Shafaq-06 Sehar-06 Lassani-08 FSD-08 Aas-10 AARI-11

M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity

1 109.98 Dark 104.71 Dark 110.89 Dark 107.98 Dark 101.96 Dark 109.31 Dark

2 98.67 Dark 93.94 Dark 99.48 Dark 96.67 Dark 91.28 Dark 97.67 Dark

3 81.89 Light 77.49 Light 82.06 Light 80.07 Light 78.61 Light 81.06 Light

4 75.92 Dark 72.42 Dark 76.70 Dark 74.84 Dark 75.92 Dark 75.76 Light

5 65.59 Dark 63.87 Dark 65.73 Dark 65.03 Dark 69.81 Dark 65.24 Dark

6 60.56 Dark 58.97 Light 60.82 Dark 60.04 Dark 63.12 Dark 60.62 Dark

7 58.72 Light 53.92 Light 55.56 Light 50.80 Light 56.39 Light 56.15 Dark

8 55.73 Light 50.00 Dark 51.29 Dark 44.63 Light 49.47 Dark 51.29 Light

9 51.29 Dark 42.94 Dark 45.19 Dark 42.50 Dark 42.51 Dark 42.91 Light

10 42.00 Dark 39.79 Light 42.16 Light 39.79 Dark 38.82 Light 40.83 Dark

11 35.18 Light 34.46 Light 35.37 Light 35.11 Dark 34.32 Light 35.29 Dark

12 30.76 Light 28.81 Light 30.92 Light 28.23 Light 28.83 Light 30.86 Light

13 28.37 Light 28.47 Light 28.55 Light

HMW-GS = High molecular weight glutenin subunits
LMW-GS = Low molecular weight glutenin subunits
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Table 80 Presence of HMW-GS and LMW-GS in different wheat varieties produced during 2011-12

HMW-GS = High molecular weight glutenin subunits

LMW-GS = Low molecular weight glutenin subunits

Wheat varieties

Band #
Shafaq-06 Sehar-06 Lassani-08 FSD-08 Aas-10 AARI-11

M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity

1 112.6 Dark 109.37 Dark 115.03 Dark 111.46 Dark 108.91 Dark 113.51 Dark

2 100.3 Dark 97.63 Dark 102.90 Dark 99.70 Dark 97.22 Dark 106.36 Dark

3 86.23 Light 81.13 Light 88.25 Light 85.69 Light 83.38 Light 103.76 Light

4 83.2 Dark 76.49 Dark 85.51 Dark 82.68 Dark 80.45 Dark 89.00 Light

5 77.6 Dark 65.03 Dark 79.95 Dark 77.63 Dark 75.06 Dark 85.69 Dark

6 65.9 Dark 61.11 Light 67.14 Dark 65.84 Dark 64.71 Dark 81.30 Dark

7 60.1 Light 56.86 Light 61.11 Light 60.05 Light 58.94 Light 67.42 Dark

8 57.7 Light 48.97 Dark 58.80 Dark 57.85 Light 56.64 Dark 63.20 Light

9 49.7 Dark 42.77 Dark 50.46 Dark 49.58 Dark 42.57 Dark 59.09 Light

10 42.3 Dark 39.54 Light 42.87 Light 42.18 Dark 34.25 Light 50.77 Dark

11 34.9 Light 34.51 Light 39.67 Light 39.04 Dark 28.29 Light 42.91 Dark

12 31.3 Light 28.36 Light 35.20 Light 34.81 Light 35.43 Light

13 28.6 Light 29.03 Light 28.64 Light 29.14 Light
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Our results regarding low molecular weight glutenin subunits (LMW-GS) are also

similar to the findings of Zhang et al. (2005) and Bietz and Wall (1973), who concluded

that the low molecular weight glutenin subunits (LMW-GS) represented approximately

60% of the total wheat glutenin fractions of different wheat varieties, and their molecular

weight ranged from 32.3 kDa to 67.4 kDa. Khan et al. (2010) observed the range of

LMW-GS in wheat varieties i.e. Inqlab-91 from 33.9 kDa to 66.9 kDa, Pak-81 (3.0 kDa

to 66.9 kDa), Pasban-90 (33.4 kDa to 66.1 kDa) and GA-02 (33.4 kDa to 66.1 kDa),

which are also in consistent with the present study results.

The variation observed in electrophoretic bands with respect to LMW-GS in the

present study is in concordance with the findings of Gianibelli et al. (2001) who also

reported range of low molecular weight glutenin subunits (LMW-GS) from 10 kDa to 70

kDa. The wheat varieties tested in the present study possessed LMW-GS in the upper

limits reported by the above researchers and it may be due to genetic make up of varieties

tested in different studies.

The LMW-GS accounts for 60-70% of the total glutenins comprising a number of

individual components which can be classified into three groups (B, C and D) on the

basis of their electrophoretic pattern on SDS-PAGE (Jackson et al., 1983). The major

group, the B-subunits comprises basic proteins, whereas the minor C-subunits have a

wide range of isoelectric points varying from slightly acidic to highly basic. The B group

corresponds to proteins ranging in molecular weight from 40 kDa to 50 kDa while the C-

subunits range from 30 kDa to 40 kDa. The remaining group, the D-subunits, has slower

mobilities than the B-and C-subunits and form one of the most acidic groups of proteins

in the endosperm. The results presented in our study showed that LMW-GS components

were present in all the groups during both the crop years 2010-11 and 2011-12.

