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Eggs play a crucial role in the production of muffins by contributing to their moistness 
and tenderness. However, several issues arise with using eggs in muffin formulation, 
such as egg allergies and the sustainability of egg supply in the market. Therefore, this 
study aimed to determine the effect of incorporating plant-based ingredients (chia 
seeds, flaxseeds and mashed banana) in eggless pumpkin muffin formulations on 
physical properties, nutritional composition and sensory acceptance. Four samples were 
prepared as follows: Control (muffin with egg), F1 (muffin with chia seeds), F2 (muffin 
with flaxseeds) and F3 (muffin with mashed banana). The samples were analysed for 
batter density, muffin height, texture profile analysis, muffin crumb colour, nutritional 
composition and sensory preference using a nine-point hedonic scale. Generally, 
muffins prepared with plant-based ingredients showed a decrease in height (3.97–3.83 
cm) and water activity (0.88–0.89) compared to the control muffins (4.37 cm and 0.90, 
respectively). On the contrary, the batter density of wet batter eggless pumpkin muffins 
increased compared to those prepared with egg. The replacement of egg with plant-
based ingredients resulted in muffins with a harder texture, as indicated by the 
increased hardness values compared to the control muffin. The use of plant-based 
ingredients in pumpkin muffin formulations produced muffins with a lighter colour due 
to the absence of colour pigments in chia seeds, flaxseeds and mashed banana. The 
inclusion of plant-based ingredients in eggless pumpkin muffin formulations increased 
the ash, fibre and carbohydrate content while decreasing the fat content. Overall, the 
preference test revealed that eggless pumpkin muffins prepared using chia seeds (6.93) 
and mashed banana (7.58) rated higher for overall acceptance attribute as compared to 
the control pumpkin muffin. 
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1. Introduction 
 

Muffins are considered quick bread products due to their use of basic ingredients such as flour, 
sugar, egg, shortening, milk, baking powder and sodium bicarbonate. Each of these ingredients plays 
a crucial role in determining the appearance, structure and mouthfeel of the final product. The 
addition of pumpkin puree in the recipe for muffins provides a desirable taste, texture and variety to 
the muffin products. The preparation of pumpkin muffins involves minimal mixing of the dry and wet 
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ingredients, followed by baking in an oven. Among all the ingredients, egg plays an important role in 
muffin production. It serves multiple purposes because the texture and sensory qualities of food are 
influenced by its thickening, gelling, emulsifying, foaming, colouring and flavouring properties [1]. 
Eggs play a crucial role in baking by helping to hold all other ingredients together and by increasing 
the viscosity of batters and dough. Eggs have multiple functional properties, such as acting as an 
emulsifier to ensure even dispersion of liquids and fats, contributing to the desirable colour of the 
final product, and providing liquid during mixing and baking.  

Nowadays, the inclusion of eggs in commercially produced muffins raises concerns regarding 
awareness among individuals with egg allergies, and the sustainability of eggs in the market. Egg 
allergies in some individuals usually children are one of the disadvantages of eggs that have led to 
the substitution of eggs with alternative ingredients in modern muffin products. In Malaysia, cow's 
milk (44.4 %), peanut (36.4 %), soy (25 %) and egg white (60 %) were the top four dietary allergies 
among children under two years old [2]. Additionally, there is also an issue of the sustainability of 
eggs in the market. The deputy president of The Federation of Livestock Farmers’ Associations of 
Malaysia (FLFAM), Lee Yoon Yeau pointed out that the current supply of eggs in the market is 
insufficient and has not yet returned to previous levels [3]. 

Research has been conducted to study these potential ingredients to replace eggs in food product 
formulations such as the inclusion of different percentages of chia seeds in sponge cake formulations 
[4]. The findings showed as the concentration of chia seed increased, the batter density and textural 
properties (hardness, cohesiveness, springiness and chewiness) also showed an increment in values. 
Kostor et al., [5] reported no significant difference (p > 0.05) between the control muffin and those 
prepared using aquafaba and flaxseeds for textural properties and moisture content. Previous 
research has indicated that adding egg replacer ingredients to food products can enhance the 
nutritional profile of the products, while still producing food products that as just as appealing to 
consumers as traditional food products made with eggs. To date, very little data has been reported 
to compare the properties and sensory attributes among plant-based ingredients such as egg 
replacers in pumpkin muffins. The objective of this study, therefore, was to determine the effect of 
chia seeds, flaxseed and mashed banana as an egg replacer in pumpkin muffin formulations, 
subsequently producing pumpkin muffins with better nutritional values.  
 
2. Methodology  
2.1 Materials 
 

Local pumpkin (Cucurbita moschata spp.), and banana (Musa spp.) were purchased from the 
grocery store at Nilai, Negeri Sembilan, Malaysia. All-purpose flour (Cap Ros, Malayan Flour Mills 
Berhad, Kuala Lumpur, Malaysia ), sugar (Prai, MSM Prai Berhad, Pulau Pinang, Malaysia), baking 
powder (Meriah Baking Powder, Seafield Food Sdn Bhd, Selangor, Malaysia), sodium bicarbonate 
(Meriah Baking Soda, Seafield Food Sdn Bhd, Selangor, Malaysia), coconut milk (Ayam Brand, Clouet 
& Co (KL) Sdn Bhd, Selangor, Malaysia), chia seeds (Love Earth-Origin from South America, Wide 
Tropism Trading Sdn Bhd, Selangor, Malaysia), flaxseeds (Country Farm Organic-Product of China, 
Country Farms Sdn Bhd, Selangor, Malaysia) and oil (Saji, FGV Group, Kuala Lumpur, Malaysia) were 
bought from local supermarkets in Nilai, Negeri Sembilan, Malaysia as the ingredients in the 
production of eggless pumpkin muffins. 
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2.2 Pumpkin Puree Preparation 
 

