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ABSTRACT

	This paper aims to evaluate the antioxidant activity and micronutrient content of extruded snacks from blends of whole wheat flour and chicken egg. The whole-wheat flour was mixed separately in different proportions either with the raw whole egg, egg yolk or egg albumen. The mixing was done using a 50-litre paddle mixer. A twin-screw extruder was used for the extrusion of the samples. The extrusion parameters were constant for all the samples. After production, the samples were evaluated for antioxidant property (DPPH) and micronutrients content (Vitamins A, D and E, minerals: phosphorus, calcium, magnesium, potassium, sodium, copper, iron, manganese and zinc) using standard methods. Data analysis was carried out using one-way analysis of variance. The results showed that samples were rich in antioxidants (15.8187 - 18.4346 % inhibition.) All samples contained low quantities of vitamin A, vitamin E and minerals which were significantly (p<0.05) lower than the recommended dietary allowance (RDA) while all the samples met the RDA for vitamin D.




Keywords: Oxidative stress, bioactive compounds, minerals, vitamins

1. INTRODUCTION

Oxidative stress theory has been proposed as the cause of aging in humans 1;2. Endogenous free radicals produced in humans are usually kept in check by antioxidants from food 3;4. The consumption of whole grains has been associated with the prevention of oxidative stress-related diseases 5. Wheat contains antioxidants 6;7. Punia et al. 8 reported that the protein content of wheat has a significant effect on its antioxidant properties and added that wheat contains phenolic acid, flavonoid, carotenoids and tocopherols which are also antioxidants.

Egg has been reported to possess antioxidant capacity to fight against free radicals. These free radicals could be detrimental to the cells of the human body 9. It has been implicated that hypertension is as a result of deficiency of antioxidants. Hypertensive rats were fed antioxidant-rich diets and their blood pressure was significantly reduced 10. Some other conditions such as cardiovascular disease, neurodegenerative disorders, cancer and aging have been attributed to oxidative stress 11, including arthritis, diabetes, asthma, cataract and Parkinson’s dementia 12.

Egg contains antioxidants 13;14;15. Nimalaratne & Wu 16 listed the following antioxidants contained in egg (Egg white: ovalbumin, ovotransferrin, ovomucin, lysozyme, cystatin; Egg yolk: phosvitin, phospholipids, carotenoids, vitamin E, aromatic amino acids (tryptophan and tyrosine), selenium, iodine.) 17 reported that eggs naturally contain lutein and zeaxanthin which are antioxidants good for eye health. Nwadi & Okonkwo 18 in a review, enumerated antioxidant properties of egg. Egg is important and natural food rich in antioxidants including micronutrients.

During normal metabolism in the body, the mitochondrial energy production pathway generates radicals such as super oxide anion, although, the body produces endogenous antioxidants (superoxide dismutase, catalase and glutathione peroxidase) in defense 19. In the case where the rate of reactive species (radicals) production exceeds the rate of antioxidant production by the biological systems, the reactive species causes damage to some cellular structures in the body leading to oxidative stress related sicknesses, including cardiovascular diseases and diabetes 20, cancer 21;22. There is a great need to produce foods rich in antioxidants, therefore, the objective of this research was to produce micronutrient and antioxidant-rich extrudate from whole wheat flour and chicken egg.

