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Dietary fibre is consumed at a much lower quantity 
than is its recommended value, resulting in various 
serious diseases (Mellen et al. 2008). The positive 
role of dietary fibre (DF) as a prebiotic component is 
its effect in the reduction of chronic diseases includ-
ing cardiovascular disease, specific types of cancer, 
and constipation (Lairon et al. 2005; Homayouni 
2009; Homayouni et al. 2012, 2014). It is thus essen-
tial to enrich various foods with a variety of dietary 
fibres. The main sources of fibres which are natural, 
affordable, and nutritious are cereal bran, fruits and 
vegetable peels, and polysaccharides separated from 
various seeds (Sudha et al. 2007; Homayouni 2008).

Psyllium can be obtained from seeds of the Plantago 
species. Psyllium husk constitutes the main portion 
derived from the seed. The husk, obtained from the 
psyllium seed, is composed of both soluble and in-

soluble fibres (Bijkerk et al. 2004). The molecular 
composition of the psyllium is: 75% xylose, 23% ara-
binose, traces of other sugars, and approximately 35% 
of non-reducing terminal residues. Including both 
(1→4) and β-(1→3) glycosidic bonds in the xylan 
backbone, the polysaccharide is a highly branched 
acidic arabinoxylan (Fischer et al. 2004). Due to its 
high water-binding capacity and stability at a variety 
of pH levels and temperatures, psyllium can be em-
ployed as a food additive, improving shelf life and 
consumer acceptance, and reducing stickiness (Ibuki 
1989). Psyllium can be employed as an emulsifier, 
stabiliser, and substitute for fat and for wheat flour 
(Giuntini et al. 2003; Zandonadi et al. 2010). The 
inclusion of psyllium as a source of fibre in Japanese 
sponge cakes, Chinese steamed bread, regular white 
pan bread making, and Japanese udon noodles was 
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recorded by Czuchajowska et al. (1992), as well as 
its effect on the quality of dough and bread (Nikou-
zadeh et al. 2008), and its use in the production of 
biscuits (Raymundo et al. 2014). The effects of psyl-
lium on functional characteristics of main wheat-based 
products like sponge cakes had not yet been explored 
in the abovementioned studies. Utilising psyllium seed 
husk in the production of sponge cake and determin-
ing its most appropriate level in producing the cake 
of acceptable nutritional, sensory, and technological 
qualities were the main objectives of this study.

MATERIAL AND METHODS

The ingredients used in cake formulations were 
purchased in a local and medicinal herb market. 
Listed in Table 1 are the properties of the psyllium 
husk and the flour used.

Separating the husk of psyllium seed. A labora-
tory mill (Tefal, Paris, France) was used to mill the 
psyllium seed for 2 min in order to separate the 
husk. A mixture of sieve with mesh number 18 was 
used in order to separate the kernel from the shell 
(Askari et al. 2008).

Cake preparation. Listed in Table 2 are the for-
mulations used for the sponge cakes. To prepare the 
cake batter, sugar and oil were stirred for 10 minutes. 
Then, eggs in the third stage were added and they 
were mixed for 2 minutes. The powder materials (milk 
powder, whey protein, baking powder, and flour) were 
added. Psyllium husk was added to the formulation as 
a functional food ingredient. Then vanilla was added. 
The batter was mixed for one minute. Water was added 
at the end. The batter was mixed for one minute. All 
cakes were produced under equal conditions. 1500 g 
of cake batter was prepared. 40 g of cake batter was 
then poured into each 4 × 5 × 8 cm metallic pan, and 
was baked for 20–25 min at 180–190°C. Cakes were 
stored in polyethylene packaging at room temperature.

