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Flaxseed (Linum usitatissimum L.) is an oilseed that is used in both industry and food production. Flaxseed contains biologically active compounds including linolenic acid, linoleic acid, and lignans. Flaxseed powder (2.5–10% w/w) and chicken eggs (10–30% v/w) were substituted in cake wheat flour for fried dough (magwinya) production. The physicochemical properties of the fried dough were determined and compared with the control. There was a significant (p < 0.05) increase in moisture, protein, ash, and hardness and a decrease in fat content of fried dough enriched with egg (FDE) and flaxseed powder (FDFX). Enrichment with 30% (v/w) egg and/or 7.5–10% flaxseed powder resulted in higher protein, oil reduction, and ash contents compared with the rest of the products. With the current interest in plant-based protein, flaxseed is a good choice of flour-based snacks for consumers without compromise in nutrition.

Keywords: flaxseed powder, chicken egg, magwinya, plant-based protein, animal protein, enrichment


INTRODUCTION

Protein is formed from amino acids, which are the building blocks of muscle mass that are mostly found in animal products and some plant products. One (1) gram of protein equals 4 calories and is composed of amino acids formed by nitrogen, carbon, hydrogen, oxygen, and sulfur. In bakery products, protein plays a role in the texture of the food by forming gels, stabilizing foams, and emulsions. Chicken eggs are considered human foods for a long time and they are protein-rich containing high-quality nutrients. It is a source of iron, riboflavin, folate, and vitamin B12, D, and E, and contains all nine essential amino acids (Lesnierowski and Stangierski, 2018). Eggs function to enhance the texture and flavor of food products (Vaclavik and Christian, 2014). The egg white (albumen) is an aqueous, faintly straw-tinted, gel-like liquid, consisting of 87.72% water, 0.85% carbohydrates, 10.82% crude protein, 0.19% fat and 0.42% ash (Li, 2006; Réhault-Godbert et al., 2019). Egg yolk is a fat-in-water emulsion containing 50% dry weight; consisting of 65% lipids, 31% proteins and 4% carbohydrates, vitamins, and minerals (Kovacs-Nolan et al., 2005). In dough production, eggs are used to bind other ingredients and strengthen the dough (Indrani and Rao, 2007).

Flaxseed (Linum usitatissimum L.) is an ancient plant that originated in Asia and is now used in both industry and food production (Marie and Ivan, 2017). Flaxseed contains about 8% crude protein, thereby making it a functional food ingredient (Hussain et al., 2008). Flaxseed has found use in many plant-based foods like an egg replacer due to its rich protein (globulin and albumin) content—speaking to its functionality in baked goods (Bernacchia et al., 2014). Flaxseed is rich in fiber (22–26%) with cellulose, mucilage gums, and lignans as chief fractions. Mucilage gum is a form of polysaccharide that becomes gelatinous on mixing with liquids (Tufail et al., 2020). Flaxseed is also highly acclaimed for its omega-3-fatty acid for plant-based consumers. Of all lipids in flaxseed, 53% are α-linolenic acid (ALA), 17% linoleic acid (LA), and 19% oleic acid (Gutte et al., 2015).

Magwinya, also known as “fat cake,” is a deep-fried dough product mostly consumed in sub-Saharan Africa (Kearney et al., 2011). The snack is prepared from deep-frying a fermented mixture of refined wheat flour, sugar, salt, yeast, and water. These ingredients provide limited nutrients needed by the body to function well. Eggs are not usually included in the production process in Southern Africa. However, eggs are used in the Belgian version—oliebollen (Ghijselings, 2019). This means that the snack is low in protein. It is characterized as an oily, moist, sweet/salty, crispy golden-brown confectionary. Fat cake can be cut open and stuffed with cheese, mince, and jam or served with fried chips and fish, either as a breakfast with tea or a snack with a soft drink (Onipe et al., 2019). Moreover, primary school learners and the low-income population are the major consumers of this snack (Onipe et al., 2019). Given the burden of malnutrition that plagues low-and middle-income populations of the world, children suffer the most, one of which is protein deficiency (Otiti and Allen, 2021). Egg is a cheap and readily available source of protein for non-vegans, while flaxseed powder is a cheaper protein alternative for plant-based consumers. Hence, this research investigated the effect of egg and flaxseed on the physicochemical properties of fried dough (magwinya).



