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ABSTRACT 
 
 Formulated cake samples were prepared with the addition of high-oleic sunflower seeds, at various levels 
(5, 10 and 15% of flour basis) in order to produce high linolenic (n.6) and alpha linolenic cake products. The 
nutritive value of cake was determined by measuring the chemical composition, including the mineral content 
and the fatty acid composition (saturated, monounsaturated, polyunsaturated, linolenic (n.6) and alpha 
linolenic). The physical properties (volume, specific volume and specific weight) and sensory evaluation were 
also carried out to estimate the consumer acceptabilities. The obtained data show that the cake samples, made 
with the addition of sunflower seed, were superior in all chemical components, except carbohydrates, than the 
control. It was also significantly containing more zinc, potassium, iron, manganese and magnesium than the 
control sample. On contrary, addition of the sunflower seeds led to lower the volume, specific volume and 
specific weight of the tested formulated cakes. The tested fatty acids were significantly highly detected due to 
the sunflower seeds replacements. It was also found that supplemented cakes (specially 5 and 10%) would 
contribute to the corresponding to the consumer requirements suggested to be a successful implementation in 
cake manufacturing. 
 
Key words: Sunflower seeds, cake, chemical and physical properties, mineral and fatty acid contents, sensory 

evaluation.  
 
Introduction 
 
 Bread and bakery products have an important role in human nutrition. Generally, wheat bread is considered 
to be a good source of energy and irreplaceable nutrients for the human body. This is especially true for the 
products made from wholegrain or high-yield flour types. Bread prepared from refined flour is nutritionally 
much poorer and does not adequately meet the requirements for many macro- or micro-nutrients (Škrbić and 
Filipčev, 2008). It has been reported that bread made from refined flour has a low micronutrient content 
(Isserliyska et al., 2001). On the same manner, cereal-based confectionery products ( such as cake) comprise a 
large group of products which differ in composition, due to the variation in production methods and sensory 
attributes. They are widely accepted and consumed by all categories of consumers, eaten before and after meals 
throughout human lives. They also have long shelf-lives which makes them additionally convenient for use 
(Škrbić and Cvejanov 2011). Wheat protein, also, lacks the balance of essential amino acids- lysine, threonine 
and valine. Therefore, there have been many on-going investigations on enhancing the nutritive value of bakery 
products to fulfill the expanding demands of modern dietary habits, considering the products’ protein, mineral, 
vitamin and/or fiber contents. Bakery products, supplemented with various nutritious, protective and ballast 
substances, have been gaining popularity worldwide. Mixed grain, wholegrain breads and related products are 
even considered as functional foods because they are convenient vehicles for important nutrients and 
phytochemicals. Various bread types enriched with combinations of whole oilseed are being readily accepted by 
consumers. This interest in whole oilseeds relates to their high content of polyunsaturated fatty acids, vegetable 
protein, phosphorus, iron, magnesium, vitamin E, niacin, folate and phytoestrogens. For example, sunflower 
seeds contain around 20% protein, high levels of potassium (710 mg/ 100 g) and magnesium (390 mg/100 g) 
and are especially rich in polyunsaturated fatty acids (approximately 31.0%) in comparison with other oilseeds 
(Food Standards Agency Institute of Food Research, 2002). 
 There has recently been a trend to introduce new lines of oleic-rich oil seed plants (e.g. sunflower, canola) 
in order to obtain oils with reduced linoleic acid to increase the oxidative and thermal stabilities of oils. Thus is 
for avoiding the using of hydrogenated oils (trans-fats) in the products (Smith et al., 2007). Oleic acid contents 
of oleic-rich sunflower oils (70–90%) are comparable with those of olive oil (70%) (McKevith, 2005).  
 Sunflower oil is a widely consumed product with a high nutritional value and significant health benefits. It 
is known for its superior organoleptic characteristics (taste) and remarkable antioxidant properties; it contains 
vitamin A, D, and a sufficient amount of vitamin E. Besides anti-oxides, it contains a huge amount of oxidants 