Kasarda (1989) suggested on the basis of structural characteristics of the B, C and

D groups, the existence of two functional groups of LMW-GS. One group, which

includes the majority of the B-type sub-units designated as molecular weights of B-

subunits of different wheat varieties may act as chain extender of the growing polymers

because of their ability to form two inter-molecular disulphide bonds. The second group,

which includes most of the C and D-type LMW-GS designated in different studied wheat



163

varieties, may act as chain terminators of the growing polymer, having only one cysteine

available to form an inter-molecuar disulphide bond (Ovidio and Masci, 2004).

The LMW-GS may have a pronounced effect in determining the physical dough

properties of flour during bread making (Gupta et al. 1989; Gupta and McRitchie, 1994)

and pasta making. The wheat varieties Shafaq-06, Lassani-08 and AARI-11 contained

more bands of LMW-GS which may have good physical dough properties of flour during

bread making as reported by Khan et al. (2010)

In the present study the wheat varieties showed the presence of LMW-GS of ~42

kDa during the cropping year 2010-11 and 2011-12 which play only a major role in

determining the quality characteristics. LMW-GS ~42 kDa was also isolated and studied

by Masci et al., (1998) who reported that this ~42 kDa subunit as a linear chain extender

(Lew et al., 1992) capable of enhancing chain length during glutenin polymer formation.

If 42 kDa subunit in indeed linear chain extender it might be in accordance with the

correlation of this type of subunit with good quality. Masci et al., (2000) also described

the presence of LMW-GS 42 kDa indicating the good quality of bread wheat. In the

present study the wheat varieties mentioned above have shown presence of this LMW-GS

42 kDa which indicates that these wheat varieties might possess good quality of bread.

This study suggests that the role of LMW-GS and HMW-GS in relation of end use

quality should be further investigated.

The molecular weight of wheat varieties produced during the crop year 2011-12

was observed higher as compared to the molecular weight of wheat varieties observed

during the crop year 2010-12. Also the results were not observed significant, but the

higher molecular weight yielded during the crop year 2011-12 may depend upon the

content of crude protein which was observed higher in the year 2011-12 than 2010-11.

Johansson et al. (2002) reported that the protein concentration is determined by the

genetic background but is also influenced to a large extent by environmental factors such

as nitrogen and water access and temperature conditions. He further stated that the

cultivars which had higher protein concentration were found to correlate with increased

total amount of gliadins and glutenins.
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4.7.2 Acid-PAGE characterization of gliadins

To categorize variants of gliadin subunits in different wheat varieties, protein

extracts were analyzed by Acid-PAGE. The gliadin clectrophoregrams of different wheat

varieties grown during the crop years 2010-11 and 2011-12 are shown in Figure 2. The

results demonstrated that gliadin bands for each wheat variety possessed variation in one

or more gliadin bands in relative mobilities. It is also evident from the results that the

maximum numbers of gliadin electrophoregrams were resolved in case of wheat variety

Lassani-08. The results regarding gliadin bands revealed that the total gliadin

electrophoregrams ranged from 31.03 to 89.61 kDa and 32.91 to 92.22 kDa among

different wheat varieties during the crop years 2010-11 and 2011-12, respectively (Table

81, 82). The polypeptides with molecular weight between 31.03 to 54.50 kDa and 32.91

to 55.21 kDa belong of α-, β- and γ-subunits of gliadin, during the crop years 2010-11 

and 2011-12 respectively. These subunits were consisted of three to six polypeptides

depending opon their genotypes. The group of polypeptides with a molecular weight of

about 54.50 to 89.61 kDa and 55.21 to 92.22 kDa is subunits of ω-gliadins during the 

crop years 2010-11 and 2011-12 respectively. According to our results, ω-gliadin 

subunits were consisted of three to five polypeptides among different wheat varieties.

The significant variations observed in the present study among different wheat varieties

may be due to the differences in their genetic makeup. Zilic et al. (2011) also observed

such variations among different wheat varieties and reported that these variations may be

due to the different genotypes among different wheat varieties. Our results are closely

related to the findings of Kasarda et al. (1983). He stated that the molecular weights of ω-

gliadins are between 46 and 74 kDa, and the α-, β- and γ-gliadins have lower molecular 

weights, ranging from 30 to 45 kDa. Similary Zilic et al. (2011) also concluded that the

group of polypeptides with a molecular weight of about 55.7 to 73.6 kDa is subunits ω-

gliadins.