Physicochemical evaluation. Based on the num-
ber of AACC standard (2000), the moisture (44–15), 
protein (46–13), wet gluten (38–11), and ash (08–01) 
were measured. The symmetry index is an indicator of 
the surface contour, and high values indicate that the 
cake has more height in the centre than in the sides. 
Diameter of the cake was prepared. Then symmetry was 
determined using a plastic measuring template accord-
ing to AACC method number 10–91. Water activity was 
also determined after the cakes cooled down at room 
temperature (Akesowan 2009). In accordance with 
AOAC method (17th edition) and with the modifica-
tions specific to psyllium fibre suggested by Lee et al. 
(1995), the total dietary fibre content of psyllium was 
calculated. Specific gravity was evaluated by dividing 
the weight of a standard measure of the batter by the 
weight of an equal volume of water. The cake volume 
was determined through seed displacement (Lin et al. 
2003). The weight to volume ratio is known as appar-
ent density (Kocer et al. 2007). The cakes were sliced 
and placed into a box in order to evaluate factors such 
as their redness (a*), yellowness (b*), and brightness 
(L*). A 14.5 Megapixel camera (Sony, Tokyo, Japan) 
was used to take crumb images (Sun 2008). Using the 
proposed reform method of Hess and Setser (1983) 
and a texture analyser (Model 1140; Instron, London, 
UK), the texture of the cakes was evaluated.

Sensory evaluation. Using a verbal hedonic scale 
featuring five points (1 – disliked extremely; 5 – liked 
extremely) according to the AACC method 10–90 
with modifications by Ronda et al. (2005) and Lee 
et al. (2008), the acceptability of the softness and 

Table 1. Flour and psyllium husk characteristics used for 
sponge cake (in % w/w)

Features Wheat flour Psyllium husk
Moisture 11.86 ± 0.01 9.46 ± 0.03
Protein 11.41 ± 0.15 1.52 ± 0.01
Gluten 23.6 ± 0.69 –
Ash 0.445 ± 0.02 2.67 ± 0.12
Total fibre 15 ± 0.11 21.03 ± 0.07

Values are mean ± SD of the mean of triplicate analyses

Table 2. The formulations used for sponge cakes

MethodGrams based on the 
weight of cake flourIngredient

creaming was done  
to produce light 

colour cake batter.(in 
about 10 min)

57Oil

72Refined sugar

added in 4–5 sections72Eggs
sift together powder 
ingredients and add 
to make the dough 

become semi-smooth

100Flour
1.34Baking powder

2Milk powder

0.5Vanilla
4Whey powder

0, 2.5, 5, 7.5, 10, 
12.5, 15

Psyllium seed 
husk

after adding water,  
the dough was smooth25Water



536

Food Technology and Economy, Engineering and Physical Properties Czech J. Food Sci., 34, 2016 (6): 534–540

doi: 10.17221/551/2015-CJFS

hardness, porosity, colour of crust and crumb, flavour, 
and the dry or doughy cake texture during chewing 
were evaluated by 30 untrained panellists consisting 
of Faculty of Nutrition and Food Sciences (Tabriz 
University of Medical Sciences) staff and students. 
The following equation was used to calculate:
Final score = total experience/total coefficients

Statistical analysis. A one-way analysis of vari-
ance was performed by processing the data with 
the Minitab Analysis System, and the existence of 
significant differences (P < 0.05) between mean val-
ues was tested using Sidak’s multiple range test. All 
processes were repeated three times.

RESULTS AND DISCUSSION

Effect of husk on batter properties. The addi-
tion of psyllium husk always increased the specific 
gravity (Figure 1). The control sample thus had the 
minimum level of husk. Air bubbles which enter the 
batter during mixing negatively affect its specific 
gravity (Baeva 2000). Therefore, a decrease in the 
volume of air incorporated into the batter can directly 
explain these increases in specific gravities. As it is 
related to the final texture and volume of the cakes, 
the trapped air in the batter is a determinant factor 
for specific gravity (Campbell & Mougeot 1999).

Effect of husk on physical properties. An increase 
in husk percentage leads to a decrease in cake volume 
(Table 3). Generally, a decrease in the volume was 
caused by the husk and the control sample had the 
highest volume. Additionally, when high percentages 
of husk were added, an increase in cake apparent 
density was observed. A wide variety of factors affect 
the cake volume and density, including air bubbles 
trapped in the batter during mixing and the batter 
specific gravity. An inverse relationship exists between 
volume and specific gravity (Desrochers et al. 2004). 

