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ABSTRACT 

Minerals are one of the nutrient groups vital to the human health and the deficiencies of minerals 
remain a momentous public health problem in many parts of the world, predominantly in 
developing and under developing countries where imperfection to vitamin A, iron, iodine and 
other micronutrients leads to adverse health disorders. The phytic acid has serious health 
concerns as it decreases the bioavailability of many essential minerals by interacting with 
multivalent cations and proteins to form complexes that may be insoluble or otherwise 
unavailable under physiologic conditions. This project is designed to increase the availability of 
minerals in flour with high and low extraction rates. In the present study three wheat varieties 
namely AARI-11, Faisalabad-08 and Lasani-08 at different extraction rates were characterized 
with special reference to physico-chemical analysis. The grains of each wheat variety was 
tempered and then milled through Quadrumate Senior Mill and whole wheat flour was formed 
through Udy Cyclon Mill. The results showed that significant variations were found in physico-
chemical analysis and mineral profile of different wheat varieties. The test weight and thousand 
kernel weight ranged from 73.79 to 76.97 kg/hL and 40.71 to 43.85 grams, respectively, among 
different wheat varieties. The chemical parameters including moisture, ash, protein, fat and fiber 
contents were affected significantly by the wheat varieties and the extraction rates. The results 
exhibited variations among different extraction rates flour. It was revealed that 70% extraction 
rates flour possessed the highest moisture (12.36%), wet and dry gluten contents (27.56% and 
10.58%, respectively) where as the whole wheat flour exhibited the highest ash (1.66%), fat 
(2.48%), protein (12.84%) and fiber (1.54%) contents. Rheological characteristics i.e. 
Farinographic and Mixographic studies of the flour were significantly affected by the different 
extraction rates and wheat varieties. The whole wheat flour exhibited the highest mineral 
contents as compared to the flour with low extraction rates. Hydrochloric acid extractability of 
minerals was increased significantly with the increase in extraction rates and significantly 
affected by the extraction rates and wheat varieties. Low phytate flour was prepared through 
autoclaving, fermentation and enzymatic degradation of phytic acid. The phytic acid content was 
significantly affected by the different processing treatments. The highest phytic acid content was 
found in whole wheat flour. Sensory parameters of chapattis and naan demonstrated non 
significant (P>0.05) effect among the wheat varieties where as significant effect was observed 
among the extraction rates. The efficacy study was conceded and degraded phytic acid samples 
were fed to rats for the analysis of serum biochemical profile. Two year study i.e. 2011 and 2012 
was carried out to check the efficiency of the product and then results of both years were 
compared. It was concluded that fermented flour has higher value in the bioavailability of the 
minerals.  

 

  



AAPPPPEENNDDIIXX  II  

 

Score card for sensory evaluation of chapattis  

Directions 

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 -----------------------------------  

Signature  -----------------------------------   

Date                         ----------------------------------- 

Attributes A B C D E F G H I J K L 

Color             

Taste             

Texture             

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 
 



AAPPPPEENNDDIIXX  IIII  

Score card for sensory evaluation of naans 

Directions 

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 -----------------------------------  

Signature  -----------------------------------   

Date                         ----------------------------------- 

Attribute A B C D E F G H I J K L 

Color             

Taste             

Texture             

Flexibility              

Chewability              

Overall 
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 
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Chapter 1 

INTRODUCTION 

 

The cereals and legumes are main dietary sources of macronutrients (carbohydrate, 

protein, vitamins and dietary fiber) and micronutrients (iron, calcium and zinc) in many 

developing countries (Lestienne et al., 2005a; Lestienne et al., 2005b; Lestienne et al., 2005c). 

These provide at least 50% of the dietary energy and contribute to meet the most of nutritional 

requirements of the population (Ma et al., 2005).  

The micronutrients are the nutrients required by human being and other living things 

throughout life in small quantities to orchestrate a whole range of physiological functions, but 

which the organism itself cannot produce. The dietary trace minerals present in amounts 

generally less than 100 milligrams/day as opposed to macro minerals which are required in larger 

quantities. Micronutrients also include organic compounds such as vitamins required in tiny 

amounts by an organism (UNICEF, 2010). The micro minerals or trace elements include iron, 

cobalt, chromium, copper, iodine, manganese, selenium, zinc and molybdenum.  

Micronutrients like zinc, iron and iodine play major role in the human body. Although 

they are required in very minute quantity but deficiency of these minerals lead to severe health 

problems in human beings. These problems are usually reported in the people of under 

developing countries and these people are typical deficit in more than one micronutrient. Fruits, 

vegetables and animal products are rich source of minerals but the people living in low income 

countries are unable to get these natural plant and animal products on permanent basis. Different 

types of illness are reported due to deficiency of mineral nutrients like diarrhea, measles, malaria 

and pneumonia. This situation is resulted in the cause of more than 10 diseases worldwide 

(World Health Report, 2001). 

 Pregnant, lactating women and young children are more susceptible to the mineral 

deficiency because their need of nutrients is slightly different and higher as compared to other 

groups of people. A pregnant and lactating woman requires more desirable amount of 

micronutrient for herself and her growing baby. The mineral status of the pregnant woman 

determines the health status of the infant. When micronutrient deficiency occurs in pregnant 
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women it ultimately retards the mental development in infants and neonates but in the case of 

young children, micronutrient deficiency may cause risk of dying due to the fatal diseases. 

However, deficiency of minerals i.e. macro and micro is mostly prevalent in those areas where 

sufficient quantity of desired nutrients is not provided to the people.  

 Many technical and physiological factors are responsible for micronutrients deficiency. 

These factors include less availability of the food crops, interrupted food supplies, break out of 

diarrheal diseases which may result in mal absorption, losses in important nutrients, suppression 

in appetite which primarily occur due to infectious diseases. To overcome this problem adequate 

and well balanced general food aid rations in sufficient quantities regularly distributed among 

suffered people to meet the need of the nutrients and to fight against fatal diseases (FAO/WHO, 

2005). 

Unfortunately, most of the cereal foods have lesser ability to metabolize micronutrients, 

due to the presence of phytic acid (inositol hexakisphosphate, IP6). It is ubiquitous in nature and 

principle component of most of the plant seeds. It is constituted 1-3% by weight of many cereal 

grains (Peng et al., 2010). In most of the seeds and grains phytic acid phosphorous accounts for 

65-85% of the total seed phosphorous. The major part of the phytate is attached with aleurone 

layer. During milling aleurone layer remains attach to the pericarp, which is concentrated in the 

bran fraction. Bran has more phytate contents as compared to the whole wheat meal (Anjum et 

al., 2002). 

The whole cereal grains including wheat, rice and corn consist of 1.5 to 6.4% phytic acid 

(Saad et al., 2011). The wheat constitutes 60% of the average daily diet in Pakistan. As a 

polyanion, phytic acid has strong ability to chelate positive charged minerals such as Fe2+, Ca2+, 

Mg2+ and Zn2+ and ultimately decrease their bioavailability (Akond et al., 2011). Chelation of 

phytic acid with divalent cations has a significant role in repression of tumor progression 

(Muraoka and Miura, 2004: Sunkara et al., 2008).  

 Wheat is the major source of calories in Pakistan. Its production in the country has been 

estimated to increase by 598% in 1948 to 2010 and its area has been increased up to 129% which 

is a great achievement. Immense efforts have been made to improve the quality characteristics of 

wheat. However, very little attentions have been paid to the mineral profile of wheat.  

Production of whole wheat flour poses several unique challenges to the milling and 

baking industries (Tang et al., 2008). For milling of flours with different particle size and 
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density, well established milling procedures have been developed which produce high quality 

flour (Kihlberg et al., 2004). Additionally whole wheat flour has more nutritional value as 

compared to the white flour which ultimately affects the end use quality of the product 

(Doblado-Maldonado et al., 2012). This may occur due to the presence of high amount of 

nutrients which mostly accumulated in wheat bran hence minerals, vitamins and other necessary 

nutrients including antioxidants widely profound in whole wheat flour (Weaver, 2001). In many 

countries flour is enriched with different nutrients (Flour Fortification Initiative, 2012) especially 

iron, iodine and dietary fiber which ultimately increase the nutritional quality of the flour and 

finished product (Kihlberg et al., 2004). 

 Dietary fiber is an important component of whole wheat flour which directly influences 

the health benefit of the consumers (Kihlberg et al., 2004). Whole wheat flour has relatively 

more dietary fiber than straight grade flour with low extraction rate (Weaver, 2001). Outer layers 

of grain (bran) contain health promoting constituents that are very necessary for regulating body 

process (Frontela et al., 2008). Now-a-days in many developing countries more emphasis has 

been given to those foods which are rich in fiber (Rakha et al., 2010). Hence new technologies 

have been adopted to improve the quality of cereal food (Delcour and Hoseney, 2010). 

  Bioavailability is the proportion of the minerals that can be absorbed and utilized 

within the body. The bioavailability is influenced by the different factors like solubility of 

minerals, pH of intestinal lumen, dietary factors and residence time at the absorption site 

(Larsson et al., 1997; Liang et al., 2008). The former could be predicted by molar ratios of phytic 

acid to minerals, HCl (hydrochloric acid) extractability and in vitro solubility of minerals. It has 

been recently proposed that, when phytate and zinc are present in a molar ratio of 16:1, the zinc 

is no longer bioavailable and typical ratios found for rice are: 4-15 and 61-74, for white and 

brown rice, respectively (Ma, 2007). The highly negatively charged IP6 forms various 

complexes when combine with minerals and proteins (Andlid et al., 2004). Phytate is considered 

an antinutrient due to the formation of precipitated complexes that strongly reduces the 

absorption of essential dietary minerals such as iron and zinc (Rossander-Hulthen et al., 1992), 

either directly or indirectly, and thus change their solubility, functionality, absorption, and 

digestibility (Rickard and Thompson, 1997; Bilgiçli et al., 2006; Dewettinck et al., 2008; 

Frontela et al., 2008; Palacios et al., 2008 a, b).  
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 Owing to the formation of indigestible chelates, the bioavailability of nutritionally 

important minerals are limited (Weaver and Kannan, 2002). For example, lowered absorption of 

iron and zinc from diets rich in phytic acid is a major factor for iron and zinc deficiencies in 

developing countries where well balanced diets are not available and people rely on staple foods 

such as rice or legumes (Brown and Solomons, 1991: Frank et al., 2009). Phytic acid inhibits 

iron absorption in infants to an extent similar to that in adults (Davidsson et al., 1994: Hurrell et 

al., 1998a). Low iron absorption from legume and cereal based complementary foods is a major 

cause of the widespread iron deficiency in infants in developing countries. Iron deficiency in 

infants can lead to reduced psychomotor and mental development with possible long term 

negative consequences on school performance (Haltermann et al., 2001). Although phytic acid 

inhibits zinc absorption in adults, the situation in infants and children is unclear and young 

infants have shown relatively high zinc absorption from high phytate cereals and legumes 

mixtures. Nevertheless, decreasing phytic acid by 90% is expected to double zinc absorption in 

adults, and complete degradation could increase zinc absorption further (Dewettinck et al., 

2008). If the molar ratio of phytic acid to iron in an iron fortified food is reduced to 0.5, zinc 

absorption in adults would be expected to increase significantly. The influence of phytic acid 

reduction on zinc absorption in infants and young children appears to be modest but needs 

further investigation.  

 The human body utilizes minerals for the proper development of bone and blood, and 

maintenance of normal cell function. Some are required in large amounts, but others, such as Fe, 

Zn, Cu, I and Se are required in traces and higher concentrations can be harmful (Welch and 

Graham, 2004: Grusak and Cakmak, 2005). These mineral elements enter the food chain through 

plants. Some essential mineral elements, such as K and Na, occur solely as soluble inorganic ions 

in plants. However, most mineral elements also occur in organic compounds or inorganic salts, 

in both soluble and insoluble forms. The chemical form of an element in food determines our 

ability to absorb and assimilate it (Raboy, 2002).  

 The mineral elements lacking in human diets are Fe, Zn and I, although other elements, 

such as Ca, Mg, Cu and Se can be deficient in the diets of some populations (Poletti et al., 2004). 

It is estimated that, of the world’s 6 billion people, 60-80% are Fe deficient, 30% are Zn 

deficient, 30% are I deficient and about 15% are Se deficient (Combs, 2001). These deficiencies 

characterized by high intakes of staple foods but low intakes of vegetables, fruits, and animal and 
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fish products, which are rich in minerals. Ultimately, increasing the consumption of mineral rich 

foods could solve mineral malnutrition but this is not immediately practical (Bouis et al., 2003; 

Bouis, 2003). The extraction rate of wheat has marked effect upon its nutritional content. As a 

result of milling process, nutrient level of high extraction rate flour increases directly with 

increase in flour ash values (Din et al., 2009). The composition of flours varies with the 

extraction rate. With an increase in the extraction rate, the protein content, fibre, sugar, lipids and 

minerals increase whereas the starch decreases (Vetrimani et al., 2005). (Azizi et al., 2006). 

Extraction rate has positive effect on flour composition, dough rheological characteristics, bread 

quality and rate of staling on their native breads. So there is a need to explore the optimum 

amount of specific element needed for good health. 

The present project is designed with the following objectives, 

1. To evaluate wheat varieties for physico-chemical, rheological and technological 

properties. 

2. To investigate the phytic acid in different extraction rates of wheat flour. 

3. To determine the bioavailability and interaction of iron, zinc, calcium and phosphorus 

with phytic acid. 

4. To study the serum biochemical profile and liver functioning test of rats fed with 

chapattis and naan. 
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Chapter 2 

REVIEW OF LITERATURE 

 Research on the association between diet and the etiology of chronic diseases has proven 

to be one of the most challenging areas of nutritional epidemiology. It is widely recognized that 

one of the main causes of uncertainty regarding the role of diet in the etiology of chronic 

diseases is the intrinsic lack of accuracy of dietary intake assessment methods (Azizi et al., 

2005). Lifestyle related factors also have been assessed to be contributing factor in under and 

over reporting. In the past few decades there has been a gradual increase in production and 

consumption of novel cereal based products (Vitali et al., 2008). 

 Pakistan has incredible increase in the production of wheat in the last few decades. This 

increase is mainly due to the agro climatic conditions of the areas. Wheat grain is composed of 

different components such as protein, vitamins, carbohydrates, minerals and lipids. These 

components have their own importance and they are needed to fulfill the nutritional necessities 

of the living bodies. Despite these moieties, minerals have tremendous values however the body 

required them in small amounts but their deficiencies may cause acute and chronic health 

disorders. Cereal grains have naturally occurring antinutritional factor “phytic acid” which 

adversely affects the absorption of nutritional components. Pakistani population is totally 

dependent on wheat which is a staple food and when people consume diet rich in phytic acid 

then they ultimately bear severe consequences such as anemia, complication in pregnancy and 

poor growth (Khan et al., 2007) most probably due to chelating property of phytic acid. Green 

revolution has helped the human to greater extent but it does not address the human health 

related to the deficiencies of the minerals and vitamins (Ali et al., 2010). To overcome this 

problem there is a dire need to improve the quality as well as quantity of the cereal grains. In 

developing countries, half of the population is facing micronutrient malnutrition problems mostly 

related with iron, zinc and iodine deficiency. 30% of the world population has vitamin A, iron, 

iodine and zinc deficiency which ultimately affects the human health (Akthar et al., 2008). 

Minerals deficiency in Pakistan has been increasing at alarming rate. 

 The literature related to the present study has been reviewed under the following 

headings. 
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1. Wheat quality and factors influencing wheat quality 

2. Physico chemical attributes of wheat 

3. Importance of minerals in human body 

4. Phytic acid and its effect on the minerals 

5. Effect of milling on the minerals 

6. Flour extraction rate 

2.1. Wheat quality and factors influencing wheat quality 

 Pakistan has contributing 3.17% of the world wheat production from 3.72% of the wheat 

growing area (GOP, 2008). In 2012 wheat was cultivated on over 9210.1 hectares and country is 

likely to produce 24.03 million tons of wheat. Wheat ranks first as a good consumable cereal in 

Pakistan in the form of chapatti (unleavened flat bread), naan (leavened flat bread) and bread 

(Nadeem et al., 2010). Certain factors such as the genetic makeup, the type of soil where plant 

grows, the type of fertilizer used and agro ecological stipulations overall contributes the quality 

of wheat (Walingo, 2008). Quality of wheat is the result of the summation of effect of soil, 

climate and seed stock in the wheat plant and the kernel components. Wheat assessment 

parameters for instance volume and weight considered as the most important criteria for the 

wheat quality (Koppel and Ingver, 2008). It is a good indication of density and soundness of 

weight (Hanell et al., 2004). High volume weight is associated with the sub optimum growing 

and harvesting conditions. 

 The wheat quality refers to the suitability for its end use product based on different 

distinctiveness as physical, chemical and nutritional properties of grain (Safdar et al., 2009). 

Traditionally winter wheat varieties considered preeminent because of their higher yield where 

as spring wheat varieties have remarkable baking characteristics. In Pakistan production of both 

types of wheat varieties affected by the climatic conditions which mainly influence the quality of 

end product (Koppel and Ingver, 2008). Genetic factors make a payment towards the wheat 

quality but the environmental conditions have great influence on the quality of the grains. These 

conditions exert a significant effect on end use quality as well as on cooking characteristics 

(Panozzo and Eagles, 2000).  
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 Environmental factors influence the end use quality attributes which should have an 

important consideration in cultivar improvements efforts towards enhancing the marketing 

quality of hard red winter wheat (Brzozowski et al., 2001) while technological quality of grain of 

spring wheat causes a growth of interest of farmers in the cultivation of wheat (Borkowska and 

Grundas, 2007). End product quality primarily affects by the variations in genetic and 

environmental conditions (Li et al., 2009). Environmental conditions exert a momentous effect 

on end use quality with several studies showing environmental variation in quality traits can 

exceed genotypic variation (Panozzo and Eagles, 2000). The importance of environmental 

conditions to grain quality has been long recognized and much of the previous work has 

characterized the responses to heat stress and the supply of a number of macronutrients. There 

has been little work on the influence of micronutrients. 

 The epidemiological study of whole grain and its potential health settlement has been 

investigated by Hemery et al. (2007) who found that most wheat based food products are made 

with refined endosperm from which the germ and peripheral layers (bran) are excluded, although 

these tissues have considerable nutritional potential and contain most of the micronutrients, 

phyto chemicals and fiber of the grain.  

2.2. Physico-chemical attributes of wheat  

2.2.1. Test weight 

 Maximum milling yield occurs when grains have higher test weight and thousand kernel 

weight. In many developing countries flat bread is prepared with whole wheat flour of higher 

extraction rate flour or 95% extraction rate flour. The hard and soft tested outer covering which 

is called bran containing chief health promoting components that also require developmental 

technologies to improve the value of cereal food. On the basis of particle size index, Pakistani 

wheat falls in the category of medium hard to medium soft group (Safdar et al., 2009). 

 The weight of wheat per unit volume is one of the widely used and simplest criteria of 

wheat quality. It is expressed in metric systems as kilogram per hectoliter in most of the 

countries while in the United States it is expressed as pound per bushel (Dholakia, 2001). Test 

weight is the more efficient means of measuring grain plumpness (Marshall et al., 1986) and 
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plump grains provide maximum of endosperm (flour) and a minimum of non-flour material. Test 

weight is used as rough index for estimation of flour yield and positively correlated with 

extraction rate. It is regarded as an indication of soundness and a high integral quality in grain.  

 Test weight is influenced by the uniformity of shape and size of the kernels, uniformity, 

density and kernel packing efficiency (Halverson and Zeleny, 1988). Round kernels with smaller 

crease have higher test weight and flour yield (Williams et al., 1986 b) as the test weight is an 

important factor in all wheat grading systems. Monsalve-Gonzalez and Pomeranz (1993) 

reported that milling properties such as flour yield and milling score depend on test weight and 

kernel weight. According to Schuler et al. (1995) test weight was found to be significantly 

associated with flour protein content. Test weight of hard bread wheat exceeds 80 kg/hL 

compared with softer biscuits type wheat having around 70 kg/hL of test weight (Cavion and 

Tran, 2005). The low test weight is due to poor harvest because of presence of small shriveled 

and sprouted grains. Rainfall between maturity and harvest is known to lower grain test weight 

and because of climatic conditions around harvest time, delayed harvest is a common occurrence 

in Virginia. Recently published research from North Carolina State University has quantified test 

weight loss in response to rainfall after wheat grain maturity. 

 The wheat with lower test weight generally yields poor extraction rate. Randhawa et al. 

(2002) studied different wheat varieties for the production of pizza and reported that test weight 

ranged from 69.67 to 77.33 kg/hL while Butt et al. (2001), Prabhasankar and Manohar (2002) 

and Anjum et al. (2002) found that test weight of 30 wheat cultivars grown in Pakistan varied 

from 69.33 to 80.42 kg/hL. 

2.2.2. Thousand kernel weight 

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

grams per 1000 grains. It is an indicator of grain yield along with spikes per electronic seed 

counter and balances. The kernel per unit weight is a useful index for potential flour yield. 

Dexter (1996) stated that the kernel contributes directly towards improvements in agronomic as 

well as milling yield. 
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 Pakistani wheat possessed higher kernel weight exceeding 30g/thousand kernels. 

Thousand kernel weight was positively associated with agronomic yield within a genotype. 

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

(small), 36-45g (medium), 46-55g (large) and 55g (Sheuy and Gilles, 1969). In different varieties 

of wheat differences in the thousand kernel weight is attributed due to the differences in the 

genetic makeup of the wheat varieties/lines (Farooq et al., 2001). 

 There is a significant variation in thousand kernel weight among different local wheat 

cultivars. It was previously found that thousand kernel weight for imported and indigenous wheat 

was 39.40g and 41.37g, respectively. The thousand kernel weight ranged from 32.53 to 45.57g 

among different wheat varieties grown in Pakistan and varied significantly between the spring 

wheat cultivars as well as crop years (Butt et al., 1997). Thousand kernel weight is not 

genetically controlled only but also affected by growing conditions William (1986). 

2.2.3. Protein 

 The production of wheat (quantity) remained prime factor while less emphasize is paid to 

the improvement in quality of wheat (Sobering et al., 2000). From nutritional point of view total 

protein content and essential amino acids contribute towards the total diet (Anjum et al., 2005). 

 Wheat grown under controlled environmental conditions has more protein contents with 

increasing grain filling temperature which ultimately increase the dough strength. At higher 

temperature dough strength declines which are associated with decrease in glutenin content of 

flour (Peck et al., 2008). Green revolution has made Pakistan as first country to self sufficient in 

the production of wheat. It is well known that the presence of various trace elements is very 

important for cell differentiation and cell growth as well as for the general metabolism and the 

function of the immune system. Unlike some nutrients, they do not provide energy, but they 

participate in various functions in the tissues and, finally, they are discharged from the organism 

(Kotsaki-Kovatsi et al., 2001). Briefly micro and macro nutrients which consider invisible have 

predominant role in maintaining the metabolism of the body (Saeed et al., 2011). 

 Gluten is the heterogeneous mixture (Arendt et al., 2011) of storage protein of wheat 

which has two important components gliadin and glutenin. Gliadin has high content of amino 
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acids as compared to glutenin so dietary gluten represents the main constituent of human food 

not in wheat but also in other food (Arendt et al., 2011). According to AACC (2000) flour with 

higher protein content but of low quality may not perform better as well as flour with slightly 

less protein but of higher quality. Effect of protein quality and protein content on baked bread is 

dependent on the baking procedure used (Tronsmo et al., 2003). Gliadin and glutenins both 

contribute to rheological, structural and baking characteristics of wheat (Ahmed et al., 2008). 

Wheat storage proteins i.e., gliadin and glutenin contain intra and inter molecular disulfide bonds 

which acts as a significant contributors to their functionality. Gliadin is responsible for the 

cohesiveness of the dough and contains intra molecular disulfide bonds, while glutenin provides 

elasticity to the dough and contains inter and intra molecular disulfide bonds (Veraverbeke and 

Delcour, 2002). Right after milling, flour proteins contain a high proportion of sulfhydryl groups 

and exhibit poor quality for bread making. Short term aging or chemical bleaching improves 

flour functionality through sulfhydryl/disulfide interchange among gluten proteins mainly 

glutenin (Goesaert et al., 2005; Veraverbeke and Delcour, 2002) but protein functionality is 

reduced during long term storage. From the previous results which reported by Wilkes and 

Copeland (2008) it has been stated that solubility of wheat flour protein increased over 270 days 

of storage at 30oC. it was further stated that maximum increase was found in high molecular 

weight glutenin fraction which may occur due to the high molecular weight compounds such as 

sulfhydryl/disulfide interchange with low molecular compounds such as glutathione which 

ultimately responsible for decreasing the elasticity of the dough. These effects may be more 

pronounced in whole wheat flour due to a higher glutathione content compared with white flour 

(Every et al., 2006). 

2.2.4. Moisture 

 At physiological maturity, wheat grain moisture is about 37%, however at this high 

moisture level, the grain is too soft for combine harvest. Most producers harvest when the grain 

has dried to between 15 and 13% moisture.  

 Moisture content is one of the most important considerations regarding decision making 

about the quality of wheat, since the amount of dry matter in wheat is inversely related to the 

amount of moisture present in it (Dholakia, 2001). Moisture content is of direct economic 
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importance of even greater significance on the keeping quality of wheat but it is inversely 

correlated with the chemical composition of wheat and wheat flour. 

2.2.5. Ash 

 Ash content which refers to the mineral content is an extremely important measurement 

when it is necessary to know the purity of a flour sample with respect to bran contamination, 

because the residue remaining after this procedure represents the mineral content of the sample. 

The ash content is a best indicator of the flour yield; hence the wheat possessing lower ash 

content may have more endosperm and ultimately good flour yield (Williams et al., 1986a). The 

ash content is generally influenced by the environmental conditions and maturation stages of 

wheat grains. Hence, ash content of flour at 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. 

 The bran has approximately 30 times higher the ash content of the endosperm (Tehseen et 

al., 2012). Ash content of wheat kernel varies from variety to variety and in many cases within 

the same variety grown at different locations assuming that all other variables relevant to kernel 

structure and milling technology is constant including the percentage of bran that ends up in the 

flour. Ash content varied significantly between crop years, spring wheat cultivars and their 

interactions (Butt et al., 1997). The wheat with higher endosperm ash is inherently bound to give 

higher flour ash values (Anjum et al., 2002). However, recognizing that the bran, ash always 

relatively much higher than that the endosperm, the miller consider good performance of wheat 

and efficient of low ash flour at higher extraction level. 

 So the ash content is the mineral residue remaining after the sample has been completely 

oxidized in such a manner that all organic volatile material is driven off (Thomas and Atwell, 

1999) while preventing any mineral from being lost. Hence it was concluded that 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 

(Anjum et al., 2002). 
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2.2.6. Rheological characteristics of wheat flour 

 The rheological characteristics of flour play a significant role in determining the flour 

quality and finally the quality of end product (Yang et al., 2011). It evaluates the behavior of the 

flour. However mineral fortification of flour has also remarkable effect on the rheological 

characteristics of the flour. It also improves the dough yield and quality of the finished product 

(Anjum et al., 2002). Water absorption is an important component of rheological characteristics 

which directly correlates with the flour yield while other components such as dough stability, 

development time and peak height indicate the quality of finished product. 

 Whole wheat flour exhibited different rheological behavior due to the presence of bran 

and germ. Farinograph determines the water absorption capacity of the flour (Vetrimani et al., 

2005) while amylograph evaluates the behavior of starch in the flour which ultimately affect the 

quality of end product (Anjum et al., 2002). Activity of α- amylase inflict the resistance starch at 

high temperature. Hence starch consistency decreased due to the degradation of starch which 

may occur due to the high amylase activity (Akthar et al., 2009).  

2.3. Importance of minerals in human body 

 Cereals have health promoting potential because of the dietary components that play a 

significant role in improving the human health (Poutanen et al., 2008, 2010). Cereal products 

contribute 20-30% of mineral elements but in case of iron and manganese the contribution stands 

as 40-50% (Carcea et al., 2007).  

Minerals are present in all body tissues and fluids and are necessary for biochemical 

processes in body. Although minerals yield no energy however their presence is vital for various 

metabolic activities. For normal body processes all living organism require minerals in greater 

and lesser amounts. Macro minerals are required in greater than 100 mg/dL whereas micro 

minerals require in lesser than 100 mg/dL (Soetan et al., 2010). Certain minerals such as 

magnesium, copper, selenium, zinc and iron act as cofactors for many enzymes (Soetan and 

Oyewole, 2009).  

 Phosphorous and phytate content is much higher in the bran than in the whole grain 

(Guttieri et al., 2004; Steiner et al., 2007) further differences occur in bran fractions. Pearling of 
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wheat has shown that the outer 0-4% layer of wheat has the highest Zn content, whereas the next 

outer 4-8% layer has the highest phytase activity, phytate and iron contents. However 0-12% 

layer, proving that storage of compounds takes place in the bran (Liu et al., 2007: Bohn et al., 

2008). 

The nutritional value of any food is mostly dependent on the amount of mineral which is 

bioavailable for metabolic processes. Many dietary factors are responsible for the change in the 

absorption of certain minerals. The formation of phytate mineral complexes reduces the 

availability of the minerals, so phytate mineral molar ratio is an indicator of the bioavailability of 

minerals (Urga and Narasimha, 1998). It is well known that zinc is one of the essential trace 

elements for human nutrition. Children, however, appear to be more vulnerable to suboptimal 

zinc status, presumably because of their high zinc requirements for growth. The importance of a 

foodstuff as a source of dietary zinc depends upon both the total zinc content and the level of 

other constituents in the diet that affect zinc bioavailability (Adetuyi et al., 2011). Phytic acid has 

direct influence on the bioavailability of dietary calcium and zinc. 

 Epidemiological studies have shown that several mineral metabolism disorders have 

associated with liver diseases. In developing countries mineral metabolism disorder mostly 

prevalent due to the liver injury because metabolism of the compounds such as metallo protein 

and metallo enzymes as well as enzyme cofactors takes place in the liver (McDowell, 2003). 

Several factors which are directly influenced the mineral metabolism and liver diseases are under 

consideration in recent years (Urga and Narasimha, 1998). Liver or hepatic diseases mostly 

occur due to the alteration in the regulation of the minerals which lead to hepatic fibrosis (Rosner 

et al., 2006). Some important minerals such as sodium and potassium regulate the body 

processes and ultimately have a major role in the formation of ascites in patients with liver 

cirrhosis (Rosner et al., 2006). Whereas hyponatremia is a common phenomenon in patients with 

hepatic cirrhosis (Castello et al., 2005a) when body takes less mineral than its daily requirement. 

Potassium is the principal intracellular cation and its metabolism may be altered during liver 

fibrosis. The frequent finding of hypocalcemia in liver diseases (Castello et al., 2005b) is often 

attributed to total body potassium deficiency.  
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 Disturbances in calcium metabolism have been reported in hepatic fibrosis and related 

diseases (Rosner et al., 2006). Magnesium is required for the synthesis of all proteins and nucleic 

acids and also involved in carbohydrate metabolism. Data is scanty regarding the involvement of 

magnesium in liver diseases. Furthermore, very little information is available concerning 

changes in minerals in the liver during hepatic fibrosis and other liver disorders (Castello et al., 

2005a). It was reported from the previous findings that dimethylnitrosamine induced liver injury 

in rats is a suitable and reproducible animal model for studying various events associated with 

development of hepatic fibrosis and alcoholic cirrhosis in human beings (George et al., 2004). 

Hepatic fibrosis and alcoholic cirrhosis emerge when more excretion of minerals take place and 

also when excessive building up of the connective tissues in the liver (Castello et al., 2005a). 

Due to this the extracellular matrix degraded and overproduced (Rosner et al., 2006). This model 

is also shown to produce many decompensating features of human hepatic fibrosis such as portal 

hypertension, ascites, hypoproteinemia and biochemical abnormalities (George and 

Chandrakasan, 2000) which are responsible for liver injury (George et al., 2004).  

 Furthermore, it was reported that dimethylnitrosamine induced liver injury in rats appears 

to be a potential animal model for early human cirrhosis and may serves as a convenient 

procedure for screening antifibrotic agents (George et al., 2001). Therefore, concentrations of 

biochemically and physiologically important minerals such as calcium, magnesium, potassium 

and sodium were studied in serum and liver samples during the pathogenesis of 

dimethylnitrosamine induced hepatic fibrosis in adult male albino rats and the data correlated 

with liver functions (George, 2006). 

2.3.1. Interaction of minerals with each other 

 Micronutrient interactions can affect absorption and bioavailability by a number of 

mechanisms. Minerals with chemical similarities can compete for transport proteins or other 

uptake mechanisms, as well as for chelating organic substances, facilitating or hindering 

absorption. The quantitative consequences of these interactions will depend on the relative 

concentrations of the nutrients. At normal dietary concentrations the absorption of most minerals 

is active or saturable, while at higher intakes passive diffusion can take place (Sandstrom, 2001). 

A poor nutritional status with regard to vitamins affects mucosal integrity and can thereby affect 
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absorption of other nutrients. In a similar way trace element deficiencies could affect general 

absorptive capacity, as well as specific mechanisms needed for uptake of other micronutrients. 

Researchers then studied participants’ mineral absorption via stool samples. Without phytic acid, 

participants absorbed about 30% of magnesium and zinc. With phytic acid, participants absorbed 

only 13% of their magnesium and 23% of their zinc (Hernandez et al., 2006). 

 In human being absorption studies suggest that the effect of calcium on zinc availability 

is less announced at nutritional relevant concentration and also that calcium level may improve 

zinc absorption in phytic acid containing food (Sandstrom, 2001). At higher intake level 

competition of mineral elements may take place. 

 Minerals have significant role in the physiological processes of the body (Williams, 

2005) so these are essential for various metabolic activities of the living system. Some functions 

involve are muscle contraction, normal heart rhythm, nerve impulse conduction, oxygen 

transport,  oxidative phosphorylation, enzyme activation, immune functions, antioxidant activity, 

bone health,  and acid base balance of the blood. Sulfur in the form of sulfide is believed to 

reduce copper bioavailability via formation of insoluble copper sulfide in the gut. Potassium (K) 

acts as cofactors which may helpful for protein synthesis and activation of many enzymes 

(Arinola et al., 2008). It is major solute functioning in the water balance and osmosis thus 

regulates the body processes.  

 Inadequate calcium intake and increased calcium losses may predispose one to 

osteoporosis (Williams, 2004). Magnesium (Mg) and zinc (Zn) are components of over 300 

enzymes, while some other are involved in the regulation of muscle contraction, oxygen 

delivery, and protein synthesis (Galan et al., 2005). Iron is a component of hemoglobin, 

myoglobin, cytochromes and various enzymes in the muscle cells, all of which are involved in 

the transport and metabolism of oxygen for aerobic energy production during endurance exercise 

(Williams, 2005). It ensures adequate oxygen delivery to all the muscles (Bauer, 2003). Iron 

deficiency anemia impairs muscular performance.  From the review of 29 research reports, it has 

been noted that there is a strong causal effect of iron deficiency anemia to impair work capacity 

in both humans and animals (Haas and Brownlie, 2001). Calcium along with vitamin D, 
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phosphorous and fluoride has ability to promote healthy and strong bones. Integrity and density 

to the skeleton provided by the calcium serves a vital role in body structure. 

2.3.2. Interaction of minerals with other nutrients 

 Vitamins have positive influence on the absorption of the minerals. The interesting 

example is vitamin D. It plays a vital role in the regulation of intestinal absorption of ionic 

calcium. Vitamin D metabolically altered to regulate the intestinal calcium absorption (Soetan 

and Oyewole, 2009). The hormone 1,25- dihydroxy vitamin D controls the absorption of calcium 

ion from intestine by stimulating active transport of calcium. This hormone is also responsible 

for production of carrier protein across the mucosal cell to the serosa. A deficiency of vitamin D 

ultimately interferes with the absorption of ionic calcium (Andon et al., 1993: Lopez et al., 

2002).  

