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Abstract— Practicability of full substitution of eggs in the production of yellow cake was evaluated.  Different concentrations of xanthan 
gum were used (0.5%, 1.0% and 1.5%). The results showed that substituting eggs with 0.5% xanthan gum inside a cake produced a 
harder cake and lower its volume, water activity, and moisture content compared to control (1599.66 and 1945.69 g, 523.33 and 425.00 
cm3, 0.91 and 0.89, 28.87 and 26.97%, respectively). The sensory evaluation result showed that the addition of 0.5% xanthan gum to an 
eggless cake received the highest acceptability among other eggless cakes. In conclusion, the addition of 0.5% xanthan gum produced 
the most promising egg substitute in cakes. 
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I. INTRODUCTION  

Yellow cake is one of the simplest types of cake to be 
produced and its principal ingredients consist of flour, eggs, 
oil, milk, and sugar. Each ingredient plays an important role in 
their specific function towards the final quality of the cake [1]. 
Eggs, in particular, provide many functions to baked goods. 
This includes giving structure to the cake as air is being mixed 
into the batter when it is being beaten, provides colour and 
flavour to baked goods, and it also acts as an emulsifier 
between liquid ingredients and fat [2]. 

 
 A traditional cake ingredient (yellow cake, pound cake) 

however usually consists of eggs, making them unsuitable for 
consumers who are allergic to eggs and lacto-vegetarians. 
Those allergic to egg cannot consume most cakes in the 
market due to its egg content which contains proteins such as 
ovotransferrin, ovalbumin, ovomucoid, and lysozyme can 
cause symptoms such as itchiness, atopic dermatitis, vomiting, 
bronchial asthma and rhinitis [3]. Lacto-vegetarians are known 
to eliminate any type of meat or eggs in their diet. However, 
unlike other types of vegetarian diets, they still consume dairy 
products such as milk, cheese and yoghurt [4]. Besides that, 
eggs are known for its high cholesterol content that can be 
linked to cardiovascular diseases if consumed in large amount 
and it is the most costly ingredients in the cake making 
industry [5].  

 
Xanthan gum is a type of hydrocolloids produced from the 

fermentation of Xanthomonas campestris, a gram-negative 
bacterium, commonly produced at an industrial scale. Its 
application on food as a stabiliser and emulsifier was approved 
by the U.S. Food and Drug Administration (USFDA) without 
any restrictions [6]. Xanthan gum is suitable to be used as 
thickener, stabiliser, and suspender in many food products due 
to its excellent ability to become soluble and at the same time, 

stable in alkaline solutions, and are also able to resist to 
degradation at a wide range of pH levels and elevated 
temperatures [7]. Polysaccharides (xanthan gum, guar gum, 
and Arabic gum, for instance) are usually added as baking 
additives in order to improve the shelf-life of baked goods and 
they are commonly added in combination with emulsifiers for 
foam stabilising and as flavour enhancer [8]. For example, the 
incorporation of egg replacers in producing eggless yellow 
cake and found that the blends of xanthan gum, whey protein 
isolates, and wheat starch is the best egg replacer in producing 
a suitable yellow cake system, besides delivering functionality 
at a fairly low cost [9]. In this study, the lowest gum 
concentration to be used was at 0.5%, which was based on a 
study in determining the optimum level of xanthan gum to be 
added in the production of eggless cake [5]. This value is then 
increased by 0.5% to 1.0% and 1.5%, which is the most 
commonly used concentration of xanthan gum added to the 
eggless cake, for the former. 

 
However, previous studies conducted only focuses on the 

quality of eggless cake produced, without determining the 
chemical contents of the cake such as fat, protein and 
carbohydrate content [5,8,10]. This study would provide 
information on the effects of substituting eggs with xanthan 
gum to the quality of a normal yellow cake which will be 
beneficial to the food industry in producing cakes that can be 
consumed by both lacto-vegetarians and people who are 
allergic to egg.  Besides that, it would also provide 
information on whether substituting eggs in a cake with 
xanthan gum caused a significant effect to the 
physicochemical and sensory characteristics of yellow cake 
based on the data obtained. The main objectives of this study 
were to deduce the physicochemical properties and sensory 
characteristics of eggless cake substituted with xanthan gum.  
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II. MATERIAL AND METHODS 

