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Abstract

:

Kiwifruit is an excellent source of vitamin C and other bioactive compounds, which contribute to its high antioxidant activity. However, the fruits with small size and low weight are considered waste and are unprofitable; therefore, the production of healthy kiwifruit-based dried snacks, which contain a lot of health-beneficial ingredients, could be a viable alternative for their use. The aim of this study was to develop formulations and methods to produce attractive and nutritionally valuable dried snacks based on yellow kiwifruit. Three different puree formulations (kiwifruit; fennel; and strawberry, lemon, or spinach) with or without addition of sugar were subjected to two drying methods: freeze-drying (fruit bars) and conventional hot air drying (fruit leathers). The obtained products were analysed for their content of total polyphenols (TPs), flavonoids, and vitamin C, as well as their antioxidant activity. The results showed that snacks prepared by freeze-drying (fruit bars) presented higher TP, vitamin C, and flavonoids content than those prepared by convective drying; however, the antioxidant activity did not always follow this trend. The amount of bioactive compounds depended on the formulation used for the preparation of snacks. The effect of the sugar addition seems to be strictly related to the mix used and specific bioactive compound investigated.
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1. Introduction


Recently, consumers are more interested in sustainable food production, owing to the growing awareness of environmental pollution and the high amount of waste generated during conventional food processing. Moreover, they are searching for food products with improved safety, as well as healthy aspects [1,2].



The trends of healthiness and sustainability have triggered consumers into choosing the products as natural as possible with a clean label. The clean label issue appeared in the 1980s and has been growing continuously [3]. There is no a widely accepted definition of a clean label, however, studies conducted by Moskowitz et al. [4] showed that consumers try to avoid food products with unfamiliar additives/ingredients, which are often associated with artificial chemicals and products not obtained in a natural way (e.g., genetically modified organisms—GMOs). Moreover, changes in consumer habits and lack of time to prepare a proper meal at home drive the consumers to eat outside of home, often choosing snacks [5]. Hence the food industry’s focus on developing healthy fruit snacks, which could provide consumers with nutrient-dense energy snacks. Healthy snacks are defined as snacks containing a high number of beneficial ingredients that have a positive effect on human health, and usually well-balanced nutrients [2]. Dried fruits are considered a healthier alternative to popular snacks rich in sugar or salt and the recommendations for their consumption are constantly present in the dietary guidelines of many countries [6]. As a result of their production process, a concentration of many naturally occurring compounds (especially in terms of energy, minerals, antioxidants, and fiber) is obtained, which is associated with their nutritional values and exceptional sensory attractiveness [7].



Different drying methods could be used to obtain functional fruit snacks, which allow to increase the shelf-life and facilitate the handling of the products. On the basis of the drying methods used, different products could be obtained. Convective drying of a mixture of fruit puree or concentrated fruit juice with other ingredients such as sugars, hydrocolloids, and so on is used to obtain fruit leathers, a thin flexible layer that shows a texture similar to a soft leather [2,8]. However, owing to a long exposure of the products to high temperatures, thermolabile compounds could be lost and some other chemical and physical changes may occur in the products [9]. The freeze-drying process, using lower temperatures and reduced pressure, is more expensive, but allows a much better retention of bioactive ingredients [6]. This method allows to produce fruit bars using fruit puree mixed with hydrocolloids [10]. Both snacks, fruit leathers and bars, are becoming a popular food format, mainly because of the growing consumer demand for healthy, natural, and convenient foods [11].



An advantage of the manufacturing of these kinds of products is that the waste arising from the fruit and vegetables processing or fruits with lesser value in terms of size and shape could be used to prepare the puree mix. Concerning kiwifruit, those with the weight lower than 65 g are considered waste and are unprofitable, as they are used in the production of fruit juices or in the energy supply chain [12]. Therefore, their use in the production of fruit snacks could be a good alternative for waste management and to increase their added value.



Kiwifruit is a good source of different bioactive compounds and thus shows high antioxidant activity. Kiwifruit is a good source of vitamin C [13,14] and polyphenols [15,16]. Flavonoids are the most abundant phenolic substances, showing a range from 81.50 to 161.38 mg catechin equivalents (CTE)/100 g fresh weight (FW), and about 120 mg CTE/100 g in Jintao cultivar [14].



Therefore, the aim of this study was to develop formulations (Table 1) based on wasted yellow kiwifruit (cultivar Jintao) with the addition of other fruit and vegetables and pectin as a structuring agent to produce dried snacks. Two drying methods were studied, convective drying and freeze-drying, to obtain fruit leathers and bars, respectively. The products were analyzed for their content of bioactive compounds (vitamin C, total polyphenols, and flavonoids) and their antioxidant activity using the ABTS assay (assay with 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonate)).




2. Results


2.1. Vitamin C Content


The vitamin C content of fruit leathers and bars is shown in Figure 1. The vitamin C content was influenced by both the composition of fruit snacks and the drying method. The highest content of vitamin C (about 22 mg/100 g dry matter (DM)) was observed in fruit bars prepared with the highest kiwifruit content and with the addition of fennel and spinach, while the lowest (about 8 mg/100 g DM) was observed in fruit leathers prepared with the same formulation. In fact, the method of drying and the associated temperature significantly influenced this parameter. Independently of the formulation used, the fruit bars obtained by freeze-drying were characterized by much higher retention of vitamin C than fruit leather dried with hot air. The results clearly showed that the higher temperature together with an oxygen-rich environment during air drying significantly reduced the ascorbic acid content. The addition of sugars did not influence (p > 0.05) the vitamin C content, regardless of whether sucrose or trehalose was used (Figure 1).




