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Abstract

:

Apple fruits are high in phenolic compounds, sugar and dietary fiber content and are rich in malic acid and vitamins, with a significant impact on the organoleptic quality and its health-promoting properties. They can be turned out in value-added product such as apple chips due to the low cost of raw material. The aim of the study was to obtain apple chips, fat-free, healthy, traditionally dried and without added sugar, which can be easily obtained and capitalized economically, as well as the evaluation of their physico-chemical and sensory qualities. The apple chips were produced from three apple cultivars (‘Starkrimson’, ‘Golden Delicious’ and ‘Florina’) by drying the apple fruits in an oven and a dehydrator at 65 °C. To inactivate the browning enzymes, the apple slices were immersed in a solution of lemon salt (4%) for 7 min before drying. Apple chips were sensory-evaluated and relevant parameters were analyzed at defined intervals during storage at room temperature up to 21 days. The water activity (aw) values of apple chip samples dried in the oven ranged from 0.544 to 0.650, while for the samples dried in the dehydrator, aw values were between 0.374 and 0.426. During the storage, the pH of apple chips varied very little, while titratable acidity increased for all samples. Compared with fresh apple slices, it was observed that the total soluble solids (TSS) content of all dried apple chip samples decreased. Color parameters and browning and whitening indexes differed depending on the apple cultivars and dryer type used.
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1. Introduction


Apple (Malus domestica) is an important fruit produced in large quantities worldwide, ranked third after bananas and watermelons according to FAO [1], while in the European Union (EU), apples are ranked first, followed by oranges [2]. Fresh apple consumption in the EU is approximately 15 kg per capita and is expected to increase by 1 kg by 2030, while consumption of processed apples is around 8 kg per capita [3]. Apples are popular due to their availability throughout the year in various forms: fresh and dried fruits, juice, cider, puree. It is well known that the consumption of apples has various benefits for human health [4,5,6]. Current demand for natural products involves the continued development of small producers who process apples in various forms, apple chips or apple cider in food markets, restaurants and bars. Koutsos et al. [7] affirmed that apple consumption positively affects lipid metabolism, vascular function, inflammation and weight management. Apple snacks can increase the amount of consumed fruits. In the food industry, drying is a widely used method of producing apple snacks [8,9]. Apple fruits are not only preserved by drying, but the dried products obtained can be stored and transported at a relatively low cost [10,11]. Dried fruits can be consumed at breakfast and as snacks or incorporated in prepackaged cereals and baked goods [12,13,14]. Carughi et al. [15] suggested that dried fruits contribute to good health as well as fresh fruits, and they ensure satiety and have beneficial influence on the glycemic index and blood pressure. Kowalska et al. [11] stated that consumers are interested in food products rich in dietary fiber and macro- and micronutrients. Traditional dried fruits (with no added sugar) are appreciated for their sweetness, higher fiber content and long-term stability. They have a nutritional profile similar to the original food. In addition, it is considered that increasing the consumption of natural sweeteners can have a positive effect on body weight and metabolism [16]. Oven-drying and microwave-drying techniques are the most used for fruit drying. It is considered that drying with hot air is the most commonly utilized drying method [17]. There are various pre-treatment methods applied; among them are sulfite treatment, osmotic dehydration, steam blanching, ultrasonic treatment, etc. [18,19,20], which may influence the dry products’ properties. Color and visual appearance are evaluated first by the consumers, followed by taste and aroma [21]. The color and sensory attributes change during fruit drying [22,23]. The dried apple color can change due to the drying method: the apple may darken, and the color may change from green to red or from yellow to blue [12]. Marzec et al. [24] suggested that polyphenol oxidase and non-enzymatic reactions can be responsible for product darkening. It is considered that the water activity of the fruit decreases during the dehydration process, thus influencing the enzymatic activity and possible alteration [25]. The water activity during apple drying is reduced to a level that ensures microbiological safety [12,26].



The apple fruits used in this study were purchased from the North East of the country, known for its centuries-old tradition of growing fruit trees, especially apples. Between 1978 and 1982, the state system organized the first huge orchard in Curtesti (10 km from Botosani) on a scientific basis. The orchard had over 400 hectares all cultivated with apples. Even though only 60 hectares are still cultivated with apples today, the tradition is continued, and the orchard has been rejuvenated. The fruit-growing area from North East of the country is revived following the investments of the last years, is known as a major apple production nationwide and has many small farms that use family and local labor [4]. Current demand for natural products involves the continued development of small producers who process apples in various forms, apple chips or apple cider in food markets, restaurants and bars. To support these small producers, dried apple chips were produced from readily available raw materials, from abundant cultivars of apples existing in this area of the country, and evaluated in terms of physico-chemical and sensory properties. These products can be easily obtained and economically capitalized. The easiest way to obtain apple chips is by drying them in the oven, maintaining the temperature between 60 and 70 °C, without the need for special equipment. Drying in the oven is faster compared to drying in the sun or in a food dehydrator [27]. For small producers, who operate in the food markets, restaurants and bars, it can be quite useful in preserving the fruits and for their economic aspects, especially if the fresh fruits remain unsold.



