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ABSTRACT 
 

In the present study, characteristics of Sesame Nuts (Semsemia) fortified with black cumin and oat 
seeds were investigated. This study was made to develop functionally and nutritionally improved sesame 
nuts and the influence of the partial replacement of sesame seed by black cumin and oat seeds on the 
quality and nutritional characteristic of Sesame Nuts was analyzed. Four formulations of Sesame Nuts 
were prepared (T1) Semsemia (100% sesame seeds) as control, (T2) Semsemia with black cumin seeds 
(90% sesame seeds + 10% black cumin seeds), (T3) Semsemia with oat seeds (90% sesame seeds + 10% 
oat seeds), and (T4) Semsemia with black cumin and oat seeds (80% sesame seed + 10% black cumin seed 
+ 10% oat seeds) .These Sesame Nuts were evaluated for proximate composition, sensory properties, Fatty 
acid composition, Phenolic, and flavonoid compound. The results revealed that the content of protein 
increased in T2 and low in fiber content.T3 and T4 were high in carbohydrate content. The most abundant 
K, Mg, and moderate Ca content of all Semsemia. The oleic acid and linolenic acid was increased in 
fortified sweets. The amount of phenolic and flavonoid compounds increased in all sesame sweets (Nuts). 
No significant change was observed in the sensory parameters of all nuts.  
 
Key words: Sesame, Black cumin, Oat, Semsemia, Sesame Nuts.  

 
Introduction 
 

Sesame, Sesamum indicum L., is commonly known as Sesamum or benniseed. The original home of 
this crop is known to be Ethiopia. This is one of the plants where the oil content in seed is high and rich in 
calories so overweight peoples should use them very cautiously (Uzun et al., 2007). A study by Tunde-
Akintunde and Akintunde (2004) found that the chemical composition of sesame seed is about 50-52% oil, 
17-19% protein and around 16- 18% carbohydrate. It is an excellent source of copper, calcium, and also 
rich in phosphorous, iron, magnesium, manganese, zinc and vitamin B1 (Loumouamou et al., 2010). Many 
investigators (Akinoso and Raji 2011 and Prakash and Naik, 2014) reported that dehulling of sesame seed 
reduces the oxalic acid content from 3% to 0.25% by the seed weight. Sesame seed oil is a rich source of 
unsaturated fatty acids where the fatty acids composition of the oil mainly includes oleic (18:1=39.1%) and 
linoleic (18:2=40.0%) acids, palmitic (16:0=9.4%) and stearic (18:0=4.76%) acids in smaller amounts, and 
linolenic (18:3=0.46%) acid in trace amount. Sesame oil contains essential fatty acids in considerable 
amount which includes n-3 (linolenic acid) and n-6 (linoleic acid). The protein content of sesame seed 
comprises of about 95% of 13S globulin and seems to be a simple salt soluble very susceptible to heat 
denaturation (Bedigian and Harlan 1986). Sesame seeds are also consumed directly and it is liked as well 
because of its particular nutty flavor. Roasted sesame oil resists rancidity due to the antioxidants formed 
during seed roasting and the particular roasted sesame flavor improves taste of fried products, so there are 
many foods with sesame as an ingredient.  

In the middle East, dehulled sesame seeds are mainly utilized in the production of Tehineh (a peanut 
butter counterpart), which is made from a paste of dehulled roasted sesame seeds and Halaweh, generally , 
the most commercial products of sesame are made with roasted sesame seeds which increase his 
antioxidant activity and bioactive molecules.(Anilakumar et al., 2010 and Rizki et al., 2015). 

