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Abstract

:

To improve the nutritional value of bread, as well as to satisfy consumers whose awareness of the importance of nutrition to preserve health is growing significantly, it is desirable to enrich bread and bakery products with functional components. Carob (Ceratonia siliqua L.) is an evergreen tree that is widely distributed in the Mediterranean region and belongs to the legumes group. As carob pulp contains a unique combination of polyphenolic compounds and dietary fibre, it can be a useful raw material for the production of enriched bakery products. In this work, the possibility of applying carob extract as a potential natural preservative and functional additive in the production of bread was investigated. With this aim, 0.5, 1.5, 2.5 and 3.5% of powdered carob extract (CP) were added to bread dough and the quality characteristics of the bread were examined. The microbiological quality of bread was significantly better in samples with the addition of CP, which was confirmed by the lower values of the total number of bacteria and the absence of the Bacillus cereus. The addition of up to 3.5% carob extract had no negative effect on the sensory quality of the bread. The brightness of the bread samples decreased (L*), while the proportion of the red tone (a*) increased, and the intensity of the yellow tone (b*) decreased with an increase in the proportion of CP. The amount of total phenols (0.27 mg GAE/g) for the sample with 3.5% CP in bread was significantly higher compared to the control sample (0.12 mg GAE/g). The total antioxidant activity also increased significantly with the increase in the proportion of CP. Therefore, the present study proves that powdered carob extract can be successfully included in the production of a healthy functional food.
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1. Introduction


Recently, numerous epidemiological studies have proven the potential role of foods enriched with flavonoids in reducing the risk of various diseases (cancer, coronary heart disease or neurodegenerative diseases) [1]. Due to their easy availability and high prevalence in the daily diet, bread and bakery products are an ideal matrix for the enrichment and reduction of nutrient deficits [2]. Bread enriched with antioxidants and phenolic compounds can play a role in maintaining the health of consumers [3]. Polyphenolic compounds are unstable under the influence of pH, temperature and light access, which can lead to their loss during production processes. For that reason, the use of polyphenolic compounds for the fortification of bakery products is very limited [4]. Therefore, for the enrichment of bread, powders are used that are rich in bioactive units, which are protected by microencapsulation with the use of a carrier, usually maltodextrin and inulin [5]. On the other hand, bread is a product that has a short shelf life, and in order to ensure better quality and health safety and to extend the shelf life of the product, synthetic or natural additives and antimicrobial agents are used in the breadmaking industry [6]. Synthetic additives are widely used in food production because they have high antimicrobial activity, low cost and are easily available. The safety of synthetic additives is increasingly questioned because they are considered responsible for many carcinogenic and teratogenic phenomena, as well as toxicity [7]. Therefore, increasing attention is paid to plant derivatives as an alternative to prevent the proliferation of microorganisms [8], whose use will ensure a longer shelf life of food products. Many studies have shown that some plants produce biologically active compounds that possess significant antimicrobial activity [9]. Recently, the antimicrobial effect of various plant extracts against certain pathogenic species has been observed [10]. The use of natural antimicrobial substances such as organic acids, essential oils and plant extracts can be a good way to prevent the spoilage of food and bakery products [11].



During the last two decades, many studies have shown interesting results regarding the bioactivity of compounds present in carob. The attention of the scientific public is increasingly attracted by dietary fibre, cyclitols, polyphenols and tannins present in carob. These compounds are thought to be responsible for the health benefits that carob provides, including anti-cancer, anti-diabetic, anti-diarrheal and anti-hyperlipidemic effects [12,13,14]. Carob attracts the attention of scientists because its extracts have shown very strong antimicrobial activity against many types of bacteria and moulds [3,8,15,16]. Carob extracts in vitro show a high antioxidant potential, while in vivo they significantly reduce cerebral and myocardial lipid peroxidation, as well as the level of hydrogen peroxide in the kidneys, liver and brain. Also, the anti-dyslipidemic, anti-obesity and hepatoprotective potential of carob pulp was confirmed in the treatment of high-fat-diet-fed rats [17]. Therefore, carob polyphenol extracts can be used as natural antioxidants in the food industry and can replace synthetic additives [18].