Therefore, it seems that the increase seen in batter 
specific gravity is due to the influence of psyllium husk 
on the cake volume, and slows down the rate of gas 
diffusion, allowing the retention of the gas during the 
first step of baking. Furthermore, the addition of husk 
increased water absorption because of the hydrogen 
bonding interaction between the hydroxyl groups of 
water and those of polysaccharide macromolecules 
present in the fibre (Dikeman & Fahey 2006). If the 
water absorption increases dramatically, the batter of 
extremely high viscosity will be a result, in which air 
bubbles cannot be sufficiently trapped. An enhance-
ment of batter viscosity could therefore decrease 
the cake volume and hinder expansion. Generally, 
with an increase in the psyllium husk percentage, the 
cake volume was reduced while its apparent density 
increased. Czuchajowska et al. (1992) found that 
the cake volume increased when psyllium husk was 
added at a level of 2%; however it decreased at a level 
of 4% in comparison with the control sample. The 
evaluations regarding symmetry conveyed that the 
addition of up to 7.5% of psyllium husk significantly 
(P < 0.05) decreased the cake symmetry. A reduction 
in the cake symmetry from 11.6 cm to 43 cm was 
observed when flour was supplemented with husk.
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Table 3. Volume, apparent density, and symmetry properties of sponge cake containing different levels of psyllium husk

Husk level (%) Volume (cm3) Apparent density (g/cm3) Symmetry (cm)
0   88.67 ± 5.13a     0.395 ± 0.0236d 11.667 ± 1.528a

2.5   80.33 ± 6.81ab 0.44833 ± 0.00351c        11 ± 1a

5 74.667 ± 1.528b 0.46400 ± 0.02bc   10.67 ± 2.52a

7.5         75 ± 3b 0.45500 ± 0.0141bc 10.333 ± 0.577a

10 56.667 ± 1.528c   0.4997 ± 0.0297b           6 ± 1b

12.5   48.33 ± 4.51cd 0.55767 ± 0.00586a           5 ± 1b

15     38 ± 2d         0.56133 ± 0.1106a         4.333 ± 1.155b

Values are the mean of triplicates ± standard deviation; data followed by different letters are significantly different (P < 0.05)

Figure 1. Specific gravity of sponge cake batter containing 
different levels of psyllium husk
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Effect of husk on water retention and aw. The 
increase of husk percentage up to 5% increased the 
cake water activity (Figure 2), after which it decreased. 
For cakes supplemented with fibre, it is acknowledged 
that a decrease in water activity could lead to an 
increase in shelf life. Similar results were obtained 
for the incorporation of psyllium husk in biscuits by 
Raymundo et al. (2014). Regarding the incorporation 
of mango peels in biscuits, the present results are in 
agreement with Ajila et al. (2008). As illustrated in 
Figure 3A, one day after baking, the sample featuring 
7.5% of husk and the control sample had the highest 
and lowest moisture content, respectively, with a 
significant difference (P < 0.05) observed between the 
values. The range of moisture content decreased with 
the increase of psyllium content from 7.5% to 15%. 
Raymundo et al. (2014) established that the moisture 
of the control biscuit is significantly higher than that 
of the psyllium enriched formulations. As depicted in 
Figure 3B, the lowest amount of moisture was observed 
in the control sample 7 and 14 days after baking. The 
samples with 2.5, 5, and 7.5% of incorporated husk 
had maximum percentages of moisture, though the 
difference between them was not significant (P < 0.05). 

Nikouzadeh et al. (2008) also found that 10% of 
psyllium husk increased the bread moisture content. 
Czuchajowska et al. (1992) reported similar results. 
An increase in the absorption of water is caused by 
the interaction between the hydroxyl groups of water 
and those of polysaccharide macromolecules present 
in the husk (Dikeman & Fahey 2006).

Influence of husks on sponge cake texture. During 
1, 7, and 14 days after baking, the textural analysis 
revealed that the increasing fibre content of cakes 
from 10% to 15% leads to a rise in textural hardness 
(Figure 3B). The softest and the hardest samples were 
those which featured 7.5 and 15% of husk, respectively. 
During maintenance, no significant differences in 
textural hardness were observed between the sam-
ples with 0, 2.5, and 5% of husk. The gluten network 
is positively strengthened by psyllium husk at lower 
concentrations, as found by Raymundo et al. (2014). 
However, lower values of hardness were observed at 
higher concentrations of husk. Significantly higher 
hardness (P < 0.05) is therefore observed in biscuits 
which have 3 and 6% (w/w) of husk. Hardness values 
similar to those of the control were observed in bis-
cuits with higher fibre contents (13 and 15% w/w).