Nigella sativa (NS) “Black cumin” is an annual herbaceous plantthat belongs to the Ranunculaceae 
family. It is commonly known as black seeds, fennel flower, Roman coriander and Kalonji. N. sativais 
used for edible and medicinal purposes in India, Pakistan, Saudi Arabia, Syria, Iran, Egypt and many other 
countries (Fillippo et al., 2002). Studies on NS seeds and its oil indicate a number of bioactivities for the 
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plant, which include anticarcinogenetic (Rooney and Ryan, 2005),antiulcer (Kanter et al., 2005), 
antibacterial and antifungal (Ratz-Lyko et al., 2014), antihypertensive (Najmi et al., 2013), 
hepatoprotective (Daba and Abdel-Rahman, 1998),anti-inflammatory, antipyretic and analgesic (Al-
Ghamdi 2001), as well as antioxidant activities such as quenching reactive oxygen species (Thippeswamy 
and Akhilender, 2005), prevention of rheumatoid arthritis in rat models (Tekeoglu et al., 2007), and 
antihyperlipidemic (Ahmad and Beg, 2013). Recent scientific investigations on Nigella sativa showed a 
significant source of proteins and carbohydrates, it also contains many bioactive compounds, such as 
essential fatty acids, phospholipids, galactolipids, sterols, phenolic compounds, carotene, vitamins and 
minerals (Takruri and Dameh, 1998).Additionally, NS seeds contain a high protein content, of 30% or 
more (Takruri and Dameh, 1998), and could be used as a flexible ingredient to formulate balance ratios, 
thus improving feed intake, digestibility coefficients and nutritive values in agricultural livestock (Shewita 
and Taha, 2011). It is also used as seasoning and flavoring supplement of food, bread, pickles and 
especially bakery products (Ramadan and Morsel, 2002a). 

Oat (Avena sativa L.) is an important crop produced in various regions of Europe and North America. 
It is characterized by especially valuable chemical composition, and the combination of nutritional 
compounds present in its raw material, makes it a profitable constituent of human diet (Sadiq Butt et al., 
2008). Oats are a rich source of soluble fiber, which are β-glucans(Saturn et al., 2010 and Daou and Zhang, 
2012).β-Glucans can help in lowering blood cholesterol (LDL), and also, exhibit an antioxidant 
capacity(Johansson et al., 2004),well-balanced proteins, several vitamins and minerals essential for the 
human health (Demirbas 2005). The major part of oat proteins is built up by globulins (approx. 80% total 
protein), and the rest (ie. approx. 20%) prolamins and glutenins. in other cereals, this fraction constitutes 
only about 10-15% of all proteins, so high percentage of  globulins is typical only for oat proteins as was 
shown in several clinical studies (Kohajdová and Karovičová, 2008 and Sontag-Strohm et al., 2008). 
Additionally, oats area source of several natural antioxidants such as tocopherols, alk(en)ylresorcinols, and 
phenolicacids and their derivatives, and a unique source of avenanthramides (N-cinnamoyl anthranilate 
alkaloids)and avenalumic acids (ethylenic homologues of cinnamic acids), which are not present in other 
cereal grains (Liu et al., 2004; Mattila et al., 2005). Oats also have the highest fatty acid content among all 
cereals. They are a good source of linoleicacid and contain low amounts of saturated fat, which can help 
reduce the risk of heart and vascular diseases (Van den Broeck et al., 2016).The starch in oats are slowly 
but completely degradable with a balancing effect on postprandial blood glucose levels, which is useful in 
patients having diabetes (Rose 2014). Previous studies reported a good antioxidant capacity of oats, and 
also it contain many powerful phytochemicals, phenolics and ligans which are converted to enterolactone 
in our intestines and protect against heart problems (Johansson et al., 2004; Mattila et al., 2005 and Liu et 
al., 2004). Oats have numerous uses in food most commonly they are rolled or crushed into oatmeal or into 
fine oat flour. Oats are a good source of various bioactive compounds, for example antioxidants such as 
vitamin E, phytic acid and phenolic compounds (Kan 2015). Thought, oatmeal is chiefly eaten as porridge, 
but may also be consumed raw and cookies with raw oats are becoming increasingly popular (Kan 
2015).This study aimed to investigate the partial substitution of sesame seeds by black cumin and oat seeds 
in the production of Sesame Nuts which are oriental sweets belong to the El-mawled El-Nabawey Festival 
Sweets and called Semsemia which find wide consumer acceptance in Egypt. 
 
