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ABSTRACT 

Increasing health risks associated with consumption of eggs and consumer preference of vegan 
diet led researchers to look for alternative of eggs in food products. Cakes are the most confectionary 
consumed within groups. Eggs are the main component of cake preparation that plays a pivotal role in 
maintaining nutritional and physical properties. Eggless cakes were developed using chia seeds with 
levels of 4% (T1), 5% (T2) and 6% (T3) and were analyzed for physical, textural, organoleptic and 
nutritional properties compared with egg cake (C1) and eggless cake (C2). T1 recipe improved the 
specific gravity and viscosity of the eggless batter over other T recipes. However, T2 cake had higher 
specific volume (1.62 cm3/g) as compared with T1 (1.58 cm3/g) and T3 (1.52 cm3/g). On 9-point 
hedonic scale, the addition of chia seeds to eggless cakes resulted in a product sensorially acceptable 
especially for T2 which scored significantly higher values except for crumb color. The chia-eggless 
cakes contained significantly more protein, fiber, lipids and ash than control (C2). Antioxidant capacity 
of the eggless cake steadily increased with increasing percentages of the chia replacement. Essential 
amino acids (mg IAA/ mg AA) found to be higher in C1 (2.35%) followed by T3 (2.02%) and the 
lowest in C2 (1.29%). Significant increases were found in Ca, K, and Mg contents of chia-eggless cake 
samples. Cakes with formulations T2 and T3 were most nearly to the traditional cakes with respect to 
the nutritional value. Results recommended to use chia seeds as egg substituted and formulation of T2 
(5% chia seeds) was considered as a potential candidate recipe for substituting eggs in cakes. 
 
Keywords: Eggless cake, Chia seeds, Salvia hispanica, physical properties, nutritional value, 

functional cake 
 
Introduction 

Many food formulations, especially baked goods, noodles, dairy desserts and pasta, include egg 
to provide softness, texture and colour (Sadahira et al., 2018). For instance, the foaming ability of egg 
is used in preparing mousses and in baking applications, especially angel and sponge cake (Stadelman 
and Schmeider, 2002). Cakes are important confectionery and are widely consumed and enjoyed by 
people, with a steadily growing global market. Eggs are important ingredient of cakes, used as binding, 
colouring, flavouring agents and many other properties (Lin et al., 2017a). The unique gel setting 
property of eggs is essential to provide cakes with specific texture qualities and volume (Kiosseoglou 
and Paraskevopoulou, 2014). However, traditional cakes made with eggs are not convenient for 
consumers with egg allergy and other special dietary restrictions; e.g. religious reasons or personal 
lifestyle choices. Eggs contain high amount of cholesterol, which has been linked to heart diseases. 
Lecithin (approximately 250 mg in a large egg yolk) is converted by intestinal bacteria to 
trimethylamine, which is in turn oxidized by the liver to trimthylamine oxide, which is pro-
atherosclerotic (Wang et al., 2011). Although, the cholesterol limit has been removed from the 2015-
2020, Dietary Guidelines for Americans, dietary limitations of cholesterol are still recommended to 
people with previous accidents of cardiovascular diseases (Lin et al., 2017b). Recently, there has been 
an increasing demand for functional foods, to their capacity to decrease the risks of some diseases such 
as the increase in life expectancy. These reasons led researchers to investigate egg replacers. Many 
attempts have been made to substitute egg with plant and animal proteins, emulsifiers and hydrocolloids 
(Tan et al., 2015). 

Chia (Salvia hispanica L) seeds contain around 20% protein with a good balance of essential 
amino acids especially sulphur amino acids, methionine and cystein. They are good source of minerals, 
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vitamins and antioxidant (Ixtaina et al., 2008 and Ayerza and Coates, 2011). Chia seeds also contain up 
to 39% of oil, which has the highest content of omega-3 up to 68% compared to flax seeds (57%) 
(Ayerza, 1995 and Sultana, 1996). Chia is rich in dietary fiber ranged from 34% to higher than 50% 
over other grains (Capitani et al., 2012). Dietary fiber is consisting of oligosaccharides and 
polysaccharides which associated with plant cell walls. The incorporation of dietary fiber prolonged the 
freshness of baked products which related to their capacity to retain water (Vázquez-Ovando et al., 
2009). Chia is widely used for different applications such as breakfast cereals, cookie snacks, bars, fruit 
juices, yoghurt and cakes (de Falco et al., 2017 and Mohd Ali et al., 2012). Combing 10.2 grams of 
chia seeds to 44.28 grams of water creates a gummy gel that can act as an efficient egg substitute 
(Borneo, 2010). It was reported that chia seeds can be used in industrial food production as whole seeds, 
ground or mucilage to enhance the nutritional value of the products as chia can be part of new food 
stuffs with health-promoting benefits (Kuiczyński et al., 2019).  

The future of use whole chia seeds or its gel as egg replacer is still challenging. So far, no 
sufficient effort has been made to use chia seeds for replacing eggs and developing a cake with high 
nutritional value and taste for consumers with egg allergy. Thus, this work was aimed to tested physical, 
nutritional and organoleptic properties of eggless cakes using different levels of chia seeds as egg 
substitute in comparison to traditional cakes.  
Materials and Methods 

Materials 
Wheat flour (72% extraction), chia seeds, sugar, fresh eggs, baking powder, sunflower oil, milk 

and strawberry essence were obtained from a local super market. Chia seeds were powdered with coffee 
grinder.  

 
Cake preparation 

The yellow cakes were prepared according to the method described by (Lin et al., 2017a), and 
the formulas are shown in table (1). Table 1 lists the recipes of the control cakes (C1 and C2) and the 
eggless cakes with different levels of chia seeds, denoted by T1 – T3.  
 