2627 
J. Appl. Sci. Res., 8(5): 2626-2631, 2012 

and also heavy metals (HMs) like Cu, Fe, Ni, Cd, Pb, and Zn. Concerning vegetable oils, its HMs composition 
is an important decisive factor for the assessment of their quality. It is known that the HMs affect their rate of 
oxidation, nutritional value, keeping properties and storability, so their determinations in vegetable oils could be 
important (Murillo et al., 1999). Sunflower seed contains an appreciable amount of vitamin E – 37.8 mg/100 g 
unlike linseed, sesame seed and soy that contain less than 3 mg/ 100 g while peanut is estimated to contain 10.1 
mg/100 g of vitamin E (Food Standards Agency Institute of Food Research, 2002). Tocols (tocopherols and 
tocotrienols) that possess vitamin E activities are recognized as the most important tissue antioxidants, having a 
role in preventing or controlling non-specific reactions from various oxidizing species produced in normal 
metabolism (Škrbić and Filipčev, 2008). Mainly due to its superior nutritional quality and the relatively low 
amount of anti-nutritional factors, sunflower seed has great potential to be, not only a protein source, but also a 
valuable supplement in human diet, providing considerable amounts of antioxidants, minerals and unsaturated 
fatty acids. Consequently, the concept of enrichment of cereal-based products with oil seeds is not new. It was 
reported that sensorially acceptable and nutritionally improved bread can be made with as much as 16% of 
sunflower seed on flour basis (Škrbić and Filipčev 2008). It was also found that high-protein cookies of superior 
acceptability can be made with the addition of 20% sunflower seed and 30% of wheat germ (Bajaj et al., 1991). 
 The population in most countries shows a high prevalence of consumption of large quantities of bakery 
products. Therefore, the present investigation was undertaken to study whether supplementing a specified 
product (cake) with high oleic sunflower seeds at three levels of supplementation (5, 10 and 15%, flour basis) 
and estimate the enhancement of the various nutrients and population acceptances of supplemented cake. 
Besides the physical properties, specified fatty acid compositions, the effect of adding the sunflower seed on 
finished product sensory quality was also estimated. 
 
Materials and Methods 
 
Materials: 
 
 The cake ingredients (wheat flour, Triticum aestivum L., 70% extraction rate), sugar, egg, butter milk, 
skimmed milk powder, ammonium bicarbonate,  vanilla and  the sunflower (Helianthus annus L.) seeds were 
obtained from the local market at Mekka, Kingdom of Saudi Arabia (KSA).  
 
Methods: 
 
Preparation of the tested cake: 
 
 The cake samples were prepared according to the standard procedure method at National Company for the 
Manufacture of cake and Sweets, "Tamu" in Jeddah. The utilized formula ingredients of the control sample are 
found in Table (1). Exactly 5, 10 and 15% wheat flour were substituted by resemble amounts of sunflower seeds 
and the other ingredients are listed, also, in the same Table. 
 
Table 1: Ingredient amounts of cake manufactured by different ratios  of sunflower seeds. 

Cake samples (g) Cake 
ingredients 15% 10% 5% Control

85 90 95 100 Wheat flour (70% extract) 
15 10 5 0 Sunflower seeds 
70 70 70 70 Sugar 

240 240 240 240 Egg 
20 20 20 20 Fat 
20 20 20 20 Skimmed milk powder 
5 5 5 5 Baking powder 

2.5 2.5 2.5 2.5 Vanilla 
20 20 20 20 water 

 
 All the final products (control and tested cake samples) were subjected to the chemical composition 
(moisture, protein, fat, ash, fiber and Carbohydrates, calculated by differences) as recommended by AOAC 
(1990). Mineral contents (iron, calcium, zinc, magnesium, manganese, sodium and potassium were determined 
using a Pye Unicum SP1900 Atomic Absorption Spectroscopy instrument (Perkin Elmer model 4100ZL) as 
described by AOAC (1990). 
 Physical properties (volume (cm3), specific volume (cm3/g) and specific weight (g/cm3) of the cake samples 
were estimated as suggested by Manohar and Rao (1997). 
 Fatty acids (saturated, unsaturated, mono  and poly, linoleic  and alpha linolenic) of the cake samples 
supplemented with sunflower were estimated according to the method of Farag et al., (1984). It was carried out 
by saponoifying (according to Ahmed et al., 1986). The oil of the tested samples was extracted by ethanolic 
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potassium hydroxide (40% w/v) for 24 hr. at room temperature. The aqueous layer was acidified by HCl (0.5 N) 
and three times extracted by petroleum ether. The petroleum ether extract was washed by distilled water, then 
dried by sodium sulfate anhydrous. The extract was converted to methyl ester by dissolved in diethylether 
anhydrous (0.5-1.0 ml) and methylated by drop wise addition of diazomethane solution (prepared as 
recommended by Vogel, 1975) until the yellow color was persisted. The mixture was then left at room 
temperature for 15 min. and the solvent was evaporated on a water bath at 60° c. The fatty acids methyl esters 
were dissolved in chloroform and aliquots were subjected to Gas Chromatography (GC) instrument as suggested 
by Aura et al., (1995). The 5890 Hewlett Packard GC is equipped with flam ionization detector (FID) and fitted 
by FFAP capillary column (30x0.32x0.25 mxmmxm) coated by polyethylene glycol. The column oven was 
programmed at 7 ° c/min from 50 to 240 ° c then kept to 30 min. the injector and detector temperatures were 
250 and 260 ° c, respectively. Gases flow rate were 33, 30 and 330 cm3/sec for N2, H2 and air, respectively, and 
the flow rate inside the column was 2 ml/min. Peak identification was performed by comparison the relative 
retention time (RRT) and peak area of each peak with those of standard chromatograms. 
 The sensory evaluation of the tested samples attributes were determined by well trained panelists (15 
judges) at Nutrition and food science Department, Umm Al Qura University for general appearance, crust color, 
crumb color, texture, odor and taste as suggested by Dhingra and Jood (2001). 
 