Materials and Methods 
 

Materials: 
 
Raw materials (sesame, black cumin, oat, sucrose, glucose, molasses, citric acid, and vanillin) for 

Semsemia preparation were purchased from local market while reagents (analytical and HPLC grade) and 
standards were purchased from Sigma-Aldrich (Sigma-Aldrich Tokyo, Japan) and Merck (Merck KGaA, 
Darmstadt, Germany). 
 

Preparation of Sesame Nuts (Semsemia): 
 

Preparation of sweet nuts using sesame, black cumin and oat were carried out at Food Technology 
Research Institute, Agriculture Research Center, Egypt. Sweet nuts were prepared with 4 seed formulas as 
follow: 

1- Sesame only 
2- Sesame with black cumin 
3- Sesame with oat 
4- Sesame with black cumin and oat 
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Table 1: Sweet nuts formulated by blending proportion of black cumin, and oat with sesame to standardize the formulation 
of sweet nuts.  

Treatments 
Composition of Semsemia 

Sesame seeds (%) Black cumin seeds (%) Oat seeds (%) 
Semsemia (T1) 100 0 0 
Semsemia with black cumin (T2) 90 10 0 
Semsemia with oat (T3) 90 0 10 
Semsemia with black cumin and oat (T4) 80 10 10 

 
Manufacture of Sesame Nuts (Semsemia): 

 
Sesame Nuts were prepared using the formula based on the Egyptian Standard (E.S:464-1/2005). Sesame 

Nuts are the results of cooking sucrose and glucose syrup with special ratios at suitable temperature with 
addition of molasses, citric acid and vanillin then mixed with the seeds and finally the product formed into flat 
sheets then cut to slices and let to cool at ambient temperature (Fig. 1). The basic formula is shown in Table 2. 
 
Table 2: The basic formula of Sesame Nuts (Semsemia). 

Ingredients Quantity (g) 
Dehulled roasted sesame  250 
Sucrose 100 
Glucose 100 
Molasses 50 
Water 10-20 ml 
Citric acid 0.3 
Vanillin 0.2 

 
The following figure shows the Sesame Nuts preparation flow chart. 
 

 
 
 
Sesame Nuts (Semsemia) Preparation Flow Chart 
 
Sucrose + Glucose syrup 
        + Water 
 
 
 
Addition of Citric acid + Vanillin  
         + Molasses 
 
 
 
Addition of Dehulled roasted 
sesame seeds or mixed seeds 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Sesame Nuts (Semsemia) Preparation Flow Chart 
 
 
 

Preparation 

Mixing 

Cooking (110°C) 

Forming 

Cooling (ambient temp.) 
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Analytical methods: 
 

Chemical analysis:  
 
Raw materials (sesame, black cumin, and oat) and sesame nuts samples were analyzed for proximate 

composition; moisture, ash, protein, and fat according to their respective methods and total carbohydrates 
calculated by difference (AACC, 2000). Chemical composition was carried out using Foss (model NIRS 
DA1650). 
 
Mineral contents:  

 
Raw materials (sesame, black cumin, and oat) and sweet nuts samples were analyzed for mineral 

profile following the protocols described in AOAC (1995). Mineral were determined by Perkin-Elemer 
3300 atomic absorption spectrophotometer- Analytical Jena. 
 
Fatty Acid Composition: 

 
Preparation of Fatty Acid Methyl Esters:  
The methyl esters of fatty acids were prepared from oil samples according to the method described by 

Rossel (1983). Identification of Fatty Acid Methyl Esters by Gas Liquid Chromatography wasdetermined 
according to Rossel (1983).Analysis of methyl esters of fatty acids was carried out using Perkin-Elemar 
gas chromatograph (model F 22) with a flame ionizing detector (FID) in the presence of nitrogen as a 
carrier gas.  
 