Table 1: The formula of cake’s ingredients 

Treatments  Control cakes Eggless chia cakes* 
Ingredients % C1 C2 T1 T2 T3 

Wheat flour  27.73 27.73 27.73 24.77 22.64 
Sugar  32.08 32.08 32.08 32.08 32.08 
Skim milk  16.63 16.63 16.63 16.63 16.63 
Baking powder  0.83 0.83 0.83 0.83 0.83 
Egg  13.86 - - - - 
Sunflower oil 8.32 8.32 8.32 7.81 6.48 
Chia seeds  - - 4.0 5.0 6.0 
Strawberry essence  0.55 0.55 0.55 0.55 0.55 
Water - 13.86 9.86 12.33 14.79 

   * Dry matter of eggs substituted by the dry chia seeds  

 
For the eggless chia cakes (T1 & T2 & T3), grounded chia seeds powder were kept soaking in 

water for 10 min prior to mixing with wet ingredients. Finally, Cake batter samples were then poured 
into baking pans (21 x 9 x 12 cm) and baked in a preheated conventional oven at 180 °C (360 °F) for 30 
min. After cooking, pans were removed from the oven and inverted on a wire rack to cool at room 
temperature for 30 min prior to texture and colour analysis. Cooled cakes were packed in polypropylene 
bags and frozen for further analyses. 

 Physical properties 
 

Characterization of the batter 
Specific gravity 

 Specific gravity of batter was measured by dividing weight of certain volume of batter by the 
weight of an equal volume of water using the following formula: 
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Specific gravity = Mass of batter / Mass of water 
Viscosity 
           Batter viscosity was measured according to the method described by Ebeler et al. (1986). A funnel 
with a top diameter of 10 cm and bottom diameter of 1.6 cm was filled with batter and then the batter 
was allowed to flow for 15 s. The amount of the flowed batter was weighed and divided by 15. Viscosity 
values are reported in g/s.  
 
Characterization of cakes 
Specific volume and density 

Volume of cake was measured using rape seeds displacement method (Sowmya et al., 2009 and 
Tan et al., 2010 and 2011). The specific volume of the cake was determined by measuring the cake 
volume (cm3) divided by its weight (g). Cake density is equal to the mass of cake divided by its volume 
(AACC, 2000). Sample of cake volume and density was in unity and the experiment was repeated one. 
 
Volume index 

Volume index of cakes were measured according to the AACC method 10-91 (AACC, 1983). 
Cakes were cut vertically through their centre and the heights of cakes were measured at three points 
(B, C, D) along the cross-sectioned cakes. Volume index was calculated using the following equation: 

Volume index = B+C+D 
Where, C is the height of cake at the centre. B and D are the heights of cakes at the point 2.5 cm away 
from the centre towards the left and right sides of the cake, respectively. 
 
Cake contour and symmetry 
Contour and symmetry were calculated by the following equations: 

Contour = 2C- B – D 
Symmetry = |B –D|  

Where: B, C and D were introduce before in the volume index. 
 
Texture profile analysis: 

Texture profile analysis was determined according to Gomez et al. (2004). The measured 
parameters for cake products were firmness (N), gumminess (N), chewiness (N), adhesiveness (N/s), 
cohesiveness; springiness and resilience which were calculated from the TPA graphic. Texture 
properties of cake were determined after baking and cooling at zero time, after one week and after two 
weeks for all samples. 

 
Water activity 

Water activity of the cake crumb and crust were determined using method described by Mathlouhi 
(2001). Internal cake crumb was sliced into 30 x 30 x 30 mm. samples and sealed in 1 kg polyethylene 
bags after cooling and held at room temperature (25 ͦ C) for further testing. 
 
Sensory evaluation 

Sensory analyses were carried according to Stone and Sidel (2004). Hedonic sensory evaluation 
(9-point scale) was carried out with ten panellists. Sensory characteristics were taste, color, odor, texture, 
cake volume and over all acceptability. Where: 1-dislike extremely, 2- dislike very much, 3- dislike 
moderately, 4- dislike slightly, 5- neither like nor dislike, 6- like slightly, 7- like moderately, 8- like very 
much, 9- like extremely. 

  
Chemical determinations of cake

 
Proximate analysis 

Protein, fat (ether extractable), fiber and ash contents were determined according to methods 
described in (AOAC, 2016). While, total carbohydrates were estimated by difference according to (Egan 
et al., 1981). The moisture content of samples was measured according to the AOAC (2012). Place 
samples in a hot air oven maintained at 130 ± 1 ͦ C for 1 hr. and the weight difference was recorded 
before and after drying. 
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Anti-nutritional factors 
Phytic acid was determined based on precipitation of phytate according to the procedure of 

Wheeler and Ferrel (1971) using Iron (III) nitrate calibration curve. Tannins contents were determined 
using Folin Denis Reagent as described by Makkar et al. (1993).     
 
Antioxidant assay 
          Total antioxidant capacity of the samples was determined using the phosphomolebdenum method 
(Prieto et al., 1999) using ascorbic acid as standard. The results were expressed as milligram ascorbic 
acid equivalent per 100 millilitres (mg AAE/100 ml). 
 
Amino acids content 
          Amino acids determination was performed according to AOAC, (2016). The system used for the 
analysis was Eppemdorf LC 3000 EZ chrom. 
 
Minerals content 
          Potassium, magnesium, phosphorous and iron were analyzed by atomic absorption 
spectrophotometry 3300 Perken Elmer, while, calcium was analyzed by ICP optima 2000 DV Perken 
Elmer according to the method described in the AOAC (2016). 
 
Statistical analysis  
         Each experiment was examined in triplicate and the statistical analysis using analysis of variance 
(ANOVA) and Duncan’s multiple range test for differences among different cakes were conducted using 
Costate statistical software (state college, PA, USA) comparisons between treatments that yielded a P 
values < 0.05 were significant.  
 
Results and Discussion 

Physical properties of batters 
Previous studies indicated that the batter properties affect the volume and quality of the produced 

cakes (Ashwini et al., 2009 and Gόmez et al., 2007). The specific gravity of C1 and T1 batters was 
significantly lower than that of the other batters. Avoiding using eggs in batter making result an increase 
in the specific gravity from 1.22 to 1.31 g/cm3 (Table 2). Upon, the addition of chia seeds to the eggless 
cake mixture (T1), a significant (P<0.05) decrease in the specific gravity (1.24 g/cm3) of the batter was 
observed and this clearly indicated that chia seeds could enhance the foaming ability of eggless batter. 
Foaming ability is essential to provide aeration to the cake batter which improves quality cake 
production (Lin et al., 2017a).  