A. Material 

The yellow cake recipe was adapted from a previous study 
[10], with slight modifications. Table 1 lists the recipe of the 
control cakes and eggless yellow cakes with different 
substitutes denoted by F1, F2, and F3 with xanthan gum 
concentrations of 0.5%, 1.0% and 1.5% (based on flour basis), 
respectively. The ingredients used were obtained from a local 
supermarket which includes wheat flour, vegetable oil, fine 
granulated sugar, baking powder, eggs (grade B), and vanilla 
essence and food grade xanthan gum was obtained from a 
local supplier. All chemicals are of the analytical grade for 
analysis purposes are sulphuric acid, catalyst mixture 
(potassium sulphate and selenium), sodium hydroxide, boric 
acid, hydrochloric acid, and petroleum ether. 

B. Methods 

 

Preparation of cake batter and baking 

 The ingredients used were weighed using an analytical 
balance. Weighed dry ingredients were sifted three times into 
a mixing bowl and were mixed with a whisk to combine. 
Then, all the weighed wet ingredients were added into the 
bowl. All ingredients were mixed together using an electric 
hand mixer for 3 minutes at medium speed until all ingredients 
were fully incorporated, avoiding any lumps formation. The 
cake batter was then poured into a lightly greased cake tin and 
was baked in a preheated oven (180°C) for at least 35 minutes 
or until the skewer inserted into the centre comes out clean. 
The cake was left to cool in the baking tin to room 
temperature before it was removed and placed in an airtight 
container. The formulation of eggless yellow cake was shown 
as in Table 1. 

 

Chemical analysis 

Eggless yellow cakes were analysed for moisture, ash, fat, 
and protein [11], and carbohydrate content was determined by 
difference. 

 

Carbohydrate (%) = 100 – (protein + fat + moisture + ash) in 
grams per 100 g of food. 

 

Physical characterisation of cake 

The rapeseed displacement method was used to determine 
the cake volume as described in the Approved Methods of the 
AACC (2000) [12]. A portable colorimeter (KONICA 
MINOLTA, CHROMA METER CR-400, Japan) set for L* 
(lightness), a* (redness), and b* (yellowness) values was used 
to measure the colour of cake crumb. The results of the L*, a* 
and b* values were averaged from triplicates [13]. Using the 
AQUA-LAB (Decagon Devices Inc., USA) water activity 
meter, the water activity of the cake was determined. 

 

Textural properties of cake  

Cake samples were cut into cubes of 2.5 x 2.5 x 2.5 cm 
sizes.  The crust of the cake samples was removed, leaving 
only the crumb part of the cake. A TA-XT2i plus texture 
analyser (Stable Micro Systems Ltd., Surrey, UK) with a 25 
mm cylinder probe was used to perform a double compression 
test on the cake samples. The texture parameters that were 
recorded were hardness, cohesiveness, springiness, and 
gumminess. 

 

Sensory evaluation 

Thirty untrained panellists were informed that they will be 
evaluating eggless yellow cake. They received four samples 
and was asked to give ratings on each sample based on their 
degree of liking of the cake samples using a nine-point 
hedonic scale (1 = extremely dislike, 5 = neither like nor 
dislike, 9 = extremely like). Cake samples were cut into 
cubes of 2.5 x 2.5 x 2.5 cm sizes.  The crust of the cake 
samples was removed, leaving only the crumb part of the 
cake. The samples were placed in a transparent, covered and 
labelled containers, identified with random three-digit 
numbers. The panellists evaluated the samples in a special 
testing area with separations between panellists to avoid bias 
error. Using the sensory evaluation form given to each 
panellists, they were instructed to rinse their mouths with plain 
water before and between sample tasting. 

 

Statistical analysis 

The Statistical Package for Social Sciences (SPSS) version 
15.0 (SPSS, Chicago, IL, USA) was used to carry out all 
statistical analyses in this study. A one-way analysis of 
variance (ANOVA) was used for the determination of the 
differences among groups. All data obtained were reported as 
means±standard deviations (S.D). 

