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 Abstract 
 Introduction. This study had investigated the effects of the 

addition of functional components (Jerusalem artichoke, cocoa 

husks and einkorn) on the color, antioxidants, and functional 

properties of sponge cakes. 

Materials and methods. The antioxidant activities of 

sponge cakes were evaluated by methods: ABTS, CUPRAC, 

FRAP and DPPH assay. Sample analysis also included 

measurement of color properties in CIEL*a*b* color system 
using colorimeter. 

Results and discussion. The smallest antioxidant activity 

was observed in 100% wheat flour cake (control) evaluated by 

four methods, as DPPH no detected. The antioxidant activity 

on cocoa husks powder and cake prepare with cocoa husks has 

been reported on the four methods for different mechanisms of 

antioxidant action. The antioxidant activity of functional 

components - cocoa husks powder and einkorn wholemeal 

flour, is the highest determined by CUPRAC-assay (203,75 ± 

0,55 mM TE/g DM; 117,94 ± 0,24 mM TE/g DM) and ABTS-

assay (107,55 ± 0,68 mM TE/g DM; 520,85 ± 5,71 mM TE/g 
DM), respectively. The sponge cake with 50% einkorn 

wholemeal flour could be developed as a functional food with 

more effective antioxidant properties. The lightness 

(58.50±7.43), a* (9.90±1.93) and b* (26.31±0.85) values for 

crust control were not significantly different from those of the 

cake with einkorn wholemeal flour (L* = 60.48±6.27; a* = 

9.42±1.69; b* = 25.68±1.44), so carotenoids and lutein was 

considered to give a good approximation to the color that 

einkorn wholemeal flour communicates to cakes. The crumb 

color on the control sample was similar to that of the cake with 

einkorn wholemeal flour. According to these results, cakes 
with Jerusalem artichoke (∆E = 6.62) and cocoa husks where 

(∆E = 23.53) the total color difference was appreciable by the 

human eye.  

Conclusions. The sponge cake with einkorn wholemeal 

flour is with more effective antioxidant properties. The color 

on the control was similar to that of the cake with einkorn 

wholemeal flour. 
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Introduction 

 

The quality of cake depends on the quantity and quality of ingredients especially the 

flour used in preparation. It was found that mixing two or more of different materials will 

help to solve the deficiency problem of cereal as low nutritional value. Special attention has 

given to the use of natural antioxidant because of the world wide trend to avoid or minimize 

synthetic food additives [1]. Flour contributes a major portion of cake and replacement of 

refined flour with nutrient-rich flour enhances nutritional profile but makes product 

development tricky. The production of cake from wheat, soybeans, cassava flour, maize flour 

and lupin flour has been reported [2, 3] . 

Research studies and consumer demands show that natural products can be used to 

improve the textural and functional properties of cakes. Studies [4] reported that the use of 
barley flour in cakes affects nutritional and functional properties. Apple pomace incorporated 

into wheat flour led to higher acceptable quality of the cakes with 14.2% fibre content when 

25% flour was replaced with apple pomace [5]. Green tea powder substituting some flour in 

sponge cakes pro duced a green tea cake with more effective antioxidant properties, as well 

as higher content of dietary fibre  [6]. In other studies  [7] banana powder was replaced with 

flour. According to the results, sponge and layer cakes with the inclusion of ripe banana 

generally led to a decline in the specific volume and hardness compared to the control. 

Changes found in the colour of the crumb and crust are similar for sponge and layer cakes, 

with darker crumbs and crusts as ripe banana flour is incorporated. These changes should be 

explained by the darker colour of banana flour resulted from the browning, suffered during 

the drying process of these flours. By the replacement of wheat flour with gamma 

aminobutyric acid, the bioactive characteristics of cakes were increased and this was found 
to be beneficial to human health [8]. Some studies have disclosed the potential sources of 

natural antioxidants on the bakery products. For example, the rye bread showed better 

antioxidant properties and higher antioxidant contents when compared to wheat roll [6, 9]. 