 
Table 2: Batter properties of eggless cake baked with different levels of chia seeds 

Cakes Specific gravity (g/cm3) Viscosity (g/s) 
C1 1.223 ± 0.01c 1.14 ± 0.10d 
C2 1.310 ± 0.02b 1.26 ± 0.12d 
T1 1.246 ± 0.01c 1.81 ± 0.13c 
T2 1.367 ± 0.05a 2.77 ± 0.47b   
T3 1.374 ± 0.12a 3.30 ± 0.04a   

C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% Chia seeds; T2: Eggless cake with 
5% chia seeds; T3: Eggless cake with 6% chia seeds.  
Mean values within the same row with different letters indicate significant differences (P < 0.05). 

 
However, high levels of chia seeds (T2 and T3) increased significantly the specific gravity of the batter 
probably due to viscous dense nature of chia seeds, which swell considerably after absorbing water and 
these results were in agreement with Agrahar-Murugkar et al. (2016). Low specific gravity is preferred 
in cake batter which indicates that more air is incorporated into the batter (Turabi et al., 2008). However, 
the final cake volume is not only depending on initial air incorporated into butter but also its ability to 
maintain air during baking (Frye and Setser, 1991). C1 and T1 provided similar specific gravity without 
a significant difference, indicating that decrease in batter specific gravity was caused by the addition of 
chia seeds and independent of the amount of seeds used. 
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The substitution of eggs by chia seeds led to a significant increase in the batter viscosity (Table 
2). However, lower viscosity was observed for control (C1) compared to those of chia-eggless batter. 
This might be mainly related to the high water binding capacity of chia seeds gel than egg. Actually, the 
increase in the water absorption capacity of ingredients decreases the amount of water available to 
facilitate the movement of particles in batters and consequently gives high viscosity (Ronda et al., 2011). 
As shown in Table (2), T3 recorded the highest viscosity over other eggless cake batters. However, as 
chia seeds level decreased a reduction in the batter viscosity was observed. Although the viscosity of T1 
batter was significantly higher than the control cake (C1), it showed comparable specific gravity 
compared with C1 cakes. The batter viscosity played an important role in the final volume of the cake, 
because viscous batter was able to keep the gas bubbles diffusing out of the batter during baking 
(Ashwini et al., 2009) and in fact, a batter of low viscosity cannot hold significantly the bubbles. 
However, high viscosity made air incorporation difficult (Rahmati and Tehrani, 2014 and Agrahar-
Murugkar et al., 2016). Nevertheless, the high level of chia seeds with high viscosity batter resulted a 
cohesive batter, chia seed’s gel can help with the incorporation of air into the eggless cakes batter by 
reducing the surface tension between the liquid and gas phase, thereby lowering the amount of energy 
needed to create a larger interfacial area.  
 
Physical properties of cakes        

The data relevant to cake density, specific volume, volume index, contour, symmetry and water 
activity are presented in Table (3). Volume and density are the two important quality measurements for 
cake by consumers and great to evaluate the eggless cakes. The eggless cakes had significantly lower 
specific volumes compared with that of the control (C1) and increased with C2, T1 and T2, which was 
in line with decreasing cake density. Furthermore, C1 cakes had significantly higher volume index than 
C2 and T cakes mainly due to unique emulsifying and foaming and heat coagulation properties of egg 
protein and water-vaporization during baking.  

However, significant increase in volume index was mentioned for chia cakes as compare with C2 
cakes. T2 had the highest value for volume index among T cakes while T3 was the lowest. 
 
Table 3: Properties of eggless cake baked with different levels of chia seeds 

Cakes Specific volume 
(cm3/g) 

Cake density 
(g/cm3) 

Volume index 
(mm) 

Contour 
(mm) 

Symmetry 
(mm) 

Water 
activity (aw) 

C1 2.20 ± 0.36a 0.458 ± 0.07c 163 ± 15.01a 12 ± 1.2a 1.0 ±2.0b 0.808±0.007a 
C2 1.54 ± 0.03b 0.659 ± 0.01a 112 ± 2.0c 8 ± 0.6c 1.0 ±2.0b 0.794±0.009b 
T1 1.58 ± 0.04b 0.631 ± 0.02ab 134 ± 13.01b 11 ± 2.30ab 0.6 ± 1.15b 0.766±0.007c 
T2 1.62 ± 0.03b 0.610 ± 0.02b 144 ± 7.02b 11 ± 0.11ab 2.0 ± 2.0b 0.799±0.003b 
T3 1.52 ± 0.40b 0.665 ± 0.01a 134 ± 19.0b 10 ± 0.50b 3.6 ± 1.15a 0.814±0.011a 

C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% Chia seeds; T2: Eggless cake with 
5% chia seeds; T3: Eggless cake with 6% chia seeds.  
Mean values within the same row with different letters indicate significant differences (P < 0.05). 

          
 Steam produced during baking helps to form more air cells and to bake cakes of desirable spongy 
internal texture having low density (Rahmati and Tehrani, 2015). Higher levels of chia seeds which 
increased the ability to absorb water as seen from viscosity values (Table 2), may have reduced the 
amount of water available to produce steam and therefore, decreased air cells produced in cake crumb. 
On the otherwise, use of chia seeds in eggless cake batter significantly improve the volume values 
compared to no additives as seen in C2 recipe. When moist heat is applied to starch, granules gelatinize, 
forming a mixture of thick, soft and creamy consistency. The gel formed mimics the smooth texture and 
bland flavor of shortening. Ability to these complex carbohydrates is to bind water, which builds body 
in baked goods better than other simple carbohydrates (Nonaka, 1997). Chia seeds addition can increase 
and improve the centre height and contour of eggless cake (Table 3). Soluble fiber increases the batter 
viscosity and may allow for the formation of starch-protein or starch-lipid complexes which stabilize 
the cake batter during baking. Among T cakes, T1 cakes have a very good symmetry and uniformity 
over other chia seed’s cakes and this may be due to the high levels of soluble gum obtained by chia seeds 
in T2 and T3 cakes. Studies on chia addition have shown that 4-5% of chia seeds addition can increase 
batter viscosity and improve cake volume, contour and symmetry and decreased density of eggless cakes 
(Tables 2 and 3). Water activity is also shown in Table (3). Water activity (aw) is an important indicator 
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for the shelf life of foods which is strongly affected the growth of microorganisms (Singh et al., 2016). 
The highest aw being for control cakes (C1) and eggless cakes (T3) and it decreased significantly at C2 
and T2 while the lowest was recorded for T1. The decrease in aw might be possibly due to the high water 
absorption capacities of the chia mucilage which available makes less free water. 
 