2.2. Total Polyphenol Content (TPC)


The total polyphenol content (TPC) in fruit leathers and bars is shown in Figure 2. In general, lower values of this parameter were obtained in products prepared with the addition of fennel and lemon juice and peel (formulation B). Drying methods in most of the cases did not significantly influence the TPC among snacks of the same composition. The exception was the C snack, where the fruit bars were characterized by a higher content in polyphenols compared with fruit leathers, showing values of 1346 ± 79 and 1079 ± 66 mg gallic acid GAE/100 g DM, respectively, in the control C snack, and 1254 ± 51 and 922 ± 58 mg GAE/100 g DM, respectively, in the snack with the addition of sucrose (C_s).




2.3. Flavonoid Content


The flavonoid content in fruit leathers and bars is shown in Figure 3. The behavior of flavonoid content in both snacks strongly depended on the formulation used, showing the highest value (5.83 ± 0.14 mg quercetin/100 g DM) in fruit bars B (with fennel, strawberries, and lemon juice) without the addition of sugars, followed by fruit bars A with the addition of trehalose (4.92 ± 0.33 mg quercetin/100 g DM) and fruit bars A without sugar addition (3.78 ± 0.37 mg quercetin/100 g DM). The fruit leathers prepared with the same formulations presented a significantly lower flavonoid content, showing values of 0.94 ± 0.08, 0.68 ± 0.15, and 0.45 ± 0.01 mg quercetin/100 g DM, respectively. The freeze-drying method allowed better retention of flavonoids also in the case of snack C with the addition of treahalose; however, the difference was not so marked.




2.4. Antioxidant Activity


Figure 4 presents the antioxidant activity in fruit leathers and bars. Antioxidant activity was express as EC50 coefficient, which represents the amount of extract obtained from dried snacks required to scavenge 50% of radicals. Therefore, a low EC50 value relates to a high antioxidant activity of the extract. EC50 for fruit bars type C with the addition of sugars showed antioxidant activity significantly higher than in fruit leathers. Snack B with the addition of trehalose showed the same trend, while no significant differences were found when sucrose was used. However, in some cases, ambiguous results were observed. Fruit bars type A without the addition of sugars and with trehalose addition had significantly lower antioxidant activity in comparison with fruit leathers. For example, the scavenging activity of the unsweetened fruit bar (type A) was characterized by a value of 0.39 ± 0.01 mg DM/mL, while fruit leather antiradical activity was equal to 0.03 ± 0.02 mg DM/mL. However, an inverse relationship was noted for a snack with the addition of sucrose; that is, fruit bars presented values of 0.64 ± 0.03 mg DM/mL, while fruit leathers showed values of 0.88 ± 0.01 mg DM/mL.





3. Discussion


Fruit and vegetables are a good source of bioactive compounds. The lack of these compounds in a daily diet can increase the risk of several diseases such as atherosclerosis, cancers, faster aging of the body, and heart attacks [17]. It is known that bioactive food components are influenced by individual ingredients that play roles as antioxidants such as vitamin C, polyphenols, flavonoids, and so on.



Vitamin C is the most distinctive nutritional parameter of kiwifruit and the amount of this substance is 105–120 mg/100 g in gold kiwifruit, and it is higher than in green kiwifruit, which has vitamin C content in the range of 65–90 mg/100 g [13]. In fact, the vitamin C content is strictly related to the variety of kiwifruit. Cozzolino et al. [18] showed that the amount of vitamin C in ‘Jintao’ and ‘Hayward’ was 76.1 ± 0.91 mg/100 g FW and 47.7 ± 3.14 mg/100 g FW, respectively. Even higher vitamin C content was found in ‘Jintao’ (148.82 ± 0.31 mg/100 g), according to Ma et al. [14]. Therefore, a high amount of vitamin C content in fruit leathers and bars is mainly owing to the high amount of kiwifruit as a basic ingredient (44–56% in the final product). However, other ingredients also used to produce snacks have a significant vitamin C content. Strawberries contain around 40–70 mg/100 g FW of vitamin C [19]. Fennel contains ascorbic acid in the range of 30.45–31.49 mg/100 g FW, depending on the variety [20]. Moreover, lemon juice and spinach show a vitamin C content in the range of 59.3–76.2 mg/L and 75 mg/100 g FW, respectively [21]. Scientific research confirms that, with the increasing temperature and duration of the thermal process, the content of vitamin C in the fruit and vegetables-based product decreases [22,23,24]. In fact, vitamin C is very sensitive to high temperatures; hence, it is often considered as an indicator of the overall quality of the product. It can be stated that, if the used processes did not adversely affect the content of vitamin C, other valuable nutrients have probably also been preserved [25,26]. In the present study, the fruit bars obtained by freeze-drying at a low temperature (40 °C) showed a higher retention of vitamin C content in comparison with fruit leathers obtained by air drying at 70 °C. However, the stability of vitamin C also depends on other factors. Hiwilepo-van Hal et al. [25], studying the effects of heating of three different fruit pulp on the kinetics of vitamin C degradation, found that vitamin C in morula pulp was up to 15 times more stable than in mango or guava pulp. Martínez-Navarrete et al. [27] observed a very high retention of vitamin C (1–1.7 mg of vitamin C/g snack) in freeze-dried snacks based on mandarin juice, when the temperature of 40 °C was used during freeze-drying. In addition, intensive access of air can cause enzymatic oxidation of vitamin C and non-enzymatic oxidation can also occur [26]. The freeze-drying works under reduced pressure and at low temperatures. These conditions have an impact on the quality of products and the freeze-drying is considered the best method of drying. Owing to reduced access to the air during the process, dried fruit and vegetables retain vitamins and bioactive compounds at a high level [28]. Moreover, the texture of freeze-dried products is porous and totally different in comparison with the texture of products obtained by other methods of drying [10]. However, the open structure of freeze-dried materials, owing to easy access to oxygen through the porous structure, may lead to higher levels of degradation of vitamins and bioactive compounds. To avoid the negative effect, proper packaging is required, but some additional treatments may also be used as foaming the puree before drying or addition of hydrocolloids and maltodextrin. Even if there was no significant effect of the addition of sugars on the vitamin C content, it should be taken into consideration that sucrose addition may have an impact on glass transition temperature Tg, which is a key factor influencing the stability of dried food during storage [29].



