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Abstract

:

The aim of this presented study was the sensory evaluation, the analysis of the nutritional composition, and the analysis of the content of health-promoting ingredients, i.e., the total phenolic compounds and the total flavonoids, in raw chocolate (made exclusively from unroasted cocoa beans, cane sugar, and cocoa butter) in comparison to classic commercial chocolates available in the consumer market. The research showed that raw chocolate, compared to commercial chocolates, contained less carbohydrates (39.6% in raw chocolate and 42.7% and 53.7% in commercial chocolate, respectively), was characterized by a higher content of total phenolic compounds (22.08 mg GAE/g in raw chocolate and 9.25 and 7.87 mg GAE/g in commercial chocolates, respectively), had a a higher content of total flavonoids (8.75 mg ECE/g in raw chocolate and 4.43 mg/g and 3.83 mg ECE/g in commercial chocolates, respectively), and also had a higher total antioxidant activity (172.16 μM TE/g in raw chocolate and 132.60 and 63.76 μM TE/g in commercial chocolates, respectively). In the sensory assessment, raw chocolate received lower ranks than commercial chocolates, especially in the case of the most important discriminant in the entire evaluation, i.e., taste, which was unquestionably related to the lower content of carbohydrates. However, currently, it is necessary to reduce the consumption of sugar, which, when excessively present in the diet, is the cause of many diseases. However, in the sensory evaluation for the criteria “external appearance—shape” and “external appearance—surface condition,” the raw chocolate received the highest marks.
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1. Introduction


Confectionery is a category of snacks that is among the most popular, both among adults and children. In 2014, 91% of Poles declared that they purchased confectionery, and for the majority of them, confections were an indispensable element of the diet. Among all the respondents, 40% declared consuming something sweet at least five times a week [1]. Chocolate is a product that is commonly consumed by all generations and age groups [2]. Data from the year 2020 confirms consumer interest in confectionery, with 21% of the respondents indicating that they choose products of the highest quality [3]. 33% of the consumers of confectionery choose chocolate products, with the dominant preferences being focused on milk chocolate (52%), followed by dark chocolate (33%), and white chocolate (13%). The volume of the Polish confectionery market is estimated at close to 3000 million EUR [3].



The consumption of confectionery in large amounts can be harmful, due to the presence of simple sugars, purified wheat flour, fat, unsaturated fatty acids, and trans isomers of fatty acids in their composition, which, in consequence, may lead to disturbances in the functioning of the organism and the development of diet-related diseases, such as diabetes, obesity, or disorders of the circulatory system [4].



Chocolate is rich in fats, proteins, carbohydrates, polyphenols, and other bioactive compounds [2]. Chocolate products with a high calorific value are increasingly being replaced by chocolate with a lower calorific value that retains taste quality and visual appeal. The trend in modern chocolate products is to eliminate unnecessary components with a negative effect on one’s health, such as sugar, preservatives, synthetic flavours, and emulsifiers. This is inseparably related to the current demand for products of the types described as “fit” and “eco” and for products with the least possible degree of processing. This situation is due to the growing awareness of consumers as to the current fashion and trends driven by celebrities from the worlds of sports and social media [5].



Chocolate is a unique food product, as it is characterised by a solid consistency at room temperature, but it melts easily in the mouth [6]. These properties of chocolate are a result of the properties of cocoa butter, which is a solid at temperatures below 25 °C and holds the particles of sugar and cocoa mass together. At the temperature of the human body, cocoa butter, however, is almost completely liquid, thus allowing the movement of particles due to which chocolate becomes a smooth liquid. Chocolate also has a specific sweetness that is attractive to a majority of people, so it appears strange that the history of chocolate started from a liquid, greasy, and bitter liquor with no resemblance to the product as we know it as today [7]. Its flavour is undoubtedly the most important attribute of chocolate in terms of consumer perceptions. In this respect, the quality of the initial raw material used in chocolate production is of immense importance. The successive stages of chocolate production also have a significant effect on the quality of the end product [8]. The production process of classic chocolate comprises fermentation, drying, roasting, grinding of the cocoa seed, the mixing of all ingredients (cocoa mass, sugar, cocoa butter, emulsifiers, flavours and, if required, milk components), conching, and tempering. The main chemical reactions take place during the fermentation, drying, cocoa seed roasting, and conching of the chocolate mass. These reactions are of the greatest importance for the final taste and flavour [2]. However, those stages also cause certain chemical modifications, which result in changes in the composition and biological properties of the cocoa seeds [9].



Cocoa tree seeds (beans) and chocolate itself contain over 200 substances that can improve health and well-being. Not all of those substances, however, are contained in amounts sufficient to produce a health-promoting effect, e.g., acylethanolamines, phenylethylamine, and serotonin [10]. Other substances, in turn, may have low bioavailability in the human organism or may undergo rapid degradation [11].