Texture profile analysis of cakes: 

Texture properties i.e., firmness, chewiness, cohesiveness, gumminess (N), springiness and 
resilience of cake samples made with different levels of chia seeds were determined at zero time, after 
one and two weeks and the results are presented in Table (4).  

 
Table 4: Texture properties of eggless cake made with different levels of chia seeds 
Cakes Storage 

period 
(weeks) 

Adhesiveness Firmness 
 (N) 

Cohesiveness 
(N) 

Gumminess 
(N) 

Chewiness 
(N) 

Springiness 
(mm) 

Resilience  

C1 

Zero 
time 

1.60 9.45 0.95 8.81 51.80 8.17 0.42 

One 
week 

0.10 12.81 0.90 11.07 80.10 7.24 0.40 

Two 
weeks 

0.40 14.31 0.83 14.10 115.2 5.89 0.38 

 Mean 0.70 d 12.19 e 0.89 a 11.32 d 82.36 d 7.10 a 0.40 a 

C2 

Zero 
time 

5.70 15.08 0.76 10.15 61.20 6.97 0.26 

One 
week 

2.20 15.61 0.72 11.81 70.10 6.03 0.26 

Two 
weeks 

4.70 16.76 0.69 12.00 83.60 5.93 0.22 

 Mean 4.20 a 15.81 d 0.72 b 11.32 d 71.63 e 6.31 c 0.24 c 

T1 

Zero 
time 

3.40 15.47 0.75 10.00 80.00 7.74 0.30 

One 
week 

0.20 22.43 0.69 16.20 116.2 7.17 0.28 

Two 
weeks 

3.40 23.56 0.70 18.32 141.8 6.43 0.28 

 Mean 2.33 c 20.48 a 0.71 b 14.84 a 112.6 a 7.11 a 0.28 b 

T2 

Zero 
time 

4.40 12.53 0.79 10.27 60.80 7.50 0.30 

One 
week 

1.10 16.39 0.76 12.93 88.80 6.87 0.29 

Two 
weeks 

3.80 20.13 0.71 15.80 118.5 5.92 0.28 

 Mean 3.10 b 16.35 c 0.75 b 13.00 b 89.36 b 6.76 b 0.29 b 

T3 

Zero 
time 

3.30 14.54 0.80 10.82 72.90 7.48 0.32 

One 
week 

2.90 16.80 0.75 12.10 82.90 6.85 0.30 

Two 
weeks 

3.60 18.80 0.70 13.77 103.0 6.73 0.27 

 Mean 3.26 b 16.71 b 0.75 b 12.23 c 86.26 c 7.02 a 0.29 b 
 Zero 

time 
3.68 a 13.41 c 0.81 a 10.01 c 65.34 c 7.57 a 0.32 a 

 One 
week 

1.30 b 16.80 b 0.77 b 12.83 b 87.62 b 6.83 b 0.31 ab 

 Two 
week 

3.18 c 18.71 a 0.72 c 14.8 a 112.4 a 6.18 c 0.29 b 

C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% chia seeds; T2: Eggless cake with 5% 
chia seeds; T3: Eggless cake with 6% chia seeds.  
Mean values within the same row with different letters indicate significant differences (P < 0.05). 
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The obtained results indicated that firmness degree of all cake samples were increased as storage time 
increased. The results also indicated that firmness degrees of cake sample C1 (control cake with eggs), 
were lower than other eggless cakes made with or without chia seeds at al storage periods. On the other 
hand, it could be observed that cake sample T1 (eggless cake with 4% chia seeds) showed highest 
firmness degree, followed by sample T2 (eggless cake with 5% chia seeds), then sample T3 (eggless 
cake with 6% chia seeds) at al storage periods.  

Cohesiveness values of cake samples were found to be depended on the formula used for 
production of cake and storage period. Cake sample C1 (control cake with eggs) recorded the highest 
cohesiveness values for fresh cakes compared with other types of cakes. The data also showed that 
cohesiveness values of all cake samples were decreased as storage time increased.  

Chewiness is one of the texture parameters easily correlated with sensory attributes through 
trained panels according to Esteller et al. (2004), who reported that regarding the behaviour during 
storage, a general decrease in cohesiveness of layer cakes was observed. Similar results were obtained 
in other baked goods and this must be related to the loss of intermolecular attraction among ingredients, 
drying, and the trend to crumbliness with ageing. 

Increments in adhesiveness, chewiness and gumminess values with ageing were observed in all 
recipes. It could be noticed that using 4% chia seeds (T1) led to obtain the highest gumminess, 
chewiness values for cake samples after two weeks of storage time. While, using formula C2 (control 
eggless cake) recorded the lowest gumminess, chewiness values for fresh cake. Both, gumminess and 
chewiness value is a parameter dependant on firmness. Therefore, their values, both in fresh and stored 
cakes, followed a similar trend than that of firmness. The above results indicate that springiness and 
resilience values showed the same trend of cohesiveness during storage. It could be noticed that 
springiness and resilience values slightly decreased for all samples of eggless cakes with chia seeds 
after two weeks. Springiness and resilience give information about the after stress recovery capacity. A 
subjective evaluation of springiness is normally made by consumers and consists of slightly pressing 
the piece of food, by hand or with the mouth, and verifying how easily it returns to the original size. 
Regarding springiness and resilience changes during storage, a decrease was observed during ageing, 
while gumminess and chewiness values were increased during storage (Gomez et al., 2004). Tan et al. 
(2012) reported that resilience and springiness are related to the mechanical properties and density of 
cake products. Thus, cake with softer and springier texture, had better appreciation by the panellists.      
 