The obtained fruit leathers and bars were a good source of polyphenols, thanks to the high amount of these compounds, mainly in kiwifruit ranging from 58.45 to 152 mg GAE/100 g FW [14]. In fresh kiwifruit cultivar Jintao, the TPC ranges between 124–145 mg GAE/100 g FW [14,18], while flavonoids, which are the most abundant polyphenols in kiwifruit, show values about 120 mg CTE/100 g FW Ma et al. [14].



In general, the drying process reduces the TPC compared with the fresh samples, as observed by Tylewicz et al. [30] in strawberry samples enriched with bilberry juice-based solution. During drying, the activation of oxidative enzymes (e.g., peroxidase and polyphenol oxidase) could occur, thus causing the degradation of phenolic compounds, which in turn results in decreasing of the nutritional value, loss of sensorial characteristics, browning, and off-flavor development [31].



Wojdyło et al. [32] observed a clear decrease in the content of polyphenols in the cherries dried by hot air, which increased with an increase of the temperature, while better retention of polyphenolic components was found for cherries dried by freeze-drying. This was also observed in our study in snack C without sugar and with the addition of sucrose. Chin et al. [33] analyzed the effect of dried green kiwi slice thickness (0.3 cm and 0.6 cm) and hot air temperature (40–60 °C) on the quality of the obtained products. They found that the use of thinner slices was more beneficial owing to the better maintenance of polyphenols (31–38% lower polyphenol losses compared with thicker slices). Kiwifruit slices of 0.3 cm thickness dried at 40, 50, and 60 °C contained 842, 751.31, and 958.70 mg gallic acid/100 g DM, respectively. Such good behavior of phenolic components at 60 °C was explained by the availability of their precursors resulting from non-enzymatic interconversion and the shorter duration of the drying process, which causes less exposure to thermal and oxidative degradation [33]. However, high TPC might be linked with the research method, where Folin-Ciocalteu reagent is used [34].



Concerning the flavonoid content, a smaller values gap between freeze-dried and convective dried snacks C could be linked to the difference in its formula—unlike A and B snacks, it did not contain lemon juice, nor lemon peel. Lemons, in fact, are particularly rich in flavonoid compounds [35]. Among all the snacks, the unsweetened freeze-dried one with fennel and lemon (juice and peel) was marked by the highest content of flavonoids. The changes in flavonoid content during processing are very complex and depend on various factors. Some researchers observed its decline as a result of heat treatment (caused by its degradation), as observed in unsweetened snacks A and B and in snack A with the addition of trehalose (A_t). Increased content of flavonoids in fruit bars with addition of trehalose may indicate that trehalose preserved lipid bilayers during dehydration, and thus protected some bioactive compounds [36]. Moreover, notable differences in flavonoid content among analyzed kiwifruit snacks could occur for the unstable behavior of flavonoids during storage.



Antioxidant capacity determines the potential of samples to reduce pro-oxidative and reactive substances such as free radicals [37]. In many studies, a clear positive correlation has been observed between the content of phenolic compounds and the antioxidant capacity of fruit and vegetables [28]. The antioxidant activity is influenced by many factors like plant variety, growing season, ripening, harvest time, storage time, and processing. Especially during the thermal food processing, the bioactive food components are significantly reduced [21,24,35]. Generally, fruit bars obtained in our study were characterized by a similar or higher content of antioxidant activity in comparison with the fruit leathers, apart from two samples of formulation A, which showed an opposite trend. EC50 for fruit bars type C with the addition of sugars was significantly higher than that of fruit leather of the same formulation. This indicates that the freeze-drying process is more favorable in terms of maintaining antioxidant capacity. This was also observed by Materska [28], who found that freeze-dried fruits attain a little less antiradical activity in comparison with fresh material. However, in some cases, ambiguous results were observed. A snack variant A unsweetened and with the addition of trehalose had significantly lower antioxidant activity, while an inverse relationship was noted for a snack with the addition of sucrose. Such a behavior may be linked to the extraction process, where not only antioxidants, but also compounds with antagonistic activity may be transferred from the sample to the solvent, which may distort the final result [38]. Moreover, Orikasa et al. [26] showed that hot air drying with the temperatures in the range of 50–70 °C did not cause significant changes in antioxidant activity. The results obtained in the present study, which indicates non statistical differences between fruit bars and leathers (samples B_s and C), as well as those indicating the greater antioxidant capacity of fruit leathers (samples A and A_t), may also be associated with the phenomenon observed by Vega-Gálvez et al. [39]. Researchers analyzed Granny Smith apple slices dried at three temperatures, 40, 60, and 80 °C, at different airflow rates, that is, 0.5, 1.0, and 1.5 m/s. The antioxidant capacity of samples dried at 40 and 80 °C did not differ significantly, despite the differences in the content of phenolic compounds in these samples, which, according to researchers, was associated with progressive Maillard reactions and parallel transformations that led to the accumulation of antioxidants in the apple slices. Moreover, the higher or comparable concentration of bioactive compounds in the hot-air dried leathers than in the freeze-dried formulations might be related to the processes that occur during preparing and drying snacks. When all ingredients were mixed, the integrity of the cells was ruptured and the enzymatic oxidation took place [40]. The procedures for preparing the leathers and freeze-dried materials were different and took different amounts of time. For freeze-drying, the sample needs to be frozen before drying, and in the samples in the freezing state (in our study, they remained frozen for 48 h), oxidation does not stop, but only slows down [41]. Moreover the freeze-drying process, even at a low temperature and under reduced pressure, lasted around 24 h, while hot-air dried leathers were obtained after 6 h. Finally, the structure of the freeze-dried material is much more porous [10] than leathers, which means that the oxidation occurs much more easily and the higher reduction of bioactive compounds [29] and antioxidant ability might be observed. Moreover, it is worth emphasizing that polyphenols are known as a major group of strong antioxidants [17,40] that highly affect antioxidant activity. However, the Folin-Ciocalteu reagent might detect not only polyphenols, but also other compounds that easily donate electron (as reducing sugars, vitamin C, amino acids, proteins, carbohydrates, and aromatic amines), which causes an overestimation of the final value [34].




