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Abstract 
Oleaster (Elaeagnus angustifolia L.) is a fruit with special nutraceutical value which grows under a wide range of 
climatic conditions in Europe and Asia. In the present study, the effects of oleaster flour (15%, 30% and 45%) and 
active gluten at (0 and 3%) on the physical, chemical and sensory properties of sponge cakes were assessed. The best 
sample was selected based on the qualitative properties and compared with the control with respect to the staling 
rate and nutritional aspects. In order to decrease the calories, the sucrose content of the selected sample was 
replaced with potassium acesulfame and isomalt at the levels of 30%, 50% and 70%. Oleaster flour increased the 
density but decreased the hardness and cohesiveness of the cake. Active gluten decreased the density and hardness 
but increased the cohesiveness and springiness. Considering the qualitative properties of the sponge cakes, the 
sample containing 30% oleaster flour and 3% gluten (30 OFG) was selected as the best. Replacement of the sucrose 
in 30 OFG increased the hardness, density, redness and yellowness of the crumb. With 30% sucrose replacement, 
the quality of the product was adequately maintained. The use of oleaster significantly increased the calcium, 
potassium, crude fibre, fat and total phenolic compound contents of the sponge cakes as compared to the control. 
The sample containing 30% oleaster flour and 3% gluten with 30% sucrose replacement showed appropriate 
physicochemical, textural and sensory properties. 

Keywords: Functional cake; Low calorie; Mineral; Nutritional value; Sweetener; Textural properties. 

Resumo 
Oleaster (Elaeagnus angustifolia L.) é uma fruta com valor nutracêutico especial, que cresce em uma ampla faixa de 
condições climáticas na Europa e na Ásia. No estudo atual, os efeitos da farinha de oleaster (15%, 30% e 45%) e de 
glúten ativo (0 e 3%) nas propriedades físicas, químicas e sensoriais de bolos tipo esponja foram avaliados. A melhor 
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amostra foi selecionada baseando-se nas suas propriedades qualitativas e comparando-se com o controle em 
relação à taxa de endurecimento e aos aspetos nutricionais. Para diminuir as calorias, o conteúdo de sacarose da 
amostra selecionada foi substituído por acessulfame de potássio e isomalte nos níveis de 30%, 50% e 70%. A farinha 
de oleaster aumentou a densidade do bolo, mas diminuiu a dureza e a coesão. O glúten ativo diminuiu a densidade 
e a dureza, mas aumentou a coesão e a elasticidade. Considerando as propriedades qualitativas dos bolos tipo 
esponja, a amostra contendo 30% de farinha de oleaster e 3% de glúten ativo (30 OFG) foi selecionada como a 
melhor. A substituição da sacarose em 30 OFG aumentou a dureza, a densidade e as cores vermelho e amarelo do 
miolo, mas, com substituição de 30% da sacarose, a qualidade do produto foi mantida adequadamente. O uso de 
oleaster aumentou significativamente os conteúdos de cálcio, potássio, fibra bruta, gordura e compostos fenólicos 
totais. A amostra contendo 30% de farinha de oleaster e 3% de glúten com substituição de 30% da sacarose 
apresentou propriedades físico-químicas, de textura e sensoriais apropriadas. 

Palavras-chave: Bolo funcional; Baixa caloria; Mineral; Valor nutricional; Adoçante; Propriedades texturais. 

1 Introduction 
In recent decades, changing human life-styles and dietary patterns have increase obesity, chronic diseases 

and heart diseases (Kendall et al., 2010). Therefore, producing healthier, low calorie food products has 
become an important issue in the food industry. The consumption of fibrous compounds, natural sweeteners, 
non-metabolizable sweeteners (e.g., potassium acesulfame (Ace K)) or low absorbent sweeteners 
(e.g., isomalt) is a suitable way of producing healthier foods (Lipinski & Hanger, 2001; Grembecka, 2015). 

Due to their palatability, feasible price and high consumption, cereal products are considered as 
appropriate carriers of bioactive compounds and dietary fibres in the human diet (Lebesi & Tzia, 2011). 
Sponge cakes are one of the most consumed confectioneries made from refined flour, oil, egg and sugar 
(Farzi et al., 2015). Although wheat is relatively rich in nutritional value, refined flour and products made 
from it such as confectionery products, have nutritional deficiencies due to the removal of trace nutrient 
elements from the outer layer during the milling process (Pourafshar et al., 2015; Moza & Gujral, 2017). 

The oleaster tree grows in a wide range of climatic conditions in various regions of Europe and in parts of 
Central Asia, including Iran (Sahan et al., 2013). The reddish-brown Oleaster fruit (Elaeagnus angustifolia 
L.), which is about 9-12 mm long and 6-10 mm wide has a special nutritional value (Sarraf et al., 2017). 
Glucose and fructose are the two dominant sugars in the fruit. Due to the presence of seven types of phenolic 
acid (Ayaz & Bertoft, 2001) and numerous flavonoid compounds (Abizov et al., 2008), it has been introduced 
as a useful natural antioxidant source. Significant amounts of other useful nutritional compounds such as 
proteins, vitamins (tocopherol, carotene, vitamin C and thiamine) and minerals (calcium, magnesium, 
potassium, iron) have been identified in this fruit. No toxic substance has been identified in the oleaster fruit 
and its consumption in the fields of medical, pharmaceutical and food science has been approved in both 
Asia and Europe (Çakmakçı et al., 2015). In Turkish traditional medicine, the oleaster fruit is consumed as a 
nutritious fruit with a fever-reducing component, and moreover its consumption is recommended for people 
with kidney disorders (Gürbüz et al., 2003; Çakmakçı et al., 2015). In Iranian traditional medicine, it is 
prescribed for patients with rheumatoid arthritis due to its anti-nociceptive and anti-inflammatory effects 
(Ramezani et al., 2001) and also in the control of nausea (Hosseinzadeh et al., 2003). 

