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Abstract 

The effect of three types of emulsifiers (polyglycerol monostearate ester - E475, sucrose stearate 

ester - E473 and modified inulin palmitate ester - HP-25) on the starch retrogradation in sponge 

cake (SC) during storage was investigated. The method of differential scanning calorimetry was 

applied to determine the changes in the starch retrogradation during the staling process. The 

retrogradation temperature and the enthalpy of the endothermic transition decreased when 

emulsifiers were added. The lowest values of the enthalpy for the whole storage period were 

found for SC with 1% HP-25. The methods of differential thermal analysis and 

thermogravimetry showed significantly bigger (1.43 times) amount of strongly bound water in 

the crumb of the SC with E475 and HP-25 in comparison to the control sample on the sixth day 

of storage. Based on our results, emulsifiers possessed retarding effect on the starch 

retrogradation and extend the shelf-life of the SC. 
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Introduction 

Food industries are increasingly solicited by the consumers regarding the preservation of 

foodstuffs during storage. The control of this latter necessarily depends on the understanding of 

molecule interactions within food as well as physical and chemical reactions during storage. 

Preservation of baked products (e.g. breads, cakes, biscuits, etc.) is of particular interest because 

storage conditions influence their organoleptic and nutritional qualities (Botosoa et al., 2015; 

Díaz-Ramírez et al., 2016). The ageing of these matrices, all composed of flour (gelatinized 

starch and gluten) with limited quantities of water, is called staling. Previous studies on the 

staling process of bread have emphasized the importance of drying (as a result of water 

migration) and starch recrystallization or “retrogradation” (Botosoa et al., 2015; Wang et al., 

2015). 
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Sponge cakes are high ratio, low fat, foamed type of cakes that rely on incorporated air for 

volume and texture (Díaz-Ramírez et al., 2016). The egg white is whipped to form a foam and 

then other ingredients like flour, sugar, yolk, are gently folded in. The egg protein matrix with its 

air incorporation forms the structure of the cake as it bakes. The high-quality sponge cakes have 

various attributes, including a good volume with a uniform crumb structure, tenderness and the 

ability to retain the crumb softness during storage (Gomez et al., 2007) that could be achieved by 

applying different types of emulsifiers (Wang et al., 2015). It has been reported that emulsifiers 

increase air incorporation, decrease specific gravity, produce a finer fat dispersion and as a result 

increase the final cake volume (Eduardo, Svanberg, & Ahrné, 2016; Rahmati, & Tehrani, 2014). 

The most important factor affecting the function of an emulsifier is its physical state. The 

emulsifiers used for cake baking should be in the α-gel state to create a stabilizing film to cover 

the bubble surfaces (Jyotsna et al., 2004). An emulsifier functions in two ways. It aids in the 

incorporation of air and disperses the shortening in smaller particles to give the main number of 

available air cells (Sahi & Alava, 2003). Aside from emulsifying action, emulsifiers have anti-

staling characteristics. Their anti-staling characteristics are explained by their ability to form 

insoluble complexes with amylose, their limited reaction with amylopectin, and their 

strengthening effects on doughs by interaction with flour proteins, and also maximize the 

inclusion of moisture (Seyhun et al., 2003).  

The objective of this work was to study the influence of various types of emulsifiers on the 

retrogradation of wheat starch in sponge cakes during storage. 

Materials and methods 

Preparation of sponge cakes 

Standard raw materials such as wheat flour - ash 0.5%, sugar and eggs were bought from the 

local market. Three different emulsifiers are considered as optional additives and are used as 

cake improvers: polyglycerol monostearate E475 (Radiamuls Poly 2248K) (Oleon Group, 

Belgium), sucrose stearate E473 (Sisterna SP70-C) (SISTERNA, Netherlands) and modified 

inulin palmitate (HP-25), produced by University of Food Technologies, Department of Organic 

Chemistry and Microbiology, Bulgaria. The emulsifiers were added to the formulation at 1% 

(amount based on the batter). A control sample of cake batter was included in the study. 

Ingredients based on flour weight are: egg yolk - 43.22%, egg white - 96.77%, sugar - 83.87, 

wheat flour - 100.00%. The mixture for the control sample was prepared following a traditional 
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technology and formulation (Angelov et al., 1974), according a double-bowl mixing procedure. 