4. Materials and Methods


4.1. Snack Preparation


4.1.1. Materials and Puree Preparation


Yellow kiwifruits (Actinidia chinensis ‘Jintao’) with caliber lower than 65 g were used as the basis for the preparation of fruit snacks. The kiwifruits with similar ripening degree were provided by Jingold Spa (Cesena, Italy). Other fruit and vegetables used for puree preparations were fennel, spinach leaves, strawberries, and organic lemons (with peel suitable for consumption). All the ingredients were purchased on the local market (Apofruit, Cesena, Italy). Until the research, the fruit and vegetables were stored in refrigerated conditions at 4 ± 1 °C. Pectin derived from citrus peels was used as a gelling agent (Sigma-Aldrich, Steinheim, Germany) and refined beet sugar (Eridania Italia SPA Bologna, Italy) and trehalose (EXACTA + OPTECH Labcenter S.p.A., San Prospero, Italy) were used as sweeteners. All the chemicals, including aluminum chloride, Folin-Ciocalteu reagent, ABTS, and standards, were used from the same source (one package) for analysis of all obtained samples. Furthermore, the analysis was conducted in a short timeframe. Furthermore, the aluminum chloride (Sigma-Aldrich, Steinheim, Germany) was fresh and stored under anhydrous conditions (under CaCl2 in room temperature) and the solution was prepared before the analysis.



In preliminary studies, different technological trials (data not shown) were carried out to create snacks with the desired characteristics. Fruit and vegetables were washed and peeled, and inedible parts were removed before further processing. The fruit and vegetables were ground in a blender (Electrolux ESB9300, Milan, Italy) according to the recipes shown in Table 1 to achieve a homogeneous pulp. Then, the sweeteners (sucrose or trehalose) were added to puree to the final concentration of 2% (w/w). The puree without sweetener addition was used as the control sample. A 2% solution of pectin, previously prepared by dissolving pectin in hot water and cooled to 70 °C, was added in a ratio of 4:1 (80% of fruit and vegetables and 20% pectin solution at 2% (w/v)) to all purees and mixed. The snack preparation process is shown in Figure 5.




4.1.2. Fruit Leathers Preparation by Air Dying


Fifteen grams of each formula was spread to a 200 × 300 mm layer, on laminated paper sheets, and then placed on holed metal plates to ensure air circulation. The metal plates were placed in the hot air cabinet dryer (POL-EKO-APRATURA SP.J., Wodzislaw Slaski, Poland), which was previously set at 70 °C with air velocity of 2 m/s and an air renewal fee of 50%. The drying was performed for 6 h, and after drying, the fruit leathers were removed from the laminated paper and cut into strips of about 20 × 50 mm. Until the analysis, the fruit leathers were stored in hermetic under vacuum packaging. Three independent drying cycles were carried out.




4.1.3. Fruit Bars Preparation by Freeze-Drying


Each formula (15 g) was placed into plastic molds (25 × 20 × 20 mm) and then frozen at −40 °C and kept in the freezer for 48 h. The frozen samples were removed from the molds and dried in a freeze-dryer (Lio2000, CinquePascal S.r.l., Milan, Italy) at 40 °C and 25.12 Pa. Until the analysis, the fruit bars were stored in hermetic packaging. Three independent drying cycles were carried out.





4.2. Chemical Analysis


4.2.1. Vitamin C Content


The analysis was performed using liquid chromatography with a photodiode detector (WATERS Acquity UPLC H-Class, Milford MA) [42]. To 50 mg of ground sample, 20 mL of cold extraction solution (3% metaphosphoric acid, 8% acetic acid, 1 mM EDTA) was added; the mixture was stirred for 10 min and centrifuged for 6 min at 4 °C and 6000 rpm. The supernatant was filtered (0.22 µm polytetrafluoroethylene—PTFE syringe filter, Sigma-Aldrich, Germany), diluted twice with eluent, and injected in the amount of 10 µL. All operations were conducted with limited access to light. Samples were extracted directly prior to analysis. WATERS Acquity HSS T3 column (100 × 2.1 mm, 1.8 μm particle size) with pre-column BEH C18 (2.1 × 5 mm, 1.7 µm particle size) was used for separation. The mobile phase (Milli-Q water with 0,1% (v/v) formic acid) flow was 0.25 mL/min, the autosampler temperature and the samples were kept at 4 °C, and the column temperature was 25 °C. Absorbance was monitored at 245 nm. Vitamin C content was calculated from a calibration curve for the L (-) ascorbic acid standard (Sigma-Aldrich, Steinheim, Germany) (0.005–0.100 mg/mL) and the results were expressed as mg/100 g dry matter (DM). The analysis was performed in triplicate.