Effect of husk on colour properties. No significant 
differences (P < 0.05) were found between L* and a* 
values in comparison with all the other samples. In 
terms of b* value, samples with up to 10% of husk 
showed a significant difference (P < 0.05) when com-
pared to the control sample. Generally, the incorpora-
tion of psyllium husk caused the crumb to become 
more reddish (higher a-value), darker (lower L-value), 
and less yellowish (lower b-value). Amongst the main 
reasons for colour change are the natural pigments 
present in the psyllium seed husk. Sudha et al. (2007) 
reported the darkening of produced products due to 
the inclusion of fibre. It was found by Raymundo et 
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al. (2014) that when increasing psyllium husk, the L* 
value increased while the b* and a* values decreased.

Effect of husk on nutritional properties. The re-
sults showed that increasing husk percentages caused 
a significant increase in ash content of the samples 
(Table 5). The control sample had a lower level of 
ash compared to the samples with psyllium husk. An 
increase of ash is caused by the considerable content 
of minerals in the psyllium sample (2.67% w/w from 
Table 1). Raymundo et al. (2014) demonstrated 
similar results. The increase in psyllium percent-
age increases the protein content, which afterwards 
decreases (Table 5). Raymundo et al. (2014) also 
demonstrated that an increase in husk incorpora-
tion is associated with a decrease in the capacity 
of gluten development, as well as a significant (P < 
0.05) decrease of protein content and a reduction of 

firmness. The protein levels determine the impact 
of husk incorporation on the cake firmness. An in-
crease in the protein level was reported to increase 
the firmness of cookies by Fustier et al. (2009). It 
was found that the total fibre was positively affected 
by increasing the levels of psyllium husk. The most 
numerous type of soluble fibre in the psyllium husk 
seed consists of a polymer of arabinose, galactose, 
galacturonic acid, and rhamnose (Nelson 2001).

Effect of husk on sensory evaluation. Besides flavour, 
all attributes of the cakes with psyllium husk were 
similar in terms of the sensory profile to the control 
cake (Figure 4). Flavour was negatively affected by the 
increases in the levels of psyllium husk. The score for 
flavour decreased from 5.0% for 5% psyllium husk to 
3.6% for 15% psyllium husk incorporation. The lowest 
score for cake porosity, softness/hardness, and crumb 

Table 4. Crumb colour characteristics of cakes containing different levels of psyllium husk

Psyllium levels (%) L* a* b*
0 68.75 ± 1.377a –0.75 ± 1.702a 50.25 ± 2.394a

2.5 66.25 ± 2.462a   –1.5 ± 1.555a 48.75 ± 1.931ab

5 62.25 ± 3.544a –1.75 ± 2.594a 46.00 ± 2.041ab

7.5 63.75 ± 2.869a   0.25 ± 1.652a 47.25 ± 1.931ab

10 61.75 ± 2.097a     0.5 ± 1.848a 39.00 ± 1.683bc

12.5 59.25 ± 1.652a  2.25 ± 0.946a      37 ± 1.291bc

15 57.25 ± 1.652a  2.75 ± 0.629a 35.5 ± 2.217c

Values are the mean of triplicates ± standard deviation; data followed by different letters are significantly different (P < 0.05)

Table 5. Nutritional properties of sponge cakes containing different levels of psyllium husk

Protein % (w/w)Fibre % (w/w)Ash % (w/w)Husk level (%)
7.073 ± 0.141d0.613 ± 0.080f1.131 ± 0.006d0
7.140 ± 0.040cd0.916 ± 0.020e1.370 ± 0.060c2.5
7.370 ± 0.026bc1.131 ± 0.011d1.496 ± 0.065c5
7.980 ± 0.010a1.520 ± 0.010c1.803 ± 0.055b7.5
7.391 ± 0.007b1.600 ± 0.100c1.910 ± 0.026b10
6.816 ± 0.125e1.800 ± 0.020b1.803 ± 0.025b12.5
6.400 ± 0.100f1.953 ± 0.015a2.193 ± 0.090a15