2. material and methods

Materials	
Four bags of 50 kg each of whole-wheat flour were purchased from Supreme Flour Mills, 6, President Burgers Street, Pretoria West 0183, Pretoria, South Africa. Thirty-two crates of thirty eggs each of freshly laid eggs were purchased from Northwest University farm, Mmabatho Unit 5, Mafikeng 2790, Mafikeng, South Africa.
Methods
The samples (Table 1) were prepared using the method of Nwadi et al. 23. Egg whites were separated from the egg yolk for samples requiring either egg yolk or egg white using an egg separator. The whole-wheat flour and raw whole egg or raw egg yolk or raw egg white were mixed using a 50-litre paddle mixer constructed by Centre for Advanced Manufacturing (CFAM), Potchefstroom, South Africa, in different proportions (Table 1). After mixing, extrusion of the samples was done in TX-32 Laboratory Scale (300 kg/h maximum) twin screw extruder made by CFAM. The extrusion was done in a batch size of 20 kg (using a Platform Scale, Model: Micro A12E in CFAM) per run for each of the samples and the extrusion parameters were constant for all the samples at a screw speed of 700 rpm, feed rate of 53.6 – 78.9 kg/h (50 – 60 %) driven by a 6 – 9.7 kW motor, 20.8 – 24.1 AMP, 50 – 55 % Torque, temperature of 139 – 153 oC and 20 % feed moisture content. Each run lasted 14.22 – 15.02 minutes. A spaghetti die of 1.8 mm (2 rings) with a 40 – 60 % cutter was used in each run. The samples were evaluated for antioxidant property (DPPH) and micronutrients content (Vitamins A, D and E, minerals: phosphorus, calcium, magnesium, potassium, sodium, copper, iron, manganese and zinc) using standard methods 

Table 1: Ingredient combinations for products
	Sample 
	Ratio (percentage of whole wheat flour to chicken egg)
	Quantity of whole wheat flour (kg)
	Quantity of chicken egg (kg)
	Total quantity
(kg)

	RI (Whole wheat flour)
	100:0
	20
	0 (no egg)
	20

	R2 (Whole wheat flour and raw whole egg)
	85:15
	17
	3 (60 whole eggs)
	20

	R3 (Whole wheat flour and raw whole egg)
	80:20
	16
	4 (80 whole eggs)
	20

	R4 (Whole wheat flour and raw egg yolk)
	85:15
	17
	3 (187.5 egg yolks)
	20

	R5 (Whole wheat flour and raw egg yolk)
	80:20
	16
	4 (250 egg yolks)
	20

	R6 (Whole wheat flour and raw egg white)
	85:15
	17
	3 (81 egg whites)
	20

	R7 (Whole wheat flour and raw egg white)
	80:20
	16
	4 (108 egg whites)
	20


One whole egg = 50 g, one egg white = 37 g, one egg yolk =16 g, 1000 g = 1 kg 


Determination of vitamins (Vitamins A, D and E)
Determination of Vitamin A
The procedure described by Jakutowicz et al. 24 was used. One gram of the sample was weighed into a test tube, the proteins were precipitated using 3 ml of absolute ethanol. Vitamin A was precipitated using 5 ml of heptane. The test tube was then shaken vigorously for 5 mins. On standing, 3 ml from the heptane layer was taken up in a cuvette and read at 450 nm using a JENWAY 6305 spectrophotometer against a blank of heptane. The standard (blank) was prepared, read at 450 nm and Vitamin D was calculated:
Actual Absorbance = Sample Absorbance – Blank Absorbance 
Conversion of Absorbance to mg:
2000 IU = 1.41 A
Where IU – International units, A = Absorbance
To get value in IU, actual absorbance is equated to IU (that is, 2000 IU = 1.41 A)
To convert to µg the IU value was multiplied by 0.6
To convert to mg, the µg value was multiplied by 1000

Determination of Vitamin D
The method described by Ashok & Kumar 25 was used. One gram of the sample was weighed into a flat-bottom flask, followed by addition of 1 g pyropanol and then 25 ml ethanolic potassium hydroxide solution (60 ml ethanol, 30 ml 50 % potassium hydroxide.) This was extracted three times with petroleum ether followed by water washing. The sample was then filtered and evaporated to dryness in the water bath. I ml of 11 N HCl and 1 ml trichloromethane were added to the dried extract. The volume of the mixture was made up to 7 ml with acetone and then read at 450 nm using a JENWAY 6305 spectrophotometer. The standard was prepared, read at 450 nm and Vitamin A was calculated:
 Actual Absorbance = Sample Absorbance – Blank Absorbance 
Conversion of Absorbance to mg:
2000 IU = 0.70 A
Where IU – International units, A = Absorbance
To get value in IU, actual absorbance is equated to IU (that is, 2000 IU = 0.70 A) and the answer is divided by 20
To convert to µg the IU value was multiplied by 0.67
To convert to mg, the µg value was multiplied by 1000