The data indicated that number of the gliadin bands within wheat varieties did

not differ between the crop years. However, the relative intensities of some of the gliadin

bands differed across the crop years. These findings are in agreement to the early

studies of Anjum and Walker, (1991), Wrigley et al. (1982), Khan (1982), who

reported that the numbers of gliadin bands are not affected by the environmental
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conditions such as growth, location, disease, weathering, sprouting, etc. The variation in

the intensities of the gliadin bands found between the crop years is in line with the

findings of Anjum et al. (2000) who reported that the variation occurred in the

intensities of some gliadin bands due to different growth locations for the given wheat

cultivars. The variation in molecular weights observed in the present study is well

supported by the findings of Elangovan et al. (2010) who concluded that different

components of gliadin revealed a statistically significant difference in accumulation due

to location or environment. This shows that there is a significant effect of environment in

controlling the expression of gliadin protein. The differential accumulation of gliadin due

to environment has also been well documented by Triboi et al. (2000), who reported that

protein content depends on genotype and environmental factors.
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Fig. 2: Electrophoregrams of gliadins in different wheat varieties during the crop

years 2010-11 and 2011-12
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Table 81: Presence of alpha, beta, gamma and omega gliadins in different wheat varieties during 2010-11

Wheat Varieties

Band #
Shafaq-06 Sehar-06 Lassani-08 FSD-08 Aas-10 AARI-11

M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity

1 83.02 Dark 85.43 Dark 88.76 Dark 87.08 Dark 87.08 Dark 89.61 Dark

2 61.03 Light 61.56 Light 77.64 Light 62.10 Light 62.10 Light 76.21 Light

3 54.50 Light 54.97 Light 72.62 Light 54.97 Light 55.45 Light 62.10 Light

4 43.30 Dark 43.30 Dark 61.56 Light 43.93 Dark 43.72 Dark 55.45 Light

5 38.56 Dark 38.56 Dark 55.45 Light 38.75 Dark 38.93 Dark 43.93 Dark

6 36.39 Dark 36.57 Dark 43.50 Dark 36.92 Dark 36.74 Dark 38.93 Dark

7 33.85 Dark 33.85 Dark 38.75 Dark 34.34 Dark 33.85 Dark 36.92 Dark

8 31.03 Light 36.74 Dark 31.79 Light 31.18 Light 34.18 Dark

9 32.01 Light
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Table 82: Presence of alpha, beta, gamma and omega gliadins in different wheat varieties during 2011-12

Wheat Varieties

Band #
Shafaq-06 Sehar-06 Lassani-08 FSD-08 AARI-11 Aas-10

M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity M.wt
(kDa)

Intensity

1 87.25 Dark 88.13 Dark 90.32 Dark 88.25 Dark 89.34 Dark 92.22 Dark

2 63.45 Light 63.55 Light 73.30 Light 74.73 Light 85.43 Light 86.25 Light

3 55.21 Light 57.04 Light 62.31 Light 61.56 Light 74.02 Light 74.02 Light

4 43.37 Dark 47.42 Dark 57.82 Light 44.78 Dark 59.97 Dark 61.03 Light

5 39.24 Dark 39.32 Dark 44.21 Light 40.66 Dark 45.39 Dark 44.78 Dark

6 36.95 Dark 36.92 Dark 40.62 Dark 39.01 Dark 41.45 Dark 41.45 Dark

7 34.57 Dark 34.27 Dark 36.99 Dark 35.52 Dark 40.08 Dark 40.47 Dark

8 34.91 Dark 35.89 Dark 32.91 Light 35.35 Light 35.18 Dark

9 32.93 Light
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4.8 Modification of wheat gluten

The wheat variety AARI-11 was found best with respect to physico-chemical,

rheological and technological characteristics. Therefore, it was selected for gluten

modification.

4.8.1 Estimation of bound methionine in the reaction system

The objective of this study was to enzymatically modify gluten proteins by

binding methionine to the terminal and amino lateral groups of glutamine residues for the

reduction of immune response in celiac disease. The hydrolysis reaction by peptidases

such as chymotrypsin enzyme is reversible in principle, and the thermodynamic barriers to

the reversal of hydrolysis can be moved in the direction of peptide bond formation. In

contrast to the hydrolysis, transpeptidation requires low water activity, where amino

groups react as nucleophiles instead of water molecules and the transpeptidation occurs.

The behavior of the methionine binding through the first 80 minutes of reaction

time with three different levels of methionine addition into the system (5%, 10% and 20%) is

shown in Figure 3, Table 83. The level of methionine binding to the gluten proteins was

observed to increase as a function of reaction time and it was maximum as it approached

to 60 minutes of the reaction time and it started to decrease when the reaction time

exceeded to 60 minutes. The methionine (5% level) bound to the gluten proteins was

recorded 0.02mg/ml after 10 minutes and 0.04 mg/ml after 20 minutes of the reaction

time and it was found the highest (0.20 mg/ml) after 60 minutes of reaction time. The

methionine addition @ 5% into the system showed that its binding capacity to gluten

decreased from 0.18 mg/ml to 0.15 mg/ml after 70 and 80 minutes of reaction time,

respectively. The results regarding addition of 10% methionine into the system also

indicated that binding of methionine to gluten proteins increased from 0.06 mg/ml to 0.08

mg/ml after 10 and 20 minutes of the reaction time respectively to the highest 0.25 mg/ml

after 60 minutes of reaction time when 10% methionine was added into the system. The

methionine binding decreased from 0.20 mg/ml to 0.16 mg/ml after 70 and 80 minutes of

reaction time respectively. The added methionine bound to the gluten proteins was also

found to increase from 0.10 mg/ml to 0.17 mg/ml after 10 and 20 minutes of the reaction

time, respectively. The bound methionine was recorded the highest (0.34 mg/ml) after 60
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minutes of the reaction time and then it again decreased from 0.31 mg/ml to 0.27 mg/ml

after 70 and 80 minutes of reaction time respectively with 20% methionine added into the

system.

