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Abstract: Flaxseed (Linum Usitatissimum) is being used extensively for the development of functional 
foods. The components of flaxseed, identified to exhibit the health benefits are fiber, proteins, lignans 
and linolenic acid. Moreover flaxseed is a good source of high quality protein, soluble fibers and 
phenolic compounds. The research work was carried out to evaluate the acceptability of flaxseed 
utilization in the bread. Flaxseed flours (partially defatted and full fat) supplemented wheat flour 
significantly improved the chemical composition (crude fat, crude fiber and crude protein). The scores 
assigned to all the sensory parameters of breads affected significantly with the variation in levels of 
flaxseed supplementation in wheat flours. The 12% replacements of both flaxseed flours resulted in 
acceptable product.  
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INTRODUCTION 

 
The prospective health benefits of oil seeds such as flaxseed, especially in relation to cancer and 

cardiovascular disease has got more consideration by the nutrition workers and food scientists. Many 
researchers are conducting studies on its role in the cure and prevention of several diseases (Jenkins et al., 
1999). Due to health promoting properties and excellent nutrient profile of flaxseed, it has been becoming a 
popular candidate for incorporation in human diet. Flaxseed is being used extensively for the development of 
functional foods. The components of flaxseed, identified to exhibit the health benefits are fiber, lignans and 
linolenic acid (Omega-3 fatty acid). Moreover flaxseed is a good source of high quality protein, soluble fibers 
and phenolic compounds (Oomah, 2001). 

The flaxseed is also an excellent source (about 28%) of dietary fiber. About two third of the total fiber in 
flaxseed is insoluble which increase the bulk in digestive system, thus aids in digestion and prevent constipation. 
These properties of fiber provide great protection against cancers. Whereas, remaining fiber portion of the 
flaxseed is soluble having the ability to lower cholesterol levels in the body. The soluble fibers also optimize the 
blood sugar concentrations (Institute of Medicine, 2002). It is a rich source of polyunsaturated fatty acids 
consisting about 80% of total oil with a high ratio of omega-3 to omega-6, both of which are essential and eaten 
as a part of diet since the body does not manufacture them from another source (Anon., 2006). Flaxseed oil 
contains one of the essential fatty acids i.e alpha linolenic acid. It is one of the three omega-3 fatty acids; the 
other two are eicosapentaenoinc and decosahexenoic from fish source. Omega-3 fatty acids play their role in 
reducing the risk of cardiovascular diseases. All the omega-3 fatty acids regulates the cholesterol, triglycerides 
and blood pressure, whereas alpha linolenic acid especially helps in proper growth of infants (Horrobin and 
Manku 1990; Morris, 2004). 

Wheat is a staple food of Pakistani people and is a leading cereal grain produced and consumed in the 
country. In Pakistan about 70% of the total wheat is processed to produce the unleavened flat bread locally 
known as chapatti and its other culinary variants, “tandoori roti”, “nans”, “prathas” and “poories”. The rest of 
the 30% is used for other bakery products such as breads, cookies, cakes and pastries. Wheat is the cheapest 
source of protein and calories for the inhabitants of Pakistan. The quality of wheat based products can be 
improved by supplementing them with other cheap and healthy plant based food materials. The flaxseed is 
indigenously produced in Pakistan and it was cultivated on an area of 5241 hectares and its production was 3631 
tonns during the year 2006-07 (GOP, 2007). Most of the flaxseed produced in Pakistan is used as animal feed. 
The wheat flour can be supplemented with flaxseed flour to improve its nutritional quality or for the 
development of functional foods.  The incorporation of flaxseed into diet can help to have a superior taste in 
regularly consumed dishes. The reddish brown flaxseed grains have a pleasant flavour and taste resembling nuts 
and its utilization is simple in different products. It can be spread over soups, salads, cereals or yoghurt. The 
baked products can be supplemented with whole flaxseed grains to achieve an attractive and appealing form 
with enhancement in the texture of final product. The grinding of flaxseed before its addition to products can be 
more beneficial to obtain the prospective health benefits from its active components like dietary fiber, lignans 
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and Omega-3 fatty acids. Several researchers has investigated that ground flaxseed or whole flaxseed grains can 
be replaced with wheat flour used for the production of pancake, muffins, breads and cookies. Several food 
products containing flaxseed are available in the market. The energy bars, pasta, bagels, muffins and pancakes 
are some of the examples of products with added flaxseed either in whole or its ground form (Muir and 
Westcott, 2000; Manthey et al., 2002).  