 Vitamin C (ascorbic acid) increases the absorption of non haeme iron. Ascorbic acid 

added in the stomach and causes a displacement of hydrogen ion which results in the formation 

of iron ascorbate chelate (Gueguen and Pointillart, 2000). This iron chelate has ability to remain 

even in the pH range of 2-11. However vitamin C affects the absorption of iron in the body. The 

presence of high level of fat ultimately depressed the absorption of calcium. Unsaturated fatty 

acids form calcium salts which are poorly absorbed. Moreover if calcium binds with unsaturated 

fatty acids other bivalent metal ions also tied. 

2.3.3. Significance of intestinal pH 

 Small intestine has capacity to absorb minerals. There is a decreasing absorption rate in 

the small intestine as the ion goes through this, 

Duodenum → Jejunum → Ileum → Large intestine 

 In small intestine of human being phytase has low activity but duodenum shows highest 

activity and lowest in ileum (Haros et al., 2007). The pH of the intestinal lumen is considerably 

important because availability of metal ion for mucosal absorption is dependent on this pH. 

Some of the mineral salts require very low pH to be solubilized and then absorbed. In alkaline 

and acidic environment mineral salts remain insoluble. In an alkaline pH carrier protein attaches 
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to the mucosal cell. Into the cell a very small amount of these minerals absorbed through 

diffusion. If ions remain soluble then some natural chelation may occur to change the pH. Many 

metals have tendency to form insoluble salts with the anions, however the more alkaline the 

lumen lower will be the rate of absorption of the minerals (Simsek and Aykut, 2007).  

2.4. Phytic acid and its effect on the minerals 

 Phytic acid (myo-inositol hexaphosphoric acid) is mostly found substantial quantity in 

many plant seeds, roots and tubers (Pozrl et al., 2009). Phytic acid is an important antinutritional 

factor which is ubiquitous in cereals and in some fruit and vegetables which has ability to bind 

minerals and make it unavailable for the body use by changing its solubility, functionality, 

absorption and digestibility (Dewettinck et al. 2008). It is present in aluorone layer. During 

milling it remains attach with the pericarp hence bran is more concentrated with phytic acid 

(Guttieri et al., 2004). Whole wheat flour contained 4.4 mmol/kg of inositol phosphate on dry 

basis accounting for 17% of inorganic phosphorous. In the same way white bread contain 0.9 

mmol/kg of phytic acid and accounted 85% of total inorganic phosphorous (Soetan et al., 2010). 

It has also been suggested that phytic acid bind to some metabolic activities and even some 

enzymes. It also has significant role in reducing in vitro rate of starch digestibility (Dilworth et 

al., 2005). Phytic acid constituted upto 1-3% of cereal grains, legume seeds and nuts but found in 

low concentration in roots, tubers and vegetables (Sandberg, 2002). Antinutritional factor lowers 

the value of a food by lowering bioavailability of minerals. Phytic acid occurs as a mineral 

complex, which is insoluble at physiological pH of the intestine however it works in a broad pH 

range (Didar et al., 2010).  

 Phytic acid is a powerful inhibitor of the absorption of mineral nutrients, including iron, 

zinc, calcium, manganese, and magnesium. The phytic acid is a metal chelating element and has 

the ability to bind certain dietary minerals such as Fe, Zn, Ca and Mg by forming insoluble 

compounds in the intestine and render their availability for the performance of physiological 

functions (Frontela et al., 2008). Most of mineral contents in wheat are tied up with phytate to 

form complexes and ultimately make the wheat nutritionally inferior. The number of phosphate 

group on inositol ring has direct influence on the stability of mineral complexes. With higher 

inositol phosphate stronger complexes are formed (Pozrl et al., 2009). The whole wheat meals 
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contain 0.30% and bran contains 5% phytate (Khan et al., 2005). Phytates also reduce the 

digestibility of protein, starch and lipids (Frias et al., 2003). During food processing and 

digestion, inositol hexaphosphate can be partially dephosphorylated to produce degradation 

products, such as penta-, tetra-, and tri-phosphates, by the action of endogenous phytases, which 

are found in most seeds from higher plants (Zhou and Erdman, 1995). 

 It has been recently reported that a wheat roll containing 2 mg phytic acid inhibited zinc 

absorption 18%, 25 mg phytic acid inhibited zinc absorption up to 64% and 250 mg phytic acid 

inhibited zinc absorption 82% (Coulibaly et al., 2011). A nutritionally significant (about a 

twofold) increase in iron absorption can be obtained by decreasing the phytic acid content to a 

phytic acid:iron molar ratio of 0.4:1 to 1:1. This amounts to about 30 to 40 mg phytic acid per 

100 g unfortified soy protein isolates or wheat flour (Hurrell, 2001). 

 The effect of phytate on the bioavailability of minerals depends upon not only the amount 

of phytate and minerals in the diets but also the ratio of phytate/ minerals. The relative 

bioavailability of minerals can be predicted from the molar ratio of phytate/ minerals in the food 

and diet (Ma et al., 2005). 

 The increase in phytic acid in seeds and pod shells might be due to the accumulation of 

storage proteins which are complexed with phytic acid (Chavana et al., 2003). Many minerals 

and trace elements are inefficiently and variably absorbed from the diet, for instance iron (<1-

30%) and zinc (<15-50%). This phenomenon must be taken into consideration in the preparation 

of complementary foods in developing countries, where young children often suffer from micro-

nutrient deficiencies, such as anemia, caused by iron deficiency (Al-Numair et al., 2009) or 

decreased growth rate due to zinc deficiency. Processing namely, soaking, dehulling and 

sprouting, improve the extractability of Ca, Fe and P to varying extents, but sprouting was found 

to be the best among different processing methods for enhancing the extractability of Ca, Fe and 

P (Saharan et al., 2001).  Different processing methods, such as soaking, sprouting and extrusion 

cooking significantly reduced the levels of phytic acid, condensed tannins and polyphenols in 

faba bean seeds, and sprouting for 72 hours was found the most effective treatment for phytic 

acid reduction (Alonso et al., 2000: Al-Numair et al., 2009). Decrease in pH ultimately degrades 

the phytic acid contents by hydrolyzing the phytase enzyme. Sourdough is an important method 
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which mostly used to degrade the phytic acid. At higher acidity content, phytic acid content 

reduced up to 8-10% (Salim et al., 2007; Palacios et al., 2008a). The percentage of the addition 

of sourdough ultimately affects the phytic acid content and quality of the final product. During 

fermentation organic acids such as citric acid, butyric acid, formic acid, lactic acid and acetic 

acid are produced which cause increase in mineral absorption by preventing the formation of 

insoluble complexes (Didar et al., 2010).  

 Recent researches has been proposed that phytic acid phosphorous generally represents 

65% to 85% of seed total P and more than 90% of free Inositol polyphosphates (Guttieri et al., 

2004). According to Anjum et al. (2006) the phytate concentration of chapattis and bread was 

only lower 18 to 24% due to increase in the fermentation time than the concentration of whole 

wheat flour. The phytate concentration in whole wheat flour was six to nine folds higher as 

compared to straight grade flour. 

 According to Frontela et al. (2011) fermentation increases the solubility and dialyzability 

of iron while calcium and magnesium show high variability. In a recent study Frontelo et al. 

(2011) proposed that during bread making introduction of fermentation and baking processes 

brought significant reduction in phytic acid contents. More reduction was observed in whole 

wheat flour as compared to other flours (Leenhardt et al., 2005). 

 In recent study which was conducted by Peng et al. (2010) reported that significant 

differences were observed in phytic acid content among different milling streams and different 

cultivars (P<0.05). On an average, coarse bran had the highest phytic acid content (53.85 mg/g), 

and the shorts had 28.48 mg/g. The B5 break flour had a higher phytic acid content (4.8 mg/g) 

than the B7 (2.75 mg/g) and B8 (2.03 mg/g) reduction flours. Lower values were found in the 

B3, B6 and B7 flours (1.07, 0.79, and 0.76 mg/g, respectively). The phytic acid contents of bran 

decreased with smaller bran sizes, ranging from 54 to 5.09 mg/g. 

 Consumption of unrefined whole flour is thought to affect mineral bioavailability because 

it contains high level of fiber and phytic acid. The experiment was designed to study the 

absorption of minerals from diets based on whole wheat flour and white wheat flour in rats. Two 

groups of male Wistar rats were fed on the diets for 3 weeks and absorption and tissue retention 

of minerals were studied. The rats fed on the whole wheat flour diet had significantly greater 
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food intake, weight gain, faecal excretion and intestinal fermentation than those fed on the white 

flour diet. Mineral intakes, except for Ca, were significantly greater in rats fed on the whole 

wheat flour diet (4 fold for Mg, 2 fold for Fe and Zn). A significant rise in the apparent 

absorption of Fe (%) and a significant decrease in the apparent absorption of Zn (%) were 

observed. The amount of minerals absorbed (mg/d) were significantly enhanced (excepted for 

Ca) with the whole wheat flour diet. Moreover, plasma and tibia levels of Mg and plasma, liver 

and tibia levels of Fe were significantly increased in rats fed on the whole wheat flour diet 

compared with those fed on the white flour diet. In conclusion, whole wheat flour, rich in phytic 

acid and minerals, did not have a negative effect on mineral absorption, but rather improved the 

bioavailability of some minerals (Levrat-Verny et al., 1999).  

2.4.1. Significance of phytic acid 

 Although phytic acid has strong binding affinity against minerals but there beneficial 

effects have also been studied.  At a level of 0.035% it may protect against fatty liver resulting 

from elevated hepatic lipogenesis (Onomi et al., 2004). As chelator it binds to extra iron and 

toxic minerals and removes them from the body. It has been suggested that dietary fiber or more 

specifically phytic acid which is also a component of fiber can influence the etiology of heart 

disease. Dietary phytate supplementation resulted in the lowering of serum cholesterol and 

triglyceride levels (Coulibaly et al., 2011). Dietary factors have more influence in the 

development of cancer hence cereals and legumes are more protective due to presence of phytic 

acid. When iron bind with the phytic acid complex is formed which bring a favorable reduction 

in the formation of hydroxyl radicals in the colon (Harland and Morris, 1995). Addition of phytic 

acid in drinking water at 2% level may act as an intermediate biomarker for rat tumor incidence 

(Pretlow et al., 1992).  

 However, phytate consumption does not only have negative effect on human health. 

Phytic acid is considered to be an antioxidant agent because it is a potent inhibitor of iron-

catalysed hydroxyl radical formation by chelating free iron and then blocking the coordination 

site (Empson et al., 1991: Khan et al., 2007). Little attention has been paid, until now, to the 

positive effects of phytate consumption. There are some studies dealing with its ability to prevent 

certain types of cancer, such as colon cancer. First hint of an anticarcinogenic action of phytate 
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came from epidemiological studies (Vucenik and Shamsuddin, 2003), which show lower 

incidence of colon cancer in populations consuming vegetarian type diets (Frias et al., 2003). 

The mechanism of action is not understood; however, phytate may bring about a favorable 

reduction in the formation of hydroxyl radicals in the colon by complexing iron (Shamsuddin, 

1995). Furthermore, lower inositol phosphates, such as IP4 and IP3, may play roles in mediating 

cellular responses and have been noted to have a function in second messenger transduction 

systems (Irvine, 1992; Zhou and Erdman, 1995). Phytic acid is thought to be good for health. It 

impairs starch digestion and helps in control blood glucose level and prevents kidney stone 

formation (Vucenik and Shamsuddin, 2003). 

 It has been investigated that zinc fortification might reduce the absorption of iron from 

fortified flour. Any detectable effect did not appear when the minerals were in complex 

foodstuffs such as bread rolls or infant cereal. Little research exists on the possible effect of zinc 

fortification on iron absorption. Some authors, however, suggested that zinc may reduce iron 

absorption in adults from an aqueous solution but not from complex foodstuffs (Akhtar et al., 

2010). 

2.4.2. Formation of insoluble complexes 

 Minerals involve with a precipitating ligand, which may be inorganic as a phosphate and 

organic as a phytate (phytic acid). When mineral displaces another mineral then complex is 

formed in the tissues. Displaced mineral is freely enters into the reaction with a precipitation 

ligand. Mostly interaction occurs in the diet or in the digestive tract. Again competition exists 

among the minerals for precipitating ligand. This competition depends upon many factors such 

as, the concentration of the minerals, the relative strengths of the association constants of the 

minerals and the solubility of the formed product. The rheological behavior of the flour samples 

indicates the level of particles interaction and aggregation and hence it may useful as the 

processing control parameters (Nosrati et al., 2011: Zhou et al., 2012). 

2.4.3. Techniques to degrade phytic acid 

 Many techniques are used to determine the availability of minerals but more suitable is 

the mineral molar ratio (Norhaizan and Nor Faizadatul Ain, 2009). Milling, soaking, 
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germination, fermentation and traditional food preparation methods that are often practiced at 

home reduce the phytic acid content in foods. During milling grains are dehulled and the outer 

bran layers are eliminated which decrease the phytic acid content of the flour up to 90%. Home 

food preparation practices such as soaking, germination, and fermentation can reduce phytic acid 

by activating the enzyme phytase naturally present in cereals and legumes, which degrades 

phytic acid (Marero et al., 1990). These processes and subsequent drying, dehulling, and milling 

of the grain product can reduce phytic acid by 40% to 100% (Sharma and Kapoor, 1994). 

 Thermal treatments, such as normal or pressure cooking, steaming, and pelleting are 

regularly used in households and in industry to improve the palatability of legumes and to reduce 

the content of antinutritional factors (Porres et al., 2004). Mineral fortification is also widely 

used to compensate for the low availability of certain minerals in legumes and to enrich 

foodstuffs aimed for certain population groups, such as infants, the elderly, and athletes. Phytate 

degrading enzymes (phytases) catalyse the hydrolysis of phytate (myo-inositol hexa-phosphate, 

IP6), the major storage form of phosphorus in the plant kingdom. Phytases belong to a special 

group of phosphatases, which are capable of hydrolysing phytate to a series of lower phosphate 

esters of myo inositol and phosphate. Natural endogenous phytases can also be activated during 

processing resulting in hydrolysis of phytate. 

 
 Other techniques to decrease phytic acid include ultrafiltration or treatment of flour with 

commercial phytase, which also could be used in complementary foods. In addition, the 

inhibitory effect of phytic acid on iron absorption can be minimized by adding compounds such 

as vitamin C3 and sodium EDTA, which prevent the binding of phytic acid to iron (Hurrell et al., 

2000; Nestel and Nalubola, 2003). Enzyme treatment, either directly with phytase or indirectly 

through the action of microorganisms, such as yeast during bread making, is quite effective, 

provided pH and other environmental conditions are favorable. It is also possible to produce low 

phytate products by taking advantage of some specific interactions. For example, adjustment of 

pH and/or ionic strength so as to dissociate phytate protein complexes and then using 

centrifugation or ultra filtration (UF) has been shown to be useful. Phytic acid can also influence 

certain functional properties, such as pH solubility profiles of the proteins and the cook ability of 

the seeds (Cheryan and Rackis, 1980). 
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 Fermentation, breeding, biotechnology and genetic manipulations are useful tools to 

reducing the phytic acid (Ali et al., 2010). Now it is evident that decreasing seed phytic acid 

content changes seed total phosphorous negligibly (Brookes and Lampi, 2001). Efforts are 

underway to develop low phytic acid bread wheat for commercial production. Wheat mutants 

with low phytic acid have been identified and reported, while different breeding programs in 

coordination with cereal biochemists have been structured to focus on mutants’ development 

(Harrington et al., 2001). Phytates should be lower as much as possible for best health, ideally to 

25 mg/100g or to about 0.035% of phytate containing food eaten (Onomi et al., 2004). At this 

level micronutrient losses are minimized. 

 Endogenous enzyme activated by the action of exogenous enzymes. During incubation 

the contents of phytic acid decreased up to 75%. Short time period of incubation significantly 

cause more reduction in phytic acid as compared to long time period of incubation. pH plays a 

significant role in the activity of endogenous phytase. pH optima of phytase activities range from 

4.6 to 6.0, although neutral or even slightly alkaline pH are optimal for legume phytases. 

 Lactic acid bacteria have thought to be very useful in reducing the phytic acid content in 

flour samples (Didar et al., 2010). Sourdough from lactic acid bacteria (Lb. plantarum, Lb. 

reuteri) with different dough yield (250 and 300) is made and incubated at 30°C for 20 hours, 

then added to dough in the ratio of 10, 20 and 30% replacement. Breads that supplemented with 

Lb. plantarum sourdough had lower phytic acid. Higher replacement of sourdough and higher 

dough yield causes elevated decrease in phytic acid content. Sourdough from Lb. plantarum with 

dough yield 300 and 30% replacement causes the highest decrease in phytic acid content (49.63 

mg/100g). Fermentation of cereals caused significant (p<0.05) differences in calcium solubility, 

however whole wheat flour has higher values as compared to white flour (Frontela et al., 2011). 

Nevertheless higher amount of fiber affects the mineral content in cereal flour. 

 Phytase is an enzyme that breaks down phytic acid and that allows the release of stored 

mineral which the new plant needs for growth. Normally these nutrients are stored securely 

inside the seed until it germinates. The fermentation process of yeast triggers this same activity 

and causes phytase to transform non-usable minerals into digestible ones. These minerals include 

phosphorous, zinc, calcium, magnesium, iron and copper. Without proper fermentation, these 
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minerals remain inaccessible to your body. Allowing bread to rise for several hours before 

baking insures maximum nutritional value and the release of these stored nutrients. 

 More intensive degradation of phytic acid occurs by lowering the pH, longer 

fermentation time and higher yeast addition (Palacios et al. 2008a, b). The rate of hydrolysis and 

degradation of phytic acid depends on many factors such as pH, water content, fermentation time 

and activity of phytase enzyme (Penella et al., 2008). Hydrolysis of phytic acid mostly affected 

by the activity of phytase enzyme and presence of certain microorganisms that involved in the 

dough fermentation. 

2.5. Effect of milling on the minerals 

 Milling is the critical process affecting the concentrations of inorganic elements in wheat 

derived food products. As the outer parts of the kernel, especially the aleurone layer and the 

germ, are richer in minerals when compared to the starchy endosperm, conventional milling 

reduces their content in flour (semolina, in the case of durum wheat) and concentrates them in 

the milling residues (Cubadda et al., 2009). However, it has been reported that differences in the 

mineral content likely exist even between the inner endosperm and the outer endosperm (Lyons 

et al., 2005). Major concentration of zinc and magnesium accumulated in aleurone layer where 

as minor proportion present in endosperm (Cubadda et al., 2009). The grain shape and texture 

(which both depend on cultivar) and the technical conditions of milling, primarily the extraction 

rate, are important in determining the extent of mineral loss. However, when all these variables 

are fixed, the distribution of the mineral in the various milling fractions ultimately depends on 

how the element is unevenly distributed within the kernel. Therefore, it will vary on an element 

specific basis. There is little information on the effect of milling on durum wheat minerals 

(Spadoni et al., 2007). This information is needed to assess the nutritional significance of 

mineral loss as a consequence of conventional roller milling and to provide basic knowledge in 

order to establish, for instance, whether there is a need for fortification, which minerals should be 

supplemented (in bioaccessible form), and at what levels. Limited and sometimes contradictory 

data are available on the effect of further processing of semolina into pasta as well as pasta 

cooking (Yaseen, 1993). 
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 Milling is the most important processing step in the production of conventional flour in 

regard to the change in content of minerals originally present in the wheat grains. During milling 

there is a significant reduction in concentration of mineral elements. The level of certain 

minerals such as magnesium, zinc and iron depended on milling variables (Lyons et al., 2005). 

In industrially milled stream calcium has entirely different pattern as compared to the 

magnesium, zinc and iron. Some investigations have found more concentration either potassium 

or iron. Some studies show that copper and phosphorous in flour has similar proportions but 

higher than copper (Carcea et al., 2007). Some elements have been distinguished on the basis of 

their concentration decrease during milling. The highest concentration was found in selenium 

(77-85%) followed by calcium (54-60%), copper (49-53%), magnesium and zinc (32-36%), iron 

(36-38%), potassium and phosphorous (42-47%) (Cubadda et al., 2009). It has been stated that 

calcium proves to be beneficial in reducing osteoporosis, colon cancer and hypertension (Ahmed 

et al., 2011). 

 The concentration of bran, distribution of bran particle size and addition of enzymes such 

as fungal phytase, fungal alpha amylase significantly affected the phytic acid (Penella et al., 

2008). It has been reported that not all the phytic acid hydrolyzed however fungal phytase has 

ability to improve mineral bioavailability in whole wheat products (Collar, 2008).  

 In developing countries mineral deficiencies are very common especially in children and 

women however in developed countries mineral sub deficiencies may also occur due to 

unavailability of food supply (Asghar et al., 2007). Minerals play a vital role in maintaining the 

body process also involved in activation of intra cellular and extra cellular enzymes, in 

regulating pH levels in the body fluids which necessary for the control of metabolic reactions 

(Lopez et al., 2002). Maintaining of normal mineral homeostasis condition intestinal absorption 

is a key and complex stage. Several mechanisms involved which affect the mineral absorption 

from gastrointestinal tract.  

 Mineral deficiencies, especially of iron, calcium, and zinc, have a negative effect on 

human health and may lead to conditions such as iron deficiency anemia, rickets, osteoporosis, 

and diseases of the immune system. However, to maintain mineral balance, it is not the intake of 

a mineral that is important, but rather the amount that is available to be absorbed. Minerals make 



27 
 

up about 1.5-2.5% of cereal grains, of which iron represents 1-5 mg/100 g, calcium 100-200 

mg/100 g, and zinc 1-5 mg/100 g (Bock, 2000). A study of iron absorption in cereal porridges 

found in some cases a 12 fold increase in the absorption of iron when the phytic acid was 

removed from the food. Iron deficiency is most prevalent nutritional problem globally where 

food consumption is based on cereals and legumes. Legumes have generally high mineral 

content but its bioavailability is low due to presence of phytic acid (Sandberg, 2002). 

2.6. Flour extraction rate 

 Flour extraction rate has significant effect on flour composition and quality of the end 

product. It is the yield of the flour obtained from wheat during milling. Flour with different 

extraction rates or yields mentioned that special attention should be paid to the effect of the 

extraction rate on flour properties. Flours with different extraction rate having different qualities 

(Azizi et al., 2006). High extraction rate flour have more fiber contents, ash, moisture, protein, 

wet gluten contents and also have high water absorption capacity as compared to low extraction 

rate flours. Whole flour has more nutritional benefit as compared to white flour (Didar et al., 

2010). Wheat bran has an adverse effect on bread volume. On the other hand, the particle size 

distribution profile of wheat bran also plays an important role on its effect. Phytic acid contents also 

depend on the flour extraction rate. Higher extraction rate flour has more phytic acid as it contains more 

bran contents (Didar et al., 2010). 

 Whole wheat has high extraction rate (100%) which considered best for the preparation of 

chapattis where as low extraction rate (70%) wheat flour most suitable for the preparation of bread (Azizi 

et al., 2006).   

 Mostly people of Pakistan use wheat flour mostly milled for the production of flat bread 

which locally known as chapatti (Gujral et al., 2008) and rest is used for other bakery products 

(Nasir et al., 2003). The quality of chapatti (unleavened flat bread) in terms of texture, color, 

flavor and overall appearance mostly determined by processing technique, quality of raw 

materials and ingredients (Sissons, 2008). Assessment of good potential to make chapatti and 

naan (leavened flat bread) depends on the various factors such as test weight, weight of thousand 

kernels, moisture contents and grain protein percentage. Grain protein provides strength to the 

final product and has ability to form a satisfactory network that promotes good cooking quality 

(Sissons et al., 2007). For chapatti making whole wheat flour with stiffer consistency is 
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converted into the dough. Production of naan is accomplished by fermented dough which 

ultimately influenced by the flour particles. Finer flours have ability to ferment rapidly as 

compared to other flours. 

 In many countries whole wheat flour mostly used for bread preparation which considered 

as fermented product (Lopez et al., 2000). However it acts as a good source of minerals. A 

previous study reported the availability of iron status by utilizing the chapattis of wheat iron and 

chapattis prepared by adding iron salt which utilized by 21 Indian ladies in their daily diets. It 

was concluded that wheat iron has more ability to better absorb as compared to iron salt but the 

ability of both was very low. The mean absorption of wheat iron was 4.0 and 2.2% from white 

and whole meal chapattis, respectively and 2.1 and 1.8% from chapattis prepared by iron salt 

(Elwood et al., 1970). 
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Chapter 3 

MATERIALS AND METHODS 

 The research was carried out to study the physico-chemical analysis and minerals profile 

of different wheat varieties at various extraction rates of flour. The work was accomplished in 

the National Institute of Food Science and Technology, University of Agriculture Faisalabad, 

Pakistan. Each experiment consists of three replicates for statistical analysis. The first 

experiment was conducted to achieve the objective of the study of physico-chemical and 

rheological analysis of the different flour samples of their respective wheat varieties. 

3.1. Procurement of wheat varieties 

 Wheat varieties namely AARI-11, Lasani-08 and Faisalabad-08 were procured from 

Wheat Research Institute, Ayub Agricultural Research Institute Faisalabad, Pakistan. 

3.2. Physical characteristics of wheat grains 

3.2.1. Thousand kernel weight 

 Hundred gram representative sample of each wheat variety was tested for thousand kernel 

weight by counting clean, unbroken and sound kernels and their weight in grams/1000 kernel 

was recorded by using an electric balance. 

3.2.2. Test weight 

 The test weight (kg/hL) of grains of each wheat variety was determined by following the 

procedure described in AACC (2000) method No. 55-10. 

3.3. Cleaning of grains 

 The grains of each wheat variety were cleaned thoroughly to remove dirt and dust 

particles. Broken and damage kernels were also be separated. 

3.4. Milling characteristics of wheat 

3.4.1. Tempering of wheat grains 

  After cleaning, each wheat variety was tempered to 14.5% moisture content and kept for 

24 hours at ambient temperature in a close plastic jar in order to equilibrate the moisture. The 

amount of water which was needed for tempering was calculated according to the following 

expression described in AACC (2000). 
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                                                            100 – Original moisture 
Volume of water to be added (mL) = ------------------------------ - 1 × Wt. of wheat sample (g) 

100 – Desired moisture 

3.4.2. Milling of wheat grains 

 The tempered grains of each wheat variety were milled through Quadrumate Senior Mill 

(C.W. Brabender, Duisburg, Germany) by following the method given in AACC (2000) method 

no. 26-95. As a result, four fractions were obtained namely reduction flour, break flour, bran and 

shorts. The straight grade flour was obtained by mixing break flour and reduction flour. The 

byproducts i.e. bran and shorts were milled through hammer mill and mixed together. After that 

these by products were blended with 70% extraction rate flour by passing through a 40 mesh 

sieve (610 μ). The 70%, 80% and 90% extraction rates flours were obtained by proportional 

mixing of the byproducts of wheat flour with 70% extraction rates flour.  

3.4.3. Whole wheat flour 

 Wheat varieties were milled through Udy Cyclon Mill to get whole wheat flour. 

3.5. Chemical analysis of wheat flour 

 Each sample of 70%, 80%, 90% extraction rates and whole wheat flour was analyzed for 

moisture, ash, crude fat, crude fiber and crude protein contents according to their respective 

methods described in AACC (2000). 

3.5.1. Moisture content 

 The moisture content in each flour sample was estimated by taking 5 g wheat flour 

sample in china dish and drying in an oven at 105oC for 24 hours by following the method 

described in AACC (2000) method No. 44-15A. The moisture content was calculated by 

expression as given below. 

                                  Wt. of original sample (g) – Wt. of dried sample (g) 
       Moisture (%) = ---------------------------------------------------------------- × 100  

              Wt. of original sample (g) 

3.5.2. Ash content 

 The ash content was determined by the method described in AACC (2000) method No. 

08-01. Accurately weighed 3 g sample of wheat flour was taken in a pre weighed crucible and 

charred on the burner. Then it was ignited in a muffle furnace at 550-600oC for 5-6 hours till a 

constant weight of ash was obtained. The ash content was calculated as, 
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                                                           Wt. of ash 
Ash (%) = ------------------- × 100 

       Wt. of sample 
3.5.3. Crude protein content 

 The crude protein content in each sample was determined by using Kjheldhal’s method as 

described in AACC (2000) method No. 46-12. The samples were first digested in digestion flask 

with H2SO4 in the presence of digestion mixture (K2SO4, CuSO4 and FeSO4) for 3-4 hours or till 

the digested contents attained transparent color. The ammonia trapped in H2SO4 was liberated by 

adding 40% NaOH solution through distillation and collection in a flask containing 4% boric 

acid solution using methyl red as an indicator to determine the nitrogen contend in the sample by 

titrating against standard 0.1N H2SO4 solution till the golden yellow end point. The crude protein 

percentage was calculated as given below, 

                                    0.0014 × Volume of 0.1N H2SO4 × 250 
N (%) = ------------------------------------------------------------- × 100 

   Volume of diluted sample (mL) × Wt. of sample (g) 

Crude protein (%) = N % × 5.70 

3.5.4. Fat content 

 The crude fat content in each sample was determined by using Soxhlet’s apparatus 

according to the procedure described in AACC (2000) method no. 30-10. Three gram flour was 

taken in a thimble and placed in extraction tube of Soxhlet apparatus. About 250 mL of hexane 

was added in 500 mL receiving flask of the apparatus and connected to the Soxhlet apparatus. 

The fat was extracted by running hexane over the sample at the rate of 3-4 drops/ sec for about 5 

hours. The contents of the flask were transferred to a pre weighed petri dish and dried on a hot 

plate for 10 min at of 40-50ºC. The petri dish was cooled in desiccator and weighed. Fat percent 

age was calculated according to the following formula. 

                                                                                    Wt. of fat 
Crude fat (%) = ----------------------- x 100 

              Wt. of flour sample 

3.5.5. Fiber content 

The flour samples were subjected for determination of crude fiber content by following 

the procedure mentioned in AACC (2000) Method No. 32-10. The crude fiber was estimated in 2 

g fat and moisture free sample and boiled for 30 minutes in the presence of 1.25% H2SO4, and 

then filtered and washed. Then these samples were again boiled in 1.25% NaOH for 30 minutes, 
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and then filtered and washed. The resultant residue was dried at 130ºC for 2 hours and weighed. 

The dried residue was ignited at 600ºC+15ºC, cooled and reweighed. The crude fiber was 

calculated according to following expression.  

           Loss in wt. on ignition - blank 
    Fiber (%) = --------------------------------------- x 100 

              Wt. of flour sample 

3.6. Wet and dry gluten contents 

 The wet and dry gluten content in different extraction rates (70%, 80%, 90%) and whole 

wheat flour of each wheat variety was determined by using hand washing method as described in 

AACC (2000) method No. 38-10. Flour sample of 25 g was taken in a bowl and an appropriate 

quantity of water was added to form dough. The dough ball was allowed to stand in water for 

one hour. After that the dough was washed gently under the stream of flowing water to remove 

starch and bran until elastic mass remained in hand. The elastic mass was again dipped in water 

for one hour. After that the elastic mass was pressed between hands and surface absorbed water 

was removed by rolling it in hands. The gluten ball was then weighed and reported as wet gluten. 

The wet gluten ball was dried in hot air oven at 100oC for 24 hours to get dry gluten. 

3.7. Rheological properties  

3.7.1. Farinographic studies 

The flour samples of each extraction rates (70%, 80% 90%) and whole wheat flour were 

run through Brabender Farinograph equipped with 50 g capacity bowl to determine various 

dough characteristics according to the method presented in AACC (2000). The water absorption, 

dough development time, dough stability, mixing tolerance index and softening of the dough 

were interpreted from the farinograms. 

3.7.1.1. Water absorption 

The water absorption was the amount of water required to reach the curve at 500 

Brabender Units (B.U) line of the graph. The water absorption capacity of flour was directly 

observed from the micro burette attached with the equipment and expressed as percentage. 

3.7.1.2. Dough development time 

The dough development time was assessed from the farinograms as the time required for 

the curve to reach at its full or optimum development or maximum consistency showing the 

highest peak before the first indication of weakening. 
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3.7.1.3. Dough stability 

The dough stability was recorded as the difference in time between the arrival time and 

departure time. 

3.7.1.4. Mixing tolerance index 

The tolerance index was measured in Brabender units. It was calculated as the difference 

between the centre of curve at the peak and center of the curve five minutes after peak. 

3.7.1.5. Softening of the dough 

The softening of the dough was recorded as the difference between the center of the 

curve at the peak and the center of the curve 12 minutes after the peak of the curve. 

3.7.2. Mixographic studies  

The mixographic properties were carried out by running straight grade flour sample of 

each variety through Mixograph (National Mfg. Co. Lincoln, Nebraska.) equipped with 10 g 

bowl capacity to drive the information described in AACC (2000) method No. 54-40A. All the 

flour samples were run by adding 60% constant water level in each flour sample. The following 

physical dough properties were interpreted and described from the mixograms. 

3.7.2.1. Peak height 

The peak height percentage described as a peak height of mixogram and was recorded in 

percentage from the mixograms. 

3.7.2.2. Dough development time 

The dough development time or mixing time from mixogram was observed as the time 

from the start of the mixogram to the time where the center of the curve attained maximum 

height. 

3.8. Determination of minerals 

 Mineral contents like Fe, Zn, Ca, P, Na, K, Cu and Mg of different extraction rates and 

whole wheat flour samples were determined by using Atomic Absorption Spectrophotometer, 

following the method described in AOAC (2000). Accurately weighed 0.5 g sample of each 

wheat variety was taken in a conical flask. The sample was first digested with 7 mL of HNO3 at a 

temperature of 60-70oC for 20 minutes and subsequently digested with 3mL of HCLO4 at 60-

70oC for 20 minutes. The heating is done until the volume of the content was reduced to 1-2 mL. 

The digested samples were transferred to 100 mL volumetric flask and the volume was made up 
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to the mark using the distilled water and then the contents were filtered. The samples were 

loaded to the Atomic Absorption Spectrophotometer (Varian AA-240) to estimate minerals. 

3.9. Hydrochloric acid (HCl) extractability of minerals 

 In vitro extractability of minerals was determined according to the method described by 

Chompreeda and Field (1984) and Sripriya et al. (1997). Hydrocholoric acid extractablity of 

minerals was determined by continuous shaking of 2 g flour in 100 mL 0.03 N HCl at 150 rpm 

for 3 hours at 37oC. The mixture was filtered through Whatman No. 1 filter paper and clear 

supernatant was oven dried at 100oC. After that the mineral contents were determined. The HCl 

extractability of mineral was calculated as follows; 

                                       Mineral extracted in 0.03 N HCl 
HCl extractability of mineral = ----------------------------------------- x 100 

                                 Total mineral 

3.10. Determination of phytic acid  

 Phytic acid content in each flour sample was determined by HPLC method in order to 

evaluate the distribution of phytic acid in different extraction rates of wheat flour, according to 

the method of Dost and Tokul (2006) as described below. 

3.10.1. Sample preparation 

 Each sample was extracted by accurately weighing 0.2 g of dried and homogenised 

samples (three parallel weighing was made for each sample) in a 20 mL beaker in which 10 mL  

0.5M HCl solution was added. The contents of the beaker that were stirred for 1 hour at room 

temperature then transferred into a 10 mL screw top centrifuge tube and then centrifuged for 15 

minutes at 4000 rpm. The supernatant of each tube was stored in 10 mL screw top bottles at 4oC. 