Pumpkin puree was prepared according to the method of Baier [6]. Pumpkin was sliced into 
halves and the seeds and strings were taken out. After that, the pumpkin was chopped into little 
cubes and rinsed with distilled water. For 40 to 60 mins, the cut pumpkin was roasted in the oven at 
200 °C. The purpose of roasting pumpkin was to produce the sweeter and richer taste of pumpkin. 
Finally, the skin was removed from the pumpkin before being processed into a puree using a 
processor. 
 
2.3 Plant-Based Egg Replacer Ingredients Preparation 
 

For chia seed mucilage preparation, chia seeds were mixed at a ratio of 1:15 with cold water, and 
the mixture was left for about 30 minutes [7]. Then, the soaked chia seed was blended using a mixer 
for 5 minutes or until the finest texture was obtained. The preparation method for flaxseed was 
adapted from Ahmad [8]. Approximately 40 g of water and 10 g of ground flaxseed were mixed, 
stirred, and left to create a gelatinous texture known as flax meal or flaxseed mucilage as an egg 
substitute for 1 h. This flaxseed mucilage served as an alternative to eggs. Then, the soaked flaxseed 
was blended using a mixer for 5 minutes until the finest texture was obtained. For the first step of 
mashed banana preparation, the banana peel from ripe banana (Musa Acuminata Colla) was peeled 
off. The banana was then pressed using the bottom of a fork in a bowl until it was well mashed and 
become a smooth paste. 
 
2.4 Eggless Pumpkin Muffin Preparation 
 

Muffin production was originally adopted from Mckenney’s recipe [9]. However, the recipe 
underwent several modifications to the ingredients, quantity and preparation methods. A control 
sample of the pumpkin muffin was formulated using eggs while the other three formulations of 
pumpkin muffins were formulated with different plant-based replacer ingredients. The three muffin 
formulations were A (pumpkin muffin with chia seeds substitute), B (pumpkin muffin with flaxseeds 
substitute) and C (pumpkin muffin with mashed banana substitute). The ingredients and amount 
used in the preparation of pumpkin muffins are shown in Table 1.  
 

Table 1 
Eggless pumpkin muffin formulations for 6 cups 
 
Formulation / 
Ingredients 

Control  
(Pumpkin muffin 
with egg)/ in g 

Formulation A 
(Pumpkin muffin with 
chia seeds 
substitution)/ in g 

Formulation B 
(Pumpkin muffin with 
flaxseeds 
substitution)/ in g 

Formulation C 
(Pumpkin muffin with 
mashed banana 
substitution)/ in g 

All-purpose flour 109.5 109.5 109.5 109.5 
Pumpkin puree 150 150 150 150 
Sugar 70 70 70 70 
Coconut milk 30 30 30 30 
Palm oil 54.5 54.5 54.5 54.5 
Egg 111.0 - - - 
Egg substitute - 5.8 5.8 28.8 
Baking powder 2.8 2.8 2.8 2.8 
Sodium 
bicarbonate 

2.8 2.8 2.8 2.8 

Total 530.6 425.4 425.4 439.6 

Note: 5.8g of chia seeds or flaxseeds, and 28.8g of mashed banana were used to replace 32.5g of egg (1/2 egg) [14] 
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Initially, the oven was preheated to 180 ˚C for 30 mins. The dry ingredients [all-purpose flour 
(109.5 g), sodium bicarbonate (2.8 g) and baking powder (2.8 g)] were sifted into a bowl and set aside. 
In another bowl, 111 g of whole eggs (or weight of egg replacer), palm oil (54.5 g), sugar (70 g), 
pumpkin puree (150 g) and coconut milk (30 g) were mixed using a mixer. Once combined, the dry 
components were added to the wet ingredients and mixed until homogeneous. Just stir until 
everything is mixed into the batter without over-mixing. To properly put the mixture into each muffin 
cup, it is beneficial to use a large scoop (similar to an ice cream scoop). Approximately ¾ of the muffin 
cup was filled with 61.3 g of batter. A toothpick put into the centre of each pumpkin muffin should 
come out clean after 25 mins of baking at 180 ˚C. Before analysis, the pumpkin muffins were cooled 
to room temperature for 20 mins (25 ˚C).  
 
2.5 Food Analysis  
2.5.1 Physical analysis 
 

The batter density of pumpkin muffins was determined by dividing the weight of the batter (W1) 
by the weight of the distilled water (W2) in the same cup [10]. Approximately 1 g/cm3 is the density 
of water. On the other hand, the height of the pumpkin muffin was measured using a ruler in 
centimetres (cm). This analysis was conducted once the pumpkin muffin had been cooled for an hour 
at room temperature (25 °C). The muffin was cut in half and measured at the centre of the muffin. 
The height of the muffin was measured from its top to its bottom after the cooling process had taken 
for an hour [11]. The water activity of the pumpkin muffin was measured by using a Benchtop Water 
Activity meter, Aqualab 4TE. The sample cup was filled with pumpkin muffins (ground state) and did 
not exceed half of the cup. The cup was set inside the sample drawer before being closed. The 
measurement ended when the beep sound was heard. Triplicate samples were used for each 
analysis.  
 