III. RESULT AND DISCUSSION 

 

Chemical analysis 

 Based on Table 2, the control cake contained the highest 
moisture content at 28.87%, followed by the eggless cake with 
0.5%, 1.0% and 1.5% xanthan gum with moisture contents of 
26.97%, 26.18%, and 25.86%, respectively. There was a 
reduction of approximately 6.5% in the moisture content 
between control and the eggless yellow cake containing 0.5% 
gum. It was also found that eggless yellow cake with highest 
gum concentration at 1.5% showed the lowest moisture 
content by showing a decrement by 10.43% from control. The 
results showed that as the gum concentration increased, the 
moisture content decreased. A similar pattern can be observed 
where it also found that cakes added with hydrocolloids have 
reduced moisture content compared to control [5,8,10]. The 
decrease in moisture content is most probably caused by the 
poor ability of the eggless cake to retain its moisture [10], 
hence more moisture will be released throughout the baking 
process and during storage compared to control. This result 
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might also be due to the nature of an egg. An egg contains 
approximately 75% of water of the edible portion of the egg 
which greatly contributed to the moisture content of the final 
product [14]. Thus, control which contains eggs has relatively 
higher moisture content compared to eggless yellow cakes.  

 

 The eggless cake also has significantly reduced fat content 
compared to the control cake. The control cake, which 
contains 50 g of egg (egg white and whole egg yolk) contains 
the highest fat content at 15.68%. Meanwhile, all eggless 
yellow cake’s fat content ranges between 9.99% - 9.24%, a 
decrement of approximately 36.31% from the control. A 
similar pattern can be found in which they also found a 
reduction in fat content of cake in which the egg was partially 
substituted with chia gel compared to control [15]. The fat 
(total lipid) made up approximately 9.94% of the edible 
portion of a whole egg [14]. From the results, it was clearly 
shown that the egg added into the cake greatly affected the fat 
content of the cake produced since the egg itself contributed a 
significant amount of fat to the final product.  

 

For ash content, a decrement of approximately 31.83% 
between control and F3 containing 1.5%. Moreover, there 
exists no significant difference in the ash content between the 
eggless cakes of different formulations. The ash content in the 
edible portion of an egg is 0.86% [14]. Since an egg contains a 
significant amount of ash, hence this might be the cause of the 
reduction of ash content in the eggless cakes. 

 

Based on the results obtained, we can also observe that all 
the eggless cakes have protein content ranges between 5.76% - 
5.47%. Meanwhile, the control cake contained the highest 
protein content at 7.98%. A decrement of 27.82% in the 
protein content between control and eggless cake with 0.5% 
gum. It also proved in cakes with its egg content partially 
substituted by 75% with chia gels [15].  

 

Results also showed that control cake has the lowest 
carbohydrate content at 46.25%. Meanwhile, F2 and F3 
contain significantly the highest carbohydrate content at 
57.83% and 58.60%. Both F2 and F3 were significantly 
different from F1. An increment of approximately 18.09% 
between the control cake and F1, 2.36% between F1 and F2 
and 1.30% between F2 and F3. It also found a similar pattern 
in the decrement of carbohydrate content in a cake which its 
egg content was partially removed to be substituted with chia 
gels compared to control [15]. 

The control cake was found with the highest water activity 
compared to the eggless cakes at 0.91. The water activity of 
the control cake in their study was 0.93 [16,17], which was 
almost similar to what was found in this study. For the rest of 
the eggless yellow cakes, the water activity ranges from 0.90 
to 0.89. The water activity of eggless cake reduced by 2.19% 
from control. Water activity above 0.90 lies in high water 

activity foods. High water activity indicates that the cakes are 
prone to microbial deterioration since most food 
microorganisms require a high amount of free water and an 
abundance of nutrients for growth.  