4.2.2. Total Polyphenol Content (TPC)


The total polyphenol content of the samples was determined by the Folin-Ciocalteu method [24]. The samples were ground (A11 basic, IKA- Labortechnik, Germany) and 0.3 g was mixed with 20 mL of 80% ethanol solution. The mixture was homogenized (Ultra-Turrax T-10, IKA- Labortechnik, Staufen, Germany), heated on a hot plate under cover until boiling, and then filtered through a filter paper into a flask and made up to 50 mL by ethanol solution at 80%. The 0.18 mL of as prepared extract was mixed with 4.92 mL of water and stirred. Then, the 0.3 mL of Folin-Ciocalteu reagent (POCH, Gliwice, Poland) was added and mixed again. After 3 min, 0.6 mL of a sodium carbonate solution was added and stirred. The mixture was left at room temperature in the dark. After 30 min of incubation, absorbance at 750 nm was measured against a blank (ethanol was used instead of the extract). The TPC was calculated based on the calibration curve prepared for the gallic acid standard (Sigma-Aldrich, Steinheim, Germany) in the range of 1–5 mg/mL. The analysis was performed in triplicate and the results were expressed as mg of gallic acid (GAE) in 100 g of dry matter of the sample.




4.2.3. Flavonoid Content


The total flavonoid content in the samples was measured according to a spectrophotometric method based on the colored reaction of flavonoid compounds with aluminum chloride [42]. Here, 2 mL of ethanolic extract (the preparation of the extract is described in Section 4.2.1) was mixed with 2 mL of 2% aluminum chloride solution (in 80% ethanol). After 10 min of incubation at 25 °C, in the absence of light, the absorbance at 430 nm was measured using a UV/VIS spectrophotometer (Thermo Spectronic Helios Gamma, Thermo Fischer Scientific, Waltham, MA, USA). The absorbance of colored extract solutions was corrected by measuring a mixture of 2 mL ethanol with 2 mL of 80% ethanol solution. The flavonoid concentration was calculated from a calibration curve in the range of 0.5–200 µg/mL of quercetin standard (Sigma-Aldrich, Steinheim, Germany) and the result was expressed as mg of equivalent quercetin in 100 g of dry matter. The analysis was performed in triplicate.




4.2.4. Antioxidant Activity


The antioxidant activity of the dried snacks was determined by the ABTS method according to Nowacka et al. [43]. The free radical solution was prepared by dissolving 0.0384 g of 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonate)—ABTS (Sigma-Aldrich, Steinheim, Germany) and 0.0066 g of potassium persulfate (Sigma-Aldrich, Steinheim, Germany) in 10 mL of distilled water and left the solution in the fridge for 16 h. The working solution was prepared immediately prior to the analysis by dilution with an 80% ethyl alcohol solution of the radical solution; its absorbance at 734 nm should be in the range of 0.680–0.720. The extract (20, 40, 60, 80 µL) and 2 mL of ABTS solution were added to four glass tubes, mixed, and incubated at room temperature in the dark for 6 min. The absorbance was measured at 734 nm with a spectrophotometer (Spectronic 200; Thermo Fisher Scientific Inc., Waltham, MA, USA), using 80% ethyl alcohol as the blank sample. Antioxidant activity (decrease in absorbance expressed as scavenging effect) was determined by calculating according to the following equation:


Scavenging Effect [%] = (AbsABTS − AbsExtract) × 100/AbsABTS



(1)




where AbsABTS and AbsExtract are the absorbance at 734 nm of ABTS radical solution for blank and sample when the extract was added, respectively.



EC50 coefficient was determined based on the dependence of scavenging effect versus the concentration of the sample in the extract. The curve was plotted and the concentration of extract from dried material required to reduce 50% of ABTS radicals (EC50 ABTS) was calculated [24]. The measurements were repeated twice for each independent extract.





4.3. Statistical Analysis


The results were analyzed with a one-way analysis of variance (ANOVA) using Statistica 13 software (TIBCO Software, CA, USA). Significant differences among the samples were verify using the Tukey test (α = 0.05%).





5. Conclusions


Fruit bars showed higher total phenolic compounds, vitamin C, and flavonoids content. However, the antioxidant activity did not always follow this trend, showing in some cases (samples A and A_t) higher values of this parameter in fruit leathers. The amount of bioactive compounds depended on the formulation used for the preparation of snacks. The effect of the sugar addition instead seems to be strictly related to the mix used and specific bioactive compound investigated.



Both methods of preparation resulted in the production of attractive snack products that fit into the current trends on the snack market and allowed to reduce the waste of kiwifruits by using yellow kiwifruits, which do not meet the retail criteria. However, in terms of the preservation of bioactive ingredients, such as vitamin C and flavonoids, the use of the freeze-drying process, which led to the development of fruit bars, was more favorable than convective drying used to obtain fruit leathers.



The obtained results could be useful to design novel snacks with a high nutritional value. However, further studies are necessary to better understand the behavior of different specific bioactive compounds as well as their availability during digestion by in vitro and in vivo assays.