Determination of polyphenols and flavonoids by HPLC: 
 

High performance liquid chromatography (HPLC) technique Agilent 1100 Series equipped with 
Quaternery pump, set at flow 1 ml/ min. Autosampler, degaser, column compartment set at 35 0C and 
variable wavelength detector set at 330 nm for flavonoid compounds and 280 nm for phenolic compounds, 
column: Hypersil ODS 5 um, 250 x 4 mm was used (Goupy et al., 1999). 
 
 Sensory evaluation:  

 
The product samples were evaluated for color, taste, odor, texture, and acceptability rating by a panel 

of 10 randomly selected men and women, who are familiar with testing sweet nut products.  
 
Statistical analysis: 

 
The results were represented as mean ± SE with 3 replicates. These results were interpreted following 

one way ANOVA using SPSS version 16.0. Results were considered statistically significant at p < 0.05 
(Snedecor and Cochran, 1980). 
 
Results 

 
The chemical composition of seeds (sesame, black cumin, and oat) used for preparing sesame nuts 

are summarized in Table 3.  
 

Table 3: Chemical composition of sesame, black cumin, and oat seeds (%) 
Seeds Protein (%) Oil (%) Carbohydrate (%) Fiber (%) Moisture (%) Ash (%) 
Sesame seeds 28.01 50.65 8.12 6.8 3.12 3.3 
Back cumin seeds 24.22 31.16 30.13 4.87 4.59 5.03 
Oat seeds 13.04 5.99 65 12.39 1.81 1.77 

 
Sesame seeds were found to be of higher oil content than black cumin seeds and oat seeds. Oat seeds 

were found to have high carbohydrate (65%) and fiber (12.39%) content in comparison with sesame and 
black cumin seeds. These results found that the protein, oil, and carbohydrate content of black cumin seeds 
were high. The values 24.22, 31.16, and 30.13 % were recorded respectively. Table 4 shows the proximate 
composition of the four types of sesame nuts prepared from sesame seeds and blend of sesame, black 
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cumin, and oat seeds. From the results, it was noticed that the content of protein was increased by adding 
black cumin (T2), and low in fiber content (4.5 %).  Both the two types T3 and T4 had the higher content of 
carbohydrate (48.13% and 50.00 % respectively) while T4 was low in oil content. 
 

Table 4: Proximate composition of Sesame Nuts (Semsemia) (%) 

S. Nuts Protein (%) Oil (%) Carbohydrate (%) Fiber (%) Moisture (%) Ash (%) 
T1 15.94 21.64 37.03 4.99 7.78 10.80 
T2 17.72 20.74 39.44 4.5 8.27 9.33 
T3 14.06 13.55 48.13 6.78 7.50 9.98 
T4 13.16 11.81 50 7.14 8.25 10.24 

Notes: T1=Semsemia; T2=Semsemia with black cumin; T3=Semsemia with oat; T4=Semsemiawith black cumin and oat.  
 
As Table 5 shows, the mineral composition of sesame and black cumin seeds indicated that potassium 

was dominant (822.3915, 671.66985 mg/100g) followed by calcium (658.176, 417.627 mg/100g), and 
magnesium (609.6356, 236.7946mg/100g), respectively. Moreover, considerable quantities of sodium, 
iron, and zinc were present in both seeds. The mineral content of oat seeds was less than sesame and black 
cumin seeds. However, the mineral content was high for all seeds in comparison with sweet nuts made of 
same seeds. Potassium content in T1, T2, and T4 was 582.7703, 489.3709, and 411.6249 mg/100g, 
respectively. Sodium content in four nuts was higher than black cumin and oat seeds.  

 
Table 5: Mineral composition of the raw seeds andthe four nut blends. 

