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Abstract: Effects of fortification of flaxseed at different levels were assessed on the nutritional and sensory 

quality of biscuit. Supplementation of wheat flour with flaxseed powder was done at different levels 0-43%. A 

novel fortified biscuit was successfully produced and it was observed as the concentration of flaxseed increased 

the moisture, fat, ash, protein showed gradual increase whereas dietary fibre showed a rapid increase and 

however, carbohydrate content was decreased. The antioxidant activity, phenolic concentration was linearly 

increased as the fortification was increased. Also the dark color intensity was increased with the increase in 

fortification. On the basis of nutritional and sensory quality, biscuit when fortified with blends of 10% flax seed 

resulted in better quality and nutritious biscuits (carbohydrate content 69.76%, protein content 10.59%, fat 

content 11.07%, ash content 2.48% and fibre content 7.77%).  
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I. Introduction 
Biscuits represent a fast growing segment of food in India because of consumer demands for 

convenient and nutritious food products.The consumers demand has increased for the quality food products with 

taste, safety, convenience and nutrition. Thus nutrition has emerged as an added dimension in the chain of food 

product development (Ahmad, 1999; Shahzad et al., 2002). Biscuits are a popular foodstuff consumed by a wide 

range of population due to their varied taste, long shelf life and relatively low cost. Because of competition in 

the market and increased demand for healthy, natural and functional products, attempts are being made to 
improve the nutritive value of biscuits and functionality by modifyingtheir nutritive composition.Such effects 

are very often achieved by increasing the ratio of wholegra- in raw materials other than wheat or different types 

of dietary fibres in basic recipes with the attempt to increase biscuit’s protein and mineral content for quality 

and availability (Tyagi et al., 2006) or increase dietary fibre content and improve prebiotic characteristics of the 

final product (Gallagher et al.,2003).  

Okpala et al. (2011) studied the nutritional evaluation of biscuits produced from pigeon pea, cocoyam 

and sorghum flour blends. Ten different biscuit formulations were produced and same were evaluated for their 

proximate composition, antinutritional factors and protein quality. They concluded that biscuits showed promise 

in helping to combat protein malnutrition in those countries where protein malnutrition poses a threat.  Ogunjobi 

et al. (2010) studied the physicochemical and sensory properties of cassava flour biscuits supplemented with 

cashew apple powder. The supplementation seemed to be suited for cassava flour substitution and it is possible 

to obtain biscuits of better quality.Sudha et al., 2007 reported, Influence of fibre from different cereals on the 
rheological characteristics of wheat flour dough and on biscuit quality. Demand for health oriented products 

such as sugar free, low calorie and high fibre products are increasing. One such recent trend is to increase the 

fibre content in food products to overcome health problems such as hypertension, diabetes and colon cancer, 

among others. 

J. F. Carter 1993 studied the potential of flaxseed and flaxseed oil in baked goods and other products in 

human nutrition. Flax seed has a pleasant nutty flavor with few or no significant side effects. The principle 

effect of flaxseed in humans and animal nutrition are the high levels of alpha linolenic acid (ALA c18; 3 n-3) in 

its oil and the high fibre in the seed. The total flax plant is approximately 25% seed and 75% stem and leaves. 

The flaxseed is 35% oil, of which 55% is ALA, a polyunsaturated, n-3 type fatty acid. Also the seed is 35% 

fibre, 28 to 30% protein, and 6% ash, or minerals. Joshua Lawrenz,Betty Herndon et al., 2002 studied, dietary 

flax oil reduces renal injury, oxidized LDL content, and tissue n-6/n-3 FA ratio in experimental polycystic 
kidney disease. ShahzadH. et al., 2006 studied Development and Evaluation of Nutritionally Superior Baked 

Products Containing Flaxseed. The unleavened flat breads were prepared from Whole Wheat Flour (WWF) 

fortified with 16% Partially Defatted Flaxseed Flour (PDF) and 12% full fat flaxseed flour (FFF). 

Keeping in view the nutritive and health benefits of flaxseed, the present investigation was aimed to improve the 

nutritional, health and sensory properties of biscuit. 
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II. Materials And Methods 
The raw materials wheat flour (Triticum Aestivum), flaxseed (Linumusitatissimum) were obtained from the local 

market. 

Flaxseed was roasted in an oven (Kheera instruments) at 90
0
C for 10 min prior to grinding and then 

sieved thrice through 10 mesh. Grinding was done inUshaGinder. 

Sample PreparationFour samples of the biscuit were prepared using sample one as control containing only 

wheat flour, while the second sample contained wheat flour 89% and flaxseed powder 11%, sample three 

contained wheat flour 75% and flaxseed powder 25% and the fourth sample contained 57%  wheat flour and 

43% flaxseed powder. Besides this all the samples were blended with 42g paste. Paste was made from 504g of 

sugar, 25g of milk powder, 252g of refined oil and 8.4g of sodium bicarbonate. 

Chemical characteristics Moisture, ash and fat content were determined according to AOAC 2000 

methods. Protein content was determined as per (IS: 7219:1973):  Kjeldhal Method, protein content was 

obtained by using the conversion factor of 6.25, Dietary fibre was determined by (IS: 11062) and carbohydrate 

content by difference method. 

Biscuit Preparation Wheat flour and flaxseed powder blends were prepared in the ratio of 50:0, 45:5, 

40:10 and 35:15 respectively. All the blends were passed through 10 mesh sieve thrice for efficient mixing. 
Paste was then added to all samples in the same proportion (42g). Paste was added to the mixture of flour in 

dough mixer. Then water was added to the different samples in the same proportion (8ml in each). The water 

used was RO purified. Kneading was done for 178rpm for 3min in each case. The dough mixer contained shafts 

that rotate in opposition to pull the dough simultaneously in two different directions, which minim minimizes 

the amount of balling that can occur. The dough was then sheeted to 3.5mm thickness and then moulded by 

biscuit moulder into 45mm thickness and thenbaked in a bakery oven at 2000C for 10min. The biscuit samples 

were then cooled for 30 min and packed in LDPE for chemical and sensory analysis. 