Author Contributions


Conceptualization, U.T., M.N. and M.M.; methodology, K.R., U.T., and M.N.; software, M.N. and U.T.; validation, K.R., K.D. and U.T.; formal analysis, K.D.; investigation, K.D., U.T. and K.R.; resources, U.T. and M.N.; data curation, U.T. and M.N.; writing—original draft preparation, U.T. and M.N.; writing—review and editing, U.T, M.N., K.R., K.D., M.D.R. and M.M.; visualization, U.T., M.N.; supervision, M.D.R. and M.M.; project administration, M.D.R.; funding acquisition, M.D.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Emilia-Romagna Region within the PSR 2014-2020 Project (Focus Area 5 C).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Betoret, E.; Betoret, N.; Vidal, D.; Fito, P. Functional foods development: Trends and technologies. Trends Food Sci. Technol. 2011, 22, 498–508. [Google Scholar] [CrossRef]

	



Ciurzyńska, A.; Cieśluk, P.; Barwińska, M.; Marczak, W.; Ordyniak, A.; Lenart, A.; Janowicz, M. Eating Habits and Sustainable Food Production in the Development of Innovative “Healthy” Snacks. Sustainability 2019, 11, 2800. [Google Scholar] [CrossRef]

	



Asioli, D.; Aschemann-Witzel, J.; Caputod, V.; Vecchio, R.; Annunziata, A.; Næs, T.; Varela, P. Making sense of the “clean label” trends: A review of consumer food choice behavior and discussion of industry implications. Food Res. Int. 2017, 99, 58–71. [Google Scholar] [CrossRef] [PubMed]

	



Moskowitz, H.R.; Beckley, J.H.; Resurreccion, A.V.A. So what are the practical considerations in actually running a test? What do I need to know? What does the rest of the company need to know? In Sensory and Consumer Research in Food Product Design and Development, 2nd ed.; Moskowitz, H.R., Beckley, J.H., Resurreccion, A.V.A., Eds.; Blackwell Publishing Ltd.: Hoboken, NJ, USA, 2012; pp. 321–363. [Google Scholar]

	



Hess, J.M.; Jonnalagadda, S.S.; Slavin, J.L. What Is a Snack, Why Do We Snack, and How Can We Choose Better Snacks? A Review of the Definitions of Snacking, Motivations to Snack, Contributions to Dietary Intake, and Recommendations for Improvement. Adv. Nutr. 2016, 7, 466–475. [Google Scholar] [CrossRef] [PubMed]

	



Morais, R.M.S.C.; Morais, A.M.M.B.; Dammak, I.; Bonilla, J.; Sobral, P.J.A.; Laguerre, J.-C.; Afonso, M.J.; Ramalhosa, E.C.D. Functional Dehydrated Foods for Health Preservation. J. Food Qual. 2018, 3, 1–29. [Google Scholar]

	



Jeszka-Skowron, M.; Zgoła-Grześkowiak, A.; Stanisz, E.; Waśkiewicz, A. Potential health benefits and quality of dried fruits: Goji fruits, cranberries and raisins. Food Chem. 2017, 221, 228–236. [Google Scholar] [CrossRef]

	



Vatthanakul, S.; Jangchud, A.; Jangchud, K.; Therdthai, N.; Wilkinson, B. Gold kiwifruit leather product development using Quality function deployment approach. Food Qual. Prefer. 2010, 21, 339–345. [Google Scholar] [CrossRef]

	



Orrego, C.E.; Salgado, N.; Botero, C.A. Developments and Trends in Fruit Bar Production and characterization. Crit. Rev. Food Sci. Nutr. 2014, 54, 84–97. [Google Scholar] [CrossRef] [PubMed]

	



Ciurzyńska, A.; Marczak, W.; Lenart, A.; Janowicz, M. Production of innovative freeze-dried vegetable snack with hydrocolloids in terms of technological process and carbon footprint calculation. Food Hydrocoll. 2020, 108, 105993. [Google Scholar] [CrossRef]

	



Sun-Waterhouse, D.; Teoh, A.; Massarotto, C.; Wibisono, R.; Wadhwa, S. Comparative analysis of fruit-based functional snack bars. Food Chem. 2010, 119, 1369–1379. [Google Scholar] [CrossRef]

	



The Publications Office of the European Union. COMMISSION REGULATION (EC) No 1673/2004 of 24 September 2004 Laying Down the Marketing Standard Applicable to Kiwifruit; The Publications Office of the European Union: Luxembourg, 2004; pp. 5–10. [Google Scholar]

	



Vissers, M.C.M.; Carr, A.C.; Pullar, J.M.; Bozonet, S.M. The Bioavailability of Vitamin Cfrom Kiwifruit. In Advances in Food and Nutrition Research; Boland, M., Moughan, P.J., Eds.; Elsevier Inc.: Amsterdam, The Netherlands, 2013; Volume 68, pp. 125–147. [Google Scholar] [CrossRef]

	



Ma, T.; Sun, X.; Zhao, J.; You, Y.; Lei, Y.; Gao, G.; Zhan, J. Nutrient compositions and antioxidant capacity of kiwifruit (Actinidia) and their relationship with flesh color and commercial value. Food Chem. 2017, 218, 294–304. [Google Scholar] [CrossRef] [PubMed]

	



Du, G.R.; Li, M.J.; Ma, F.W.; Liang, D. Antioxidant capacity and the relationship with polyphenol and vitamin C in Actinidia fruits. Food Chem. 2009, 113, 557–562. [Google Scholar] [CrossRef]

	