Determination of Vitamin E
The method described by Saeed et al. 26 was used. One gram of the sample was extracted with 50 ml petroleum ether and concentrated to dryness. The residue was saponified with 5 ml of 0.1 M potassium hydroxide under reflux after which 50 ml of petroleum ether was used to extract the unsaponified matter and the filtrate concentrated to dryness. The concentrate was dissolved using 20 ml of ethanol after which 1 ml was transferred to a test tube, then 1 ml of 0.2 % ferric chloride in ethanol was added, followed by 1 ml 0.5 % dipyridyl in ethanol. The solution was made up to 5 ml with ethanol. The absorbance of the solution was then taken at 520 nm against a blank using a JENWAY 6305 spectrophotometer. The standard (blank) was prepared, read at 450 nm and Vitamin E was calculated:
0.80 Absorbance = 20 mg Vitamin E
Determination of minerals (phosphorus, calcium, magnesium, potassium, sodium, copper, iron, manganese and zinc)
Mineral concentrations were determined as described by Kiliç Altun et al. 27 using ICP-MS instrument (PerkinElmer, Model: Optima 8300) in operation at the Dohne Research Institute, Stutterheim, South Africa, after microwave-assisted acid digestion. All glassware was cleaned with %10 (v/v) HNO3 solution for one day and rinsed with ultrapure water. 1.0 g of each sample was digested with 4.0 mL of 65% (v/v) HNO3 and 0.5 mL of 35% (v/v) H2O2 in PTFE vessels. The vessels were placed into microwave system (MARS 5, CEM). A blank digest was carried out in the same way. Digestion conditions for the microwave system applied were as follows: up to 120°C for 15 min and then constant for 10 min; up to 160°C in 20 min and constant for 15 min; finally, a cooling stage (30 min) was carried out to 22°C and diluted to 50 mL with deionized ultrapure water. This solution was finally used for elemental analysis, performed with an ICP-MS equipped with a concentric Nebulizer, a quartz torch with quartz injector tube, and cyclonic spray chamber. The concentrations of nine elements Phosphorus (P), calcium (Ca), magnesium (Mg), potassium (K), sodium (Na), copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn) were determined in the samples. The isotopes 31P+, 44Ca+, 26Mg+, 39K+, 23Na+, 63Cu+, 56Fe+, 55Mn+, 66Zn+ were detected. All samples were analyzed in duplicate and each sample was measured in triplicate by ICP-MS detection.
Determination of antioxidant activity
The radical scavenging activity of the samples against 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical was determined using the method described by Alara et al. 28. 0.1 mM solution of DPPH was prepared by dissolving 0.004 g of DPPH crystalline solid in 100 ml of analytical grade methanol (99.95% purity) and kept in the dark for 30 minutes for the reaction to be completed. Then 0.2 ml of the sample was dissolved in 2 ml of analytical grade methanol after which 2 ml of DPPH solution was added. The mixture was kept in the dark for the reaction to be completed after which the absorbance (Asample) was read at 517 nm using a UV–Visible Spectrophotometer (using a JENWAY 6305 spectrophotometer). Methanol served as blank (Acontrol). The analysis was done in triplicate. The DPPH antioxidant capacity was calculated using the formula: 
% DPPH antioxidant capacity = (Acontrol − Asample)  X 100 %
				         Acontrol
where Acontrol is the mixture of methanol and DPPH solution; and Asample is the mixture of sample and DPPH solution.