Cocoa and chocolate operate like functional foods, as they contain a number of substances that have a beneficial effect on human health. Chocolate combines certain sensory features with aphrodisiac and antidepressant properties, which expands its effects beyond the cardiovascular system, metabolic diseases, neurological disorders, and psychological profiles [12]. Over the last 15 years, there has been an increase in interest in the potential health benefits of antioxidants and other compounds included in the phytochemical composition of dark chocolate and cocoa [13]. Over 200 studies concerning the bioactive components, chemical composition, and health benefits of cocoa trees and cocoa products have been reported [2].



Cocoa tree seeds (beans) have an extremely rich history of medicinal and ritual applications. It started with cocoa seeds being used initially by the Olmecs and then by the Mayas and the Aztecs [14]. Chocolate’s history began with the Mayas, who were most likely the first people in South America to cultivate the cocoa tree. For the Mayas, chocolate was a cocoa drink prepared with hot water and often aromatised with cinnamon and pepper. It was called the food of the Gods, and it was served on the table of Emperor Montezuma II by the Aztecs [6,12]. The term “chocolate” was coined by the early Olmecs, was adopted by the Mayas, and was later adopted by the Mexica (Aztecs) [15]. The word “chocolate” probably originates from the word “Xococalit” from the Aztec “xocolatl” denoting bitter water, and was a drink prepared by the Pre-Olmecs from cocoa seeds as far back as about 2000 BC [16].



According to EU Directive 2000/36/EC of the European Parliament, “chocolate designates the product obtained from cocoa products and sugars that, subject to (b), contains not less than 35% total dry cocoa solids, including not less than 18% cocoa butter and not less than 14% of dry non-fat cocoa solids” (excluding certain kinds of chocolate such as “vermicelli”, “gianduja”, or “couverture”) [17].



The concept of raw chocolate is still not defined, but it assumes that raw chocolate retains the traits, parameters, and standards of chocolate, but at every stage of the production of such chocolate, the temperature cannot exceed 42 °C [18], the cocoa beans cannot be subjected to roasting, and the chocolate should be composed solely of three components: cocoa mass, cocoa butter, and sugar (of all kinds of chocolate, raw chocolate is the best for human health; therefore, in its production, alternative sugars are most frequently used, such as, e.g., coconut palm sugar, sugar from coconut palm flowers, xylitol, or stevia). There are concerns that not blasting them with heat of up to about 150 °C could mean an increase in bacteria such as salmonella. However, producers insist that, as no animal products are involved, there is no greater risk than when dealing with vegetables, such as carrots or lettuce [19].



In view of the present interest of consumers in products with the lowest degree of processing and that are characterised by a chemical composition rich in health-promoting components, we undertook a study aimed at the estimation of the quality of raw chocolate obtained with a simple craftsman method. The following research hypothesis was put forward: raw chocolate may constitute a more favourable alternative (in terms of chemical composition) to the highly processed commercial products. In order to prove the hypothesis, an analysis was conducted of the nutritional composition of the chocolate and the estimation of its content of health-promoting components, e.g., total phenolic content and total flavonoid content, as compared to classic commercial chocolates available in the consumer market. In addition, a sensory analysis was performed to determine the preferences of the members of the sensory assessment panel in comparison to the commercial products.




2. Materials and Methods


2.1. Experimental Material


The following ingredients were used for the production of the raw chocolate (MAN), and they all originated from organic production:




	
raw beans of the cocoa tree cv. Nacional Arriba from the Zoilita plantation in the Los Ríos region of Ecuador (“Eko gram”, Poland);



	
unrefined cane sugar (“Sweet garden”, India);



	
cocoa butter (“Eko gram”, Poland).








The reference material for the comparisons in the experiment consisted of two samples of commercial chocolate (64% and 50% cocoa mass) available on the market:




	
classic bitter chocolate 64% (COM 64%) ingredients: cocoa mass, sugar, cocoa with reduced fat content, cocoa butter, emulsifiers (soy lecithin, polyglycerol polyricinoleate), flavour, coca mass minimum of 64%;



	
light bitter chocolate 50% (COM 50%) ingredients: sugar, cocoa mass, cocoa with reduced fat content, cocoa butter, milk fat, emulsifiers (soy lecithin, polyglycerol polyricinoleate), salt, flavour, cocoa mass minimum of 50%.








The choice of reference chocolates with a cocoa mass content of 50% and 64% resulted from the popularity of these chocolates among consumers and corresponded, in terms of the cocoa mass content, to raw chocolate.




2.2. Recipe of the Raw Chocolate


Ingredients: raw cocoa tree beans, hulled—570 g; unrefined cane sugar—300 g; cocoa butter—50 g.



The percentage value of the chocolate is the total content of cocoa mass, including cocoa butter, in the chocolate; in the chocolate produced in this experiment, it was ≈ 65.26%.



A schematic diagram of the process of production is presented in Figure 1.