The aim of this study was to obtain a healthy and appreciated product, dried apple chips, fat-free, with no sugar added, from available and abundant low-cost raw materials, namely three apple cultivars ‘Starkrimson’, ‘Golden Delicious’ and ‘Florina’.



In this study, drying of apple fruits was performed by using two types of dryers (oven and dehydrator). Physical and chemical quality attributes, including moisture, water activity, active acidity, titratable acidity, total soluble solids and total sugar contents, electrical conductivity, color of fresh apple slices and traditional dried apple chips, were evaluated. In addition, sensory and statistical evaluation was performed. Physico-chemical and sensory quality of dried apple chip samples were also determined at 7, 14 and 21 days during storage at room temperature. Finally, statistical correlations between physico-chemical parameters were obtained.




2. Materials and Methods


2.1. Sample Preparation and Drying


Apples (‘Starkrimson’ (S), ‘Golden Delicious’ (G) and ‘Florina’ (F) cultivars, Figure 1) were procured from a local apple orchard of Botosani, Romania. Fresh apples were selected, washed and sliced longitudinally, following their vertical axis, into slices 4 mm and 3–7 cm thick using a kitchen knife (after removing the apple core) and then dipped in a lemon salt solution (4%) for 7 min to inactivate browning enzymes, according to the methods described by Nyangena et al. [28] and ElHana [29] with minor modifications. The dipping was performed under normal conditions (light and room temperature). The apple slices were removed from the solution and washed with distilled water. After that, the adhering water was removed at the end of immersion by using paper towel. Samples were then loaded in perforated trays and subjected to drying, up to constant weight. Drying was performed by using two types of dryers: oven (Indesit on gas) and dehydrator (Gorenje, electric). The dehydrator controls and keeps the internal temperature constant, while the oven tends to fluctuate the temperature. The oven door was kept slightly open (1 to 2 inches) during drying, and a thermometer was used to check the oven temperature [27]. The drying temperature was 65 °C; all samples were dried to constant weight (Figure 1). There are numerous studies on apple chip drying at temperatures between 40 and 90 °C (convective drying) [30] but also between 35 and 85 °C (microwave, infrared or vacuum freeze-drying) [31]. According to Önal et al. [32], drying apples at 65 °C seems to be a good process to produce healthy, high-quality snacks for both consumers and the food industry.



Dried samples were cooled down and packed in plastic bags (HDPE) and stored at room temperature. Approximately 194 g of dried apple chips (172 g ‘Golden Delicious’ cultivar, 201 g ‘Florina’ cultivar and 209 g ‘Starkrimson’ cultivar) can be obtained from 1 kg of apples dehydrated in the oven, while from 1 kg of apples dried in dehydrator, an average of about 167 g of dried apple chips (158 g ‘Starkrimson’ cultivar, 169 g ‘Florina’ cultivar and 175 g ‘Golden Delicious’ cultivar) can be obtained. After removing the apple core, between 12 and 16% of the apple content can be lost, depending on the cultivar of apple (10.36–12.91% ‘Starkrimson’ cultivar, 15.44–16.33% ‘Golden Delicious’ cultivar, 11.79–19.21% ‘Florina’ cultivar).




2.2. Physico-Chemical Analysis


Apple water extract for determination of active acidity, titratable acidity, total soluble solids contents and electrical conductivity was prepared as follows: 50 mL of distilled water was added to 20 g of fresh/dried apples measured with a precision of 0.01 g. The content was heated on a water bath brought to boil for 30 min. After boiling, the extract was cooled, and the content was brought to 250 mL with distilled water and then filtered.



Moisture (M) was determined by oven-drying method; thus 5 g of apple slices from each sample was weighed and dried at 105 °C until constant weight [20,33].



Water activity (aw) was determined by using a water activity meter AquaLab Lite (Decagon, WA, USA). The determinations were performed at 25 °C, and all samples were measured in triplicates. In a special cuvette was introduced approximately 3 g of the sample; after that, the cuvette was placed in aw chamber, and the water activity was measured and displayed on the water activity meter screen [33].



Active acidity was determined by pH measurements at ambient temperature using laboratory pH meter Fisher Scientific ACCUMET Bio Set AE150 (Fisher, Waltham, MA, USA). For each sample, a 10 mL volume of apple extract was measured, the pH electrode was inserted, and after stabilization, the pH value was displayed on the pH meter screen [34].