The addition of different flours to bakery products creates an opportunity to combine 

beneficial technological properties with beneficial biological health promoting properties. 

 

 

Literature review 

 

Sponge cake is a type of sweet bakery product characterized by its aerated and soft crumb 

and by its thin coloured crust. This product is produced all over the world and is decorated 
with different fillings, colours and flavours to create different kinds of cakes. In general, it is 

associated with celebrations and meetings, and it must fit to high-quality standards required 

by the consumers [10].  

As health promoting substances, phytochemical and nonnutritive substances can be 

considered functional in foods [11, 12]. 

The cacao husks are considered as a valued source of dietary fibers, mineral elements on 

the basis of potassium, magnesium, calcium, proteins with balanced amino acidic 

composition, and polyphenolic compounds which manifest a strong antioxidant activity [13-

15]. Consumption of dietary fibers offers health benefits including protection against 

cardiovascular diseases, cancer, reduction blood serum cholesterol and regulation of blood 

glucose levels [16]. Cocoa pod husk are used traditionally as medicine to treat the pains of 

pregnancy, fever and coughs [17]. It is proved [13] that in cacao beans husks the quantity of 
dietary fibre varies from 38 % to 44 %, as the mean insoluble fibre concentration is 64.5% 

of total fibre quantity. A study [18] was made of the texture, composition, appearance, colour 
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and descriptive sensory analysis of low-fat chocolate muffins in which part of the oil 

ingredient (25%, 50% and 75%) had been replaced by soluble cocoa fibre and full-fat (no fat 

replacement) control sample to which cocoa powder had been added for comparison 

purposes. The results indicate that soluble cocoa fibre is an encouraging option for replacing 

oil in a chocolate muffin formulation. The main advantages were that adding soluble cocoa 

fibre gave muffins higher moisture and a more tender and crumbly texture, as they were more 

fragile than the control, and reduced the signs of hardening during storage. 

Jerusalem artichoke powder made from Jerusalem artichoke (Helianthus tuberosus L.) roots 
is a valuable product, rich in inulin, as well as vitamins and minerals. According patent by 

Zhelenkov [1999] has developed and published new technologies for the preparation of 

confectionary, baker’s and pastry products with which the biologically active substances in 

topinambur flour defining its curative, preventive and dietetic properties are kept. He has 

recommended the inserting of topinambur flour in confectionaries and pastry food products 

to be in optimum quantity from 1 to 10 % of the total mass of the components according the 

recipe. Products of fructans-containing plants such as Jerusalem artichoke become 

increasingly interesting for application in food as they do not contain bitter taste compounds 

and therefore constitute a palatable functional ingredient, which may be applied as substitute 

of cereal flour in bakery products. Koryachkina et al. [19] have regarded the possibilities for 

the use of topinambur flour in the production of pastry food goods intended to ill people with 

sugar diabetes type 2. In the same aspect Sinyakovskaya et al. [20] suggest compositions and 
technologies of sugar-free and sweetened biscuits containing flour of topinambur tubers. The 

have found that the inserting of topinambur flour in sweetened and sucrose-free biscuits (with 

sorbitol or fructose) in amount up to 7 and up to 5 % of white wheat flour mass, respectively, 

has not worsened the structural and mechanical properties of the sponge cakes and biscuits. 

The topinambur flours brings to both kinds of biscuits a sweet taste, specific odor, brown 

color with gray nuance, and on the other hand decreases their energetic value and increases 

their biological activity. 

Fibers, and more particularly the soluble ones, like inulin and fructooligosaccharides (FOS), 

are known to provide health benefits like stimulation of beneficial colonic bacteria (prebiotic 

capacity), reduction in bowel transit time, increase mineral absorption, improve immune 

response, and prevent diseases like intestinal infections, colorectal cancers, obesity, 
cardiovascular diseases and type II diabetes[21, 22].  