Cocoa beans were sorted, and those that did not meet the quality requirements were rejected. The accepted beans were ground to the point where the hulls cracked; excessive fragmentation may have resulted in excessive losses at the next stage of processing. The lighter hulls were separated using compressed air. After the melanger was started, when the rollers reached their maximum speed, 15 g of cocoa butter were added to reduce friction and wear on the machine, and then 570 g of cleaned cocoa beans (nibs) were added in batches. The fragmented beans, under the effect of grinding by the rollers, were gradually reduced in size. After 2 h of grinding, unrefined cane sugar was added in portions (300 g). After 24 h from the time of starting the operation of the melanger, the remaining portion of 35 g of cocoa butter was added. The entire mass was left for 48 h for conching. After 72 h of continuous operation of the machine, the smooth and aromatic mass was poured into a container and closed tightly. The chocolate was then left for 21 days in a dry room with a temperature of 16–18 °C in order to mature. The process of chocolate maturation was the final stage of chocolate production, in which taste and flavour were formed and attain full depth. Next, the chocolate was tempered on a marble tabletop. After the process of tempering, the liquid mass was poured into special polycarbonate forms, in which air bubbles were removed from the chocolate mass through the shaking of the forms, and then the whole quantity was left at a temperature of 16–18 °C for full crystallisation.




2.3. Determination of Nutritional Composition


Moisture in tested samples was determined according to the method AOAC 931.04 [20]. Ash contents were determined after dry digestion at 550 °C [21]. The content of lipids was determined according to the AOAC 963.15 official method [22], as modified by Roda and Lambri [23]. The samples were then subjected to acid hydrolysis and extraction by means of a Soxhlet apparatus. Portions of 3–4 g of chocolate/cocoa beans were weighed out. Those amounts were mixed with 45 mL of distilled water at boiling temperature, and then 55 mL of HCl (25% w/v) were added. The solutions were boiled for about 30 min in a reflux condenser, and then filtered using a Whatman n° 595 ½ filter. The filter containing the hydrolysed samples was rinsed thoroughly with distilled water until all chlorides were washed out, and then dried at 100 °C for 6 h. Ultimately, the fat material with the filter was extracted by means of a Soxhlet apparatus with the use of 50 mL of n-hexane for 4 h.



Protein determination was carried out following the AOAC 939.02-1939 method [24]. Dietary fibres were analyzed using the AOAC 985.29 methodology [25]. Total non-fibre carbohydrate contents were determined by percent differences (100%—% moisture, % protein, % fat, % ash, and % fibre content) [26].



The energetic value was calculated by applying the mean recalculation coefficients for protein, fat, and carbohydrates according to Kunachowicz et al. [27]. These factors were as follows: 1 g of protein—17 kJ, 1 g of fat—37 kJ, and 1 g of carbohydrates—17 kJ.




2.4. Extraction of Bioactive Components


The extraction of bioactive components from samples of the chocolate was conducted according to the procedure described by Barišić et al. [28]. The obtained extracts were stored in a freezer, and prior to analysis, they were filtered through a nylon membrane filter.




2.5. Total Phenolic Content


Determinations of the phenolic compounds in the tested samples were made by spectrophotometric means (λ = 725 nm) according to a modified Singleton and Rossi method [28,29]. A portion (0.1 mL) of chocolate or cocoa bean extract was mixed with 6 mL of water and 0.5 mL of the Folin–Ciocalteu reagent in a calibrated flask. After 6 min, 1.5 mL of 20% Na2CO3 was added, and the flask was topped up with distilled water to the target volume (10 mL). The mixture prepared in this manner was left for 2 h at room temperature in a dark place, and the absorbance of the final solution was measured at 725 nm relative to a blank sample. The results of the phenol content were expressed in gallic acid equivalents (GAE) (Sigma-Aldrich, St. Louis, MO, USA, ACS reagent ≥ 98.00%). The results were calculated from the equation of the calibration curve prepared for gallic acid (GA) standards in the concentration range of 10–60 mg/L (10, 20, 30, 40, 50, and 60 mg/L). Each sample was diluted appropriately to fit the range of the standard curve. All analyses were performed in triplicate.




2.6. Total Flavonoid Content


The determination of flavonoid content in the tested samples was performed by means of spectrophotometry (λ = 510 nm) according to a modified procedure described by Karadeniz et al. [30]. An aliquot of methanolic chocolate extract (1 mL) was mixed with 5 mL of redistilled water and 0.3 mL of 5% NaNO2. After 5 min of incubation at room temperature, 0.6 mL of 10% AlCl3·6H2O was added. After 5 min of incubation, 2 mL of 1 M of NaOH was added, and the mixture was filled with redistilled water up to the final volume of 10 mL. The absorbance of the samples prepared in this manner was measured at 510 nm against the blank. The results of the flavonoid content were expressed in epicatechin equivalents (ECE) (Sigma-Aldrich, St. Louis, MO, USA, ACS reagent ≥ 98.00%). The results were calculated from the equation of the calibration curve prepared for epicatechin (EC) standards in the concentration range of 10–400 mg/L (10; 50; 100; 150; 200; 250; 300; 400 mg/L). Each sample was diluted appropriately to fit the range of the standard curve. All analyses were performed in triplicate.