 

Physical characterisation of cakes 

Table 3 shows the volume of the cakes. Based on the 
results, it was found that control cake’s volume was 
significantly the highest (523.33 cm3) compared to others. The 
volume of F1 showed a decrement of approximately 18.79% 
from the control. F2, on the other hand, showed less 
percentage of decrement at approximately 14.69% from 
control and F3 showed a decrement of 15.29% from control. 
From this result, we may conclude that the removal of the egg 
will significantly reduce the volume of a cake. It was also 
found that the addition of a higher concentration of gum added 
will significantly increase the cake’s volume. The addition of 
hydrocolloids usually produces cakes with lower volumes than 
the control and is related to its batter consistency and density 
[18]. Cake batters added with hydrocolloids was found to be 
denser and more viscous than control. The increase led to a 
lower air retaining capacity of the batter during baking, hence 
producing cakes of lower volumes. Figure 1 shows the 
difference in the volume of the cake produced based on its 
cross-section. 

Table 4 shows the colour of cake crumb (L*, a*, b* 
values). Control cake shows the lightest in colour as its L* 
value is the highest compared to the rest at 71.32. F2 showed 
the least light in colour at 65.40 and F3 showed the lightest in 
colour for eggless yellow cake at 67.25. It also showed a 
similar pattern in [9,10]. This may due to the difference in 
cake volume. Higher cake volume gives more surface area as 
compared to cake with a smaller volume. 

In a* values, control showed an average value of -0.08, 
which falls in the negative value. The negative value indicates 
greenness, although due to its very minute values, our naked 
eyes cannot tell the presence of green colour. As for the rest of 
the eggless yellow cakes, all of it ranges in the positive value, 
which indicates redness. F2 showed lower redness at 0.42, 
followed by F1 at 0.46 and the eggless yellow cake with the 
highest redness value is F3 at 0.51.  The colour reading for a* 
value for their control cake also showed a negative value at -
0.04 [10], which is slightly lower than what was found in this 
study. For the b* values which indicate the yellowness 
(positive value), results showed that the control cake has the 
most intense yellow colour compared to the eggless cakes at 
27.28. As for the rest of the eggless yellow cake, the b* values 
range between 23.65 and 23.19. A decrement of 
approximately 13.31%, 14.99% and 13.53% between control 
and F1, control and F2 and control and F3, respectively. The 
control cake showed a b* value of 24.56 [10], which is less 
yellow compared to in this study. As for the eggless yellow 
cakes, it ranges between 25.97 (contains PPI and 0.1% 
xanthan gum) to 19.70 (contains PPI, 0.1% Xanthan gum and 
SL). Therefore, we can conclude that different mixtures of 
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hydrocolloids and emulsifiers greatly affect the colour of the 
finished product.  

 

Textural properties 

Table 5 shows the results for the texture profile analysis of 
the eggless cake. Results showed that control cake has the 
least hardness at 1599.66 gf. As for the eggless yellow cakes, 
we can observe that the hardness increase with the gum 
concentration. F1 showed an increment of hardness by 17.78% 
from control, followed by 11.68% increase in hardness when 
1.0% xanthan gum was added in F2 and lastly, an increment of 
only 6.18% between F2 and F3. Results showed that higher 
xanthan gum added will produce a harder cake, which is not 
preferable to the market. The similar results also shown in this 
study [5,8,9,10,13,18,19]. For example, the hardness of 
eggless cake (produced by substituting eggs with isolated pea 
protein and 0.1% xanthan gum) increased to 1050.1 gf from 
362.3 gf (control) [10]. The cakes containing eggs had higher 
foaming capacity, resulting in a highly aerated cake which 
leads to a lower degree of hardness [20]. Another possible 
reason why eggless cakes were harder than control could also 
be due to the thickening effect of xanthan gum [5]. 

 

In the springiness parameter, the control cake and F3 
showed significantly the highest springiness at 0.90 compared 
to the rest of the eggless yellow cakes. F1 shows the lowest 
springiness at 0.85. A hypothesis made in others study said 
that the aggregation of protein in the cake crumb is related to 
its springiness [21]. Hence, due to the total removal of eggs 
which contains protein from the cake leads to reduced 
springiness. However, it was found in this study that the 
addition of a high concentration of xanthan gum (1.5%) may 
significantly affect the springiness of the cake. The springiness 
in control cake and eggless cake with the highest 
concentration of gum (F3) was found to be not significantly 
different from one another. Hence, we can conclude that 
higher gum concentration will increase the springiness of 
eggless cake and may mimic the same springiness as in the 
control cake.  