MATERIALS AND METHODS


Production of Fried Products

Cake wheat flour, yeast, brown sugar, salt, sunflower cooking oil, flaxseed powder, and chicken eggs were locally sourced from a supermarket in Limpopo Province, South Africa. Concentrated sulfuric acid, selenium tablet, sodium hydroxide pellets, boric acid, methyl red, and petroleum ether (40–60°C) were of analytical grade and were used in protein and fat analysis. The chemicals were purchased from Sigma-Aldrich. Fried dough products were produced using the traditional method described by Kwinda et al. (2018) with modifications.


Egg-Enriched Fried Dough (FDE)

Water and egg mixtures (v/v) were prepared in ratios shown in Table 1. The mixtures were added to dry ingredients (cake wheat flour−100 g, sugar−15 g, yeast−1 g, and salt−1 g). Wet and dry ingredients were mixed until a homogeneous sticky dough was formed.


Table 1. Formulations for fried dough products.
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Flaxseed-Enriched Fried Dough (FDFX)

Wheat flour was composited with flax seed powder (Table 1). 100 grams each of the composite flour was each combined with yeast (1 g), salt (1 g), and sugar (15 g). To each product, 100 ml of lukewarm water (36.5 to 40.5°C) was added to form a homogeneous sticky dough.

The dough products were fermented at ambient temperature (30°C) and deep-fried in sunflower oil at 180°C for 5 min each. The fried dough was drained and cooled to 25°C on absorbent paper until analysis was done. The control product had no eggs or flaxseed powder in its formulation. The frying process and experiments were carried out in triplicate batches.




Methods

Fried dough products were cooled down to ambient temperature (25°C), and weights of three products from the three frying batches were collected using a digital weighing balance (Onipe et al., 2018). To ensure data homogeneity, samples with similar weights were randomly selected for the subsequent measurements.


Hardness

The fried products were cooled for 30 min after frying and the hardness was measured in triplicate using the approved method 74-09.01 of American Association of Cereal Chemists, 1999. The texture analyzer (TA. XT Plus, Stable Micro Systems Ltd, Godalming, UK) fitted with a 5-kg load cell and a 35-mm cylindrical probe was used for the testing. A return-to-start test was used for measurement with the following settings: 40% strain, 2 mm/s, and 1 mm/s test and post-test speeds, respectively. The peak positive force (g) in the force-deformation curve was recorded as the hardness value (AACC, Onipe et al., 2018).



Color Determination

Color analysis was performed using the method of Ndlala et al. (2019) in a ColorFlex 45/0 Spectrophotometer (Hunterlab, Reston, USA) with illuminant D65 and a 10°C observer. Three crust and crumb of fried dough products were analyzed for L* (luminosity), a* (opposition of colors green and red), and b* (opposition of colors blue and yellow). Chroma (C*), hue (h), and total color difference (ΔE) were calculated using Eqs 1–3.
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where L* represents lightness from black to white (0–100); a* measures red (+) to green (–); b* measures yellow (+) to blue (–), whereas Lc, ac, and bc represent the color values for the control fried dough (without egg or flaxseed powder). ΔE represents the degree of the overall color change of a sample in comparison to color values (Lc, ac, and bc) of the control (Onipe et al., 2018).



Physicochemical Analysis

Moisture, oil, and ash contents were determined in triplicate using the approved methods 44-15, 30-25.01, and 08-01.01 of American Association of Cereal Chemists (1999), respectively. The products were dried, pulverized, and tested for protein content using the Kjeldahl method, according to method 955.04 of the Association of Official Analytical Chemists (1995). The percentage nitrogen (N2) in protein was multiplied by a factor of 6.25 to get protein content. Total carbohydrate was determined by the difference method using Equation 4.
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Statistical Analysis

Data were analyzed by one-way analysis of variance. Significant differences (p < 0.05) between means were determined by Duncan's multiple range tests (Duncan, 1955). The results were analyzed using a Statistical Package for Social Sciences (SPSS version 23).