Due to its floury structure and its high nutritional and pharmaceutical value, the oleaster fruit can be used 
as a functional component in the food industry (Çakmakçı et al., 2015). Thus Sarraf et al. (2017) replaced 3, 
6%, 9%, 12% and 15% of wheat flour with oleaster flour in a doughnut formulation and reported that the fat, 
ash and fibre contents of the product increased with increasing substitution level. Öztürk et al. (2018) studied 
the effect of adding 1% and 2% of oleaster flour on the quality characteristics of set yoghurt and showed that 
with 2% unpeeled oleaster flour, product syneresis was reduced, and that the scavenging activities and 
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functional and textural properties were improved. Although there are some studies about the use of oleaster 
flour as an enrichment compound, the authors found no studies on its use at high replacement levels in 
functional bakery products, considering the need to reduce its adverse effects on the technological and 
qualitative properties of the products. 

The aim of this study was to design low calorie enriched sponge cakes with the addition of oleaster flour 
and a combination of ace k - isomalt and gluten in order to minimize the negative effects caused by replacing 
the wheat flour. The study consisted of two steps: 1) assessing the effect of oleaster flour on the qualitative 
and nutritional characteristics of sponge cakes. In this context, considering the role of gluten on the 
rheological properties of cake, the effect of active gluten powder as an improving agent of the qualitative 
characteristics, was also assessed; and 2) after selecting the best sample from step one, assessing the effect 
of the partial replacement of the sucrose with Ace K and isomalt, on the quality of the selected sample. 

2 Material and methods 
Wheat flour (Atlas flour, Iran), sugar (NaghsheJahan, Iran), soybean oil (Pamchal, Iran), egg (Talavang, Iran), 

milk powder (Palood, Iran), vanilla and baking powder (Sahar, Iran) were purchased from local shops (Isfahan, 
Iran). The oleaster fruits (Elaeagnus angustifolia L.) came from the Khansar province (Isfahan, Iran) and were 
dried in a vacuum drying oven at 60 °C and 45 cm Hg (SH-Scientific, South Korea) to reach 12% moisture content. 
The mesocarp and pericarp were then milled in a stainless steel mixer (Artisam 5000, Iran) and sieved (mesh size 
40). The active gluten powder (moisture = 10%, protein = 82%, ash = 0.3%, pH = 6.1 and water absorption 
percentage = 1.6%) was purchased from Shahdine Aran Co. (Isfahan, Iran) and the isomalt ST-PF 
(Particle size < 0.1 mm, low hygroscopicity) and potassium acesulfame (Ace K) (white crystalline powder, very 
thermo stable, storage stable) were purchased from the Beneo Co. (Germany). 

2.1 Proximate compositions of the wheat and oleaster flours 

The wheat and oleaster flours were analysed according to the AACC methods for their ash (AACC 08-01), fat 
(AACC 30-25), protein (AACC 46-11A) and crude fibre contents (AACC23-10) (American Association of Cereal 
Chemists, 2000). The total phenolic compound content was determined according to the method proposed by 
Karp et al. (2017) with some modifications. One gram of sample was mixed with 10 mL double-distilled water 
and centrifuged (2000 g) for 10 min at 25 °C. A mixture of 0.5 mL supernatant, 5 mL of Folin-Ciocalteu reagent 
(1: 5) and 4 mL of sodium carbonate (10% w/w) was prepared and after 15 minutes at room temperature, the 
absorption was measured at 765 nm in a UV-Visible spectrophotometer (UV 2100, Unico, USA). The amount of 
total phenolic compounds was reported as mg gallic acid (GAE) per 100 grams of sample. 

2.2 Preparation of sponge cake 

The cake batter was prepared using the sugar-batter method, according to the contents shown in Table 1. 
About 60 grams of batter was placed in a pan and baked in the oven for 20 minutes at 220 °C. After baking, 
the cakes were cooled for 45 minutes at ambient temperature, packed in polyethylene and stored at 23 °C for 
analysis. 

A completely randomized design-factorial experiment was used. The variables were the oleaster 
replacement level (15%, 30% and 45%) and gluten level (0 and 3%), based on the wheat flour content of the 
formulation. Seven samples including the control (100% wheat flour), three sponge cakes with 15, 30 and 
45% of oleaster flour (15 OF, 30 OF, 45 OF) and three samples with 15%, 30%, 45% of oleaster flour and 
3% gluten (15 OFG, 30 OFG and 45 OFG) were considered. In the second step, 0, 30%, 50% and 70% of the 
sucrose content of the selected sample from the first step was replaced with potassium acesulfame and 
isomalt. 
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Table 1. Ingredients (for the control sample) and preparation method of the sponge cake batter. 

Ingredients Weight (g) Procedure 
Soybean oil 171.0 mixed for 10 min. Sugar 216.0 

Egg 216.0 added in 4 portions and mixed for 5 min 
Wheat flour 300.0 

mixed together and then added to the mixture Baking powder 6.0 
Milk powder 12.0 

Vanilla 1.5 
Water 75.0 mixed until the batter was smooth 

2.3 Qualitative characteristics of the product 

The volume of the sponge cake was measured by the rapeseed displacement method and the apparent 
density calculated from the mass to volume ratio (Bigne et al., 2016). 

The crumb texture was assessed 24 hours after baking using a Brookfield texture analyser (LFRA500) 
equipped with a cylindrical probe (38.1 mm diameter). For this purpose, the crust was removed and a 
cylindrical sample (2.5 cm height and 2 cm diameter) obtained from the crumb. In the texture profile analysis 
(TPA), the probe compressed the sample twice up to half its height at 1mm/s speed, with no delay between 
the first and second cycles (De la Hera et al., 2012). 