The addition of functional components can have a negative impact on the rheological properties of the dough and the sensory quality of the finished products, which is why great attention is paid to the optimization of the raw composition of enriched bakery products. The addition of bioactive compounds is known to affect dough development [19], because antioxidants can form complexes with proteins and polysaccharides. In this paper, the possibility of using carob extract in the production of bread, as a potential natural preservative and functional additive, was examined.




2. Materials and Methods


2.1. Ingredients


The carob pulp flour used in this study for obtaining extracts originated from Croatia and was purchased as a commercial product available in Serbia (Aroma začini, D.O.O. Futog, Serbia). Materials used for the preparation of bread were wheat flour—(K-plus, Belgrade, Serbia; 13.4% moisture, 11.8% protein), salt (Solana d.d., Tuzla, BiH) and bread yeast (Lesaffre, Budapest, Hungary).




2.2. Chemicals


Chemicals which were purchased from Sigma-Aldrich Chem (Steinheim, Germany) were the following: Folin–Ciocalteu reagent, gallic acid, (±)-catechin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), TPZT (2,4,6-tris (2-pyridil)-s triazine), ABTS (2,2′-azino-bis-(-3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt), iron (III)-chloride, iron (II)-sulfatheptahydrate and potassium persulfate. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) was purchased from Sigma-Aldrich (Milano, Italy), while maltodextrin was purchased from Brenntag (Mülheim, Germany). All other reagents were of analytical grade.




2.3. Carob Flour Extract Preparation


In our previous work [20], the optimization of microwave-assisted extraction parameters (extraction time, ethanol concentration and microwave irradiation power) was carried out and the carob flour extract sample that showed the highest antioxidant activity was selected for investigation in this research. Extraction was performed in a remodelled commercial microwave oven (NN-E20W, Panasonic, Osaka, Japan). Briefly, 10.0 g of carob flour was mixed with 100 mL of ethanol (concentration 40% w/w) in the round flask, which was then connected to the condenser and placed in the microwave oven. Extraction was carried out for 25 min, with irradiation power set to 800 W. After cooling, the obtained extract was centrifuged and collected in glass flasks. When a sufficient amount of liquid extract had been obtained, it was prepared for drying.




2.4. Spray Drying


Maltodextrin (DE ˂ 5) was dissolved in water and added to the prepared extract in a ratio of maltodextrin–dry extract residue = 1:1, then mixed and homogenized. The prepared feed was pumped into a pilot Anhydro spray dryer plant (APV Anhydro AS, Soborg, Denmark) using a peristaltic pump (FH100 Series, Thermo Scientific, Waltham, MA, USA) with a flow rate of 1.36 L/h. The inlet temperature was 135–145 °C. For the atomization of the liquid extract, a rotary disk with speed range 20,000 to 21,000 rpm was used. After drying, i.e., evaporation of the solvent, the dry extract was separated from the hot air in a cyclone and collected in a receiving vessel. The obtained powdered carob extract (CP) was collected in a glass container and stored, protected from air and moisture, at room temperature.




2.5. Bread Production


Bread dough of the control sample (C) consisted of the following raw materials: 900 g wheat flour, 2% table salt, 3% yeast and water in accordance with the water absorption obtained by the farinograph (55.6%). Powdered carob extract (CP) was added to the dough in amounts of 0.5, 1.5; 2.5 and 3.5% (on a flour weight basis) in order to produce samples E0.5%, E1.5%, E2.5% and E3.5%, respectively. Kneading lasted 4 min at 450 rpm in a MS-6 mixer, after which the dough was placed in a fermentation chamber (30 °C) for 60 min. The dough was then divided into 3 pieces of 300 g each, rounded and left covered on the work table for intermediate fermentation for 10 min. Then, the tested pieces were moulded and placed on baking pans for final proofing (around 60 min at 30 °C and 85% RH). Samples were baked at 250 °C in the Chopin laboratory oven. The end of baking was determined by controlling a mass loss of 10%. Bread samples were cooled for 2 h, and were then packed in polyethylene bags and stored at ambient conditions until further analysis.