Sensory attributes 

*Sensory evaluation results of eggless cakes in compare with control cakes are summarized in 
Table (5). Generally, the eggless cakes were perceived to be significantly low in all sensory parameters 
in compare with traditional cake (C1). However, all eggless cake samples were desired by the panellists 
with respect to their high overall acceptability (scores of 7.08 to 7.30). Among all the eggless cakes, T2 
was deemed to have no significant difference compared with egg cake for most attributes. Taste, high 
volume and texture and desirable appearance are the important parameters that resulted in the highest 
acceptability score for the T2 cakes. The lowest score of overall acceptability was assigned by the 
panellists to T3 eggless cakes. High level of chia seeds as shown in T3 caused undesirable changes in 
color and odor and the % essence on recipe basis has not been enough to cover the strong odor produced 
by chia seeds. Although, the high acceptability of C2 cakes (either no eggs or chia seeds), it’s recorded 
the lowest in texture and virtual volume in compare with other cakes. Comparing all sensory properties 
of eggless cakes, T2 cakes showed the highest desirability almost for all sensory parameters that shows 
high acceptance of these cakes. 

 
Chemical composition of cakes:

 
Proximate composition 

Proximate analysis results of chia seeds and different cakes have been depicted in Table (6). 
Protein content was found to be significantly higher for C1 as compared to other cakes, due to protein- 
rich egg albumen in formulation. Low protein content was observed for control eggless cake (C2). 
However, pronounced improve in the protein content of eggless cake was recorded by use chia seeds as 
egg-replacer which accompanied with increasing the percentage of chia seeds. The protein content of 
T2 and T3 can be approached to the value recorded for C1 cakes. 
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C1 

  

C2 

  

T1 

  

T2 

  

T3 

  
Fig. 2: Appearance and crumb structure of cakes (C1: control cake with eggs; C2: control eggless 

cake; T1: eggless cake with 4% chia seeds; T2: eggless cake with 5% chia seeds; T3: eggless 
cake with 6% chia seeds.)

 
Table 5: Sensory analysis of cakes with different levels of chia seeds 

Cakes Taste 
Crumb 
Color 

Odor Texture Cake volume 
Over all 

acceptability 
C1 8.0  ±1.62 a 8.1 ± 1.47a 7.2 ± 1.83ab 8.0 ± 1.88a 8.0 ± 1.33a 7.88 ± 0.73a 
C2 7.2 ± 1.57b 8.2 ± 1.83a 8.1 ± 1.75a 6.5 ± 2.34b 6.5 ± 2.16c 7.30 ± 0.76b 
T1 6.9 ± 1.47b 7.0 ± 1.63b 7.6 ± 2.52ab 7.3 ± 3.13ab 7.1 ± 1.47bc 7.18 ± 1.28b 
T2 7.3 ± 1.64ab 6.7 ± 1.89b 7.6 ± 2.14ab 7.3 ± 2.50ab 7.7 ± 1.34ab 7.32 ± 1.00b 
T3 7.0 ± 1.88 b 6.6 ± 2.69b 6.9 ± 2.39b 7.1 ± 1.75ab 7.8 ± 1.57ab 7.08 ± 1.67b 

C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% chia seeds; T2: Eggless cake with 5% 
chia seeds; T3: Eggless cake with 6% chia seeds.  
Mean values within the same row with different letters indicate significant differences (P < 0.05). 
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Table 6: Chemical composition content (g/100g on dry weight basis) of eggless cakes 
Cakes  Chia 

seeds 
Control Chia-eggless cakes 

Chemical 
composition  

C1 C2 T1 T2 T3 

Protein  21.8 7.27 ± 0.11a 4.97 ± 0.11e 5.80 ± 0.20d 6.27 ±0.11c 6.87± 0.11b 
Fiber  25.33 1.11 ± 0.06b 1.03 ± 0.07b 2.75 ± 1.14a 2.73 ±0.31a 2.95 ±0.07a 
Lipid  32.03 13.80 ± 0.11a 10.23 ± 1.70c 12.86 ±0.14b 12.44 ± 0.04b 12.31 ± 0.04b 
Carbohydrates  11.65 73.19 ± 0.58c 79.31 ± 1.65a 74.20 ±1.06b 73.38 ±0.18bc 72.21 ± 0.32d 
Ash  4.39 0.86 ± 0.20c 0.76 ± 0.09c 0.99 ± 0.06b 1.08 ±0.08ab 1.16 ± 0.09a 
Energy (Kcal) 422.1 446.1 ± 0.83a 429.2 ± 8.60c 435.7 ±6.30b 430.6 ± 0.70c 427.1 ± 1.30c 

C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% chia seeds; T2: Eggless cake with 5% 
chia seeds; T3: eggless cake with 6% chia seeds.  
Mean values within the same row with different letters indicate significant differences (P < 0.05). 

 
Highest fiber content was observed for chia-eggless cakes as compared with control (either C1 

or C2). Addition fiber to meals has been shown to flatten the glycemic response in both normal and 
diabetic persons (Fujii et al., 2013), thus the high fiber content in chia cakes would be enable children 
to consume more confectionaries without increase the rate of glucose absorption giving great 
opportunity to meet their demands. Ash content was also found to be higher in T cakes followed by C1 
and C2. A high content of protein, fiber and ash in chia seeds contributed to an increase of the content 
of these components in the cakes. Nevertheless, lipid content was decreased significantly with 
incorporating chia in eggless cake. Besides, increasing chia seeds replacement level had a significant 
effect on carbohydrates content and caused it decreased at all T cakes. The energy value of chia-eggless 
cakes is lower than C1 but higher than C2. Chia seeds can absorb water in amount as much as 12-fold 
greater than their own mass. Gel of chia seeds can be used as an egg replacer in bakes products and 
such application can reduce calorie content of products (Kulczyński et al., 2019). The changes in the 
macronutrients of different eggless cakes from control cake C1 are shown in Fig. 3. Negative correlation 
between the increase of chia seed levels and the differences in protein content from control and thus, 
the lowest percent was recorded for T3 (5.50%) in compare with T1 (20.22%) and T2 (13.76%). 
Conversely, positive increments in fiber and ash were recorded for T cakes over control, while C2 had 
7.21 and 11.53% lower fiber and ash, respectively than C1. Changing in lipids and energy were 
increased gradually with increase chia seed levels.   