 The supernatant obtained after extraction were then treated with 2 mL of iron (III) 

thiocyanate solution containing 100 µgml−1 iron (III). The mixture was stirred for 2.5 hours at 

40oC and cooled to room temperature and centrifuged for 15 minutes at 4000 rpm. The samples 

were analyzed by HPLC. The HPLC chromatogram at 460 nm showed only the iron (III) 

thiocyanate peak without any interference. 

3.10.2. Preparation of mobile phase 

 The mobile phase was a mixture of 30% acetonitrile in water including 0.1 M HNO3 and 

flow was adjusted to 1 mL min−1. Standards and samples were injected via a 50 µl injector loop 

and separation was performed on an octyldecylsilane (ODS) column. Phytic acid concentration 

was calculated by using the calibration curve. 
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3.10.3. Preparation of standard curve 

 The standard solution of 10, 25, 50, 75, 100 and 125 µgml−1 were prepared from the stock 

solution by diluting in ultra pure water. Afterwards, 1 mL of each standard solution was 

transferred into a 3 mL glass tube and 2 mL of iron (III) thiocyanate solution containing 100 

µgml−1 iron (III) was added. The mixture of standard was stirred for 2.5 hours at 40oC and cooled 

at room temperature and then centrifuged for 15 minutes at 4000 rpm.  

3.10.4. Procedure 

 Determination of phytic acid was based on metal replacement reaction of phytic acid 

from colored complex of iron (III) thiocyanate and separation and monitoring any decreases in 

concentration of colored complex. The iron (III) thiocyanate solution was prepared by mixing 25 

mL of 100 µgml−1 iron (III) and 25 mL of 500 µgml−1 ammonium thiocyanate solution in a 100 

mL volumetric flaks and transferring 0.2 mL of concentrated HNO3 and diluting to 100 mL with 

ultra pure water. The purpose of using fivefold concentration of ammonium thiocyanate was to 

ensure that all iron (III) completely complex with thiocyanate ions. The iron (III) thiocyanate 

solution was prepared immediately before analyses freshly. In a glass tube, 0.1 mL of sample 

extract was mixed with 0.9 mL ultra pure water and 2 mL of iron (III) thiocyanate complex 

solution. The mixture was stirred at 40oC for 2.5 hour then cooled to room temperature. After 

centrifuging the mixture for 5 minutes, 50µL of the supernatant was injected onto the column of 

the reverse phase HPLC system.  

3.11. Determination of phytic acid to mineral mole ratio 

 Phytic acid to mineral mole ratio was calculated as an index of mineral bioavailability in 

flour samples described by International Zinc Nutrition Consultative Group (2004). The mole of 

phytate was determined by dividing the weight of phytate and minerals with its atomic weight. 

The molar ratio between phytate and mineral was obtained after dividing the mole of phytate 

with the mole of minerals. 

3.12. Degradation of phytic acid 

 Phytic acid content in flour samples was degraded by using three methods described as 

follows. 

3.12.1. Autoclaving 

 Flour sample of each extraction rate was autoclaved at 121oC for 30 minutes at an 

internal pressure of 1 atm following the method of Fernandez et al. (1997).  
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3.12.2. Enzymatic method 

 Low phytate flour of each wheat variety was prepared by enzymatic method described by 

Morris and Ellis (1980). Flour sample of each wheat variety was incubated in deionized water (1 

g sample to 10 mL) at 37oC with continuous shaking overnight. After incubation period the 

suspension was transferred to stainless steel trays and then freeze dried. The freeze dried material 

was stored at 4oC until used. 

3.12.3. Fermentation 

 Method of fermentation was applied to the flour samples to degrade the phytic acid 

(Svanberg and Lorri, 1997). Flour samples were then mixed with deionized water at the rate of 

1:16 (w/v) to form slurries. Flour slurries then mixed with 3 g baker’s yeast and fermented for 4 

hours at 30oC. Comparison of each method was carried out to select the most acceptable method 

which ensures the highest availability of the minerals. 

3.13. Determination of minerals and phytic acid after degradation of phytic acid 

 After degradation of phytic acid, each flour sample was analyzed for minerals (AOAC, 

2000) and phytic acid content. 

3.14. Product development 

The chapattis were prepared from whole wheat flour and different extraction rates flour of each 

wheat variety according to the method developed by Haridas Rao et al. (1986) and naan were 

prepared by the method of Farooq et al. (2001) with some modifications. 

3.14.1. Preparation of chapattis 

 The dough was prepared by adding 65-70% water in 200 g of flour and the mixing was 

done, for three minutes in the mixer (National Mfg. Co., Lincoln, Nebraska). The dough was 

allowed to rest for one hour, at room temperature. Dough pieces, weighing 80 g each, were 

rounded and rolled into chapattis of uniform thickness. Baking was carried out on a 

thermostatically controlled hot plate, at a temperature of 210°C for 2 minutes.  

3.14.2. Preparation of naans 

 Naans (leavened flat bread) were prepared by taking 250 g straight grade flour, mixed 

with 50 g yoghurt and 150-200 mL water for 10 minutes, kept in an incubator for overnight at 

35°C covered with wet cloth. It was then mixed with 750 g flour, 15 g sugar, 5 g salt, 5 g sodium 

bicarbonate and water (quantity as determined by farinograph water absorption) for dough 

preparation. Dough balls of 100 g each were made and sheeted into a disk of 7 inch diameter 
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with rolling pins, pressed with fingertips in the centre and allowed to proof for 30 minutes. Then 

naans were prepared by baking in an oven at 315°C for 3 minutes. 

3.15. Sensory evaluation 

 The chapattis and naans were evaluated for color, texture, taste and overall acceptability 

by the panel of trained judges of the National Institute of Food Science and Technology, 

University of Agriculture, Faisalabad using 9 point hedonic scale following the instructions of 

Land and Shepherd (1988).  

3.16. Efficacy studies 

 The aim of efficacy study was to appraise the serum biochemical profile and liver 

functioning test of rats fed with fermented chapattis made from 90% extraction rate and whole 

wheat flour. Two experiments were run to determine bioavailability of minerals in blood samples 

of the rats group. For this purpose female Sprague Dawley rats were purchased from the National 

Institute of Health (NIH), Islamabad. The diets were prepared from the best selected extraction 

rate and whole wheat flour samples along with their controls according to the model adopted by 

Levrat-Verny et al. (1999). There was no need for the addition of vitamins because wheat flour 

provides sufficient to meet necessary requirements.  

 The animals were divided into 13 groups (5 rats in each group) for each test diet and kept 

in separate cages to avoid overlapping under controlled environmental conditions of temperature 

and humidity. The rats were kept on basal diet for one week. Clean water availability was 

assured to rats on daily basis. The diet consumed by each rat was determined by deducting the 

leftover and spilled diet from the total amount of diet supplied per day. Different parameters such 

as feed intake and water intake were recorded on daily basis whereas body weight was recorded 

on weekly basis and body organs were recorded at the end of the prescribed time period (after 28 

days). The water consumption was also recorded by the reading of the graduated drinking bottles 

taken each day. Composite weight of each group of the rats was recorded weekly with electronic 

top loading balance. Temperature of the animal room was maintained at 27±3°C. 

 After the four weeks, the blood samples were collected from the overnight fasted rats. 

The serum was separated by centrifugation at 3000 rpm for 15 minutes after allowing the blood 

to stand for at least 30 minutes at room temperature.  

3.17. Serum biochemical profile 
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 Blood of each group was collected for mineral estimation. Electrolyte balance was 

determined by the method of Bradford (1976). 

3.17.1. Hemoglobin (Hb) level  

 Hb level in blood of rats of different groups was estimated by HemoCue System (1997). 

Hemoglobin was examined at the end of selected time period. The method comprises disposable 

cuvettes containing reagents in dried form and a photometer. When whole blood sample added to 

the cuvette, sodium desoxycholate lysed the red blood cells and released hemoglobin. 

Hemoglobin converted to methemoglobin which together with sodium azide gave azide-

methemoglobin. The photometer follows the reaction and presents the results when the reaction 

stops. The absorbance was measured at 565 nm in the photometer. The instrument calculated the 

concentration of Hb and displayed the results in g/dL. 

3.17.2. Serum ferritin determination 

The serum ferritin level was determined by Ferritin Serozyme Assay (1995). In this assay 

(code No. 1504), two high affinity monoclonal antibodies were incorporated into an 

immunoenzymetic system which used magnetisable solid-phase. Samples, standards and controls 

were reacted in test tubes with a mixture of monoclonal antibodies to ferritin. An antibody 

conjugated with an enzyme attached to one site on the ferritin molecule. A different monoclonal 

antibody linked to fluorescein bound at a second site on the ferritin molecule forming a 

sandwich. At the end of 20 minutes incubation at 37oC, antiflourescein coupled to a magnetic 

solid phase is added in excess. This rapidly and specifically binds to the ferritin monoclonal 

antibody complex and is sedimented in a magnetic field, eliminating the need for centrifugation. 

After decanting and washing the sedimented complex, the tubes were incubated with an 

enzyme substrate solution. After 15 minutes incubation at 37oC, the enzyme reaction was ended 

by the addition of the stop reagent and the intensity of color developed is measured 

photometerically through spectrophotometer (Merck Microlab 100). The intensity of the color 

formed by the enzyme reaction increased proportionally, within the working range of the assay, 

with the concentration of ferritin in the sample. 

3.17.3. Blood glucose concentration 

 Glucose concentration in serum of individual rat was determined by method described by 

Thomas and Labor (1992) to determine the changes in serum glucose level by different diets. 

Glucose is oxidized to Gluconic acid by Glucose Oxidase (GOD) resulting in the formation of 
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hydrogen peroxide. H2O2 reacts with phenol and 4-amonoantipyrine in the presence of peroxide 

(POD) to produce a red colored complex whose absorbance is directly proportional to the 

concentration of glucose in the sample. 

1000 μL of working reagent was taken in the test tube labeled as blank, standard and 

sample. 10 μL of standard solution was added to the tube labeled as standard and 10 μL of each 

plasma sample was taken in labeled tubes. Contents of all tubes were mixed and incubated at 

37oC for 10 minutes. Then the absorbance of the standard and the samples were measured 

through spectrophotometer (IREMCO, Model 2020, Germany) at 575 nm. 

                                           Absorbance of sample 
        Glucose concentration (g/dL)  =     ------------------------------ x standard concentration 
                     Absorbance of standard 
3.17.4.  Liver functioning test 

 Liver functioning tests including aspartate aminotransferase (AST), alanine 

aminotransferase (ALT) and alkaline phosphatase (ALP) was carried out by the 

dinitrophenylhydrazene (DNPH) method using Sigma kits, whilst ALP by Alkaline Phosphates-

DGKC method (Thomas, 1998; Moss and Henderson, 1999). Moreover, bilirubin total was 

determined by Jendrassik-Grof method (Tolman and Rej, 1999). 

3.18. Statistical analysis 

 The data of each parameter was subjected to statistical analysis to determine the level of 

significance using Analysis of Variance in Completely Randomized Design and means were 

further compared through Duncans Multiple Range (DMR) test to calculate the level of 

significance as described by Steel et al. (1997).  
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Chapter 4 

RESULTS AND DISCUSSION 

 Wheat varieties grown in Pakistan were appraised for physico-chemical and 

technological properties. The theme of this project was to evaluate the phytic acid content to 

mineral mole ratio with respect to different extraction rates of wheat flour.  

4.1. Physico-chemical characteristics of wheat varieties 

 Wheat varieties were characterized for physico-chemical and rheological attributes, 

described as follows.  

4.1.1. Test weight of wheat grains 

The results regarding analysis of variance for test weight of different wheat varieties are 

given in Table 1. It is obvious from the statistical results that test weight varied significantly 

among different wheat varieties. The results regarding test weight presented in Table 2 which 

showed that the test weight varied from 73.79 kg/hL to 76.97 kg/hL among the tested wheat 

varieties. The highest test weight (76.97 kg/hL) was observed in AARI-11 while wheat variety 

Lasani-08 possessed the lowest test weight (73.79 kg/hL). The results obtained from different 

Pakistani wheat varieties revealed that all varieties exhibited test weight within desirable limits.  

The test weight is generally employed as a rough indicator of flour yield and grain 

quality, which is influenced by both grain size and shape (Sahari et al., 2007). Test weight is 

affected by uniformity of kernel size and shape, as these factors determine in which manner 

kernel orient themselves in a container (Dholakia, 2001). There is a rapid decrease in milling 

yield with the decrease in test weight. The results of various wheat varieties regarding test weight 

are in close agreement with the previous results reported by Ahmed et al. (2011), Butt et al. 

(1997), Butt et al. (2001) and Saeed et al. (2011) in which test weight varied from 69.33 to 80.42 

kg/hL. 

4.1.2. Thousand kernel weight of wheat grains 

 The statistical results pertaining to analysis of variance for thousand kernel weight of 

different wheat varieties are presented in Table 1. It is evident from the results that thousand  
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Table 1. Analysis of variance for test weight and thousand kernel weight of wheat varieties 

  
 

SOV df 
Mean squares 

Test weight 
Thousand 

kernel weight 
Wheat varieties 2 7.56** 8.12** 

Error 6 1.14 2.12 

Total 8   

(P<0.01); ** = Highly significant 

 

 

Table 2. Test weight (kg/hL) and thousand kernel weight (g) of wheat varieties 

 

Wheat varieties Test weight 
Thousand 

kernel weight 

AARI-11 76.97a 41.46ab 

Faisalabad-08 75.30ab 43.85a 

Lasani-08 73.79b 40.71b 

      Mean carrying same letters are not significantly different from each other 
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kernel weight significantly affected by the wheat varieties. The results in Table 2 indicate that 

thousand kernel weight varied significantly from 40.71 to 43.85 g for different wheat varieties. 

The highest thousand kernel weight (43.85 g) was observed in Faisalabad-08 while Lasani-08 

has the lowest (40.71 g) thousand kernel weight.  

 Thousand kernel weight of grains is an important yield component which greatly 

influenced by kernel dimensions. The differences in kernel weight in different wheat cultivars 

may be due to genetic and environmental effects. Williams et al. (1986b) also indicated that 

kernel weight and size are not only genetically controlled but also affected by growth conditions. 

According to Dholakia (2001) grain weight generally varies from 20-45 grams per thousand 

grains, based on the type of the wheat i.e. hard or soft grains. Thousand kernel weight and test 

weight influenced the grain quality and yield. 

4.1.3. Moisture content  

 The results regarding analysis of variance for moisture content of different wheat 

varieties at various flour extraction rates are given in Table 3. It is obvious from the statistical 

results that extraction rate, wheat varieties and interaction of extraction rates with wheat varieties 

significantly affected the moisture content.  

 The results pertaining to the moisture content of different wheat varieties at various 

extraction rates are presented in Table 4. It is evident from the results that the moisture content 

decreased as the flour extraction rate increases. The moisture content varied significantly from 

10.92% to 12.36% among different extraction rates flour when the data of wheat varieties were 

combined. The highest moisture content (12.36%) was observed in flour with 70% extraction 

rate while whole wheat flour has the lowest moisture content (10.92%). In whole wheat flour the 

moisture content varied significantly from 10.63% to 11.13% however, in flour with 70% 

extraction rate the moisture content ranges from 11.31% to 12.91%. Similar results were reported 

by Azizi et al. (2006) who found variations in moisture content from 9.88% to 12.30% in 

different flour extraction rates. 

 The moisture content varied significantly among different wheat varieties. The moisture 

content varied significantly from 10.63% to 12.91% as interactive effect of wheat varieties and 

extraction rates. The highest moisture content (12.13%) was recorded for Faisalabad-08 while 

AARI-11 has the lowest moisture content (11.0%) when the results of extraction rates were  
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Table 3. Analysis of variance for moisture content of wheat varieties at different flour 

extraction rates 

 
SOV df MS 

Extraction rates 3 3.63** 

Wheat varieties 2 4.58** 

Extraction rates × Wheat varieties 6 0.30** 

Error 24 0.06 

Total 35  

(P<0.01); ** = Highly significant 

 

 

Table 4. Moisture content (%) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 11.31cd 11.29cd 10.77ef 10.63f 11.00b 

Faisalabad-08 12.86a 12.49ab 12.16b 11.01def 12.13a 

Lasani-08 12.91a 12.41b 11.55c 11.13cde 12.00a 

Mean 12.36a 12.06b 11.49c 10.92d  

    Mean carrying same letters are not significantly different from each other 
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combined. The results of present study are agreed with findings of Butt et al. (1997) who found 

moisture contents in different wheat flours range from 7.8 to 14.8%. The highest moisture 

content (12.91%) was found in Lasani-08 at 70% flour extraction rate while whole wheat flour of 

AARI-11 has the lowest moisture content (10.63%). 

 Flour moisture content is mostly dependent by the storage temperature and humidity and 

also influenced by environmental and weather conditions. These conditions contribute towards 

the keeping quality of the flour. The moisture content is not only of economic significance but 

also considering important with regard to the keeping qualities of the wheat. The difference in 

moisture content between wheat varieties may be due to variation in their genetic variability and 

with remarkable agro climatic conditions prevailed during crop year. 

4.1.4. Ash content 

 The statistical results regarding ash content of different wheat varieties at various flour 

extraction rates have been given in Table 5. It is obvious from the statistical results that 

extraction rate, wheat varieties and interaction of extraction rates with wheat varieties showed 

significant on ash content.  

 The results with respect to the ash content of different wheat varieties at various 

extraction rates are presented in Table 6. It is evident from the results that the ash content 

increased with progressive increase of flour extraction rates. The ash content ranged significantly 

from 0.46% to 1.66% among flours of different extraction rates when means of wheat varieties 

were taken into account. The highest ash content (1.66%) was found in whole wheat flour while 

the flour with 70% extraction rate has the lowest ash content (0.46%). In the whole wheat flour 

the ash content varied significantly from 1.39% to 1.65% among different wheat varieties. 

However the flour with 70% extraction rate exhibited variations in the ash content from 0.37% to 

0.41%.  

 The wheat varieties possessed significant variations in ash content ranging from 0.37% to 

1.65% as interactive effect of wheat varieties and extraction rates. The ash content (0.91%) was 

found significantly the highest in wheat variety Faisalabad-08, and AARI-11 gave the lowest 

amount of ash content (0.85%). The results with respect to ash content observe in the present 

study are in agreement with the findings of Vetrimani et al. (2005) who reported that ash content 

increased from 0.52 to 1.32% with an increasing extraction rate. 
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Table 5. Analysis of variance for ash content of wheat varieties at different flour extraction 

rates 

 

SOV df MS 

Extraction rates 3 2.71** 

Wheat varieties 2 0.45** 

Extraction rates × Wheat varieties 6 0.04** 

Error 24 0.002 

Total 35  

(P<0.01); ** = Highly significant 

 

 

Table 6. Ash content (%) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 0.37i 0.62f 1.02d 1.39c 0.85b 

Faisalabad-08 0.41h 0.75e 1.05d 1.43b 0.91a 

Lasani-08 0.37i 0.48g 1.03d 1.65a 0.88b 

Mean 0.46d 0.62c 1.19b 1.66a  

Mean carrying same letters are not significantly different among each other 
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The presence of higher ash content with higher extraction rates might be due to the higher 

proportion of pericarp and aleurone layer as it has been reported by Ramirez-Wong et al. (2007). 

The ash content is influenced by genetic and non genetic factors. The significant variation 

existed among wheat varieties with respect to ash content showed that these differences are due 

to variations in their genetic makeup. The results in the present study are supported by the earlier 

findings of Lopez et al. (2003) and Din et al. (2010) who stated that the 70% extraction rate 

flours contain less ash content due to the fact that 80% of total amount of minerals concentration 

in the aleurone layer of pericarp and dilutes the ash content in the resultant flours.    

4.1.5. Protein content 

 The statistical results regarding analysis of variance for protein content of different wheat 

varieties at various flour extraction rates are given in Table 7. It is obvious from the statistical 

results that the extraction rate, wheat varieties and interaction of extraction rates with wheat 

varieties showed significant effect on the protein content.  

 The data regarding mean squares for protein content of different wheat varieties at 

various extraction rates of flour are presented in Table 8. The results revealed that there was 

increase in the protein content with increase in extraction rates of flours. The protein content 

varied significantly from 10.46% to 12.84% among flour of different extraction rates when data 

of wheat varieties were pooled. The protein content was observed significantly the highest 

(12.84%) in whole wheat flour. The flour with 70% extraction rate exhibited significantly the 

lowest protein content (10.46%). In whole wheat flour the protein content varied significantly 

from 12.34% to 13.55%, however, in flour with 70% extraction rate the protein content varied 

from 9.75% to 11.25%.  

 The protein content differed significantly among different wheat varieties. The protein 

content varied significantly from 9.75% to 13.55% due to interaction of wheat varieties and 

extraction rates. The protein content was found significantly the highest (12.49%) in Faisalabad-

08 and wheat variety Lasani-08 yielded the lowest protein content (10.95%). The results are 

supported by the studies Din et al. (2009) and Khan et al. (2009) who reported variations in 

protein content from 10.23 to 11.60% in different Pakistani wheat varieties. The variation in 

protein content among wheat varieties in the present study is due to the differences in their 

genetic makeup.  
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Table 7. Analysis of variance for protein content of wheat varieties at different flour 

extraction rates   

 
SOV df MS 

Extraction rates 3 8.84** 

Wheat varieties 2 7.62** 

Extraction rates × Wheat varieties 6 0.19** 

Error 24 0.09 

Total 35  

(P<0.01); ** = Highly significant 

 

 

Table 8. Protein content (%) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 10.38e 10.74de 11.76c 12.64b 11.38b 

Faisalabad-08 11.25cd 12.45b 12.73b 13.55a 12.49a 

Lasani-08 9.75f 10.81de 10.90de 12.34b 10.95c 

Mean 10.46d 11.34c 11.79b 12.84a  

    Mean carrying same letters are not significantly different from each other 

  



48 
 

The results of protein content found in the present study are also in line with the earlier findings 

of Azizi et al. (2006) and Saeed et al. (2011) who found that increase in protein content mainly 

due to an increase in extraction rate. The flour protein content increased as the extraction rate 

increased (Dewettinck et al., 2008). The results are also supported by the study of Orth and 

Mander (1975) who concluded that flour extraction rate affects the protein content, and gluten 

strength.  

4.1.6. Fat content 

 The analysis of variance results for fat content of different wheat varieties at various flour 

extraction rates are given in Table 9. It is obvious from the results that the extraction rates, wheat 

varieties and interaction of extraction rates with wheat varieties significantly affected the fat 

content.  

 The results with respect to fat content of different wheat varieties at various flour 

extraction rates are presented in Table 10. It is evident from the results that the fat content 

increased with increase in flour extraction rates. The fat content varied significantly from 1.35% 

to 2.48% among different flour extraction rates when wheat varieties were pooled. The fat 

content was found significantly the highest (2.48%) in whole wheat flour while flour with 70% 

extraction rate gave the lowest fat content (1.35%). In whole wheat flour the fat content varied 

significantly from 2.14% to 2.76%, however in flour with 70% extraction rate the fat content 

ranges from 1.30% to 1.39%. In 90% extraction rate flour the fat content was varied from 1.72% 

to 2.34%. 

 The fat content varied significantly among different wheat varieties and significantly 

varied from 1.66% to 2.09% among different wheat varieties. The fat content varied significantly 

from 1.30% to 2.76% as interactive effect of wheat varieties and extraction rates. The highest fat 

content (2.09%) was observed in AARI-11 while Lasani-08 possessed the lowest fat content 

(1.66%). 

 The results regarding to mean values indicated that interactive effect of wheat varieties 

and extraction rates showed significant effect on the fat content. The fat percentage was higher in 

100% extraction rate or whole wheat flour as compared to that of 70% extraction rate or white 

flour because germ is ground along with endosperm during milling (Farooq et al., 2001). 
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Table 9. Analysis of variance for fat content of wheat varieties at different flour extraction 

rates   

 

SOV df MS 

Extraction rates 3 2.05** 

Wheat varieties 2 0.56** 

Extraction rates × Wheat varieties 6 0.05** 

Error 24 0.02 

Total 35  

(P<0.01); ** = Highly significant 

 

 

Table 10. Fat content (%) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 1.39h 1.90ef 2.34b 2.76a 2.09a 

Faisalabad-08 1.37h 1.73f 2.01de 2.54b 1.91b 

Lasani-08 1.30h 1.51gh 1.72fg 2.14cd 1.66c 

Mean 1.35d 1.72c 2.02b 2.48a  

   Mean carrying same letters are not significantly different from each other 
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4.1.7. Fiber content 

 The statistical results regarding analysis of variance for fiber content of different wheat 

varieties at various flour extraction rates are given in Table 11. The results indicated that the 

extraction rate, wheat varieties and interaction of extraction rate with wheat varieties 

significantly affected the fiber content.  

 The results pertaining to the fiber content of different wheat varieties at various flour 

extraction rates are presented in Table 12. It is evident from the results that the fiber content 

significantly increased as the flour extraction rate increases. The fiber content varied 

significantly from 0.46% to 1.54% among flour of different extraction rates when means of 

wheat varieties were combined. The highest fiber content (1.54%) was observed in whole wheat 

flour while the lowest fiber content (0.46%) was observed in flour with 70% extraction rate. In 

whole wheat flour the fiber content varied significantly from 1.25% to 1.81%, however in flour 

with 70% extraction rates the fiber contents ranged from 0.31% to 0.57%. The fiber content 

ranged significantly from 0.73% to 1.19% among different wheat varieties. The fiber content 

significantly varied from 0.31% to 1.81% as interactive effect of wheat varieties and extraction 

rates. The highest fiber content (1.19%) was observed in Lasani-08 while AARI-11 possessed 

the lowest fiber content (0.73%).  

 The results of present study regarding fiber content are similar with the results of 

previous study of Azizi et al. (2006) and Din et al. (2010) and results showed that the fiber is 

concentrated entirely in the bran and only 7% of total fiber is in endosperm and embryo. The 

amount of crude fiber improved significantly with the increasing level of the bran in flour and 

ultimately it affects the quality of the final product.  

4.1.8. Wet and dry gluten contents 

 The results with respect to the analysis of variance for wet gluten content of different 

wheat varieties at different extraction rates of flour have been presented in Table 13. It is obvious 

from the statistical results that the wet gluten content significantly affected by the extraction 

rates, wheat varieties and interaction of extraction rates with wheat varieties.  
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Table 11. Analysis of variance for fiber content of wheat varieties at different flour 

extraction rates   

 
 

SOV df MS 

Extraction rates 3 1.87** 

Wheat varieties 2 0.63** 

Extraction rates × Wheat varieties 6 0.023** 

Error 24 0.001 

Total 35  

(P<0.01); ** = Highly significant 

 

 

Table 12. Fiber content (%) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 0.31k 0.55ij 0.81g 1.25d 0.73c 

Faisalabad-08 0.51j 0.74h 0.92f 1.56b 0.93b 

Lasani-08 0.57i 1.02e 1.34c 1.81a 1.19a 

Mean 0.46d 0.77c 1.02b 1.54a  

     Mean carrying same letters are not significantly different from each other  
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 The results pertaining to the wet gluten content of different wheat varieties at various 

flour extraction rates are given in Table 14. It is evident from the statistical results that the wet 

gluten content significantly declined by increasing the flour extraction rate. The wet gluten 

content differed significantly from 23.37% to 27.56% among flour of different extraction rates. 

The significantly highest wet gluten content (27.56%) was found in flour with 70% extraction 

rate while the lowest wet gluten content (23.37%) was observed in whole wheat flour. In whole 

wheat flour the wet gluten content varied significantly from 20.94% to 26.32%, however in flour 

with 70% extraction rate the wet gluten contents significantly ranged from 26.17% to 28.52%. 

 The wet gluten content differed significantly from 24.33% to 27.46% among different 

wheat varieties. As regarding interactive effect of wheat varieties and extraction rates, the wet 

gluten content significantly varied from 20.94% to 28.52%. The highest wet gluten content 

(27.46%) was observed in AARI-11 while wheat variety Lasani-08 got the lowest wet gluten 

content (24.33%). 

 The statistical results with respect to analysis of variance for dry gluten content of 

different wheat varieties at various flour extraction rates are presented in Table 15. The results 

exhibited that the extraction rates, wheat varieties and interaction of extraction rates with wheat 

varieties significantly affected the dry gluten content.   

 The mean values pertaining to the dry gluten content of different wheat varieties at 

various flour extraction rates have been given in Table 16. The statistical results revealed that the 

dry gluten content decreased progressively with increase in the flour extraction rates. The dry 

gluten content ranged significantly from 10.95% to 12.49% among flour of different extraction 

rates. From the results it is evident that flour with 70% extraction rate retained the maximum dry 

gluten content (10.58%) while the minimum dry gluten content (8.28%) was observed in whole 

wheat flour. In whole wheat flour the dry gluten content varied significantly from 7.11% to 

9.44%, however 70% extraction rate flour got the dry gluten content which ranged from 10.13% 

to 11.10%. 

 The dry gluten content varied significantly from 10.95% to 12.49% among different 

wheat varieties when the data of extraction rates were assembled. The dry gluten content 

significantly differed from 7.11% to 11.10% as interactive effect of wheat varieties and 

extraction rates. The highest dry gluten content (12.49%) was observed in Faisalabad-08 while 

AARI-11 has the lowest dry gluten content (10.95%). 
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Table 13. Analysis of variance for wet gluten content of wheat varieties at different flour 

extraction rates   

 
SOV df MS 

Extraction rates 3 27.348** 

Wheat varieties 2 34.364** 

Extraction rates × Wheat varieties 6 4.455** 

Error 24 0.0796 

Total 35  

(P<0.01); ** = Highly significant 

    

 

Table 14. Wet gluten content (%) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 28.52a 27.12c 27.89b 26.32d 27.46a 

Faisalabad-08 28.01b 24.95f 23.30h 22.85h 24.77b 

Lasani-08 26.17de 25.84e 24.40g 20.94i 24.33c 

Mean 27.56a 25.97b 25.20c 23.37d  

     Mean carrying same letters are not significantly different from each other 
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Table 15. Analysis of variance for dry gluten content of wheat varieties at different flour 

extraction rates   

 

SOV df MS 

Extraction rates 3 8.605** 

Wheat varieties 2 7.488** 

Extraction rates × Wheat varieties 6 1.133** 

Error 24 0.017 

Total 35  

(P<0.01); ** = Highly significant 

 

 

Table 16. Dry gluten content (%) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 10.13c 9.19g 9.83de 8.31h 10.95c 

Faisalabad-08 11.10a 10.96a 10.04cd 9.44f 12.49a 

Lasani-08 10.53b 9.64ef 8.06i 7.11j 11.38b 

Mean 10.58a 9.93b 9.31c 8.28d  

      Mean carrying same letters are not significantly different from each other 
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The results of different wheat varieties relating to wet and dry gluten contents are comparable 

with the results of Randhawa et al. (2002) and Khan et al. (2009) who reported that wet and dry 

gluten contents ranged from 26.40 to 38.41% and 8.40 to 38.41%, respectively in different wheat 

varieties. Miralbes (2003) viewed wet gluten contents in the range of 15.6 to 39.3%. The results 

are also in line with the conformity of the results of Line et al. (2003) who reported wet gluten 

contents in the range of 20.5 to 45.6% and dry gluten contents in the range of 8.44 to 11.77%. 

The research work carried out on Pakistani wheat varieties has indicated that the significant 

variation occur among different extraction rates of wheat flour due to the presence of bran and 

germ in wheat flour (Din et al., 2010). The protein contents have direct correlation with the 

gluten contents. Environmental conditions such as temperature, rainfall and humidity influenced 

the gluten contents (Curic, 2001). 

4.2. Rheological properties 

4.2.1. Farinographic studies 

a. Water absorption 

 The statistical results regarding analysis of variance for water absorption of different 

wheat varieties at various flour extraction rates are presented in Table 17. It is obvious from the 

statistical results that the extraction rate, wheat varieties and interaction of extraction rate with 

wheat varieties significantly affected the water absorption.   

 The results pertaining to the water absorption of different wheat varieties at various flour 

extraction rates are given in Table 18. It is evident from the statistical results that there was 

significant increase in the water absorption of the different flour with increase in the flour 

extraction rates. The water absorption varied significantly from 60.54 mL to 73.77 mL among 

flour of different extraction rates when the data of wheat varieties were combined. The highest 

water absorption (73.77 mL) was observed in whole wheat flour while the lowest water 

absorption (60.54 mL) was observed in flour with 70% extraction rate. In whole wheat flour the 

water absorption capacity varied significantly from 72.23 mL to 75.54 mL, however in flour with 

70% extraction rate the water absorption capacity ranges from 60.03 mL to 61.24 mL. 

 The water absorption varied significantly from 64.42 mL to 66.45 mL among different 

wheat varieties when the results of extraction rates were pooled. The water absorption 

significantly varied from 60.03 mL to 75.54 mL as interactive effect of wheat varieties and  
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Table 17. Analysis of variance for water absorption of wheat varieties at different flour 

extraction rates   

SOV df MS 

Extraction rates 3 310.204** 

Wheat varieties 2 12.501** 

Extraction rates × Wheat varieties 6 2.083** 

Error 24 0.136 

Total 35  

(P<0.01); ** = Highly significant 

 

 

Table 18. Water absorption (mL) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 60.36ij 63.82f 66.09d 75.54a 66.45a 

Faisalabad-08 61.24h 62.23g 64.34ef 73.55b 65.34b 

Lasani-08 60.03j 60.89hi 64.53e 72.23c 64.42c 

Mean 60.54d 62.31c 64.98b 73.77a  

          Mean carrying same letters are not significantly different from each other 
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extraction rates. The highest water absorption capacity of flour (66.45 mL) was observed in 

AARI-11 while lowest water absorption (64.42 mL) was found in Lasani-08. 

 The farinograph commonly provide empirical information about the mixing behavior of 

dough (Arendt et al., 2007). The water absorption influences the handling properties of the 

dough and is related to the finished baked product (Catterall, 1998). The increase in water 

absorption might be due to higher protein and complex carbohydrate contents contributed from 

bran.  

 The results of present study are supported by Azizi et al. (2006) who reported water 

absorption capacity of different extraction rate flours in the range of 56 to 66 mL. Farooq et al. 

(2001) reported that higher water absorption is an indication of better dough development for 

naan preparation. The flour with higher water absorption produces bread of good characteristics 

which remains soft for a long time, exhibiting improvement in texture and grain (Simon, 1987). 

b. Dough development time 

 The statistical results pertaining to dough development time of different wheat varieties at 

various flour extraction rates have been presented in Table 19. It is evident from the statistical 

results that the extraction rate, wheat varieties and interaction of extraction rates with wheat 

varieties exhibited significant effect the dough development time.   

 The results regarding the dough development time of different wheat varieties at various 

flour extraction rates are given in Table 20. It is evident from the statistical results that the dough 

development time increased as the flour extraction rate increases. The dough development time 

ranged significantly from 5.23 min. to 6.41 min. among flour of different extraction rates when 

the results of wheat varieties were combined. The highest dough development time (6.41 min.) 

was observed in whole wheat flour while the lowest dough development time (5.23 min.) was 

observed in flour with 70% extraction rate. In whole wheat flour the dough development time 

differed significantly from 5.89 min. to 6.73 min. however in flour with 70% extraction rate the 

dough development time ranged from 5.02 min. to 5.52 min. 