2.5.2 Texture profile analysis (TPA) 
 

The characteristics of the texture of pumpkin muffins were examined, including chewiness, 
cohesiveness, springiness and hardness. A 0.25-inch-diameter spherical probe was utilized in a 2-fold 
compression test using a texture analyser (TA-XT Plus Model, Stable Micro System, Surrey, London). 
For this study, the initial height of compression was 50 %, the speed was 1 mm/s, and the waiting 
period was 5 s. The probe applied was a 0.25 mm spherical probe. Six samples were used for this 
analysis. Each sample was trimmed at the top and prepared into cubes measuring 5 centimetres in 
height and 3 centimetres in width. 
 
2.5.3 Colour analysis 
 

Colorimeter (LabScan®XE Spectrophotometer Model, HunterLab) and the L*a*b* colour scale 
system were used to determine and analyse the pumpkin muffins’ colour. The systems calculated the 
intensity of light (L), the intensity of red or green (+/-a), and the intensity of yellow or blue (+/-b) [18]. 
Each 20-gram pumpkin muffin crumb was ground into tiny pieces before being placed on a 
designated plate for analysis. According to the manufacturer's instructions, the pumpkin muffins' 
colour was automatically measured and presented on a computer screen. Triplicate samples were 
used for each analysis.  
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2.5.4 Nutritional analysis 
 

The determination of the nutritional composition of pumpkin muffins such as moisture, protein, 
fat, ash, fibre, carbohydrate and calorie contents was analysed using the Association of Official 
Analytical Chemists (AOAC) methods [12]. Determination of the moisture content of pumpkin muffin 
samples was carried out using a moisture analyser. Nitrogen content or crude protein in pumpkin 
muffins was determined using the Kjeldahl method. The percentage of crude protein indicates the 
total nitrogen percentage present in the sample was calculated by multiplying it with a conversion 
factor of 6.25 [12].  

The crude fat content of pumpkin muffin samples was analysed using the Automatic Soxhlet 
extraction method (Soxhterm® extraction, Gerhardt). Total ash content was expressed as mineral 
content in the samples. The total ash content of pumpkin muffins was determined using conventional 
dry ashing based on the method of AOAC [12]. The carbohydrate content of pumpkin muffin samples 
was determined by deducting 100 % from the sum of protein, fat, ash and moisture percentages. The 
crude fibre analysis of pumpkin muffin samples was carried out using a fibre bag which is the 
Gerhardt method. The calorie content of pumpkin muffin samples was calculated manually by 
multiplying each macronutrient by its caloric equivalent. Triplicate samples were used for each 
analysis. 
 
2.5.5 Sensory analysis 
 

A hedonic test was conducted to assess consumer acceptability. The sensory evaluation of 
pumpkin muffins was performed by 60 panellists aged 19-21 years in individual booths at the Sensory 
Laboratory, Universiti Sains Islam Malaysia, Nilai, Malaysia. Among the 60 panellists, 15 were male 
and the remaining 45 were female. The panellists received 4 samples from each pumpkin muffin 
formulation namely, control, Formulation A (chia seeds), Formulation B (flaxseed) and Formulation C 
(mashed banana). Each pumpkin muffin sample (15 grams) was weighed and filled in muffin cups (3.8 
× 3.0 centimetres). After the pumpkin muffin samples were baked and cooled, they were cut into 2 
portions and served to panellists with three-random-digit numbers to avoid bias. They were asked to 
evaluate the appearance, colour, texture, aroma, taste and overall acceptability of the samples given. 
A 9-point hedonic scale with a range of extremely dislike (score = 1) to extremely like (score = 9) was 
used to evaluate the samples. To reduce any lingering effects, panellists were instructed to rinse their 
mouths with water in between samples as they evaluated the samples in a testing area. 
 
2.6 Statistical Analysis 
 

The statistical analyses were conducted using Minitab statistical software (Minitab 19, Minitab 
Inc., Pennsylvania). The one-way analysis of variance (ANOVA) was used to compare the data. The 
sample means were compared using Tukey's test. The 95 % confidence intervals for Tukey's test were 
used at p < 0.05. 
 
3. Results and Discussion 
3.1 Physical and Textural Properties of Eggless Pumpkin Muffin 
 

Figure 1 shows the data obtained for batter density, muffin height and water activity of pumpkin 
muffins prepared using chia seeds, flaxseeds and mashed banana compared to control muffins. 
Batter density analysis was carried out on the wet batter, while height and water activity 
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measurements were taken for the baked pumpkin muffins. The results indicated that the 
replacement of egg with plant-based egg replacers in muffin formulations significantly (p < 0.05) 
increased batter density compared to the control muffin. The batter density of the egg muffin was 
0.90, while the values for the eggless pumpkin muffins ranged between 0.97 and 1.00 (Figure 1). The 
higher batter density in eggless pumpkin muffins was likely due to less air being incorporated into 
the batter during mixing. Air entrapment in the batter produces muffins with low batter density, 
which is a desirable property in baked products such as muffins and cakes. Insufficient air bubbles in 
batters with high density will restrict the expansion of the muffins [13].  