The cake colour was assessed using the image processing method in a special optical box, according to 
the Salehi et al. (2016) method, with some modifications. For this purpose, the standard RAL colour cards, 
the crust and the crumb of the sample were photographed under the same conditions. The RGB indicators 
were obtained from the Adobe Photoshop version 8 and the RGB indexes of the sample were calibrated using 
a standard curve obtained from the RGB of the RAL cards, and converted into the CIE Lab system. 

Considering the results of the analyses, the sample most similar to the control (100% wheat flour) in terms 
of the qualitative characteristics, was considered as the best sample in the first step. 

2.4 Replacement of sucrose with potassium acesulfame and isomalt 

The sucrose content of the sample selected in the first step was replaced by potassium acesulfame 
(200 times sweeter than sucrose) and isomalt. Three levels of sucrose replacement were used at 
30% (0.15% potassium acesulfame and 29.85% isomalt), 50% (0.25% potassium acesulfame and 49.75% 
isomalt) and 70% (0.35% potassium acesulfame and 69.65% isomalt). The qualitative properties of the 
samples, such as apparent density, and the textural and colour properties were assessed according to the 
above-mentioned methods in 2.3. The sample selected in the first step was considered as the control in the 
second step. 

2.5 Sensory evaluation 

The organoleptic characteristics of the cakes (colour, odour, texture, taste, unpleasant aftertaste and overall 
acceptance) were assessed by fifteen semi-trained master’s students of food science and technology using a 5-point 
hedonic scale (1 = disliked extremely; 2 = disliked; 3 = neither disliked nor liked; 4 = liked; 5 = liked extremely) 
(Kim et al., 2012). As to any unpleasant aftertaste, the sample with the least unpleasant aftertaste was scored with the 
highest grade and the one with the most unpleasant aftertaste was scored with the lowest grade. The sponge cakes 
were coded by random numbers and presented to the panellists on plastic plates, with a glass of water to rinse their 
mouths between samples. The sensory assessment was run around 11-12 AM. 
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2.6 Chemical composition of the control and selected samples 

The moisture, ash, fat, protein and crude fibre contents were determined according to AACC methods 
(American Association of Cereal Chemists, 2000) 15-44A, 08-01, 30-25, 46-11A and 23-10, respectively. 
The total phenolic compound content was determined according to Karp et al. (2017). The calcium, 
magnesium, potassium and iron contents were determined using an atomic absorption spectrophotometer 
(Gupta et al., 2009). 

2.7 Statistical analysis 

A completely randomized design-factorial experiment was followed. The independent variables were the 
oleaster replacement level (15%, 30% and 45%) and active gluten level (0 and 3%), based on the wheat flour 
content of the formulation. Seven samples including the control (100% wheat flour), three sponge cakes with 
15%, 30% and 45% of oleaster flour (15 OF, 30 OF, 45 OF) and three samples with 15%, 30%, 45% of 
oleaster flour and 3% gluten (15 OFG, 30 OFG and 45 OFG), were considered. The textural characteristics 
of the control and of the best sample were evaluated during the storage time. In the second step, 0, 30%, 
50% and 70% of the sucrose content of the sample selected in the first step were replaced with potassium 
acesulfame and isomalt and the qualitative characteristics of the samples evaluated. The textural 
characteristics of the samples with higher quality were evaluated during storage. All the measurements were 
made in triplicate and the statistical analyses applied using SAS 9.1 software. The Fisher’s least significant 
difference (LSD) was applied to explain the means with 95% confidence. The statistical analysis of the 
sensory properties was carried out according to the non-parametric Kruskal-Wallis method 
(Lane et al., 2016). 

3 Results and discussion 

3.1 Comparison of the chemical compositions of wheat and oleaster flours 

Oleaster flour had higher ash, fat, crude fibre and total phenolic compound contents than wheat flour 
(Table 2), the crude fibre and phenolic compound contents of the oleaster flour being more than tenfold those 
of wheat flour. From the nutritional point of view, there is an inverse association between the consumption 
of dietary fibre and the risks of cancer, heart disease and type 2 diabetes (Mudgil & Barak, 2013). 
The antioxidant properties of the phenolic components have a special effect on the stability of oxidation 
sensitive components such as lipids (Devi et al., 2014). In a study carried out by Sahan et al. (2013), the ash, 
protein and fibre contents of two different oleaster samples from Turkey were reported as (2.57 and 
1.87 g/100 g), (4.49 and 4.65 g/100 g) and (30.65 and 25.44 g/100 g), respectively. The quantities of the 
chemical components found in the oleaster flour in the present study were relatively similar to those found 
in other studies and minor differences could be attributed to differences in the oleaster species and in the 
climatic, geographical and experimental conditions. 

Table 2. Proximate composition of the wheat and oleaster flours. 

Flours Ash Fat Protein Crude fibre Total phenolic 
(g/100 g of dry matter) (mg Gallic acid/100 g) 

Wheat flour 0.66b ± 0.01 0.83b ± 0.00 9.32a ± 0.06 0.69b ± 0.08 26.10b ± 0.6 
Oleaster flour 2.44a ± 0.08 4.38a ± 0.07 6.30b ± 0.25 10.47a ± 1.1 436.60a ± 8.9 

Values represent mean ± standard deviation (n = 3). Different letters in the same column indicate significant difference (p ≤ 0.05). 
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3.2 Qualitative characteristics of the sponge cake 

3.2.1 Apparent density 

Table 3 shows the effects of oleaster flour and gluten on the physical and colour characteristics of the samples. 
An increase in the percentage of oleaster flour significantly enhanced the sample density (p ≤ 0.05) which might 
be due to dilution of the gluten and of the inappropriate effect of fibre - gluten interaction on gas retention in the 
batter (Borchani et al., 2011; Belghith Fendri et al., 2016). The high fibre concentration of oleaster flour weakens 
the gluten matrix, increases gas emission and reduces the specific volume of cereal-based products (Belghith 
Fendri et al., 2016). Chareonthaikij et al. (2016) observed that fibre containing dough had a low apparent viscosity, 
and hence the air bubbles in the bread were not protected during baking. Furthermore, the addition of green banana, 
with a high fibre content, had a negative effect on the specific volume of sponge cakes (Segundo et al., 2017). 
The samples containing gluten were less dense than samples without due to the positive effect of active gluten on 
improving gas retention during baking. 