The results illustrated in figure 3, Table 83 are an estimate measured as alpha

amino groups starts decreasing for the first 60 minutes, when methionine was bound to

gluten proteins and alternatively to the methionine itself. However, 60 minutes of the

reaction time, alpha amino groups were available by hydrolysis of some peptide bonds

of gluten proteins. Moreover, alpha amino groups were available principally from

cleavage of methionine peptides which methionyl residues chymotrypsin hydrolyses at a

high rate during the reaction.

The amount of methionine bound to gluten proteins increased progressively with

increase in the level of free methionine added into the system (Fig. 3). The highest amount

of methionine bound to gluten proteins was 0.20 mg/ml, 0.25 mg/ml and 0.34 mg/ml

when 5%, 10% and 20% methionine was added into the system, respectively. This

increase in binding might be due to the effect of methionine binding itself because the

synthesis by peptidases is increased by concentration. This finding is supported by the

results of percentage of immunoreactivity shown in figure 4. The lowest values (the most

effective) were obtained by adding 5% methionine to the reaction system for the

modification of gluten protein.

Because gluten proteins contain relatively few ionisable groups, the -NH2 groups

and non-polar side chains have a greater opportunity to react with other compounds to

form covalent bonds. This characteristic has been used to have good effect in studies

focused on chemical modifications such as the amide-ester conversion of glutamine in

gluten proteins.

Calderon De La Barca et al. (2012) studied the binding of lysine and valine to the

isolated gluten proteins using microbial transglutaminase and chymotrypsin, respectively.

They reported that the best conditions for isolated gluten reaction for valine were 1:100

chymotrypsin:gluten, 3M glycerol, 5%Val, pH 10, 37°C and 60 minutes reaction time

was reported. This study also confirms the results obtained in the present findings

indicating that maximum methionine binding was achieved at 60 minutes of reaction

time.
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Table 83: Estimation of bound methionine in the reaction system (mg/ml)

Reaction time (min)
5% Methionine

(mg/ml)
10% Methionine

mg/ml)
20% Methionine

mg/ml)
10 0.02±0.00 0.06±0.00 0.10±0.00

20 0.04±0.00 0.08±0.00 0.17±0.01

30 0.09±0.00 0.18±0.01 0.24±0.01

40 0.13±0.01 0.22±0.01 0.29±0.02

50 0.17±0.02 0.23±0.00 0.32±0.01

60 0.20±0.01 0.25±0.02 0.34±0.02

70 0.18±0.03 0.20±0.01 0.31±0.02

80 0.15±0.01 0.16±0.01 0.27±0.01

Fig 3: Estimation of bound methionine in the reaction system (mg/ml)
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4.8.2 Percentage of immunoreactivity in modified gluten

The methionine binding to the gluten proteins by enzymatic synthesis was

assayed at different pH values ranging from 5 to 10. The percentage of immunoreactivity

in modified gluten through the first 80 minutes of the reaction time with three different

levels of methionine (5%, 10% and 20%) is depicted in figure 4, Table 84. The modified

gluten with the lowest immunoreactivity was obtained near to 60 minutes of reaction

time at pH 10.

The immunoreactivity to the modified gluten proteins decreased as the reaction

time proceeds upto 60 minutes. The lowest immunoreactivity (26%) was recorded at 60

minutes of reaction time with 5% methionine added to the system. The percentage of

immunoreactivity started to increase when the reaction time exceeded to 60 minutes. The

level of 5% methionine added into the system showed that percentage of

immunoreactivity increased from 28% to 31% after 70 minutes and 80 minutes of

reaction time, respectively. The results regarding addition of 10 methionine into the

system revealed that the immunoreactivity to the modified gluten proteins was found to

decreased from 102% to 97% after 10 and 20 minutes of reaction time, respectively and

the lowest (29%) was recorded at 70 minutes of reaction time. The immunoreactivity

again increased to 33% after 80 minutes of reaction time. The immunoreactivity to gluten

proteins was decreased from 109% after 10 minutes of the reaction to the lowest 34%

after 70 minutes of reaction time with 20% methionine added into the reaction system. The

immunoreactivity to modified gluten proteins was again increased to 35% after 80 minutes

of reaction time. The results showed that maximum decrease in immunoreactivity was

achieved at 60 minutes of reaction time when 5% methionine was added into the system.