2.7. Free Radical-Scavenging Ability by the Use of a Stable DPPH• Radical


The antioxidant activity was determined according to a modified Brand–Williams et al. method with the use of the synthetic radical DPPH (2,2-diphenyl-1-picrylhydrazyl, Sigma) dissolved in ethanol [31,32]. A total of 0.5mM of alcoholic DPPH solution was prepared by dissolving 19.72 mg of DPPH in ethanol. The obtained solution was diluted to final 0.08 mM working solution, so that its absorbance at 517 nm was approximately 0.9. The solution was stored in the dark.



The test sample contained 1.5 mL of the DPPH solution and 20 µL of the extracts; the absorbance (A) was measured 30 min after the initiation of the reaction. Each measurement was performed in triplicate, and the mean absorbance value (A1) for the solution was calculated.



The inhibition of the DPPH radical by the sample was calculated according to the following formula: inhibition % = 100 (A0 − A1)/A0, where A0 is the absorbance of the control, and A1 is the absorbance of the sample. Each sample, depending on the material of the chocolate, was diluted appropriately to the range of the standard curve prepared for Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) standards. All analyses were performed in triplicate; the concentration values were based on a Trolox standard curve (40–600 μM) and expressed as micromoles of Trolox equivalents (TE) per gram of chocolate.




2.8. Sensory Analysis


The sensory evaluation was performed for the raw chocolate (MAN) and, as a reference, for two samples of commercial chocolates (COM 50% and COM 64%). Sensory analysis of the chocolates was conducted with regard to general preferences (the indication by the assessor that a single sample of chocolate was preferred in terms of sensory traits) and with the use of a hedonic scale, which determined the degree to which a given sample was “desirable” or “undesirable” to the consumer. A 5-point scale was used: like very much (+2 pts), like (+1 pt), neither like nor dislike (0 pts), dislike (−1 pt), dislike very much (−2 pts) [33,34,35,36]. In addition, sensory evaluation in terms of fragrance and flavour was conducted with the use of the ranking test, in which every sample was given a suitable rank, from the least intense fragrance/flavour (rank 1) to the most intense fragrance/flavour (rank 3) [33,35]. The results obtained for an individual trait were expressed as an average characteristic for a given testing group.



In addition, a five-point sensory assessment of the chocolates was conducted with regard to the visual appearance of the products: colour, form, and surface quality; and to the fracture, flavour, and taste. The assessors, using a five-point rating scale, were to assign a rank to the given quality trait from 5 to 1 (Table 1). The rank of 5 meant the highest result, and 1 meant the lowest. A definition of the quality of the tested product was assigned to every rank. In view of the fact that not all quality traits affect the overall quality to the same degree, weight coefficients were applied to determine the importance of the quality factors relative to the others (Table 1). The results obtained for a particular trait were summed up and expressed on a percentage scale, where the highest rating of a given trait corresponded to 100%.




2.9. Statistical Analysis


Data were analysed using one-way analysis of variance (ANOVA) followed by Duncan’s test using the SAS statistical system (SAS Version 9.1, SAS Inst., Cary, NC, USA). The significance of all tests was set at p ≤ 0.05.





3. Results and Discussion


3.1. Chemical Composition and Visual Assessment


A bar of raw chocolate obtained in the experiment was characterised by a dark brown colour and a perfectly smooth surface (Figure 2).



Table 2 presents the nutritional composition of the raw chocolate produced in the experiment (MAN) compared to the composition of the commercial products (COM 50% and COM 64%) and to the composition of the cocoa beans from which the experimental product was derived.



The raw chocolate was characterised by the highest fat content (33.4%), compared to the commercial chocolates COM 50% and COM 64% (28.0 and 32.0%, respectively). In the case of the content of carbohydrates, the lowest level of those components was noted in the experimental product, at 39.6%, while in the case of the commercial products, the corresponding values were 53.7% and 42.7%, respectively. The nutritional composition determined the energy value of the products, and the raw chocolate was characterised by a calorific value (495 kcal) that was similar to those of the commercial chocolates (491 kcal and 494 kcal, respectively). Chocolate and chocolate products are characterised by a high nutritional and calorific value (above 3000 kcal/kg). A notable part of that high energy value results from the content of fat and carbohydrates. The literature data indicate that dark chocolate and milk chocolate are characterised by the following nutritional compositions: carbohydrate amounts of 49.7 and 50.5%, fat amounts of 33.6 and 36.3%, protein amounts of 6.6 and 7.3%, crude fibre amounts of 8 and 3.2%, and calorific values of 515 and 545 kcal, respectively [12]. Similar values of the nutritional composition of chocolate were described by Gürsoy and Heperkan [37], i.e., the compositions for dark and milk chocolate were, respectively: carbohydrate amounts of 55 and 57%, fat amounts of 32 and 33%, protein amounts of 5 and 7%, and calorific values 530 and 518 kcal. Caponio et al. [38] demonstrated that 70% dark chocolate % had the following composition: carbohydrate amounts of 45%, fat amounts of 41%, protein amounts of 8–9%, and soluble dietary fibre amounts of 5%. Cocoa butter is the component of chocolate that has the highest calorific value. It contains approximately 34% (33.3–40.2%) stearic acid (saturated acid), 34% (26.3–35.2%) oleic acid (monounsaturated acid), and 27% (25.2–33.7%) palmitic acid (saturated acid) [37,39]. Stearic acid has only a small effect on the level of cholesterol. Oleic acid may have a reducing effect on cholesterol levels, or it can be neutral in this respect. Palmitic acid, in turn, displays a moderate tendency towards elevating the level of cholesterol. The remaining part of cocoa butter is composed of unsaturated fatty acids [7]. Chocolate also contains minerals in its composition, especially potassium, magnesium, copper, and iron [13,40,41]. While the majority of carbohydrates in chocolate originate from saccharose, there are also small amounts of various carbohydrates in the dietary fibre contained in cocoa. Carbohydrate types and amounts are important because they affect the glycaemic index. Because the presence of lipids in food slows carbohydrate absorption, a high fat content in chocolate causes a slower rise in blood sugar levels, resulting in a lower glycaemic index [7].