The effect of the oleaster-gluten interaction on the physical characteristics of the cakes shown in Table 4, 
indicates that samples containing oleaster and gluten were more dense than the control; nevertheless, the 
density of the sample containing 15% oleaster flour and 3% gluten was not significantly different from that 
of the control sample. Therefore, 3% of gluten can modify the undesirable effect of oleaster flour on cake 
density, whereas greater oleaster flour contents significantly reduced the volume, even in the presence of 
gluten. 

3.2.2 Textural characteristics 

Table 3 shows the effects of the oleaster flour and gluten on the textural characteristics of the cakes. 
Increasing the oleaster replacement level significantly (p ≤ 0.05) decreased cake hardness since, due to its 
disruptive effect on the protein-starch matrix, the presence of fibre in the formulation reduces the hardness 
of the product (Tudoricǎ et al., 2002). Likewise, Belghith Fendri et al. (2016), found that the addition of pea 
and broad bean pods to a bread formulation led to a significant decrease in product hardness due to 
interactions between the gluten and fibre contents. The addition of 3% gluten to the batter decreased product 
hardness by increasing air bubble retention. Segundo et al. (2017) found a negative correlation between the 
specific volume and crumb hardness of a cereal based product. In this study, the samples containing gluten 
were of less dense and less hard than those without gluten. Therefore, considering the effects of oleaster flour 
and gluten on hardness, the highest and lowest values for hardness were found, respectively, in the control 
and in the sponge cake with 45% of oleaster flour and 3% of gluten (Table 4). 

Cohesiveness represents the internal resistance of a food structure. An increase in the oleaster substitution 
level from 15% to 45% significantly (p ≤ 0.05) decreased the cohesiveness of the product due to its 
destructive effect on the three-dimensional structure of the protein (Noorlaila et al., 2017), whereas active 
gluten improved cohesiveness, due to strengthening of the gluten network integration. Consequently, the 
addition of gluten with together with oleaster had a significant effect on decreasing the destructive effects of 
oleaster on the textural properties of the cake. The effect of the oleaster-gluten interaction on cohesiveness 
indicated that samples containing 45% of oleaster flour were the least cohesive (Table 4). 

Springiness decreased as the oleaster replacement level increased. Fibrous compounds have a negative 
effect on detachment of the starch-protein matrix (Tudoricǎ et al., 2002) and hence the above observation 
was related to the high fibre content of the oleaster flour and its adverse effect on the integrity of the 
viscoelastic gluten network. Gluten is the major contributing agent to the elasticity and adhesiveness of a 
batter (Guadarrama-Lezama et al., 2016). Therefore, active gluten improved the springiness by decreasing 
the density and strengthening the protein-starch linkages. Thus it has been reported that resistant starch, being 
a soluble fibre, reduced the springiness of muffins and produced a dense matrix in the product (Baixauli et al., 
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2008). In the present study, the least springy sample was that with 45% of oleaster flour (Table 4). 
Furthermore, at the highest oleaster replacement level, the effect of active gluten on the improvement of 
springiness decreased. 

3.2.3 Colour 

The L*, a* and b* values represent white-black (from 0 to 100), redness- greenness (from -120 to +120) 
and yellowness-blueness (from -120 to +120), respectively (Salehi et al., 2016). The effects of the 
independent variables and their interactions on the colour properties of the crust and crumb are shown in 
Tables 3 and 4, respectively. For the crust, increasing the oleaster percentage intensified a* and decreased 
b* and L*, while gluten increased b* and L*. Therefore, the oleaster flour increased the crust and crumb 
colour difference (ΔE), while the differences in crust colour decreased with the addition of gluten. The surface 
characteristics of the samples were affected by different parameters such as the ingredients, temperature, 
baking time, and intensity of the non-enzymatic browning reaction. The crust temperature usually increases 
above 150 °C, and consequently, the Maillard and caramelization reactions are important factors in the crust 
colour changes (Borchani et al., 2011; De la Hera et al., 2012). The temperature at the centre of the product 
does not exceed 100 °C and the high moisture content at this point prevents the Maillard and caramelization 
reactions. Therefore, the crumb colour may only be affected by the ingredients in the batter formulation 
(De la Hera et al., 2012). L* decreased significantly in samples with 45% of oleaster flour, most probably 
due to the presence of the carotenoid, phenolic compound and high ash contents of the oleaster flour. 
A similar observation of the colour properties of the product (increase in a* and decreases in b* and L*) was 
reported for the replacement of wheat flour by potato peel powder in a cake formulation (Ben Jeddou et al., 
2017). The crumb samples containing 3% gluten were less red than the others, indicating that gluten was 
effective in decreasing the effect of oleaster flour on changes in the crust and crumb colours. 

Table 3. Individual effects of oleaster flour and gluten on the qualitative characteristics of the cakes. 