 Products 
Fe 

(mg/100g) 
Zn 

(mg/100g) 
Ca 

(mg/100g) 
K 

(mg/100g) 
Na 

(mg/100g) 
Mg 

(mg/100g) 
Sesame seeds 3.0303 1.925165 658.176 822.3915 86.38562 609.6356 
Back cumin seeds 3.4965 1.37817 417.627 671.66985 18.79322 236.7946 
Oat seeds 2.5123 1.239244 93.52785 137.0183 11.69098 50.5635 
T1 2.7972 1.375483 160.875 582.7703 74.80694 249.03474 
T2 2.59 1.298576 72.14315 489.3709 55.30973 228.333 
T3 4.0922 1.357789 47.64175 83.84945 59.55217 148.6422 
T4 2.331 1.176414 72.02535 411.6249 50.41774 307.30815 

Notes: T1=Semsemia; T2=Semsemia with black cumin; T3=Semsemia with oat; T4=Semsemia with black cumin and oat.  
 
Fatty acid profile of seeds (sesame, black cumin, oat seeds) and sesame nuts formulated with seeds 

are presented in Table 6. Fatty acid profile of sesame and oat seeds showed that the major component was 
oleic acid (47.16, 35.935 %), followed by linoleic acid (30.913, 23.3796 %), and palmitic acid (11.046, 
19.6158%) of the total fatty acids. Black cumin seeds are obvious from the results that linoleic, oleic and 
palmitic acids were the dominant fractions amounting were 46.055, 26.323 and 14.1703%, respectively. 
The fatty acid profile of four sesame nuts includes saturated fatty acids ranged from 15.6967 to 16.11599 
%, and unsaturated fatty acids ranged from 83.4478 to 83.9061 %. The concentrations of oleic acid and 
linolenic acid were increased in fortified sesame nuts. 

 
Table 6: Fatty acid composition of seeds and sesame nuts. 

  

Palmitic 
acid 

C 16:0 

Palmitoleic 
acid 

C 16:1 

Stearic 
acid 

C 18:0 

Oleic 
acid 

C 18:1 

Linoleic 
acid 

C 18:2 

Linolenic 
acid 

C 18:3 

Arachidic 
acid 

C 20:0 
Saturated Unsaturated 

Sesame 
seeds 

11.046 0.3001 7.62145 47.164 30.913 0.17512 0.9371 19.60455 78.55222 

Back 
cumin 
seeds 

14.1703 0.25441 3.782 26.323 46.055 0.3225 0.30114 18.25344 72.95491 

Oat seeds 19.6158 2.1559 1.8403 35.935 23.3796 0.5463 0.1876 21.6437 62.0168 
T1 9.137 0.12002 6.221 40.733 42.3326 0.3641 0.66311 16.02111 83.54972 
T2 9.35786 0.1685 6.1246 40.2302 42.687 0.3621 0.63353 16.11599 83.4478 
T3 9.17026 0.12502 6.21933 40.6933 42.3198 0.37622 0.66516 16.05475 83.51434 
T4 8.9055 0.1577 6.0994 40.715 42.6465 0.3869 0.6918 15.6967 83.9061 

Notes: T1=Semsemia; T2=Semsemia with black cumin; T3=Semsemia with oat; T4=Semsemia with black cumin and oat.  
 
The HPLC quantitative analytical conducted on three seeds and nuts formulated with seeds 

demonstrated the presence of various phenolic compounds such as gallic, Pyrogallol, 4-Amino-benzoic, 
Protocatchuic, Catechein, Chlorogenic, Catechol, Epicatechein, Caffeine, P-OH-benzoic, Caffeic, Vanillic, 
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P-Coumaric, Ferulic, Iso-Ferulic, Ellagic, e-Vanillic, α-Coumaric, Benzoic acid, 3,4,5-methoxy-cinnamic, 
Coumarin, salycilic, and Cinnamic in  methanol extracts (Figure 2, 3). According to the results, phenolic 
acid fractions varied between the tested seeds (sesame, black cumin, and oat) and nuts formulated from the 
same seeds. The highest phenolic acids content was found in sesame seeds while the lowest content of 
phenolic acids was in oat seeds. The most abundant phenolic acids were α-Coumaric, followed by 
Catechein, Ellagic and Cinnamic acid in the nuts formulated with seeds. 