Table 3 presents the total content of polyphenolics and the total content of flavonoids in the produced raw chocolate and in the commercial chocolates as compared to the content of those components in the non-roasted beans of the cocoa tree. The highest total phenolic content and total flavonoid content were noted in cocoa beans (27.82 mg GAE/g and 12.22 mg ECE/g, respectively). The raw chocolate produced in the experiment was characterised by significantly higher total phenolic and flavonoid contents (22.08 mg GAE/g and 8.75 mg ECE/g, respectively) in comparison to the commercial chocolates, which were characterised by a ca. 2.8-fold lower (COM 50%) and 2.4-fold lower (COM 64%) content of polyphenols and an ca. 2.3-fold lower (COM 50%) and ca. 2-fold lower (COM 64%) content of flavonoids.



The literature data indicate that non-roasted cocoa beans from Ecuador had a total phenolic content of 25.42 mg GAE/g, while the corresponding value for roasted cocoa beans was 22.92 mg GAE/g. The total phenolic content in various cocoa beans varied in the range from 9.96 mg GAE/g to 37.81 mg GAE/g and depended on the cultivar, place of origin, and method of treatment or processing (roasting). The cited authors indicated that a majority of the chocolates tested in the described experiment were characterised by a higher level of polyphenols in the chocolates (within the range of 9.10 mg GAE/g to 40.55 mg GAE/g) relative to the phenolic content in the respective cocoa beans from which the chocolates were produced [18]. Urbańska et al. [42], in a study on the mass of milk chocolates based on cocoa mass obtained from non-roasted cocoa beans from Peru, noted a total phenolic content ranging from about 15.25 mg GAE/g to approximately 16.85 mg GAE/g. In another study, chocolates from Peru had phenolic contents ranging from 1.69 mg GAE/g to 5.39 mg GAE/g [43]. Todorovic et al. [44] obtained polyphenol contents in chocolates in the range of 7.21 mg GAE/g to 12.65 mg GAE/g. Jaćimović et al. [13] showed that the content of total polyphenols in dark chocolate ranged from 10.55 to 39.82 mg GAE/g. In addition, it was found that the chocolate samples with the highest cocoa content were characterized by the highest content of polyphenols. It is known that the total polyphenol content varies depending on the variety of cocoa beans and the conditions during fermentation, drying, roasting, processing, and storage. In some cases, the results obtained cannot be directly compared due to different extraction solvents. In addition, some literature results are reported as mg of GAE per gram of cocoa product, while other results are reported as mg of GAE per gram of chocolate defatted sample, which contributes to some variation between the results [45].



The content of flavonoids in a study on cocoa beans from China, Indonesia, and Papua New Guinea ranged from 3.50 mg ECE/g to 12.62 mg ECE/g [46], and the highest of those values corresponded to the value obtained in the experiment presented herein. The content of flavonoids in chocolates from Peru varied from 0.28 mg CE/g (catechin equivalents) to 1.99 mg CE/g [43]. In another study, the level of flavonoids in lipid-free chocolate masses fell within the range of 0.02 mg ECE/g to 6.01 mg ECE/g [47]. Jaćimović et al. [13] showed that the total flavonoid content in dark chocolate samples ranged from 10.04 to 37.85 mg CE/g. The chocolate samples with the highest levels of total polyphenols also contained the highest contents of flavonoids [13], which was also confirmed in our study. Samples with the highest content of cocoa showed the highest content of flavonoids. According to Lee et al. [48], cocoa has a higher content of flavonoids per portion than tea or red wine. Powdered cocoa is one of the richest identified dietary sources of flavonoids so far, next to buckwheat hulls, sorghum, and cinnamon [49].