Einkorn (Triticum monococcum L.) is a diploid hulled wheat appreciated for its excellent 

nutritional properties, including high protein, carotenoids, β-glucans and antioxidants 

contents [23-25], and as such it is a promising candidate for the development of functional 

bakery products. Einkorn-enriched cookies had higher ash, polyphenols, carotenoids, 

antioxidants and beta-glucans content than pure wheat flour cookies, and might possibly be 

classified as functional foods [25]. Einkorn wheat flour is suitable for the development of 

lutein-rich functional foods because lutein amounts to 8.41μg.g–1 d.m. on average [24]. Such 

food products are extremely healthful in old age because ageing patients suffer from macular 

degeneration which may result in blindness [23].  

Current studies into free radicals have confirmed that foods rich in antioxidants play an 
essential role in the prevention of cardiovascular diseases and cancers and neurodegenerative 

diseases, as well as inflammation and problems caused by cell and cutaneous aging [26, 27]. 

Since some of synthetic antioxidants had toxigenic, mutagenic, and carcinogenic effects 

and some natural antioxidants were effective in enhancing the shelf life of bakery products 

but less effective than synthetic antioxidants, there is a great demand for the use of new 

natural antioxidants in food, especially in bakery products [6, 28, 29]. 
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Color is one of the major attributes which affects the consumer perception of quality, 

holds a preeminent position in food acceptance [30]. At the point of purchase the consumer 

uses appearance factors to provide an indication of freshness and flavor quality. Consumers 

have a preferred color for a specific item [31]. 

The application of colorimetry offers an objective way of color assessment because it is 

based on the whole visible spectrum and makes it possible to obtain the real chromatic profile 

of food products. The objective measurement of color is of great importance for food 

producers due to the relationship existing between color and the acceptability [32]. 
Change of biscuits color during baking was a dynamic process in which transitory colors 

occurred as result of baking. The biscuits from 100% barley flour, a very visible change of 

color has been noticed even after 5 min. of baking (ΔЕ > 6). From stored biscuits, the biggest 

change of color has been noticed with biscuits from 100% wheat flour after 6 (ΔЕ = 16.49) 

and 12 months (ΔЕ = 14.29) of storage. Browning development in biscuits begins when 

sufficient amount of drying has occurred. Moreover it was associated with the recipe 

(reducing sugars, leavening agents, salt, amino acids, etc.) and baking conditions 

(temperature and time). Browning was the final step of both the Maillard reaction and 

caramelization, one of the end-points of the baking process and the final result of sugar 

degradation during baking [33]. 

The above-presented brief review on available data clearly identifies the lack of 

sufficient scientific evidence about the effects of these functional components on cakes 
antioxidant properties and color characteristics. 

The aim of this work was to evaluate color and antioxidant properties of sponge cakes 

enriched with functional components (Jerusalem artichoke powder, cocoa husk powder and 

einkorn wholemeal flour) and its utilization partially, substituted of wheat flour at levels of 

20%, 35%, 50% as a natural source of antioxidants in cake making. 

 

 

Materials and methods 
 

Materials and sponge cakes preparation 

 

Raw materials such as wheat flour of type 500 – ash content 0.5% (GoodMills, Bulgaria 

EAD), granulated sugar (Zaharni zavodi AD), eggs (local market) used in the current study. 

A control cake was prepared, following a traditional technology and formulation [34]. The 

batter formulation of the control cake was as follows (based on flour weight): egg yolk 
43.23%, egg white 96.77%, refined granulated sugar 83.87%, and wheat flour 100%. In 

particular, a double mixing procedure was applied by partitioning whipping of whites and 

egg yolks. Jerusalem artichoke powder (JAP), cocoa husk powder (CHP) and einkorn 

wholemeal flour (EWF) were added into sponge cake flour at different levels 20, 35 and 50%, 

by replacing wheat flour, respectively. Each sponge cakes batter of 95 g was poured out in 

metallic forms and baked in an electric oven at 180oC for 30 min. 