Titratable acidity (TA) was obtained by titrating 50 mL of apple water extract with 0.1 N NaOH solution, in the presence of 1% phenolphthalein solution. The TA values were calculated according to Sadler and Murphy [35], and the results are expressed as malic acid (%) [36]. In apple, malic acid is the predominant acid (80–90% of the organic acids) that contributes to sourness of fruits [35,37].



Total soluble solids contents (TSS) were measured by using a digital hand-held refractometer standardized with distilled water. Two drops of fresh/dried apple extract were placed on the refractometer lens and measured. The obtained values were corrected to the equivalent reading at 20 °C [38,39] and reported as ‘degrees Brix’ (°Brix) which is equivalent to percentage (%) [40].



Total sugar contents in fresh and dried apple samples were determined by applying Fehling’s method. Into a 300 mL Erlenmeyer flask, was placed 20 mL of the defecated extract, then 10 mL of Fehling I solution and 10 mL of Fehling II solution. The vessel was heated on an asbestos sieve, adjusting the flame for boiling, and boiled for exactly 2 min. The flask was cooled rapidly under running water, and then 20 mL of KI solution and 15 mL H2SO4 were added. Released iodine was titrated with 0.1 N Na2S2O3 in the presence of starch (1%) as an indicator. Results were expressed in %.



Sugar/acid ratio was calculated as the total sugars content divided by titratable acidity.



Electrical conductivity (EC) of samples was measured with a laboratory conductometer VioLab COND 51+ Set (ROTH, Germany) and was expressed in μS/cm. The conductometer electrode, after calibration, was inserted into 10 mL of apple extract, and after stabilization, the electrical conductivity value was displayed on the conductometer screen. Three readings were performed for each sample analyzed.



Color analysis was performed by using Konika Minolta CR 400 colorimeter (Konica Minolta, Tokyo, Japan). The samples were introduced in a 20 mm cuvette and measured in a white spectrum. In order to establish the results, three readings were performed. The measurements were displayed in L* (light–dark spectrum, from 0 = black to 100 = white), a* (green–red spectrum; −a = green, +a = red), b* (blue–yellow spectrum; −b = blue, +b = yellow) and ΔE (total change in the color of samples) values [9,39,41].



Browning index (BI) was calculated with Equation (1) and represents the brown color purity, due to enzyme activity, in the apple [17,33], while whitening index (WI), which corresponds to apple discoloration and lesser browning, was calculated according to Equation (2) [42,43].


  B I =   100   0.17    (     a *  + 1.75  L *    5.645  L *  +  a *  − 3.012  b *    − 0.31  )   



(1)






  W I = 100 −      (  100 −  L *   )   2  +  a  * 2   +  b  * 2      



(2)








2.3. Sensory Evaluation


Sensory analysis can be performed in order to establish if the obtained apple chips are different and what the magnitude of these differences is. In this case, according to Ackbarali and Mahara [44], 8 to 12 panelists or 6 to 10 trained panelists are required to assess intensity for sensory attributes, and analysis of variance assessment should be applied to determine whether the means are statistically different. Velickova et al. [33] indicated 15 evaluators with experience in descriptive evaluation of crunchy products that were used to evaluate apple chips. Cliff et al. [45] indicated that 20 students and staff performed a sensory evaluation of fresh-cut apple slices, while in Chauhan et al.’s [10] study, the sensory attributes of osmo-dried apples were evaluated by a trained panel of 10 staff members of their laboratory. In addition, a panel of 15 people (after training) evaluated the color, texture, aroma, sweetness and acidity of the dried apples obtained by Wang et al. [20], while dried red apple cubes produced by Kidoń and Grabowska [26] were evaluated only by a 5-member panel with formal classroom training in sensory evaluation, and a 5-member panel evaluated color, texture and taste of dried apples gamma-irradiated in Hussain et al.’s [46] study.



In the current study, the sensory evaluation was performed in laboratory conditions by a panel of 11 engineers from food industry, with experience and familiarity with sensory assessment method. Each of the panelists evaluated the appearance, color, aroma, taste and overall acceptability of the dried apple chip samples. The scoring was based on the nine points of the standard hedonic scale, where 9 denoted ‘like extremely’, 5 ‘neither like nor dislike’, and 1 indicated ‘dislike extremely’ [9,20,21,47]. The sensory evaluation experiment was repeated three times.