Values are the mean of triplicates ± standard deviation; data followed by different letters are significantly different (P < 0.05)

Table 6. Overall acceptability of sponge cakes containing different levels of psyllium husk on days 1, 7, and 14 after 
baking in sensory and staling evaluation

Psyllium husk levels (%)Time 
(Day) 1512.5107.552.50

3.683 ± 0.293b3.683 ± 0.293b3.967 ± 0.401ab4.633 ± 0.202ab4.766 ± 0.152a4.383 ± 0.257ab4.233 ± 0.592ab1
3.041 ± 0.072b3.208 ± 0.260b3.167 ± 0.289b3.833 ± 0.191ab  4.25 ± 0.433a3.667 ± 0.191ab    3.5 ± 0.451ab7
2.458 ± 0.191e2.708 ± 0.072de2.916 ± 0.072cd3.583 ± 0.072b4.083 ± 0.072a3.167 ± 0.289bc3.083 ± 0.072cd14

Values are the mean of triplicates ± standard deviation; data followed by different letters are significantly different (P < 0.05)
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colour was obtained by the sample with 15% of husk, 
with the highest scores being given to the samples 
with 5 and 7.5% of husk. No significant differences 
(P < 0.05) were found between these values. Regard-
ing the stickiness/crumbliness and cake crust colour, 
similar results were obtained, with the 5% and 15% husk 
samples receiving the lowest and the highest scores, 
respectively. It was found by Park et al. (1997) that 
the addition of 10% of wheat husk and psyllium husk 
(at the 7 : 3 ratio) caused black spots on the crust of 
the produced sample. The samples which contained 
15% of husk were harder than all the other samples in 
such a way that the results from sensory evaluation 
were similar to those obtained by using the device 
(Figure 4). The addition of about 5% of psyllium husk 
to bread has been shown to improve form, shape, crust, 
pores, and flavour in other studies. However, it had no 
significant effect on the texture softness and hardness 
or on chewiness (Nikouzadeh et al. 2008). In terms 
of overall acceptability, the characteristics of the test 
samples one day after baking were similar to those of 
the control (Table 6), with the 5% husk sample being 
the only one found to show a significant difference 
(P < 0.05) when compared to the 15% sample. Re-
garding the effect of psyllium husk on bread sensory 
properties, Nikouzadeh et al. (2008) found that 
the sample with 5% husk achieved the highest score. 
A negative impact on sensory assessment resulted 
from higher concentrations of added psyllium in the 
study of Park et al. (1997), in addition to difficulties 
in the processing of the product. Raymundo et al. 
(2014) demonstrated a similar effect. The chewiness, 
flavour, softness/hardness, and overall acceptabil-
ity were evaluated for staling during storage (7 and 
14 days after baking). In terms of overall acceptability 

at 7 and 14 days, the highest and the lowest scores 
were obtained by the 5 and 15% husk samples, respec-
tively. The acceptability of the cakes with up to 7.5% 
of husk was greater than that of the control. When 
assessing the addition of 2 and 4% of psyllium husk to 
Japanese sponge cake, Czuchajowska et al. (1992) 
concluded that the overall sensory attributes of the 
products were reduced after 24 hours of storage at 
room temperature.

CONCLUSION

In the production of cakes, psyllium husk, which 
contains a high level of dietary fibre, can be a valu-
able additive. Unsurprisingly, various levels of in-
corporated psyllium have different effects on the 
quality of the batter and cake. In line with the results 
obtained, the batter density increased significantly 
when over 7.5% of psyllium husk was incorporated 
into the wheat flour. This would immensely impact 
the cake volume, symmetry, water activity, apparent 
density, hardness, moisture, ash, protein, total fibre, 
colour, and sensory characteristics. The highest 
overall acceptability in terms of sensory evaluation 
was achieved by the samples which contained 5% 
of psyllium seed husk. Generally, incorporating to 
7.5% of psyllium seed husk can improve the overall 
quality of the sample.
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