Sensory evaluation Biscuits were evaluated for overall acceptability (colour, texture, aroma and taste) 

and was carried out as per 9 point Hedonic scale, by the help of ten semi trained judges. 

Statistical analysis ANOVA - post hoc comparison- ns. The means were compared using Duncan’s 

multiple range tests (2007). 

 

III. Results And Discussion 
Proximate composition of raw materialsFlaxseed powder had highest fat, protein, dietary fibre and ash 

content,while aswheat flour contained higher carbohydrate content.Table 1. 

Proximate composition of biscuit samples Fortification of biscuit resulted in increased protein, fat, ash 

and dietary fibre content, while as carbohydrate content was decreased, as compared to control. The fat, protein 

and dietary fibre were increased at higher rate because of the flaxseed. The fat content was also increased 

because of the paste added. The fibre content was decreased as the fortification was increased because flaxseed 

contain moderate amount of carbohydrate, Table 2. The results agreed with other research workers, Vitali et al. 
(2008), Okpala et al. (2011), Tyagi et al. (2006), who reported the incorporation of plant proteins, soy flour, 

inulin, pigeon pea, sorghum, mustard flour increased the protein content, fibre content, moisture content and ash 

content of the final products. 

Sensory Characteristics of biscuitsThe Sensory evaluation was carried out as per 9 point Hedonic scale, 

Table 3. The sensory attributes that were taken into consideration include: color, texture, aroma, taste, overall 

acceptability and rank. The values are the means of ten readings. Among the three fortified samples, the second 

sample had highest overall acceptability, compared to the control. 

. 

IV. Tables 
Table 1: Proximate composition of raw materials. 

S. No. Moisture, 
% 

Ash, % Fat, % Protein, % Dietary 
fibre, % 

Carbohydrate, 
% 

Wheat 
flour 

12.31 ± 
0.15 

0.85 ± 
0.03 

1.02 ± 0.01 9.00 ± 0.08 2.76 ± 
0.12 

76.73 ± 0.11 

Flaxseed 8.66 ± 

0.08 

3.59±0.21 41.63±0.34 16.07±0.29 9.97±0.05 30.13±0.16 

aMean Value ± standard deviation. 

 

Table 2: Proximate compositiona,b of biscuit samples. 

S. No. Moisture, 

% 

Ash, % Fat, % Protein, % Dietary 

fibre, % 

Carbohydrate, 

% 

Control 5.97 ± 0.29a 0.83 ± 0.02a 4.04 ± 0.02a 8.74 ± 0.27a 1.67 ± 0.04d 80.22 ± 0.68a 
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01 6.07 ± 0.41a 1.84 ± 0.01b 10.16 ± 

0.01b 

9.09 ± 0.08b 7.16 ± 0.02c 72.34 ± 0.53b 

02 6.30 ± 0.24a 2.49 ± 0.10c 11.08 ± 

0.09
c 

10.53 ± 

0.04
c 

7.77 ±0.07b 69.7 ± 0.12c 

03 6.63 ± 0.29a 2.64 ± 0.20c 11.55 ± 

0.02d 
10.84 ± 

0.03c 
8.09 ± 0.04a 68.38 ± 0.11d 

aMean values ± standard deviation ( n = 10). 
bMean values marked with different superscripts in the same column are significantly different- Duncan (p ≤ 

0.05). 

 
Table 3: Sensory Characteristicsa,b of biscuit samples. 

S. No. Color Texture Aroma Taste Overall 
acceptability 

Rank 

Control 8.20 ± 0.60b 8.10 ± 0.54a 7.9 ± 0.54b 7.8 ± 0.75a 7.7 ± 0.78a 7.8 ± 0.75ab 

01 8.00 ± 

0.63ab 
7.80 ± 0.60a 7.00 ± 0.89a 7.9 ± 0.70a 7.7 ± 0.78a 7.7 ± 0.78ab 

02 8.10 ± 0.54b 7.8 ± 0.60a 8.10 ± 0.54b 8.10 ± 0.30a 7.8 ± 0.60a 8.00 ± 0.45b 

03 7.40 ± 0.80a 7.70 ± 0.46a 7.00 ± 0.89a 7.70 ± 0.64a 7.50 ± 0.67a 7.30 ± 0.64a 

aMean values ± standard deviation ( n = 10). 
bMean values marked with different superscripts in the same column are significantly different- Duncan (p ≤ 

0.05). 

V. Figures 

 
Fig. 1: Control Biscuit sample 

 

 
Fig. 2: Fortified Biscuit sample 1 

 

 
Fig. 3: Fortified Biscuit sample 2 

 
Fig. 4: Fortified Biscuit sample 3 
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VI. Conclusion 
A novel biscuit product, fortified with flax seed was successfully produced. Flax seed increased the 

protein, ash, fat, fibre and dark color of the biscuit, when compared to the control (reference biscuit). The 

moisture was slightly increased in the fortified samples. The color of the fortified samples attained more dark 
color as the fortification was increased. However, the texture was slightly decreased with fortification but 

described no undesirable change. On the basis of nutritional and sensory quality, biscuit when fortified with 

blends of 10% flax seed resulted in better quality and nutritious biscuits (carbohydrate content 69.76%, protein 

content 10.59%, fat content 11.07%, ash content 2.48% and fibre content 7.77%). 
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