 The dough development time varied significantly from 5.51 min. to 6.13 min. among 

different wheat varieties when the means of extraction rates were into account. The dough 

development time significantly ranged from 5.02 min. to 6.73 min. as interactive effect of wheat 

varieties and extraction rates. The highest dough development time (6.73 min.) was observed in  
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Table 19. Analysis of variance for dough development time of wheat varieties at different 

flour extraction rates   

SOV df MS 

Extraction rates 3 2.257** 

Wheat varieties 2 0.919** 

Extraction rates × Wheat varieties 6 0.202** 

Error 24 0.018 

Total 35  

(P<0.01); ** = Highly significant 

 

 

Table 20. Dough development time (min.) of wheat varieties at different flour extraction 
rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 5.52ef 5.82cd 6.44b 6.73a 6.13a 

Faisalabad-08 5.15g 5.45f 5.70cde 6.58b 5.72b 

Lasani-08 5.02g 5.46f 5.64def 5.89c 5.51c 

Mean 5.23d 5.58c 5.93b 6.41a  

        Mean carrying same letters are not significantly different from each other 
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AARI-11 while the lowest dough development time (5.51 min.) was found in wheat variety 

Lasani-08. 

 Dough development time is an indication of protein quality and strength of flour. AARI-

11, Faisalabad-08 and Lasani-08 fell in the category of medium strong gluten on the basis of 

dough development time which ranged from 5.02 to 6.73 minutes among the wheat varieties and 

data showed similar trend with the results of Amjad et al. (2010).  

 Stronger wheat flours have the ability to absorb and retain more water as compared to 

weak flours. The present study showed variation in dough development times for different 

extraction rates and results comparable with the previous results of Yang et al. (2011). Vetrimani 

et al. (2005) reported similar results for dough development time which increased from 2.5 to 3.5 

minutes and dough stability was decreased from 4.5 to 2.5 minutes. Dough development time 

was increased due to the presence of increased amount of bran particles in high extraction rate 

flours, which may interfere in the quick development of gluten and hydration of endosperm. 

c. Dough stability 

 The statistical results regarding analysis of variance for dough stability of different wheat 

varieties at various flour extraction rates are presented in Table 21. The results exhibited that the 

dough stability significantly affected by the extraction rates, wheat varieties and interaction of 

extraction rates with wheat varieties.   

 The mean values relating to the dough stability of different wheat varieties at various 

flour extraction rates have been given in Table 22. It is evident from the statistical results that the 

dough stability gradually decreased with increase in the flour extraction rates. When the results 

of wheat varieties were assembled, the dough stability significantly ranged from 2.49 to 6.63 

min. among flour of different extraction rates. Flour with 70% extraction rate showed the highest 

dough stability (6.26 min.). The lowest dough stability (2.45 min.) was significantly observed in 

whole wheat flour. In whole wheat flour the dough stability varied significantly from 2.28 min. 

to 2.58 min. however in flour with 70% extraction rate the dough stability ranged from 5.71 min. 

to 6.63 min. 

 The dough stability ranged significantly from 4.04 min. to 4.82 min. among different 

wheat varieties when the data of extraction rates were taken into account. The dough stability 

significantly varied from 2.28 min. to 6.63 min. as interactive effect of wheat varieties and  
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Table 21. Analysis of variance for dough stability of wheat varieties at different extraction 

rates   

SOV df MS 

Extraction rates 3 24.568** 

Wheat varieties 2 1.443** 

Extraction rates × Wheat varieties 6 0.450** 

Error 24 0.002 

Total 35  

(P<0.01); ** = Highly significant 

 

Table 22. Dough stability (min.) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 6.63a 5.55d 4.52f 2.49j 4.79a 

Faisalabad-08 6.46b 5.35e 3.32h 2.28k 4.35b 

Lasani-08 5.71c 4.55f 3.62g 2.58i 4.12c 

Mean 6.26a 5.15b 3.82c 2.45d  

     Mean carrying same letters are not significantly different from each other 

  



61 
 

extraction rates. The highest dough stability (4.82 min.) was observed in wheat variety AARI-11 

while the lowest dough stability (4.04 min.) was found in Lasani-08. On the basis of dough 

stability wheat varieties AARI-11 and Faisalabad-08 can be categorized as medium gluten group 

because their dough stability falls below 11 min.  

 The results of present study are in line with the earlier findings of Tehseen et al. (2012) 

who studied physico chemical characteristics of different Pakistani wheat varieties in which the 

dough stability was ranged from 3.9 to 13.23 min. The variations in the farinographic 

characteristics might be due to difference in endosperm portion among the different extraction 

rate flours (Vetrimani et al., 2005). With the increase in extraction rate resistance to extension 

and extensibility reduced, which might be due to reduction in gluten network and presence of 

bran particles in flour (Haridas and Rao, 1991).  

d. Mixing tolerance index 

 The statistical results regarding analysis of variance for mixing tolerance index of 

different wheat varieties at various flour extraction rates are presented in Table 23. It is obvious 

from the results that the extraction rate, wheat varieties and interaction of extraction rate with 

wheat varieties significantly affected the mixing tolerance index.   

 The mean values pertaining to the mixing tolerance index of different wheat varieties at 

various flour extraction rates are given in Table 24. It is evident from the statistical results 

obtained in the present study that the mixing tolerance index decreased as the flour extraction 

rate increases. The mixing tolerance index ranged significantly from 42.05 BU to 73.03 BU 

among flour of different extraction rates when the results of wheat varieties were combined. The 

significantly highest mixing tolerance index (73.03 BU) was found in 70% extraction rate flour 

whereas the lowest mixing tolerance index (42.05 BU) was observed in whole wheat flour. In 

whole wheat flour the mixing tolerance index varied significantly from 40.10 BU to 45.15 BU 

however in flour with 70% extraction rate the mixing tolerance index ranges from 69.23 BU to 

75.75 BU. The results of present study are supported by the results of Din et al. (2010) in which 

mixing tolerance index was ranged from 45 to 64 BU. 

 The mixing tolerance index varied significantly from 58.68 BU to 64.16 BU among 

different wheat varieties when data of extraction rates were pooled. The mixing tolerance index 

significantly varied from 40.10 BU to 75.75 BU due to interaction of wheat varieties and  
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 Table 23. Analysis of variance for mixing tolerance index of wheat varieties at different 

flour extraction rates 

   

SOV df MS 

Extraction rates 3 1612.13** 

Wheat varieties 2 90.72** 

Extraction rates × Wheat varieties 6 2.38** 

Error 24 1.10 

Total 35  

(P<0.01); ** = Highly significant 

 

Table 24. Mixing tolerance index (BU) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 74.11a 65.03d 64.31de 40.89h 61.08b 

Faisalabad-08 75.75a 68.54bc 67.22c 45.15g 64.16a 

Lasani-08 69.23b 63.25ef 62.15f 40.10h 58.68c 

Mean 73.03a 65.61b 64.56c 42.05d  

      Mean carrying same letters are not significantly different from each other 
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extraction rates. The highest mixing tolerance index (64.16 BU) was observed in wheat variety 

Faisalabad-08 while lowest mixing tolerance index (58.68 BU) was found in Lasani-08. 

e. Softening of the dough 

 The statistical results regarding softening of the dough of different wheat varieties at 

various flour extraction rates have been presented in Table 25. The results demonstrated that the 

extraction rates, wheat varieties and interaction of extraction rates with wheat varieties 

significantly affected the softening of the dough.   

 The results with respect to the softening of the dough of different wheat varieties at 

various flour extraction rates are given in Table 26. It is evident from the statistical results 

obtained in the present study that the softening of the dough decreased gradually with the 

increase in the flour extraction rates. The softening of the dough varied significantly among 

different extraction rates flour and values ranged from 86.96 BU to 103.75 BU among flour of 

different extraction rates when the results of wheat varieties were put together. The significantly 

the highest softening of the dough (103.75 BU) was found in 70% extraction rate flour while the 

lowest softening of the dough (86.96 BU) was observed in whole wheat flour. In whole wheat 

flour the softening of the dough varied significantly from 80.25 BU to 90.35 BU however in 

flour with 70% extraction rate the softening of the dough ranged from 96.23 BU to 108.35 BU. 

 The softening of the dough varied significantly from 87.93 BU to 100.31 BU among 

different wheat varieties. The softening of the dough significantly varied from 80.25 BU to 

108.35 BU as interactive effect of wheat varieties and extraction rates. The highest softening of 

the dough (100.31 BU) was observed in Faisalabad-08 while wheat variety Lasani-08 has the 

lowest softening of the dough (87.93 BU). 

 In general, the flours which have low softening of the dough values are strong and the 

ones having high softening values are weak. The results of present study are in close agreement 

with the previous results of Tehseen et al. (2012) who reported that softening of the dough was 

ranged from 35 to 120 BU.  

 The variations in softening of the dough occur which may be due to endosperm portion 

among the flours of different extraction rates (Din et al., 2010). A similar trend was also 

observed in another study for the dough characteristics of mixtures of wheat flour with different 

which was reported by Zaidul et al. (2004) and Sarker et al. (2008). 
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Table 25. Analysis of variance for softening of dough of wheat varieties at different flour 

extraction rates   

SOV df MS 

Extraction rates 3 542.26** 

Wheat varieties 2 566.77** 

Extraction rates × Wheat varieties 6 4.39** 

Error 24 3.22 

Total 35  

(P<0.01); ** = Highly significant 

 

 

Table 26. Softening of dough (BU) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 106.66ab 104.98b 95.22c 90.27d 99.28a 

Faisalabad-08 108.35a 106.32ab 96.23c 90.35d 100.31a 

Lasani-08 96.23c 90.91d 84.32e 80.25f 87.93b 

Mean 103.75a 100.74b 91.92c 86.96d  

    Mean carrying same letters are not significantly different from each other 
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4.2.2. Mixographic studies 

 The mixograph is a useful tool for quality evaluation of wheat where the sample size is 

limiting or of small size. It is widely used by the wheat breeders to assess the quality of wheat 

flour.  

a. Peak height 

 The statistical results regarding analysis of variance for peak height of different wheat 

varieties at various flour extraction rates are presented in Table 27. It is obvious from the results 

that the extraction rate, wheat varieties and interaction of extraction rate with wheat varieties 

significantly affected the peak height.   

 The results pertaining to the peak height of different wheat varieties at various flour 

extraction rates are given in Table 28. It is evident from the statistical results obtained in the 

present study that the peak height increased significantly as the flour extraction rate increases. 

The peak height varied significantly from 65.62% to 71.24% among flour of different extraction 

rates. The peak height (71.24%) was observed significantly the highest in whole wheat flour 

while the lowest peak height (65.62 %) was observed in flour with 70% extraction rates. In 

whole wheat flour the peak height varied significantly from 70.08% to 73.15% however in flour 

with 70% extraction rates the peak height varied from 64.55% to 67.26%. The results of present 

study are similar with the previous results of Din et al. (2010) in which peak height was ranged 

from 45 to 64%. 

 The peak height varied significantly from 67.31% to 70.13% among different wheat 

varieties. The peak height significantly varied from 64.55% to 73.15% as interactive effect of 

wheat varieties and extraction rates. The highest peak height (70.13%) was observed in 

Faisalabad-08 while lowest peak height (67.31%) was found in wheat variety Lasani-08. 

b. Dough development time  

 The results pertaining to analysis of variance for dough development time of different 

wheat varieties at various flour extraction rates are presented in Table 29. It is obvious from the 

statistical results that the extraction rates, wheat varieties and interaction of extraction rates with 

wheat varieties significantly affected the dough development time.   
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Table 27. Analysis of variance for peak height of wheat varieties at different flour 

extraction rates   

SOV df MS 

Extraction rates 3 53.455** 

Wheat varieties 2 25.831** 

Extraction rates × Wheat varieties 6 0.188NS 

Error 24 0.305 

Total 35  

(P<0.01); ** = Highly significant NS = Non significant 

 

Table 28. Peak height (%) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 65.05i 67.23h 69.38de 70.48bc 68.04b 

Faisalabad-08 67.26gh 68.98ef 71.14b 73.15a 70.13a 

Lasani-08 64.55i 66.42h 68.17fg 70.08bc 67.31c 

Mean 65.62d 67.55c 69.56b 71.24a  

Mean carrying same letters are not significantly different from each other 

  



67 
 

 The results regarding the dough development time of different wheat varieties at various 

flour extraction rates are given in Table 30. It is evident from the statistical results obtained from 

the present study that the dough development time increased as the flour extraction rate 

increases. The dough development time varied significantly from 5.12 min. to 5.98 min. among 

flour of different extraction rates. The highest dough development time (5.98 min.) was observed 

in whole wheat flour while the lowest dough development time (5.12 min.) was observed in flour 

with 70% extraction rate. In whole wheat flour the dough development time ranged significantly 

from 5.79 min. to 6.24 min. however in flour with 70% extraction rate the dough development 

time ranged from 4.83 min. to 5.32 min. 

 The dough development time varied significantly from 5.27 min. to 5.71 min. among 

different wheat varieties when the data of extraction rates were assembled. The dough 

development time significantly ranged from 4.83 min. to 6.24 min. as interactive effect of wheat 

varieties and extraction rates. The highest dough development time (5.71 min.) was observed in 

Faisalabad-08 while lowest dough development time (5.27 min.) was found in Lasani-08. 

4.3. Mineral contents 

 More than 50% world’s food energy is mainly supplied by the cereal grains such as 

wheat, rice and corn etc. they are the major source of starch, protein, minerals and vitamins. 

Regarding to the nutritional value of the human being mineral elements play a significant role in 

regulation of body processes and maintaining health. 

4.3.1. Calcium (Ca) content 

 The statistical results regarding analysis of variance for calcium content of different 

wheat varieties at various flour extraction rates are shown in Table 31. It is obvious from the 

statistical results that the calcium content was affected significantly by the extraction rates, wheat 

varieties and treatments due to interaction of these variables. 

 The results pertaining to the calcium content of different wheat varieties at various flour 

extraction rates are given in Table 32. It is evident from the results that there was a significant 

increase in the calcium content with increase in the flour extraction rates. The calcium content 

varied significantly from 53.86 mg/100g to 114.96 mg/100g among flour of different extraction 

rates when the results of wheat varieties were combined. 
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Table 29. Analysis of variance for development time of wheat varieties at different flour 

extraction rates     

SOV df MS 

Extraction rates 3 1.217** 

Wheat varieties 2 0.615** 

Extraction rates × Wheat varieties 6 0.027** 

Error 24 0.001 

Total 35  

(P<0.01); ** = Highly significant 

 

Table 30. Development time (min) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 5.32f 5.45e 5.62d 5.93b 5.57b 

Faisalabad-08 5.20g 5.59d 5.82c 6.24a 5.71a 

Lasani-08 4.83i 5.12h 5.35f 5.79c 5.27c 

Mean 5.12d 5.38c 5.59b 5.98a  

Mean carrying same letters are not significantly different from each other 
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The calcium content was found significantly the highest (114.96 mg/100g) in whole wheat flour. 

The calcium content was recorded significantly the lowest (53.86 mg/100g) in flour with 70% 

extraction rates. In whole wheat flour the calcium content varied significantly from 109.05 

mg/100g to 125.45 mg/100g however, in flour with 70% extraction rate the calcium content 

ranges from 50.41 mg/100g to 58.79 mg/100g. 

 The calcium content differed significantly from 78.25 mg/100g to 88.41 mg/100g among 

different wheat varieties when results of different extraction rates were assembled. The calcium 

content significantly varied from 50.41 mg/100g to 125.45 mg/100g due to the interactive effect 

of wheat varieties and extraction rates. The highest calcium content (88.41 mg/100g) was yielded 

by AARI-11 while the lowest calcium content (78.25 mg/100g) was given by the wheat variety 

Faisalabad-08. 

 The statistical results regarding interactive effect of extraction rates, treatments and wheat 

varieties on calcium content have been given in Table 33 (a) and Table 33 (b). From the results it 

is obvious that the calcium content increases significantly due to fermentation and enzyme 

hydrolyzing treatment. The calcium content differed significantly in different treatments when 

data of extraction rates and wheat varieties were combined. The significantly highest amount of 

calcium content (86.32 mg/100g) was observed in the process of fermentation while the lowest 

calcium content (78.68 mg/100g) was found in autoclaving. The calcium content significantly 

varied from 78.55 mg/100g to 89.01 mg/100g in the enzyme hydrolyzing flours. The calcium 

content ranged significantly from 77.41 mg/100g to 92.11 mg/100g as interactive effect of 

treatments and different wheat varieties.  

 It is concluded from the results that there was slight decrease in calcium content during 

autoclaving of the flour samples. The enzyme hydrolyzing and fermentation treatment showed 

significant improvement on the calcium content. The results further showed that fermentation 

treatment of flours yielded significantly the highest calcium content as compared to autoclaving 

and enzyme hydrolyzing treatments. The decrease in calcium content during autoclaving may be 

due to its binding with protein to form a complex. Hence yeast fermentation enhanced the 

bioavailability of minerals in the wheat flour as a result of the hydration of the antinutritional 

factors.  
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Table 31. Analysis of variance for calcium (Ca) content of wheat varieties at different flour 

extraction rates   

SOV df MS 

Extraction rates 3 25619.5** 

Wheat varieties 2 1368.5** 

Treatments 3 360.3** 

Extraction rates × Wheat varieties 6 184.4** 

Extraction rates × Treatments 9 1.2** 

Wheat varieties × Treatments 6 0.7** 

Extraction rates × Wheat varieties × Treatments 18 0.8** 

Error 96 0.2 

Total 143  

(P<0.01); ** = highly significant 

 

Table 32. Calcium content (mg/100g) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 58.79j 71.20h 98.18d 125.45a 88.41a 

Faisalabad-08 52.36k 63.75i 86.52f 110.39b 78.25c 

Lasani-08 50.41l 72.42g 89.95e 109.05c 80.46b 

Mean 53.86d 69.12c 91.55b 114.96a  

  Mean carrying same letters are not significantly different from each other 
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Table 33 (a). Interactive effect of treatments and wheat varieties on calcium content 

 

Wheat varieties 
Treatments 

Mean 
To T1 T2 T3 

AARI-11 87.55c 84.95d 92.11a 89.01b 88.41a 

Faisalabad-08 77.41j 74.66l 82.39f 78.55i 78.25c 

Lasani-08 79.78h 76.45k 84.44e 81.16g 80.45b 

Mean 81.58c 78.68d 86.315a 82.91b  

Mean carrying same letters are not significantly different from each other 

 

Table 33 (b). Interactive effect of extraction rates and treatments of different wheat 

varieties on calcium content 

Treatments 
Extraction rate (%) 

Mean 
70 80 90 WWF 

T0 53.15o 68.15k 90.81g 114.21c 81.58c 

T1 49.96p 65.16l 88.46h 111.17d 78.68d 

T2 58.06m 73.42i 94.80e 118.98a 86.32a 

T3 54.26n 69.76j 92.12f 115.49b 82.91b 

Mean 53.86d 69.12c 91.55b 114.96a  

Mean carrying same letters are not significantly different from each other 

To   = Untreated flour     T1  = Autoclaved flour 
T2   = Fermented flour    T3   = Enzyme hydrolyzed flour  
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The process of milling of wheat grains influenced the mineral levels in the flour. Straight grade 

flour or the flour with lower extraction rate such as 70% has low mineral contents due to the 

absence of bran and shorts. Straight grade flour has only endosperm and germ portion of the 

grain so it has lesser amount of minerals. Calcium content mostly concentrated in bran hence 

whole wheat flour has higher mineral content as compared to other flour extraction rates. 

4.3.2. Magnesium (Mg) content 

 The analysis of variance pertaining to the magnesium content of different wheat varieties 

at various flour extraction rates has been presented in Table 34. It is concluded from the results 

that magnesium content was affected significantly by the extraction rates, wheat varieties and 

interactive effect of extraction rates with wheat varieties. The interaction between extraction 

rates, treatments and wheat varieties was found to be non significant (P>0.05). 

 The mean values with respect to magnesium content of different wheat varieties with 

different extraction rates of flour are given in Table 35. The statistical results exhibited that 

extraction rates exerted significant effect on the magnesium content of different wheat varieties. 

The magnesium content differed significantly from 138.41 mg/100g to 197.20 mg/100g among 

flour of different extraction rates when results of wheat varieties were combined. The maximum 

amount of magnesium content was found in whole wheat flour (197.20 mg/100g). The flour with 

70% extraction rate exhibited the minimum amount of magnesium content (138.41 mg/100g). In 

whole wheat flour the magnesium content was ranged from 191.22 mg/100g to 201.97 mg/100g. 

 The magnesium content varied significantly from 160.33 mg/100g to 171.13 mg/100g, 

when the results of extraction rates were pooled. The wheat varieties exerted significant effect to 

the magnesium content and results ranging from 131.45 mg/100g to 201.97 mg/100g as 

interactive effect of wheat varieties and extraction rates. The magnesium content was yielded 

significantly the highest (171.13 mg/100g) in wheat variety Lasani-08 and the lowest magnesium 

content was observed in wheat variety AARI-11 (160.33 mg/100g).  

 Results showed that significantly low amount of magnesium was found in 70% extraction 

rates flour which might be due to the absence of bran and aleurone layer which contain 

appreciable amount of mineral contents (Din et al., 2010).  
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Table 34. Analysis of variance for magnesium (Mg) content of wheat varieties at different 

flour extraction rates 

 

SOV df MS 

Extraction rates 3 22531.1** 

Wheat varieties 2 1609.7** 

Treatments 3 714.7** 

Extraction rates × Wheat varieties 6 77.4** 

Extraction rates × Treatments 9 3.0 NS 

Wheat varieties × Treatments 6 1.3 NS 

Extraction rates × Wheat varieties × Treatments 18 5.3 NS 

Error 96 3.3 

Total 143  

(P<0.01); ** = Highly significant      (P>0.05); NS = Non significant 

 

Table 35. Magnesium content (mg/100g) of wheat varieties at different flour extraction 

rates 

  

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 131.45k 151.28i 167.36f 191.22c 160.33c 

Faisalabad-08 142.50j 157.21h 175.69e 201.97a 169.34b 

Lasani-08 141.27j 164.05g 180.80d 198.41b 171.13a 

Mean 138.41d 157.51c 174.62b 197.20a  

Mean carrying same letters are not significantly different from each other 
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Table 36 (a). Interactive effect of treatments and wheat varieties on magnesium content 

 

Wheat varieties 
Treatments 

Mean 
To T1 T2 T3 

AARI-11 160.17g 154.15h 165.14e 161.85f 160.33c 

Faisalabad-08 169.36d 163.21f 173.88b 170.91c 169.34b 

Lasani-08 171.16c 165.53e 175.91a 171.93c 171.13a 

Mean 166.90c 160.96d 171.65a 168.23b  

Mean carrying same letters are not significantly different from each other 

 

Table 36 (b). Interactive effect of extraction rates and treatments of different wheat 

varieties on magnesium content 

Treatments 
Extraction rate (%) 

Mean 
70 80 90 WWF 

T0 138.30l 157.51i 175.18f 196.60c 166.90c 

T1 132.35m 152.14j 167.83g 191.52d 160.96d 

T2 143.10k 161.53h 179.97e 201.98a 171.65a 

T3 139.88l 158.86i 175.49f 198.69b 168.23b 

Mean 138.41d 157.51c 174.62b 197.20a  

Mean carrying same letters are not significantly different from each other 

To   =  Untreated flour    T1   =  Autoclaved flour 
T2   =  Fermented flour   T3   = Enzyme hydrolyzed flour 
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The results with respect to the magnesium content as interactive effect of extraction rates, 

treatments and wheat varieties have been presented in Table 36 (a) and Table 36 (b). It is 

concluded from the results that the magnesium content increases significantly due to 

fermentation and enzyme hydrolyzing. The magnesium content varied significantly in different 

treatments when data of extraction rates and wheat varieties were assembled. The magnesium 

content was recorded significantly the highest (171.65 mg/100g) when the flour was subjected to 

the process of fermentation while the lowest magnesium content (160.96 mg/100g) was found in 

autoclaving treatment. The magnesium content varied significantly 161.85 mg/100g to 171.93 

mg/100g in the enzyme hydrolyzing flours. The magnesium content ranged significantly from 

154.15 mg/100g to 175.91 mg/100g as interactive effect of treatments and different wheat 

varieties. The interaction of extraction rates and treatments exerted positive effect on the 

magnesium content.  

 It is clearly shown from the results that fermentation of the flour samples increases 

mineral content by decreasing the phytic acid. In fermented whole wheat flour magnesium 

content was ranged from 165.14 to 175.91 mg/100g among different wheat varieties. There was 

two fold increased in mineral contents treated by fermentation as compared to enzyme 

hydrolyzing flour samples. Autoclaving of flour samples exhibited lower magnesium content as 

compared to the other flour treatments. The results are in line with the previous results of Lopez 

et al. (2003). 

4.3.3. Potassium (K) content 

 The results of potassium content of different wheat varieties at various extraction rates 

are presented in Table 37. It is concluded from the results that potassium content was affected 

significantly by the extraction rates, wheat varieties and interactive effect of extraction rates with 

wheat varieties. The interaction between extraction rates and wheat varieties was found to be 

highly significant (P<0.01). 

 The mean values regarding the potassium content are given in Table 38. It is indicated 

that potassium content significantly increased with the progressive increase in the flour 

extraction rates. The potassium content was ranged from 39.55 mg/100g to 221.21 mg/100g 

among different extraction rates flour when the results of wheat varieties were taking into 

account. The whole wheat flour showed significantly the highest potassium content (191.05 
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Table 37. Analysis of variance for potassium (K) content of wheat varieties at different 

flour extraction rates 

  

SOV df MS 

Extraction rates 3 131296** 

Wheat varieties 2 37192** 

Treatments 3 201** 

Extraction rates × Wheat varieties 6 9303** 

Extraction rates × Treatments 9 1 NS 

Wheat varieties × Treatments 6 2 NS 

Extraction rates × Wheat varieties × Treatments 18 1 NS 

Error 96 2 

Total 143  

(P<0.01) ** = highly significant     NS = Non significant 

 

Table 38. Potassium content (mg/100g) of wheat varieties at different flour extraction rates 

  

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 80.50g 120.49e 141.24c 221.00a 140.81a 

Faisalabad-08 40.42h 100.20f 200.70b 221.21a 140.63a 

Lasani-08 39.55h 79.42g 120.14e 130.93d 92.51b 

Mean 53.49d 100.04c 154.03b 191.05a  

Mean carrying same letters are not significantly different from each other 
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Table 39 (a). Interactive effect of treatments and wheat varieties on potassium content 

Wheat varieties 
Treatments 

Mean 
To T1 T2 T3 

AARI-11 140.30c 138.28d 143.05a 141.60b 140.81a 

Faisalabad-08 140.32c 137.48d 143.20a 141.52bc 140.63a 

Lasani-08 92.41f 88.93g 95.27e 93.42f 92.51b 

Mean 124.35c 121.56d 127.17a 125.51b  

Mean carrying same letters are not significantly different from each other 

 

Table 39 (b). Interactive effect of extraction rates and treatments of different wheat 

varieties on potassium content 

Treatments 
Extraction rate (%) 

Mean 
70 80 90 WWF 

T0 53.17k 100.02h 153.69e 190.51b 124.35c 

T1 50.68l 96.43i 150.90f 188.24c 121.56d 

T2 55.71j 102.61g 156.63d 193.75a 127.17a 

T3 54.40jk 101.09h 154.89e 191.68b 125.51b 

Mean 53.49d 100.04c 154.03b 191.05a  

Mean carrying same letters are not significantly different from each other 

To  = Untreated flour   T1 =  Autoclaved flour 
T2  = Fermented flour   T3 =  Enzyme hydrolyzed flour 
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mg/100g) as compared to 70, 80 and 90% extraction rates flour. In whole wheat flour the 

potassium content was ranged from 130.93 mg/100g to 221.21 mg/100g while in 70%, 80% and 

90% extraction rates flour potassium content was ranged from 39.55 mg/100g to 80.50 mg/100g, 

79.42 mg/100g to 120.49 mg/100g and 120.14 mg/100g to 200.70 mg/100g, respectively.  

 The potassium content was significantly affected by the wheat varieties. The results 

revealed that among wheat varieties the potassium content differed significantly from 92.51 

mg/100g to 140.81 mg/100g, when extraction rates were assembled. The significantly highest 

potassium content (140.81 mg/100g) was found in wheat variety AARI-11 and the wheat variety 

Lasani-08 exhibited the lowest potassium content (92.51 mg/100g).  

 The results in Table 39 (a) and Table 39 (b) revealed that potassium content significantly 

increased in fermentation and enzyme hydrolyzing treatments. The significantly highest 

potassium content (127.17 mg/100g) was recorded in fermented flour (T2) and the lowest 

potassium content (121.56 mg/100g) was observed in autoclaved flour (T1). In untreated flour 

(T0) samples the potassium content was ranged from 92.41 mg/100g to 140.32 mg/100g among 

different wheat varieties when the results of extraction rates were combined. 

 From the statistical results it is shown that wheat varieties differed significantly regarding 

potassium content but the effect of their interaction within extraction rate and treatments on 

potassium content was found to be non significant. Flour samples prepared by autoclaving 

process possessed significantly lower values as compared to enzyme hydrolyzing samples.  

4.3.4. Sodium (Na) content 

 The results regarding analysis of variance for sodium content of different wheat varieties 

at various flour extraction rates are given in Table 40. From the statistical results it is evident that 

the different extraction rates, treatments and wheat varieties significantly affected the sodium 

content.  

 The statistical results in Table 41 indicated the mean values with respect of the sodium 

content. The data showed that sodium content progressively increased by increasing the flour 

extraction rate. The extraction rate significantly varied the sodium content when the results of 

wheat varieties were combined. The sodium content was recorded significantly the highest in 

whole wheat flour followed by 90%, 80% and 70% flour extraction rates. The whole wheat flour 
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exhibited the highest sodium content (59.28 mg/100g) while the lowest sodium content (28.79 

mg/100g) was observed in 70% extraction rate flour.   

The sodium content significantly varied among the wheat varieties from 39.78 mg/100g to 43.27 

mg/100g when the results of extraction rates were taken into account. The highest sodium 

content (43.27 mg/100g) was yielded by wheat variety Faisalabad-08 while the significantly 

lowest sodium content (39.78 mg/100g) was found in AARI-11.  

 The whole wheat flour of Faisalabad-08 possessed significantly the highest sodium 

content (63.75 mg/100g) however the whole wheat flour of AARI-11 significantly got the lowest 

amount of sodium content (53.53 mg/100g). The presence of higher sodium content with higher 

extraction rate might be due to the higher proportion of pericarp and aleurone layer. From the 

statistical results it is obvious that sodium content in 70% extraction rate flour samples was 

varied from 28.13 to 29.89 mg/100g and in whole wheat flour sample sodium content was 

ranged from 53.53 to 63.75 mg/100g among different wheat varieties. Different researchers like 

Din et al. (2010) investigated the effect of flour extraction rate on flour composition, mineral 

status and quality of the final product. Significantly low quantity of sodium was found in 70% 

extraction rates flour which might be due to the absence of bran and aleurone layer which 

contain appreciable amount of mineral contents. 

 The results presented in Table 42 (a, b) showed that wheat varieties exhibit significant 

effect on the sodium content (P<0.01). The results manifested that interaction of the extraction 

rates with treatments showed non significant effect on the sodium content. The maximum 

sodium content (46.07 mg/100g) was significantly found in fermented flour (T2) while the 

minimum sodium content (38.55 mg/100g) was observed in autoclaved flour (T1). The results 

showed that the fermented flour samples possessed the highest sodium content followed by the 

enzyme hydrolyzed and autoclaved flour.  

 It is concluded from the results that there was slight decrease in sodium content during 

autoclaving of the flour samples Khan et al. (2005). The enzyme hydrolyzing and fermentation 

of samples showed highly significant effect on the sodium content. Yeast fermentation enhanced 

the bioavailability of minerals in the wheat flour as a result of the hydration of the antinutritional 

factors.  
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Table 40. Analysis of variance for sodium (Na) content of wheat varieties at different flour 

extraction rates   

SOV df MS 

Extraction rates 3 6092.16** 

Wheat varieties 2 182.71** 

Treatments 3 350.63** 

Extraction rates × Wheat varieties 6 71.34** 

Extraction rates × Treatments 9 0.65 NS 

Wheat varieties × Treatments 6 0.63 NS 

Extraction rates × Wheat varieties × Treatments 18 1.03** 

Error 96 0.42 

Total 143  

(P<0.01) ** = Highly significant     NS = Non significant 

 

Table 41. Sodium content (mg/100g) of wheat varieties at different flour extraction rates 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 28.37k 35.26i 41.69f 53.53c 39.78b 

Faisalabad-08 29.89j 36.33h 43.14e 63.75a 43.27a 

Lasani-08 28.13k 37.48g 46.30d 60.26b 43.04a 

Mean 28.79d 36.36c 43.71b 59.28a  

Mean carrying same letters are not significantly different from each other 
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Table 42 (a). Interactive effect of treatments and wheat varieties on sodium content 

Varieties 
Treatments 

Mean 
To T1 T2 T3 

AARI-11 39.00f 36.38g 43.48b 40.28d 39.78b 

Faisalabad-08 42.48c 39.59e 47.47a 43.55b 43.27a 

Lasani-08 42.07c 39.68e 47.24a 43.21b 43.04a 

Mean 41.17c 38.55d 46.07a 42.35b  

Mean carrying same letters are not significantly different from each other 

 

Table 42 (b). Interactive effect of extraction rates and treatments of different wheat 

varieties on sodium content 

Treatments 
Extraction rate (%) 

Mean 
70 80 90 WWF 

T0 28.24m 35.18j 42.81g 58.47c 41.17c 

T1 25.15n 32.77k 40.37h 55.91d 38.55d 

T2 32.71k 40.90h 47.61e 63.05a 46.07a 

T3 29.09l 36.57i 44.04f 59.68b 42.35b 

Mean 28.79d 36.36c 43.71b 59.28a  

Mean carrying same letters are not significantly different from each other 

To  = Untreated flour   T1 =  Autoclaved flour 
T2  = Fermented flour   T3 =  Enzyme hydrolyzed flour 
  



82 
 

4.3.5. Phosphorous (P) content 

 The analysis of variance pertaining to the phosphorous content of different wheat 

varieties at various flour extraction rates has been presented in Table 43. The results showed that 

the phosphorous content significantly affected by the extraction rates, wheat varieties, treatments 

and interaction of extraction rates with treatments and wheat varieties.   

 The mean values regarding phosphorous content of wheat varieties with different 

extraction rates have been demonstrated in Table 44. The results indicated that by progressively 

increasing the flour extraction rates the phosphorous content increased significantly hence 

phosphorous content significantly differed from 265.57 mg/100g to 327.28 mg/100g among 

different flour extraction rates when the data of wheat varieties were pooled. The significantly 

highest phosphorous content (327.28 mg/100g) was found in whole wheat flour and the lowest 

phosphorous content (265.57 mg/100g) was observed in flour with 70% extraction rate. 

 The statistical results showed that the phosphorous content significantly affected by the 

wheat varieties and values ranged from 256.20 mg/100g to 329.18 mg/100g when the data of the 

different extraction rates was assembled. The wheat variety Faisalabad-08 possessed 

significantly the highest phosphorous content (329.18 mg/100g) while the lowest phosphorous 

content (256.20 mg/100g) was observed in wheat variety Lasani-08. 

 The interactive effect of extraction rates, wheat varieties and treatments found to be 

highly significant respecting to the phosphorous content (45 a, b). The results revealed that the 

highest phosphorous content was observed when flour was subjected to the process of 

fermentation and enzyme hydrolyzing treatment. Significantly the highest phosphorous content 

was recorded in whole wheat flour of wheat variety Faisalabad-08 (351.90 mg/100g) while flour 

with 70% extraction rate of wheat variety Lasani-08 exhibited the lowest phosphorous content 

(229.02 mg/100g). The phosphorous content varied significantly from 296.16 mg/100g to 297.70 

mg/100g among different treatments when the results of wheat varieties and extraction rates 

were combined. 