2.6. Microbial Load of Bread Samples


Microbiological analyses were conducted 24 h after baking. Briefly, 10 g of bread crumb samples were added to 90 mL of sterile saline and homogenized in a Stomahcer 400 Circulator for 2 min. After that, serial dilutions of 10−2, 10−3 and 10−4 in the same diluent were prepared and 0.1 mL of each dilution was incubated on the appropriate microbiological media: for aerobic mesophilic bacteria on plate count agar (PCA) for 2 days at 30 °C [21], and for yeast and moulds on dichloran rose-bengal chloramphenicol agar (Biolife, Milan, Italy) for 5 days at 28 °C [22]. For the presence of spores of aerobic bacteria, a 2 mL sample of the initial dilution was heated at 80 °C for 12 min. Afterwards, dilutions of 10−2 and 10−3 were prepared, and 0.1 mL from each was transferred onto PCA agar plates. The plates were then incubated for 48 h, and the results were read. Colony growth represents the presence of spores of aerobic bacteria [23]. The presence of Bacillus cereus was determined by the inoculation of 0.1 mL initial dilution onto Bacillus cereus agar (BCA) medium. It was incubated for 1 to 2 days at 37 °C. Green-blue colonies with a clear culture zone indicate the presence of Bacillus cereus [24].




2.7. Challenge Test


From each bread sample, 3 slices were aseptically cut with a sterile knife and transferred into square Petri dishes. Spore suspensions were prepared with Aspergillus flavus and Penicillium verrucosum from the collection of the Laboratory for Food microbiology, Biotechnical Faculty, University of Ljubljana, Slovenia. Then, 10 μL of the spore suspension was applied to the centre of each bread slice. Samples were sealed in Petri dishes and stored for 10 days at 22 °C, while the mould growth was measured daily [25].




2.8. Extraction of Phenols from Bread Samples


In order to examine the biochemical characteristics of bread, pohyphenols were extracted from the obtained samples. Briefly, 3.0 g of bread crumb was mixed with 15 mL 70% ethanol (w/w) in a cuvette and placed into a rotary thermostat at 25 °C, 65 rpm for 15 min. Samples were centrifuged (3000 rpm, 10 min) and the supernatant was used for further analysis.




2.9. Total Phenol Content


The total phenols (TP) content in bread samples was determined by the Folin–Ciocalteu procedure [26]. The standard calibration curve was prepared using gallic acid. The absorbance of the samples was measured at 750 nm (6300 Spectrophotometer, Jenway, UK). Phenolic compound content was expressed as mg of gallic acid equivalents (GAE) per gram of bread.




2.10. Antioxidant Activity


The ability to neutralize DPPH (1,1-diphenyl-2-picrylhydrazyl) radicals was determined by a slightly modified method described by Espín et al. [27]. A methanol solution of DPPH reagent (65 µM) was freshly prepared, and the absorbance was adjusted to 0.70 (±0.02). The DPPH reagent was added to appropriate dilutions of the extracts (2.9 mL + 0.1 mL), and the reaction mixture was incubated for 60 min. Absorbance was measured at 517 nm using a spectrophotometer (6300 Spectrophotometer, Jenway, UK). The calibration curve was obtained using a freshly prepared aqueous solution of Trolox. The results were expressed as µM of Trolox equivalents (TE) per gram of bread.



The ability to neutralize ABTS radicals was determined by a spectrophotometric method [28]. For the preparation of the ABTS reagent, a mixture of 7 mM aqueous solution of 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) and 2.45 mM potassium persulfate in a 1:1 (v/v) ratio was prepared, and the resulting solution was incubated for 16 h in the dark at room temperature. The obtained ABTS reagent was diluted with acetate buffer (pH 3.3) to adjust the absorbance to 0.70 ± 0.02 at 734 nm. Appropriate dilutions of the extracts (0.1 mL) were mixed with 2.9 mL of the ABTS reagent, and the reaction mixture was incubated at room temperature in the dark for 300 min. Absorbance was measured at 734 nm. A calibration curve was generated using a water solution of Trolox. The results were expressed as μM of Trolox equivalents (TE) per gram of bread.



The ability to reduce Fe3+ ions (Ferric-ion-reducing antioxidant power) is determined by the FRAP (Ferric-Reducing Antioxidant Power) assay [29]. The FRAP reagent was prepared by mixing 10 mmol/L 2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mmol/L HCl, 0.02 mol/L FeCl3 and acetate buffer (pH 3.6) in a 1:1:10 (v/v/v) ratio. Bread extracts (0.1 mL) were mixed with 2.9 mL of FRAP reagent and incubated at 37 °C for 10 min in the dark. The absorbance of the samples was then measured at 593 nm. The series of freshly prepared Fe2+ (Fe2SO4) aqueous solutions was used for obtaining the calibration curve. Results were expressed as µM of Fe2+ equivalents per gram of bread.