Probably, the unprotonated ε-amino groups from glutamine reacted as 

nucleophiles for the covalent union of methionine because pH was higher than its pKa

value of 9.13. Therefore, the present study was carried out for screening of reaction time

vs. bound methionine was carried out at pH 10.
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Table 84: Percentage of immunoreactivity in modified gluten

Reaction Time (min) Methionine 5% Methionine 10% Methionine 20%

10 103±1.22 102±1.45 109±0.65

20 96±1.04 97±0.64 100±1.69

30 87±2.42 96±2.25 99±2.43

40 92±0.86 92±1.54 93±1.54

50 59±1.58 85±0.47 88±0.81

60 26±0.37 49±0.21 69±0.68

70 28±0.83 29±0.48 34±1.21

80 31±0.12 33±0.96 35±1.03

Fig 4: Percentage of immunoreactivity in modified gluten
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The immunoreactivity to the modified gluten proteins decreased proportionally to

the level of added free methionine into the system. The lowest percentage of

immunoreactivity to the modified gluten was recorded with 5% methionine added into the

system at 60 minutes of reaction time. It was probably an outcome of the methionine

binding because the synthesis by peptidases is increased by concentration. And as the

bound methionine increased, it results in decreasing the immunoreactivity. The results for

percentage of immunoreactivity described here are supported by results of bound

methionine shown in figure 3.

4.8.3 IgA indexes for individual CD patients

The gliadins from modified and unmodified gluten with 5% methionine added into

the system were used as coating antigen in assays for IgA index calculations. The results of

IgA indices using individual serum of ten different patients are presented in Table 85. The

results indicated that the serum of each patient had positive IgA index to gliadins from

unmodified gluten as well as digested gliadin from unmodified gluten (Table 85). The sera of

only two patients had positive IgA index to gliadins from modified gluten. It also evident

from the results, that when these proteins were digested, the sera of no patient’s serum had

positive IgA reactivity. IgA antibody assays have been previously used as an indicator of

immunoreactivity of modified wheat proteins. The methionine binding to gluten

catalyzed by chymotrypsin induced a remarkable reduction of celiac IgA

immunoreactivity to its gliadins. This study also suggests that the intake modified gluten

will have no impact on celiac disease patients.

4.8.4 Sensory scores of control and modified gluten bread

The mixographic parameters of modified gluten with 5% methionine added and maize

starch were also measured. The lower development time in mixogram was recorded 23

minutes with 65% of water using a ratio of 15:85 (modified gluten-maize starch). This

increase in mixing time compared to wheat flour can be due to the proteins not

being embedded together with starch granules into the dough. To develop dough with

viscoelastic properties requires proteins to form a starch containing network.
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Table 85: IgA indexes for individual CD patients

Patient No.
Gliadin from
unmodified

gluten

Digested gliadin
from unmodified

gluten

Gliadin from
modified gluten

Digested gliadin
from modified

gluten

1 19.24 19.16 1.24 Negative

2 5.83 5.78 Negative Negative

3 9.45 9.56 Negative Negative

4 13.80 13.72 Negative Negative

5 7.92 7.83 Negative Negative

6 3.76 3.74 Negative Negative

7 17.62 17.18 0.98 Negative

8 6.74 6.45 Negative Negative

9 12.36 12.42 Negative Negative

10 8.49 8.36 Negative Negative
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The results given in Table 86 indicated that the scores assigned to control bread

for loaf volume (8.00±0.18), crust color (6.50 ± 0.14), bread symmetry (2.13 ± 0.01),

evenness of bake (2.21 ± 0.06), character of crust (2.25 ± 0.03), break and shred (2.08 ±

0.09), grain (7.33 ± 0.10), crumb color (7.17 ± 0.12), aroma (7.00 ± 0.03), mastication

(7.67 ± 0.08), taste (10.83 ± 0.04), texture (12.17 ± 0.24) and total scores (75.33 ± 1.15)

were higher as compared to the scores assigned to the modified gluten bread for loaf

volume (6.67 ± 0.19), crust color (6.42 ± 0.15), bread symmetry (1.83 ± 0.12), evenness

of bake (2.08 ± 0.03), character of crust (1.92 ± 0.08), break and shred (1.96 ± 0.04),

grain (6.79 ± 0.07), crumb color (6.71 ± 0.94), aroma (6.75 ± 0.08), mastication (7.46 ±

0.31), taste (10.17 ± 0.27), texture (10.92 ± 0.60) and total scores (70.56 ± 1.46).

However, both these breads got higher scores than breads prepared without wheat gluten.