2.4. Statistical Analysis


All experiments were performed in triplicates, and the results were expressed as mean values ± standard mean error. The procedure for performing the experiments in triplicate was simply adopted by tradition. Singer et al. [48] investigated the use of m-plicates and demonstrated that m-plicates do not significantly improve the accuracy of the estimates. Triplicate measurement for determination of chemical composition of apple fruits from eight apple cultivars (‘Delicious’, ‘Golden Delicious’, ‘Ralls’, ‘Fuji’, ‘QinGuan’, ‘Jonagold’, ‘Granny Smith’ and ‘Orin’) was performed by Wu et al. [49], while Preti and Tarola [50] adopted the same procedure in triplicate to determine antioxidant capacity and polyphenolic and major mineral composition of 14 ancient apple cultivars in Italy. In addition, Ergün [51] determined the biochemical contents of peel and pulp of fresh, oven-dried and sun-dried apple samples from the following apple cultivars: ‘Amasya’, ‘Braeburn’, ‘Golden Delicious’, ‘Granny Smith’ and ‘Starking’, in triplicate.



An analysis of variance (ANOVA) with a confidence interval of 95% (p < 0.05), with Tukey test, was used for comparison of physico-chemical and sensory evaluation results. Pearson correlations between measured and calculated parameters were determined. The statistical analysis was performed by using statistical software Minitab, version 17. According to Minitab [52]: ‘the null hypothesis states that the parameter means are all equal’.





3. Results and Discussion


3.1. Moisture and Water Activity


Moisture content in the fresh apple samples was in the range of 83.97 ± 0.08% (‘Starkrimson’ cultivar) to 86.27 ± 0.31% (‘Florina’ cultivar). In the case of fresh samples from the ‘Golden Delicious’ cultivar, the moisture content was determined as 86.03 ± 0.06%. These values are close to those reported in other papers. For example, Iordănescu et al. [53] obtained the following values for apple moisture content: 83.04 ± 0.87% ‘Starkrimson’ cultivar, 86.12 ± 1.35% ‘Florina’ cultivar and 84.61 ± 0.58% ‘Golden Delicious’ cultivar.



After drying in the oven, the following moisture values were obtained for the apple samples: 6.63 ± 0.01% (‘Florina’ cultivar), 6.83 ± 0.03% (‘Golden Delicious’ cultivar) and 7.08 ± 0.04% (‘Starkrimson’ cultivar). The moisture content of apple chip samples dried in the dehydrator ranges between 5.06 ± 0.03% (‘Florina’ cultivar) and 6.29 ± 0.03% (‘Golden Delicious’ cultivar). For samples of the ‘Starkrimson’ apple cultivar dried in a dehydrator, an average moisture of 5.55 ± 0.05% was obtained. These values are close to those reported by Velickova et al. [33] who obtained, by conventional drying, apple chips with moisture values between 5.17 ± 0.23 and 6.04 ± 0.31%, from fresh ‘Idared’ apples with 88.7 ± 3.9% water content.



Water activity shows how closely the water in an apple slice is bound. If aw values are less than 0.8, it means that the food has low water activity, and the most enzymatic reactions are slowing down. It is considered that the target value of dried products is aw = 0.6, which is the general level limit for the growth of molds, yeasts and bacteria [13,54,55,56]. In Figure 2 are illustrated the aw values obtained for fresh and dried apple chip samples. The aw of dried apple chip samples was investigated also at 7, 14 and 21 days during storage at room temperature. The highest value of aw (0.910) for the fresh apple sample was obtained for samples from the ‘Golden Delicious’ cultivar, followed by samples from the ‘Starkrimson’ cultivar with a mean value of 0.906. The aw mean value obtained for samples from the ‘Florina’ cultivar is slightly lower than those obtained for the samples of the other two cultivars. The water activity values for the oven-dried apples range from 0.544 to 0.650 with the highest value obtained for samples from the ‘Starkrimson’ cultivar and the lowest for the samples from the ‘Florina’ cultivar. In the case of apple chips dried in the dehydrator, it was observed that the highest mean value (0.426) was obtained for samples from the ‘Golden Delicious’ cultivar, while the lowest value (0.374) was determined for samples from the ‘Starkrimson’ cultivar. According to the results obtained, the water activity is below 0.6 for almost all samples of dried apple chips, with one exception. The obtained values are close to those reported by Klewicki et al. [55] for osmo-convectively-dried ‘Idared’ apple samples (aw = 0.542) and Kahraman et al. [17] (2021) who dried ‘Gala’ apples using hot air drying (aw = 0.345) and non-thermal ultrasound contact drying (aw = 0.386).



It can also be observed that the samples dried in the dehydrator have lower water activity values than those dried in the oven. Over time, up to 21 days, the aw values of dried apples vary, and it was observed that aw increases by about 41% and 10% in the case of ‘Starkrimson’ cultivar samples dried in a dehydrator and oven, respectively. The aw value of ‘Florina’ cultivar samples dried in a dehydrator increases by 24% until the twenty-first day, while for the samples dried in the oven, the aw value increase was only 3%. In the case of ‘Golden Delicious’ cultivar samples, the aw values increase only for the samples dried in the oven by 5%, while for the samples obtained in the dehydrator, an insignificant variation of aw values with time was observed.