The recipe for making batter included preliminary separation of egg whites and yolks. The batter 

with the addition of emulsifier as an emulsifier gel, is prepared by a single-bowl mixing process 

of the components. 

The sponge cakes were baked in a metallic pan containing 120 cm3 of batter and placed in an 

electric oven for 30 min at 180 C. The sponge cakes were prepared in laboratory conditions. 

The sponge cakes, stored at standard conditions (temperature of 18 C and 75 % relative 

humidity), were investigated up to the sixth day after the production date according to standard 

requirements (Bulgarian State Standard 4636-82, clause 6.4.2.3). Longer storage period up to 21 

days was necessary for the sponge cakes investigated by DSC, because no retrogradation 

transition was registered up to the sixth day. The humidity and the temperature were kept 

constant in desiccator, situated in a thermostat, with accuracy of 0.5 deg. 

Physico-chemical characteristics of the sponge cakes 

The starch retrogradation was studies by differential scanning calorimeter DSC 204F1 Phoenix 

(Netzsch Geräebau GmbH, Germany). The calorimeter was calibrated by indium standard. The 

sponge cake crumb samples (15 mg) were closed hermetically in aluminum pans and heated in 

the calorimeter from 20 to 150 C at a rate 10 C/min. Each measurement of cake crumb was 

twice repeated. 

The content of strongly and slightly bound water as a percentage of total bound water in the cake 

crumb was determined by differential thermal analysis (DTA) and thermogravimetry analysis 

(TGA) (Madhava et al., 2001). DTA included DTG and DTA curves, while TGA included TGA 

and T (temperature) curves. These methods were based on the measurement of sample mass 

change as a result of moisture release on heating. The content of strongly and slightly bound 

water was determined by the quantity change of energy used for water evaporation under 

continuous heating (Panchev et al., 2005). Both DTA and TGA investigations were carried out 

by SETSYS Evolution 2500 instrument (SETARAM, France) and performed at 5 C/min heating 

rate covering the temperature range 20 to 150 C. The sample mass was 15 ± 0.5 mg. Each 

measurement of cake crumb was twice repeated. 

The water activity (aw) of the crumb samples at different ageing times was measured using 

Novasina 12 CH-8853 (Switzerland) at 20 °C. Crumbled samples were put in the sample cups 
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and hermetically covered before analysis to avoid moisture loss or gain. Data are reported as the 

mean of three measurements on 1st, 3rd and 6th day during the storage of the cakes. 

Results and discussion 

Four sponge cakes formulations were investigated in the present study: control sample (no added 

emulsifier), sample with 1% polyglycerol monostearate ester (E475), sample with 1% sucrose 

stearate ester (E473), and sample with 1% modified inulin palmitate ester (HP-25).  

Table 1: Bound water1 changes in the crumb of sponge cakes during storage  

Storage, 

[days] 

Control sample Sponge cake with 1% НР-25 

W1, [%] W2, [%] W, [%] W1, [%] W2, [%] W, [%] 

1 2.01±0.37a 25.73±2.17a 27.74±1.80a 1.83±0.40a 32.97±3.87b 34.80±3.47b 

3 1.84±0.12a 25.31±0.24a 27.15±0.12a 1.87±0.28a 31.39±1.91b 33.26±2.20b 

6 1.93±0.05b 19.59±1.37a 21.52±1.32a 1.70±0.26a 27.62±1.19c 29.32±0.93c 

Storage, 

[days] 

Sponge cake with 1% Е475 Sponge cake with 1% Е473 

W1, [%] W2, [%] W, [%] W1, [%] W2, [%] W, [%] 

1  1.85±0.06a 32.32±0.58b 34.17±0.64b 2.02±0.10a 37.10±0.03c 39.12±0.07c 

3 2.63±0.22b 33.20±0.29c 35.83±0.5b,c 2.20±0.60a 31.14±2.09b 33.34±2.69b 

6 2.48±0.69c 28.24±0.54c 30.72±1.23c 1.63±0.15a 24.49±0.20b 26.12±0.35b 

1 Two states of total bound water (W) determined by thermogravimetry analysis: W1 – slightly 

bound water; W2 – strongly bound water.  

a,b,c: Significant differences are determined at a certain day for all the samples. 