Keeping in view the medicinal and nutritional benefits of the flaxseed, present study was undertaken to 
improve the nutritional and functional properties of pan bread by the supplementation of flaxseed flours with the 
wheat flours. 
 

MATERIAL AND METHODS 
 

3.1Procurement of Raw Materials: 
Two types of food grains were used in the study. The wheat flour was used as a base material for the 

preparation of composite flours with flaxseed. The wheat variety SH 2002 was purchased from Wheat Research 
Institute, Faisalabad and Chandni variety of flaxseed was purchased from Oil Seeds Research Institute, 
Faisalabad, Pakistan. 
 
Primary Treatment of Raw Materials: 

The cleaning of flaxseed and wheat grains was performed manually to remove damaged seeds, dust 
particles, seeds of other grains/crops and other impurities such as metals and weeds. The flaxseed grains were 
roasted in the household microwave oven for 2.5 minutes with 480 W output under the operating frequency of 
2450 MHz by following the method described by Yang et al. (2004).  Flaxseed subjected to roasting through 
microwave processing was divided into two parts. Half of the roasted flaxseed grains were partially defatted by 
using the screw type mechanical press. 
 
Preparation of Straight Grade Flour: 

The wheat grains were tempered to 15.5% moisture level and allowed to stand for 24 hours at room 
temperature in a closed container in order to equilibrate moisture content in grains. The water required to temper 
the wheat grains was computed according to the expression given below (AACC, 2000).   
 

Wt. of water to be added =  
sample wheat of Wt. x 1

 moisture Desired100
 moisture Original100





 
 
The tempered wheat grains were milled in a Quardrumate Senior Mill to get straight grade flour by 

blending reduction and break roll flour mill streams. The milling of wheat grain samples was carried out by 
following the instructions provided in AACC (2000). 
 
Flaxseed Flour: 

The full fat flaxseed grains and partially defatted flaxseed meal were milled by passing through pin mill 
locally known as China “chakki” (grinder).  
 
Preparation and Storage of Composite Flours: 

The  composite flour were prepared by blending the whole wheat flour and straight grade flours with 
varying levels (0, 4, 8, 12, 16, 20%) of partially defatted (PDF) and full fat(FFF) flaxseed flours .  
 
Chemical Composition: 

The composite flour samples were analyzed for their chemical composition such as crude fat, crude protein 
and crude fiber contents according to their respective methods described in AACC (2000). 

 
Preparation of the Bread: 

The pan breads were prepared from different straight grade composite flours following the straight dough 
method as described in AACC (2000) method No. 10-10B. 

 
Sensory Evaluation of Breads: 

The subjective evaluation of bread samples was carried out for the external  sensory characteristics i.e. 
volume, color of crust, symmetry of form, evenness of bake, character of crust and internal characteristics like 
grain, color of crumb, aroma, taste and texture by a trained panel of six judges using score card given in 
Appendix II. The products were scored by the judges according to the method described by Matz (1972). 
 
Statistical Analysis: 
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The data obtained for each parameter was subjected to statistical analysis using Minitab statistical package 
(Minitab Quality Companion, 2003). The level of significance was determined by applying analysis of variance 
technique (one factor and two factor factorial CRD). Significant ranges were further postulated using DMR 
mean comparison test (Steel et al., 1997).  
 

RESULTS AND DISCUSSION 
 
The research work was carried out to evaluate the acceptability of flaxseed utilization in the bread. The 

flaxseed grains were roasted to reduce the cyanogenic contents. Half of the roasted flaxseed grains were 
converted into full fat flaxseed flour while other were partially defatted and ground to produce partially defatted 
flaxseed flour. The partially defatted flaxseed flour (PDF) and full fat flaxseed flour (FFF) were supplemented 
in to straight grade flour (SGF) to get composite flours. The flaxseed supplemented composite flours were 
analyzed for their chemical composition. The breads, prepared from composite were subjected to sensory 
evaluation. The selected products were subjected to biological assay.  
 