 The results indicated that 70% extraction rate flour possessed lowest phosphorous content 

which may be due to the fact that 75-80% of the total amount of minerals accumulated in the 

bran and pericarp (Din et al., 2010) which is removed during milling process that ultimately 

dilutes the mineral content in the resultant flour (Lopez et al., 2003). Similar findings were 

reported by Araujo et al. (2008) in the study on mineral composition of wheat flour. 
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Table 43. Analysis of variance for phosphorous (P) content of wheat varieties at different 

flour extraction rates 

 

SOV df MS 

Extraction rates 3 25153.1** 

Wheat varieties 2 64680.7** 

Treatments 3 1915.2** 

Extraction rates × Wheat varieties 6 840.5** 

Extraction rates × Treatments 9 28.0** 

Wheat varieties × Treatments 6 50.0** 

Extraction rates × Wheat varieties × Treatments 18 29.9** 

Error 96 3.4 

Total 143  

(P<0.01) ** = Highly significant     NS = Non significant 

 

Table 44. Phosphorous content (mg/100g) of wheat varieties at different flour extraction 
rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 262.64i 281.22h 314.25e 340.27b 299.59b 

Faisalabad-08 305.04f 325.18d 334.61c 351.90a 329.18a 

Lasani-08 229.02l 245.53k 260.58j 289.66g 256.20c 

Mean 265.57d 283.98c 303.15b 327.28a  

Mean carrying same letters are not significantly different from each other 
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Table 45 (a). Interactive effect of treatments and wheat varieties on phosphorous content 

Wheat varieties 
Treatments 

Mean 
To T1 T2 T3 

AARI-11 300.43f 290.46g 306.16e 301.31f 299.59b 

Faisalabad-08 330.07c 316.30d 338.30a 332.07b 329.18a 

Lasani-08 257.97i 247.00j 260.11h 259.71h 256.20c 

Mean 296.16c 284.59d 301.52a 297.70b  

Mean carrying same letters are not significantly different from each other 

 

 

Table 45 (b). Interactive effect of extraction rates and treatments of different wheat 

varieties on phosphorous content 

Treatments 
Extraction rate (%) 

Mean 
70 80 90 WWF 

T0 266.29l 285.19i 304.85f 328.30c 296.16c 

T1 252.82m 273.89k 293.48g 318.16d 284.59d 

T2 275.71j 290.11h 307.78e 332.50a 301.52a 

T3 267.44l 286.71i 306.48ef 330.16b 297.70b 

Mean 265.57d 283.98c 303.15b 327.28a  

Mean carrying same letters are not significantly different from each other 

To  = Untreated flour             T1 =  Autoclaved flour 
T2  = Fermented flour            T3 =  Enzyme hydrolyzed flour 
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Different treatments such as autoclaving, fermentation and enzyme hydrolysis significantly alter 

the mineral contents of the flour. It is clearly shown from the statistical results that fermentation 

of the flour samples increases the mineral contents by decreasing the antinutritional factor such 

as phytic acid. The results showed that the minimum phosphorous content was observed in 

autoclaving and enzyme hydrolyzing treatments among different flours. The results are 

supported by the previous findings of Lopez et al. (2003). 

4.3.6. Iron (Fe) content 

 The statistical results for iron content of different wheat varieties at various extraction 

rates of flour are given in Table 46. It is evident from the results that iron content was affected 

significantly by the extraction rates, wheat varieties, treatments and interaction of extraction rate 

with treatments and wheat varieties. The interactive effect of extraction rates, wheat varieties and 

treatments was found to be highly significant respecting to the iron content.  

 The results presented in Table 47 indicated that the iron content increased significantly as 

the flour extraction rate increased and iron content ranged significantly from 4.82 mg/100g to 

9.40 mg/100g among different extraction rates of flour when the results of wheat varieties were 

combined. Significantly the highest iron content was found in whole wheat flour (9.40 mg/100g) 

while the flour with 70% extraction rate possessed the lowest iron content (4.82 mg/100g). The 

whole wheat flour showed significantly highest iron content as compared to 70%, 80% and 90% 

extraction rates flour and values ranged from 8.62 to 10.16 mg/100g, 3.72 to 5.77 mg/100g, 4.89 

to 6.93 mg/100g and 6.73 to 8.52 mg/100g, respectively. The results are supported by the 

previous study in which iron content varied from 26.0 ppm to 147.50 ppm, the maximum content 

being found in the bran and minimum being found in the straight grade flour of different wheat 

varieties (Anjum et al., 2002). 

 The iron content significantly affected by the wheat varieties and results differed from 

5.99 mg/100g to 7.84 mg/100g among different wheat varieties when the data of extraction rates 

was taken into account. The iron content ranged significantly from 3.37 mg/100g to 10.31 

mg/100g as interactive effect of wheat varieties and extraction rates. The iron content was 

observed significantly lowest (3.72 mg/100g) in 70% extraction rate flour of wheat variety 

Lasani-08 and the highest iron content (10.16 mg/100g) was found in whole wheat flour of wheat 

variety AARI-11.  
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Table 46. Analysis of variance for iron (Fe) content of different wheat varieties at various 

flour extraction rates   

SOV df MS 

Extraction rates 3 148.053** 

Wheat varieties 2 41.268** 

Treatments 3 36.227** 

Extraction rates × Wheat varieties 6 0.338** 

Extraction rates × Treatments 9 0.921** 

Wheat varieties × Treatments 6 0.553** 

Extraction rates × Wheat varieties × Treatments 18 0.264** 

Error 96 0.025 

Total 143  

(P<0.01) ** = Highly significant 

 

 

Table 47. Iron content (mg/100g) of wheat varieties at different flour extraction rates 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 5.77g 6.93e 8.52c 10.16a 7.84a 

Faisalabad-08 4.96h 5.67g 7.75d 9.44b 6.95b 

Lasani-08 3.72i 4.89h 6.73f 8.62c 5.99c 

Mean 4.82d 5.83c 7.66b 9.40a  

Mean carrying same letters are not significantly different from each other 
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Table 48 (a). Interactive effect of treatments and wheat varieties on iron content 

Wheat varieties 
Treatments 

Mean 
To T1 T2 T3 

AARI-11 7.71b 6.57f 8.52a 8.56a 7.84a 

Faisalabad-08 6.86e 5.67g 7.76b 7.50c 6.95b 

Lasani-08 5.47h 4.57i 7.15d 6.75e 5.99c 

Mean 6.68c 5.62d 7.81a 7.61b  

Mean carrying same letters are not significantly different from each other 

 

 

Table 48 (b). Interactive effect of extraction rates and treatments of different wheat 

varieties on iron content 

Treatments 
Extraction rate (%) 

Mean 
70 80 90 WWF 

T0 4.41l 5.65j 7.44f 9.21c 6.67c 

T1 3.37m 4.33l 6.42h 8.35de 5.62d 

T2 6.16i 7.01g 8.32e 9.75b 7.81a 

T3 5.32k 6.33h 8.47d 10.31a 7.61b 

Mean 4.82d 5.83c 7.66b 9.40a  

Mean carrying same letters are not significantly different from each other 

To  = Untreated flour             T1 =  Autoclaved flour 
T2  = Fermented flour            T3 =  Enzyme hydrolyzed flour 
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 The results regarding iron content demonstrated in Table 48 (a) and Table 48 (b) showed 

that iron content significantly affected by the different treatments. The results revealed that the 

highest iron content was observed when flour was subjected to the process of fermentation and 

enzyme hydrolyzing treatments. The iron contents significantly differed among different 

treatments. The iron content was recorded significantly the highest (7.81 mg/100g) when flour 

was subjected to the fermentation and the lowest iron content (5.62 mg/100g) was found in flour 

receiving autoclaving treatment. The iron content ranged significantly from 5.47 mg/100g to 

8.56 mg/100g. 

 The results illustrated that flour samples treated by fermentation exhibited the highest 

iron content (7.81 mg/100g) and the autoclaved samples exhibited the lowest iron content (5.62 

mg/100g). The results of present study regarding to iron content are in line with Din et al. 

(2009). Iron participates in human metabolism and considered very essential mineral for several 

biologic systems, including hematopoiesis, oxygen delivery, neurological function, immune 

function and physical development (Dunn et al., 2007). 

4.3.7. Zinc (Zn) content 

 The statistical results with respect to the zinc content of different wheat varieties at 

various flour extraction rates have been shown in Table 49. The results indicated that zinc 

content significantly affected by the extraction rates, wheat varieties and interaction of extraction 

rates with wheat varieties. The interactive effect of extraction rates, wheat varieties and 

treatments was highly significant respecting to the zinc content.  

 The results in Table 50 showed that zinc content of different wheat varieties increased 

significantly as the flour extraction rate was increased. The whole wheat flour showed 

significantly the highest zinc content which ranged from 2.67 mg/100g to 3.45 mg/100g the 

lowest zinc content was observed in 70% extraction rate flour varied from 2.50 mg/100g to 2.58 

mg/100g while. The zinc content differed significantly from 2.55 mg/100g to 3.17 mg/100g 

among flour of different extraction rates when the data of wheat varieties were combined.  

 It is obvious from the results that the zinc content significantly affected by the wheat 

varieties and results ranged from 2.69 mg/100g to 3.02 mg/100g among different wheat varieties, 

when the results of extraction rates were taken into account. The results showed that the highest  
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Table 49. Analysis of variance for zinc (Zn) content of different wheat varieties at various 

flour extraction rates   

SOV df MS 

Extraction rates 3 2.646** 

Wheat varieties 2 1.259** 

Treatments 3 8.106** 

Extraction rates × Wheat varieties 6 0.482** 

Extraction rates × Treatments 9 0.259** 

Wheat varieties × Treatments 6 0.238** 

Extraction rates × Wheat varieties × Treatments 18 0.265** 

Error 96 0.00116 

Total 143  

(P<0.01) ** = Highly significant 

 

Table 50. Zinc content (mg/100g) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 2.57i 2.76g 2.89e 3.41b 2.91b 

Faisalabad-08 2.58i 2.84f 3.18c 3.45a 3.02a 

Lasani-08 2.50j 2.69h 2.93d 2.67h 2.69c 

Mean 2.55d 2.76c 3.01b 3.17a  

Mean carrying same letters are not significantly different from each other 
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Table 51 (a). Interactive effect of treatments and wheat varieties on zinc content 

Wheat varieties 
Treatments 

Mean 
To T1 T2 T3 

AARI-11 2.55h 2.51i 3.63a 2.95c 2.91b 

Faisalabad-08 2.77e 2.71f 3.64a 2.94c 3.02a 

Lasani-08 2.60g 2.07j 3.29b 2.82d 2.69c 

Mean 2.64c 2.43d 3.52a 2.90b  

Mean carrying same letters are not significantly different from each other 

 

Table 51 (b). Interactive effect of extraction rates and treatments of different wheat 

varieties on zinc content 

Treatments 
Extraction rate (%) 

Mean 
70 80 90 WWF 

T0 2.26l 2.48k 2.73hi 3.08f 2.64c 

T1 2.22m 2.45k 2.70i 3.02g 2.43d 

T2 3.15e 3.38c 3.57b 3.98a 3.52a 

T3 2.57j 2.74h 3.01g 3.27d 2.90b 

Mean 2.55d 2.76c 3.01b 3.17a  

Mean carrying same letters are not significantly different from each other 

To  = Untreated flour     T1 =  Autoclaved flour 
T2  = Fermented flour    T3 =  Enzyme hydrolyzed flour 
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zinc content (3.02 mg/100g) was observed in wheat variety Faisalabad-08 and the wheat variety 

Lasani-08 exhibited significantly the lowest zinc content (2.69 mg/100g). 

 The results respecting to the zinc content showed that the interactive effect of extraction 

rates, wheat varieties and treatments found to be highly significant. The zinc content 

significantly differed from 2.50 mg/100g to 3.45 mg/100g as interactive effect of extraction rates 

with wheat varieties. The highest zinc content (3.45 mg/100g) was found in whole wheat flour of 

Faisalabad-08 and significantly the lowest zinc content (2.50 mg/100g) was observed in 70% 

extraction rate flour of wheat variety Lasani-08. The results are in the range of those reported by 

Malakouti et al. (1999) who showed 0.9 – 2.4 mg/100g zinc in various flours consumed in Iran. 

 The results presented in Table 51 (a) and Table 51 (b) indicated that the different 

processing treatments such as autoclaving, enzyme hydrolyzing and fermentation exerted direct 

influence on the zinc content. The maximum zinc content (3.52 mg/100g) was found in 

fermented flour and the minimum zinc content (2.43 mg/100g) was observed in autoclaved flour. 

The fermented whole wheat flour exhibited the highest zinc content 3.98 mg/100g.  

 From the statistical results it is clearly shown that fermented flour samples possessed the 

highest zinc content while enzyme treated and autoclaved samples showed the lowest zinc 

content. Fermentation of samples depends on time and pH conditions. There is a substantial 

increase in zinc content observed in fermented flour as compared to autoclaving (Jorge et al., 

2009). The results of present study are comparable with the results of Khan et al. (2009) who 

reported that zinc content in different wheat varieties was ranged from 0.90 to 2.10 mg/100g. 

4.3.8. Copper (Cu) content 

 The results pertaining to the analysis of variance for copper content of different wheat 

varieties at various flour extraction rates are presented in Table 52. It is obvious from the 

statistical results copper content significantly affected by the wheat varieties, extraction rates, 

treatment and interaction of extraction rates with treatments and wheat varieties. The interactive 

effect of extraction rates, wheat varieties and treatments was found to be highly significant 

respecting to the copper content.  

 The results regarding mean values have been given in Table 53 showed that copper 

content of different wheat varieties increased significantly as the flour extraction rates was 

increased. The copper content significantly varied from 0.69 mg/100g to 1.32 mg/100g among 
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flour of different extraction rates, when the means of different wheat varieties were assembled. 

The significantly highest copper content (1.32 mg/100g) was observed in whole wheat flour and 

the lowest copper content (0.69 mg/100g) was found in flour with 70% extraction rate. In flour 

with 90%, 80% and 70% extraction rates the copper content was ranged from 1.17 mg/100g to 

1.47 mg/100g, 0.97 mg/100g to 1.15 mg/100g, 0.77 mg/100g to 0.91 mg/100g and 0.63 mg/100g 

to 0.74 mg/100g, respectively.  

 The copper content differed significantly from 0.92 mg/100g to 1.06 mg/100g among 

different wheat varieties when the data of extraction rates was combined. From the statistical 

results it is evident that the highest copper content (1.06 mg/100g) was significantly found in 

Faisalabad-08 and the lowest copper content (0.92 mg/100g) was observed in wheat variety 

Lasani-08. The maximum copper content (1.47 mg/100g) was found in whole wheat flour of 

Faisalabad-08 whereas the minimum copper content (0.63 mg/100g) was observed in Lasani-08.  

 The results presented in Table 54 (a) and Table 54 (b) showed that the copper content 

significantly affected by the different processing treatments. The significantly highest copper 

content (1.46 mg/100g) was found in enzyme treated flour (T3) and the lowest copper content 

(0.69 mg/100g) was observed in autoclaved samples (T1). The enzymatic hydrolyzed whole 

wheat flour of wheat variety Faisalabad-08 exhibited significantly the highest copper content 

(1.72 mg/100g). The interactive effect of extraction rates, wheat varieties and treatments were 

found to be highly significant with respect to the copper content.  

 The significant variations existed in wheat varieties tested in present study indicated that 

the wheat varieties containing more concentration of bran exhibited higher copper content. The 

results of present study with respect to copper content are in close agreement with the earlier 

findings of Khan et al. (2009) who studied different Pakistani wheat varieties in which copper 

content was ranged from 0.15 to 0.25 mg/100g.  

 Lopez et al. (2003) reported 1.2 ppm copper content in whole wheat flour. The 

interactive effect of copper content among wheat varieties and extraction rates showed highly 

significant differences. The results of present study regarding to copper content are in line with 

the results of Din et al. (2009). Copper keeps up energy by aiding iron absorption. Excess dietary 

copper decreases zinc absorption in the body. Copper is an essential nutrient for the maintenance 

of normal hemoglobin status and it is also a part of many enzyme systems. Copper ranged from  
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Table 52. Analysis of variance for copper (Cu) content of different wheat varieties at 

various flour extraction rates   

SOV df MS 

Extraction rates 3 2.593** 

Wheat varieties 2 0.265** 

Treatments 3 4.488** 

Extraction rates × Wheat varieties 6 0.067** 

Extraction rates × Treatments 9 0.106** 

Wheat varieties × Treatments 6 0.185** 

Extraction rates × Wheat varieties × Treatments 18 0.041** 

Error 96 0.001 

Total 143  

(P<0.01) ** = Highly significant 

 

Table 53. Copper content (mg/100g) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 0.72h 0.91f 1.03d 1.17c 0.96b 

Faisalabad-08 0.74h 0.89f 1.15c 1.47a 1.06a 

Lasani-08 0.63i 0.77g 0.97e 1.31b 0.92c 

Mean 0.69d 0.85c 1.05b 1.32a  

Mean carrying same letters are not significantly different from each other 
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Table 54 (a). Interactive effect of treatments and wheat varieties on copper content 

Wheat varieties 
Treatments 

Mean 
To T1 T2 T3 

AARI-11 0.68i 0.64j 1.16d 1.35b 0.96b 

Faisalabad-08 0.78g 0.76g 0.99e 1.72a 1.06a 

Lasani-08 0.73h 0.69i 0.95f 1.31c 0.92c 

Mean 0.73c 0.69d 1.04b 1.46a  

Mean carrying same letters are not significantly different from each other 

 

Table 54 (b). Interactive effect of extraction rates and treatments of different wheat 

varieties on copper content 

Treatments 
Extraction rate (%) 

Mean 
70 80 90 WWF 

T0 0.47l 0.62j 0.82h 1.01f 0.73c 

T1 0.43l 0.58k 0.78i 0.98fg 0.69d 

T2 0.81hi 0.95g 1.13d 1.25c 1.04b 

T3 1.06e 1.27c 1.47b 2.03a 1.45a 

Mean 0.69d 0.56c 1.05b 1.32a  

Mean carrying same letters are not significantly different from each other 

To  = Untreated flour             T1 =  Autoclaved flour 
T2  = Fermented flour           T3 =  Enzyme hydrolyzed flour 
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5.0 to 52.5 ppm, the maximum being found in the bran of wheat variety C-273 and the minimum 

in the straight grade flour of wheat variety Rohtas-90 (Anjum et al., 2002). 

4.4. Hydrochloric acid (HCl) extractability of minerals 

 The statistical results respecting to the analysis of variance for the in vitro hydrochloric 

acid extractability of minerals have been demonstrated Table 55 (a, b). It is predicted from the 

results that hydrochloric acid extractability of minerals significantly affected by the extraction 

rates, wheat varieties, and interactive effect of extraction rates with the wheat varieties.  

 The results showed that hydrochloric acid extractability of minerals increased 

significantly as the extraction rate increased. The significantly increase in hydrochloric acid 

extractability of calcium, magnesium, potassium, sodium, phosphorous, iron, zinc and copper 

was observed.  

 The mean values presented in Table 56 regarding hydrochloric acid extractability of 

calcium showed significant variations among different extraction rates and wheat varieties. The 

hydrochloric acid extractability of calcium varied significantly among different extraction rates. 

The whole wheat flour exhibited the highest hydrochloric acid extractability as compared to the 

flour with different extraction rates.  

 In wheat variety AARI-11 the maximum the hydrochloric acid extractability of calcium 

was observed in fermented whole wheat flour (120.05 mg/100g) as compared to the untreated 

flour. The statistical results showed that in untreated flour samples the hydrochloric acid 

extractability of calcium content was significantly ranged from 38.31 to 113.90 mg/100g and in 

fermented flour samples the hydrochloric acid extractability of calcium content was significantly 

varied from 45.64 to 122.20 mg/100g among different extraction rates of respective wheat 

varieties. The hydrochloric acid extractability of calcium varied significantly from 38.31 

mg/100g to 122.20 mg/100g due to interaction of different extraction rates of flour with wheat 

varieties. 

 The statistical results regarding the hydrochloric acid extractability of magnesium content 

have been presented in Table 56. The results exhibited the significant increase in magnesium 

content by the hydrochloric acid extractability. It is evident from the results that hydrochloric 

acid extractability of magnesium increased significantly with increase in extraction rates. The 

significantly the highest hydrochloric acid extractability of magnesium content was found in  
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Table 55 (a). Analysis of variance for HCl extractability of minerals of different wheat 

varieties at various flour extraction rates   

SOV df Ca Mg K Na 

Extraction rates 3 14938.3** 18548.5** 95985.2** 2889.18** 

Wheat varieties 2 210.49** 2992.26** 12084.3** 80.104** 

Treatments 1 2399.63** 9739.19** 4623.53** 651.184** 

Extraction rates × Wheat varieties 6 73.15** 151.45** 3420.61** 31.449** 

Extraction rates × Treatments 3 116.02** 1178.28** 4786.78** 0.290** 

Wheat varieties × Treatment 2 121.98** 767.14** 970.63** 0.468** 

Extraction rates × Varieties × Treatments 6 39.48** 314.71** 2131.75** 1.703** 

Error 48 0.033 0.002 0.024 0.003 

Total 71     

** = Highly significant 

 

Table 55 (b). Analysis of variance for HCl extractability of minerals of different wheat 

varieties at various flour extraction rates 

SOV df P Fe Zn Cu 

Extraction rates 3 13972.7** 73.74** 1.48** 1.05** 

Wheat varieties 2 32667.4** 19.97** 0.27** 0.02** 

Treatments 1 1581.8** 2.37** 2.36** 2.83** 

Extraction rates × Wheat varieties 6 211.7** 0.28** 0.01** 0.007** 

Extraction rates × Treatments 3 23.9** 0.08** 0.08** 0.002** 

Wheat varieties × Treatments 2 90.7** 0.04NS 0.043** 0.019** 

Extraction rate × Varieties × Treatments 6 35.6** 0.03* 0.03** 0.001** 

Error 48 0.8 0.01 0.00 0.00 

Total 71     

** = Highly significant 
* = Significant 
NS = Non significant 
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Table 56. Interactive effect of treatments, extraction rates and wheat varieties on HCl 

extractability of calcium (mg/100g) and magnesium (mg/100g)  

 

Wheat varieties 
Extraction 

rate (%) 

Calcium  Magnesium 

Untreated 

flour 

Fermented 

flour 

Untreated 

flour 

Fermented 

flour 

AARI-11 

70 47.33t 54.33r 136.13x 143.22w 

80 61.13o 68.26n 157.24t 168.12p 

90 86.48j 93.11h 174.33n 184.37l 

WWF 113.90d 120.05b 197.54h 212.14c 

Faisalabad-08 

70 43.34v 49.31s 149.05u 161.43s 

80 55.73q 61.41o 164.61q 188.15i 

90 75.50l 90.56i 181.11m 203.70f 

WWF 99.92f 122.20a 209.31d 257.30b 

Lasani-08 

70 38.31w 45.64u 147.43v 161.55r 

80 60.55p 70.65m 170.93o 184.62k 

90 79.24k 102.66e 185.64j 209.20e 

WWF 97.53g 119.33c 200.11g 278.76a 

      Mean carrying same letters are not significantly different from each other 
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whole wheat flour and the lowest hydrochloric acid extractability of magnesium was observed in 

70% extraction rates flour.  

 The mean values regarding hydrochloric acid extractability of magnesium showed that 

the highest magnesium content was observed in fermented flour samples as compared to raw 

flour samples. The highest hydrochloric acid extractability of magnesium was found in Lasani-

08 and the lowest was observed in wheat variety AARI-11. The results of present study are 

supported with the results of Abdalla et al. (2010) which significantly showed that fermentation 

significantly increased the hydrochloric acid extractability of minerals. 

 The statistical results regarding to hydrochloric acid extractability of potassium and 

sodium contents are demonstrated in Table 57. The maximum hydrochloric acid extractability of 

potassium was found in Faisalabad-08 while minimum hydrochloric acid extractability of 

potassium content was observed in Lasani-08.  In untreated flour samples potassium and sodium 

contents were ranged from 42.35 mg/100g to 223.61 mg/100g and 31.48 mg/100g to 65.99 

mg/100g, respectively among different extraction rates flour of respective wheat varieties. 

Results showed that in fermented flour samples potassium and sodium content was ranged from 

46.53 mg/100g to 273.43 mg/100g and 37.27 mg/100g to 71.13 mg/100g, respectively among 

different extraction rates flour of wheat varieties.  

 The results with respect to hydrochloric acid extractability of phosphorous and iron have 

been presented in Table 58. The hydrochloric acid extractability of phosphorous in untreated and 

fermented flour samples was ranged from 239.33 mg/100g to 365.50 mg/100g and 245.18 

mg/100g to 387.43 mg/100g, respectively among flour of different extraction rates of wheat 

varieties. The highest hydrochloric acid extractability of phosphorous (387.43 mg/100g) was 

recorded in fermented whole wheat flour of wheat variety Faisalabad-08 and the lowest 

hydrochloric acid extractability of phosphorous (280.15 mg/100g) was observed in fermented 

flour with 70% extraction rate of wheat variety AARI-11.  

 The hydrochloric acid extractability of iron was significantly recorded the highest (9.13 

mg/100g) in fermented whole wheat flour of wheat variety AARI-11 and the lowest hydrochloric 

acid extractability of iron was observed in fermented flour with 70% extraction rate. The 

hydrochloric acid extractability of iron significantly differed in untreated and fermented flour 

from 2.41 mg/100g to 7.31 mg/100g and 3.82 mg/100g to 9.13 mg/100g among different 

extraction rates flour of wheat varieties.  
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Table 57. Interactive effect of treatments, extraction rates and wheat varieties on HCl 

extractability of potassium (mg/100g) and sodium (mg/100g)  

 

Wheat varieties 
Extraction 

rate (%) 

Potassium Sodium 

Untreated 

flour 

Fermented 

flour 

Untreated 

flour 

Fermented 

flour 

AARI-11 

70 83.22r 85.21q 32.17v 37.27t 

80 122.32n 125.76l 39.10r 44.93o 

90 143.15i 147.35h 45.30n 50.23i 

WWF 223.24e 228.41c 56.43g 63.34d 

Faisalabad-08 

70 44.42w 47.65u 33.24u 39.44q 

80 103.24p 106.33o 39.13r 46.89k 

90 205.42g 210.39f 46.47l 52.19h 

WWF 223.61d 273.43a 65.99c 71.13a 

Lasani-08 

70 42.35x 46.53v 31.48w 37.55s 

80 53.69t 82.40s 40.23p 45.74m 

90 123.16m 126.11k 49.64j 56.63f 

WWF 133.61j 271.59b 63.17e 69.22b 

        Mean carrying same letters are not significantly different from each other 
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Table 58. Interactive effect of treatments, extraction rates and wheat varieties on HCl 

extractability of phosphorous (mg/100g) and iron (mg/100g)  

 

Wheat varieties 
Extraction 

rate (%) 

Phosphorous Iron 

Untreated 

flour 

Fermented 

flour 

Untreated 

flour 

Fermented 

flour 

AARI-11 

70 273.24p 280.15o 4.71m 4.93l 

80 290.11n 297.44m 5.52k 5.75j 

90 324.89j 328.33i 6.99h 7.25fg 

WWF 349.51e 353.21d 8.75b 9.13a 

Faisalabad-08 

70 313.41k 325.62j 3.43o 3.82n 

80 335.14h 341.55g 4.54m 4.64m 

90 344.22f 356.09c 6.36i 7.06gh 

WWF 365.50b 387.43a 8.20d 8.55c 

Lasani-08 

70 239.33t 245.18s 2.41q 3.82n 

80 256.34r 270.63q 3.54o 3.92n 

90 274.61p 281.02o 5.11l 5.81j 

WWF 300.01l 312.14k 7.31f 7.62e 

         Mean carrying same letters are not significantly different from each other 
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The results regarding hydrochloric acid extractability of zinc and copper are given in Table 59. 

The hydrochloric acid extractability of zinc in untreated and fermented flour samples was ranged 

from 1.96 mg/100g to 2.85 mg/100g and 2.35 mg/100g to 3.07 g/100g, respectively among 

different extraction rates flour of wheat varieties. The highest hydrochloric acid extractability of 

zinc (3.07 mg/100g) was recorded in whole wheat flour of wheat variety Faisalabad-08 and the 

lowest hydrochloric acid extractability of zinc (1.96 mg/100g) was found in 70% extraction rates 

flour of wheat variety AARI-11. The results indicated that different extraction rates exerted 

positive effect on the hydrochloric acid extractability of minerals.  

 The hydrochloric acid extractability of copper in untreated and fermented flour samples 

was ranged from 0.28 to 0.96 mg/100g and 0.69 to 1.37 mg/100g, respectively among different 

extraction rates flour of wheat varieties. The statistical results revealed that the highest 

hydrochloric acid extractability of copper (1.37 mg/100g) was observed in whole wheat flour of 

wheat variety Faisalabad-08 and the lowest hydrochloric acid extractability of copper (0.69 

mg/100g) was found in 70% extraction rates flour of wheat variety Lasani-08. 

 The results regarding the hydrochloric acid extractability of minerals exhibited that 

mineral contents like potassium, sodium, phosphorous, iron, zinc and copper showed 

significantly the same trend as calcium and magnesium. Interaction of minerals among wheat 

varieties and extraction rates was found to be highly significant. The highest hydrochloric acid 

extractability of minerals such as potassium, sodium, phosphorous, zinc and copper contents 

were found in wheat variety Faisalabad-08.  

 A significant positive correlation between flour extraction rate and hydrochloric acid 

extractability was observed (Kumar and Chauhan, 1993). Fermentation of flour also enhanced 

extractability of minerals. Fermented whole wheat flour showed higher extractability as 

compared to low extraction rate fermented flour samples. All the results were significantly 

different from each other. The hydrochloric acid extractability of minerals gradually decreased 

with decreasing extraction rate. Wheat variety AARI-11 showed maximum hydrochloric acid 

extractability of iron contents whilst Lasani-08 variety showed minimum values. Fermentation of 

flour also has significant effect on the extraction rate. Flour with low extraction rate depicted low 

hydrochloric acid extractability of minerals whereas flour with high extraction rate possessed 

higher values.  
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Table 59. Interactive effect of treatments, extraction rates and wheat varieties on HCl 

extractability of zinc (mg/100g) and copper (mg/100g)  

 

Wheat varieties 
Extraction 

rate (%) 

Zinc Copper 

Untreated 

flour 

Fermented 

flour 

Untreated 

flour 

Fermented 

flour 

AARI-11 

70 1.96m 2.35i 0.34o 0.81h 

80 2.08l 2.63fg 0.51m 0.93f 

90 2.22j 2.85c 0.65k 1.13c 

WWF 2.82c 2.96b 0.83h 1.30b 

Faisalabad-08 

70 2.16k 2.59g 0.42n 0.75i 

80 2.23j 2.86c 0.56l 0.92fg 

90 2.65f 2.93b 0.75i 1.09d 

WWF 2.85c 3.07a 0.96e 1.37a 

Lasani-08 

70 1.99m 2.37i 0.28p 0.69j 

80 2.19jk 2.46h 0.54lm 0.89g 

90 2.46h 2.71e 0.75i 1.09d 

WWF 2.76d 2.93b 0.91fg 1.30b 

    Mean carrying same letters are not significantly different from each other 
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4.5. Phytic acid content 
 Phytic acid is a ubiquitous element which found in all cereal and grains. It hinders the 

availability of divalent cations by binding them and makes them inferior to body use. Phytic acid 

molecule is highly charged with six phosphate groups and serves as an excellent chelator of 

mineral ions such as Ca, Mg, Fe and Zn (Soetan et al., 2010). 

 The purpose of determining the phytic acid is to check the amount of phytic acid which is 

present in different extraction rates of flour. The analysis of variance regarding phytic acid 

content of different wheat varieties at various extraction rates of flour has been demonstrated in 

Table 60. It is evident from the results that the phytic acid content was affected significantly by 

the extraction rates, wheat varieties, treatments and interaction of these variables among each 

other.  

 The mean values of phytic acid content of different wheat varieties at various flour 

extraction rates are presented in Table 61. The statistical results revealed that there was a 

significant increased in the phytic acid content with progressively increase in the flour extraction 

rates. The phytic acid content ranged significantly from 3.58% to 5.37% among the flour of 

different extraction rates, when the results of wheat varieties were taken into account. The whole 

wheat flour possessed significantly the highest phytic acid content (5.37%) and the lowest phytic 

acid content (3.58%) was recorded in flour with 70% extraction rate.    

 The results of phytic acid content showed that phytic acid varied significantly among the 

different wheat varieties and values differed from 4.08% to 4.56%, when the data of the 

extraction rates were combined. The significantly highest phytic acid content (4.56%) was 

recorded in wheat variety AARI-11 and the lowest phytic acid content (4.08%) was observed in 

wheat variety Faisalabad-08. The results indicated that the phytic acid significantly varied from 

3.38% to 5.62% as interactive effect of different flour extraction rates and wheat varieties. 

 The different processing treatments were applied to the flours to degrade the phytic acid 

content such as autoclaving, enzyme hydrolyzing and fermentation. The results revealed that 

significant decrease in phytic acid was observed in the process of fermentation as compared to 

autoclaving and enzyme hydrolyzing treatments. The maximum hydrolysis of phytic acid was 

observed by increasing the time of fermentation (Didar et al., 2010).  The results given in Table 

62 (a) and Table 62 (b) revealed that the interaction of treatments and wheat varieties exhibited 

the significant effect on the phytic acid. The results showed that the highest degradation of phytic  
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Table 60. Analysis of variance for phytic acid content of different wheat varieties at various 

flour extraction rates   

SOV df MS 

Extraction rates 3 21.25** 

Wheat varieties 2 2.68** 

Treatments 3 19.73** 

Extraction rates × Wheat varieties 6 0.17** 

Extraction rates × Treatments 9 7.01** 

Wheat varieties × Treatments 6 0.55** 

Extraction rates × Wheat varieties × Treatments 18 0.12** 

Error 96 0.001 

Total 143  

(P<0.01) ** = Highly significant 

 

Table 61. Phytic acid content (%) of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 3.88i 4.27f 4.46d 5.62a 4.56a 

Faisalabad-08 3.48k 3.68j 4.07g 5.11c 4.08c 

Lasani-08 3.38l 4.03h 4.41e 5.41b 4.31b 

Mean 3.58d 3.99c 4.32b 5.37a  

Mean carrying same letters are not significantly different from each other 
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Table 62. (a) Interactive effect of treatments and wheat varieties on phytic acid 

Wheat varieties 
Treatments 

Mean 
To T1 T2 T3 

AARI-11 5.68a 4.14f 4.04g 4.37e 4.56a 

Faisalabad-08 4.96c 4.07g 3.43j 3.88i 4.08c 

Lasani-08 5.44b 3.99h 3.39j 4.41d 4.31b 

Mean 5.36a 4.06c 3.62d 4.22b  

Mean carrying same letters are not significantly different from each other 

 

Table 62. (b) Interactive effect of extraction rates and treatments of different wheat 

varieties on phytic acid 

Treatments 
Extraction rate (%) 

Mean 
70 80 90 WWF 

T0 3.76j 4.44f 4.89b 8.35a 5.36a 

T1 3.62l 3.88i 4.19g 4.58d 4.06c 

T2 3.46n 3.57m 3.67k 3.79j 3.62d 

T3 3.48n 4.09h 4.52e 4.79c 4.22b 

Mean 3.58d 3.99c 4.32b 5.37a  

Mean carrying same letters are not significantly different from each other 

To   = Untreated flour       T1  = Autoclaved flour 
T2   = Fermented flour      T3  = Enzyme hydrolyzed flour 
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acid was recorded in the process of fermentation followed by the autoclaving and enzyme 

hydrolyzing treatments. It is evident from the results that the phytic acid content was decreased 

significantly from 5.36% to 3.62% in the fermentation treatment and in case of enzyme 

hydrolyzing the phytic acid was decreased from 5.36% to 4.22%. The loss of phytic acid content 

during autoclaving was less significant because autoclaving require more time to degrade phytic 

acid content although phytic acid is a heat resistant element hence fermentation degrade phytic 

acid more significantly (Palacios et al., 2008a) as compared to autoclaving and enzyme 

hydrolyzing. There was 2 to 4 fold decrease in phytic acid contents observed by the fermentation 

of the flour samples.  