3. results and discussion

Vitamins A, D and E
Vitamin A
Table 2 shows that whole wheat flour had significantly (P<0.05) the lowest vitamin A content (0.014 mg/100 g) followed by raw egg white (0.027 mg/100 g) while the raw egg yolk contained significantly (P<0.05) the highest quantity of vitamin A (0.063 mg/100 g). On extrusion, the sample containing whole wheat flour only (R1) increased to 0.028 mg/100 g, suggesting that concentration of vitamin A occurred during extrusion. All other extruded products (R2 - R7) contained vitamin A of higher levels to that of whole wheat flour and extruded wheat flour (R1), showing that inclusion of egg improved vitamin A status of the extruded products through supplementation. Among the extruded products containing egg (R2 - R7), those containing egg yolk (R4 and R5) were higher in vitamin A. This is not unexpected because egg yolk is the main part of the egg containing most vitamins and other major nutrients. Those containing whole egg (R2 and R3) were also higher than those containing egg white (R6 and R7) because whole egg also contains yolk. As shown in Table 2, R3, R5, and R7 which contained higher proportion of egg (20 %) were expectedly higher in vitamin A compared to their corresponding counterparts (R2, R4 and R6) containing lower proportions (15 %) of egg. The importance of vitamin A in the diet and human body cannot be overemphasized as it plays vital roles in improving human immune system and sight. It also plays important role as antioxidant in the food where it contributes to inhibition of oxidative deteriorative reactions. From the results, extruded products containing 20 % egg yolk (R5) would benefit consumers more, on account of its higher vitamin A content (0.044 mg/100 g) compared to other extruded products.
Vitamin D
The vitamin D content of all the samples and raw materials (Table 2) had no significant difference (p>0.05) from one another. However, it is shown that whole wheat flour contained the lowest quantity (0.01 mg/100 g) which did not change in the extruded product containing wheat only (R1) while the raw egg yolk and raw egg white contained higher quantities (respectively 0.029 mg/100 g and 0.022) mg/100g). This caused the extruded products containing egg (R2 - R7) to be higher in vitamin D compared to whole wheat flour and whole wheat extruded product. This shows that substitution with egg improved the vitamin D status of the extruded products. Adequate vitamin D is essential for the immune and bone health in man. Also, being an antioxidant vitamin, it plays the role of inhibiting oxidation of food constituents during processing and storage. Except for whole wheat flour and R1 (containing 100 % whole wheat flour), all the samples met the recommended dietary allowance (RDA) for vitamin D which is 15 μg (0.015 mg/ 100 g) for those between 1-70 years of age (Roseland et al., 2019).
Vitamin E
Table 2 shows that whole wheat flour contained significantly (p<0.05) higher quantity of vitamin E (1.575  0.18 mg/100 g) compared to raw egg yolk (1.04  0.08 mg/100 g) and raw egg white (0.880  0.14 mg/100 g). On extrusion, the sample containing wheat flour only (R1) reduced in vitamin E content (1.015 mg/100 g) showing that substantial quantity was lost. The loss on extrusion could be attributed to its being involved in reaction in its normal activity to reduce oxidation of food nutrients and therefore got oxidized and lost. Vitamin E is a well known natural antioxidant in foods and can be diminished while playing its role as an antioxidant. Among the extruded samples, those containing egg yolk (R4 and R5) had higher vitamin E content 2.125 and 1.80 mg/100 mg respectively) because egg yolk contains more vitamin E than egg white while those containing whole egg (R2 and R3) were higher than those containing egg white only (R6 and R7) because whole egg contains reasonable quantity of yolk. Also, those extruded products containing higher (20 %) proportion of egg (R3, R5 and R7) had higher quantity of vitamin E than their corresponding counterparts with lower (15 %) proportion of egg (R2, R4 and R6). 
Table 2: Vitamin content (mg/100 g) of samples
	Samples
	Vitamin A
	Vitamin D
	Vitamin E