The statistical analysis: 
 
 Data analysis was statistically performed using SAS (1987) software. Analysis of variance was used to test 
for differences between the groups. Least Significant Differences (LSD) test was used to determine significant 
differences ranking among the mean values at P< 0.05. 
 
Results and Discussion 
 
 Data presented in Table (2) show that the sunflower seeds possessed significant remarker amounts of both 
of ether extract and protein contents (47.40 and 24.64, respectively). On the other hand, while the carbohydrate 
content reached a meanable level (19.34%), the fiber and ash contents were in the lower levels (5.92 and 2.80%, 
respectively). On contrary, the carbohydrate content of the control cake sample was the only component which 
was detected in a higher level (70.81%) than that found in the sunflower seeds (19.34%). It could be detected 
that all the other constituents (protein, ether extract, fiber and ash) were lower in the control cake sample than 
those found in the sunflower seeds (Table 2). Consequently, the utilization of sunflower seeds in preparing the 
tested cake samples (in 5, 10 and 15% amounts) led to enhance the latter (protein, ether extract, fiber and ash) 
components and lowered the former one (the carbohydrate). It could be also detected that the enhancement and 
decrement were gradually increased as increasing the sunflower seeds amounts in the cake ingredients (Table 2). 
 
Table 2: Chemical composition (g/100g dry weight basis) of cake supplemented with sunflower seeds.  

 Each value is followed by ± Standard Deviation. 

 
 Such pattern was in agreement with that found by Škrbić and Cvejanov (2011), who regarded the 
increments to the higher contents of such components and the decrement to the lower content of the other 
components in the sunflower seeds in relative that found in the control cake sample. It was also stated that as the 
supplementation level of the sunflower seeds increased, these effects were more prominent. 
 Data on the mineral composition of sunflower seeds and cakes (control sample and the supplemented 
samples) are presented in Table (3). Sunflower seeds contained higher amounts of K and Mg (250.0 and 130.0 
mg/100g, respectively) accepted with that found Škrbić and Cvejanov (2011) and Šebeščić and Vedrina-
Dragojević (2004). Therefore, sunflower seeds could be considered a fortification tool to the control sample of 
the tested cakes. In spite of the lower level of Zn, Fe and Mn in the sunflower seeds (5.58, 2.50 and 0.86 
mg/100g, respectively), it was higher than that found in the control cake sample (0.49, 1.62 and 0.66, mg/100g, 
respectively. Consequently, the cakes supplemented with sunflower seed were even higher in their contents with 
such minerals, confirmed with that found by Škrbić and Filipčev (2008).  

Carbohydrates Fiber Ash Ether extract Protein Samples 
19.34 
1.22± 

5.92 
0.42± 

2.80 
0.36± 

47.40 
1.50± 

24.64 
1.25± 

Sunflower seed 

70.81 
1.50± 

0.98 
0.26± 

0.72 
0.08± 

13.25 
0.42± 

14.24 
0.99± 

Cake control 
 

66.50 
1.82± 

1.42 
0.34± 

0.90 
0.06± 

15.62 
0.24± 

15.56 
0.56± 

Cake+ 5% sunflower seed 

61.85 
1.56± 

1.60 
0.16± 

1.68 
0.22± 

17.95 
0.36± 

16.70 
0.82± 

Cake+10% sunflower seed 

58.74 
2.11± 

1.86 
0.22± 

1.14 
0.26± 

20.36 
0.54± 

17.93 
0.46± 

Cake+15% sunflower seed 

2.11 0.60 0.64 1.12 0.88 LSD 
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 On contrary, both of Na and Ca were more pronounced in the control sample (711.0 and 65.0, mg/100g, 
respectively) than that found in the sunflower seeds (0.98 and 38.0, mg/100g, respectively). Such trend led to 
lower the levels of those mineral in the tested cake samples as a result of using as well as increasing the level of 
sunflower seeds (5, 10 or 15%). 
 