An important indicator of the sponge cakes staling is the water state in the system. Summarized 

data from the TGA curves for the amount of the total bound water (W), slightly bound water 

(W1) and strongly bound water (W2) are presented in Table 1. The amount of the total bound 

water (W) depends on the type of the components in the batter formulation and the water activity 

(aw) of the crumb of the baked cake (Table 2). The sponge cakes containing emulsifiers, are 

characterized by significantly higher content of the W in the crumb compared to the control 

sample. On the first day of storage, the lowest value for the W was recorded in the control 

sample (27.74%) and the lowest value for the water activity (aw) was also measured in the 

control sample (аw0.808) (Table 2). The highest value for the W of the crumb on the first day of 

storage is reported for the sponge cake with 1% E473 (39.12%), which has a higher аw compared 

to the control sponge cake. The amount of the W in all four types of sponge cakes decreases 
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during the storage. Table 1 shows that the W and the W2 of the sample with 1% HP-25 and with 

1% E475 decrease more moderately during the storage of these sponge cakes, especially until the 

3rd day, where close values for the W and for its two states are established, and the maintenance 

of a uniform ratio between them in favor of the W2 is observed. This fact determines the equal 

temperatures (50 C), at which the two states of the W are separate in these cakes up to the 3rd 

day of the storage. A gradual decrease in the amount of the bound water is observed between the 

3rd and 6th day of storage, without significantly changing the relative ratio of the W2. 

Table 2 Water activity (aw) of the sponge cakes crumb during storage 

Storage, [days] Control with 1% E475 with 1% E473 with 1 % HP-25 

1 0.808 ± 0.001a 0.908 ± 0.003c 0.898 ± 0.001b 0.899 ± 0.001b 

3 0.818 ± 0.002a 0.903 ± 0.002b 0.894 ± 0.003b 0.898 ± 0.003b 

6 0.903 ± 0.001c 0.816 ± 0.004a 0.833 ± 0.001b 0.820 ± 0.002b 

a,b,c: Significant differences are determined at a certain day for all the samples. 

The decrease in the W is the lowest in the sponge cake with 1% E475 and on the 6th day of 

storage the loss is 3.45%. The W on day 6th day for the sponge cake with 1% E473 declined by 

13.00% and for the sponge cake with 1% HP-25 by 5.48% respectively. On the 6th day of 

storage, the highest value for the aw was recorded for the control sponge cake, and the lowest 

value for the crumb of sponge cake with 1% E475. The lower values for the aw in the sponge 

cakes with the three types of emulsifiers on the 6th day of storage show smaller water chemical 

potential, i.e. during the storage the higher percent of the water is W2 to the other cakes’ 

ingredients (Table 1, 2). On the 6th day of storage, the sponge cake with 1% E475 is 

characterized with the highest percentage of W2, which is 8.65% more than the control sponge 

cake. On the 6th day of storage, W2 in the sponge cakes with 1% HP-25 and with 1% E473 was 

8.03% and 4.90% more than that of the control sponge cake. As far as the lowest changes in the 

values of the W and its two states were determined for the crumb of sponge cakes with 1% Е475 

and 1% НР-25 (Table 1), it could be concluded that the water-retention effect is the highest in 

the sponge cakes with 1% Е475 and 1% НР-25 and correlates to the slowest stalling. 

The starch retrogradation during the sponge cakes storage is characterized by an endothermic 

melting process of the starch crystal regions (Table 3). It is clear from the obtained DSC curves, 

that the temperature interval (ΔT) and the enthalpy (ΔH) of the endothermic phase transition 

determine the degree of sponge cakes stalling during the storage. No endothermic phase 
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transition was recorded during the first 6 days of the storage for all the four types of sponge 

cakes; therefore, data were not available for this storage period. The temperature of the 

endothermic peak (Tp) on the 7th day of storage for the control sponge cake is the highest (83.3 

°C), and its endothermic phase transition includes the widest temperature range in the 

comparison with the sponge cakes with added emulsifiers. The lowest endothermic peak 

temperature on the 7th day of storage was recorded for the sponge cake with 1% E473 (45.3 °C). 