Chemical Composition of Composite Flours: 

The chemical composition of composite flours differed significantly due to the supplementation of PDF or 
FFF in SGF. The contents of crude fiber, crude fat and crude protein increased as the level of supplementation 
of PDF or FFF was increased in the composite flours. The lipids including fats and oils are one of the major 
constituents of foods, and are important in our diet for a number of reasons. They are a major source of energy 
and provide essential lipid nutrients. In many foods the lipid component plays a major role in determining the 
overall physical characteristics, such as flavor, texture, mouth-feel and appearance. The fat content in SGF 
composite flour increased as the level of supplementation of FFF increased. Similarly, the SGF composite flour 
supplemented with FFF showed significant variation in fat content due to variation in the supplementation level. 
The highest content of fat (8.90%) was recorded in the SGF supplemented with 20% FFF, while the lowest fat 
content (0.51%) was found in 100% SGF (control). It is evident that fat content was not affected significantly by 
the storage intervals. The crude fiber is a measure of the quantity of indigestible cellulose, pentosans, lignins 
and other components of this type present in foods. The crude fiber has little food value but it gives bulk to the 
food and also helps to regulate certain physiological functions. The crude fiber content of SGF composite flours 
also varied significantly among different composite flours supplemented with PDF and FFF. The crude f iber  
content  (2 .59%) was  found signif icant ly  the highest  in  20% PDF supplemented SGF composite 
flour. The crude fiber content in 100% SGF (control) was found to be the lowest (0.34%) as compared to PDF 
or FFF supplemented SGF composite flours. The crude fiber was not affected significantly during 60 days of 
storage period in all types of composite flours. The proteins are polymers of amino acids and their amount in a 
sample represents its quality index. The crude protein is normally determined by measuring the amount of 
nitrogen in a sample. The SGF composite flours supplemented with PDF and FFF followed the same trend with 
respect to protein content as observed in WWF composite flours. The protein content varied significantly 
between 10.44% for control (100% SGF) and 15.27% for WWF composite flour supplemented with 20% PDF. 
The SGF supplemented with FFF also exhibited the same trend regarding their protein contents as was observed 
in case of PDF supplementation in SGF. The protein content increased significantly with the increasing level of 
FFF and PDF supplementation in whole wheat or straight grade wheat flours. However, protein content was not 
affected significantly by the storage intervals (Table 1).  
 
Table 1: Chemical composition of composite flours. 

(% Flaxseed flour) 
Crude fat (%) Crude Fiber (%) Crude Protein (%) 

SGF+PDF SGF+FFF SGF+PDF SGF+FFF SGF+PDF SGF+FFF 
100% SGF 0.51 e 0.51 f 0.34 f 0.34 f 10.44 e 10.44 e 
4 1.68 d 2.99 e 0.79 e 0.68 e 11.38 d 10.91 de 
8 1.83 c 4.46 d 1.23 d 0.99 d 12.39 c 11.37 cd 
12 2.01 b 6.03 c 1.68 c 0.97 c 13.02 c 11.86 bc 
16 2.11 a 7.38 b 2.12 b 1.56 b 14.31 b 12.35 ab 
20 2.09 ab 8.90 a 2.59 a 1.92 a 15.27 a 12.81 a 

Means carrying same letters in a column are not significantly different from each other 

 
The supplementation of flaxseed in wheat flour significantly improved the nutrient profile of the composite 

flours.  The results of the present study are in line with the earlier study conducted by Hussain (2004) in which 
he has found significant improvement in the proximate composition (ash, fat, crude protein and crude fiber) of 
full fat flaxseed flour supplemented whole wheat flours. These results are also supported by the findings of 
Zaib-un-Nisa (2000), who reported that biscuits made from composite flour containing 15% ground flaxseed 
had increase in protein content from 6.50% to 8.52%, fat content from 26.13% to 31.45%, fiber content from 
0.15% to 3.78% and ash content from 0.26% to 1.00%. According to Gambus et el. (2004), a 3% increase in 
linseed in the recipe for flax hermit cookies and a 5% rise in flax muffins resulted in an increase in the amount 