	Whole wheat flour
	0.014a ± 0.00
	0.010a ± 0.00
	1.575e ± 0.18

	Egg white
	0.027bc ± 0.00
	0.022a ± 0.00
	0.880cd ± 0.14

	Egg yolk
	0.063e ± 0.00
	0.029a ± 0.00
	1.040d ± 0.08

	R1
	0.028bc ± 0.00
	0.010a ± 0.00
	1.015d ± 0.02

	R2
	0.028bc ± 0.00
	0.013a ± 0.00
	0.550b ± 0.07

	R3
	0.039d ± 0.01
	0.025a ± 0.00
	0.590abc ± 0.06

	R4
	0.030bc ± 0.00
	0.016a ± 0.00
	1.800e ± 0.21

	R5
	0.044d ± 0.00
	0.019a ± 0.00
	2.125f ± 0.04

	R6
	0.023b ± 0.00
	0.015a ± 0.00
	0.625bc ± 0.18

	R7
	0.036cd ± 0.00
	0.058a ± 0.07
	0.305a ± 0.11


Results are means of three replicates. Means with the same superscript in the same column have no significant difference (p>0.05). R1 - 100:0 (100 % Whole wheat flour), R2 - 85:15 (85 % Whole wheat flour and 15 % raw whole egg), R3 - 80:20 (80 % Whole wheat flour and 20 % raw whole egg), R4 - 85:15 (85 % Whole wheat flour and 15 % raw egg yolk), R5 - 80:20 (80 % Whole wheat flour and 20 % raw egg yolk), R6 - 85:15 (85 % Whole wheat flour and 15 % raw egg white), R7 - 80:20 (80 % Whole wheat flour and 20 % raw egg white).

The vitamin E content in all the samples including control and raw materials were below the RDA (15 mg) for persons aged 14 years and above 30. Weber et al. 31 stated that normal individuals who ingest a balanced diet do not show clinical evidence of inadequate vitamin E. In other words, one source of food must not provide all the vitamin E needed.
Quantities of phosphorous, calcium, sodium, copper, iron, manganese and zinc. The extruded products containing whole wheat only (R1) had higher that concentration due to moisture loss was taking place during extrusion. Each mineral higher than the corresponding products containing lower.
Minerals (phosphorus, calcium, magnesium, potassium, sodium, copper, iron, manganese, zinc)
Table 3 show that all samples contained the minerals of interest (phosphorous, calcium, magnesium, potassium, sodium, copper, iron, manganese and zinc) to varying degrees. All these are required in the diet as they play great roles in human body growth and maintenance. Due to its lower nutrient density, whole wheat flour has been shown to contain the least of each mineral compared to raw egg yolk and raw egg white (except for calcium and manganese both of which have been shown to be more abundant in whole wheat flour). It is also seen from Table 3 that because of its higher nutrient density, raw egg yolk contained significantly (P<0.05) higher quantities of phosphorous, calcium, magnesium, potassium, sodium, copper, iron, manganese and zinc but lower quantities of magnesium and potassium compared to raw egg white. The extruded products containing whole wheat only (R1) had higher content of each mineral compared to the whole wheat flour. This indicated that concentration due to moisture loss was taking place during extrusion. All samples containing higher (20 %) of the egg substitutes (R3, R5 and R7) had each mineral higher than the corresponding products containing lower quantity (15 %) of the egg substitute (R2, R4 and R6) respectively. 
Phosphorus: The RDA of phosphorus for men and women 19 years and above is 700 mg/day 32. All the samples had values below the RDA. Sample R6, containing egg white contained the highest quantity of phosphorus (1.96 mg/ 100 g), having a value significantly different (p<0.05) from other samples (R1, R2, R3, R4, R5, R7).
Calcium: Fishbein 33 reported that the RDA for calcium for men and women aged 23 to 51 years and above is 800 mg daily. All the samples had values below the RDA. Sample R5, containing egg yolk contained the highest quantity of calcium (0.13 mg/ 100 g), having a value comparable with other samples (R1, R2, R3, R4, R6, R7).
Magnesium: Nielsen 34 reported RDA for men and women aged 31-70 as 320 and 420 mg per day respectively. All the samples had values below the RDA. Sample R1, containing 100 % whole wheat flour contained the highest quantity of calcium (0.19 mg/ 100 g), having a value comparable with samples R4, R5 and R6 but significantly different (p<0.05) from samples R2, R3 and R7.
Potassium: RDA of potassium for adults is 3,510 mg per person per day 35. All the samples had values below the RDA. Sample R1, containing 100 % whole wheat flour contained the highest quantity of potassium (0.23 mg/ 100 g), having a value significantly different (p<0.05) from other samples (R2, R3, R4, R5, R6 and R7)
Sodium: RDA of sodium is 1,500 mg per day per person and 1,300 mg per person per day for those above 50 years of age 36. All the samples had values below the RDA. Sample R7, had the highest quantity of sodium (42.50 mg/ 100 g) which was not significantly different (p>0.05) from R6 (42.35 mg/ 100 g) both containing egg white, these values were significantly different (p<0.05) from samples R1, R2, R3, R4 and R5.
Copper: Institute of medicine 37 reported 0.9 mg copper per day for men and women, 19 years and above. All the samples had values below the RDA. The values of copper in all the samples were not significantly different (p>0.05) from one another.