 

 
Fig. 3: % Changes in macronutrients of eggless cakes from control 

C2: Control eggless cake; T1: Eggless cake with 4% chia seeds; T2: Eggless cake with 5% chia seeds; T3: 
Eggless cake with 6.4% chia seeds. 
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Overall, high levels of different macronutrients in the chia-eggless cakes indicated its suitability 
as a good diet or snack for older infant and children whom abstain to eat egg products or adults seek to 
consume a diet without eggs. Several epidemiological works illustrated that protein-energy malnutrition 
among children less than 5 years is increasing due to poor complementary foods, which are low in 
protein, energy required for growth and development for young children (Ijarotimil and Keshinro, 
2013). 

 
Anti-nutritional factors 

Contents of phytic acid and tannins of C and T cakes are presented in Figure 4. Results showed 
that the highest phytic acid content was detected in cakes from T3 followed by T2 and T1; the lowest 
was found content was found in control cakes. In particular, these results may by relate to the high 
phytic content in chia seeds. Phytic acid is considered to be an anti-nutrient which influences the 
nutritional and functional properties of grains by forming complexes with proteins, amino acids and 
minerals (Kumar et al., 2010 and Mune et al., 2011). However, some healthful effects of phytic acid 
including anti-carcinogenic and antioxidant have been reported by (Zhou and Erdman, 1995 and Febles 
et al., 2002) while, limited information was recorded for recommended dosage that evolve beneficial 
effects for human (Kumar et al., 2010).  

 

  
Fig. 4: Percentage of phytic acid (left) and tannins (right) in eggless cakes 

C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% chia seeds; T2: Eggless cake 
with 5% chia seeds; T3: Eggless cake with 6% chia seeds. 

 
Tannins also are considered as anti-nutritional factor and play the same role of phytic acid in 

human nutrition. It has some biological properties such as an antioxidant; antimicrobial and antiviral 
effects in addition tannic acid could be added to food products to extend their shelf-life (Serrano et al., 
2009). Chia-eggless cakes have significantly high in tannins content over control cakes (Fig. 4). As 
expected the use of chia seeds caused substantial increase in tannins content of eggless cakes. Similar 
observations were reported before by Aktas and Levent (2018) when use chia seeds flour for gluten-
free cakes preparation. Although, phytic acid content in cakes had been significantly affected by 
different levels of chia seeds, this differ was not significantly palpable for tannins content. 
 
Antioxidant Capacity 

Analysis of antioxidant capacity as mg per 100g ascorbic acid equivalent of different cakes 
indicated that chia-eggless cakes contain high antioxidant capacity in compare with control cakes (Fig. 
5). Maximum antioxidant content was recorded for T3 and T2 followed by T1 while, C2 was recorded 
the lowest. 

Several studies provided evidence for the high antioxidant potential of chia seeds (Sargi et al., 
2013). However, Segura-Campos et al. (2013) confirmed that protein hydrolysates from chia seeds are 
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also capable of reduce ABTs cation radicals and chia seeds also can inhibit lipid peroxidation. On the 
other hand, eggs play an important role in basic contains biologically active compounds that have 
antioxidant and anticancer properties (Abeyrathe et al., 2013).  

 

Fig.  5: Antioxidant capacity (mg/100g ascorbic acid) in eggless cakes 
C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% chia seeds; T2: 
Eggless cake with 5% chia seeds; T3: Eggless cake with 6% chia seeds. 

 
Finally, chia seeds that have been used in eggless-cakes making not only compensated the 

antioxidant effects in cakes but also, increased the antioxidant capacity in prepared cakes about 1.2 
times over traditional cake (control).  

 
Amino acids composition 

Table 7 illustrates the amino acid composition chia-eggless cakes and control. There are well-
balanced between protein content in cake and its amino acid composition. Accordingly, the high 
concentrations of different essential amino acids were recorded for traditional cake (C1) followed by 
eggless cakes T3 and T2. Among essential amino acids, leucine and valine were dominant in both T 
and C cakes. However, leucine and arginine were the major once in chia seeds (Table 7). It is established 
that essential amino acids catalyze skeletal muscle protein synthesis in animal and human models 
(Glynn et al., 2010). Fifteen grams of egg white protein contain about 1300 mg of leucine (the most 
common amino acid in egg after glutamic and aspartic acid). As leucine can induce a maximal skeletal 
muscle protein anabolic response in young people (Hida et al., 2012), it can be suggested that egg white 
protein and chia seeds and their products intakes may have an important effect on body mass accretion. 

The sum of conditionally essential amino acids (TCEA) was ranged from 1.06g in C2 to 1.54 in 
T3. T3 contained appreciable percent of arginine and glycine. The higher intake of arginine can decrease 
hypercholesterolemic effect of essential amino acids. All ketogenic amino acids (glycine, isoleucine, 
leucine, lysine, phenylalanine and theronine) produced a moderate hypercholesterolemic response, 
where as combination of lysine and methionine produced an ever higher concentration of serum 
cholesterol (Giroux et al., 1999). Conditional amino acids are usually not essential, except in times of 
illness and stress. Its synthesis can be carried out by mammals but can be limited by a variety of factors. 
These factors include the dietary supply of the appropriate precursors and the maturity and health of the 
individual. From a functional perspective, all amino acids are essential and an argument in favour of 
the idea of the critical importance of non essential and conditionally essential amino acids to 
physiological function are developed (Reeds, 2000). Non -essential amino acids or dispensable amino 
acids are termed functional amino acids and play important roles among others in intestinal integrity 
(Dai et al., 2011), immune responses (Ren et al., 2013) and cell growth (Kim et al., 2011). 