 Quality parameters 
Oleaster flour replacement (%) Gluten (%) 

15 30 45 0 3 

Physical and 
Textural 

Density (g/cm3) 0.37c ± 0.01 0.40b ± 0.01 0.43a ± 0.02 0.41a ± 0.03 0.39b ± 0.02 

Hardness (g) 
276.25a ± 

33.94 

246.88b ± 
41.70 

221.75c ± 
43.29 

276.5a ± 
34.28 

220.08b ± 
31.05 

Cohesiveness 0.64a ± 0.06 0.56ab ± 0.01 0.54b ± 0.06 0.54b ± 0.05 0.62a ± 0.06 

Springiness (mm) 7.82a ± 0.10 7.39b ± 0.18 6.89c ± 0.23 7.24b ± 0.48 7.49a ± 0.37 

Crust colour 

a* 22.82c ± 1.26 24.73b ± 0.20 28.66a ± 1.20 25.88a ± 2.34 24.92a ± 3.22 

b* 15.15a ± 4.24 7.64b ± 3.18 5.77c ± 2.87 6.95b ± 4.43 12.09a ± 5.08 

L 48.28a ± 4.13 41.23b ± 3.53 39.17b ± 2.31 40.47b ± 4.33 45.07a ± 5.24 

ΔE 7.94c ± 1.90 13.73b ± 4.16 17.24a ± 3.65 14.77a ± 6.03 11.17b ± 3.41 

Chroma (C) 27.62ab ± 1.60 26.03b ± 0.76 29.34a ± 1.09 27.14a ± 1.77 28.19a ± 1.79 

Crumb colour 

a* -1.00c ± 0.20 0.77b ± 1.20 5.32a ± 0.92 2.24a ± 3.16 1.15b ± 2.80 

b* 26.00a ± 1.48 23.03b ± 0.75 15.88c ± 0.75 21.02a ± 4.56 22.26a ± 4.85 

L 60.87a ± 1.80 58.32a ± 1.76 51.04b ± 1.31 56.26a ± 4.78 57.23a ± 4.81 

ΔE 16.61c ± 2.53 20.85b ± 1.85 31.98a ± 1.48 24.07a ± 7.27 22.22a ± 7.30 

Chroma (C) 26.02a ± 1.48 23.07b ± 0.75 16.77c ± 0.46 21.43a ± 3.99 22.48a ± 4.57 

Values represent the mean ± standard deviation (n = 3). Mean values followed by different letters in the same row indicate significant difference 
(p ≤ 0.05). 
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Table 4. Effect of the oleaster flour – active gluten interaction on the qualitative attributes of the cakes. 

 Quality 
parameter 

Cake 

Control 15 OF 15 OFG 30 OF 30 OFG 45 OF 45 OFG 

Physical 
and 

Textural 

Density (g/cm3) 0.36e ± 0.00 0.38d ± 0.00 0.36e ± 0.00 0.41b ± 0.00 0.39c ± 0.00 0.44a ± 0.00 0.41b ± 0.00 

Hardness (g) 336.5a ± 13.44 305.25b ± 6.01 247.25cd ±7.42 265.25c± 57.63 228.5d ± 23.33 259c ± 1.71 184.5e ± 8.49 

Cohesiveness 0.6a ± 0.03 0.6ab ± 0.01 0.67a ± 0.1 0.52bc ± 0.03 0.61ab ± 0.04 0.50c ± 0.02 0.59 abc ± 0.01 

Springiness (mm) 7.7ab ± 0.16 7.75ab ± 0.08 7.89a ± 0.06 7.26cd ± 0.11 7.51bc ± 0.16 6.70e ± 0.04 7.08d ± 0.1 

Crust 
colour 

a* 23.36bc ± 1.86 23.9bc ± 0.16 21.74c ± 0.21 24.98b ± 0.04 24.48bc ± 1.29 28.79a ± 0.97 28.53a ± 1.82 

b* 16.77a ± 3.43 12.13b ± 2.68 18.18a ± 3.17 5.18e ± 2.24 10.1c ± 1.08 3.55e ± 1.65 7.99d ± 1.49 

L 51.22a ± 5.4 45.45ab ± 2.42 51.12a ± 3.64 39.0b ± 3.99 43.46ab ± 1.24 37.64b ± 1.46 40.64b ± 2.23 

ΔE 00.00d ± 00.00 7.59c ± 2.89 8.29c ± 1.42 16.96ab± 2.03 10.49c ± 8.14 19.76a± 8.38 14.72b± 9.74 

Chroma (C) 28.88ab ± 0.49 28.85abc ± 1.35 28.4abc ± 1.9 25.56c± 0.50 26.50bc ± 0.78 29.02ab± 1.16 29.66a± 1.35 

a* -8.50e ± 0.40 -0.89d ± 0.17 -1.11d ± 0.01 1.55c ± 0.03 -0.01d± 1.58 6.07a ± 0.2 4.57b ± 0.47 

b* 35.82a ± 0.14 24.92c ± 0.8 27.06b ± 1.20 22.84d ± 0.05 23.23cd± 1.24 15.28e ± 0.45 16.48e ± 0.17 

L 71.8a ± 1.62 60.32b ± 0.93 61.4b ± 2.76 58.0b ± 1.75 58.6b ± 2.62 50.42c ± 1.91 51.66c ± 0.1 

ΔE 00.00d ± 00.00 17.61bc ± 0.15 15.61c± 3.89 21.53b± 2.24 20.17bc ± 1.84 33.08a± 0.31 30.89a± 1.27 

Chroma (C) 36.81a± 0.23 24.96c± 0.79 27.08b± 1.20 22.89d± 0.05 23.26cd± 1.24 16.44e± 0.33 17.10e± 0.3 
Values represent the mean ± standard deviation (n = 3). Mean values followed by different letters in the same row indicate significant difference 
(p ≤ 0.05). Control: 100% wheat flour without added gluten. 15 OF, 30 OF, 45 OF: 15%, 30% and 45%, respectively, of the wheat flour was 
replaced by oleaster flour. 15 OFG, 30 OFG, 45 OFG: 15%, 30% and 45%, respectively, of the wheat flour was replaced by oleaster flour plus 
the addition of 3% gluten. 

3.3 Sensory evaluation 

Table 5 shows the results of the sensory evaluation. With respect to the textural characterizations, the 
highest scores were obtained by 15 OF and 30 OFG, with no statistically significant difference from the 
control sample (p ≤ 0.05). All the samples were relatively desirable in terms of the taste and overall 
acceptance. The high scores obtained for unpleasant aftertaste indicated low aftertaste in the samples, and 
30 OFG had no significant difference from the control for this term. 