3.2. pH, Titratable Acidity and Total Solids Content


In Figure 3, the pH values obtained for the samples of fresh and dried apples are illustrated. It can be seen that the samples of fresh apple slices have average values between 4.02 and 4.19, while the pH values of dried apple chips decreased compared to the fresh samples and ranged from 3.85 to 4.02. Patras [57] obtained, for the same apple cultivars, pH values between 3.68 and 4.20, while Iordănescu et al. [53] reported pH values between 5.34 and 5.60 for fresh samples. According to Kahraman et al. [17] and Owusu et al. [58], decreases in pH values of dried apple samples may be associated with the dissociation of organic acids with temperature. The pH of dried apple chip samples during storage varies very little compared to the pH obtained for the freshly dried samples, and on the 21st day of storage, the mean pH values were between 3.61 (S2) and 3.80 (F2).



Perception of fruit taste is given by the apples’ acidity. Moreover, it is considered that sour taste depends on organic acid contents such as malic or citric acids, while soluble solids content is responsible for the sweet taste [59]. According to Sadler and Murphy [35], the typical malic acid content in apple fruit is between 0.27 and 1.02%. In this study, the values obtained for the TA of fresh apple samples from ‘Golden Delicious’ and ‘Florina’ cultivars fall between these values. The higher content of malic acid was registered in apple samples from the ‘Golden Delicious’ cultivar (0.33 a ± 0.03% acid malic) followed by apple samples from the ‘Florina’ cultivar (0.29 b ± 0.01% malic acid) and ‘Starkrimson’ cultivar (0.17 c ± 0.03% acid malic). TA values are close to those obtained by Nour et al. [59]: 0.30% for ‘Golden Delicious’, 0.20% for ‘Florina’ and 0.10% for ‘Starkrimson’. Butkeviciute et al. [6] reported a titratable acidity for other apple cultivars that varied between 0.24 and 0.61%. Titratable acidity values of dried apple chip samples are presented in Table 1. It can be observed that all dried apple chip samples have higher values of TA than fresh samples, regardless of cultivar or type of drying. The TA values of dried apple chips increased compared to the TA of fresh apple samples due to the organic acids in apples that become more concentrated as the temperature increases [58]. During storage, TA values increase for all samples.



The total solids content of fresh apple slices varies from 15.00 °Brix (‘Golden Delicious’ cultivar samples) to 16.46 °Brix (‘Starkrimson’ cultivar samples). These values are close to those obtained by Patras [57]: 15.01 and 15.3 °Brix for ‘Golden Delicious’ and ‘Starkrimson’ cultivars available on the market in 2018. In the case of ‘Florina’ cultivar fresh samples, a mean value of 15.40 °Brix for TSS (Figure 4) was obtained, a value close to that obtained by Nour et al. [59] (15.00 °Brix) for apples of the same cultivar.



Iordănescu et al. [53] reported TSS values ranging between 13.0 and 15.3 °Brix for ‘Starkrimson’ apples, between 10.6 and 14.2 °Brix for apples from the ‘Florina’ cultivar and 12.2–15.8 °Brix for ‘Golden Delicious’ apples. The total solids content for three apple cultivars determined by Egea et al. [60] varied from 13.78 to 17.61%, while Butkeviciute et al. [6] reported that the soluble solids content of ten different apple cultivars ranged between 12.40 and 14.00%.



After the drying of apple samples, the TSS values decreased for all types of apple cultivars (Figure 4). TSS values of dried apple samples decrease compared to values of fresh apple samples due to reactions that occur when the temperature rises [58]. It was observed that the TSS value decreased a lot (55%) for ‘Starkrimson’ cultivar samples dried in the oven, while the smallest decrease (22%) was recorded for ‘Golden Delicious’ cultivar samples dried with a dehydrator. According to Figure 4, it can be seen that the TSS values vary during the storage process, and all decreased on the 21st day compared to the TSS values obtained from the dried apple chip samples immediately after drying.