 

Evaluation of antioxidant activities of flours and sponge cakes  

 

DPPH radical scavenging activity. The ability of the extracts to donate an electron and 

scavenge DPPH radical was determined by the slightly modified method of Brand-Williams 

et al. [35]. Freshly prepared 4 × 10-4 mol methanol solution of DPPH was mixed with the 
samples in a ratio of 2:0.5 (v/v). The light absorption was measured at 517 nm. The DPPH 

radical scavenging activity was presented as a function of the concentration of Trolox® - 
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Trolox® equivalent antioxidant capacity (TEAC) and it was defined as the concentration of 

Trolox® having equivalent AOA expressed as μmol TE/g dw. 

 

ABTS radical scavenging assay. The radicals scavenging activity of the investigated 

extracts against radical cation (ABTS•+) was estimated according to the previously reported 

procedure with slight modifications [36]. The results were expressed as TEAC value (μmol 

TE/g dw). 

 
Ferric-reducing antioxidant power assay (FRAP). The FRAP assay was carried out 

according to the procedure of Benzie and Strain (1996) [37]. FRAP assay measures the 

change in absorbance at 593 nm owing to the formation of a blue colored Fe (II)-

tripyridyltriazine compound from colorless oxidized Fe (III) form by the action of electron 

donating antioxidants. The results were expressed as μmol TE/g dw. 

 

Cupric ion reducing antioxidant capacity assay (CUPRAC). To a test tube, the 

solutions were added as follow: 1 mL of CuCl2 solution (1.0 × 10−2 M), 1 mL of neocuproine 

methanol solution (7.5 × 10−3 mol), and 1 mL NH4Ac buffer solution (pH 7.0), and mixed; 

0.1 mL of sample followed by 1 mL of water was added (total volume = 4.1 mL), and mixed 

well. Absorbance against a reagent blank was measured at 450 nm after 30 min [38]. Trolox 

was used as standard and total antioxidant capacity of herbal extracts was measured as μmol 
TE/g dw. 

 

Measurement of color of sponge cakes 

 

The instrumental measurement of the cakes color was carried out with a colorimeter 

Color-guide 45/0 Colorimeter, BYK-Gardner Inc, USA, and the results were expressed in 

accordance with the CIELAB system. Color was measured at four predetermined places of 

the sponge cakes crust and crumb. The parameters determined were L* (L* = 0 [black] and 

L* = 100 [white]), a* (–a* = greenness and +a* = redness), b* (–b* = blueness and +b* = 

yellowness). The dominant wavelength (DW) of a color = a*/ b* (color tone).  

DW= a*/ b* 
Colorimeters give measurements that can be correlated with human eye-brain perception, and 

give tristimulus (L*, a* and b*) values directly. Determined is correlation between color 

parameters and visual sensory evaluation of color (TC) [39, 40]. 

Chroma, C*, is the aspect of color in by which a sample appears to difference from a 

gray of the same lightness or brightness, as defined by the following equations: 

C*=√a*2+ b*2 

The total color difference (∆E*) between the control cake and the sponge cakes with 

functional ingredients was calculated as follows: 

∆E*=√(∆L*)2 + (∆a*)2 +(∆b*)2, 

as: ∆L*= L1 - L0; ∆a*= a1 - a0; ∆b*= b1 - b0. 

The values used to determine if the total color difference was visually obvious were the 
following. 

∆E* < 1 color differences are not obvious for the human eye; 

1 < ∆E* < 3 color differences are not appreciative by the human eye; 

∆E* > 3 color differences are obvious for the human eye [39, 41]. 
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Results and discussion 

 

Evaluation of antioxidant activities of flours and sponge cakes  

 

The results from antioxidant activities of sponge cakes were presented (Figure 1) 

evaluated by four methods, based on different mechanism (DPPH, ABTS, FRAP and 

CuPRAC). The antioxidant activity in the einkorn wholemeal flour saved when the batters 

were baked. 