Moreover, one of the functions of the egg was to give aeration to the batter simultaneously 
producing a higher muffin. Kiosseoglou [14] found that the control sample had a higher amount of 
air bubbles with a lower density as the egg yolk proteins decreased the surface area and interfacial 
tensions during batter mixing, leading to stable emulsion formation. Other than that, the higher 
density of the bread could result in a decrease in egg proteins, e.g. lecithoproteins from egg yolk and 
albumin from egg whites [15]. Based on the findings from Aljobair [4], a control sample (without 
incorporation of chia seed flour), with a full egg protein content, which could give the batter a better 
foaming ability, was the lighter and most aerated sample as it has the lowest value of batter density 
which was 1.11 g/cm3. A previous study revealed that the batter density of a composite cake 
prepared from wheat, amaranth, malted finger millet and sprouted soy had been increased by 
incorporating chia seed in eggless cakes as an egg replacer [16]. 
 

 
Fig. 1. Physical properties of eggless pumpkin muffin 

Note: Control (egg); Formulation A, pumpkin muffin with chia seeds substitution; Formulation B, pumpkin 
muffin with flax seeds substitution; Formulation C, pumpkin muffin with mashed banana substitution 

 
From Figure 1, it was shown that the replacement of plant-based egg replacer ingredients (3.83 

cm – 3.97 cm) in the muffin significantly decreased (p < 0.05) the height of eggless pumpkin muffin 
compared to the control muffin (muffin prepared using egg, 4.37 cm). This finding was in line with 
the study by Kostor [5], where the height of the muffin decreased when incorporated with plant-
based egg replacer ingredients (aquafaba and flaxseeds) (1.53 cm and 1.30 cm) as compared to 
control muffins (4.13 cm).  

For texture profile analysis, the substitution of egg replacer ingredients (chia seed, flaxseeds and 
mashed banana) in the production of eggless pumpkin muffin significantly (p < 0.05) affected 
hardness properties with eggless pumpkin muffin exhibited higher hardness values indicating these 
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samples were harder in texture. On the other hand, springiness, chewiness and cohesiveness were 
not statistically significant (p > 0.05) with the egg replacement of plant-based ingredients. Results of 
the muffin’s hardness were also shown in Table 2 and obtained that the hardness of eggless pumpkin 
muffins with plant-based egg replacer ingredients in the muffins (chia seed, flaxseed and mashed 
banana) was significantly higher (p < 0.05) than in control muffin. The hardness of eggless pumpkin 
muffins was 52.42 N (pumpkin muffin with chia seed substitution), 53.4 N (pumpkin muffin with 
flaxseeds substitution) and 51.52 N (pumpkin muffin with mashed banana substitution). The 
hardness of control (pumpkin muffin with egg) had the lowest value which is 44.62 N.  

 
Table 2  
Textural Profile Analysis (TPA) of eggless pumpkin muffin 
Formulations Control 

(Pumpkin 
muffin with 
egg) 

Formulation A 
(Pumpkin muffin 
with chia seeds 
substitution) 

Formulation B 
(Pumpkin muffin 
with flax seeds 
substitution) 

Formulation C 
(Pumpkin muffin with 
mashed banana 
substitution) 

Texture Profile Analysis (TPA) 
Hardness (N) 44.62 ± 3.58b 52.42 ± 2.26a 53.04 ± 0.99a 51.52 ± 0.82a 
Springiness (cm) 0.87 ± 0.04a 0.81 ± 0.01a 0.77 ± 0.06a 0.88 ± 0.04a 
Chewiness (N/cm) 0.43 ± 0.01a 0.41 ± 0.00a 0.43 ± 0.01a 0..44 ± 0.05a 
Cohesiveness (ratio) 16.86 ± 2.62a 17.84 ± 1.40a 19.69 ± 1.19a 19.69 ± 1.19a 

Note: Superscripts within the same row with the different letters are significantly different at (p < 0.05) 

 
The substitution of plant-based egg replacer ingredients (chia seeds, flax seeds and mashed 

banana) in the pumpkin muffin decreased significantly (p < 0.05) the water activity compared to the 
control muffin which was prepared using egg. The water activity of an egg pumpkin muffin was 0.90 
while the range of an eggless pumpkin muffin ranged from 0.88 to 0.89 (Figure 1). The low values of 
water activity in eggless pumpkin muffins were possibly due to the high concentration of fibre in each 
of the plant-based egg replacer ingredients (chia seeds, flaxseeds and mashed banana). The higher 
number of hydroxyl groups found within the fibre structure, which tends to allow for enhanced water 
interactions through hydrogen bonding, was a factor behind the good water absorption in fibre-rich 
powder [21]. This statement is concurrent with the definition of water activity which commonly 
refers to the amount of bound water.  

Meanwhile, the springiness, chewiness and cohesiveness of the control muffin and eggless 
pumpkin muffin did not have significant differences at p > 0.05. These data indicated that the various 
plant-based ingredients used in the eggless pumpkin muffin preparation did not significantly affect 
springiness, chewiness and cohesiveness. However, cohesiveness values for eggless pumpkin muffins 
prepared with chia seed, flaxseed and mashed banana showed higher values than control muffins. It 
shows that plant-based ingredients blended well with the other ingredients to form a unified texture 
by intermolecular attraction. Cohesiveness normally refers to the measurement of the amount of 
force required to destroy the structure of a product. High cohesiveness values can be interpreted as 
the muffin is difficult to disintegrate by chewing process.  
 