 From the results it is concluded that untreated flour has phytic acid content in the range of 

3.38% to 5.62% in 70% and 100% extraction rate flour respectively. The flour samples with 80% 

and 90% extraction rate have significantly lower phytic acid values as compared to 100% 

extraction rate flour. Hence it was concluded that phytic acid has wide variability depending 

upon the flour extraction rate and type of processing (Ma et al., 2005). 

4.6. Phytic acid to mineral mole ratio 

Phytic acid to mineral mole ratio is one of the most important techniques used to 

determine the mineral bioavailability in the human body. The molar ratio between phytate and 

mineral was obtained after dividing the mole of phytate with the mole of minerals. High phytic 

acid and phytic acid to mineral mole ratio decrease the mineral contents (Gargari et al., 2007). 

The statistical results regarding the phytic acid to mineral mole ratio have been given in 

Table 63. It has been depicted from the results that mineral absorption is totally inversely 

correlated with the phytic acid which ultimately hinder the availability of certain important 

minerals. The molar ratio of phytic acid to sodium and potassium was found to be highly 

significant. In fermented flour sample the phytic acid to mineral mole ratio was significantly 

increased with increase in extraction rate. In wheat variety AARI-11 different extraction rate 

flour such as 70, 80, 90% and whole wheat flour has phytic acid to phosphorous mole ratio 0.12, 

0.16, 0.19 and 0.21, respectively and same trend was observed in extraction rate flour of other 

two varieties. Results showed that phytic acid to magnesium and phosphorous mole ratio was 

less than 1 hence it is estimated that samples have good bioavailability of magnesium and 

phosphorous.  
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Table 63. Phytic acid to mineral mole ratio 

 

Wheat varieties 
Extraction 

rate (%) 
Pa:Ca Pa:Mg Pa:K Pa:Na Pa:P Pa:Fe Pa:Zn 

AARI-11 

70 0.69 0.27 0.38 0.89 0.12 12.65 44.63 

80 0.82 0.29 0.56 1.05 0.16 12.76 44.87 

90 1.05 0.31 0.63 1.13 0.19 13.74 45.44 

WF 1.19 0.33 0.88 1.38 0.21 14.57 45.89 

Faisalabad-08 

70 0.11 0.21 0.30 0.61 0.15 9.82 34.14 

80 0.61 0.23 0.37 0.84 0.16 11.59 35.36 

90 0.77 0.25 0.65 0.95 0.18 12.13 40.62 

WF 1.25 0.27 1.45 1.06 0.23 14.77 40.96 

Lasani-08 

70 0.23 0.13 0.26 0.13 0.11 9.34 32.14 

80 0.27 0.21 0.34 0.27 0.15 10.52 37.23 

90 0.34 0.29 0.45 0.34 0.17 10.73 38.21 

WF 1.11 0.32 0.77 1.25 0.22 11.21 41.12 

Pa = Phytic acid  
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The present study indicated that fermentation of the flour sample increases the 

bioavailability of the minerals. It is further concluded from the results that phytic acid to zinc and 

iron mole ratios were higher than 1 hence bioavailability was more likely affected by the 

presence of phytic acid. In case of phytic acid to zinc mole ratio in different extraction rates flour 

was found as 44.63, 44.87, 45.44 and 45.89, respectively in flour with 70%, 80%, 90% extraction 

rates and whole wheat flour of wheat variety AARI-11. It was stated that phytic acid to mineral 

mole ratio has been used as an index of mineral bioavailability potency. The results of present 

study are in accordance to the previous findings of Ma et al. (2005). 

4.7. Sensory characteristics of the products 

 The chapattis and naan were prepared by untreated and fermented flours of different 

extraction rates of wheat varieties and they were evaluated subjectively for sensory parameters 

such as color, aroma, flavor, texture, taste and overall acceptability. The results regarding these 

sensory parameters are discussed below. 

4.7.1. Chapattis 

4.7.1.1. Color 

 The results pertaining to the analysis of variance for color of the chapattis prepared from 

different flour extraction rates of wheat varieties are shown in Table 64. It is evident from the 

results that color of chapattis significantly affected by the extraction rates, wheat varieties and 

interaction of treatments with extraction rates and wheat varieties. 

 The mean values with respect to the color of the chapattis prepared from flour of different 

extraction rates of wheat varieties have been presented in Table 65 indicated that the color of the 

chapattis increased significantly as the flour extraction rate was increased. The color score varied 

significantly among different extraction rates of flour and results ranged from 5.78 to 7.35, when 

the results of wheat varieties were combined. The color score (7.35) was recorded significantly 

the highest in whole wheat flour and the color score was found significantly the lowest (5.78) in 

flour with 70% extraction rate.  

 The color of the chapattis ranged significantly from 6.21 to 6.98 among different wheat 

varieties, when the data of extraction rate was pooled. The color score significantly varied from 

5.25 to 7.60 as interactive effect of wheat varieties and extraction rates. The highest color score 
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Table 64. Analysis of variance for color of chapattis of wheat varieties at different flour 

extraction rates 

   

SOV df MS 

Extraction rates 3 14.13** 

Wheat varieties 2 6.11** 

Treatments 1 1.30** 

Extraction rates × Wheat varieties 6 0.10NS 

Extraction rates × Treatments 3 0.22NS 

Wheat varieties × Treatments 2 0.03 NS 

Extraction rates × Wheat varieties × Treatments 6 0.03NS 

Error 96 0.25 

Total 119  

** = Highly significant    NS = Non significant 
 
 

Table 65. Color of chapattis of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 5.80i 6.45fg 7.05bcd 7.45ab 6.68b 

Faisalabad-08 6.30gh 6.75def 7.30abc 7.60a 6.98a 

Lasani-08 5.25j 6.00hi 6.60efg 7.00cde 6.21c 

Mean 5.78d 6.40c 6.98b 7.35a  

     Mean carrying same letters are not significantly different from each other 
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Table 66 (a). Interactive effect of treatments on wheat varieties and extraction rates 

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.60bc 6.77b 6.68b 70 5.56e 6.00d 5.78d 

Faisalabad-08 6.85ab 7.13a 6.98a 80 6.33cd 6.46c 6.40c 

Lasani-08 6.13d 6.30cd 6.21c 90 6.86b 7.10ab 6.98b 

Mean 6.53b 6.73a  WWF 7.33a 7.36a 7.35a 

    Mean 6.53b 6.73a  

Mean carrying same letters are not significantly different from each other 

 

Table 66 (b). Interactive effect of extraction rates, treatments and wheat varieties on color 

Wheat varieties Treatments 
Extraction rate (%) 

70 80 90 WWF 

AARI-II 
T0 5.60gh 6.40def 7.00abcd 7.40ab 

T1 6.00fg 6.50cdef 7.10abc 7.50ab 

Faisalabad-08 
T0 6.10efg 6.60cdef 7.10abc 7.60a 

T1 6.50cdef 6.90bcd 7.50ab 7.60a 

Lasani-08 
T0 5.00h 6.00fg 6.50cdef 7.00abcd 

T1 5.50gh 6.00fg 6.70cde 7.00abcd 

     Mean carrying same letters are not significantly different from each other      

       T0 = Untreated flour       T1 = Fermented Flour 
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(6.98) was yielded by Faisalabad-11 and the lowest color (6.21) was given by the wheat variety 

Lasani-08. 

 The statistical results regarding interactive effect of treatments and wheat varieties on 

color are presented in Table 66 (a) and Table 66 (b). Chapattis prepared from whole wheat flour 

showed maximum color score as compared to 80% and 90% extraction rates flour. As the dark 

color chapattis are mostly liked by the inhabitants of Pakistan. The results revealed that the 

highest color score was assigned to the chapattis prepared by the fermented flour. It is indicated 

from the results that the fermentation has significant effect on the color of chapattis. The 

chapattis for fermented whole wheat flour got 7.36 score for color which reduced to 6.0 scores 

for chapattis prepared from fermented flour with 70% extraction rate.  

4.7.1.2. Taste  

 Taste is an important sensory characteristic which play a significant role in consumers’ 

acceptance of the product. The statistical results considering to the analysis of variance for taste 

of chapattis have been given in Table 67. From the statistical results it is clearly shown that the 

extraction rates, wheat varieties, treatments and interaction of these variables significantly 

affected the taste of the chapattis.   

 The results with respect to the mean values of the taste of the chapattis prepared from 

flour of different wheat varieties at various flour extraction rates are presented in Table 68. The 

results revealed that the taste significantly increased with increase in the extraction rate. The 

taste of the chapattis differed significantly among the flour of different extraction rates. The 

values were ranged from 6.06 to 7.45, when the results of wheat varieties were combined. The 

taste score varied significantly from 5.10 to 7.70 as interactive effect of wheat varieties and 

extraction rates. 

 The taste of chapattis varied significantly from 6.38 to 6.98 among different wheat 

varieties, when the results of the extraction rates were pooled. The highest taste score (6.98) was 

assigned to the chapattis made from wheat variety Faisalabad-08 and the lowest taste score 

(6.38) was recorded to the chapattis prepared from wheat variety Lasani-08.  

 The results given in Table 69 (a) and Table 69 (b) showed interactive effect of treatments, 

extraction rates and wheat varieties on taste. From the results it is evident that interaction of 
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Table 67. Analysis of variance for taste of chapattis of different wheat varieties at various 

flour extraction rates   

SOV df MS 

Extraction rates 3 11.09** 

Wheat varieties 2 3.95** 

Treatments 1 6.53** 

Extraction rates × Wheat varieties 6 0.28 NS 

Extraction rates × Treatments 3 0.18 NS 

Wheat varieties × Treatments 2 0.20 NS 

Extraction rates × Wheat varieties × Treatments 6 0.07 NS 

Error 96 0.26 

Total 119  

** = Highly significant   NS = Non significant 

 

Table 68. Taste of chapattis of wheat varieties at different flour extraction rates 

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 5.10fg 6.35ef 7.35abc 7.60ab 6.85a 

Faisalabad-08 6.35ef 6.75de 7.15bcd 7.70a 6.98a 

Lasani-08 5.75g 6.25f 6.50ef 7.05cd 6.38b 

Mean 6.06d 6.45c 7.00b 7.45a  

Mean carrying same letters are not significantly different from each other 

 

  



113 
 

Table 69 (a). Interactive effect of treatments on wheat varieties and extraction rates  

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.67c 7.03ab 6.85a 70 5.86d 6.26c 6.06d 

Faisalabad-08 6.77bc 7.20a 6.98a 80 6.20cd 6.70b 6.45c 

Lasani-08 6.07d 6.70c 6.38b 90 6.66b 7.33a 7.00b 

Mean 6.51b 6.97a  WWF 7.30a 7.60a 7.45a 

    Mean 6.51b 6.97a  

Mean carrying same letters are not significantly different from each other 

 

 

Table 69 (b). Interactive effect of treatments, extraction rates and wheat varieties on taste 

 

Wheat varieties Treatments
Extraction rate (%) 

70 80 90 WWF 

AARI-II 
T0 5.90hi 6.10ghi 7.20abcd 7.50ab 

T1 6.30fgh 6.60defg 7.50ab 7.70a 

Faisalabad-08 
T0 6.20fgh 6.50efgh 6.80cdef 7.60ab 

T1 6.50efgh 7.00bcde 7.50ab 7.80a 

Lasani-08 
T0 5.50i 6.00ghi 6.00ghi 6.80cdef 

T1 6.00ghi 6.50efgh 7.00bcde 7.30abc 

     Mean carrying same letters are not significantly different from each other 

        T0 = Untreated flour   T1 = Fermented Flour 
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extraction rates, wheat varieties and treatments were found to be non significant. The chapattis 

prepared from fermented whole wheat flour of wheat variety Faisalabad-08 got the maximum 

score (7.2). It is concluded that chapattis prepared from fermented flour got acceptable score for 

taste. 

 4.7.1.3. Texture 

 The analysis of variance for score assigned to the texture of chapattis made from flour of 

different extraction rates of wheat varieties has been presented in Table 70. The results showed 

that the texture of chapattis significantly affected by the extraction rates, treatments, wheat 

varieties and interaction of extraction rates, treatments and wheat varieties among each other. 

The interactive effect of treatments and extraction rates on the texture of chapattis was found to 

be non significant. 

 The mean scores for the texture of chapattis showing the effect of extraction rates and 

wheat varieties are given in Table 71. The results showed that there was a progressive increase in 

texture score with increase in the extraction rates. The texture score varied significantly from 

6.18 to 7.18 among the flour of different extraction rates, when the data of wheat varieties were 

assembled. The highest score of texture (7.18) was assigned to the chapattis prepared by whole 

wheat flour and the chapattis prepared by the flour with 70% extraction rate got the lowest score 

of texture (6.18).  

 The texture score of chapattis prepared by flour of different wheat varieties significantly 

affected by the wheat varieties. The texture score ranged from 6.25 to 7.03 among the different 

wheat varieties, when the results of extraction rates were combined. The maximum texture score 

(7.03) was secured by the chapattis prepared by wheat variety Faisalabad-08 and the minimum 

texture score (6.25) was given to the chapattis prepared by wheat variety Lasani-08. 

 The interactive effect of extraction rates and wheat varieties presented in Table 72 (a) and 

Table 72 (b) showed non significant effect on the texture. The chapattis prepared from fermented 

whole wheat flour of Faisalabad-08 got the highest score (7.60). It is evident from the results that 

chapattis prepared from whole wheat flour and fermented whole wheat flour were ranked at the 

top by the panel of judges followed by the chapattis prepared from the flour with 90% extraction 

rate.   
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Table 70. Analysis of variance for texture of chapattis of wheat varieties at different flour 

extraction rates   

 
SOV df MS 

Extraction rates 3 6.10** 

Wheat varieties 2 6.47** 

Treatments 1 0.67NS 

Extraction rates × Wheat varieties 6 0.11NS 

Extraction rates × Treatments 3 1.03* 

Wheat varieties × Treatments 2 0.77NS 

Extraction rates × Wheat varieties × Treatments 6 0.08NS 

Error 96 0.26 

Total 119  

** = Highly significant   *= Significant   NS = Non significant 

 

Table 71. Texture of chapattis of wheat varieties at different flour extraction rates   

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 6.20de 6.55cd 7.15ab 7.40a 6.83a 

Faisalabad-08 6.60cd 6.85bc 7.15ab 7.50a 7.03a 

Lasani-08 5.75e 6.05e 6.55cd 6.65cd 6.25b 

Mean 6.18c 6.48b 6.95a 7.18a  

Mean carrying same letters are not significantly different from each other 
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Table 72 (a). Interactive effect of treatments on wheat varieties and extraction rates 

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.77b 6.87b 6.83a 70 5.90e 6.46cd 6.18c 

Faisalabad-08 6.80b 7.25a 7.03a 80 6.63cd 6.33d 6.48b 

Lasani-08 6.30c 6.20c 6.25b 90 6.80bc 7.10ab 6.95a 

Mean 6.63a 6.77a  WWF 7.16ab 7.20a 7.18a 

    Mean 6.63a 6.77a  

Mean carrying same letters are not significantly different from each other 

 

Table 72 (b). Interactive effect of treatments, extraction rates and wheat varieties on 

texture 

Wheat varieties Treatments 
Extraction rate (%) 

70 80 90 WWF 

AARI-II 
T0 6.00ijk 6.70defgh 7.10abcdef 7.30abcd 

T1 6.40ghi 6.40ghi 7.20abcde 7.50ab 

Faisalabad-08 
T0 6.20hij 6.80cdefgh 6.80cdefgh 7.40abc 

T1 7.00abcdefg 6.90bcdefg 7.50ab 7.60a 

Lasani-08 
T0 5.50k 6.40ghi 6.50fghi 6.80cdefgh 

T1 6.00ijk 5.70jk 6.60efghi 6.50fghi 

       Mean carrying same letters are not significantly different from each other 

        T0 = Untreated flour   T1 = Fermented Flour 
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4.7.1.4. Feel to touch 

 The analysis of variance considering to the feel to touch of chapattis prepared from 

different wheat varieties at various flour extraction rate is presented in Table 73. The results 

indicated that the extraction rates and wheat varieties significantly affected the feel to touch of 

chapattis. The interaction of extraction rates, treatments and wheat varieties was found to be non 

significant for the score of feel to touch of chapattis.  

 The statistical results regarding mean values of feel to touch of chapattis prepared from 

different wheat varieties at various extraction rates flour have been demonstrated in Table 74. It 

is clearly depicted from the results that the feel to touch of chapattis score varied significantly 

from 5.73 to 6.96 among the flour of different extraction rates, when the results of wheat 

varieties were taken into account. The feel to touch score of chapattis increased progressively as 

the flour extraction rate was increased. The significantly the maximum score of feel to touch 

(6.96) was assigned to the chapattis prepared from whole wheat flour and the minimum score of 

feel to touch (5.73) was given to the chapattis made from flour with 70% extraction rate. 

 The feel to touch of chapattis differed significantly among the different wheat varieties 

and values ranged from 6.0 to 6.70, when the data of extraction rates was combined. The highest 

score of feel to touch (6.70) was given to the chapattis prepared with the flour of wheat variety 

Faisalabad-08 and the lowest score of feel to touch (6.0) was assigned to the chapattis prepared 

with the flour of wheat variety Lasani-08. 

 The interactive effect of variables exerted non significant effect to the feel to touch of 

chapattis made from different flour is given in Table 75 (a) and Table 75 (b). The chapattis 

prepared from untreated flour showed the lowest feel to touch score (6.33) and the chapattis 

made from fermented flour got the highest feel to touch score (6.44). The maximum feel to touch 

score (6.85) was assigned to the flour of fermented chapattis made by wheat variety Faisalabad-

08. The lowest score of feel to touch of chapattis (6.0) prepared by untreated flour was found in 

Lasani-08.  

4.7.1.5. Folding ability 

 The results considering to the folding ability of chapattis prepared from different wheat 

varieties at various flour extraction rates are presented in Table 76.  
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Table 73. Analysis of variance for feel to touch of chapattis of wheat varieties at different 

flour extraction rates   

SOV df MS 

Extraction rates 3 8.74** 

Wheat varieties 2 5.03** 

Treatments 1 0.41NS 

Extraction rates × Wheat varieties 6 0.14NS 

Extraction rates × Treatments 3 0.59 NS 

Wheat varieties × Treatments 2 0.26 NS 

Extraction rates × Wheat varieties × Treatments 6 0.43 NS 

Error 96 0.28 

Total 119  

** = Highly significant   *= Significant   NS = Non significant 

 

 

Table 74. Feel to touch of chapattis of wheat varieties at different flour extraction rates   

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 5.80e 6.15de 6.80ab 7.05ab 6.45b 

Faisalabad-08 6.15de 6.60bcd 6.90ab 7.15a 6.70a 

Lasani-08 5.25f 5.80e 6.25cde 6.70abc 6.00c 

Mean 5.73d 6.18c 6.65b 6.96a  

Mean carrying same letters are not significantly different from each other 
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Table 75 (a). Interactive effect of treatments on wheat varieties and extraction rates 

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.43b 6.47b 6.45b 70 5.46c 6.00b 5.73d 

Faisalabad-08 6.55ab 6.85a 6.70a 80 6.17b 6.20b 6.18c 

Lasani-08 6.00c 6.00c 6.00c 90 6.67a 6.63a 6.65b 

Mean 6.33a 6.44a  WWF 7.00a 6.93a 6.96a 

    Mean 6.33a 6.44a  

Mean carrying same letters are not significantly different from each other 

 

Table 75 (b). Interactive effect of treatments, extraction rates and wheat varieties on feel to 

touch 

Wheat varieties Treatments 
Extraction rate (%) 

70 80 90 WWF 

AARI-II 
T0 5.60hij 6.20defgh 6.70abcde 7.20a 

T1 6.00fghi 6.10efghi 6.90abc 6.90abc 

Faisalabad-08 
T0 5.80ghi 6.30cdefg 6.80abcd 7.30a 

T1 6.50bcdef 6.90abc 7.00ab 7.00ab 

Lasani-08 
T0 5.00j 6.00fghi 6.50bcdef 6.50bcdef 

T1 5.50ij 5.60hij 6.00fghi 6.90abc 

       Mean carrying same letters are not significantly different from each other 

          T0 = Untreated flour   T1 = Fermented Flour 
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 From the statistical results it is clearly shown that folding ability of chapattis significantly 

affected by the extraction rates and wheat varieties. The effect of treatments was found to be non 

significant on this sensory attribute. The interaction of extraction rates, treatments and wheat 

varieties showed non significant effect to the folding ability of the chapattis.  

 The results pertaining to the mean values are given in Table 77 demonstrated that folding 

ability significantly affected by the extraction rate and values ranged from 6.25 to 7.03 among 

the flour of different extraction rates, when the results of wheat varieties were assembled. The 

folding ability score significantly increased by increasing the extraction rate. The chapattis 

prepared from the whole wheat flour got the highest score concerning folding ability (7.03) and 

the chapattis prepared from 70% extraction rate flour was assigned to the lowest score of folding 

ability (6.25) by the panel of judges. The chapattis prepared by the flour with 80% and 90% 

extraction rates gained score of folding ability 6.36 and 6.76, respectively.  

 The folding ability score of chapattis made from flour of different extraction rates and 

wheat varieties significantly affected by the wheat varieties. The results regarding folding ability 

of chapattis significantly varied from 6.31 to 6.80 among different wheat varieties, when the data 

of extraction rate was pooled. The highest score of folding ability (6.80) was assigned to the 

chapattis prepared from flour of wheat variety Faisalabad-08 and the lowest score of folding 

ability (6.31) was recorded by the chapattis prepared from flour of wheat variety Lasani-08. 

 The results regarding interactive effect of extraction rates, treatments and wheat varieties 

have been presented in Table 78 (a) and Table 78 (b). The interactions among all the variables 

were found to be non significantly different for scores given to folding ability of the chapattis. 

The chapattis prepared from fermented whole wheat flour of wheat variety Faisalabad-08 got the 

highest score (6.87) and the chapattis made from fermented flour with 70% extraction rate 

gained the lowest score (7.0) regarding folding ability of chapattis. It is concluded from the 

results that the chapattis prepared from fermented whole wheat flour got acceptable score for 

folding ability. 

4.7.1.6. Breakability 

 The statistical results regarding analysis of variance for the breakability of chapattis 

prepared by different wheat varieties at various extraction rates flour is given in Table 79. 
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Table 76. Analysis of variance for folding ability of chapattis of wheat varieties at different 

flour extraction rates   

SOV df MS 

Extraction rates 3 3.92** 

Wheat varieties 2 2.65** 

Treatments 1 0.35 NS 

Extraction rates × Wheat varieties 6 0.06 NS 

Extraction rates × Treatments 3 0.34 NS 

Wheat varieties × Treatments 2 0.03 NS 

Extraction rates × Wheat varieties × Treatments 6 0.05 NS 

Error 96 0.34 

Total 119  

** = Highly significant   NS = Non significant 

 

Table 77. Folding ability of chapattis wheat varieties at different flour extraction rates   

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 6.30def 6.50cde 6.90abc 7.10ab 6.70a 

Faisalabad-08 6.50cde 6.60bcd 6.85abc 7.25a 6.80a 

Lasani-08 5.95f 6.00ef 6.55cd 6.75abcd 6.31b 

Mean 6.25b 6.36b 6.76a 7.03a  

Mean carrying same letters are not significantly different from each other 
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Table 78 (a). Interactive effect of treatments on wheat varieties and extraction rates 

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.67ab 6.73ab 6.70a 70 6.26d 6.23d 6.25b 

Faisalabad-08 6.73ab 6.87ab 6.80a 80 6.40cd 6.33cd 6.36b 

Lasani-08 6.25c 6.37bc 6.31b 90 6.70bc 6.83ab 6.76a 

Mean 6.55a 6.66a  WWF 6.83ab 7.23a 7.03a 

   Mean 6.55a 6.66a  

Mean carrying same letters are not significantly different from each other 

 

Table 78 (b). Interactive effect of treatments, extraction rates and wheat varieties on 

folding ability 

Wheat varieties Treatments
Extraction rate (%) 

70 80 90 WWF 

AARI-II 
T0 6.30cde 6.50bcde 6.90abc 7.00abc 

T1 6.30cde 6.50bcde 6.90abc 7.20ab 

Faisalabad-08 
T0 6.50bcde 6.70bcd 6.70bcd 7.00abc 

T1 6.50bcde 6.50bcde 7.00abc 7.50a 

Lasani-08 
T0 6.00de 6.00de 6.50bcde 6.50bcde 

T1 5.90e 6.00de 6.60bcde 7.00abc 

       Mean carrying same letters are not significantly different from each other 

         T0 = Untreated flour   T1 = Fermented Flour 
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It is clearly shown from the results that breakability of the chapattis significantly affected by the 

wheat varieties, treatments, extraction rates and due to the interaction of these variables with 

wheat varieties. 

 The mean values with respect to the breakability of the chapattis prepared from different 

extraction rates flour of wheat varieties have been presented in Table 80. The breakability score 

of chapattis significantly increased with increase in extraction rate and results differed from 6.15 

to 7.12 among the chapattis prepared from the flour of different extraction rates. The breakability 

score was progressively increased with the increase in extraction rate. The maximum score of 

breakability (7.12) was assigned to the chapattis made from whole wheat flour and the minimum 

score of breakability (6.15) was given to the chapattis prepared by flour with 70% extraction 

rate.  

 The results indicated that the wheat varieties significantly affected the breakability of the 

chapattis. The highest score of breakability (6.97) was got the chapattis prepared by the flour of 

wheat variety Faisalabad-08 and lowest score of breakability (6.10) was assigned to the chapattis 

prepared by the flour of wheat variety. The breakability score varied significantly among 

different wheat varieties. The values ranged from 6.10 to 6.97 among wheat varieties, when the 

data of extraction rates was combined. 

  The results presented in Table 81 (a) and Table 81 (b) showed interactive effect of 

extraction rates, wheat varieties and treatments. The chapattis prepared from fermented whole 

wheat flour of wheat variety Faisalabad-08 got the highest score (7.50). 

 The statistical data regarding sensory evaluation of the chapattis prepared from different 

wheat varieties at various extraction rates of flour for various parameters i.e. (color, taste, 

texture, feel to touch, folding ability and breaking ability) exhibited that the chapattis prepared 

from different flour was significantly affected by the extraction rates. The chapattis prepared 

from whole wheat flour and 90% extraction rate was more to be liked by the panel of judges as 

compared to the chapattis prepared by low extraction rate flour. It is concluded that acceptability 

of the chapattis significantly increases with increase in extraction rate. So the extraction rate has 

positive effect on the quality of the chapattis. 
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Table 79. Analysis of variance for breakability of chapattis of wheat varieties at different 

flour extraction rates   

 

SOV df MS 

Extraction rates 3 5.26** 

Wheat varieties 2 7.96** 

Treatments 1 0.02 NS 

Extraction rates × Wheat varieties 6 0.53 NS 

Extraction rates × Treatments 3 0.50 NS 

Wheat varieties × Treatments 2 0.38 NS 

Extraction rates × Wheat varieties × Treatments 6 0.13 NS 

Error 96 0.32 

Total 119  

** = Highly significant   NS = Non significant 

 

 

Table 80. Breakability of chapattis of wheat varieties at different flour extraction rates   

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 6.15de 6.45cd 7.10ab 7.05ab 6.68b 

Faisalabad-08 6.55cd 6.90bc 7.05ab 7.40a 6.97a 

Lasani-08 5.75e 5.80e 5.95e 6.90bc 6.10c 

Mean 6.15c 6.38c 6.70b 7.12a  

    Mean carrying same letters are not significantly different from each other 
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Table 81 (a). Interactive effect of treatments on wheat varieties and extraction rates 

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.75ab 6.63ab 6.68b 70 6.00d 6.30cd 6.15c 

Faisalabad -08 6.87ab 7.07a 6.97a 80 6.40cd 6.36cd 6.38c 

Lasani-08 6.17c 6.03c 6.10c 90 6.86ab 6.53bc 6.70b 

Mean 6.60a 6.58a  WWF 7.13a 7.10a 7.12a 

    Mean 6.60a 6.58a  

Mean carrying same letters are not significantly different from each other 

 

Table 81 (b). Interactive effect of treatments, extraction rates and wheat varieties on 

breakability 

Wheat varieties Treatments
Extraction rate (%) 

70 80 90 WWF 

AARI-II 
T0 6.20efghi 6.50bcdef 7.20ab 7.10abc 

T1 6.10efghi 6.40cdefg 7.00abcd 7.00abcd 

Faisalabad-08 
T0 6.30defgh 6.80abcde 7.10abc 7.30a 

T1 6.80abcde 7.00abcd 7.00abcd 7.50a 

Lasani-08 
T0 5.50i 5.90fghi 6.30defgh 7.00abcd 

T1 6.00fghi 5.70ghi 5.60hi 6.80abcde 

       Mean carrying same letters are not significantly different from each other 

        T0 = Untreated flour    T1 = Fermented Flour 
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4.7.2. Naan 

4.7.2.1. Color 

 The results pertaining to the color of naan prepared from flours of different extraction 

rates of wheat varieties are shown in Table 82. The color of naan significantly by the extraction 

rates, treatments, wheat varieties and interaction of treatments and extraction rates with wheat 

varieties. 

 The mean values regarding color score of naan prepared from flour of different extraction 

rates of wheat varieties have been given in Table 83. The results showed that the color of naan 

significantly decreased with increasing the flour extraction rate. The significantly highest color 

score (7.06) was assigned to the naan prepared by flour with 70% extraction rates. The lowest 

color score (5.55) was given to the naan prepared with whole wheat flour. The color score varied 

significantly from 5.55 to 7.06 among flour of different extraction rates, when the results of 

wheat varieties were taken into account. 

 The wheat varieties significantly affected the color of naan and values ranged from 5.97 

to 6.34 among different wheat varieties. The highest score was given to the naan prepared with 

flour of wheat variety Faisalabad-08 and the naan prepared from four of wheat variety Lasani-08 

got the lowest score regarding color of the naan.  

 Table 84 (a) and Table 84 (b) demonstrated the interactive effect of treatments, wheat 

varieties and extraction rates on the color score of the naan. The maximum score (7.5) was given 

to the naan prepared from fermented and untreated flour. The naan prepared by the flour with 

70% extraction rate was more liked by the judges. The wheat variety Faisalabad-08 exhibited the 

highest score regarding the color score of the naan. The fermentation of the flour samples 

improves the color score as fermentation imparts firmness to the naan. The highest color score 

was observed in naan prepared by the wheat variety Faisalabad-08 (6.34) while wheat variety 

Lasani-08 got the lowest color score (5.97).  

4.7.2.2. Taste 

 The statistical results regarding the analysis of variance for taste of chapattis have been 

given in Table 85. From the results it is obvious that the extraction rates, wheat varieties, 

treatments and interaction of these variables significantly affected the taste of the naan.   
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Table 82. Analysis of variance for color of naan of wheat varieties at different flour 

extraction rates   

SOV df MS 

Extraction rates 3 13.51** 

Wheat varieties 2 1.34** 

Treatments 1 2.55** 

Extraction rates × Wheat varieties 6 1.16** 

Extraction rates × Treatments 3 2.64** 

Wheat varieties × Treatments 2 0.01* 

Extraction rates × Wheat varieties × Treatments 6 1.48** 

Error 96 0.2781 

Total 119  

** = Highly significant   * = Significant    

 

Table 83. Color of naan of wheat varieties at different flour extraction rates   

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 6.70b 6.10c 6.00c 6.00c 6.20ab 

Faisalabad-08 7.50a 6.65b 5.85cd 5.35e 6.34a 

Lasani-08 7.00b 6.10c 5.50de 5.30e 5.97b 

Mean 7.06a 6.28b 5.78c 5.55c  

   Mean carrying same letters are not significantly different from each other 
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Table 84 (a). Interactive effect of treatments and wheat varieties on color 

 

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.05bc 6.35ab 6.20ab 70 7.30a 6.83b 7.06a 

Faisalabad-08 6.18abc 6.50a 6.34a 80 6.16cd 6.40c 6.28b 

Lasani-08 5.85c 6.10bc 5.97b 90 5.56e 6.00d 5.78c 

Mean 6.03b 6.32a  WWF 5.06f 6.03cd 5.55c 

    Mean 6.03b 6.32a  

Mean carrying same letters are not significantly different from each other 

 

Table 84 (b). Interactive effect of treatments, extraction rates and wheat varieties on color 

Wheat varieties Treatments
Extraction rate (%) 

70 80 90 WWF 

AARI-II 
T0 7.40a 6.20cde 5.60efgh 5.00h 

T1 6.00cdef 6.00cdef 6.40bc 7.00ab 

Faisalabad-08 
T0 7.50a 6.30cd 5.70defg 5.20gh 

T1 7.50a 7.00ab 6.00cdef 5.50fgh 

Lasani-08 
T0 7.00ab 6.00cdef 5.40fgh 5.00h 

T1 7.00ab 6.20cde 5.60efgh 5.60efgh 

       Mean carrying same letters are not significantly different from each other 

        T0 = Untreated flour  T1 = Fermented Flour 
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The results with respect to the mean values of the taste of the naan prepared from flour of 

different wheat varieties at various flour extraction rates are given in Table 86. The results 

revealed that the taste significantly decreased with increase in the extraction rate. The taste of the 

naan varied significantly among the flour of different extraction rates. The values were ranged 

from 5.90 to 7.08, when the results of wheat varieties were taken into account. The taste score 

varied significantly from 5.70 to 7.65 as interactive effect of wheat varieties and extraction rates. 

 The taste of naan varied significantly from 6.15 to 6.388 among different wheat varieties, 

when the results of the extraction rates were pooled. The highest taste score (6.38) was assigned 

to the naan made from wheat variety AARI-11 and the lowest taste score (6.15) was recorded to 

the naan prepared from wheat variety Lasani-08.  

 The results given in Table 87 (a) and Table 87 (b) showed interactive effect of treatments, 

extraction rates and wheat varieties on taste. From the results it is evident that interaction of 

extraction rates, wheat varieties and treatments was found to be significant. The naan prepared 

from fermented flour with 70% extraction rate of wheat variety Faisalabad-08 got the maximum 

taste score (7.80) and the minimum score was assigned to the naan prepared from whole wheat 

flour of wheat variety Lasani-08 (5.0). Fermented naan prepared from higher extraction rate flour 

possessed bitter or sour taste as compared to low extraction rate flour. Naan prepared with higher 

extraction rate flour has less acceptability as compared to the naan prepared with low extraction 

rate flour due to the presence of bran particles. 

4.7.2.3. Texture 

 The analysis of variance regarding to the texture of naan has been given in Table 88. The 

results showed that texture of the naan significantly affected by the extraction rates, treatments 

and wheat varieties.  