2.11. Bread Colour


Colour parameters of bread samples were measured using the Minolta Chroma Meter CR-400 colorimeter with an 8 mm aperture on the measurement head (Konica Minolta Inc., Osaka, Japan). The colour parameters of the crumb and crust of bread samples were measured using the standard CR-A33b attachment. Measurements were conducted under D-65 illumination with a standard viewing angle of 2° in ten repetitions for crumb colour and ten repetitions for crust colour. The colour of the bread was expressed in the CIE L*a*b* colour space [30] with L*—representing the lightness of colour, a*—representing the redness (+) or greenness (−), and b*—representing the yellowness (+) or blueness (−).




2.12. Textural Properties


Texture measurements of the bread crumb were conducted 24 h after baking using the TA.HDPlus Texture Analyser (Stable Micro Systems, Godalming, UK) employing the Texture Profile Analysis (TPA) test (double compression method), which simulates the chewing process in the mouth. Bread slices with a thickness of 18 mm were cut. The sample was loaded with a weight up to 45% of the sample thickness. The first testing speed was 10 mm/s, and the second was 5 mm/s [31]. Each bread sample was analysed in five replicates for hardness, cohesiveness, chewiness and resilience.




2.13. Sensory Analysis


The evaluation was performed 24 h after baking by 25 untrained panellists (18 male and 17 female), bread consumers, in the age range of 20–50 years. Bread samples were coded with 3-digit numbers. An overall acceptability test was conducted [32]. A five-point hedonic scale (1: dislike extremely, 3: neither like nor dislike and 5: like extremely) was used for the evaluation of the bread’s quality attributes, such as crust colour, crumb colour, crust appearance, crumb firmness, aroma, flavour and overall acceptability. Fresh water was provided to the panellists to rinse their mouths between testing the samples.




2.14. Statistical Analysis


Statistical analysis was performed using the STATISTICA 14.0.0.15 software (TIBCO Statistica™, Palo Alto, CA, USA), applying Duncan’s test in the analysis of variance (one-way ANOVA) to estimate the significance of the differences between the mean values at p < 0.05.





3. Results and Discussion


3.1. Microbial Load of Bread Samples


The number of total aerobic bacteria, sporogenous bacteria, yeasts and moulds and the presence of Bacillus cereus in bread samples are shown in Table 1.



The highest number of total aerobic bacteria was observed in the control sample (4.84 ± 0.53 log CFU/g). As expected, with an increase in the carob extract content in the bread, the number of total aerobic bacteria decreased, confirming the inhibitory activity of the carob extract on bacteria. Similar results were obtained by examining the amount of sporogenous bacteria, which were not detected in any bread sample with the addition of CP. Moreover, in the control sample and the sample with the lowest amount of CP (E0.5%), the presence of B. cereus was observed, while in samples with higher CP amounts B. cereus growth was not observed. In the control sample and sample E0.5%, there was a change in the colour of the nutrient medium from yellow to a characteristic dark blue (Figure 1a,b). In Figure 1b, the sample with the maximum amount of extract (E3.5%) is shown, demonstrating the absence of B. cereus. Spores of B. cereus can be found in raw materials of bakery products [33], and it is known that they are able to survive the baking process [34]. Moreover, Jaaskelainen et al. [35] showed that in bakery products B. cereus can produce cereulide, the emetic toxin of the mentioned sporogenous bacteria, and therefore, the absence of B. cereus in bread with CP is a clear indicator of the improved microbiologival safety, compared to bread without CP.