RESULTS AND DISCUSSION


Hardness of Egg-and Flaxseed-Enriched Fried Dough

The values for the hardness of FDE and FDFX products ranged from 1,343.37 to 1,605.24 g and 1,551.72 to 1,975.35 g, respectively (Figure 1). The hardness of FDE products was significantly higher than the control, while that of FDFX was significantly lower than the control. Meaning flaxseed caused the fried dough to be softer in comparison to chicken eggs. The results of FDFX showed no linear trend, but a significant reduction (p < 0.05) was noted at 2.5, 7.5, and 10%. The differences in the hardness of FDE and FDFX could be accounted for by the variation of water in their formulations. For the FDFX products, the flaxseed powder was worked into the flour, thereby reducing the gluten content (which traps a significant amount of water in a dough matrix) and the amount of water available in the dough. Moreover, the presence of mucilage gum in the flaxseed powder could have caused gas and moisture retention, causing less evaporation of water out of the food during frying, thereby accounting for the softness of FDFX compared to FDE products (Budžaki and Šeruga, 2005; Tufail et al., 2020). Egg yolk is known to improve the richness and tenderness of dough and eating quality, while albumen provides baked products with a good volume and texture (Mine and D'Silva, 2008; Zhao et al., 2010; Van Steertegem et al., 2013).
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FIGURE 1. Hardness (g) of fried dough products. Results were presented as mean ± standard deviation (n = 3). Superscripts were assigned to show significant differences (p < 0.05) with an increase in egg/flaxseed powder using Duncan multiple range test. FDE = egg-enriched fried dough, FDFX = flaxseed powder-enriched fried dough.




Color Profile of Egg-and Flaxseed-Enriched Fried Dough
 
Crust and Crumb Color of Egg-Enriched Magwinya

The crust color profile of FDE products is presented in Table 2. The lightness (L*), redness (a*), and yellowness values for FDE were in the ranges 31.74–33.03, 14.56–17.45, and 17.60–23.71, respectively. The addition of eggs influenced the crust darkening as observed in the reduction of L* values with an increase in egg content. This is because amino acids in the egg react with the reducing sugars through the process of Maillard reaction that produces brown color, flavor, and aroma during thermal processing of food (Fayle and Gerrard, 2002; Calderón-Domínguez et al., 2005; Onipe et al., 2018). The redness and yellowness of FDE decreased with an increased egg addition. The total color change is the degree of the overall color change of a sample in comparison to the color values of the control (Pathare et al., 2013). The chroma, hue angle, and color change of the FDE decreased with the increase in egg addition compared to control. Hue angle qualitatively describes a product's typical color in terms of real colors such as red or green (Ndlala et al., 2019). The crumb lightness, redness, yellowness, chroma, and ΔE of FDE products were significantly higher than those of the control. As expected, the crumb was lighter than the crust because the latter is exposed to the highest heat during frying. The increase in yellowness of FDE compared to control is highly influenced by the yellow color of the egg yolk.


Table 2. Color profile of egg-enriched fried dough.
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Crust and Crumb Color Profile of Flaxseed-Enriched Fried Dough

The values of crust color properties for the crust of magwinya were within the following range: L* (41.44–55.26), a* (4.44–5.43), b* (11.54–17.29), Chroma (12.45–18.12), hue angle (67.97–72.57), and ΔE (12.99–19.12). Compared to the control, the results of crust color (Table 3) indicate a decrease in the lightness, redness, yellowness, and chroma values, and an increase in hue and total color change. Similarly, crumb lightness, yellowness chroma, and hue decreased significantly in FDFX products relative to the control. The redness of the crumb, however, increased markedly—a direct impact of the dark hue of flaxseed powder (Figure 2). Coupled with intense Maillard reaction, these variations in crust color relative to the control are linked to the dark color (brown) of the flaxseed powder. Marpalle et al. (2014) reported a similar trend in bread enriched with flaxseed. Onipe et al. (2019) reported that wheat bran with medium particle size had a similar effect on the crust and crumb color profile of fried dough. Care must be taken to avoid consumers being put off by the dark color impacted by the brown flaxseed. The decrease in lightness and yellowness with an increase in FP level agrees with the results obtained by Codinǎ et al. (2016) on bread.


Table 3. Color profile of flaxseed-enriched fried dough.
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FIGURE 2. Fried cereal-dough products.





Moisture Content of Egg-and Flaxseed-Enriched Fried Dough

The mean moisture values of FDE ranged from 42.49 to 45.10% (Figure 3) and that of FDFX ranged from 42.00 to 43.33% and were slightly higher than the control at 41.89% (Figure 4). The increased moisture content of FDE can be attributed to the ability of eggs to bind with other ingredients during the formation of dough. The results showed that the incorporation of eggs improved the moisture content of magwinya, albeit small. There was no significant difference (p < 0.05) in the moisture content of the products with different amounts of flaxseed powder, but the moisture content of control was significantly low. The increase in moisture content of FDFX products may be due to the fiber content of flaxseed powder, which increased high moisture retention (Ganorkar and Jain, 2014). Similar results were reported by Xu et al. (2014) where the moisture content of bread markedly increased with the increase in flaxseed flour.
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FIGURE 3. Nutritional composition of egg-enriched fried dough. Results were presented as mean ± standard deviation (n = 3). Superscripts were assigned to show significant differences (p < 0.05) with an increase in egg in similar bars using Duncan multiple range test. FDE = egg-enriched fried dough.
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FIGURE 4. Nutritional composition of flaxseed-enriched fried dough. Results were presented as mean ± standard deviation (n = 3). Superscripts were assigned to show significant differences (p < 0.05) with an increase in egg in similar bars using Duncan multiple range test. FDFX = flaxseed-enriched fried dough.