Landi, M.; Tardelli, F.; Remorini, D.; Massai, R.; Guidi, L. Do sun-versus shade-grown kiwifruits perform differently upon storage? An overview of fruit maturity and nutraceutical properties of whole and fresh-cut produce. J. Agric. Food Chem. 2014, 62, 4377–4383. [Google Scholar] [CrossRef] [PubMed]

	



Wiktor, A.; Sledz, M.; Nowacka, M.; Rybak, K.; Chudoba, T.; Lojkowski, W.; Witrowa-Rajchert, D. The Impact of Pulsed Electric Field Treatment on Selected Bioactive Compounds Content and Color of Plant Tissue. Innov. Food Sci. Emerg. Technol. 2015, 30, 69–78. [Google Scholar] [CrossRef]

	



Cozzolino, R.; De Giulio, B.; Petriccione, M.; Martignetti, A.; Malorni, L.; Zampella, L.; Laurino, C.; Pellican, M.P. Comparative analysis of volatile metabolites, quality and sensory attributes of Actinidia chinensis fruit. Food Chem. 2020, 316, 126340. [Google Scholar] [CrossRef]

	



Sapei, L.; Hwa, L. Study on the Kinetics of Vitamin C Degradation in Fresh Strawberry Juices. Procedia Chem. 2014, 9, 62–68. [Google Scholar] [CrossRef]

	



Salama, Z.A.; El Baz, F.K.; Gaafar, A.A.; Fathy Zaki, M. Antioxidant activities of phenolics, flavonoids and vitamin C in two cultivars of fennel (Foeniculum vulgare Mill.) in responses to organic and bio-organic fertilizers. J. Saudi Soc. Agric. Sci. 2015, 14, 91–99. [Google Scholar] [CrossRef]

	



Urbach, E.M.D. Introduction to nutritional tables. In Skin Diseases Nutrition and Metabolism; Butterworth-Heinemann: Oxford, UK, 2013; pp. 563–597. [Google Scholar] [CrossRef]

	



Skrovankova, S.; Sumczynski, D.; Mlcek, J.; Jurikova, T.; Sochor, J. Bioactive Compounds and Antioxidant Activity in Different Types of Berries. Int. J. Mol. Sci. 2015, 16, 24673–24706. [Google Scholar] [CrossRef]

	



Gamboa-Santosa, J.; Megías-Pérez, R.; Soria, A.C.; Olano, A.; Montilla, A.; Villamiel, M. Impact of processing conditions on the kinetic of vitamin C degradation and 2-furoylmethyl amino acid formation in dried strawberries. Food Chem. 2014, 153, 164–170. [Google Scholar] [CrossRef]

	



Nowacka, M.; Fijalkowska, A.; Dadan, M.; Rybak, K.; Wiktor, A.; Witrowa-Rajchert, D. Effect of ultrasound treatment during osmotic dehydration on bioactive compounds of cranberries. Ultrasonics 2018, 83, 18–25. [Google Scholar] [CrossRef] [PubMed]

	



Hiwilepo-van Hal, P.; Bosschaart, C.; van Twisk, C.; Verkerk, R.; Dekker, M. Kinetics of thermal degradation of vitamin C in marula fruit (Sclerocarya birrea subsp. caffra) as compared to other selected tropical fruits. Food Sci. Technol. 2012, 49, 188–191. [Google Scholar] [CrossRef]

	



Orikasa, T.; Koide, S.; Okamoto, S.; Imaizumi, T.; Muramatsu, Y.; Takeda, J.; Shiina, T.; Tagawa, A. Impacts of hot air and vacuum drying on the quality attributes of kiwifruit slices. J. Food Eng. 2014, 125, 51–58. [Google Scholar] [CrossRef]

	



Martínez-Navarrete, N.; Salvador, A.; Oliva, C.; Camacho, M.M. Influence of biopolymers and freeze-drying shelf temperature on the quality of a mandarin snack. Food Sci. Technol. 2019, 99, 57–61. [Google Scholar] [CrossRef]

	



Materska, M. Bioactive phenolics of fresh and freeze-dried sweet and semi-spicy pepper fruits (Capsicum annuum L.). J. Funct. Foods 2014, 7, 269–277. [Google Scholar] [CrossRef]

	



Ozcelik, M.; Ambros, S.; Freitas Morais, S.I.; Kulozik, U. Storage stability of dried raspberry foam as a snack product: Effect of foam structure and microwave-assisted freeze drying on the stability of plant bioactives and ascorbic acid. J. Food Eng. 2019, 270, 109779. [Google Scholar] [CrossRef]

	



Tylewicz, U.; Mannozzi, C.; Romani, S.; Castagnini, J.M.; Samborska, K.; Rocculi, P.; Dalla Rosa, M. Chemical and physicochemical properties of semi-dried organic strawberries enriched with bilberry juice-based solution. LWT 2019, 114, 108377. [Google Scholar] [CrossRef]

	



Ioannou, I.; Ghoul, M. Prevention of Enzymatic Browing in Fruit and Vegetables. Eur. Sci. 2013, 9, 1857–7431. [Google Scholar]

	



Wojdyło, A.; Figiel, A.; Lech, K.; Nowicka, P.; Oszmiański, J. Effect of convective and vacuum–microwave drying on the bioactive compounds, color, and antioxidant capacity of sour cherries. Food Bioprocess Technol. 2014, 7, 829–841. [Google Scholar] [CrossRef]

	



Chin, S.K.; Siew, E.S.; Soon, W.L. Drying characteristics and quality evaluation of kiwi slices under hot air natural convective drying method. Int. Food Res. J. 2015, 22, 2188–2195. [Google Scholar]

	