 

 
Fig. 2: Phenolic compounds (mg/100 g) of sesame, black cumin, and oat seeds in methanolic extract 
 

 
 
Fig. 3: Phenolic compounds (mg/100 g) of Semsemia formulated with seeds in methanolic extract 

 
Figures 4 and 5 show identification and quantification of flavonoid compounds in sesame, black 

cumin, oat, and sesame nuts formulated from their seeds by HPLC analysis. From these figures it is clear 
that all samples contained many flavonoid compounds were detected in variable levels. Among all the seed 
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tested flavonoids, Apigenin6-arbinose 8-glactose of sesame seeds was observed in the highest amount 
(64.62 mg/100g) followed by Apigenin.7-glucose (46.41 mg/100g) of oat seeds, and Kaempferol (45.98 
mg/100g) of black cumin seed. In case of T4 and T3 Luteolin6-arbinose 8-glucose (33.29 and 32.55 
mg/100g) was detected in greater values as compared to other sesame nut types. In all these same nut 
samples contents of Apigenin 6-arbinose 8-glactose and Hisperidin were increased whereas, Rosmarinic 
was decreased. T2 and T4 exhibited the highest value of Kaempferol as compared to the other tested nuts; 
the values recorded were 27.98 and 25.01 mg/100g, respectively.  
 

Fig. 4: Flavonoid compounds (mg/100 g) of sesame, black cumin, oat seeds in methanolic extract 
 

 
Fig. 5: Flavonoid compounds (mg/100 g) of Semsemia nuts formulated with seeds in methanolic extract 
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Sensory evaluation of sesame nuts included color, taste, odor, texture, and acceptance was done just after 
preparing and the results are presented in Table 7. The panelists acceptance on sesame nuts and sesame nuts 
fortified with black cumin and oat seeds was in the range of between neither like nor dislike (score 4) and like 
slightly (score 5) for the color, taste, odor, texture and acceptance. Sensory evaluation reflects the acceptability 
of sweet nuts for the public of intended use.  No significant change was observed in all the sensory parameters 
of nuts prepared from sesame and the blends of black cumin, and oat seeds.  
 
Table 7: Sensory evaluation of Semsemia nuts 

Sweets Color Taste Odor Texture Acceptance 
T1 8.364±1.69a 8.091±1.51a 8.182±1.17a 7.909±1.22a 8.636±1.03a 
T2 8±1.095a 7.46±1.21a 7.727±1.10a 7.182±1.08a 7.682±1.1a 
T3 8.273±1.27a 8.318±0.78a 8.455±0.82a 7.909±1.14a 8.455±0.69a 
T4 7.91±1.38a 7.273±1.56a 7.636±1.29a 7.364±1.69a 7.682±1.59a 

Means carrying same letters in a column do not differ significantly. Notes: T1=Semsemia; T2=Semsemia with black cumin; 
T3=Semsemia with oat; T4=Semsemia with black cumin and oat.  

 

Discussion 
 
Sesame nuts (Semsemia) are part of Egyptian traditional festival sweets called El-Mawled El-