Ash Content of Egg-and Flaxseed-Enriched Fried Dough

The ash content of FDE ranged from 1.40 to 1.58% (Figure 3) and FDFX ranged from 1.56 to 1.97% (Figure 4) and were all significantly higher than control (1.41%). An increasing linear trend (p < 0.05) was observed for the ash content of FDE and FDFX products with an increase in egg and flaxseed powder concentration. The increase in ash content in both FBE and FDE shows that egg and flaxseed powder increased the mineral content of fried dough compared to control. This is because of the high mineral content of eggs (Haytowitz and Pehrsson, 2018) and flaxseeds (Codinǎ et al., 2016). Masoodi and Bashir (2012) reported a 69% increase in the ash content of biscuits enriched with 10% flaxseed powder.



Fat Content of Egg-and Flaxseed-Enriched Fried Dough

The fat content of FDE products ranged from 5.27 to 9.82% (Figure 3), while FDFX ranged from 6.08 to 9.41% (Figure 4). The fat content of FDE and FDFX products was significantly lower than control (13.66%). During deep-frying, the heat evaporates moisture out of the products, while oil penetrates inside the products (Krokida et al., 2000; Budžaki and Šeruga, 2005). Due to the consistency of the control dough, large gas cells are formed during the fermentation process, thereby creating more pores for oil uptake during frying and higher fat content in the control products compared to other products (Ivorra et al., 2014). Egg binds the ingredients together during dough mixing, thereby increasing the dough strength and its elasticity, which may have impeded moisture loss and contributed to the reduced fat content in FDE products (Indrani and Rao, 2007; Van Steertegem et al., 2013). The least fat contents for FDE and FDFX were recorded at 30% egg and 10% flaxseed powder addition, showing that both additives reduced the fat content of the fried dough. Contrary to what other researchers have reported that flaxseed increased the fat content of other products like cookies and bread (Masoodi and Bashir 2012), the use of flaxseed in our product resulted in reduced fat content. This may be because of the high-water retention capacity of flaxseed, which may have led to a minimal replacement of water with oil, hence the decrease in fat content (Mellema, 2003; Kwinda et al., 2018).



Protein Content of Egg-and Flaxseed-Enriched Fried Dough

The protein contents of the FDE products ranged from 10.63 to 12.42% (Figure 3), and FDFX ranged from 10.77 to 13.44% (Figure 4) and were all significantly higher than the control (9.75%). The highest protein values were found in FDE30 and FDFX10. This shows that the addition of eggs and/or flaxseed increased the protein content of magwinya. This is because an egg contains about 12.5% protein from both albumen and yolk (Seuss-Baum and Francoise, 2011) and the rich protein content of flaxseed (Hussain et al., 2008; Tufail et al., 2020). Other authors have reported a significant increase in the protein content of biscuits (Masoodi and Bashir, 2012) and cookies (Kaur et al., 2019) enriched with flaxseed. The protein contents of whole wheat-based bread increased with the increased addition of chia seed flour (Sayed-Ahmad et al., 2018).



Carbohydrate Content of Egg-and Flaxseed-Enriched Fried Dough

As shown in Figures 3, 4 carbohydrate content increased significantly with an increase in egg addition from 20% and flaxseed powder from 5% flaxseed. The polysaccharide content of flaxseed could have contributed to this increase. Since carbohydrate content was calculated using the difference method, the decrease in fat content could have encouraged the increase in the percentage of carbohydrates. Marpalle et al. (2014) reported a significant decrease in carbohydrate percentage with an increase in flaxseed flour on functional bread.