Regarding the qualitative characteristics of the samples (Table 4), 15 OFG and 30 OFG were statistically 
more similar to each other and to the control. Therefore, according to the results of the instrumental and 
sensory analyses, the sample containing 30% of oleaster flour and 3% of gluten (30 OFG) was selected as 
the best sample with a higher oleaster flour content. It is a functional sponge cake when one considers the 
higher nutritional values of oleaster flour as compared to those of wheat flour (Table 6), and showed the least 
significant undesirable changes in the qualitative characteristics as compared to the control. 

Table 5. Sensory evaluation of the sponge cakes. 

Sample Colour Aroma Texture Flavour Unpleasant 
after-taste 

Overall 
acceptance 

Control 4.07abc ± 1.33 4.20a ± 0.77 4.54a ± 0.52 4.33a ± 0.72 4.40a ± 0.89 4.40a ± 0.89 
15 OF 3.93abc ± 1.09 4.20a ± 0.86 4.47a ± 0.92 4.07a ± 0.79 4.20ab ± 0.68 4.40a ± 0.68 

15 OFG 3.73c ± 1.28 4.20a ± 1.08 3.80c ± 0.01 4.07a ± 1.03 4.13ab ± 1.19 4.27a ± 1.19 
30 OF 3.87bc ± 1.13 4.07a ± 0.88 3.93bc ± 0.7 4.07a ± 0.79 4.00b ± 0.53 4.27a ± 0.53 

30 OFG 4.00abc ± 0.93 4.20a ± 0.94 4.33ab ± 0.82 4.07a ± 0.59 4.27ab ± 0.70 4.33a ± 0.70 
45 OF 4.40a ± 0.91 4.00a ± 0.93 3.93bc ± 1.03 4.27a ± 0.96 4.47a ± 0.52 4.40a ± 0.52 

45 OFG 4.27ab± 1.09 4.07a± 1.09 4.13bc ± 0.99 4.33a ± 0.82 4.13ab ± 0.92 4.33a ± 0.92 
Values are expressed as the mean ± standard deviation (n = 15). Mean values followed by different letters in each column indicate significant 
difference (p ≤ 0.05). The score range was in the range from 1 to 5 from extremely undesirable to extremely desirable. Control: 100% wheat 
flour with no added gluten. 15 OF, 30 OF, 45 OF: 15%, 30% and 45%, respectively, of the wheat flour were replaced by oleaster flour. 15 OFG, 
30 OFG, 45 OFG: 15%, 30% and 45%, respectively, of the wheat flour was replaced by oleaster flour plus the addition of 3% gluten. 
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3.4 Chemical composition of the selected sample (30 OFG) and the control 

The proximate compositions of the selected and control samples (Table 6), indicated that the moisture, fat, 
crude fibre, calcium, potassium and total phenolic compound contents of the selected sample were 
significantly higher than those of the control and the protein content significantly lower. Therefore, the 
selected sample containing oleaster flour had a higher nutritional value than the control (100% wheat flour). 

Table 6. Proximate compositions of the control and the selected sample. 

Constituent Control Selected sample (30 OFG) 
Moisture (%) 19.94b ± 0.12 22.54a ± 0.06 

Ash (g/100 g dry matter) 1.08a ± 0.15 1.38a ± 0.15 
Fat (g/100 g dry matter) 24.15b ± 0.58 26.55a ± 0.14 

Protein (g/100 g dry matter) 13.25a ± 0.06 11.91b ± 0.31 
Crude fibre (g/100 g dry matter) 0.39b ± 0.07 0.92a ± 0.03 
Calcium (mg/100 g dry matter) 33.96b ± 12.11 48.09a ± 11.52 

Magnesium (mg/100 g dry matter) 22.48a ± 6.01 23.24a ± 4.41 
Potassium (mg/100 g dry matter) 154.88b ± 34.97 243.02a ± 35.03 

Iron (mg/100 g dry matter) 4.01a ± 1.50 3.99a ± 1.3 
Total phenolic compound content 

(mg gallic acid/100 g sample) 73.06 b ± 1.23 112.58 a ± 3.59 

Values represent mean ± standard deviation (n = 3). Different letters in the same row indicate significant difference (p ≤ 0.05). Control: Sample 
prepared with 100% of wheat flour and no added gluten. Selected sample: Sample prepared with 30% replacement of the wheat flour by oleaster 
flour plus 3% gluten. 

3.5 Textural properties of the selected sample (30 OFG) and control during storage 

Staling is an undesirable change occurring during storage which is related to starch retrogradation and 
moisture migration from the centre to the surface of the product (Noorlaila et al., 2017). The effect of 
treatment-time on the hardness of the samples was significant. The lower hardness of the selected sample on 
the first day after production was related to the effect of oleaster flour and its fibre composition on detachment 
of the gluten-starch matrix (Curti et al., 2016). During storage the hardness of both samples increased, but 
after 14 days of storage, the hardness of the selected sample was significantly lower than that of the control 
(Figure 1A). The role of fibre in retaining water delays water migration and decreases the effects of storage 
time on the texture of the product (Belghith Fendri et al., 2016). The findings of the present study are in 
agreement with the results obtained by Lebesi & Tzia (2011), who enriched cake with bran and found that 
dietary fibre significantly delayed staling of the cake. Curti et al. (2016) also reported that the addition of 
potato fibre to bread softened the crumb during storage and reduced staling. 

During the storage period, the internal resistance, integration and cohesiveness of the cereal based products 
gradually decreased. At low values for cohesiveness, the energy required for the second compression 
decreases (Baixauli et al., 2008). The reduction in cohesiveness during the first seven days of storage was 
significant and further storage up to the fourteenth day had no significant effect on the reduction in 
cohesiveness. The effects of the treatment and time-treatment interaction on cohesiveness were insignificant 
(Figure 1B) and thus the replacement of wheat flour by the proper percentages of oleaster flour did not 
significantly change the internal resistance of the cake. 