Nabawey Sweets. Semsemia nuts are widely consumed processed sweet products in Egypt, due to its 
simplicity, low cost and feasibility.  In the product development Semsemia were fortified with black cumin 
or/and oat seeds at 10, 10, and (10+10) %, respectively of incorporation. Black cumin seeds are used as 
herbal medicines commonly employed in eastern civilization (Ramadan, 2007). In preparation of all the 
sesame nut types we added molasses (50 g) to improve the taste, appearance and the nutritional quality. 
The molasses presents a complex matrix rich in carbohydrates and contains proteins, minerals such as 
calcium and iron, and vitamins. Molasses is beneficial to health because they are rich in nutrients and 
contain natural antioxidants (Furlani et al., 2011). Results of this study indicated that there is difference 
between the four sesame nut samples in terms of protein, ash, crude fiber, carbohydrate, and moisture 
(Table 4). Semsemia fortified with black cumin and oat seeds have new characteristics. Addition of black 
cumin seeds to Semsemia to make new formula (T2) increased protein compared to the control 
(Semsemia).This improvement in protein content is the consequence of black cumin seeds, and the values 
observed are of the same order as those described by (Takruri and Dameh, 1998; Ramadan and Morsel 
2002b and Tembhurne et al., 2014).The increase in crude fiber and carbohydrate contents of sweet nuts T4 
could be attributed to the addition of oat seeds which contained high amount of carbohydrate and crude 
fiber (Sadiq Butt et al., 2008 and Liu et al., 2004). Ash content was high in all sweet nuts formulated with 
seeds and this is related to the high mineral content of the seeds. The moisture content of Semsemia and 
Semsemia made of seeds were below the 15% moisture level recommended in the Egyptian Standards. In 
oat seeds the moisture content may be low due to high crude fiber content, addition of 10% oat seeds to 
Semsemia (T3) increased the crude fiber. In our study Semsemia and Semsemia formulated with black 
cumin seeds (T1 and T2) were high in oil content which would make it a better source of fat than the other 
nut types. High fat content in diets contribute significantly to the energy requirement for humans and good 
for flavor enhancing and gives a good feeling in the mouth (Aiyesanmi and Oguntokun 1996). In the two 
sesame nutsT3 and T4 the crude fiber was high in comparison with the other nut types in our research. The 
crude fiber helps in the prevention of heart diseases, colon cancer and diabetes (Johansson et al., 2004; 
Mattila et al., 2005; and Liu et al., 2004). Therefore, it will be useful if oat seeds are added to sesame nuts 
formulation to help relieve constipation. 

The ash content of the three seeds reflects the mineral present in the sesame nuts. The obtained values 
of minerals of Semsemia types are lower than the values obtained for seeds (Table 5). This difference 
because the seeds represent around one half of the content of Semsemia. This indicates that Semsemia 
fortified with seeds contains considerable amounts of macro and micro elements suggesting the important 
role of minerals in human nutrition. The most abundant K, Mg, and moderate Ca content of Semsemia and 
Semsemia fortified with black cumin and oat seeds make them suitable as a nutrition therapy (Chinma et 
al., 2012). Erba et al., (2011) showed that Mg concentration correlated positively with that of other 
bivalent cations (Zn and Ca). Calcium plays an important role in bone and tooth development, blood 
clotting and maintenance of healthy nerves and muscles. Other researchers observed that the increase in 
the ash content could make the product a good source of minerals (Kan, 2015 and Erba et al., 2011). 
Potassium is an intracellular component that regulates acid-base balance of blood. It increases in the 
transmission of nerve impulses activates several enzymes. (Ubekova et al., 2015). 
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The unsaturated fatty acids (monounsaturated or polyunsaturated) defined as ‘essential fatty acids’ in 
the normal diet, as well as long chain omega-6 and omega-3 fatty acids have favorable effect and positive 
health benefits than saturated fatty acids. In our study the high level unsaturated fatty acids of Semsemia 
fortified with seeds (black cumin and oat) increased the quality of sweets for human consumption. In food 
nutrition evaluation, fatty acids are frequently used for declining heart disease risks, inflammation and 
increasing the immunity (Stoddart et al., 2008). There are reports revealed that the increase in fatty acid 
content could be caused by an increase in the rate of triacylglycerol hydrolysis when moisture content of 
the product and air inside the container react with absorbed oil of the product. It is reported that during 
prolonged heating and in the presence of food moisture, hydrolysis of oil occurs and ester linkages are 
broken to yield fatty acid resulting in an increase in their concentration (Choe and Min 2007 and Akinoso 
and Raji2011). A dietary deficiency in polyunsaturated fatty acids can severely constrain growth and 
reproduction of consumers (Tocher 2010). Our data show the presence of high levels of unsaturated fatty 
acids (oleic and linoleic) plus the high protein content makes it a nutritionally balanced Semsemia fortified 
with black cumin seed, Due to black cumin seeds have high fat, as well as a high protein content, it has a 
potential to use it as an energy sweet. Gunstone and Norris (1983) reported that linoleic acid usually cures 
Essential Fatty Acid deficiency as it can be neutralized to the required C20 and C22 polyene acids. 
Essential Fatty Acid deficiency in human results in abnormal skin conditions such as scaliness and 
dermatitis, increased water loss, reduced regeneration of tissue and increase susceptibility to infection. 
Linoleic acid is an important polyunsaturated fatty acid in human food because of its role in prevention for 
distinct heart diseases. Plasma cholesterol was raised by saturated fatty acids and lowered by 
polyunsaturated fatty acids (Garrow et al., 2004). 