 

 
 

Figure 1. Antioxidant activity (mMTE/g DM) in flours and sponge cakes: 
WF – wheat flour;  
SCC – sponge cake control;  
CHP – cocoa husks powder;  
SCCHP – sponge cake with 35% cocoa husks powder;  
EWF – einkorn wholemeal flour; SCEWF – sponge cake with 50% einkorn wholemeal flour. 
 

** mM Trolox Equivalents/g dry matter 

 

 

The smallest antioxidant activity was observed in 100% wheat flour cake (control) 
evaluated by four methods, as DPPH no detected. 

The total antioxidant capacity determined by the free radical scavenging activity (DPPH-

assay) of cocoa husks powder and sponge cake with 35% cocoa husks powder is 45.03 and 

15.89 mM TE/g DM. The antioxidant properties for cakes with functional components 

determined by ferric reducing antioxidant power (FRAP-assay) for cake with 35% cocoa 
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husks powder – 30.88 mM TE/g DM and the cake with 50% einkorn wholemeal flour is 

237.53 ± 7.08 mM TE/g DM. The antioxidant activity of functional components - cocoa 

husks powder and einkorn wholemeal flour, is the highest determined by CUPRAC-assay 

(203.75 mM TE/g DM) and ABTS-assay (520.85 mM TE/g DM), respectively. 

The cakes with 35% cocoa husks powder and control have highest the antioxidant 

activity on CUPRAC, as sponge cake with 50 % einkorn wholemeal flour the highest scores 

are evaluated in relation to the free radical ABTS. Of the two methods of electron transfer 

(FRAP и CUPRAC), CUPRAC shows a higher antioxidant capacity compared to the samples 
tested. The antioxidant activity on cocoa husks powder and cake prepare with cocoa husks 

has been reported on the four methods for different mechanisms of antioxidant action. 

A significantly higher content in conjugated phenols and total carotenoids was reported 

in water cookies with T. monococcum [42, 43], and was attributed to the superior 

concentration in einkorn kernels and flour of these compounds.  

The sponge cake with 50% einkorn wholemeal flour could be developed as a functional 

food with more effective antioxidant properties. 

 

Color of sponge cakes 

 

Measurements of color properties for the tested compositions of sponge cakes with 

different functional components were conducted on crust and crumb of fresh cakes. 

 

Crust color of cakes. The lightest samples (highest L* values) were those in which 50% 

of the flour had been replaced by einkorn wholemeal flour; the lightness values fell 

significantly as add 20 % Jerusalem artichoke powder (49.60±6.73). The sponge cake with 

35 % cocoa husks powder had lowest values of a* and b* indicating a significantly brighter 

and more saturated brown-orange colour (Table 1).  

 
Table 1 

Crust color values of sponge cakes 

 

Color 

characteristics1 

Type of sponge cake 

Control With JAP With CHP With EWF 

L* 58.50±7.43 49.60±6.73 54.16±2.48 60.48±6.27 

a* 9.90±1.93 10.45±1.10 7.63±0.87 9.42±1.69 

b* 26.31±0.85 23.99±1.47 20.13±1.37 25.68±1.44 

DW 0.38 0.44 0.38 0.37 

C* 28.11 26.17 21.53 27.35 

∆E - 9.21 7.88 2.14 

TC 0.86 1.23 1.22 0.83 
1 The values are average    SD (p  0.05). 

The samples with 50% einkorn wholemeal flour and control have the highest values of 

b* (yellow component) indicating a significantly brighter and more saturated yellow color.  