The effect of treatment-time on springiness is shown in (Figure 1C). The springiness of the selected sample 
decreased significantly (p ≤ 0.05) during the first seven days of storage time, but the further reduction in 
springiness that took place gradually up to day 14 was not statistically significant (p ≤ 0.05). At the beginning 
of the shelf life, there was no significant difference in springiness between the selected and control samples, 
but on the seventh and fourteenth days of storage, the springiness of the selected sample was much lower 
than that of the control. This was attributed to a reduction in strength of the gluten network and a weakened 
of the gluten-starch linkage in the three-dimensional structure of the crumb (Zahn et al., 2013), in agreement 
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with the findings of Baixauli et al. (2008), who demonstrated that the springiness of muffins enriched with 
resistant starch was lower than that of the control during the storage period. 

 
Figure 1. Effect of time-treatment on hardness (A), cohesiveness (B) and springiness (C) of the selected sample 
(30% of oleaster flour and 3% gluten) and the control (100% wheat flour with no added gluten) during 14 days of 

storage. 

3.6 Qualitative characteristics of the low-calorie cakes 

In order to reduce the calories in the selected sample (30 OFG), the sucrose content was partially replaced 
by potassium acesulfame and isomalt at 0, 30, 50 and 70%. Table 7 show the effects of sucrose replacement 
on the qualitative characteristics of the low-calorie cakes. 

3.6.1 Moisture 

Replacing sucrose with ace K and isomalt at 30% decreased the moisture content of the samples, while at 
higher percentages, the moisture content of the sponge cakes increased significantly (p ≤ 0.05). This fact was 
attributed to the contribution of the hydroxyl group of the sugar alcohol to the binding of water. At low 
replacement levels, isomalt does not compensate the effect of removing sucrose as a water absorbing 
ingredient, in maintaining the moisture content of the samples. However, increasing the isomalt content of 
the batter formulation at the highest sucrose replacement level (70%) increased the moisture content of the 
product in a significant manner. 

3.6.2 Apparent density 

The results shown for sample density in Table 7 demonstrated that increasing sucrose replacement enhanced 
product density. Sucrose delays starch gelatinization, and this is a major contributor to promoting air bubble 
expansion before fixing the texture of the cake (Gao et al., 2016). Therefore, there are two main reasons for the 
reduction in volume of low-sugar cakes: 1) the reduction in air bubble stability during baking; and 2) the change 
in the thermosetting mechanisms due to different interactions between the sweetener, starch and proteins, and the 
special effect of these on the temperatures of starch gelatinization and protein denaturation (Nourmohammadi & 
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Peighambardoust, 2016). Similar results were obtained by Hao et al. (2016), who found that replacing sucrose by 
xylitol and erythritol significantly decreased the volume of sponge cakes. 

3.6.3 Textural properties of the low-sugar cakes 

Sucrose replacement by ace K and isomalt increased the hardness and decreased the cohesiveness of the 
samples as compared to the control sample (30 OFG). The denser structure of low-calorie cakes, caused by 
inappropriate air bubble expansion during baking, is the main reason affecting their hardness (Ronda et al., 
2005). The interactions between sweeteners and starch and the changes in batter viscosity also affected cake 
hardness (Nourmohammadi & Peighambardoust, 2016). Thus Hao et al. (2016) replaced sucrose by polyols 
in cake formulations and found that replacement of the sucrose by xylitol and erythritol increased cake 
hardness. The low sugar sponge cakes had a denser texture and less cohesiveness as compared to the control 
because of improper air bubble distribution. Martínez-Cervera et al. (2014) also reported a reduction in the 
cohesiveness of muffins when the sucrose content was replaced by sorbitol, maltitol and isomalt. 

No significant changes were observed in the springiness of the low-calorie cakes as compared to the 
control in agreement with the findings of Martínez-Cervera et al. (2014), who substituted the sucrose content 
of muffins by maltitol. 

3.6.4 Colour 

Table 7 shows the colour properties of the samples. In the crust, a* decreased as compared to the control 
in cakes with 50% and 70% sucrose replacement. This could be related to the role of sucrose in the Maillard 
and caramelization reactions (Ronda et al., 2005). The b* and L* values increased and decreased, 
respectively, as compared to the control, and the a* and b* values of the crumb also increased. Consequently 
it can be deduced that the overall appearance of the samples containing dietary sugars was darker than that 
of the control, which was more evident at the surface. Similarly, the addition of fructose and oligofructose to 
cake formulations was shown to increased crust darkness (Nourmohammadi & Peighambardoust, 2016). 
As to the changes in crumb colour, the present findings correspond to those of Martínez-Cervera et al. (2012) 
who replaced the sucrose in muffins with a mixture of polydextrose and sucralose. 

Table 7. Effect of potassium acesulfame - isomalt on the qualitative characteristics of the sponge cakes (30 OFG*). 

 Quality parameter Replacement level of sucrose with ace K and isomalt (%) 
0 30 50 70 

Texture 
and 

physical 

Moisture content (%) 22.54b ± 0.06 22.19c ± 0.24 22.51b ± 0.10 22.85a ± 0.13 

Density (g/cm3) 0.39d ± 0.00 0.42c ± 0.00 0.45b ± 0.00 0.55a ± 0.00 
Hardness (g) 228.5b ± 23.33 312.75a ± 6.72 315.75a ± 7.42 364.0a ± 24.75 
Cohesiveness 0.61a ± 0.04 0.57b ± 0.01 0.56bc ± 0.04 0.53c ± 0.04 

Springiness (mm) 7.51a ± 0.16 7.16a ± 0.31 6.66a ± 0.47 6.11a ± 0.66 

Crust 
colour 

a* 24.48a ± 1.29 23.24a ± 1.07 21.40b ± 0.09 18.32c ± 0.42 

b* 10.10b ± 1.08 12.76a ± 0.83 12.92a ± 1.37 13.44a ± 1.31 
L 43.46a ± 1.24 36.60b ± 1.57 36.63b ± 1.17 31.05c ± 0.89 