Oxidative damage is thought to be one of the major mechanisms causes in chronic human diseases 
such as arteriosclerosis, rheumatoid arthritis, ageing, cancer, cirrhosis and heart disease. Phenolic 
compounds are ubiquitous phytochemicals present in plant foods serve as important antioxidants because 
of their hydrogen atom donating ability to electron in order to form stable radical intermediates. It has been 
shown that antioxidant-rich diets can reduce oxidative damage to biomolecules such as carbohydrates, 
lipids, proteins, and nucleic acids, thus preventing a critical step at the onset of carcinogenesis (Zhang et 
al., 2008; Ahmad et al., 2013 and Ghafoorunissa et al., 2004). Many antioxidant activities are due to the 
presence of coumarin, lignans, flavonoids, flavones, anthocyanin, isocatechins, isoflavones, and catechins 
(Ahmad et al., 2014). In this study, it was found that sesame, black cumin, and oat seeds have high 
phenolic and flavonoid compounds that decreased considerably in Semsemia due to the percent of seeds 
used to prepare Semsemia which represent around 50%. But both of the seeds and the sesame nuts have 
high content of the phenolic and flavonoid compounds which have a constructive health effects and may 
be utilized as effective antioxidants in foodstuffs. Therefore, antioxidants also play an important role in 
contributing to the stability and taste in processed food products by preventing rancidity. caffeic acid has 
been found to inhibit LDL oxidative modification in vitro and to inhibit formation of mutagenic and 
carcinogenic N-nitroso compounds which can form N-nitrosamines (Nardini et al., 1995). In humans, 
flavones such as apigenin and luteolin may be important health beneficial food compounds since they have 
been proposed to have antioxidative, antibacterial, antiviral, antiatherosclerotic, anti-inflammatory and 
anticarcinogenic properties (Martens and Mithöfer, 2005). 

The sensory analysis resulted that there was an increase in sensory score with the addition of oat 
seeds improved color, taste, odor, texture, acceptability of the final product (T3). The sensory evaluation 
revealed that replacement of black cumin and oat seeds has no significant effect on almost characteristics 
of the sesame nuts. The cooking conditions and the amount of components contribute to the final texture of 
the product. The acceptability of a product is depending on the taste, which has the most impact in 
measuring the success of the product on the market. Moreover, an important factor for the initial 
acceptability of food products by consumers is the sweet color (Chauhan et al., 2016). The colour of the 
surface of the cookies was generated due to non-enzymatic browning (Maillard) during baking between 
reducing sugars and amino acids but also due to starch dextrination and sugar caramelisation (Zucco et al., 
2012). Semsemia have a good taste, flavor, and appearance as described by the panelists.  All the types of 
Semsemia were accepted according to the panelists. The results of this study are in agreement with earlier 
results reported by Chappalwar et al., (2013) and Osman et al., (2015). 

Conclusions and Recommendations, Semsemia have been become every popular in all age groups. 
Among El-mawled El-Nabawey Festival Sweets one of the most popular sweet is Semsemia and this study 
revealed that Semsemia fortified with black cumin and oat seeds are a good source of protein, fiber, and fat 
as compared with Semsemia alone. So, we recommend the use of black cumin and oat seeds in Semsemia 
preparation because of their quality and nutritional effectiveness and antioxidant advantages. 
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