The antimicrobial effect of carob is associated with the presence of bioactive compounds, mainly phenolic acids, flavonoids and their glycosides, which affect the growth and development of microorganisms. In our previous study, the presence of gallic, caffeic, p-coumaric and chlorogenic acid, as well as quercetin, quercitrin and rutin, were determined in significant amounts [20]. The antimicrobial activity of some of the polyphenolic compounds mentioned were tested against various microorganisms [36]. It is assumed that the antimicrobial activity of CP is mainly the effect of gallic acid, since it is the dominant polyphenolic compound in carob. Pinho et al. [36] showed that gallic acid exhibited a greater antibacterial effect at lower concentrations against tested Gram-positive and Gram-negative bacteria, compared to caffeic acid, rutin and quercetin. The antibacterial effectiveness of flavonoids stems from their capability to form complexes with extracellular and soluble proteins, as well as their ability to disrupt bacterial cell walls by interacting with vital enzymes that uphold the integrity of this structure [37]. The obtained results of the microbial load of bread with CP are comparable to results of other studies that examined the effect of the addition of functional materials with similar phenol/flavonoid profiles. Sagar and Pareek [38] reported that the introduction of a higher share of onion skin powder, which is rich in quercetin, in bread formulations resulted in an extended shelf-life of the produced bread by lowering the bacterial and fungal count compared to the control sample.



Yeast and mould were not observed in any of the samples, which is in accordance with the Regulation on the Microbiological Safety of Food in Circulation, which states that bakery products must not contain more than 1000 yeasts and moulds per 1 g [39].




3.2. Challenge Test


To obtain a more comprehensive understanding of the antimicrobial potential of carob extract as a natural preservative, a microbiological inoculation test was conducted. This test monitored changes in the product during its shelf life after the intentional/targeted inoculation of the product with the desired microorganism. The application of this microbiological test is significant in the development of new products with the addition of raw materials that have potential antimicrobial effects [40].



Mould spoilage is the most common form of microbiological spoilage in food products, especially bread, and leads to large economic losses as well as potential health hazards to consumers due to the production of mycotoxins by moulds. For the bread inoculation test, moulds that are the most common contaminants of bread were selected—Aspergillus flavus and Penicillium verrucosum [41]. Figure 2 shows the development of Penicillium verrucosum mould on bread slices over time and Figure 3 shows the development of Aspergillus flavus. Figure 2 shows that moulds appeared on all samples on the third day, with an increase in colony size observed in the following days. The highest mould growth was observed in the control sample, followed by the sample with the lowest amount of CP (0.5%). From day four until the end of the monitoring period, on samples with a higher concentration of extract mould, growth was significantly lower compared to control and the E0.5% sample, indicating the inhibitory effect of CP on the growth of Penicillium verrucosum.



A. flavus was visually detected on day 2, and its growth on bread samples with CP was comparable to the control until day 3. From day 4, the mycelia diameter on samples with CP, regardless of the applied amount, was significantly different from the control sample. At the end of monitoring period, mould growth was highest in sample E1.5% and lowest in sample E2.5% (Figure 3). The obtained results indicated a lower inhibitory effect of CP addition in bread on A. flavus development compared to P. verrucosum.



Al-Khail et al. [42] and Sittisart et al. [43] concluded that plant extracts have strong antifungal activity and that the inhibitory effect of plant extracts on the examined pathogenic fungi is proportional to the applied concentrations. Unexpectedly, the maximum concentration of CP did not result in the highest inhibition of A. flavus in our study; rather, it even led to the stimulation of fungal growth. It is assumed that this is due to the microorganisms’ response to environmental stress, which leads to their more intensive reproduction [43]. These results suggest that in the case of A. flavus, additional research should be conducted, including the application of various concentrations of the CP.



The inhibitory effect on mould growth in bread with CP could be attributed to the antifungal effect of ellagitannins [44], which are also present in carob pods and were reported in the literature [45]. The antifungal activity in bread fortified with rambutan peel extract contributed to the extension of bread shelf life, due to the inhibitory compound (corilagin), which protected bread from spoilage [44].




3.3. Antioxidant Potential of Bread with the Addition of Carob Extract


The antioxidant potential of bread with the addition of CP was defined based on the results of total phenol content (TP), as well as the in vitro antioxidant activity determined by DPPH, FRAP and ABTS tests (Table 2).