Table 3: Mineral content of extrudates (mg/100 g)
	Samples
	Phosphorus
	Calcium
	Magnesium
	Potassium
	Sodium
	Copper
	Iron
	Manganese
	Zinc

	WWF
	0.14a ± 0.01
	0.07ab ± 0.01
	0.11a ± 0.00
	0.11a ± 0.00
	23.30c ± 0.00
	0.55a ± 0.07
	10.10a ± 0.00
	1.65b ± 0.07
	2.35b ± 0.07

	Egg yolk
	6.24j ± 0.01
	0.55c ± 0.07
	0.12ab ± 0.01 
	0.15b ± 0.01 
	117.45h± 0.07
	0.65a ± 0.07
	30.60g ± 0.14
	0.25a ± 0.07  
	11.40f ± 0.14

	Egg white
	1.34g ± 0.01
	0.06a ± 0.01
	0.16cde ± 0.01 
	0.33f ± 0.01 
	138.30i ± 0.14
	0.50a ± 0.00
	10.15a ± 0.07
	0.15a ± 0.07 
	0.75a ± 0.07

	
	
	
	
	
	
	
	
	
	

	R1
	0.72d ± 0.01 
	0.09ab ± 0.01
	0.19f ± 0.01 
	0.23e ± 0.01 
	14.15a± 0.07 
	1.25b ± 0.35
	15.45d± 0.07
	3.55f ± 0.07 
	4.55e ± 0.07

	R2
	0.55b ± 0.01 
	0.07ab ± 0.01
	0.15cd ± 0.01 
	0.17cd ± 0.01 
	28.15d ± 0.07
	0.55a ± 0.07
	12.75c ± 0.07
	2.55d ± 0.07 
	3.45cd ± 0.07

	R3
	0.66c ± 0.01 
	0.09ab ± 0.01
	0.12ab ± 0.02
	0.19d ± 0.01 
	36.35f ± 0.07
	0.45a ± 0.07
	15.50d ± 0.07
	4.45g ± 0.07 
	3.15c ± 0.07

	R4
	1.13f ± 0.01 
	0.07ab ± 0.01
	0.18ef ± 0.01 
	0.17cd ± 0.01
	19.25b ± 0.07
	0.35a ± 0.07
	11.40b ± 0.14
	2.35c ± 0.07 
	3.00c ± 0.00

	R5
	1.06e ± 0.01 
	0.13b ± 0.01
	0.17def ± 0.01 
	0.19d ± 0.01 
	28.45e ± 0.07
	0.45a ± 0.07
	12.65c ± 0.07
	2.55d ± 0.07 
	3.85d ± 0.07

	R6
	1.96i ± 0.01 
	0.08ab ± 0.01
	0.17def ± 0.01 
	0.17c ± 0.01 
	42.35g ± 0.07 
	0.45a ± 0.07
	20.25e ± 0.07
	2.55d ± 0.07 
	2.90c ± 0.00

	R7
	1.85h ± 0,07 
	0.08ab ± 0.01
	0.14bc ± 0.01 
	0.17c ± 0.01 
	42.50g ± 0.14
	0.45a ± 0.07
	21.55f ± 0.07
	2.85e ± 0.07 
	4.50e ± 0.71


Results are means of three replicates. Means with the same superscript in the column have no significant difference (p>0.05). WWF=whole wheat flour, R1 - 100:0 (100 % Whole wheat flour), R2 - 85:15 (85 % Whole wheat flour and 15 % raw whole egg), R3 - 80:20 (80 % Whole wheat flour and 20 % raw whole egg), R4 - 85:15 (85 % Whole wheat flour and 15 % raw egg yolk), R5 - 80:20 (80 % Whole wheat flour and 20 % raw egg yolk), R6 - 85:15 (85 % Whole wheat flour and 15 % raw egg white), R7 - 80:20 (80 % Whole wheat flour and 20 % raw egg white).