The flavor and quality of fruit products are given by acid and sugar content, and the sugar/acid ratio can better predict the flavor impact [35]. Apple fruits with sugar/acid ratios below 20 are characterized by a strong sour taste and are only suitable for processing; if the ratios are higher than this value, the fruits are perceived as sweet and suitable for consumption [61]. In the case of fresh samples investigated in this study, sugar/acid ratios were: 55.88 for the ‘Starkrimson’ cultivar, 46.06 for the ‘Golden Delicious’ cultivar and 39.31 for the ‘Florina’ cultivar. The values obtained are close to the values obtained in other papers. For example, Li et al. [61] obtained for the ‘Starkrimson’ cultivar sugar/acid ratios of between 28.07 and 59.73, while for the ‘Golden Delicious’ cultivar, the sugar/acid ratios were between 22.39 and 44.32 depending on the growth sites. Patras [57] reported a sugar/acid ratio of 41.36 for the ‘Florina’ cultivar. In this study, the sugar/acid ratio decreased in dried apple chip samples as follows: G1 (36.19) > S1 (33.33) > G2 (29.57) > F2 (26.90) > F1 (24.94) > S2 (24.31).




3.3. Electrical Conductivity


Electrical conductivity is a function of food components and a complex function of temperature and other physical properties; thus the components of salt, acids and moisture are very effective in increasing the conductivity of electricity, while total solids content, sugar, fats, lipids and alcohols decrease it [62,63]. It was demonstrated that with the increase of temperature, the electrical conductivity increases due to an increase in mobility of the tissue constituents as a result of higher temperature [63]. In addition, the nature of the product itself influences the conductivity of the food materials. According to [63], the interest in the EC of food is increasing greatly as advances in food processing technology, food quality assessment and food preservation increase. The mean values obtained for the electrical conductivity of apple samples (fresh and dried) are presented in Figure 5. Results show that fresh apple samples have EC values between 626 (‘Golden Delicious’ cultivar) and 727 (‘Florina’ cultivar) µS/cm, while apple samples dried in the oven have EC values ranging from 548 (‘Florina’ cultivar) to 1854 (‘Starkrimson’ cultivar) µS/cm. From Figure 5, it is possible to observe the increase of the EC values for all the samples of apple chips dried in the dehydrator; thus values between 1880 (‘Florina’ cultivar) and 2020 (‘Golden Delicious’ cultivar) µS/cm were obtained. Over time, a decrease in almost all the values recorded for the electrical conductivity of the dried apple samples can be observed (Figure 5). The EC values of dried ‘Starkrimson’ cultivar apple samples decrease with time with 42% in the case of samples dried in the oven and 45% for the samples dried in the dehydrator. In the case of the other apple cultivars, it was observed that the EC values increased with time for apple chip samples dried in the oven and decreased for the samples obtained by drying in the dehydrator.




3.4. Color Parameters, Browning and Whitening Index


Color is one of the principal quality factors that highly influence food acceptance [64]. It was observed that processed fruits are more acceptable by consumers if their colors are close to unprocessed fruits [65]. Results of color parameters measured for fresh and dried apple chips are presented in Table 2. The degree of freshness of the fruit is described by the lightness index (L*) [6]. The L* values of dried samples are higher than the L* values of fresh samples, which means that the dried fruits are lighter in color than the fresh ones, possibly due to the lemon salt solution used in the preparation of the samples [66]. According to Butkeviciute et al. [6], the yellow color of the apple fruit is given by the carotenoids, while the presence of anthocyanins leads to the red color of the fruit. All fresh apple samples had a* values situated in the negative region more toward green, while a* values measured for dried apple samples were situated in the positive region which means more toward red, in accord with [23]. The yellowness (b*) of fresh apple samples was between 18.36 ± 0.45 and 27.30 ± 1.64. The b* values increased for S1, S2 and F2 and decreased for G1 and F2 dried apple samples compared with the b* values of fresh apple samples.



The color difference between fresh and dry samples is greater when the browning index values are higher [17]. Temperature and the duration of exposure influence the evolution of color parameters [67]. Cruz et al. [23] stated that the change in color during drying is associated with the development of browning reactions, attributed to the activity of the enzyme polyphenol oxidase. Generally, the browning increases with temperature [58] (observed for S1, S2, F1 and F2 samples); thus the decrease in the browning index was unexpected for samples G1 and G2. The browning index (BI) at 0 days of storage was between 44.05 ± 0.84 (F1) and 58.42 ± 1.54 (F2), while the whitening index (WI) varied between 51.76 ± 2.28 and 63.44 ± 0.36. WI values of S1 and S2 and F1 and F2 are statistically significantly different. WI values differ depending on the drying method for S and F cultivars, while for cultivar G, WI values are not so influenced by the drying method. During storage, BI values for S1 increased and then decreased and for S2 decreased and then increased, while for WI values, the reverse was observed. In the case of G1 and G2 samples, BI values fluctuated and finally increased on the 21st day; for F1 and F2 samples, the BI values also increased on the last day of the observations compared to the values on the first day. The differences between the color parameter values are statistically significantly different. It was observed that p-values are less than 0.05, the null hypothesis is rejected, and not all group means are equal [52]. In addition, according to results obtained by applying Tukey’s method, the means that do not share a letter are significantly different (Table 2). The model fits our data, since R-sq explains 90.74% of the variation in the response in the case of the BI values of dried samples on the first day of drying, 89.48% on the 7th day of storage, 99.52% on the 14th day of storage and 96.75% on the 21st day of storage. R-sq explains 96.84% of the variation in the response in the case of WI values of dried samples on the first day of drying, 97.25% on the 7th day of storage, 98.83% on the 14th day of storage and 99.03% on the 21st day of storage.