Prior, R.L.; Wu, X.; Schaich, K. Standardized Methods for the Determination of Antioxidant Capacity and Phenolics in Foods and Dietary Supplements. J. Agric. Food Chem. 2005, 53, 4290–4302. [Google Scholar] [CrossRef]

	



M’hiri, N.; Ghali, R.; Ben Nasr, I.; Boudhrioua, N. Effect of different drying processes on functional properties of industrial lemon byproduct. Process Saf. Environ. Prot. 2018, 116, 450–460. [Google Scholar] [CrossRef]

	



Oliveira, G.; Tylewicz, U.; Dalla Rosa, M.; Andlid, T.; Alminger, M. Effects of Pulsed Electric Field-Assisted Osmotic Dehydration and Edible Coating on the Recovery of Anthocyanins from In Vitro Digested Berries. Foods 2019, 8, 505. [Google Scholar] [CrossRef] [PubMed]

	



Olszowy, M.; Dawidowicz, L.A. Is it possible to use the DPPH and ABTS methods for reliable estimation of antioxidant power of colored compounds? Chem. Pap. 2018, 72, 393–400. [Google Scholar] [CrossRef]

	



Fidrianny, I.; Octaviani, D.G.; Kusmardiyani, S. Study of Antioxidant Profile and Phytochemical Content of Different Organs Extracts of Morinda citrifolia L. J. Pharm. Sci. 2018, 10, 2102–2105. [Google Scholar]

	



Vega-Gálvez, A.; Ah-Hen, K.; Chacana, M.; Vergara, J.; Martínez-Monzó, J.; García-Segovia, P.; Lemus-Mondaca, R.; Di Scala, K. Effect of temperature and air velocity on drying kinetics, antioxidant capacity, total phenolic content, colour, texture and microstructure of apple (var. Granny Smith) slices. Food Chem. 2012, 132, 51–59. [Google Scholar] [CrossRef] [PubMed]

	



Belščak-Cvitanović, A.; Durgo, K.; Huđek, A.; Bačun-Družina, V.; Komes, D. Overview of polyphenols and their properties. In Polyphenols: Properties, Recovery, and Applications; Galanakis, C.M., Ed.; Elsevier Inc.: Amsterdam, The Netherlands, 2018; pp. 3–44. [Google Scholar]

	



Alhamdan, A.; Hassan, B.; Alkahtani, H.; Abdelkarim, D.; Younis, M. Cryogenic freezing of fresh date fruits for quality preservation during frozen storage. J. Saudi Soc. Agric. Sci. 2018, 17, 9–16. [Google Scholar] [CrossRef]

	



Nowacka, M.; Wiktor, A.; Anuszewska, A.; Dadan, M.; Rybak, K.; Witrowa-Rajchert, D. The application of innovative technologies as pulsed electric field, ultrasound and microwave-vacuum drying in the production of dried cranberry snacks. Ultrason. Sonochem. 2019, 56, 1–13. [Google Scholar] [CrossRef]

	



Nowacka, M.; Fijalkowska, A.; Wiktor, A.; Dadan, M.; Tylewicz, U.; Dalla Rosa, M.; Witrowa-Rajchert, D. Influence of power ultrasound on the main quality properties and cell viability of osmotic dehydrated cranberries. Ultrasonics 2018, 83, 33–41. [Google Scholar] [CrossRef]








[image: Molecules 25 03309 g001 550] 





Figure 1. Vitamin C content in fruit bars and leathers (A, B, C—different composition; s—sucrose addition; t—trehalose addition; DM—dry matter) obtained using liquid chromatography, as described in Section 4.2.1. Different letters above the columns indicate significant differences (α = 0.05) between all considered samples. 
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Figure 2. Polyphenols content in fruit bars and leathers (A, B, C—different composition; s—sucrose addition; t—trehalose addition) determined by the Folin–Ciocalteu method, as described in Section 4.2.2. Different letters above the columns indicate significant differences (α = 0.05) between all considered samples. 
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Figure 3. Flavonoid content in fruit bars and leathers (A, B, C—different composition; s—sucrose addition; t—trehalose addition) determined spectrophotometrically, as described in Section 4.2.3. Different letters above the columns indicate significant differences (α = 0.05) between all considered samples. 
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Figure 4. EC50 of fruit bars and leathers (A, B, C—different composition; s—sucrose addition; t—trehalose addition) obtained using the ABTS method, as described in Section 4.2.4. Different letters above the columns indicate significant differences (α = 0.05) between all considered samples. 
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Figure 5. Snacks’ preparation procedure. 






Figure 5. Snacks’ preparation procedure.



[image: Molecules 25 03309 g005]







[image: Table] 





Table 1. Composition of snacks based on yellow kiwifruit, containing 80% fruit and vegetable puree and 20% pectin solution.
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Snack Symbol

	
Fruit and Vegetable Ingredients (%)

	
Sugar Addition

	
Addition of 2% Pectin Solution

	
Abbre-Viation






	
A

	
44% kiwifruit

	
0

	
20%

	
A




	

	
21.6% strawberry

	
sucrose

	

	
A_s




	
12% fennel

	
trehalose

	
A_t




	
2.4% lemon juice

	

	




	
B

	
52% kiwifruit

	
0

	
20%

	
B




	

	
24% fennel

	
sucrose

	

	
B_s




	
3.88% lemon juice

	
trehalose

	
B_t




	
0.12% lemon peel

	

	




	
C

	
56% kiwifruit

	
0

	
20%

	
C




	

	
16% fennel

	
sucrose

	

	
C_s




	
8% spinach

	
trehalose

	
C_t
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