Iron: The RDA for iron is 16 to 18 mg per day for men and 12 mg per day for women (both pre- and postmenopausal women) 37. All the samples had values below the RDA. Sample R7, containing egg white, had the highest quantity of iron (21.55 mg/ 100 g) which was significantly different (p<0.05) from other samples (R1, R2, R3, R4, R5 and R6).
Manganese: The RDA for manganese is 3.4 mg and 2.7 mg per day for adult men and women respectively 37. All the samples had values below the RDA. Sample R3, containing whole egg, had the highest quantity of manganese (4.45 mg/ 100 g) which was significantly different (p<0.05) from other samples (R1, R2, R4, R5, R6 and R7)
Zinc: Institute of medicine 37 reported 14 and 9 mg per day for men and women respectively aged 19 to 50 years as RDA for zinc. All the samples had values below the RDA. Sample R1, containing 100 % whole wheat flour had the highest quantity of zinc (4.55 mg/ 100 g), which was not significantly different (p>0.05) from R7, containing egg white (4.55 mg/ 100 g), these values were significantly different (p<0.05) from other samples (R2, R3, R4, R5 and R6).
Antioxidant properties of extrudates
The samples were rich in antioxidants (Table 4) as shown in their antioxidant activity (% inhibition). This may be attributed to the raw materials which also showed high antioxidant (Table 4). Egg yolk (17.0470 % Inhibition) possessed a higher antioxidant which was significantly different (p<0.05) from that of the egg white (15.1610 % Inhibition). This is in agreement with the report of 38 who reported that egg yolk possessed more antioxidant compared with egg white. The whole wheat flour also possessed a high antioxidant activity (17.6964 % Inhibition) which was higher and significantly different (p<0.05) from the values of both the raw egg yolk and raw egg white.
Sample R2 containing whole egg had the highest antioxidant and was not significantly different (p>0.05) from R7 containing egg white and comparable with R1 containing 100 % whole wheat flour but significantly different (p<0.05) from other samples (R3, R4, R5 and R6).
Sample R1, which is the extruded product from whole wheat flour, possessed higher antioxidant activity (18.088 % inhibition) compared to whole wheat flour (17.6964 % inhibition) suggesting that concentration. Additive effects (combined effects of egg yolk and white) may also explain why the extruded products containing whole egg (R2 and R3) had highest antioxidant activity compared to those of extruded products containing egg yolk (R4 and R5) and those containing egg white (R6 and R7). Concentration effect may also explain why extruded products containing egg yolk alone (R4) had higher antioxidant activity than raw egg yolk and extruded products containing egg white (R6 and R7) had higher antioxidant activity than raw egg white.
Table 4: DPPH Scavenging activity (% inhibition) of extrudates
	Samples
	DPPH Scavenging activity

	Whole wheat flour
	17.6964d±0.14460

	Egg white
	15.1610a± 0.00424

	Egg yolk
	17.0470c± 0.06930

	R1
	18.0880de±0.07799

	R2
	18.4346e± 0.15429

	R3
	17.7068d± 0.04716

	R4
	17.0498c± 0.10020

	R5
	15.9028b± 0.13400

	R6
	15.8187b± 0.09793

	R7
	18.4246e± 0.60514


Results are means of three replicates. Means with the same superscript in the column have no significant difference (p>0.05). R1 - 100:0 (100 % Whole wheat flour), R2 - 85:15 (85 % Whole wheat flour and 15 % raw whole egg), R3 - 80:20 (80 % Whole wheat flour and 20 % raw whole egg), R4 - 85:15 (85 % Whole wheat flour and 15 % raw egg yolk), R5 - 80:20 (80 % Whole wheat flour and 20 % raw egg yolk), R6 - 85:15 (85 % Whole wheat flour and 15 % raw egg white), R7 - 80:20 (80 % Whole wheat flour and 20 % raw egg white).

4. Conclusion

The samples were rich in antioxidants which may be attributed to the raw materials which contain antioxidants. Therefore, consumers would likely benefit from antioxidant activities of the products, especially from R2 and R7. The samples were low in micronutrients (vitamins and minerals) compared with the recommended dietary allowance (RDA) however all the samples met the RDA for vitamin D.
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