The physical characteristics (Table 86) of breads two hours after baking, the

specific volume (4.13 ± 0.14cm3/g) of the modified gluten bread was lower than

the control bread (4.59 ± 0.21cm3/g). However, bread made with modified gluten had

higher specific volumes than other gluten free breads. These results are supported by the

results of Marco and Rosell (2008). Fig. 5 shows digital images of breads and transverse

slices of breads. The crust did not reveal cracks neither in control nor in modified gluten

bread as development of cracks in the crust is an undesirable characteristic widely presented

in gluten free breads

The gluten content in breads prepared with modified gluten was found 79 ppm

which is within the limits reported by Codex Alimentarius Commission. The Codex

Alimentarius states that a special food with reduced gluten content should have from 20 to

100 ppm, based on the decision at national level (Codex Alimentarius Commission,

2008). Thus the modified gluten bread possesses gluten content within the upper limit of

ranges approved by Codex Alimentarius Commission.
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Table 86: Sensory scores of control and modified gluten bread

Parameter Control Modified

Loaf volume 8.00±0.18 6.67 ± 0.19

Crust color 6.50 ± 0.14 6.42 ± 0.15

Bread symmetry 2.13 ± 0.01 1.83 ± 0.12

Evenness of bake 2.21 ± 0.06 2.08 ± 0.03

Character of crust 2.25 ± 0.03 1.92 ± 0.08

Break and shred 2.08 ± 0.09 1.96 ± 0.04

Grain 7.33 ± 0.10 6.79 ± 0.07

Crumb color 7.17 ± 0.12 6.71 ± 0.94

Aroma 7.00 ± 0.03 6.75 ± 0.08

Mastication 7.67 ± 0.08 7.46 ± 0.31

Taste 10.83 ± 0.04 10.17 ± 0.27

Texture 12.17 ± 0.24 10.92 ± 0.60

Total scores 75.33 ± 1.15 70.56 ± 1.46

Loaf volume (Rapeseed method) (cm3/g) 4.59 ± 0.21 4.13 ± 0.14
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Fig. 5: Digital images of modified gluten bread V/S conventional bread and

transverse slices of breads
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4.8.5 Textural characteristics of control and modified gluten bread

Texture is a quality attribute that is closely related to the structural and

mechanical properties of a food. The textural properties of a food have been described as

‘‘that group of physical characteristics that are sensed by the feeling of touch, are related

to the deformation, disintegration and flow of the food under the application of a force

and are measured objectively by functions of force, time and distance’’ (Bourne, 1982).

Bakery products have a characteristic shape and definite texture that is accepted by the

consumers. Texture has a significant influence on the consumer’s perception of a good

bread quality. The most important attributes of bread include hardness and springiness,

and further parameters such as chewiness, gumminess and cohesiveness can be taken into

account as well (Meterei et al., 2004).

The results regarding dough textural characteristics of control and modified gluten

bread have been presented in Table 87. The results showed that the dough softness

(287.76g) and dough cohesiveness (4.08g) were recorded lower in modified gluten bread

as compared to the dough softness (318.41g) and dough cohesiveness (4.68g) observed in

control bread. The dough cohesiveness is the property of being cohesive and sticky

holding particles in a homogeneous body together.

The bread hardness is an important qualitative parameter affecting the end use of

a given variety of wheat. The bread hardness depicted in Table 87 indicated that the

modified gluten bread possessed higher value for hardness (5244.08 g) as compared to

control bread (4744.62 g). The results revealed that bread (control) prepared from the

wheat flour exhibited higher fracturability (66.84 g) as compared to the bread prepared

from modified gluten with corn flour (65.69 g). The gumminess is the denseness that

persists throughout chewing food. The bread gumminess was found lower in control

bread (150.31 g) and compared to modified gluten bread (157.27 g). In the present study,

although the textural characteristics showed lower results for the modified gluten bread as

compared to the control bread but these results are higher as compared to the gluten free

breads. The modified gluten bread was found harder as compared to the control bread, it

might be due to the reason that gluten may not be completely dispersed in modified

gluten flour as naturally it exists in wheat flour.
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Table 87: Textural characteristics of control bread v/s modified gluten bread

Parameter Control bread
Modified gluten

bread

Dough Softness 318.41 g 287.76 g

Dough Cohesiveness 4.68 g 4.08 g

Bread Hardness 4744.62 g 5244.08 g

Bread Fracturability 66.84 g 65.69 g

Bread Gumminess 150.31 g 157.27 g
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Chapter 5

SUMMERY

The present research work was undertaken to assess the biochemical and

immunochemical characteristics of six spring wheat varieties grown in Pakistan in

relation to their rheological and technological properties such as bread, chapatti and naan

making qualities. The wheat varieties differed significantly with respect to

physicochemical characteristics. The crude protein content, wet gluten content, dry gluten

content, SDS-Sedimentation value and Pelshenke value were found to differ significantly

and their contents were found higher in wheat variety AARI-11, which may have better

potential for bread making and should be used to explicit its potential in the development

of new wheat varieties.

The rheological characteristics were significantly affected by wheat varieties and

crop years. The flour of wheat variety AARI-11 possessed significantly the highest water

absorption (63.13%), dough stability time (6.60minutes), mixing tolerance index (71.67

FU) while significantly the highest dough development time (5.42minutes) and softening

of dough (147.50 FU) was yielded by the flours of wheat varieties Lassani-08 and

Shafaq-06, respectively. The mixing time (5.27 minutes), peak height (67.38 BU),

gelatinization temperature (62.50 °C) and peak viscosity (1508.67 BU) were found

significantly the highest in flour of wheat variety AARI-11.