Table 3: Mineral content (mg/100g dry basis) of supplemented cake with sunflower. 

 Each value is followed by ± Standard Deviation. 

 
 With regard to the physical properties of the tested cakes which were prepared with high-oleic sunflower 
seeds, Table (4) show the volume (Cm3), specific volume (Cm3/g) and specific weight (g/ Cm3) of such 
products. It was found that utilization of high-oleic sunflower seeds decreased the volume, specific volume and 
specific weight of the cake. Increasing the level of sunflower seed significantly gradually decreased the tested 
physical properties. Such results were confirmed by Škrbić and Cvejanov (2011) who illustrated that the 
physical properties of bakery product were affected as a result of sunflower seeds fortification.  
 The monounsaturated omega-9 fatty acid is believed to lower the risk of heart attack by lowering the level 
of serum triacylglycerides and LDL cholesterol and increasing the HDL cholesterol (Wolfram, 2001). 
 
Table 4: Physical properties of cake supplemented with sunflower seeds. 

Specific weight (g/ Cm3) 
Specific volume 

(Cm3/g) 
Volume (Cm3) Cake samples 

0.52±0.03 5.25±0.35 235±10.25 Cake control 
0.46±0.02 5.00±0.11 200±11.24 Cake+ 5% sunflower seed 
0.37±0.04 4.7±0.15 160±9.44 Cake+10% sunflower seed 
0.30±0.09 4.56±0.22 156±8.68 Cake+15% sunflower seed 

 Each value is followed by ± Standard Deviation. 

 
 Recently, its influence on the breast cancer risk is found. Polyunsaturated omega-6 fatty acid is essential for 
humans and is a precursor of many substances that regulate blood clotting, blood pressure, temperature, 
inflammation and many other functions (Wolfram, 2001). Alpha-linolenic acid is an essential omega-3 acid that 
is associated with hypolipidemic, antithrombotic and anti-inflammatory effects (Weber and Leaf 1991). Because 
of the recommendation to substitute saturated fats with omega-6 fatty acids, to lower serum cholesterol 
concentrations, the current study interested in investigating some of the fatty acid fractions.  
 The data presented in Table (5) showed that the tested fatty acid fractions (saturated, mono and 
polyunsaturated, linolenic (omega-6 and alpha forms) were significantly higher in the sunflower seeds than the 
control sample. Consequently, there was a significant increase in mono and polyunsaturated as well as omega-6 
linolenic components for all supplemented cake levels (5, 10 and 15%). On the other hand, there was a smaller 
and non-significant extent increment in both of saturated and alpha linolenic components upon adding the 
sunflower seeds. 
 
Table 5: Fatty acid composition (g/100g) of cake supplemented with sunflower dry basis. 

Alpha Linolenic Linolenic omega-6 
Poly 

unsaturated 
Mono

unsaturated 
Saturated Samples 

0.230±0.01 14.03±1.02 12.40±0.22 3.40±0.03 3.70±0.01 Sunflower seed 
0.047±0.01 0.68±0.24 0.63±0.04 0.25±0.02 0.20±0.03 Cake control 
0.052±0.00 1.428±0.022 1.58±0.02 2.86±0.06 0.42±0.02 Cake+ 5% sunflower seed 
0.054±0.01 1.986±0.11 1.86±0.02 4.22±0.03 0.53±0.01 Cake+10% sunflower seed 
0.059±0.00 2.029±0.12 2.26±0.01 5.38±0.01 0.62±0.04 Cake+15% sunflower seed 

0.62 0.46 0.84 0.14 0.46 LSD 
 Each value is followed by ± Standard Deviation. 