3.5. Sensory Evaluation


For the statistical evaluation of the results, α = 0.05 was set. Results show that p-value = 0.000 < α, and it can be considered that the mean of the results is statistically significant. By applying Tukey’s pairwise comparisons, considering the scores obtained for the appearance, color, aroma, taste and overall acceptability of the dried apple samples, it was determined that the highest mean was obtained by sample F2 (8.63 a ± 0.18), followed by S2 (8.52 ab ± 0.11) that shares a letter with F2 but also with G1 (8.29 b ± 0.22), which means that they are not significantly different. In addition, the statistical evaluation of the scoring obtained for sensory assessment showed that sample S1 with a mean of 7.89 c ± 0.22 is not statistically different from the mean obtained for G2 (7.89 c ± 0.04). It can be observed that all panelists highly appreciated (‘like very much’ to ‘like extremely’) apple chips ‘Florina’ dried in a dehydrator (sample F2), while the last sample F1 (7.38 d ± 0.11) was liked moderately. It seems that the apple chips from ‘Florina’ and ‘Starkrimson’ cultivars are more liked if they are obtained with a dehydrator, while apple chips obtained from the ‘Golden Delicious’ cultivar are more appreciated if they are obtained by dehydration in an oven (Figure 6).




3.6. Correlations of Measured Data


Positive and negative correlations between physico-chemical parameters measured or calculated for apple chips dried in the oven (Table 3) and apple chips dried in the dehydrator (Table 4) were determined.



Strongly positive correlations were observed between M and aw (0.997) or BI (0.997), and strongly negative correlations were noticed between M and TSS (−0.959) or WI (−0.941) in the case of apple samples dried in the oven (Table 3). From Table 4, it can be observed that there are strongly positive correlations between M and L* (0.988) or WI (0.941) and strongly negative correlations between M and a* (−0.964) or ΔE (−0.930) when apples are dried in the dehydrator. In the case of apple chip samples dried in the oven, strongly positive relationships were found between aw and EC or BI (0.999), between pH and TSS (0.888) or TA (0.849), between TA and a* (0.870), between TSS and WI (0.806) and between EC and BI (0.999) (Table 3). In addition, strongly negative relationships were observed between aw and WI, pH and BI, TA and b*, TSS and BI and EC and WI. Strongly positive correlations between parameters, when apples were dried in the dehydrator, were registered between aw and b*, pH and BI, TSS and EC and EC and WI, while strongly negative relationships were observed between aw and TA, pH and TSS, TA and b*, TSS and BI and EC and BI (Table 4). Many negative or positive significant correlations were observed between color parameters [42].