3.2 Colour Analysis of Pumpkin Muffin 
 

Figure 2 shows the colour analysis of eggless pumpkin muffins with chia seeds, flaxseeds and 
mashed banana substitution in muffin formulations. Control muffins were found to have the highest 
and the most significant values (p < 0.05) of L* (53.18) as compared to plant-based egg replacer 
ingredients in muffins (44.03 to 49.46) suggesting the darkest colour of the latter samples. The colour 
of the crust was determined by the Millard reaction, the interaction between the reduction of sugars 
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and amino acids, and the caramelization of sugars [26]. The high protein content of eggs compared 
with egg substitution led to the caramelization of sugars probably a reason for the increased L* value 
in the control muffin [27]. The dark colour of egg replacer ingredients used in the experiment may 
contribute to the dark colour of the finished products. Eggless pumpkin muffins prepared using 
mashed banana had the lowest values of L* due to the enzymatic browning of the banana itself 
during processing.  
 

 
Fig. 2. Colour analysis using Hunter lab colourimeter for eggless pumpkin 
muffin with various plant-based egg replacer ingredients 

Note: Control (egg); Formulation A, pumpkin muffin with chia seeds substitution; Formulation B, pumpkin 
muffin with flax seeds substitution; Formulation C, pumpkin muffin with mashed banana substitution 

 
On the other hand, a* (red/green), value of eggless pumpkin muffin substituted with mashed 

banana (14.93) was significantly the highest (p < 0.05) compared to other ingredients (12.85 to 
14.16). This result could be due to enzymatic and non-enzymatic browning reactions occurring in 
muffins prepared with mashed banana. Banana flesh contains a high level of phenolase enzyme, 
which can lead to enzymatic browning, and it is also rich in simple carbohydrates such as glucose, 
which can cause Maillard reactions.  

For the b* (yellow/blue), the value of control (50.18), chia seeds substitution (46.08) and mashed 
banana substitution (41.56) showed significant differences (p < 0.05) while flax seeds substitution 
(47.99) shows that it was almost similar to control and chia seeds substitution. The high value of b* 
value in the control muffin (muffin with egg) may be due to the yellow colour that was produced by 
egg yolk carotenoid that was composed mostly of carotene and xanthophylls [28], which also plays 
an important role in contributing to the distinctive yellow colour of a variety of bakery products. The 
value of b* for a muffin with flaxseeds substitution that was almost similar to the control muffin could 
also be due to the yellow/orange pigments of carotenoid pigments. There were also small amounts 
of tocopherol, tocotrienol, sterol and carotenoid pigments present in flaxseed oil [29].  
 
3.3 Nutritional Composition of Pumpkin Muffin 
 

Table 3 indicates the results of the nutritional composition of pumpkin muffins including 
moisture, ash, protein, fat, carbohydrates, fibre and calorie contents. Results showed that the control 
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pumpkin muffin (muffin prepared using egg) was significantly the lowest (p < 0.05) in values for ash, 
carbohydrates, fibre and calorie contents in comparison to the eggless pumpkin muffin. 
 

Table 3  
Nutritional composition of pumpkin muffin 
Formulations Control 

(Pumpkin 
muffin with 
egg) 

Formulation A 
(Pumpkin muffin 
with chia seeds 
substitution) 

Formulation B 
(Pumpkin muffin 
with flax seeds 
substitution) 

Formulation C 
(Pumpkin muffin with 
mashed banana 
substitution) 

Moisture content 38.47 ± 1.26a 31.63 ± 0.51b 33.70 ± 0.67b 32.14 ± 0.43b 
Ash content 1.29 ± 0.02b 1.34 ± 0.02b 1.40 ± 0.06b 1.55 ± 0.01a 
Protein 5.27 ± 0.17a 3.97 ± 0.02b 3.98 ± 0.02b 4.08 ± 0.02b 
Fat 14.34 ± 0.12a 14.10 ± 0.17a 13.50 ± 0.21b 13.02 ± 0.18b 
Carbohydrates 
content 

40.63 ± 1.17b 48.95 ± 0.62a 47.43 ± 0.50a 49.22 ± 0.59a 

Fibre content 0.48 ± 0.04b 0.72 ± 0.04a 0.85 ± 0.05a 0.74 ± 0.04a 
Calorie content 312.60 ± 5.38c 338.75 ± 3.15a 327.12 ± 3.80b 330.35 ± 0.98ab 

Note: Superscripts within the same row with the different letters are significantly different at (p < 0.05) 

 
Similarly, results found that the replacement of plant-based egg replacer ingredients in the muffin 

significantly (p < 0.05) decreased the moisture content compared to the control muffin. Egg pumpkin 
muffin was found to have the highest value which was 38.47 %. Moisture content was commonly 
referred to as water that evaporates off during heating in an oven above the water boiling point. On 
the other hand, the moisture content among eggless pumpkin muffins was not statistically different 
(p > 0.05) with the moisture contents ranging between 31.63 to 33.70 %. The moisture content of 
egg and eggless pumpkin muffins was also in correlation (R2=0.87) with water activity (Table 4). The 
increase in moisture was aligned with the water activity. The high value of moisture content in the 
control muffin is probably due to its water content and volatile compounds in the egg. The 
proportions of water, protein, fat, carbs and ash in a whole, raw, freshly laid egg were approximately 
76.1, 12.6, 9.5, 0.7 and 1.1 %, respectively [30]. 