 The results presented in Table 89 indicated the mean values relating to the texture of naan 

prepared from four of different extraction rates of wheat varieties. It is concluded from the 

results that there is a declining trend in scores given to naan prepared from 70% extraction rate to 

90% extraction rates flour. The highest score (7.03) was assigned to the texture of naan prepared 

from fermented flour with 70% extraction rate and the lowest score (6.0) was assigned to the 

naan prepared from fermented whole wheat flour. the naan prepared with higher extraction rate 
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Table 85.  Analysis of variance for taste of naan of wheat varieties at different flour 

extraction rates   

SOV df MS 

Extraction rates 3 9.98** 

Wheat varieties 2 0.68NS 

Treatments 1 1.01* 

Extraction rates × Wheat varieties 6 2.52** 

Extraction rates × Treatments 3 1.56** 

Wheat varieties × Treatments 2 0.72NS 

Extraction rates × Wheat varieties × Treatments 6 3.29** 

Error 96 0.23 

Total 119  

** = Highly significant   *= Significant   NS = Non significant 

 

Table 86. Taste of naan of wheat varieties at different flour extraction rates   

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 6.35b 6.55b 6.35b 6.30b 6.38a 

Faisalabad-08 7.65a 6.50b 5.60d 5.70cd 6.36ab 

Lasani-08 7.25a 6.10bc 5.55d 5.70cd 6.15b 

Mean 7.08a 6.38a 5.83c 5.90c  

Mean carrying same letters are not significantly different from each other 
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Table 87 (a). Interactive effect of treatments on wheat varieties and extraction rates  

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.20bc 6.57a 6.38a 70 7.23a 6.93a 7.08a 

Faisalabad-08 6.42ab 6.30abc 6.36ab 80 6.30b 6.46b 6.38a 

Lasani-08 6.00c 6.30abc 6.15b 90 5.80c 5.86c 5.83c 

Mean 6.21a 6.39a  WWF 5.50c 6.30b 5.90c 

    Mean 6.21a 6.39a  

Mean carrying same letters are not significantly different from each other 

 

Table 87 (b). Interactive effect of treatments, extraction rates and wheat varieties on taste 

Wheat varieties Treatments
Extraction rate (%) 

70 80 90 WWF 

AARI-II T0 7.20abc 6.40efg 5.70hij 5.50ijk 

T1 7.10bcd 6.70cdef 7.00bcde 5.50ijk 

Faisalabad-08 T0 7.50ab 6.50defg 5.70hij 6.00ghi 

T1 7.80a 6.50defg 5.50ijk 5.40ijk 

Lasani-08 T0 7.00bcde 6.00ghi 6.00ghi 5.00k 

T1 7.50ab 6.20fgh 5.10jk 6.40efg 

       Mean carrying same letters are not significantly different from each other 

          T0 = Untreated flour     T1 = Fermented Flour 
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flour has less acceptability as compared to the naan prepared with low extraction rate flour due to 

the presence of bran particles. 

 The texture of the naan prepared from different flour significantly affected by the wheat 

varieties. The naan prepared with flour of wheat variety Faisalabad-08 got the highest score 

(6.60) and the naan prepared from flour of wheat varietyLasani-08 gained the lowest the score 

(6.65) with respect to the texture. The texture score varied significantly from 5.65 to 6.60 among 

different wheat varieties. 

 The interactive effect of extraction rates, treatments and wheat varieties is given in Table 

90 (a) and Table 90 (b) which showed that the interaction of wheat varieties with different 

extraction rates was found to be non significant (P>0.05). The highest texture score (6.36) was 

assigned to the naan prepared from fermented flour and lowest score (5.78) was given to the 

naan prepared from untreated flour. The naan prepared from fermented flour of wheat variety 

Faisalabad-08 significantly possessed the highest score (6.60) regarding the texture and the naan 

prepared from fermented flour of wheat variety Lasani-08 got the lowest score (5.65) of texture. 

4.7.2.4. Flexibility 

 The results regarding to the analysis of variance for the flexibility of naan prepared from 

flour of different extraction rates of wheat varieties are given in Table 91. The extraction rates, 

wheat varieties and treatments significantly affected the flexibility of the naan. 

 The results presented in Table 92 indicated the mean values relating to the flexibility of 

naan. It is evident from the results that the flexibility of naan prepared from different extraction 

rates flour progressively decreased with increase in extraction rate. The flexibility of naan ranged 

from 5.95 to 7.38 among flour of different extraction rates.  

 The naan prepared from the 70% extraction rate flour exhibited the highest score (7.38) 

regarding flexibility and the naan made from whole wheat flour represented the lowest score 

(5.95) as bran has adverse effect on the flexibility of naan. Hence flexibility of naan decreased 

with the increase in extraction rate due to presence of bran particles. 
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Table 88. Analysis of variance for texture of naan of wheat varieties at different flour 

extraction rates   

 
SOV df MS 

Extraction rates 3 6.84** 

Wheat varieties 2 9.33** 

Treatments 1 10.21** 

Extraction rates × Wheat varieties 6 0.26 NS 

Extraction rates × Treatments 3 0.35 NS 

Wheat varieties × Treatments 2 0.53 NS 

Extraction rates × Wheat varieties × Treatments 6 0.18 NS 

Error 96 0.27 

Total 119  

** = Highly significant   NS = Non significant 

 
Table 89. Texture of naan of wheat varieties at different flour extraction rates   

 

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 6.50b 5.90cd 5.75de 5.75de 5.97b 

Faisalabad-08 7.55a 6.50b 6.10bcd 6.25bc 6.60a 

Lasani-08 6.25bc 5.65de 5.35e 5.35e 5.65c 

Mean 6.76a 6.02b 5.73c 5.78bc  

Mean carrying same letters are not significantly different from each other 
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Table 90 (a). Interactive effect of treatments on wheat varieties and extraction rates 

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 5.75cd 6.20b 5.97b 70 6.50b 7.03a 6.76a 

Faisalabad-08 6.17b 7.03a 6.60a 80 5.56d 6.46b 6.02b 

Lasani-08 5.43d 5.87bc 5.65c 90 5.50d 5.96c 5.73c 

Mean 5.78b 6.36a  WWF 5.56d 6.00c 5.78bc 

    Mean 5.78b 6.36a  

Mean carrying same letters are not significantly different from each other 

 

Table 90 (b). Interactive effect of treatments, extraction rates and wheat varieties on 

texture 

Wheat varieties Treatments
Extraction rate (%) 

70 80 90 WWF 

AARI-II 
T0 6.50bc 5.40def 5.60def 5.50def 

T1 6.50bc 6.40bc 5.90cde 6.00cd 

Faisalabad-08 
T0 7.00b 6.00cd 5.70def 6.00cd 

T1 8.10a 7.00b 6.50bc 6.50bc 

Lasani-08 
T0 6.00cd 5.30ef 5.20f 5.20f 

T1 6.50bc 6.00cd 5.50def 5.50def 

      Mean carrying same letters are not significantly different from each other 

      T0 = Untreated flour  T1 = Fermented Flour 
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Table 91. Analysis of variance for flexibility of naan of wheat varieties at different flour 

extraction rates   

SOV  df MS 

Extraction rates 3 13.53** 

Wheat varieties 2 5.40** 

Treatments 1 8.27** 

Extraction rates × Wheat varieties 6 0.14 NS 

Extraction rates × Treatments 3 2.88** 

Wheat varieties × Treatments 2 2.48** 

Extraction rates × Wheat varieties × Treatments 6 0.16 NS 

Error 96 0.26 

Total 119  

** = Highly significant   NS = Non significant 

 

 

Table 92. Flexibility of naan of wheat varieties at different flour extraction rates   

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 7.25b 6.30def 5.80g 5.85fg 6.30b 

Faisalabad-08 7.90a 6.70cd 6.30def 6.35de 6.81a 

Lasani-08 7.0bc 5.90efg 5.85fg 5.65g 6.10b 

Mean 7.38a 6.30b 5.98c 5.95c  

   Mean carrying same letters are not significantly different from each other 
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Table 93 (a). Interactive effect of treatments on wheat varieties and extraction rates 

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.33b 6.27b 6.30b 70 7.56a 7.20a 7.38a 

Faisalabad-08 6.40b 7.23a 6.81a 80 6.0c 6.60b 6.30b 

Lasani-08 5.70c 6.50b 6.10b 90 5.46d 6.50b 5.98c 

Mean 6.14b 6.67a  WWF 5.53d 6.36bc 5.95c 

    Mean 6.14b 6.67a  

Mean carrying same letters are not significantly different from each other 

 

Table 93 (b). Interactive effect of treatments, extraction rates and wheat varieties on 

flexibility 

Wheat varieties Treatments 
Extraction rate (%) 

70 80 90 WWF 

AARI-II 
T0 7.80a 6.30cde 5.50fg 5.70efg 

T1 6.70bc 6.30cde 6.10cdef 6.0def 

Faisalabad-08 
T0 7.90a 6.40bcd 5.60fg 5.70efg 

T1 7.90a 7.0b 7.0b 7.0b 

Lasani-08 
T0 7.0b 5.30g 5.30g 5.20g 

T1 7.0b 6.50bcd 6.4bcd 6.10cdef 

       Mean carrying same letters are not significantly different from each other 

       T0 = Untreated flour  T1 = Fermented Flour 
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The flexibility of naan was significantly affected by the wheat varieties. The flexibility of naan 

varied significantly from 6.10 to 6.81 among different wheat varieties, when the results of 

extraction rates were combined. The maximum flexibility of naan (6.81) was observed in flour of 

wheat variety Faisalabad-08 and the minimum flexibility of naan (6.10) was found in the flour of 

wheat variety Lasani-08. 

 The results presented in Table 93 (a) and Table 93 (b) showed the interactive effect of 

extraction rates, wheat varieties and treatments. The interaction of extraction rates and wheat 

varieties was found to be non significant whereas interactive effect of extraction rates and 

treatments was highly significant with respect to the flexibility of naan. The highest score (7.20) 

was assigned to flexibility of naan prepared from fermented flour with 70% extraction rate and 

the lowest score (5.53) was assigned to the naan prepared from whole wheat flour when results 

for flexibility scores of low and high extraction rates flour were combined. The naan prepared 

from fermented whole wheat flour got score 6.36. The interactive effect (Table 92) of the 

variables was found to be non significant (P>0.05). 

4.7.2.5. Chewing ability 

 The chewing ability of naan is an important factor which determines the softness of the 

product. The analysis of variance concerning to the chewing ability of naan prepared with flour 

of different wheat varieties at various flour extraction rates has been given in Table 94. It is 

obvious from the results that the extraction rates, treatments and wheat varieties significantly 

affected the chewing ability of the naan. 

 The mean values regarding the chewing ability of naan prepared from flour of different 

wheat varieties at various extraction rates of four is presented in Table 95. The results of the 

chewing ability of naan were significantly affected by the extraction rates. The chewing ability 

of naan gradually decreases with increasing the flour extraction rates. The highest score (7.22) of 

chewing ability given to the naan prepared from flour with 70% extraction rate and the lowest 

score of chewing ability (5.50) was given to the naan prepared from the whole wheat flour. The 

chewing ability varied from 5.50 to 7.22 among the flour with different extraction rates when the 

data of wheat varieties was pooled. The results showed that as the extraction rate increases the 

chewing ability of the naan decreases so naan prepared from whole wheat flour showed 

minimum score as compared to the naan prepared from low extraction rate flour. 
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 The chewing ability of naan significantly affected by the wheat varieties and values were 

ranged from 5.77 to 6.68. The highest score of chewing ability (6.68) was given to the naan 

prepared with flour of wheat variety Faisalabad-08 and the lowest score of chewing ability (5.77) 

was given to the naan prepared with flour of wheat variety Lasani-08.   

 The values of the chewing ability of naan presented in Tables 96 (a) and Table 96 (b) 

showed the interactive effect of extraction rates, treatments and wheat varieties. The interactive 

effect of the extraction rates, treatments and wheat varieties was found to be non significant. The 

naan prepared from fermented flour exhibited the highest score (6.28) regarding the chewing 

ability. The naan prepared with fermented flour of 70% extraction rate of wheat variety 

Faisalabad-08 got the highest score (7.80) and the naan prepared from untreated whole wheat 

flour of wheat variety Lasani-08 exhibited the lowest score (4.9) regarding this sensory attribute.   

4.7.2.6. Overall acceptability  

 The statistical analysis regarding overall acceptability of naan prepared from different 

extraction rates of wheat flour is presented in Table 97 which indicated that overall acceptability 

of naan was influenced significantly due to the extraction rates, wheat varieties and treatments. 

 The mean values with respect to the overall acceptability of naan have been given in 

Table 98. The results showed that the overall acceptability of naan significantly affected by the 

extraction rates and values ranged from 7.50 to 5.70. The overall acceptability score 

progressively decreased with the increase in flour extraction rate. The highest score (7.50) was 

assigned to the naan prepared from flour with 70% extraction rate and the lowest score was 

recorded to the naan prepared from whole wheat flour.  

 The wheat varieties exhibited non significant difference with respect to the scores 

obtained for overall acceptability. The wheat variety Faisalabad-08 got the highest score (6.87) 

and wheat variety Lasani-08 significantly gained the lowest score (5.95) regarding overall 

acceptability.  

 The interactive effect of overall acceptability on extraction rates and treatments among 

wheat varieties showed non significant difference (Table 99 a, b). Significantly the highest score 

(7.13) was assigned to the naan prepared from fermented flour of wheat variety Faisalabad-08 

and the lowest score (5.83) was assigned to the naan prepared from untreated flour of Lasani-08.  
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Table 94. Analysis of variance for chewing ability of naan of wheat varieties at different 

flour extraction rates   

SOV df MS 

Extraction rates 3 17.07** 

Wheat varieties 2 8.89** 

Treatments 1 1.75* 

Extraction rates × Wheat varieties 6 0.29NS 

Extraction rates × Treatments 3 1.36* 

Wheat varieties × Treatments 2 0.67NS 

Extraction rates × Wheat varieties × Treatments 6 0.35NS 

Error 96 0.39 

Total 119  

** = Highly significant   *= Significant   NS = Non significant 

 

Table 95. Chewing ability of naan of wheat varieties at different flour extraction rates   

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 6.95bc 6.10def 5.65fgh 5.40ghi 6.03b 

Faisalabad-08 7.70a 6.50bcd 6.40cde 6.15def 6.68a 

Lasani-08 7.0b 5.90efg 5.25hi 4.95i 5.77b 

Mean 7.22a 6.16b 5.76c 5.50d  

Mean carrying same letters are not significantly different from each other 
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Table 96 (a). Interactive effect of treatments on wheat varieties and extraction rates 

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.05b 6.0b 6.03b 70 7.36a 7.06a 7.22a 

Faisalabad-08 6.53a 6.85a 6.68a 80 5.80cd 6.53b 6.16b 

Lasani-08 5.55c 6.0b 5.77b 90 5.60cd 5.93c 5.76c 

Mean 6.04b 6.28a  WWF 5.40d 5.60cd 5.50d 

    Mean 6.04b 6.28a  

Mean carrying same letters are not significantly different from each other 

 

Table 96 (b). Interactive effect of treatments, extraction rates and wheat varieties on 

chewing ability 

Wheat varieties Treatments
Extraction rate (%) 

70 80 90 WWF 

AARI-II 
T0 7.50abc 5.90fgh 5.50ghi 5.30hi 

T1 6.40def 6.30def 5.80fgh 5.50ghi 

Faisalabad-08 
T0 7.60ab 6.20efg 6.30def 6.0fgh 

T1 7.80a 6.50def 6.80cde 6.30def 

Lasani-08 
T0 7.0bcd 5.30hi 5.0i 4.90i 

T1 7.0bcd 6.50def 5.50ghi 5.0i 

       Mean carrying same letters are not significantly different from each other 

       T0 = Untreated flour      T1 = Fermented Flour  
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 From the results it is concluded that low extraction rate flour is most suitable for 

preparation of naan as compared to the naan prepared from whole wheat flour. 

 The statistical data regarding sensory evaluation of naan for various parameters i.e. 

(color, taste, texture, flexibility, chewing ability and overall acceptability) exhibited that naan 

prepared from different flour was also significantly affected by the extraction rate. Naan 

prepared from 70% extraction rate flour was accepted by the panel of judges as compared to 

naan prepared by high extraction rate flour. 

 However, on the basis of scores assigned by the panel of trained judges to different 

sensory attributes of chapattis and naan it may concluded that chapattis prepared from whole 

wheat flour was selected for efficacy studies. Naan was not selected because they were prepared 

from low extraction rate flour and hence they contain less mineral contents as compared to 

chapattis. Moreover people of Pakistan like to eat chapattis as their staple food rather than that of 

naan. Comparison of chapattis and naan prepared was found to be highly significant (P<0.01) as 

texture of chapattis increased with increasing extraction rate where as in case of naan the texture 

was decreased with increase in extraction rate. Naan prepared with higher extraction rate flour 

has less acceptability as compared to the naan prepared with low extraction rate flour due to the 

presence of bran particles.  
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Table 97. Analysis of variance for overall acceptability of naan of wheat varieties at 

different flour extraction rates   

SOV df MS 

Extraction rates 3 9.98** 

Wheat varieties 2 0.68 NS 

Treatments 1 1.01* 

Extraction rates × Wheat varieties 6 2.52** 

Extraction rates × Treatments 3 1.57** 

Wheat varieties × Treatments 2 0.73 NS 

Extraction rates × Wheat varieties × Treatments 6 3.29** 

Error 96 0.36 

Total 119  

** = Highly significant   *= Significant   NS = Non significant 

 

Table 98. Overall acceptability of naan of wheat varieties at different flour extraction rates   

Wheat varieties 
Extraction rate (%) 

Mean 
70 80 90 WWF 

AARI-11 7.45b 6.50cd 5.75fgh 5.70fgh 6.35b 

Faisalabad-08 8.05a 7.0bc 6.45de 6.0def 6.87a 

Lasani-08 7.0bc 5.95efg 5.45gh 5.40h 5.95c 

Mean 7.50a 6.48b 5.88c 5.70c  

Mean carrying same letters are not significantly different from each other 
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Table 99 (a). Interactive effect of treatments on wheat varieties and extraction rates 

Wheat varieties 
Treatments 

Mean 
Extraction 

rate (%) 

Treatments 
Mean 

T0 T1 T0  T1 

AARI-11 6.30bc 6.40bc 6.35b 70 7.50a 7.46a 7.50a 

Faisalabad-08 6.63b 7.13a 6.87a 80 6.33bc 6.63b 6.48b 

Lasani-08 5.83d 6.07cd 5.95c 90 5.73de 6.03cd 5.88c 

Mean 6.25b 6.53a  WWF 5.40e 6.0cd 5.70c 

    Mean 6.25b 6.53a  

Mean carrying same letters are not significantly different from each other 

 

Table 99 (b). Interactive effect of treatments, extraction rates and wheat varieties on 

overall acceptability  

Wheat varieties Treatments
Extraction rate (%) 

70 80 90 WWF 

AARI-II T0 7.70abc 6.50defg 5.60hi 5.40hi 

T1 7.20bcd 6.50defg 5.90ghi 6.0ghi 

Faisalabad-08 T0 7.90ab 7.0cde 6.10fgh 5.50hi 

T1 8.20a 7.0cde 6.80def 6.50defg 

Lasani-08 T0 7.0cde 5.50hi 5.50hi 5.30i 

T1 7.0cde 6.40efg 5.40hi 5.50hi 

       Mean carrying same letters are not significantly different from each other 

       T0 = Untreated flour      T1 = Fermented Flour 
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4.8. Efficacy studies 

 On the basis of physico-chemical and rheological characteristics two wheat varieties 

namely AARI-11 and Faisalabad-08 with their respective flours 90% extraction rate and whole 

wheat flour were selected to conduct efficacy studies. Mineral contents were also significantly 

higher in these two varieties. Chapattis were prepared with 90% extraction rate and whole wheat 

flour samples. The selection of chapattis was made on the basis of sensory characteristics. 

Efficacy study was carried out in two different respective years i.e. 2011 and 2012, in order to 

evaluate the serum biochemical profile and liver functioning test. 

4.8.1. Physical parameters 

4.8.1.1. Feed intake (g/group/day) 

 The results pertaining to the feed intake of different groups of rats fed on different diets 

containing chapattis are illustrated in Figure 4.1. The figure regarding to the feed intake of the 

groups showed that different groups of rats were significantly affected by the different diets. It is 

obvious from the results that group of rats fed with chapattis prepared from fermentation of 

whole wheat flour has highest feed intake. It is further depicted that wheat varieties and study 

years showed non significant differences but highly significant difference was observed among 

days and groups. The chapattis that were prepared by fermented whole wheat flour were more 

accepted by the rats as compared to the other chapattis. Same results were obtained in the second 

trial which was conducted in 2nd year study because all the experimental conditions were the 

same. Study period was significantly affected to the feed intake. G8 (fermented whole wheat 

flour of wheat variety Faisalabad-08) and G4 (90% extraction rate fermented flour of wheat 

variety Faisalabad-08) showed maximum score regarding to the feed intake. Hence feed intake 

significantly increased with increase in study time period.  

4.8.1.2. Water intake 

 The results related to the water intake of different groups of rats were demonstrated in 

Figure 4.2. From the statistical results it is evident that water intake level was significantly 

increased with increasing experimental time period.  
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Figure 4.1 (a). Feed intake (g/group) of rats fed on different diets (1st year study) 

 

 

 

Figure 4.1 (b). Feed intake (g/group) of rats fed on different diets (2nd year study) 

G1 = AARI-11 90% extraction rate               G2 = AARI-11 fermented 90% extraction rate 
G3 = Faisalabad-08 90% extraction rate        G4 = Faisalabad-08 fermented 90% extraction rate 
G5 = AARI-11 whole wheat flour                 G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour          G8 = Faisalabad-08 fermented whole wheat flour  
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Fig. 4.2 (a). Water intake (mL/rat/day) of rats on different diets (1st year study) 

 

 

Fig. 4.2 (b). Water intake (mL/rat/day) of rats on different diets (2nd year study) 

G1 = AARI-11 90% extraction rate               G2 = AARI-11 fermented 90% extraction rate 
G3 = Faisalabad-08 90% extraction rate       G4 = Faisalabad-08 fermented 90% extraction rate 
G5 = AARI-11 whole wheat flour                 G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour          G8 = Faisalabad-08 fermented whole wheat flour  
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The water intake was significantly affected by the feed intake. There was significant difference 

exist among groups but non significant difference found between two experimental years. G8 

(fermented whole wheat flour of wheat variety Faisalabad-08) and G6 (fermented whole wheat 

flour of wheat variety AARI-11) possessed highest water intake values and also exhibited non 

significant difference among each other. 

4.8.1.3. Body weight 

The body weight of rats fed with chapattis has been given in Figure 4.3 (a, b). The data 

manifested higher body weight in fourth week of feeding while in beginning the significantly 

lower body weight was observed. The groups of rats fed with fermented chapattis and whole 

wheat flour showed maximum body weight. The wheat varieties were found to be non significant 

but groups showed significant (P<0.01) effect among each other. The weight of the rat was 

totally dependent on the type and formulation of the diet. The whole wheat flour and higher 

extraction rate fermented chapattis were more accepted by the rats. The highest weight gain was 

observed in the group of rats G8 (fermented whole wheat flour of wheat variety Faisalabad-08) 

fed with fermented whole wheat flour i.e. 210 and 185 g/group/week during first and second 

experimental year, respectively. The lowest weight gain (196 g) was recorded in rats group fed 

on diet prepared with 90% extraction rate flour without fermentation G1 (90% extraction rate 

flour of wheat variety AARI-11). It is obvious from the results that chapattis prepared form 

different flour samples were positively affected towards the weight gain in rats. In the present 

study increase in body weight is because of the higher levels of flour extraction rate given to rats 

throughout the study period. No negative effect of fermentation on the body weight of rats was 

observed. 

Results of present study are in line to the findings of Akhtar et al. (2010) who reported 

that increase in body weight occur due to the diets containing whole wheat flour which provide 

necessary nutrients to the body. The chapattis prepared with fermented whole wheat flour has 

positive influence to the body weight. 
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Fig. 4.3 (a). Body weight (g/group/week) of rats based on different diets (1st year study) 

 

 

Fig. 4.3 (b). Body weight (g/group/week) of rats based on different diets (2nd year study) 

G1 = AARI-11 90% extraction rate               G2 = AARI-11 fermented 90% extraction rate 
G3 = Faisalabad-08 90% extraction rate       G4 = Faisalabad-08 fermented 90% extraction rate 
G5 = AARI-11 whole wheat flour                 G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour          G8 = Faisalabad-08 fermented whole wheat flour  
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4.8.2. Changes in organ weight 

4.8.2.1. Heart 

The analysis of variance for change in heart weight of different groups of rats has been 

presented in Table 100 which explored that change in heart weight was slightly affected by 

treatments and its interaction with study period but significantly affected by study period.  

The mean values for change in heart weight are presented in Table 101 which explained 

that heart weight was affected due to different treatments. Heart weight ranged from 0.36 to 0.44 

g/rat after 28 days of study period. Statistically non significant variations were noted in G1 (90% 

extraction rate flour of wheat variety AARI-11) and G3 (90% extraction rate flour of wheat 

variety Faisalabad-08) for heart weight as 0.36 g/rat and 0.36 g/rat, respectively and also among 

G4 (90% extraction rate fermented flour of wheat variety Faisalabad-08) and G5 (whole wheat 

flour of wheat variety AARI-11). It was concluded there exists non significant difference among 

wheat varieties (P>0.05) but highly significant difference was found among extraction rates 

(P<0.01). G8 (fermented whole wheat flour of wheat variety Faisalabad-08) showed significantly 

higher weight as compared to other groups. Results prescribed that there was non significant 

difference among the days. There was also non significant difference found in weight of control 

group which was 0.43 g/rat at 0 day and had no change after 28 days. Chapattis prepared from 

fermented whole wheat flour showed significant effect on the heart weight. It was also concluded 

from the results that chapattis prepared from fermented has no adverse effect on the body organs. 

The results regarding to heart weight in 2nd year study showed similar trend as in 1st year 

study. Significant trend was found in the groups. At 0 day there was non significant effect 

observed among the groups. The maximum heart weight was found in G0 (control). Results 

showed non significant difference in G0 (control) and G8 (fermented whole wheat flour of wheat 

variety Faisalabad-08) after 28 days of study period. 
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Table 100. Analysis of variance for heart weight of different groups of rats 

SOV Df 1st year study 2nd year study 

Days 1 0.0002NS 0.012** 

Groups 8 0.0047** 0.004** 

Days × Groups 8 0.0005** 0.0002NS 

Error 36 0.001 0.0002 

Total 53   

** = Highly significant 

 Table 101. Heart weight (g/rat) of different groups of rats 

1st year study 2nd year study 

Heart 

weight 

(g/rat) 

Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

G0 0.43ab 0.43ab 0.43a 0.40bcd 0.43a 0.42a 

G1 0.35g 0.36g 0.35f 0.34h 0.37efg 0.35d 

G2 0.39ef 0.39ef 0.39d 0.35gh 0.38def 0.36cd 

G3 0.36g 0.36g 0.36ef 0.34h 0.37efg 0.35d 

G4 0.39ef 0.40de 0.40bc 0.35gh 0.39cd 0.37c 

G5 0.38f 0.40de 0.39d 0.34h 0.36fg 0.35d 

G6 0.41cd 0.42bc 0.42b 0.39cd 0.40bcd 0.39b 

G7 0.40de 0.41cd 0.41bc 0.35gh 0.39cd 0.37c 

G8 0.42bc 0.44a 0.43a 0.41abc 0.42ab 0.42a 

Mean 0.39a 0.40a  0.36b 0.39a  

              Mean carrying same letters are not significantly different from each other 

G0 = Control            
G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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 4.8.2.2. Liver 

 Analysis of variance regarding to liver weight has been presented in Table 102. Mean 

values relating to the liver weight has been given in Table 103. It was concluded from the results 

that chapattis prepared from 90% extraction rate flour has significant effect to the weight of the 

liver. There was non significant difference found among the two study years. The results showed 

significant increasing trend after 28 days of experimental period. Control group was possessed 

liver weight 5.21 and 5.25 g/rat in 0 and 28 days, respectively. The higher liver weight was 

observed in control group. The values showed highly significant difference among 0 to 28 days. 

The lowest liver weight was observed in G1 (90% extraction rate flour of wheat variety AARI-

11) and G5 (whole wheat flour of wheat variety AARI-11). Liver weight was directly influenced 

by the chapattis which prepared by different extraction rate flour. 

4.8.3. Hemoglobin level 

 Hemoglobin is a combination of four globin associated with a heme group responsible for 

transport of oxygen throughout body.  

 The results pertaining to the hemoglobin level of the different rats groups are presented in 

Table 104. Hemoglobin level of all the groups exhibited highly significant effect. Mean values 

regarding to the hemoglobin level of different rats groups which fed with fermented and non 

fermented chapattis have been given in Table 105. Maximum hemoglobin level was found in G6 

(fermented whole wheat flour of wheat variety AARI-11) and G8 (fermented whole wheat flour 

of wheat variety Faisalabad-08) in first year study and minimum hemoglobin level was found in 

G3 (90% extraction rate flour of wheat variety Faisalabad-08). The results showed the significant 

effect by using the diet which was prepared by fermented whole wheat flour and hemoglobin 

level did not show any variation from the normal range hence safety of fermented chapattis were 

found to be significant. Thus it was concluded that it is possible to prepare chapattis by 

fermentation process having serum lipid improvement effect and hypotensive effect on rats. 

From the results it was clearly shown that hemoglobin level remained in its normal range during 

28 days of experimental study. The groups of rats which were fed with non fermented flour 

chapattis exhibited low level of hemoglobin and those groups which fed with fermented  
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Table 102. Analysis of variance for liver weight of different groups of rats 

SOV df 1st year study 2nd year study 

Days 1 0.025** 0.024** 

Groups 8 0.01** 0.011** 

Days × Groups 8 0.001** 0.000** 

Error 36 0.0001 0.0001 

Total 53   

                            ** = Highly significant   * = Significant  
 
Table 103. Liver weight (g/rat) of different groups of rats 

1st year study 2nd year study 

Liver 

weight 

(g/rat) 

Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

G0 5.21b 5.25a 5.23a 5.19cd 5.23a 5.21a 

G1 5.06j 5.11h 5.08g 5.02m 5.08l 5.05e 

G2 5.13fg 5.16cd 5.14d 5.15gh 5.17ef 5.15c 

G3 5.11h 5.15de 5.13e 5.13j 5.18de 5.15c 

G4 5.14ef 5.19b 5.16bc 5.15gh 5.18de 5.17bc 

G5 5.09i 5.12gh 5.11f 5.11k 5.14ij 5.12d 

G6 5.12gh 5.19b 5.15cd 5.13j 5.20bc 5.17bc 

G7 5.15de 5.17c 5.16bc 5.14ij 5.17ef 5.15c 

G8 5.14ef 5.20b 5.17b 5.15gh 5.21b 5.18b 

Mean 5.13b 5.17a  5.13b 5.17a  

         Mean carrying same letters are not significantly different from each other 

G0 = Control            
G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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Table 104. Analysis of variance for hemoglobin level of different groups of rats 

SOV df Ist year study 2nd year study 

Days 1 10.75** 14.69** 

Groups 8 1.19** 0.96** 

Days × Groups 8 0.15** 0.06** 

Error 36 0.00 0.00 

Total 53   

 

Table 105. Hemoglobin level (g/dL) of different groups of rats 

Ist year study 2nd year study 

Hb 
level 

(g/dL) 

Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

G0 12.60d 13.03c 12.82c 12.02j 13.11d 12.56e 

G1 11.70j 9.34n 10.52g 11.65l 9.31q 10.48h 

G2 12.14h 13.11b 12.63d 12.11i 13.17c 12.64d 

G3 11.43k 9.22o 10.33h 11.35n 9.20r 10.28i 

G4 12.21g 13.02c 12.62d 12.26h 13.08e 12.67c 

G5 11.76i 10.86l 11.31e 11.54m 10.74p 11.14g 

G6 12.43e 13.63a 13.03a 12.61f 13.58a 13.09a 

G7 11.72j 10.83m 11.27f 11.70k 10.84o 11.27f 

G8 12.34f 13.62a 12.98b 12.32g 13.52b 12.92b 

Mean 12.04a 11.85b  11.95a 11.84b  

          Mean carrying same letters are not significantly different from each other  
             
            G0 = Control            

G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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flour chapattis showed significantly increased hemoglobin level. Chapattis made from whole 

wheat flour also revealed significant effect on the hemoglobin level and hence it was concluded 

that fermentation has positive effect on the bioavailability of the minerals and iron status also 

improved by lowering the effect of phytic acid. G1 (90% extraction rate flour of wheat variety 

AARI-11) and G3 (90% extraction rate flour of wheat variety Faisalabad-08) exhibited low 

hemoglobin level. 

  During 2nd year study the maximum hemoglobin level was determined in G6 (fermented 

whole wheat flour of wheat variety AARI-11) and minimum was found in G1 (90% extraction 

rate flour of wheat variety AARI-11) after 28 days of study period. There was highly significant 

difference observed among the groups. Rats fed with non fermented flour chapattis showed low 

level of hemoglobin as compared to fermented flour chapattis. 

 The hemoglobin level showed that all rats groups are not in their normal range which 

indicates that some rats are non anemic while other have low level of hemoglobin. The 

experimental diets which were prepared by fermented flour exhibited positive effect on the 

hemoglobin level of rats. 

4.8.4. Blood glucose concentration 

 The results regarding to the blood glucose concentration of rats fed with different diets 

have been demonstrated in Table 106. It has been depicted from the results that blood glucose 

concentration significantly affected by the experimental diets which was given to the rat groups. 

Mean values pertaining to the blood glucose concentration of different rat groups fed on different 

diets have been presented in Table 107. Results showed that variation in different diets exerts 

pronounced effect on the blood glucose concentration. 

  It is evident from the results that significant higher glucose concentration was observed 

in group (G6) which was comprised of fermented whole wheat flour of wheat variety AARI-11. 

From the results it has been concluded that at 0 day the blood glucose concentration was ranged 

from 80.12 to 84.41 mg/dL whilst after 28 days of feeding trial the blood glucose concentration 

was ranged from 82.19 to 86.89 mg/dL in first year experiment. Results showed that blood 

glucose concentration was significantly increased with the experimental diets but it remained in 

normal range. Two experimental groups G1 (90% extraction rate flour of wheat variety AARI-  
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Table 106. Analysis of variance for blood glucose concentration of different groups of rats 

SOV df 1st year study 2nd year study 

Days 1 298.96** 400.60** 

Groups 8 34.65** 37.15** 

Days × Groups 8 6.28** 14.81** 

Error 36 0.36 0.01 

Total 53   

 

Table 107. Blood glucose concentration of different groups of rats 

1st year study 2nd year study 

Blood glucose 

concentration 

(mg/dL) 

Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

G0 84.33d 86.55c 85.44b 80.21k 84.23g 82.22f 

G1 81.04i 83.04fg 82.04e 81.04j 84.15g 82.59e 

G2 78.09j 84.45d 81.27f 79.12l 83.29h 81.21g 

G3 79.07j 82.19gh 80.63f 78.29m 81.16j 79.73h 

G4 80.12i 84.18de 82.15e 79.16l 85.23e 82.19f 

G5 82.04h 87.29c 84.67c 82.51i 86.22d 84.36d 

G6 84.41d 89.17b 86.79a 78.13m 91.10a 84.62c 

G7 80.24i 86.89c 83.56d 84.62f 89.55c 87.08a 

G8 83.24ef 91.15a 87.19a 83.25h 90.41b 86.83b 

Mean 81.39b 86.10a     

     Mean carrying same letters are not significantly different from each other 
 
G0 = Control            
G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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11) and G4 (90% extraction rate flour of wheat variety Faisalabad-08) where as G0 (control) and 

G5 (whole wheat flour of wheat variety AARI-11) showed non significant effect at 0 day. After 

28 days of study time period the blood glucose concentration was significantly affected by the 

experimental diets. Chapattis prepared by fermented and non fermented flour exhibited 

significant effect on the blood glucose concentration and exerted no harmful effect on the body. 