Aust. J. Basic & Appl. Sci., 5(11): 978-983, 2011 

981 
 

of proteins and dietary fiber contents (Frank and Sarah, 2006). The results of the present study indicated that 
flaxseed flour supplementation into straight grade wheat flour improved the chemical constituents of the 
composite flours. This reflects the potential for use of flaxseed into wheat flour for enhancement of these 
nutrients/chemical constituents.The improvement in the chemical constituents such as protein, fat, fiber and was 
due to the fact that flaxseed flour had higher content of these constituents. 
 
Sensory Evaluation of Bread: 

The present study regarding sensory evaluation of pan breads prepared from partially defatted flaxseed flour 
(PDF) and full fat flaxseed flour (FFF) supplemented SGF indicated that all the external and internal sensory 
attributes were affected negatively as the level of supplementation of flaxseed flours (PDF and FFF) was 
increased beyond 12% (Tables 2, 3 and 4). The quality of breads based on sensoric attributes is described by 
appearance, aroma, texture and flavour (Lawless and Heyman, 1999; Meilgard et al., 2007). Wang et al. (2002) 
have concluded that addition or increase of dietary fiber in breads results in the decrease in loaf volume, 
increase in crumb firmness and darker crumb appearance of bread. Filipovic et al., (2007) and Ajmal et al., 
(2006) also found that incorporation of fibers (modified and unmodified) showed decrease in scores assigned to 
volume and crumb quality of bread. 

The sensory scores for appearance, texture and flavour of breads have been reported to be decrease by the 
incorporation of non wheat flours in wheat flours (Shittu at al., 2007). The results of the present study are in 
conformity with the work of Frank and Sarah (2006) who found that addition of 15% flaxseed meal in bread 
negatively affected the volume, crust colour and crumb colour of breads. The work of other researchers also 
supported the findings of the present study as Koca and Anil (2007) showed that crumb darkness increased by 
increasing the level of flaxseed flours levels. A significant decrease in assigning scores to all the sensory 
attributes has also been supported by the study conducted by Naz, (2000) who observed that breads exceeding 
15% flaxseed supplementation in wheat flour resulted in lower scores for texture, crumb colour, grain, and 
volume and crust colours. 

 
Table 2: Effect of flaxseed supplementation on volume, crust colour and symmetry of form of breads. 

(% Flaxseed flour) 
Volume 
(scores) 

Colour of crust 
(scores) 

Symmetry of form (scores) 

SGF+PDF SGF+FFF SGF+PDF SGF+FFF SGF+PDF SGF+FFF 
100% SGF 8.06 a 8.06 a 6.94 a 6.94 a 4.06 a 4.06 a 
4 7.50 b 7.28 b 6.72 a 6.94 a 4.00 a 4.06 a 
8 6.17 c 6.11 c 6.00 b 7.11 a 3.44 b 4.00 a 
12 5.39 d 5.44 d 5.50 bc 6.39 b 3.00 c 3.06 b 
16 4.22 e 4.00 e 5.17 c 5.72 c 2.94 c 3.00 b 
20 3.89 f 3.78 e 5.06 c 5.06 d 2.39 d 2.28 c 

Means carrying same letters in a column are not significantly different from each other 
 

Table 3: Effect of flaxseed supplementation on evenness of bake, character of crust and grain of breads. 

(% Flaxseed 
flour) 

Evenness of bake (scores) Character of crust (scores) 
Grain  

(scores) 
SGF+PDF SGF+PDF SGF+PDF SGF+FFF SGF+PDF SGF+FFF 

100% SGF 2.94 a 2.94 a 3.89 a 3.89 a 13.44 a 13.44 a 
4 2.78 a 2.78 a 3.56 b 3.44 b 12.06 b 12.72 b 
8 2.00 b 2.00 b 3.06 c 3.00 c 11.61 b 11.83 c 
12 2.33 c 2.33 c 3.00 c 3.00 c 10.39 c 11.94 c 
16 1.72 d 1.72 d 3.00 c 2.94 c 9.33 d 9.61 d 
20 1.06 e 1.06 e 2.44 d 2.50 d 8.28 e 8.89 e 