ΔE 00.00c ± 00.0 7.47b ± 0.42 8.05b ± 0.30 14.27a ± 0.01 
Chroma (C) 26.50a ± 0.78 26.51a ± 0.53 25.01a ± 0.63 22.74b ± 0.43 

Crumb 
colour 

a* 0.01d ± 0.16 1.11c ± 0.14 2.02b ± 0.12 4.55a ± 0.05 
b* 23.23b ± 1.24 33.99a ±1.99 34.25a ±1.51 35.31a ±1.73 
L 58.60a ± 2.62 56.59a ± 1.61 54.88a ± 1.27 54.22a ± 1.47 

ΔE 00.00b ± 00.00 11.13a ± 2.79 11.88a ± 0.92 13.83a ± 1.81 
Chroma (C) 23.26b ± 1.24 34.01a ± 1.98 34.31a ± 1.50 35.36a ± 0.85 

Values represent the mean ± standard deviation (n = 3). Different letters in the same row indicate significant difference (p ≤ 0.05). 0, 30, 50 
and 70: 0%, 30%, 50% and 70% of the sucrose content in 30 OFG was replaced by ace K - isomalt, respectively. *30 OFG (sample selected 
in previous step): Sample prepared with 30% replacement of wheat flour by oleaster flour plus 3% of gluten. 
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3.7 Sensory evaluation of the low-calorie cakes 

In the sensory evaluation, the sample with 70% sucrose replacement was eliminated due to its 
inappropriate appearance and low volume. The other samples (0, 30% and 50% sucrose replacement) were 
evaluated and compared. Figure 2 shows that in terms of colour, odour and texture, all three samples were 
favourable. In terms of taste and unpleasant aftertaste, the sample with 50% sucrose replacement was more 
desirable than the control, and in terms of overall acceptance, the samples with 30% and 50% replacement 
were more desirable than the control. Considering the presence of monosaccharide in the oleaster fruit, it was 
assumed that the partial substitution of sucrose in the cake formulation had a positive effect on the desirability 
of low-calorie sponge cakes. 

 
Figure 2. Sensory evaluation of low-calorie cakes. 0, 30 and 50: 0%, 30% and 50% of the sucrose content in the 
30 OFG* sample was replaced by ace K-isomalt. *30 OFG: Sample with 30% of oleaster flour and 3% of gluten. 

3.8 Textural properties of low-calorie cakes during storage 

The effects of time-treatment on the textural characteristics of sponge cakes made with wheat and oleaster 
flours with different percentages of sugar replacement are shown in Figure 3. The hardness significantly 
increased during the shelf life and the low-calorie samples became harder than their control counterparts 
(Figure 3A). The porous structure and starch retrogradation are proposed as the main factors affecting cake 
hardness. Furthermore, the water binding capacity of sugar alcohols and their interaction with starch 
supposedly affect the rate of increase of hardness of the product (Ronda et al., 2005). 

Product cohesiveness gradually decreased during the storage time with no statistically significant 
differences (p ≤ 0.05) between the control and the other samples (Figure 3B). At the beginning of the shelf 
life, the springiness of the cake with 50% sucrose replacement was significantly lower than that of the control 
(Figure 3C), which might have been due to the effect of the sweeteners on the change in volume and 
thermosetting mechanism. 

Although, the springiness of the control was greater than the values found for the sugar replaced products 
at zero time, the springiness of all the samples gradually reduced during the storage time, but the rate of 
springiness reduction was significantly lower in the low calorie cakes than in the control. Thus, after seven 
days of storage, the values for springiness of the samples were not significantly different. 

According to the results obtained in the textural and sensory analyses, the samples with 30% and 50% 
sucrose replacement were statistically similar in terms of hardness, cohesiveness, springiness and overall 
acceptance. With respect to the nutritional context, the cake with 50% sucrose replacement showed the least 
calories, while from the technological point of view, the cake with 30% sucrose replacement showed a larger 
volume and was more desirable. 
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Figure 3. The effects of time-treatment on hardness (A), cohesiveness (B) and springiness (C) of the low-calorie 

cakes during 14 days of storage. *30 OFG: Sample with 30% of oleaster flour and 3% of gluten. Bars with different 
letter indicate significant difference (p ≤ 0.05).  

4 Conclusion 
The oleaster fruit with its floury structure, sweet taste and high nutritional value is a suitable ingredient 

for food products, especially for cereal based products. In the present research, the effects of oleaster flour 
and active gluten on the quality and nutritional characteristics of sponge cakes were evaluated. 
The replacement of wheat flour by oleaster flour increased the density and decreased the hardness, 
cohesiveness and springiness of the sponge cakes. However, the active gluten decreased the density and 
hardness and increased the springiness and cohesiveness of the samples by modifying the negative effects of 
the oleaster flour on the texture of the sponge cakes. The sponge cake with 30% of oleaster flour and 3% 
gluten (30 OFG) was selected as the best sample, due to the similarity of its qualitative characteristics with 
those of the control sample (100% wheat flour). The fat, crude fibre, calcium, potassium and total phenolic 
compound contents of the selected sample (30 OFG) were considerably higher than those of the control. 
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Replacing the sucrose with ace k and isomalt in the sample with 30% of oleaster flour and 3% gluten 
increased the hardness and density and decreased the cohesiveness but did not affect springiness. However, 
30% sucrose replacement did not significantly affect the qualitative properties of the sample. Therefore, a 
sponge cake containing 30% oleaster flour and 3% gluten with 30% of the sucrose content replaced by ace k 
and isomalt was selected as the best sample with respect to the qualitative properties, with a low calorie 
content and greater nutritional value and desirability. 
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