CONCLUSION

Supplementing the formulation of fried dough with eggs and flaxseed powder positively influenced the physicochemical properties of the fried dough products. Increased levels of egg and flaxseed powder increased the moisture, ash, and protein content while reducing fat content. The protein contents of FDE and FDFX products were comparable, but the highest level was reported at 10% flaxseed supplementation. Flaxseed powder had no significant impact on the hardness of the fried dough, but it decreased the lightness, redness, and yellowness of the product. The effect on color may repel consumers, but a consumer acceptability test is recommended to confirm or reject this assumption. Further research is recommended on the impact of egg and flaxseed powder on the microstructure, mineral content, and rheological properties of the dough. The findings of this research show that nutritious low-fat fried dough can be produced from plant and animal protein sources to cater for consumers on both diets.
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Products Water (mi) Egg(mi) Flaxseed powder (g) Cake wheat flour (g)

Control 100 - - 100
FDE10 20 10 - 100
FDE20 80 20 - 100
FDE30 70 30 & 100
FDFX2.5 100 - 25 975
FDFX5.0 100 - 5.0 95
FDFX7.5 100 - 75 925
FDFX10 100 - 10 90

Yeast (1g), salt (1), and sugar (15 g) were uniform in all the products. FDE

egg-enriched fried dough, FDFX = flaxseed powder-enriched fried dough.
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Fried products Control FDE10 FDE20 FDE30

Crust

(kg 3451 +1.42° 36.53 + 0.40¢ 31.74 £ 1.45° 32.01 4 1.55°
a* 17.44 + 1.89° 16.86 + 1.94° 16.77 + 1.67% 17.79 + 3.59°
b* 21.49 £ 4.13° 23.71+ 4.83¢ 20.08 £ 1.81° 17.60 = 10.372
Chroma 27.70 + 4.32° 29.45 + 5.059 25.55 +2.39° 23.03 + 10.34*
Hue 50.70 £ 2.77° 53.37 +£2.39° 51.84 £ 0.28° 47.77 £8.82°
AE - 374+1.112 5.25 4 1.38° 8.88 £ 3.43°
Crumb

L 63.01 £ 1.112 66.91 + 3.35° 68.39 & 2.45° 69.35 £ 2.70°
a* 22941122 2.89 4058 3.37 £0.18° 3.74 £0.12°
b* 21.41 £ 5.60* 2591 £209° 29.34 & 1.42° 30.54 & 1.23¢
Chroma 21.64 +5.68° 26.08 +2.13° 29.53 + 1.42° 30.77 + 1.28¢
Hue 83.56 + 1.62% 83.68 £0.71% 83.44 £0.35% 83.01 £0.19*
AE - 8.86+7.76* 12.49 + 11.25° 13.94 + 11.39°

Results were presented as mean = standard dewiation (n = 3). Superscripts (a, b, ¢, d) were assigned to show significant difference (p < 0.05) with an increase in egg concentration
using Duncan’s multiple range test. FDE = egg-enriched fried dough.
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Fried products

Crust
B

Control

3451 +1.42°
17.44 +1.89¢
21.49 & 4139
27.70 4 4.32°
50.70 £ 2.77°

63.01 £+ 1.112
220+ 1122
21.41 £5.60¢
21.54 +5.68¢
83.56 & 1.62°

FDFX2.5

32.49 % 0,09
8.30 £ 0.20°
14.30 £ 0.27°
9.35 +0.06°
59.87 +2.01°
12.06 +0.23°

55.26 + 1.309
5.43 +0.50°
17.29 + 1.60°
1812+ 1.68°
72.57 £ 0.07°
12.99 + 0.92*

FDFX5.0

32,80 +0.28°
9.06 +051°

14.68 +0.22°
10.19 + 0.55*
58.34 +0.28°
1117 £0.70%®

49.77 £ 1.54°
4.44 4 0.07°
13.77 £ 0.68°
14.47 +0.66°
72.09 £0.72°
19.12 4 1.23°

FDFX7.5

31.81 £0.16*
6.65 £ 0.26%
13.62 +£0.38%
7.44 £0.26*
64.16 £ 2.90¢
13.98 +0.20°

45.86 £ 0.24°
4.66 % 0.40°
1154 £ 123
12.45 £ 129
67.97 £ 0.43°
23.53 % 0.76°

FDFX10

33.55 = 0.20°
871+ 059
15.94 & 0.42°
1085 + 0.72°
61.37 £ 0.36°
10.67 +0.84

41.44 £ 0342
4.91+007%
1267 £ 0.45%
1359 + 0.43%
68.82 = 0.68°
26.46 % 0.109

Results were presented as mean =+ standard deviation (n = 3). Superscripts (a, b, ¢, d, ab, bc) were assigned to show significant difference (p < 0.05) with an increase in flaxseed
powder concentration using Duncan multiple range test. FOFX = flaxseed powder-enriched fried dough.
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