Means carrying same letters in a column are not significantly different from each other 

 
In the present study, assignment of fewer score by the panelists to the crust and crumb colour of breads may 

be attributed to the darker colour of flaxseed flour imparted to resultant breads as the flaxseed meal (flour) is 
darker in color than wheat flours.  It is a common choice in Pakistan that consumers like breads with light brown 
crust and whiter crumb. This factor might have affected the psyche of panelists when rating the breads with 
higher levels of flaxseed and they assigned lower scores with respect to their color. The darker colour has also 
been attributed to Mailard reaction between reducing sugars phenolic compounds and proteins during baking 
process as reported by the Garden (1993) and Dhingra and Jood (2004).   

In the present study, assignment of fewer score by the panelists to the crust and crumb colour of breads may 
be attributed to the darker colour of flaxseed flour imparted to resultant breads as the flaxseed meal (flour) is 
darker in color than wheat flours.  It is a common choice in Pakistan that consumers like breads with light brown 
crust and whiter crumb. This factor might have affected the psyche of panelists when rating the breads with 
higher levels of flaxseed and they assigned lower scores with respect to their color. The darker colour has also 
been attributed to Mailard reaction between reducing sugars phenolic compounds and proteins during baking 
process as reported by the Garden (1993) and Dhingra and Jood (2004).   
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Table 4: Effect of flaxseed supplementation on crumb colour, aroma and taste of breads. 

(% Flaxseed 
flour) 

Crumb colour  
(scores) 

Aroma  
(scores) 

Taste 
 (scores) 

SGF+PDF SGF+FFF SGF+PDF SGF+FFF SGF+PDF SGF+FFF 
100% SGF 8.94 a 8.94 a 8.33 a 8.33 a 16.22 a 16.22 a 
4 8.00 b 8.17 b 7.61 b 7.89 a 14.94 b 15.06 b 
8 7.67 b 7.67 c 6.94 c 6.78 b 14.44 b 13.28 c 
12 7.11 c 7.06 d 6.72 c 6.61 b 12.83 c 12.17 d 
16 6.28 d 6.22 e 5.78 d 5.67 c 11.50 d 10.67 e 
20 5.61 e 5.89 e 5.22 e 5.06 d 10.06 e 9.44 f 

Means carrying same letters in a column are not significantly different from each other 

 
The increase in bread firmness and reduction in volume scores may be ascribed to the decrease in gluten 

forming proteins and increase in dietary fiber contents contributed by flaxseed flour, which negatively affected 
the formation of gluten network and depressed the loaf volume due to lack of gas retention capacities of the 
composite flour. The flaxseed flour supplemented to SGF acted as dilution factor on gluten content which may 
cause less volume and also is responsible for reduction in-SH groups. The decrease in character of crust, 
evenness of bake, texture and grain scores of breads prepared from  PDF and FFF supplemented SGF beyond 
12% may be attributed towards the coarser grain structure of flaxseed flour and more fiber contents of flaxseed 
flour which resulted in the formation of leathery texture and coarser bread grain. The decrease in taste and 
aroma of breads by the increase in level of flaxseed flour supplementation might be due to more nutty taste, 
higher fat contents and traces of cyanogenic glycosides contributed by higher levels of flaxseed flours. The 
breads prepared up to 12% level of PDF and FFF supplementation in SGF found to be acceptable with respect to 
all sensory attributes. The breads with flaxseed flour supplementation will be superior in nutritional quality and 
provide more health benefits than normal SGF bread. 
 
Conclusion: 

It can be concluded from the present studies that inclusion of full fat and partially defatted flaxseed flours in 
the pan breads imparted significant improvement in the protein, fat and fiber contents. It is also observed that 
addition of upto 12% full fat and partially defatted flaxseed flour does not negatively affect the sensory scores. 
Keeping in view the health potentials of flaxseed, fortified bread can be easily recommended to the public who 
are really conscious about their health and nutrition. 
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