As shown in Table 7, glutamic acid was the predominant amino acid amongst the non essential 
amino acids ranging from 1.34% in C2 to 1.68% in C1. Aspartic acid recorded the second amino acid 
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concentrate over other non essential amino acids and the high percent was found in C1 cakes followed 
by T3 and T2. Glutamic and aspartic acid can improve the antioxidant activity of proteins and eliminate 
excess free radicals (Samaranayaka and Li-Chan, 2011). 
 
Table 7: Amino acids composition (mg/100 mg amino acid of sample) of chia-eggless cakes and control 

 
Cakes  

 
Chia 
seeds 

Control cakes Chia-eggless cakes 
C1 C2 T1 T2 T3 

Amino acids Essential amino acids 
Theronine 0.76 0.26 ± 0.01a 0.13 ± 0.01e 0.16 ± 0.01d 0.18 ± 0.01c 0.20 ± 0.02b 
Valine  1.02 0.37± 0.01a 0.20 ± 0.01d 0.27 ± 0.01c 0.28 ± 0.01c 0.31 ± 0.02b 
Isoleucine  0.75 0.28 ± 0.01a 0.16 ± 0.01e 0.19 ± 0.01d 0.22 ± 0.01c 0.23 ± 0.02b 
Leucine  1.31 0.51 ± 0.02a 0.31 ± 0.01d 0.38 ± 0.03c 0.40 ± 0.02c 0.44 ± 0.05b 
Phenylalanine  1.06 0.33 ± 0.01a 0.21 ± 0.01e 0.26 ± 0.01d 0.28 ± 0.01c 0.31 ± 0.03b 
Histidine  0.58 0.16 ± 0.01a 0.09 ± 0.01e 0.12 ± 0.01d 0.14 ± 0.01c 0.15 ± 0.01b 
Lysine  0.98 0.26 ± 0.01a 0.10 ± 0.01e 0.15 ± 0.01d 0.18 ± 0.01c 0.21 ± 0.02b 
Methionine  0.74 0.18 ± 0.01a 0.09 ± 0.01e 0.13 ± 0.01d 0.14 ± 0.01c 0.17 ± 0.01b 
 Conditionally essential amino acids 
Tyrosine  0.89 0.26 ±0.01 a 0.16 ± 0.01b 0.20 ± 0.01ab 0.14 ± 0.16b 0.25 ± 0.03a 
Arginine  2.13 0.29 ± 0.01b 0.14 ± 0.01d 0.24 ± 0.01c 0.29 ± 0.03b 0.34 ± 0.04a 
Cysteine  0.63 0.17 ± 0.05a 0.10 ± 0.02b 0.13 ± 0.02ab 0.17 ± 0.09a 0.14 ± 0.02ab 
Proline  0.82 0.57 ± 0.02a 0.51 ± 0.04b 0.54 ± 0.03ab 0.56 ± 0.04ab 0.58 ± 0.11a 
Glycine  0.94 0.21 ± 0.01b 0.15 ± 0.01e 0.18± 0.01d 0.20 ± 0.01c 0.23 ± 0.01a 
 Non- essential amino acids 
Aspartic acid 1.76 0.49 ± 0.04a 0.23 ± 0.01e 0.35 ± 0.01d 0.38 ± 0.04c 0.42 ± 0.01b 
Serine  0.96 0.35 ± 0.04a 0.18 ±0.01d 0.21 ± 0.01cd 0.23 ± 0.07c 0.27 ± 0.02b 
Glutamic acid 3.50 1.68 ± 0.02a 1.34 ± 0.05c 1.50 ± 0.03b 1.51 ± 0.01b 1.65 ± 0.07a 
Alanine  1.16 0.31 ± 0.01a 0.15 ± 0.01e 0.22 ± 0.01d 0.23 ± 0.01c 0.26 ± 0.02b 
TEAA 7.2 2.35± 0.02a 1.29± 0.03e 1.66± 0.05d 1.82± 0.07c 2.02± 0.17b 
TCEA 5.41 1.50± 0.09a 1.06± 0.02c 1.29± 0.06b 1.36± 0.14b 1.54± 0.21a 
TNEAA 7.38 2.83± 0.01 1.90± 0.05d 2.28± 0.03c 2.35± 0.14c 2.60± 0.01b 
TSAA 1.37 0.35± 0.05a 0.19± 0.03c 0.26± 0.02b 0.31± 0.09a 0.31± 0.02a 
TArAA 1.95 0.59± 0.01a 0.37± 0.01c 0.46± 0.01b 0.42± 0.17bc 0.55± 0.06a 

C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% chia seeds; T2: Eggless cake with 
5% chia seeds; T3: Eggless cake with 6% chia seeds. TEAA= Total Essential Amino Acids, TCEA= Total 
Conditionally Amino Acids, TNEAA= Total Non Essential Amino Acids, TSAA= Total Sulphur Amino Acids and 
TArAA= Total Aromatic Amino Acids        

 
Sum of sulphur amino acids in T2 and T3 were the same. However, these values were higher than 

found in T1 and C2; it’s still lower than recorded for C1.  Nevertheless, higher and superior total aroma 
amino acids were observed in C1 and T3 over other cakes. Based on the results obtained in current 
study, C1 and T3 have same amino acids distribution and thus, chia seeds could be used to increase the 
amino acid composition of eggless cakes, especially essential amino acids which plays very significant 
roles in nutritional point of view, since the body cannot synthesize and should therefore be 
supplemented from the diet. 

Table 8 displays the contribution to the Recommended Dietary Allowance (RDA) of essential 
amino acids (EAA) of chia-eggless cakes and control. The obtained data evidenced that C1 and different 
T cakes contained the majority of EAA in higher amounts than those reported as reference value, with 
the expection of the lysine and leucine. While, C2 contained lower amounts than those reported as 
reference value, chia seeds increased the contribution to meet RDA for EAA.      
 