It can be noted that the addition of CP caused the increment of TP content in the obtained bread samples. The highest TP content (0.27 mg GAE/g) was observed in sample E3.5%, and was two times higher in comparison to the control. The ability to neutralize DPPH radicals was significantly increased (p < 0.05), even by the addition of the lowest amount of CP (0.5%), which was also the case when observing the reducing power towards Fe3+ (FRAP). The antioxidant activity of bread determined by the ABTS assay was significantly higher (p < 0.05) compared to the control sample when the amount of 1.5% of CP was applied. The highest values for in vitro antioxidant activity were achieved by the addition of 3.5% of CP: DPPH of 1.24 µM TE/g (31 times higher), FRAP of 1.19 µM Fe2+/g (1.7 times higher) and ABTS of 1.96 µM TE/g (2.3 times higher compared to the control).



Even though the application of carob flour extract in breadmaking has not yet been examined in the literature, the obtained results are in accordance with research publications that have investigated the addition of other types of plant extracts [46,47]. On the basis of the obtained results, it was confirmed that with the addition of CP the bread had significantly higher bioactive compound content, i.e., higher antioxidant activity compared to white wheat bread, which contributes to its functionality.




3.4. Colour of the Bread Crust and Crumb


The results of lightness L* (luminance) and parameters a* (red to green) and b* (blue to yellow) are shown in Table 3. Lightness is the achromatic component ranging from 0 to 100, where 0 represents black and 100 represents white, while a and b are chromatic components. The parameter a* indicates the proportion of the red tone when positive and the green tone when its value is negative. Positive values of the parameter b* indicate the proportion of yellow colour, while negative values indicate blue [48].



The L* value of the crust and crumb of bread was highest for the control sample and decreased with increasing content of CP in the bread. The difference in L* values was not statistically significant (p > 0.05) for the control sample and sample E0.5%. Statistically significant changes in the brightness of the crust and crumb began with a CP content of 1.5%. The darker colour of samples with a higher amount of CP was due to the characteristic brown colour of carob, which originates from the presence of a large amount of tannins. Also, maltodextrin usually contributes to a reduction in L* while increasing a* and b* values [49].



The control sample had the lowest value of the parameter a* for the crust colour (7.57 ± 0.20), and the proportion of the red tone steadily increased up to a value of 12.82 ± 0.80 (sample with maximum addition of CP). The negative value of the parameter a* in the control sample indicated the presence of a slight green tone in the crumb colour. With the CP addition, the green tone diminished and the red tone appeared. As the content of the CP increased, the value of this parameter increased with statistical significance (p < 0.05). The parameter b* had a maximum value for the control sample, for crust colour (32.19 ± 2.41) and crumb colour (16.05 ± 0.57). With a higher content of CP, a decrease in the b* value was observed, indicating a reduction in the intensity of the yellow tone in both the crust and crumb of the bread.




3.5. Textural Parameters of the Bread Crumb


The texture of the bread crumb can vary widely depending on factors such as ingredients, preparation methods and baking techniques, but needs to be soft, cohesive and resilient [16]. The texture of the bread crumb was analysed to obtain a more comprehensive understanding of the characteristics of bread with the addition of carob. The influence of adding carob extract on the textural properties of bread is depicted in Table 4.



The addition of 0.5% CP did not significantly affect crumb hardness (p > 0.05) compared to the control bread sample. The hardness of the bread crumb with the addition of a higher amount of CP was higher than the control sample, but there was no statistically significant (p > 0.05) difference in firmness when increasing CP quantity from 1.5 to 3.5%. The addition of maltodextrin can increase the firmness of the crumb [50], while the fibres and polyphenols present in the carob encapsulate may compete for water with native wheat starch granules in the dough and also result in higher firmness [51]. Bread firmness directly affects chewiness, as confirmed by the values in Table 4. Chewiness could be explained as the energy needed when chewing solid or semi-solid food, and the higher the value, the harder it is to chew. The addition of CP statistically significantly increased bread crumb chewiness, which means that more energy is needed when chewing. With an increased carob extract level, a decrease in cohesiveness in the bread was observed, which means that the internal resistance of the bread structure decreased, but that this reduction was not statistically significant, as can be seen in Table 3. The springiness of bread samples statistically significantly decreased with the addition of 1.5, 2.5 and 3.5% of CP, which might be due to the weaker and less elastic gluten structure. These results are consistent with the results of Šoronja-Simović et al. [16], who showed that with the addition of carob flour, there was a reduction in cohesiveness and resilience and an increase in hardness and chewiness in bread samples.