The highest value of antioxidant activity, a 36.95% DPPH radical inhibition, was noted for non-roasted cocoa beans, which corresponded to 216.61 μM TE/g (Table 3). Higher antioxidant activity results for cocoa beans were obtained by Elodie et al. [9], i.e., between 295 and 329 μM TE/g (unfermented cocoa beans) and from 221 to 351 μM TE/g (fermented cocoa beans). The second-ranking sample in terms of antioxidant activity was the raw chocolate MAN obtained from non-roasted cocoa beans, which had an inhibition at a level of 29.91% (172.16 μM TE/g). The sample of commercial chocolate (COM 64%) was characterised by antioxidant activity at a level of 23.63% inhibition (132.60 μM TE/g). The lowest value of antioxidant activity was noted in the case of the commercial chocolate COM 50%–at a 12.72% inhibition (63.76 μM TE/g). Caponio et al. [38] showed that two types of dark chocolate, i.e., artisanal and industrial, had antioxidant activities of 79.81 and 68.65 μM TE/g, respectively, which were lower than in our study. The results obtained in the range of the contents of polyphenols, flavonoids, and antioxidant activity supported the correlation between the content of cocoa mass and the oxidative capacity of the products. Roasting cocoa beans generally results in a lowering of antioxidant activity. Arlorio et al. [50] noted a decrease in the antioxidant activity of cocoa ranging between 37 and 48% after preliminary roasting at 100 °C and proper roasting of various cocoa cultivars at 130 °C. In addition, Hu et al. [51] observed a decrease in the antioxidant activity of cocoa, ranging between 44 and 50%, during roasting at a high temperature (190 °C) for a short time (15 min).



With regard to the commercial production of chocolate, one should take into account that the numerous parameters of the complex technological process affect the nutritional as well as the health-promoting values of the obtained product [18]. Cocoa beans are the primary raw material for the production of chocolate and the most important source of phenolic compounds [52]. In the technological process, which is characterised by the use of high temperatures, a majority of polyphenols undergo degradation, which can be observed in the form of lower levels of those health-promoting components relative to the unprocessed raw material. It should be emphasised that certain polyphenols, e.g., (-)-epicatechin, can form highly complex, insoluble complexes that are very hard to determine analytically. Such complex procyanidins, under the effect of high temperatures, may undergo degradation into easily extractable monomeric forms, which affect the total phenolic content in the product [18]. The roasting of cocoa beans results in the appearance of the characteristic colour, flavour, taste, and texture of roasted cocoa beans [53], which has an effect on the sensory parameters of the final product, i.e., chocolate. As a result of the application of high temperatures during roasting, in the range of 120–150 °Cover 5–120 min, a reduction is observed in the total phenolic content and the total flavonoid content [53,54]. Chocolate processing has an effect on the total phenolic content and also on the antioxidant activity of chocolate, and suitable technology can “optimise” the retention of polyphenols and the antioxidant activity of chocolate [55]. Żyżelewicz et al. [56] indicated that, in the case of the total content of polyphenols in chocolate, the conching process did not contribute to a significant degradation of these compounds, unlike the roasting process. The progressive decrease in the content of polyphenols during the production of chocolate was also described by Di Mattia et al. [57]. These authors indicated that roasting played the most important role in this case, although differences in the concentration of polyphenols can also be observed between conched and un-tempered chocolate, as well as finished dark chocolate.




3.2. Sensory Evaluation


In the sensory analysis performed with the method of preference assessment by a group of assessors, the commercial chocolate COM 50% obtained the highest rank of 9 in total, while the experimental raw chocolate and the commercial chocolate COM 64% obtained the ranks of 2 and 1, respectively (Figure 3).



In the sensory analysis of the tested samples of chocolate according to the hedonic scale, the commercial chocolates obtained the highest summary values of ratings, i.e., 18 (COM 50%) and 13 (COM 64%), while the experimental raw chocolate (MAN) obtained the lowest rating of 2 (Figure 4).



In the analysis conducted with the method of sequencing the discriminants of the two traits of flavour and taste, the commercial chocolates were indicated as the preferred ones in terms of flavour, with average ranks of 2.33 (COM 50%) and 2 (COM 64%), respectively, while the raw chocolate (MAN) obtained the lowest rank of 1.83. When the criterion in the evaluation was the taste, all of the tested chocolates were given similar ranks (2 and 1.95), with the commercial chocolates having a minimal advantage (Figure 5).



In the next stage of the conducted sensory analysis of the chocolates, five evaluated traits were distinguished, i.e., external appearance—colour, external appearance—shape, external appearance—surface condition, fragrance, and flavour (Figure 6).



In the evaluation of the trait “external appearance—colour”, the commercial chocolates obtained the highest ranks in the percentage scale, i.e., 91.67% (COM 64%) and 90% (COM 50%), while the raw chocolate (MAN) obtained the rank of 86.67%. With regard to the criteria of “external appearance—shape” and “external appearance—surface condition”, the panel members gave the highest ranks to the raw chocolate (MAN), at 98.33 and 93.33%, respectively, while the ranks given to the commercial chocolates were 95 and 88.33% (COM 50%) and 93.33 and 88.33% (COM 64%), respectively. The commercial chocolates were characterised by the highest-ranked parameters, i.e., flavour and taste, and obtained the values of 81.67 and 75%, and 83.33 and 80%, for the chocolates COM 50% and COM 64%, respectively, while the rank given to the raw chocolate MAN for its flavour and taste was low at 65%. Taking into account the weight of the individual evaluated parameters, in this analysis, as can be seen in Table 1, the highest summary rank for all five of the evaluated discriminants was granted to the chocolate COM 50%, at 86.58%, followed by the chocolate COM 64% at84%, and the lowest rank was given to the raw chocolate MAN at 77.83%.