Furthermore, the ash contents of eggless pumpkin muffin prepared using mashed banana were 
significantly (p < 0.05) higher in value (1.55 %) followed by eggless pumpkin muffin prepared using 
flaxseeds (1.40 %) and chia seeds (1.34 %). Muffins prepared using eggs were observed to have the 
lowest ash content (1.29 %). These findings showed that the replacement of egg with chia seeds, 
flaxseeds and mashed banana in muffin formulations increased the mineral content of muffin. The 
total ash contents in each of the plant-based egg replacer ingredients according to the research paper 
were as follows which were mashed bananas contain 4.93 % [31], chia seeds contain 4.77 % [32] and 
flaxseeds contain 3.4 % [33]. This result was in line with some of the research where the increased 
ash content in the bakery product may have been due to the greater concentration of minerals in 
plant-based egg replacer ingredients. According to Aljobair [4], the sample containing 7 % chia seed 
(CSF7) showed the greatest ash content (4.31 %), nearly twice as high as the chia seed flour-free 
control sample (CSF0). In another study carried out by Sunwar [34], muffins that contain 100 % 
flaxseeds (1.97 %) had a higher value of ash than egg muffins (1.28 %). Lakshmi and others [35] also 
found that sample C (Substitution of 50 % mashed banana as a fat replacer in cookies) showed a 
higher value (1.98 %) as compared to sample A (100 % use of batter in cookies). 

As expected for the protein content of the pumpkin muffin, results found that the replacement 
of plant-based egg replacer ingredients in the muffin decreased (p < 0.05) the protein content 
compared to the control muffin. The protein content of the control pumpkin muffin (pumpkin muffin 
made with egg) had the highest value which was 5.27 % followed by Formulation C (Pumpkin muffin 
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with mashed banana substitution) with 4.08 %, Formulation B (Pumpkin muffin with chia seeds 
substitution) with 3.98 %, and Formulation A (Pumpkin muffin with flaxseeds substitution) with 3.97 
%. Egg muffins had the highest protein content due to the rich protein in eggs [36]. It is well known 
that compared to plant-based products, animal proteins have a complete composition of essential 
amino acids and high digestibility [37]. It was also anticipated that the substitution of plant-based 
egg replacer ingredients in pumpkin muffin decreased significantly (p < 0.05) the fat content 
compared to the control muffin which was prepared using egg. Regarding the fat content, the control 
pumpkin muffin (muffin made with egg) contained the highest fat content, which was 14.34 %, the 
pumpkin muffin substituted with chia seeds contained 14.10 % and the pumpkin muffin substituted 
with flaxseeds contained 13.50%, whereas the pumpkin muffin substituted with mashed banana 
contained 13.02 %. The high fat content in egg pumpkin muffins possibly is due to the concentration 
of saturated fatty acid in the egg yolk. According to Amir et al., [38], the average fat of egg yolk was 
24 %. Some of the researchers found similar results where the protein and fat content were higher 
in the control sample as compared to samples substituted with plant-based egg replacer ingredients 
(Chia seeds, flaxseeds and mashed banana) [4,35,34]. 

From the results in Table 3, the substitution of plant-based egg replacer ingredients in the 
pumpkin muffin increased (p < 0.05) the carbohydrate content as compared to the control pumpkin 
muffin (pumpkin muffin made with egg). The carbohydrate value of the egg pumpkin muffin (Control) 
was 40.63 % while the carbohydrate value for the eggless pumpkin muffin was higher in value 
(between 47.43 and 49.22%). The total carbohydrate contents in each plant-based egg replacer 
ingredient according to the research paper were as follows which were flaxseeds 43.60 % [39], chia 
seeds 42.10 % [40] and mashed banana 46.58 % [31]. In a similar study, Sunwar [34] also found similar 
results where the carbohydrate content was higher when samples were substituted with plant-based 
egg replacer ingredients (flaxseeds) as compared to the control sample. 

From Table 3, the results also showed that the substitution of plant-based egg replacer 
ingredients in the pumpkin muffin significantly increased the fibre content (p < 0.05) as compared to 
the control muffin (pumpkin muffin made with egg). The fibre content of egg pumpkin muffins was 
0.48 which was the lowest value among the pumpkin muffins. However, the fibre content of eggless 
pumpkin muffins showed an increasing trend where Formulation A (pumpkin muffin with chia seeds 
substitution), was the lowest among them, followed by Formulation C (pumpkin muffin with mashed 
banana substitution) and Formulation B (pumpkin muffin with flaxseeds substitution) with values of 
0.72, 0.74 and 0.85 % respectively. This finding was correlated to the study from Sunwar [34] where 
incorporation of flaxseeds in muffins for 0, 25 and 100 % substitution of flaxseeds showed an increase 
in fibre contents which were 0.6, 0.7 and 1.3 %, respectively. To replicate the emulsification 
properties of eggs, vegan eggs contain high amounts of fibres [41]. Two of the highest fibre contents 
in pumpkin muffins were flaxseeds and chia seeds. Chia seeds are the same as flaxseeds in terms of 
their substance composition. Whereas flaxseed was a potential source of protein (20–30 %), fat (30–
41 %) and dietary fibre (20–35 %) and is rich in ω-3 fatty acids [42]. Chia seeds contained a significant 
amount of protein (17–24 %), dietary fibre (18–22 %), antioxidant compounds and oil (25–35 %) with 
ω-3 fatty acids [42]. 