3.6. Sensory Analysis


Although we have proven that the addition of CP has numerous benefits in bread, if this addition negatively affects the sensory characteristics, it will not be accepted by consumers. Therefore, sensory analysis is a very important part of new product development. Figure 4 shows the structure of the bread samples, while the mean values of the attribute ratings for each bread sample are shown in Figure 5. As can be seen, the shape of all bread samples was regular, the crust colour was uniform, and samples with a higher amount of CP were slightly darker, but this did not prompt the panellists to give negative marks for the crust colour. The crust of all samples was thin and even, without cracks or holes. The colour and porosity of the crumb were relatively consistent, with some samples showing the presence of water rings, which may be a result of manual shaping. The crust colour was rated high for all samples, and the raters commented that the colour of the samples with the addition of CP reminded them of the colour of “healthy” types of bread that can be found on the market. The addition of CP positively influenced the aroma and taste of the bread. Taste and aroma were judged to be pleasant by the panel, with a noticeable characteristic carob scent and a slightly sweet taste.



The addition of the extrudate had a slightly more negative effect only on the structure of the bread crumb, due to an increase in hardness and a decrease in elasticity with an increase in the amount of CP, which is in accordance with the instrumental measurements on the texturometer. This entails a slight reduction in the volume of the loaf. However, this impact was not so significant as to cause unacceptability by the assessors, as can be seen from the results for general acceptability. Czubaszek et al. [52] showed that the addition of different extracts had no great effect on the volume of bread if maltodextrin was used as a carrier because of a positive effect of the addition of maltodextrin on the volume of bread [53], although polyphenolic compounds can inhibit the activity of yeast and reduce bread volume [54], which may be the reason for the slight decrease in volume in our study. The results definitively indicate that the addition of up to 3.5% CP has no negative impact on the sensory quality of the bread. It is also evident that the selected range of extract amounts in the experimental plan was not wide enough to closely identify differences in bread quality resulting from variations in the amount of added CP. It is assumed that from a sensory standpoint, CP could be added to bread in larger quantities, although the upper limit of its application should be defined.





4. Conclusions


Carob extract can be successfully included in the production of functional bread. The microbiological quality of fresh bread is significantly better in samples with the addition of carob extract, which is confirmed by the lower values of the total number of aerobic bacteria, the number of sporogenic bacteria and the absence of the Bacillus cereus. The results of the challenge test confirmed the inhibitory effect of carob extract on Penicillium verrucosum. The TP content in bread with 3.5% CP was two times higher than in the control sample. Also, the in vitro antioxidant activity in the bread sample with 3.5% CP was increased 31 times (DPPH), 1.7 times (FRAP) and 2.3 times (ABTS) compared to control. The addition of carob extract caused a change in the colour of the crust and crumb of the bread. As a function of the addition of the extract, the brightness of the samples decreased, while the share of the red tone increased, and the intensity of the yellow tone decreased. The aforementioned changes are a consequence of the characteristic colour of carob, which comes from tannins and other polyphenolic compounds present. The addition of carob extract reduced the cohesiveness and resilience and increased the hardness and chewiness of bread samples. The addition of up to 3.5% carob extract had no negative effect on the sensory quality of the bread. From a sensorial aspect, a larger amount of extract than the maximum tested could be used in the preparation of bread, and the upper limit of carob extract application should be defined.
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Figure 1. The presence of B. cereus in the control sample (a) and the absence of B. cereus in the sample with 3.5% powdered carob extract (b). 
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Figure 2. Development of Penicillium verrucosum over time. 
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Figure 3. Development of Aspergillus flavus over time. 
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Figure 4. Appearance of the control sample of bread and samples with the addition of carob extract. 
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Figure 5. Sensory analysis of bread samples. 
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Table 1. Results of microbial load of bread samples.






Table 1. Results of microbial load of bread samples.





	Sample
	Amount of Total Aerobic Bacteria (log CFU/g)
	Amount of Sporogenous Bacteria (log CFU/g)
	Amount of Yeasts and Moulds (log CFU/g)
	Presence of Bacillus cereus





	Control
	4.84 ± 0.47 a
	3.26 ± 1.17
	<2
	+



	E0.5%
	4.25 ± 0.41 a
	<2
	<2
	+



	E1.5%
	3.29 ± 0.78 a,b
	<2
	<2
	−



	E2.5%
	2.54 ± 0.52 b,c
	<2
	<2
	−



	E3.5%
	2.49 ± 0.87 c
	<2
	<2
	−







Results are expressed as mean ± SD (n = 3); a–c values in the same column for crust colour and for crumb colour mean that there are no significant differences between mean values at p ˂ 0.05 (Duncanʹs test). CFU—colony forming unit.