The breads prepared from different wheat varieties were found significantly

differed among different wheat varieties. It may be inferred from the results that wheat

variety AARI-11 is superior in bread quality as it got higher total scores (82.05). The

wheat varieties Sehar-06 (67.55) and Aas-10 (67.80) are inferior in bread making quality

due to significantly lower total scores and can be used for other purposes such as cookies

and cakes. The cropping years did not exert any significant effect on sensory scores of

taste, color and aroma of breads, however remaining sensory attributes were significantly

affected by the crop years.

The sensory attributes of chapattis varied significantly among different wheat

varieties. In Pakistan, wheat is mostly used for preparation of chapattis and thus the wheat varieties
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AARI-11 (52.9) and FSD-08 (48.8) possessing higher total scores may be preferred by the end

users. Except color, flavor and taste all other sensory parameters were affected significantly by the

crop years. Thus significant effect of crop years and wheat varieties suggested that chapatti quality

not only depends on the genetic make-up of the wheat varieties but also on growing conditions

prevailed during different crop years.

The wheat varieties differed significantly among each other with respect to all

sensory parameters of naans. The wheat variety AARI-11 got maximum total scores

(50.3) which can be exploited by different stakeholders to achieve their specific purposes.

The results pertaining to the antibody response assessed by employing animal

modeling through rabbits as test animal revealed significant variation among different

wheat varieties on antibody responses against different protein fractions. The antibody

response against gliadin, glutenin, HMW-GS, LMW-GS, alpha gliadin, beta gliadin,

gamma gliadin and omega gliadin varied significantly from 0.35 to 0.77, 0.58 to 1.03,

0.33 to 0.74, 0.39 to 0.89, 0.13 to 0.37, 0.08 to 0.21, 0.33 to 0.55 and 0.19 to 0.43,

respectively among different wheat varieties. The antibody response against gliadin

(0.77), glutenin (1.03), HMW-GS (0.74), gamma gliadin (0.55) and omega gliadin (0.43)

was yielded significantly the highest by wheat variety ARRI-10. While significantly the

highest antibody response against LMW-GS (0.89), alpha gliadin (0.37) and beta gliadin

(0.21) was shown by the wheat varieties Shafaq-06, Lassani-08 and Aas-10, respectively.

The results of the present study showed that the wheat variety AARI-11 exhibited

significantly the highest antibody response against all the assessed protein fractions.

Existence of wide variation with respect to antibody responses of different protein

fractions indicates the existence of differences in the end use quality of these wheat

varieties.

The correlation matrix showed a significant relationship of different wheat protein

fractions antibody response with different wheat quality attributes. The present study

suggests that the use of antibodies response against glutenin and HMW-GS offers

good tool for predicting quality of wheat for suitability to bread making, chapatti and

naan making qualities. The anti-gliadin and anti-LMW-GS antibody response was

found negatively correlated with different breads, chapattis and naans making
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characteristics. Anti-gamma gliadin antibody response showed positive relationship

with some quality characteristics of breads, chapattis and naans.

The glutenins (high molecular weight glutenin subunits and low molecular weight

glutenin subunits) and gliadins (alpha, beta, gamma and omega gliadin) fractions in

different wheat varieties produced during the cropping years 2010-11 and 2011-12 were

determined through SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and acid-

polyacrylamide gel electrophoresis (Acid-PAGE). The polypeptides detected in the

present study can be divided into two major molecular weight regions. The polypeptides

present at 28.23 kDa to 69.81 kDa are known low molecular weight glutenin subunits

(LMW-GS) while those which are present in the region above 70 kDa are high molecular

weight glutenin subunits (HMW-GS). It is evident from the electrophorogram that more

number of polypeptides were present in the region falling under low molecular weight

glutenin subunits.

The SDS-PAGE patterns of molecular weight of glutenin subunits of different

wheat varieties showed the presence of glutenin subunits in the range of 28.23 to 110.89

kDa and 28.29 to 113.51 kDa during the cropping years 2010-11 and 2011-12,

respectively. The highest molecular weight glutenin subunit (110.89kDa) was observed in

wheat variety Lassani-08, during the crop year 2010-11, while during the cropping season

2011-12, the highest molecular weight glutenin subunit (113.51 kDa) was found in wheat

variety AARI-11. A wide variation with respect to high molecular weight subunits in

different wheat varieties occurred. The highest numbers of polypeptide bands were

identified in wheat varieties Shafaq-06, Lassani-08 and AARI-11 during cropping year

2010-11. While during the crop year 2011-12 the highest number of polypeptides were

observed in wheat varieties Shafaq-06, Lassani-08, FSD-08 and AARI-11.

The gliadin clectrophoregrams of different wheat varieties grown during the crop

years 2010-11 and 2011-12 demonstrated that gliadin bands for each wheat variety

possessed variation in one or more gliadin bands in relative mobilities. It is also evident

from the results that the maximum numbers of gliadin electrophoregrams were resolved in

case of wheat variety Lassani-08. The results regarding gliadin bands revealed that total

gliadin electrophoregrams ranged from 31.03 to 89.61 kDa and 32.91 to 92.22 kDa among
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different wheat varieties, during the crop years 2010-11 and 2011-12, respectively. The

polypeptides with molecular weight between 31.03 to 54.50 kDa and 32.91 to 55.21 kDa

belong of α-, β- and γ-subunits of gliadin, during the crop years 2010-11 and 2011-12 

respectively. The group of polypeptides with a molecular weight of about 54.50 to 89.61

kDa and 55.21 to 92.22 kDa is subunits of ω-gliadins during the crop years 2010-11 and 

2011-12, respectively.