For the calorie content based on Table 3, the value of control (312.60 kilocalories), chia seeds 
substitution (338.75 kilocalories) and flax seeds substitution (327.12 kilocalories) showed significant 
differences (p < 0.05) among them. However, the value of mashed banana substitution (330.35 
kilocalories) was in between the value of flaxseeds and chia seeds substitutions which indicated no 
significant difference at p > 0.05 between them. So, the substitution of plant-based egg replacer 
ingredients in pumpkin muffins will increase the calorie contents of the pumpkin muffin. The high-
calorie content in the eggless pumpkin muffin was also possibly due to the carbohydrate contents 
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present in each muffin. A positive correlation R2 = 0.93 was found between the comparison of the 
carbohydrate content and the calorie content in the pumpkin muffin (Table 4). The calorie content 
of a pumpkin muffin was raised when the carbohydrate content had risen. The highest calorie content 
was provided by a vegetarian egg followed by whole eggs, yolks and whites [37]. 

In addition, the muffin height of the pumpkin muffin was highly correlated to batter density 
values. A negative correlation R2 = - 0.88 between them was observed when comparing the height 
and the density of the pumpkin muffin (Table 4). The height of the muffin was reduced as the density 
of the batter went up. The density of batter and baking cake plays a role in the texture of cakes, 
depending on the amount of air trapped in them [17,18]. The determination of rheological 
characteristics in cake batter was essential because the quality characteristics of cakes, such as 
texture and volume, had a significant influence on their rheological properties [19,20]. 

 
Table 4 
Correlation coefficient  
Property Correlation coefficient   

Height vs density  0.88 Positive  
Fiber content vs water activity 0.78 Negative  
Fiber content vs hardness 0.96 Positive  
Height vs hardness 0.97 Negative  
Moisture content vs water activity 0.87 Positive  
Carbohydrate content vs calorie  0.93 Positive  

 
A negative correlation R2 = -0.78 between the fibre content of the pumpkin muffin and the water 

activity of the pumpkin muffin was observed when comparing the fibre content of the pumpkin 
muffin with the water activity of the pumpkin muffin. The water activity of the pumpkin muffin is 
reduced when the fibre content of the pumpkin muffin increases. Flaxseed gum/mucilage 
(hydrocolloid) which is a soluble fibre has a significant ability to bind water at the level of 16–30 g 
water/1 g flaxseed gum [22]. The fibre-rich fraction in chia seeds had higher water holding, 
absorption, and organic-molecule absorption with high emulsifying activity (53.26 mL/100 mL) and 
emulsion stability (94.84 mL/100 mL) in comparison to other fibre sources (soybean, wheat, maize 
and wheat hulls) [23]. Natural fibres like banana fibre had a lot of hydroxyl groups (−OH) and were 
highly hydrophilic which allowed them to form hydrogen bonds with water molecules, which helped 
them absorb moisture [24]. 

This finding was aligned with the study from Aydogdu [25] where incorporations of higher 
concentrations of fibres increase the hardness value of cakes and this indicated that the hardness of 
cakes increased with the increase in fibre content. The comparison of the fibre content and hardness 
of the pumpkin muffin showed a highly positive correlation (R2 = 0.96). This data indicates that a high 
fibre content in muffin formulations will increase the hardness value, subsequently producing a 
product with a firmer texture. Moreover, when the height of the muffin is low, it will produce a muffin 
with a dense and hard texture. The comparison of the height of the pumpkin muffin and the hardness 
of the pumpkin muffin showed a negative correlation with the value of R2 = -0.97 indicating a high 
correlation between these two parameters (Table 4).  

 
3.4 Sensory Acceptance  
 

Table 5 presented the data of the 9-hedonic test based on the mean score of consumers’ 
preference for eggless pumpkin muffins formulated with chia seeds, flaxseeds and mashed bananas 
involving 60 untrained panellists. Generally, Formulation C (pumpkin muffin with mashed banana 
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substitution) was rated with the highest mean score in all attributes evaluated indicating that this 
pumpkin muffin was the most acceptable by the consumers (7 is a score for moderately acceptable). 
The sensory acceptance findings also showed that eggless pumpkin muffins prepared using flaxseed 
obtained the lowest score among the samples, followed by egg pumpkin muffins. However, there 
was no statistical difference (p > 0.05) was found between the eggless pumpkin muffins prepared 
with flaxseed and those pumpkin muffins prepared with egg. Consumers did not like pumpkin muffins 
substituted with flaxseed probably due to the hardness of the pumpkin muffin caused by the high 
fibre content in flaxseed. On the contrary, results found the preferences of consumers among 
formulated eggless pumpkin muffins were not significantly different (p > 0.05) to control muffins 
(7.08) for sensory attributes of appearance with the mean score in formulated eggless pumpkin 
muffins ranging from 6.80 to 7.43. The highest score given by the untrained panellists for the 
appearance of a pumpkin muffin that was prepared with mashed banana could be attributed to the 
smooth surface offered by the muffin. 