 The results of blood glucose concentration in second trial were also showed significant 

effect of experimental diets. The blood glucose concentration was significantly increased during 

the respective time period. The maximum blood glucose concentration at 0 day was found in G7 

(whole wheat variety Faisalabad-08) and minimum blood glucose concentration was found in G6 

(fermented whole wheat flour of wheat variety AARI-11) whereas after 28 days the maximum 

blood glucose concentration was observed in G6 (fermented whole wheat flour of wheat variety 

AARI-11) and minimum was found in G3 (90% extraction rate flour of wheat variety Faisalabad-

08). It was concluded from the results that extraction rate exerts significant effect while wheat 

varieties showed non significant effect among each other. 

4.8.5. Liver functioning test 

 Liver is the main body organ which helps in digestion, regulating blood sugar levels, and 

in cleansing the blood of harmful chemicals. Liver perform this action by releasing bile salts into 

the intestines, releasing stored glucose into the blood and by using enzymes to transform toxic 

chemicals into their water soluble and less toxic form, so they can then be excreted by the 

kidneys (Nyblom et al., 2006). When a problem with the liver is suspected then levels of 

enzymes and other chemicals in the blood is tested. 

 According to different scientists and experts it has been described that liver transaminases 

(AST/ALT (SGOT/SGPT) are not liver function tests, but are biomarkers of liver injury in a 

patient with some degree of intact liver function. AST also called serum glutamic oxaloacetic 

transaminase (SGOT) or aspartate aminotransferase (ASAT) is similar to ALT in that it is 

another enzyme associated with liver parenchymal cells. It is raised in acute liver damage, but is 

also present in red blood cells and cardiac and skeletal muscle and is therefore not specific to the 

liver. The ratio of ALT to AST is sometimes useful in differentiating between causes of liver 
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damage (Nyblom et al., 2004; Nyblom et al., 2006). Elevated AST level is not specific for liver 

damage and it has also been used as a cardiac marker.  

4.8.5.1. ALP (alkaline phosphatase) 

 It is observed from the statistical results that diets, study intervals, and their interactions 

exhibited significant effect in liver functioning tests such as alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), alkaline phosphatase (ALP) and bilirubin.  

 Table 108 (a) and Table 108 (b) represented the analysis of variance for liver functioning 

tests of different groups of rats. The mean values regarding liver functioning test ALP (Table 

108) showed that liver enzymes remained in their normal range. The activities of liver enzyme 

ALP ranged from 156.0 to 199.05 IU/L in different diets of rats groups after 28 days of study 

time period. In first year study at 0 day the maximum ALP was observed in G8 (fermented whole 

wheat flour of wheat variety Faisalabad-08) and minimum was observed in rats group G1 (90% 

extraction rate flour of wheat variety AARI-11). After 28 days of feeding trial the maximum 

ALP was found to be significant in G8 (fermented whole wheat flour of wheat variety 

Faisalabad-08) and minimum was found in G0 (control). Enzyme ALP was ranged from 156.0 to 

199.05 IU/L in different groups after 28 days of study interval. It is concluded that all the results 

pertaining to the liver enzyme ALP were significantly different from each other.  

 In second year study the maximum ALP activity was found in G8 (fermented whole 

wheat flour of wheat variety Faisalabad-08) whereas minimum activity was observed in G0 

(control). There was no adverse effect observed by using the experimental diets. There was no 

sudden increase in enzyme activity. In 2nd trial ALP activity was ranged from 157.21 to 200.12 

IU/L. Experimental diets showed significant effect whilst study year exhibited non significant 

effect. It is concluded from the results that experimental diets showed significant decrease in the 

level of liver enzymes. 
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Table 108 (a). Analysis of variance for liver functioning test of different groups of rats 

 

  1st year study  

SOV df ALP ALT AST Bilirubin 

Days 1 8848.13** 173.63** 51.63** 0.17** 

Groups 8 808.27** 78.51** 32.43** 0.003** 

Days × Groups 8 256.13** 1.27** 1.05** 0.001* 

Error 36 0.11 0.02 0.16 0.001 

Total 53     

                    ** = Highly significant     * = Significant    

 

 

Table 108 (b). Analysis of variance for liver functioning test of different groups of rats 

  

  2nd year study  

SOV df ALP ALT AST Bilirubin 

Days 1 8895.55** 171.45** 55.43** 0.17** 

Groups 8 790.80** 74.33** 33.50** 0.01** 

Days × Groups 8 236.84** 1.17** 0.59** 0.002* 

Error 36 0.06 0.11 0.00 0.001 

Total 53     

                   ** = Highly significant      * = Significant    
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Table 109. ALP of different groups of rats 

 

1st year study 2nd year study 

Parameter Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

ALP 

(IU/L) 

G0 215.0b 156.0p 185.50g 215.13b 157.21p 186.17f 

G1 184.21j 160.13o 172.17i 185.05j 161.24o 173.14h 

G2 193.15i 171.04n 182.09h 194.32i 172.11n 183.22g 

G3 199.11f 184.21j 191.66e 201.09e 185.24j 193.16d 

G4 205.22e 180.14m 192.68d 206.13d 180.31m 193.22d 

G5 207.43d 182.33k 194.88c 207.51c 182.62k 195.06c 

G6 214.22c 195.31h 204.76b 215.17b 195.43h 205.30b 

G7 198.12g 181.16l 189.64f 198.51g 181.24l 189.88e 

G8 223.33a 199.05f 211.19a 223.63a 200.12f 211.88a 

Mean 204.42a 178.82b  205.17a 179.50b  

         Mean carrying same letters are not significantly different from each other 

G0 = Control            
G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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4.8.5.2. ALT (alanine aminotransferase) 

 The results pertaining to the liver enzyme ALT exhibited significant effect by the diets 

(Table 108 a, b). The statistical mean values are presented in Table 110. In both study years the 

values were significantly decreased and exerted positive effect to the liver enzyme ALT. The 

maximum ALT activity was observed in G8 (fermented whole wheat flour of wheat variety 

Faisalabad-08) during both study years. The liver enzyme ALT in 1st and 2nd years was ranged 

from 27.11 to 38.13 IU/L and 28.12 to 39.52 IU/L, respectively. From mean square tables it was 

elucidated that all values showed significant effect among the different groups. 

4.8.5.3. AST (aspartate aminotransferase) 

 Activities of liver enzyme AST was ranged from 20.35 to 27.04 IU/L in different diets 

groups after 28 days of study time period (Table 111). AST activity was also decreased 

significantly and values were significantly different from each other. The maximum values were 

found in G8 (fermented whole wheat flour of wheat variety Faisalabad-08) and minimum values 

were found in G3 (90% extraction rate flour of wheat variety Faisalabad-08) in both study year.  

4.8.5.4. Bilirubin total 

 Bilirubin is the yellow breakdown product of normal heme catabolism. Heme is found in 

the hemoglobin which is a principal component of red blood cells. Bilirubin is excreted in bile 

and urine and elevated level of bilirubin may indicate certain diseases (Rolinski et al., 2001).  

 The statistical results regarding to the bilirubin total of the different groups of rats have 

been given in Table 108 a, b. From the results it has been concluded that all values showed 

significant effect among the groups. Mean values are presented in Table 112. Significant 

interaction among the groups was observed. It was concluded that there was a significant effect 

of experimental diets. The maximum values regarding to bilirubin total was found in G8 

(fermented whole wheat flour of wheat variety Faisalabad-08) in both study years. Bilirubin total 

in 1st and 2nd study years was ranged from 0.60 to 0.71 mg/dL and 0.58 to 0.70 mg/dL, 

respectively. Results showed that all values were in the range and experimental diet exerted no 

adverse effect on the rats. 
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Table 110. ALT of different groups of rats 

 

 

1st year study 2nd year study 

Parameter Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

ALT 
(IU/L) 

G0 34.20e  29.86j  32.03d  35.23e  31.12i  33.17d  

G1 35.02d  31.22h  33.12c  36.13d  32.33h  34.23c  

G2 33.13f  29.13k  31.13e  34.03f  30.14j  32.08e  

G3 29.20k  27.11n  28.15h  30.17j  28.32l  29.25h  

G4 30.32i  27.43m  28.87g  36.21d  32.41h  34.31c  

G5 32.3g  28.03l  30.16f  33.11g  29.23k  31.17f  

G6 37.13c  32.13g  34.63b  38.34c  33.52fg  35.93b  

G7 30.32i  27.43m  28.87g  31.53i  28.12l  29.83g  

G8 43.13a  38.13b  39.63a  42.03a  39.52b  40.77a  

Mean 33.64a 30.05b    35.19a 31.63b    

         Mean carrying same letters are not significantly different from each other 

G0 = Control            
G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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Table 111. AST of different groups of rats 

 

 

1st year study 2nd year study 

Parameter Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

AST 

(IU/L) 

G0 29.10b  26.10ef  27.60b  30.31b  27.22g  28.76b  

G1 24.31h  22.24j  23.27f  25.07m 23.11q  24.09h  

G2 24.04h  23.11i  23.57f  25.21k  24.02o  24.62g  

G3 22.53ij 20.35k  21.44g  23.42p  21.32r  22.37i  

G4 26.12ef  25.62fg  25.87c  27.53e  25.71j  26.62d  

G5 25.05g  23.18i  24.12e  26.13i  24.14n  25.14f  

G6 28.12c  26.23ef  27.17b  28.63c  27.33f  27.98c  

G7 26.42de 24.34h  25.38d  27.04h  25.15l  26.09e  

G8 30.13a  27.04d  28.58a  31.11a  28.22d  29.66a  

Mean 26.18a 24.25b   27.16a 25.14b  

         Mean carrying same letters are not significantly different from each other 

G0 = Control            
G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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Table 112. Bilirubin total of different groups of rats 

 

 

1st year study 2nd year study 

Parameter Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

Bilirubin 

(mg/dL) 

G0 0.50f 0.64bc 0.57bc 0.50jk 0.61de 0.55d 

G1 0.53de 0.60c 0.57bc 0.52ij 0.58fg 0.55d 

G2 0.50f 0.63bc 0.57bc 0.49k 0.62cd 0.55d 

G3 0.55d 0.62c 0.58b 0.56gh 0.63bc 0.60b 

G4 0.52de 0.64bc 0.58b 0.52ij 0.64bc 0.58c 

G5 0.51ef 0.60c 0.56c 0.51jk 0.59ef 0.55d 

G6 0.53de 0.64bc 0.58b 0.54hi 0.65b 0.60b 

G7 0.51ef 0.67ab 0.59ab 0.50jk 0.68a 0.59bc 

G8 0.55d 0.71a 0.63a 0.55h 0.70a 0.63a 

Mean 0.52b 0.64a  0.52b 0.63a  

         Mean carrying same letters are not significantly different from each other 

G0 = Control            
G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 

 
    
 
    
 

  



164 
 

4.8.6. Mineral retention in plasma 

 After 28 days of experimental duration the rats of each group was decapitated and plasma 

of each group was analyzed for mineral retention such as calcium, magnesium, iron and zinc. 

4.8.6.1. Calcium retention in plasma 

 The analysis of variance for calcium content in plasma of rats fed with fermented and non 

fermented chapattis prepared by 90% extraction rate and whole wheat flour have been given in 

Table 113. It is obvious from the statistical results (Table 114) that calcium content in plasma 

showed significant effect and varied significantly due to the variation in extraction rate and flour. 

The variation in experimental study periods showed non significant difference for calcium 

retention in plasma. Results demonstrated that interaction of groups showed significant effect 

and all values are significantly different from each other. The calcium content was found to be 

highly significant among the rat groups which fed with chapattis prepared by fermented whole 

wheat flour as compared to those rats groups which were fed with chapattis prepared by simple 

flour. 

 The calcium was observed to be maximum retained in the plasma of rats fed with 

fermented whole wheat flour such as G2 (fermented flour of 90% extraction rate of wheat variety 

AARI-11), G4 (fermented flour of 90% extraction rate of wheat variety Faisalabad-08), G6 

(fermented whole wheat flour of wheat variety AARI-11) and G8 (fermented whole wheat flour 

of wheat variety Faisalabad-08) after completion of the study. Chapattis prepared with fermented 

flour showed maximum retention of calcium in plasma when compared with control (G0). 

 The concentration of calcium in plasma was observed to be minimum in groups of rats 

fed with non fermented chapattis such as G1 (90% extraction rate flour of wheat variety AARI-

11) and G3 (90% extraction rate flour of wheat variety Faisalabad-08). The same trend was 

observed during the 2nd year study but all the values were significantly different from each other 

and also have significant effect on the study duration. Chapattis prepared with whole wheat flour 

exhibited maximum calcium retention in the plasma. Groups of rats such as G8 (fermented whole 

wheat flour of wheat variety Faisalabad-08), G6 (fermented whole wheat flour of wheat variety 

AARI-11) and G4 (fermented flour of 90% extraction rate of wheat variety Faisalabad-08) 

showed higher concentration of calcium in plasma as 10.07, 9.72 and 9.64 mmol/L, respectively.  
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Table 113. Analysis of variance for calcium retention in plasma of different groups of rats  

SOV df 1st year study 2nd year study 

Days 1 16.36** 1.77** 

Groups 8 2.07** 15.78** 

Days × Groups 8 0.36** 0.28** 

Error 36 0.00 0.00 

Total 53   

** = Highly significant      

Table 114. Calcium retention in plasma of different groups of rats 

1st year study 2nd year study 

Ca 

(mmol/L) 

Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

G0 7.52p 8.03m 7.78h 7.51p 8.06l 7.78i 

G1 7.31q 8.26j 7.78h 7.33q 8.27k 7.80h 

G2 8.06l 9.51d 8.77d 8.04m 9.52d 8.78d 

G3 7.83n 8.50g 8.16f 7.80n 8.51g 8.15f 

G4 8.10k 9.87c 8.97c 8.07l 9.64c 8.85c 

G5 7.61o 8.61f 8.11g 7.61o 8.63f 8.12g 

G6 8.45h 9.92b 9.18b 8.40i 9.72b 9.06b 

G7 8.36i 8.83e 5.95e 8.32j 8.84e 8.58e 

G8 8.51g 10.13a 9.32a 8.45h 10.07a 9.26a 

Mean 7.97b 9.07a  7.95b 9.03a  

 Mean carrying same letters are not significantly different from each other 

G0 = Control            
G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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 It was further concluded that fermented whole wheat flour chapattis have contributed 

more concentration of calcium in plasma as compared to chapattis prepared by simple non 

fermented flour. The difference among the results was observed which might be due to the 

different extraction rate flour chapattis. The results of present study are in line with the earlier 

findings of Sarwar and Zia-ul-Hassan (2001).  

 The concentration of calcium in certain groups is not much higher but remained 

significant throughout the experimental period because homeostatic mechanism of the body 

keeps the calcium level in its normal range (Sarwar and Zia-ul-Hassan, 2001).  

4.8.6.2. Magnesium retention in plasma 

 Analysis of variance regarding to the magnesium concentration in plasma have been 

demonstrated in Table 115. The results showed highly significant of magnesium concentration in 

plasma among different groups of rats. Mean values regarding to the magnesium retention in 

plasma haven been given in Table 116. Magnesium concentration also showed significant effect. 

Rats present in groups G8 (fermented whole wheat flour of wheat variety Faisalabad-08), G6 

(fermented whole wheat flour of wheat variety AARI-11), G4 (fermented flour of 90% extraction 

rate of wheat variety Faisalabad-08) and G2 (fermented flour of 90% extraction rate of wheat 

variety AARI-11) exhibited higher level of magnesium in plasma whereas groups of rats G1 

(90% extraction rate flour of wheat variety AARI-11), G3 (90% extraction rate flour of wheat 

variety Faisalabad-08), G5 (whole wheat flour of wheat variety AARI-11) and G7 (whole wheat 

flour of wheat variety Faisalabad-08) exhibited lower level of magnesium in plasma, during 1st 

year of the experiment. It was also concluded from the results that concentration of magnesium 

in plasma of different groups of rats remained in its normal range. 

 Table showed that magnesium concentration was significantly different in all the groups 

during 2nd year study. Same trend of magnesium level in plasma was observed among the 

different groups. From the results it has been clearly demonstrated that groups of rats fed with 

fermented chapattis showed significantly higher magnesium concentration in plasma as 

compared to other groups. 
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Table 115. Analysis of variance for magnesium retention in plasma of different groups of 

rats 

SOV df 1st year study 2nd year study 

Days 1 9.60** 1.75** 

Groups 8 1.68** 9.01** 

Days × Groups 8 0.03** 0.03** 

Error 36 0.00 0.00 

Total 53   

** = Highly significant 

Table 116. Mg retention in plasma of different groups of rats 

1st year study 2nd year study 

Mg 

(mmol/L) 

Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

G0 4.96q 5.63l 5.30h 4.91k 5.64h 5.27g 

G1 5.12m 5.77k 5.44fg 5.09i 5.75g 5.42f 

G2 5.90h 6.83d 6.36c 5.92f 6.81c 6.36c 

G3 5.09n 5.81j 5.45f 5.06ij 5.73g 5.39f 

G4 5.82j 6.87c 6.35d 5.76g 6.85b 6.31d 

G5 5.02p 5.85i 5.44g 5.02j 5.77g 5.39f 

G6 6.0f 6.92b 6.46b 6.02e 6.90a 6.46b 

G7 5.04o 5.92g 5.48e 5.08i 5.92f 5.50e 

G8 6.03e 6.97a 6.50a 6.09d 6.94a 6.52a 

Mean 5.44b 6.28a  5.44b 6.25a  

      Mean carrying same letters are not significantly different from each other  
            G0 = Control            

G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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4.8.6.3. Iron retention in plasma 

 The statistical results pertaining to the iron retention in plasma have been given in Table 

117 which revealed that iron in plasma varied significantly due to the variation in chapattis. 

Mean values have been presented in Table 118. The interaction among the groups found to be 

significant. G8 (fermented whole wheat flour of wheat variety Faisalabad-08) exhibited higher 

iron in plasma 44.60 μmol/L followed by the G6 (fermented whole wheat flour of wheat variety 

AARI-11) which has 43.79 μmol/L iron in plasma during the 1st year study. From the results it is 

concluded that iron retention in plasma after 28 days in different groups during 1st and 2nd year 

study was ranged from 30.19 µmol/L to 44.60 µmol/L and 30.12 µmol/L to 44.14 µmol/L, 

respectively.     

 From the results it was concluded that group of rats which fed with non fermented 

chapattis exhibited lower iron concentration in plasma in both the study periods. The variation 

among the groups of rats showed significant effect of chapattis prepared with fermented whole 

wheat flour. 

4.8.6.4. Zinc retention in plasma 

 The analysis of variance regarding to the zinc content in plasma of different groups of 

rats fed with different chapattis have been presented in Table 119. From the statistical results 

(Table 120) it has been demonstrated that zinc concentration in plasma significantly affected by 

the experimental diets which were given to the different rats groups. The interaction among the 

groups was also highly significant. The higher concentration of zinc in plasma was found to be 

significant in G8 (fermented whole wheat flour of wheat variety Faisalabad-08) during the two 

respective years.  

 The results substantiated that zinc concentration in plasma of rat group G8 (fermented 

whole wheat flour of wheat variety Faisalabad-08) was ranged from 15.86 µmol/L to 16.92 

μmol/L during 0 to 28 days of the experimental study. It was concluded that chapattis prepared 

by fermented whole wheat flour exhibit higher zinc concentration in plasma. During the 2nd trial 

the maximum zinc concentration in plasma was found to be highly significant in the groups of 

rats which were fed with fermented whole wheat flour chapattis. The zinc concentration in 

plasma in all the groups was in its normal range and significantly affected by the experimental 

diets and duration.   
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Table 117. Analysis of variance for iron retention in plasma of different groups of rats  

SOV df 1st year study 2nd year study 

Days 1 113.42** 144.39** 

Groups 8 138.81** 113.54** 

Days × Groups 8 1.33** 0.76** 

Error 36 2.79e-04 1.00e-04 

Total 53   

** = Highly significant 

Table 118. Iron retention in plasma of different groups of rats 

 

1st year study 2nd year study 

Fe 

(µmol/L) 

Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

G0 27.92p 30.19o 29.05i 27.10r 30.12q 28.61i 

G1 30.96n 32.73l 31.84h 30.62p 32.71m 31.66h 

G2 38.72f 40.24d 39.48d 37.22h 40.21e 38.72d 

G3 31.26m 34.27j 32.76g 32.23n 35.13k 33.68f 

G4 38.26g 41.82c 40.04c 38.27g 40.15f 39.21c 

G5 32.98k 35.60i 34.29f 30.92o 35.26j 33.09g 

G6 40.16e 43.79b 41.97b 41.13d 43.73b 42.43b 

G7 32.98k 36.27h 34.63e 32.93l 36.24i 34.58e 

G8 40.18e 44.60a 42.39a 41.17c 44.14a 42.65a 

Mean 34.82b 37.72a  34.62b 37.52a  

        Mean carrying same letters are not significantly different from each other  
            G0 = Control            

G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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Table 119. Analysis of variance for zinc retention in plasma of different groups of rats 

SOV df 1st year study 2nd year study 

Days 1 55.89** 16.43** 

Groups 8 20.34** 48.75** 

Days × Groups 8 2.12** 0.74** 

Error 36 1.49 0.00 

Total 53   

** = Highly significant 

Table 120. Zinc retention in plasma of different groups of rats 

1st year study 2nd year study 

Zn 

(µmol/L) 

Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

G0 10.85r 12.0m 11.43i 10.80r 12.01m 11.41i 

G1 10.98q 12.75j 11.86h 10.93q 12.70j 11.82h 

G2 11.92p 14.76e 13.34d 11.22p 14.63e 12.93e 

G3 11.97n 13.01i 12.49g 11.27n 13.02i 12.15g 

G4 12.67k 14.92d 13.79c 12.62k 14.74d 13.68c 

G5 11.95o 13.72h 12.84f 11.25o 13.65h 12.45f 

G6 14.39f 16.38b 15.38b 14.41f 16.32b 15.36b 

G7 12.52l 13.96g 13.24e 12.50l 13.92g 13.21d 

G8 15.86c 16.92a 16.39a 15.83c 16.94a 16.38a 

Mean 12.57b 14.26a  12.31b 14.22a  

    Mean carrying same letters are not significantly different from each other  
G0 = Control            
G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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The calcium-phytate: zinc interaction adversely affects the zinc concentration in plasma and 

ultimately decreased zinc absorption which leads to the deficiency of zinc in the plasma (Walter 

et al., 2000).   

4.8.7. Serum ferritin level 

 Iron availability is tightly regulated by an array of proteins, including transferrin (Tf) and 

ferritin, which are responsible for iron transport and storage, respectively. These proteins bind 

iron in the ferric (Fe3+) form, which is non reactive. This helps inhibit the reaction of free iron 

with oxygen, which can lead to free radical formation and cell injury. Transferrin is a plasma 

protein secreted primarily by hepatocytes whose key role is the formation of RBCs, called 

erythropoiesis. Iron is stored in the body in the form of ferritin. In case of dietary iron deficiency, 

iron stores are utilized to supply iron metabolic needs. Therefore, low serum ferritin 

concentration reflects depleted body iron stores. In case of iron overload disorders, serum ferritin 

concentration is elevated above normal (Gonzalez et al., 2009). Measurement of serum ferritin is 

the most sensitive indicator of body iron stores in a normal healthy adult.  

 Analysis of variance regarding to the serum ferritin concentration of different groups is 

presented in Table 121. From the results (Table 122) it is concluded that chapattis prepared by 

fermented whole wheat flour showed significant (P<0.01) effect on the serum ferritin 

concentration. Results were significantly different from each other. The amount of ferritin is 

directly related to the amount of the iron stored in the body. In rats groups serum ferritin 

concentration increases but remained in its normal range and not adverse effect of chapattis was 

observed among the different groups of rats.  

 The maximum ferritin concentration was found in G8 (fermented whole wheat flour of 

wheat variety Faisalabad-08) followed by the G6 (fermented whole wheat flour of wheat variety 

AARI-11) and G4 (fermented flour of 90% extraction rate of wheat variety Faisalabad-08) in 

both study years. The serum ferritin concentration in different groups in both trials was ranged 

from 56.22 µmol/L to 90.24 µmol/L and 55.24 µmol/L to 91.44 µmol/L. The serum ferritin level 

among the groups was significantly different among each other. Results showed that minimum 

ferritin concentration was found in G0 (control) and G1 (90% extraction rate flour of wheat 

variety AARI-11). 
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Table 121. Analysis of variance for serum ferritin concentration of different groups of rats 

SOV df 1st year study 2nd year study 

Days 1 41098.1** 41290.3** 

Groups 8 199.14** 206.88** 

Days × Groups 8 185.03** 211.49** 

Error 36 8.07e-04 5.89e-04 

Total 53   

** = Highly significant 

 
Table 122. Serum ferritin concentration of different groups of rats 

1st year study 2nd year study 

Serum 
ferritin 

(µmol/L) 

Groups 
Days 

Mean 
Days 

Mean 
0 28 0 28 

G0 20.13n 56.22i 38.17i 20.11o 55.24i 37.67i 

G1 19.04q 65.45h 42.24h 20.24n 66.03h 43.13h 

G2 22.24j 81.45d 51.84d 21.33k 82.38d 51.85d 

G3 19.65o 69.53g 44.58g 19.64p 69.21g 44.42g 

G4 20.33m 84.14c 52.24c 20.36m 85.09c 52.73c 

G5 21.43k 71.23f 46.33f 22.43j 72.04f 47.24e 

G6 19.47p 88.03b 53.75b 20.14o 88.01b 54.08b 

G7 20.11n 73.13e 46.33f 20.53l 72.64e 46.58f 

G8 20.44l 90.24a 55.34a 19.55q 91.44a 55.50a 

Mean 20.32b 75.49a  20.48b 75.78a  

    Mean carrying same letters are not significantly different from each other 
G0 = Control            
G1 = AARI-11 90% extraction rate flour          
G2 = AARI-11 fermented 90% extraction rate flour          
G3 = Faisalabad-08 90% extraction rate flour                      
G4 = Faisalabad-08 fermented 90% extraction rate flour  
G5 = AARI-11 whole wheat flour                  
G6 = AARI-11 fermented whole wheat flour 
G7 = Faisalabad-08 whole wheat flour           
G8 = Faisalabad-08 fermented whole wheat flour 
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SUMMARY 

 
 Among the cereals, wheat is a unique gift of nature to the mankind as once it is converted 

into dough; it can be molded into innumerable products of the choice. Wheat in Pakistan is 

largely consumed in the form of chapattis. However, due to improvement in living standards of 

the population, there is an increased demand for convenience foods that has led to rise in 

consumption of bakery products. 

 The present project was designed to investigate the suitability of different wheat varieties 

grown in Pakistan. Three wheat varieties namely AARI-11, Faisalabad-08 and Lasani-08 were 

purchased from Ayub Agricultural Research Institute, Faisalabad, Pakistan. The wheat varieties 

were evaluated for physico-chemical analysis, mineral estimation, rheological studies and 

efficacy characteristics.  

 The physical analysis of wheat varieties revealed that the test weight and thousand kernel 

weight of wheat grains showed significant variation among different wheat varieties. The highest 

test weight (76.97 kg/hL) was observed in AARI-11 while wheat variety Lasani-08 possessed the 

lowest test weight (73.79 kg/hL) and the highest thousand kernel weight (43.85 g) was observed 

in Faisalabad-08 while Lasani-08 has the lowest (40.71 g) thousand kernel weight. 

 The grains of each wheat variety were milled and four fractions were obtained. The 

straight grade flour was made by mixing break flour and reduction flour. The byproducts i.e. 

bran and shorts were blended with 70% extraction rate flour. The 80% and 90% extraction rates 

flours were obtained by proportional mixing of the byproducts of wheat flour with 70% 

extraction rates flour. Extraction rate is a dependent variable which can be controlled. 

 The chemical analysis including moisture, ash, fat, fiber and crude protein content of 

different extraction rates flour, was significantly affected by the wheat varieties and extraction 

rates. The flour with 70% extraction rate possessed the highest moisture (12.36%), wet gluten 

(27.56%) and dry gluten (10.58%) contents. On the other hand the whole wheat flour exhibited 

the highest ash (1.66%), protein (12.84%), fat (2.48%) and fiber (1.54%) contents. The wheat 

varieties significantly influenced the proximate composition of the flours. The wheat variety 

Faisalabad-08 significantly exhibited the highest moisture (12.13%), ash (0.91%), protein 

(12.49%) and dry gluten content (12.49%) whereas the wheat variety AARI-11 showed the 

highest fat (2.09%) and wet gluten content (27.46%). 
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  The extraction rates and wheat varieties significantly manipulated the rheological 

characteristics of the flour. With respect to the farinographic parameters it is evident from the 

statistical results that there was significant increase in the water absorption and dough 

development time with increase in the flour extraction rates. The flour with 70% extraction rate 

retained the highest dough stability (6.26 min.), mixing tolerance index (73.03 BU) and softening 

of the dough (103.75 BU) while the whole wheat flour has the highest proportion of water 

absorption (73.77 mL), dough development time (6.41 min.). Regarding mixographic 

characteristics, the whole wheat flour imparted the highest peak height (71.24%) and 

development time (5.98 min.) whereas the flour with 70% extraction rates has the lowest values 

for peak height (65.62%) and development time (5.12 min.). The peak height and dough 

development time varied significantly 67.31% to 70.13% and 5.27 min. to 5.71 min. respectively 

among different wheat varieties.  

 The mineral contents significantly affected by the extraction rates and wheat varieties. 

The calcium, magnesium, potassium, sodium, phosphorous, iron, zinc and copper content varied 

significantly from 53.86 mg/100g to 114.96 mg/100g, 138.41 mg/100g to 197.20 mg/100g, 39.55 

mg/100g to 221.21 mg/100g, 59.28 mg/100g to 28.79 mg/100g, 327.28 mg/100g to 265.57 

mg/100g, 4.82 mg/100g to 9.40 mg/100g, 2.55 mg/100g to 3.17 mg/100g and 0.69 mg/100g to 

1.32 mg/100g, respectively among flour of different extraction rates. Minerals like calcium, 

magnesium, potassium and iron was found significantly the highest in wheat variety AARI-11 

while sodium, phosphorous, iron, zinc and copper was observed maximum in wheat variety 

Faisalabad-08. The processing treatments including autoclaving, fermentation and enzyme 

hydrolyzing significantly increase the minerals. The highest increase of minerals was observed in 

the process of fermentation followed by the enzyme hydrolyzing and autoclaving. 

 The results showed that hydrochloric acid extractability of minerals increased 

significantly as the extraction rate increased. The significantly increase in hydrochloric acid 

extractability of calcium, magnesium, potassium, sodium, phosphorous, iron, zinc and copper 

was observed. Higher hydrochloric acid extractability was observed in whole wheat flour as 

compared to low extraction rates flour. The higher hydrochloric acid extractability of minerals 

from the fermented flour influenced the positive effect on the extraction rate. 

 The distribution of phytic acid in different extraction rates of flour was significantly 

affected. The phytic acid content ranged significantly from 3.58% to 5.37% among the flour of 
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different extraction rates. The whole wheat flour has the higher percentage of phytic acid 

followed by the 90%, 80% and 70% extraction rate flour. The significantly highest phytic acid 

content (4.56%) was recorded in wheat variety AARI-11 and the lowest phytic acid content 

(4.08%) was observed in wheat variety Faisalabad-08. It is evident from the results that the 

phytic acid content was decreased significantly from 5.36% to 3.62% in the fermentation 

treatment and in case of enzyme hydrolyzing the phytic acid was decreased from 5.36% to 

4.22%. The maximum percent reduction in phytic acid (56%) was observed in the process of 

fermentation in whole wheat flour followed by the enzyme hydrolyzed and autoclaved 

treatments. 

 The molar ratio of phytic acid to sodium and potassium was found to be highly 

significant. In fermented flour sample the phytic acid to mineral mole ratio was significantly 

increased with increase in the extraction rates. In wheat variety AARI-11 different extraction rate 

flour such as 70, 80, 90% and whole wheat flour has phytic acid to phosphorous mole ratio 0.12, 

0.16, 0.19 and 0.21, respectively. 

 On the basis of sensory characteristics the chapattis and naan significantly affected by the 

extraction rates and wheat varieties. The chapattis prepared by whole wheat flour was more 

acceptable by the panel of judges as compared to the chapattis prepared from low extraction rate 

flour while naan prepared by 70% extraction rate flour was more liked by the judges. Fermented 

chapattis got higher score as compared to non fermented chapattis. Chapattis of whole wheat 

flour and 90% extraction rate flour possessed the highest score hence these were selected for the 

efficacy studies. 

 Different parameters were studied regarding the efficacy studies. Physical parameters 

such as feed intake, water intake and body weight showed highly significant effect on the diets. 

The biological essay was carried out to assess the effect of experimental chapattis on the body 

organs. The body weight and feed intake progressively increased with increase in experimental 

days. Efficacy study was designed to study the stability, acceptability and bioavailability of 

different minerals like calcium, magnesium, zinc and iron. Liver functioning tests including 

ALP, ALT, AST and bilirubin total also showed that fermentation has positive effect on the body 

of the rats and no adverse effect has been examined by the use of fermentation. There was no 

harmful effect of fermented chapattis and they affect rat liver function favorably.  
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 Rats group G6 (fermented whole wheat flour of wheat variety AARI-11) and G8 

(fermented whole wheat flour of wheat variety Faisalabad-08) possessed higher hemoglobin 

level in both study years. Experimental diets such as chapattis prepared by untreated flour 

samples and fermented flour samples showed significant effect on the groups of rats. Blood 

glucose concentration was also significantly affected by the experimental chapattis. There was 

non significant difference found in both experimental years. Retention of minerals such as 

calcium, magnesium, iron and zinc were also found to be highly significant. Higher mineral 

retention was found in G6 (fermented whole wheat flour of wheat variety AARI-11) and G8 

(fermented whole wheat flour of wheat variety Faisalabad-08).  

 The maximum serum ferritin concentration was found in G8 (fermented whole wheat 

flour of wheat variety Faisalabad-08) followed by the G6 (fermented whole wheat flour of wheat 

variety AARI-11) and G4 (fermented flour of 90% extraction rate of wheat variety Faisalabad-

08) in both study years. The serum ferritin concentration in different groups in both trials was 

ranged from 56.22 µmol/L to 90.24 µmol/L and 55.24 µmol/L to 91.44 µmol/L. 
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CONCLUSION 
 
 

 The physico-chemical, rheological and mineral profile of the flour with different 

extraction efficiency was found to be significant. 

 The appropriate level of mineral depends on the amount of flour consumption, the degree 

of flour extraction, and the usual dietary intake of minerals and phytate. 

 Whole wheat flour ensures high mineral availability as compared to straight grade flour 

or low extraction rates flour hence there is need to enrich straight grade flour with 

mineral supplementation. 

 The mineral contents increased with the increase in flour extraction rates. The minerals 

were more bioavailable to the group of rats which were fed with chapattis prepared from 

fermented whole wheat flour.  

 Variations of phytic acid contents found in different extraction rates of wheat flour as the 

phytic acid increased with flour extraction rates. 

 There was no significant change in serum biochemical profile of both the study years 

among the rats as the experimental conditions were the same. 

 The indices of molar ratios of phytate/minerals predict that phytate shows the inhibitory 

effect on the bioavailability of minerals therefore, optimal food processing methods 

should be chosen to minimize this effect. 

 Fermentation of whole wheat flour make ensures highest bioavailability of minerals. 
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RECOMMENDATIONS 

 

 

 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. 

 Fermentation is an effective method and can be used for wheat quality assessment in 

order to make chapattis. 

 Further studies should be carried out to provide progress in the understanding of the 

potential nutritional and technological roles of the most persistence method in order to 

increase the mineral bioavailability. 
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