Minerals content 

Table (9) shows the Ca, Fe, K, Mg and P contents of different eggless cakes and control. In 
general, all minerals content of eggless cake increased significantly by the addition of chia seeds and 
the richest mineral composition was obtained at highest enrichment level. Besides, the Ca, Fe, K and 
Mg of T2 and T3 cakes were found to be 1.5 and 2.1; 1.1 and 2.8; 1.2 and 1.6 and 2.4 and 3.6 times 
higher than traditional cake, respectively. Only phosphorus content was found to be higher in C1 cake 



 Middle East J. Appl. Sci., 10(2): 313-329, 2020 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2020.10.2.30 

325 

(1755 mg/kg) over chia cakes with one expception for T3 cakes (2096 mg/kg). These results were 
related to the rich minerals content of chia seeds which affected on the mineral content of the 
supplemented cakes. It is reported that chia is an excellent source of minerals which can supply about 
860 to 919 mg per 100g of P, 456 to 631 mg per 100g of Ca, 407 to 726 mg per 100g of K and 335 to 
449 mg per 100g of Mg enriched food (Jin et al., 2012).  All minerals content in T cake samples with 
expect for potassium were higher than the FAO/WHO recommended dietary requirements for children 
foods. This is considered from the positive indicators of the good nutrition value of eggless cake because 
the necessary minerals were available to child growth in this important stage.       
 
Table 8: FAO/WHO (1985) amino acid reference pattern of proteins for children (2-5 years old) diet. 

Values are given as % of protein. Each amino acid in the reference pattern was presumed to 
score a value =100. Values for each cake are expressed relatively to the reference pattern 

 Amino acids C1 C2 T1 T2 T3 
Reference 

pattern 
Theronine 105.0 76.76 80.88 84.41 85.58 3.4 
Valine 145.0 91.71 132.8 127.4 128.8 3.5 
Isoleucine  137.5 114.6 116.7 125 119.2 2.8 
Leucine 106.2 94.39 99.24 96.51 96.96 6.6 
Phenylalanine 161.7 150.7 160 159.2 161 2.8 
Histidine 115.7 95.26 108.4 117.3 114.7 1.9 
Lysine 61.55 34.65 44.48 49.48 52.58 5.8 
Methionine 112.2 82.27 101.8 101.3 112.2 2.2 

C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% chia seeds; T2: Eggless cake with 
5% chia seeds; T3: Eggless cake with 6% chia seeds. 

 
Table 9: Minerals content (mg/kg) of different eggless cakes  

Minerals Ca Fe K Mg P 
Recommended Dietary 
Allowance (FAO/WHO, 
1991) (mg/day) 

600 10 2300 130 500 

Chia seeds 6385 77.35 8373 3296 8337 
C1 537.8 ±0.30 d 14.86 ±0.01c 1189 ±3.05d 144.4± 0.01d 1755 ±2.0b 
C2 408.4 ±0.11e 7.257 ±0.01e 957.3 ±0.6e 114.9 ±0.11e 1293 ±4.0e 
T1 630.9 ±0.30c 10.33 ±0.01d 1244 ±7.02c 276.1 ±1.70c 1592 ±2.0d 
T2 793.1 ±0.20b 16.61 ±0.01b 1410 ±4.0b 342.4 ±0.11b 1674 ±1.15c 
T3 1118 ±4.00a 42.11 ±0.06a 1857 ±1.15a 516.2 ±0.20a 2096 ±5.03a 

C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% chia seeds; T2: Eggless cake with 
5% chia seeds; T3: Eggless cake with 6% chia seeds. 
Mean values within the same row with different letters indicate significant differences (P < 0.05). 

 
Change in cost of cakes in response to formula change 

Effect of usage different recipes on the final cakes cost are shown in Fig (6).  Cost of T cakes 
was significantly higher than control relative to high price of chia seeds. As C2 cakes making with no 
eggs and no chia seeds, it was recorded the cheapest one but its accompanied with low in nutritional 
value. 

Fig (6) also expressed the cost per unit of protein for T and C cakes and the results revealed that 
the C1 cakes can provide protein to human body with low cost and the other recipes have been seen to 
rise by 1.2 to 1.6 times. Carlson and Frazắo (2012) exhibited less healthy foods as those high in saturated 
fat, added sugar and that contribute little meeting dietary recommendation. Higher intakes of dietary 
fiber, folate, vitamins and minerals were associated with higher diet costs. The increasing demand of 
functional foods during recent decades can be explained by the increasing cost of healthcare (Siro et 
al., 2008). From the previous results, it showed be taken in our consideration the balanced between 
product cost, its nutritional value and the health concerns of some consumers prior to determine the 
suitable one.  
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Fig. 6: Cost of cakes from different types of formula 

 
C1: Control cake with eggs; C2: Control eggless cake; T1: Eggless cake with 4% chia seeds; T2: Eggless cake 
with 5% chia seeds; T3: Eggless cake with 6% chia seeds. L.E.: One Egyptian pound  

                             
Conclusion  

Eggs substitutes containing 5% of chia seeds (T2) resulted in eggless cakes with most near to 
specific volume, cake density and sensory attributes to the traditional cake. The above level of chia 
seeds (6%) as expressed in T3 recipe produced with undesired physical properties and low acceptable 
sensory quality. Replacement eggs with chia seeds improved the nutritional value of eggless cakes. 
Although the effect of T2 formula on the protein and amino acids of cakes were significantly lower than 
found in T3, some similarities between the T2 and T3 were observed including fiber, minerals and 
antioxidant capacity. These promising results indicated that eggs could be replaced in cakes with 5% 
chia seeds and suggested to use this recipe for chocolate cake making instead of yellow one. Cakes 
contains chia seeds can be a good supplement to a daily diet especially for children whom use cakes as 
a meal. It also can be considered as functional foods which can provide health benefits. 
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