 
 Such findings, consisted with that found with Škrbić and Filipčev (2008), are very important according to 
the nutritionists’ claim, where, numerous studies have indicated that a high intake of omega-6 fatty acids has 
prothrombotic, proaggregatory effects, increasing blood viscosity and vasospasm (Simpopoulos, 2001). It is 
worth mentioning that the investigated oil seeds with low levels of polyunsaturated fatty acids, such as high-

Na Mg Mn Fe Ca K Zn Samples 
0.98 
±0.03 

130.0 
±10.2 

0.86 
±0.03 

2.50 
±0.03 

38.0 
±0.22 

250.0 
±14.0 

5.58 
±0.46 

Sunflower seed 

711.0 
±10.0 

92.0 
±9.4 

0.66 
±0.00 

1.62 
±0.02 

65.0 
±1.14 

215.0 
±12.0  

0.49 
±0.12 

Cake control 
 

705.0 
±11.0 

97.2 
±11.0 

0.71 
±0.02 

1.74 
±0.04 

64.5 
±0.84 

227.0 
±8.4 

0.77 
±0.08 

Cake+ 5% sunflower seed  

700.0 
±4.6 

105.0 
±12.0 

0.84 
±0.01 

1.87 
0.01± 

63.7 
±1.12 

241.0 
±13.0 

1.14 
±0.04 

Cake+10% sunflower seed 

692.0 
±6.2 

111.0 
±14.0  

0.92 
±0.04 

1.89 
±0.02 

61.4 
±1.16 

253.0 
±10.0 

1.50 
±0.03 

Cake+15% sunflower seed  
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oleic sunflower seed, satisfy some specific needs of food processors (longer stability of product), partly 
protecting the needs of consumers (exclusion of trans-fatty acids in products) but do not achieve the ratio of 
omega-6/omega-3 in the range proposed by nutritionists (Škrbić and Filipčev 2008). 
 Table (6) includes the sensory evaluation of the control cake sample against to those were prepared with 
high-oleic sunflower seed. Taking into account, the general appearance, similarities of the sunflower seed 
fortified cakes (except that prepared by 15% sunflower seed) to the control sample could be seen. It could be 
detected that the 5% sunflower seed sample was more closed to the control sample, whereas the 15% sunflower 
seed sample was the lower one and was significantly differed than all the other samples. 
 Sensory evaluation of the cake samples (Table 6) implied that, the addition of 5% sunflower seeds 
improved the crust color, with an insignificantly level. On the other hand, as the level of sunflower seed 
increased, the crust color decreased, with an insignificantly level. In brief, the crust color of such samples 
seemed to be resemble of the control sample.  
 The texture attribute was decreased to some extent as a result of sunflower seeds addition (Table 6). It could 
be illustrated by the finding by Škrbić and Filipčev (2008), who reported that the addition of sunflower seed 
decreased the starch content because the sunflower seeds, containing less starch. As the level of sunflower seed 
increased in the cake formula, the texture was decreased. 
 The other sensory attributes (crumb color, odor and taste) were not significantly affected by the 5% addition 
of sunflower seed as compared to the corresponding control sample. But the addition of the other level (10 and 
15%) of sunflower seed showed a varied significantly decrement. The addition of 10% sunflower seed showed 
an insignificant decrement with respect to the crumb color, texture and taste of the 5% sunflower seed sample, 
but all those attributes were significantly differed than the corresponding of the control sample. 
 
Table 6: Sensory evolution of cake supplemented with sunflower seeds. 

Taste 
 

Odor Texture Crumb 
Color 

Crust color General appearance Cake samples 

9.72 
±0.51 

9.67 
±0.48 

9.55 
±0.72 

9.62 
±0.82 

9.42 
±0.62 

9.53 
±0.51 

Cake control 

9.47 
±0.61 

9.50 
±0.61 

9.42 
±0.49 

9.53 
±0.64 

9.64 
±0.62 

9.40 
±0.73 

Cake+ 5% sunflower seed 

9.00 
±0.48 

9.13 
±0.47 

8.63 
±0.74 

8.92 
±0.43 

9.34 
±0.61 

9.00 
±0.44 

Cake+10% sunflower seed 

8.3 
±0.72 

8.83 
±0.62 

7.5 
±0.63 

8.00 
±0.56 

9.00 
±0.48 

8.11 
±0.33 

Cake+15% sunflower seed 

0.65 0.19 0.58 0.14 0.49 0.82 LSD 
 Each value is followed by ± Standard Deviation. 

 
 The data presented in the same Table confirmed that the addition of 15% sunflower seed showed a 
significant decrement with respect to all the tested attributes (general appearance, crust and crumb color, texture, 
odor and taste) in relative to the other sunflower seed and control samples. Generally, data of such pattern of 
sensory evaluation were completely concurrent with that found by Škrbić and Filipčev (2008). 
 In conclusion, considering on the basis of all the tested parameters, the supplemented cakes by 5, 10 or 15% 
sunflower seeds can be considered as more nutritious than and showed considerable sensory acceptabilities of 
the plain cake (control) sample. 
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