Table 3 Values of the thermal transitions 

Storage, 

[days] 

Control sample Sponge cake with 1% НР-25 

∆T, [С] Tp, [C] H, [J/g] ∆T, [С] Tp, [C] H, [J/g] 

7 67.3  85.4 83.3 0.375 61.2  80.2 70.3 0.083 

14 57.4  81.5 69.6 0.477 62.3  82.0 68.8 0.216 

21 62.1  84.0 75.6 0.919 44.1  68.4 52.7 0.370 

Storage, 

[days] 

Sponge cake with 1% Е475 Sponge cake with 1% Е473 

∆T, [С] Tp, [C] H, [J/g] ∆T, [С] Tp, [C] H, [J/g] 

7  56.6  65.1 62.1 0.055 41.8  47.2 45.3 0.139 

14 51.9  57.7 55.3 0.431 40.6  47.4 47.4 0.214 

21 51.1  58.0 55.6 0.623 43.0  47.8 45.5 0.397 

Considering the fact, that the least change in the amount of the bound water and especially in the 

W2 is recorded in the sponge cake with 1% E475, it is logical that the water retaining effect in 

this sponge cake is the most pronounced and that the lowest degree of staling is observed for it. 

Most probably this is the reason that the lowest value for starch retrograde enthalpy (0.055 J/g) 

on the 7th day of storage, was recorded for the sponge cake with 1% E475, followed by the 

sponge cake with 1% HP-25 (0.083 J/g). Therefore, maintaining high values for the W and the 

low values of the aw in the sponge cakes with E475 and HP-25 emulsifiers affects the freshness 

of the cakes during the storage, slowing down the starch retrogradation. 

It is considered by a number of researchers (Botosoa et al., 2015; Díaz-Ramírez et al., 2016; 

Wang et al., 2015) that the energy input during the heating can be directed in two ways: breaking 

down the complex between the emulsifiers and the starch, and breaking down the bonds between 

the water and the starch. Depending on the rate of starch amylose deposition during the storage, 

the endothermic phase transition of the crystalline structure of the retrogradated amylose fraction 



7 

is formed. Higher energy levels of these thermal transitions may explain the presence of amylose 

crystal accumulation zones in a sponge cake without emulsifiers whose melting requires a higher 

temperature (Table 3). 

The emulsifiers influence the deposition processes of the starch crystals by their complexing 

ability with the amylose chain, whereby a lower melting temperature of the crystal lattice is 

observed (Table 3). Low enthalpy values show less deposited crystalline parts of starch during 

the storage. The heat input, used for the destruction of the starch crystalline regions in the control 

sponge cake is the highest in the whole time of investigation - from the 7th (0.375 J/g) to the 21st 

day of storage (0.919 J/g) in comparison to the other sponge cakes with added emulsifiers, which 

significantly lower their energy levels. The lowest values of the enthalpy on the 21st day of 

detection in the newly obtained sponge cakes with added emulsifiers, were found for sponge 

cake with 1% HP-25 (0.370 J/g), which corresponds to the strongest anti-stalling properties of 

the used emulsifier. The highest energy level of a sponge cake with emulsifier on the 21st day of 

storage is reported for sponge cake with 1% E475 (0.623 J/g). 

The use of HP-25 and E475 emulsifiers significantly slows the crystalline deposition process due 

to the preservation of the complex between the emulsifier and the starch, and in this way the 

freshness of the sponge cakes during the storage is preserved. 

Conclusions: 

1. Only insignificant changes in the amount of the total bound water and the amount of the 

strongly bound water in the sponge cakes with 1% E475 and 1% HP-25 during storage of 6 days 

were observed. 

2. The lowest value of the retrogradation enthalpy on the 21st day of the storage was read for the 

sponge cakes with 1% HP-25 and with 1% E473. This fact proves the retarding effect of the both 

emulsifiers on the starch retrogradation.  

3. Keeping high levels of both the total and the strongly bound water, as well as reaching of low 

water activity levels for the sponge cakes with E475 and HP-25 emulsifiers during the storage, 

affect the freshness of the cakes in way of slowing the starch retrogradation. 
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