The lightness, a* and b* values for control were not significantly different from those of the 

cake with einkorn wholemeal flour, so carotenoids and lutein was considered to give a good 

approximation to the color that einkorn wholemeal flour communicates to cakes. The same 

products had the highest value of chroma of crust. The lowest values for chroma were 

detected at the crust for the cake containing cocoa husks as fiber source. The dominant 
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wavelength (DW) of a color at crust have the highest values on cake containing Jerusalem 

artichoke powder. According to these results, cakes with Jerusalem artichoke and cocoa 

husks where the ∆E* was appreciable by the human eye (∆E*> 3). According Martínez-

Cervera et al. [18] adding soluble cocoa fibre gave a fair change of color in muffins.. 

However, there are points that require improvement, such as the loss of height, perception of 

bitter taste and a certain surface stickiness. 

 The correlation between color parameters on crust and visual sensory evaluation of color 

(TC) on the control sample was similar to that of the cake with einkorn wholemeal flour. 

 

Crumb color of cakes. The variations in the crumb color of the cakes with functional 

components as flour replacer were similar to the variations in crust color (Table 2). The cake 

with einkorn wholemeal flour was the lightest and the b* values showed that this sample had 

a brighter color. The crumb color on the control sample was similar to that of the cake with 

einkorn wholemeal flour. The color tone of crumb have the highest values on cake containing 

cocoa husks. The lowest values for chroma were detected at the crumb for the cake containing 

Jerusalem artichoke powder as fructooligosaccharide source.  This would be in agreement 

with the ∆E* values, where only the einkorn wholemeal replacement formulation showed a 

color difference that was not appreciable by the human eye (∆E*< 3). Gedrovica & Karklina 

[44] studied characteristics of cakes enriched with Jerusalem artichoke powder /flour of 

topinambur tubers/ at a concentration of 10, 20, 30, 40, 50%. The cakes enriched with 
Jerusalem artichoke powder (at a concentration of 30 and 40%) stayed soft longer during the 

storage time (two days) than control samples without this powder. The highest content of 

moisture was observed in cakes enriched with Jerusalem artichoke powder at a concentration 

of 20 and 30%. The concentration of Jerusalem artichoke powder and moisture with a 

probability of 95% substantially influenced the color components L*a*b*. The highest 

changes in color were reflected by the values L* (darkness) a* (redness). The best quality of 

cakes was determined in samples with a 30% addition of Jerusalem artichoke powder. 

Determined is correlation between color parameters and visual sensory evaluation of color 

(TC), as the highest values for crumb cake have product with cocoa husks.  

 
 

Table 2 

Crumb color values of sponge cakes 

 

Color 

characteristics1 

Type of sponge cake 

Control With JAP With CHP With EWF 

L* 59.41±5.34 52.84±1.07 36.27±4.11 60.88±2.69 

a* 0.96±0.86 1.35±0.32 5.16±0.56 1.47±0.47 

b* 13.11±1.64 12.36±1.39 13.79±2.74 15.17±1.24 

DW 0.07 0.11 0.37 0.10 

C* 13.15 12.43 14.72 15.24 

∆E - 6.62 23.53 2.58 

TC 2.46 4.11 19.32 3.17 
1 The values are average    SD (p  0.05). 
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Conclusion 
 

Sponge cakes with functional components had higher levels of antioxidants and 

antioxidant activity when compared with their respective controls. The antioxidant activity 

in the einkorn wholemeal flour saved when the batters were baked. Results of instrumental 

measurements of color of crust and crumbe of sponge cakes, obtained with the colorimetry 

(in CIE and CIE L*a*b* systems) are in good agreement with sensory evaluations of color 

and brightness of cake samples. The lightness, a* and b* values for crust control were not 

significantly different from those of the cake with einkorn wholemeal flour, so carotenoids 

and lutein was considered to give a good approximation to the color that einkorn wholemeal 

flour communicates to cakes. The crumb color on the control sample was similar to that of 

the cake with einkorn wholemeal flour. According to these results, cakes with Jerusalem 
artichoke and cocoa husks where the ∆E* was appreciable by the human eye. As a result of 

the good functionality of used functional components in cake formulation, were very good 

ingredient in composite flours. 
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