In summary of the results of the sensory evaluation, the commercial chocolate scored 50%. The most important discriminant in the evaluation was taste (weight factor 0.3), which is affected by sweetness, which is determined by the content of carbohydrates. The commercial chocolate COM 50% had the highest content of carbohydrates at 53.7% (Table 2). This was reflected in the highest level of sweetness in that chocolate. The chocolate COM 64% was the next-ranked chocolate in terms of taste, with 42.7% carbohydrate content, which was 11% less than the chocolate COM 50%. The experimental raw chocolate MAN had the lowest content of carbohydrates, 39.6%, and its rank for taste was also the lowest. The taste preferences of consumers are shaped by their being accustomed to products offered by commercial producers in the consumer market. Popov-Raljić et al. [58] analysed the sensory parameters of nine milk chocolate products that differed in their content of saccharose (400, 475, or 550 g/kg) and cocoa butter (280, 320 or 360 g/kg). The cited authors demonstrated that samples with a low content of sugar had a more bitter taste, while samples with a higher sugar content were characterised by a more intense milky/vanilla/caramel taste and a harder consistency, and they obtained higher ranks in the sensory evaluation. According to Urbańska et al. [59], a high sugar addition results in higher consumer acceptance of chocolates. However, in recent years, efforts have been made to reduce the content of sugar in various food products, including chocolate. The excessive intake of free sugars increases the total consumption of energy and may reduce the consumption of foods richer in nutrients, which involves numerous unfavourable health effects [60]. The excessive intake of sugar is related to an increased risk of the development of non-contagious diseases, such as excessive body mass, cardiometabolic diseases, elevated blood pressure, certain kinds of cancer, and tooth decay [61]. On the basis of evidence linking sugar intake with unfavourable health effects, the WHO [62] recommended a limitation of free sugar intake to less than 10% (at best, below 5%) of the daily total consumption of energy, which corresponds to 50 g a day per average adult. Although a number of countries have implemented a set of strategies and means aimed at reducing sugar intake [63], the available data show that the objective has not yet been attained [61]. In view of the above, the raw chocolate presented in this report can be an alternative to commercial products that are characterised by a higher content of carbohydrates. In spite of the lower ranks in the sensory analysis, it is worth promoting such a product that complies with WHO recommendations concerning the reduction of sugar intake.



Fat is another component that should be mentioned among the basic nutritional components of chocolate. The raw chocolate MAN had the highest content of fat (33.4%), while the commercial chocolate COM 50% was characterised by the lowest level of that component (28%). Guinard et al. [64] demonstrated that various levels of fat and sugar in chocolate resulted in very big differences in the sensory properties of milk chocolate. The cited authors demonstrated that samples with a high fat content were ranked lower than samples with a low content of fat.



The raw chocolate MAN was obtained from non-roasted cocoa beans, as opposed to the commercial chocolates, which were produced from roasted cocoa beans. In addition, the composition of the raw chocolate was limited solely to three basic components: non-roasted cocoa beans, cane sugar, and cocoa butter. According to the producer’s statement, the commercial chocolates contained additional components, such as emulsifiers (soy lecithin, polyglycerol polyricinoleate), flavour additives, and milk fat (in the case of the chocolate COM 50%). The raw chocolate had a higher content of total phenolic compounds and a higher total flavonoid content. As those components produce a more intense bitter taste, this resulted in reduced ranks in the evaluation of the trait “taste”. Oberrauter et al. [65] demonstrated that phenolic compounds are the key inducers of bitterness and sourness, which potentially reduces the acceptance of such chocolates by consumers.





4. Conclusions


This presented study indicated that the craft raw chocolate produced solely with the use of three recipe ingredients (non-roasted cocoa beans, cane sugar, and cocoa butter) was characterised by a lower content of carbohydrates (39.6% in raw chocolate and 42.7% and 53.7% in commercial chocolates, respectively), higher total phenolic and total flavonoid contents (22.08 mg GAE/g and 8.75 mg ECE/g in raw chocolate; 9.25 and 7.87 mg GAE/g; and 4.43 and 3.83 mg ECE/g in commercial chocolates, respectively), and a higher antioxidant activity compared to commercial chocolates (172.16 μM TE/g in raw chocolate and 132.60 and 63.76 μM TE/g in commercial chocolates, respectively). In the sensory evaluation, the raw chocolate obtained lower rankings than the commercial chocolates, especially in the case of the most important discriminant in the entire evaluation, i.e., taste, which was unquestionably related to the lower content of carbohydrates. On the other hand, in the sensory evaluation for the criteria “external appearance—shape” and “external appearance—surface condition”, the panel members gave the highest ranks to the raw chocolate.
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Figure 1. Block diagram of the process of raw chocolate production. 
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Figure 2. Bar of raw chocolate: (A)—view from above, (B)—view from the front. 
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Figure 3. Results of sensory analysis—method of preference evaluation. MAN—raw chocolate, COM 64%—classic bitter chocolate 64%, COM 50%—light bitter chocolate 50% (COM 50%). 
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Figure 4. Results of sensory analysis—hedonic method, assessor perception of the samples. MAN—raw chocolate, COM 64%—classic bitter chocolate 64%, COM 50%—light bitter chocolate 50% (COM 50%). 
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Figure 5. Evaluation of the taste of the samples, results of sensory analysis through the sequencing method. MAN–raw chocolate, COM 64%–classic bitter chocolate 64%, COM 50%–light bitter chocolate 50% (COM 50%). 