 
Table 5  
Mean scores of hedonic tests for eggless pumpkin muffins with various plant-based egg 
replacer ingredients 
Formulations Control 

(Pumpkin 
muffin with 
egg) 

Formulation A 
(Pumpkin muffin 
with chia seeds 
substitution) 

Formulation B 
(Pumpkin muffin 
with flax seeds 
substitution) 

Formulation C 
(Pumpkin muffin with 
mashed banana 
substitution) 

Appearance 7.0 ± 1.3a 6.9 ± 1.4a 6.8 ± 1.5a 7.43 ± 1.2a 
Colour 7.2 ± 1.4ab 7.0 ± 1.4ab 6.7 ± 1.4b 7.38 ± 1.2a 
Texture 7.2 ± 1.4ab 7.1 ± 1.4ab 6.8 ± 1.5b 7.63 ± 1.3a 
Aroma 6.5 ± 1.5b 6.8 ± 1.3ab 6.4 ± 1.6b 7.23 ± 1.4a 
Sweetness 6.3 ± 1.7b 6.8 ± 1.5ab 6.1 ± 1.7b 7.22 ± 1.5a 
Overall acceptance 6.8 ± 1.4b 6.9 ± 1.4b 6.5 ± 1.6b 7.58 ± 1.2a 

Note: Superscripts within the same row with the different letters are significantly different at (p < 0.05) 

 

In the context of the colour attribute of the experimental eggless pumpkin muffin, it was found 
that the mean score given by the panellists was between 6.70 and 7.38 (p < 0.05) while the control 
pumpkin muffin scored 7.18. The results showed that the panellists significantly preferred the colour 
of eggless pumpkin muffins with mashed banana substitution. Formulation C obtained the highest 
mean score (7.38) of colour indicating the pumpkin muffin with mashed banana substitution in 
eggless pumpkin muffin was well accepted in colour compared to the control sample. In addition, 
according to Shewfelt and Brückner [43], colour and appearance attract the consumer to a product 
and can help in impulse purchases. At the point of purchase, the consumer used appearance factors 
to indicate freshness and flavour quality. Additionally, enzymatic and non-enzymatic browning 
occurring in bananas may also improve the colour of eggless pumpkin muffins by producing muffins 
with darker in colour.  

There was no significant difference (p > 0.05) in texture attribute for pumpkin muffin prepared 
with mashed banana (Formulation C), chia seeds (Formulation A) and control (muffin prepared using 
egg) with formulation C (7.63) was rated as the highest preference among all the muffin samples. 
Similar to appearance and colour, eggless pumpkin muffin prepared with flaxseed was given the 
lowest scores indicating that panellists did not prefer the texture of the muffin. This was in agreement 
with the study carried out by Sunwar [34], where the incorporation of 100 % of flaxseed in the muffin 
gave the lowest mean score for texture acceptance of the muffin among consumers. Although the 
hardness result of mashed banana (51.52N) was higher than the control (44.62N), the texture 
acceptance of mashed banana was still the highest among the formulations. In contrast, according 
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to Lakshmi and others [35], higher incorporation of bananas in replacing the butter in the cookies 
showed a decline in texture preference among consumers. This was probably due to the 
incorporation of bananas in biscuits cannot mimic the tender properties that are provided by the 
butter. As compared to the muffin, the hardness of the muffin was possibly hard to distinguish among 
the samples by the panellist. Other than that, the panellist perhaps used their hand to score the 
texture instead of using their mouth because it might give a different perception. If the hand was 
used conceivably the texture of the muffin would be hard, but if the mouth was used to feel the 
texture of the muffin, the muffin used banana substitution may give desirable texture to the panellist.  

In terms of aroma and sweetness, there were significantly higher scores between formulations C 
(7.23 and 7.22, respectively), control muffin and formulation B indicating eggless pumpkin muffin 
prepared using mashed banana was the most preferred by panellists for these attributes. This might 
be due to the volatile compound and sugar contents in bananas that contributed to the aroma and 
sweetness of the pumpkin muffin. In bananas, almost 200 volatile materials had been identified. The 
major volatile compound of most bananas is hexanol [44]. For the sweetness, total sugar 
concentrations of 4.3 and 15–17 g/100 g in unripe and slightly ripe to overripe bananas, respectively, 
sucrose made up just 25 % of the sugars in unripe bananas, 22-27 % in slightly ripe/ripe bananas and 
11 % in overripe bananas [44].  

Lastly, the overall acceptance of eggless pumpkin muffin substituted with mashed banana that 
was given by the mean score of panellists showed a higher significance (p < 0.05) as compared to 
other formulations of pumpkin muffin. The overall acceptance of formulation C was 7.58 followed by 
formulation A (6.93), control (6.77) and formulation B (6.47) respectively. Surprisingly, panellists 
significantly preferred eggless muffins with mashed banana rather than control muffins. According 
to a study by Agrahar-Murugkar and others [16], bananas were comparable to controls for total 
acceptability attributes on a nine-point hedonic scale among all cakes with egg replacers. This finding 
is similar to the results obtained in this study. 
 
4. Conclusions 
 

In physical analysis, the substitution of plants-based egg replacers (chia seed, flaxseeds and 
mashed banana) in the production of pumpkin muffins significantly affected batter density, muffin 
height, water activity and hardness values. Additionally, the use of these ingredients in muffin 
formulations produced muffins darker in colour in comparison to egg muffins. As expected, the 
replacement of eggs with plant-based ingredients improves the ash and fibre contents while fat and 
protein decrease in percentage. The substitution of egg replacer ingredients (chia seed and mashed 
banana) in the production of eggless pumpkin muffins improved the scores of aroma, sweetness and 
overall acceptability attributes as compared to egg muffins. The preference test conducted found 
that pumpkin muffins prepared with mashed banana rated the highest in scores (> 7) for all attributes 
in comparison to egg muffins. These findings indicate that mashed banana is the best egg replacer 
alternative in eggless pumpkin muffin formulations.  
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