 

For cohesiveness parameter, control and F3 showed 
significantly the highest cohesiveness at 0.64 and 0.61. F1 
shows the least cohesive at 0.55, followed by F2 at 0.58. 
Based on this result, we are able to conclude that cohesiveness 
increased with gum concentration. Low gum concentration 
reduced the internal resistance of the cake compared to 
control. 

In the gumminess parameter, control and F1 showed 
significantly the least gumminess at 983.61. For the eggless 
cake, the gumminess increased as the gum concentration 
increased. F1 showed the least gumminess from the rest of the 
eggless cake at 1018.55. F2 with gum concentration of 1.0% 
showed gumminess of 1319.07, an increment by 22.78% from 
F1 which contained only 0.5% xanthan gum. F3 (1.5% 
xanthan gum) showed the highest gumminess at 1411.55 with 

an increment of 6.55% from F3. Hence, we can conclude that 
higher concentration of xanthan gum added increased the 
gumminess of the cake. 

 

Sensory evaluation 

Table 6 below shows the sensory evaluation results for the 
experiment. In terms of colour and aroma, there was no 
significant difference found between the cakes. This proves 
that in this study, we were able to produce an eggless cake 
with equal preference from the panellists with the control in 
terms of its colour and aroma. In terms of the texture and taste, 
there exists no significant difference between control and F1; 
in which control received the highest score at 6.90 and 7.06 
for texture and taste respectively. F1, on the other hand, 
received the second-best score for both texture and taste at 
6.65 and 6.74, respectively. Hence, we can conclude that most 
panellists were unable to detect the difference in texture and 
taste between an eggless cake containing 0.5% xanthan gum 
and the control cake. The overall acceptability results showed 
that panellists were unable to differentiate between control and 
the eggless cake containing 0.5% gum as there were no 
significant difference found between them. Meanwhile, F2 and 
F3 received a significantly lowest score of 5.81. During the 
analysis was conducted, the panellists were not told that they 
were going to taste test an eggless cake in order to avoid 
biased result. However, based on the results found, we can 
observe that the panellists still prefer the control cake but at 
the same time were able to accept the eggless cake, with 
minimum addition of gum (0.5%). 

IV. CONCLUSION 

In conclusion, the objectives of this study have been met. It 
was found that a higher concentration of xanthan gum added 
to the cake will significantly reduce the moisture content, cake 
volume, and water activity compared to control. It was also 
found that the removal of eggs significantly affects the final 
colour of the product by significantly reducing its lightness 
and yellowness. The texture of the cakes was also affected in 
which the higher concentration of gum added, the harder the 
cake will be. In terms of sensory characteristics, it was found 
that panellists have an equal preference towards the control 
cake and the eggless cake containing the least xanthan gum 
concentration at 0.5%.  



 5

Table 1 Formulation of eggless yellow cake  
 
 
 
 
 
 
 
 
 
 

 
 
 
  
 

 *F1: 0.5% xanthan; F2: 1.0% xanthan; F3: 1.5% xanthan based on wheat flour basis (100 g). 
 
 
Table 2 Chemical composition of eggless yellow cake 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Values presented are the average obtained from triplicates. 
*F1:0.5% gum; F2: 1.0% gum; F3: 1.5% gum. 
a-d : Values in the same row with the same letter are not significantly different at (p < 0.05). 
 
 

Formulation Control F1 
(0.5%)z 

F2 
(1.0%) 

F3 
(1.5%) 