Figure 5. Evaluation of the taste of the samples, results of sensory analysis through the sequencing method. MAN–raw chocolate, COM 64%–classic bitter chocolate 64%, COM 50%–light bitter chocolate 50% (COM 50%).



[image: Applsci 13 01274 g005]







[image: Applsci 13 01274 g006 550] 





Figure 6. Results of five-point evaluation of the chocolates. MAN—raw chocolate, COM 64%—classic bitter chocolate 64%, COM 50%—light bitter chocolate 50% (COM 50%). 
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Table 1. Definitions of product quality for the five-point sensory assessment.
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Quality

	
Importance Coefficient

	
Point Values




	
5

	
4

	
3

	
2

	
1






	
External appearance—colour

	
0.15

	
dark brown to light brown, clear, very uniform

	
dark brown to light brown, clean, uniform

	
Brown, slightly unharmonized

	
too light or too dark, uneven

	
wrong with a grey tint with spots




	
External appearance—shape

	
0.10

	
correct for a given form, no signs of damage

	
normal

	
slightly distorted at the edges

	
distorted

	
clearly distorted




	
External appearance—surface condition

	
0.15

	
the upper one—perfectly smooth, with a clear form compression and gloss, the lower one—perfectly smooth matte

	
the upper one—smooth, with a clear imprint of the form and gloss, the lower one—smooth matte with slight cracks

	
upper—smooth with an imprint of the form, slightly matte, small cracks, lower—slightly uneven, matte

	
upper—irregularities, indistinct form pattern, no gloss, few matte spots, lower—uneven, with spots

	
upper—deformations, significant cracks, dull, lower—very uneven, cracked with a grey coating




	
Fracture

	
0.10

	
fine-grained, very uniform

	
fine-grained, uniform

	
fine-grained with individual air bubbles

	
coarse with air bubbles

	
wrong, uneven, with numerous air bubbles




	
Fragrance

	
0.20

	
intense, very pleasant, chocolatey, harmonized

	
intense, pleasant

	
quite pleasant, but too weak, not very harmonized

	
weak or unclean

	
stale or foreign




	
Flavour

	
0.30

	
very pleasant, clear chocolate flavour with a clean filling, perfectly harmonized

	
pleasant, clear chocolate flavour with a clean filling, harmonized

	
quite pleasant, clear, harmonized

	
not very clear, not harmonized

	
stale, foreign, sour ranch
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Table 2. Nutritional composition of raw chocolate, commercial chocolates and cocoa beans.
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	Sample
	Moisture

(%)
	Ash

(%)
	Fat

(%)
	Carbohydrates

(%)
	Dietary Fibre

(%)
	Proteins

(%)
	Energy Value

(kJ/kcal)





	COM 50%
	0.6 b
	1.7 b
	28.0 d
	53.7 a
	9.8 d
	6.2 c
	2054/491



	COM 64%
	0.5 b
	1.6 b
	32.0 c
	42.7 b
	14.0 c
	9.1 b
	2065/494



	MAN
	0.3 b
	1.6 b
	33.4 b
	39.6 c
	15.8 b
	9.3 b
	2067/495



	Cocoa beans
	4.3 a
	2.6 a
	45.1 a
	6.8 d
	26.3 a
	15 a
	2038/488







MAN—raw chocolate, COM 64%—classic bitter chocolate 64%, COM 50%—light bitter chocolate 50% (COM 50%). Values designated with the same letters (a, b, c, d) within column do not significantly differ at 5% error (Duncan’s test).
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Table 3. Total phenolic content, total flavonoid content, and antioxidant activity of the analysed samples of raw chocolate, commercial chocolates, and cocoa beans.
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	Sample
	Total Phenolic Content

(mg GAE/g)
	Total Flavonoid Content

(mg ECE/g)
	% DPPH Radical Inhibition
	Antioxidant Activity

(μM TE/g)





	COM 50%
	7.87 a
	3.83 a
	12.72 a
	63.76 a



	COM 64%
	9.25 b
	4.43 b
	23.63 b
	132.60 b



	MAN
	22.08 c
	8.75 c
	29.91 c
	172.16 c



	Cocoa beans
	27.82 d
	12.22 d
	36.95 d
	216.61 d







MAN—raw chocolate, COM 64%—classic bitter chocolate 64%, COM 50%—light bitter chocolate 50% (COM 50%), GAE—gallic acid equivalents, ECE—epicatechin equivalents, TE—Trolox equivalents. Values designated with the same letters (a, b, c, d) within column do not significantly differ at 5% error (Duncan’s test).
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