The mandate of the present study was also to bind methionine in gluten protein

sequences to generate a steric bulk to abolish their recognition by IgA antibodies in celiac

disease patients. The behavior of the methionine binding through the first 80 minutes of

reaction time with three different levels of methionine (5%, 10% and 20%) addition into the

system showed that the level of methionine binding to the gluten proteins increased as a

function of reaction time and it was maximum as it approached to 60 minutes of the

reaction time. The amount of methionine bound to gluten proteins increased progressively

with increase in the level of free methionine added into the system. The modified gluten

with the lowest immunoreactivity was obtained at 60 minutes of reaction time at pH 10.

The lowest immunoreactivity (26%) was recorded at 60 minutes of reaction time with 5%

methionine added to the system. The immunoreactivity to the modified gluten proteins

decreased proportionally to the level of added free methionine into the system.

The results indicated that the serum of each patient had positive IgA index to

gliadins from unmodified gluten as well as digested gliadin from unmodified gluten. The sera

of only two patients had positive IgA index to gliadins from modified gluten. It also evident

from the results, that when these proteins were digested, the sera of no patient’s serum had

positive IgA reactivity.

The scores assigned to control bread were observed higher as compared to the

scores assigned to the modified gluten bread. The specific volume (4.13 ± 0.14cm3/g)

of the modified gluten bread was lower than the control bread (4.59 ± 0.21cm3/g).

In the present study, although the textural characteristics showed lower results for the

modified gluten bread as compared to the control bread but these results are higher as

compared to the gluten free breads. The gluten content in breads prepared with modified

gluten was found 79 ppm which is within the limits reported by Codex Alimentarius

Commission.
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Conclusions

 Pakistani wheat varieties differ significantly in their physicochemical, rheological

and technological characteristics.

 Anti-glutenin and anti–HMW-GS antibody response was positively correlated to

quality characteristics. Anti-gliadin and anti–LMW-GS antibody response was

negatively correlated to the quality characteristics. Anti-gamma gliadin showed

some positive antibody response to some quality characteristics

 The SDS-PAGE patterns of molecular weight of glutenin subunits of different

wheat varieties showed the presence of glutenin subunits in the range of 28.23 to

110.89 kDa and 28.29 to 113.51 kDa during the cropping years 2010-11 and

2011-12.

 The results regarding gliadin bands revealed that total gliadin electrophoregrams

ranged from 31.03 to 89.61 kDa and 32.91 to 92.22 kDa among different wheat

varieties during the crop years 2010-11 and 2011-12, respectively.

 The methionine binding to gluten induced a remarkable reduction of celiac IgA

immunoreactivity to gliadin

Recommendations

 The physical and chemical quality parameters were significantly different among

wheat varieties, thus the information obtained in this study can be useful for

millers and bakers for the selection of suitable variety for their intended uses.

 ELISA is a reliable method and can be used as single tool for the wheat quality

assessment therefore it should be developed for all wheat varieties.

 A research project should also be conducted to investigate the antibody response

of modified gluten.

 Prospectus of modified gluten for different wheat-based foodstuffs like the

assayed bread in this study needs to be investigated.
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AAPPPPEENNDDIIXX II

Score card for sensory evaluation of breads

Name of Judge ______________________

Assigned scores

External Characteristics

Max. Score

Loaf Volume 10

Color of Crust 8

Symmetry of form 3

Evenness of bake 3

Crust Character 3

Break and shred 3

Internal Characteristics

Grain 10

Color of crumb 10

Aroma 10

Mastication 10

Taste 15

Texture 15

Signature: ___________________
Date: ___________________
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AAPPPPEENNDDIIXX IIII
Score card for sensory evaluation of chapattis

Directions

Please take these samples one by one and evaluate them for the following parameters on

hedonic scale as given at the end of form. It is very important to rinse mouth thoroughly

with clean water after evaluation of each sample.

Name of the Judge -----------------------------------

Age -----------------------------------

Sex -----------------------------------

Signature ----------------------------------- Date ---------------------------

Attribute

Color

Flavor

Taste

Texture

Feel to touch

Foldability

Breakability

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
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AAPPPPEENNDDIIXX IIIIII
Score card for sensory evaluation of Naans

Directions

Please take these samples one by one and evaluate them for the following parameters on

hedonic scale as given at the end of form. It is very important to rinse mouth thoroughly

with clean water after evaluation of each sample.

Name of the Judge -----------------------------------

Age -----------------------------------

Sex -----------------------------------

Signature ----------------------------------- Date ---------------------------

Attribute

Color

Flavor

Taste

Texture

Flexibility

Chewability

Over all acceptability

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