 





Table 2. Total phenolic content and antioxidant activity of bread with the addition of powdered carob extract.
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	Sample
	TP (mg GAE/g)
	DPPH (µM TE/g)
	FRAP (µM Fe2+/g)
	ABTS (µM TE/g)





	Control
	0.12 ± 0.04 a
	0.04 ± 0.02 a
	0.70 ± 0.03 a
	0.85 ± 0.05 a



	E0.5%
	0.14 ± 0.03 a
	0.12 ± 0.02 b
	0.92 ± 0.05 b
	0.89 ± 0.03 a



	E1.5%
	0.18 ± 0.03 a,b
	0.14 ± 0.02 b
	0.99 ± 0.03 b
	1.07 ± 0.03 b



	E2.5%
	0.19 ± 0.05 a,b
	0.76 ± 0.12 c
	0.89 ± 0.02 b
	1.92 ± 0.02 c



	E3.5%
	0.27 ± 0.04 b
	1.24 ± 0.05 d
	1.19 ± 0.02 c
	1.96 ± 0.07 c







Results are expressed as mean ± SD (n = 3); a–d values in the same column for crust colour and for crumb colour mean that there are no significant differences between mean values at p ˂ 0.05 (Duncan test).













 





Table 3. Colour parameters of bread samples.
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Sample

	
L*

	
a*

	
b*






	
Crust colour




	
Control

	
65.92 ± 1.33 c

	
7.57 ± 0.20 a

	
32.19 ± 2.41 b




	
E0.5%

	
65.44 ± 1.72 c

	
7.67 ±1.12 a

	
29.07 ± 2.97 a,b




	
E1.5%

	
60.45 ± 3.31 b,c

	
9.02 ± 1.01 a

	
28.82 ± 3.24 a,b




	
E2.5%

	
55.28 ± 5.14 a,b

	
11.94 ± 0.48 b

	
28.55 ± 2.87 a,b




	
E3.5%

	
54.58 ± 1.74 a

	
12.82 ± 0.80 b

	
26.42 ± 1.53 a




	
Crumb colour




	
Control

	
71.41 ± 1.48 b

	
−0.94 ± 0.10 a

	
16.05 ± 0.57 b




	
E0.5%

	
68.59 ± 2.59 b

	
0.29 ± 0.09 b

	
13.48 ± 1.06 a




	
E1.5%

	
64.61 ± 0.91 a

	
1.36 ± 0.21 c

	
13.15 ± 0.56 a




	
E2.5%

	
63.83 ± 1.90 a

	
2.07 ± 0.17 d

	
13.07 ± 0.42 a




	
E3.5%

	
63.32 ± 1.22 a

	
2.61 ± 0.21 e

	
13.04 ± 0.98 a








Results are expressed as mean ± SD (n = 3); a–e values in the same column for crust colour and crumb colour mean that there are no significant differences between mean values at p ˂ 0.05 (Duncan test).













 





Table 4. Textural properties of bread samples.
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	Sample
	Hardness (N)
	Chewiness (N)
	Cohesiveness
	Springiness





	Control
	10.87 ± 0.36 a
	4.18 ± 0.14 a
	0.68 ± 0.01 a
	0.91 ± 0.05 a



	E0.5%
	11.01 ± 0.17 a
	4.55 ± 0.22 b
	0.69 ± 0.02 a,b
	0.88 ± 0.01 a



	E1.5%
	11.94 ± 0.31 b
	4.87 ± 0.11 b,c
	0.67 ± 0.01 a,b
	0.82 ± 0.03 b



	E2.5%
	12.39 ± 0.43 b
	5.10 ± 0.27 c
	0.65 ± 0.03 a,b
	0.74 ± 0.02 c



	E3.5%
	12.44 ± 0.36 b
	5.09 ± 0.21 c
	0.66 ± 0.02 a
	0.70 ± 0.01 c







Results 