Xanthan gum - 0.5 g 1.0 g 1.5 g 

Eggs 50 g - - - 

Fine granulated sugar 90 g 90 g 90 g 90 g 

All-purpose flour 100 g 100 g 100 g 100 g 

Baking powder 3 g 3 g 3 g 3 g 

Milk  60 mL 60 mL 60 mL 60 mL 

Oil  30 mL 30 mL 30 mL 30 mL 

Vanilla essence 3 mL 3 mL 3 mL 3 mL 

 Control  F1 F2 F3 

Moisture (%) 28.87±0.03a 26.97±0.18b 26.18±0.05c 25.86±0.12d 

Protein (%) 7.98±0.22a 5.76±0.08b 5.54±0.12bc 5.47±0.08c 

Fat (%) 15.68±0.51a 9.99±0.06b 9.62±0.44bc 9.24±0.20c 

Ash (%) 1.22±0.04a 0.82±0.05b 0.82±0.02b 0.83±0.01b 

Carbohydrate (%) 46.25±0.45c 56.47±0.29b 57.83±0.58a 58.60±0.25a 

Water activity 0.91±0.00a 0.89±0.00b 0.89±0.00b 0.90±0.00b 
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Table 3 Volume of eggless yellow cake 
 

 Control  F1 F2 F3 

Volume (cm3) 523.33 ± 7.64a 425.00 ± 5.00c 446.47 ± 10.41b 443.33 ± 7.64b 

  Values presented are the average obtained from triplicates. 
  *F1:0.5% gum; F2: 1.0% gum; F3: 1.5% gum. 
   a-c : Values in the same row with the same letter are not significantly different at (p < 0.05). 
 
 
 
  (a)                                                                         (b) 
 
 
 
 
 
 
 
   
(c)                                                                         (d) 
 
 
 
 
 
 
 
 
Figure 1 Cross-section of eggless cake (*Note: (a) = Control, (b) 0.5% gum, (c) 1.0% gum, (d) = 1.5% gum 
 
Table 4 Color of eggless yellow cake 
 

 Control  F1 F2 F3 

L* 71.32 ± 0.26a 65.40 ± 0.65c 65.65 ± 0.28c 67.25 ± 0.20b 

a* -0.08 ± 0.02c 0.46 ± 0.03b 0.42 ± 0.03a 0.51 ± 0.02b 

b* 27.28 ± 0.31a 23.65 ± 0.27b 23.19 ± 0.51b 23.59 ± 0.59b 

  Values presented are the average obtained from triplicates. 
  *F1:0.5% gum; F2: 1.0% gum; F3: 1.5% gum. 
   a-c : Values in the same row with the same letter are not significantly different at (p < 0.05). 
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Table 5 Textural properties of eggless yellow cake 
 

 Control  F1 F2 F3 

Hardness (g) 1599.66 ± 84.14c 1945.69 ± 40.78b 2203.41 ± 72.65a 2348.45 ± 146.97a 

Springiness 0.90 ± 0.007a 0.85 ± 0.005c 0.88 ± 0.007b 0.90 ± 0.006a 

Cohesiveness 0.61 ± 0.01ab 0.55 ± 0.00c 0.58 ± 0.02bc  0.64 ± 0.03a 

Gumminess (g) 983.61 ± 10.30b 1018.55 ± 68.64b 1319.07 ± 50.85a 1411.55 ± 80.72a 

 Values presented are the average obtained from triplicates. 
 *F1:0.5% gum; F2: 1.0% gum; F3: 1.5% gum. 
 a-d: Values in the same row with the same letter are not significantly different at (p < 0.05). 
 
 
Table 6 Sensory evaluation of eggless yellow cake 
 

 Colour Aroma Texture Taste Overall 

Control 6.39 ± 1.26a 7.00 ± 1.21a 6.90 ± 1.25a 7.06 ± 1.06a 7.23 ± 1.12a 

F1 6.81 ± 1.28a 7.06 ± 1.09a 6.65 ± 0.99a 6.74 ± 1.24a 6.87 ± 0.96a 

F2 6.10 ± 1.45a 6.81 ± 1.20a 5.26 ± 1.26b 5.87 ± 1.41b 5.81 ± 1.28b 

F3 6.55 ±1.31a 6.81 ± 1.01a 5.06 ± 1.26b 5.84 ± 1.37b 6.03 ± 1.11b 

Values presented are the average obtained from 30 panelists.  
F1:0.5% gum; F2: 1.0% gum; F3: 1.5% gum. 
a-b: Values in the same column with the same letter are not significantly different at (p < 0.05) 
Scale indicator: 5 = neither like nor dislike, 6 = Like slightly, 7 = Like moderately (based on Hedonic scale). 
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