4. Conclusions


Apple quality is influenced by color, sugar content and acid composition. A ready-to-eat product, apple chips were produced from three different apple cultivars by drying. Apple chips preserved the good color, and it can be concluded, after analyzing the color parameters, that samples F1, G1 and S1 are closer to the color of fresh apple samples, followed by samples S2, G2 and F2. The drying of the apple chip samples in the dehydrator leads to a decrease in the values of water activity, which varied between 50 and 60% compared to the aw of the fresh samples, while for the samples obtained in the oven, the aw values decreased and varied between 28 and 30%. During storage, samples of apple chips dried in the oven are less influenced in terms of water activity, and the increase in aw values is smaller compared to the values obtained for samples from the dehydrator, except for the samples of the ‘Golden Delicious’ cultivar. Instead, it was observed that during apple chips storage, aw does not exceed the value 0.6, except for a single sample S1. During storage, TA values increased more for apple samples obtained in the oven (10.00–16.35%) than for those obtained in the dehydrator (5.33–12.35%), while TSS values decreased and varied from 34.11 (G2) to 42.87% (F2) (apple chips obtained in the dehydrator) and from 18.79 (S1) to 38.72% (F1) for apple chips obtained in the oven. After analyzing all the results obtained regarding the physico-chemical parameters and the sensory analysis, it can be concluded that the apple chips obtained by drying in a dehydrator on the first day are the most appreciated in the following order: S2, F2 and G2, followed by F1, G1 and S1; after twenty-one days, the order changes in the following way: F2 > G2 > G1 > S2 > F1 > S1. Overall, this study concludes that the apple cultivar must also be considered in order to obtain apple chips, not just the dehydration method.
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Figure 1. Steps included in sample preparation and drying. 
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Figure 2. Water activity (aw) evaluation of fresh and dried apple chips during storage under ambient conditions (S1—apple chips ‘Starkrimson’, oven; S2—apple chips ‘Starkrimson’, dehydrator; G1—apple chips ‘Golden Delicious’, oven; G2—apple chips ‘Golden Delicious’, dehydrator; F1—apple chips ‘Florina’, oven; F2—apple chips ‘Florina’, dehydrator). Notes: 0*—fresh apple samples, 0—dried apple samples. Different lowercase letters (a–e) show significant differences between the groups (p < 0.05). 
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Figure 3. pH evaluation of fresh and dried apple chips during storage under ambient conditions (S1—apple chips ‘Starkrimson’, oven; S2—apple chips ‘Starkrimson’, dehydrator; G1—apple chips ‘Golden Delicious’, oven; G2—apple chips ‘Golden Delicious’, dehydrator; F1—apple chips ‘Florina’, oven; F2—apple chips ‘Florina’, dehydrator). Notes: 0*—fresh apple samples, 0—dried apple samples. Different lowercase letters (a–d) show significant differences between the groups (p < 0.05). 
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Figure 4. Total soluble solids (TSS) evaluation of fresh and dried apple chips during storage under ambient conditions. Notes: 0*—fresh apple samples, 0—dried apple samples. Different lowercase letters (a–e) show significant differences between the groups (p < 0.05). 
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Figure 5. Electrical conductivity (EC) evaluation of fresh and dried apple chips during storage under ambient conditions (S1—apple chips ‘Starkrimson’, oven; S2—apple chips ‘Starkrimson’, dehydrator; G1—apple chips ‘Golden Delicious’, oven; G2—apple chips ‘Golden Delicious’, dehydrator; F1—apple chips ‘Florina’, oven; F2—apple chips ‘Florina’, dehydrator). Notes: 0*—fresh apple samples, 0—dried apple samples. Different lowercase letters (a–e) show significant differences between the groups (p < 0.05). 
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Figure 6. Sensory evaluation of apple chip samples (S1—apple chips ‘Starkrimson’, oven; S2—apple chips ‘Starkrimson’, dehydrator; G1—apple chips ‘Golden Delicious’, oven; G2—apple chips ‘Golden Delicious’, dehydrator; F1—apple chips ‘Florina’, oven; F2—apple chips ‘Florina’, dehydrator), on the first day. 
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Table 1. Titratable acidity of dried apple samples.
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Sample

	
Titratable Acidity (TA), % Malic Acid

	
Sample

	
Titratable Acidity (TA), % Malic Acid

	
Sample

	
Titratable Acidity (TA), % Malic Acid

	
Sample

	
Titratable Acidity (TA), % Malic Acid






	
Dried apple chip samples

	
S1

	
0.72 c ± 0.11

	
Dried apple chip samples (7th day)

	
S1

	
0.72 cd ± 0.02

	
Dried apple chip samples (14th day)

	
S1

	
0.73 c ± 0.05

	
Dried apple chip samples (21st day)

	
S1

	
0.80 b ± 0.05




	
S2

	
0.95 a ± 0.15

	
S2

	
0.95 a ± 0.09

	
S2

	
0.97 a ± 0.01

	
S2

	
1.04 a ± 0.05




	
G1

	
0.63 d ± 0.01

	
G1

	
0.65 e ± 0.05

	
G1

	
0.67 d ± 0.01

	
G1

	
0.75 b ± 0.05




	
G2

	
0.71 c ± 0.03

	
G2

	
0.74 c ± 0.05

	
G2

	
0.80 b ± 0.02

	
G2

	
0.81 b ± 0.01




	
F1

	
0.87 b ± 0.05

	
F1

	
0.91 b ± 0.01

	
F1

	
0.95 a ± 0.00

	
F1

	
1.04 a ± 0.06




	
F2

	
0.71 c ± 0.15

	
F2

	
0.71 d ± 0.05

	
F2

	
0.72 c ± 0.05

	
F2

	
0.75 b ± 0.01








Means that do not share a letter are significantly different (p ≤ 0.05).
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Table 2. Color parameters of fresh and dried apple chips during storage under ambient conditions.






Table 2. Color parameters of fresh and dried apple chips during storage under ambient conditions.





	

	
Sample

	
L*

	
a*

	
b*

	
ΔE

	
BI

	
WI






	
Fresh apple samples

	
S0

	
51.93 a ± 1.13

	
−1.42 a ± 0.14

	
18.36 b ± 0.45

	
-

	
40.27 b ± 1.23

	
48.52 a ± 1.14




	
G0

	
64.28 a ± 4.86

	
−2.29 a ± 0.55

	
27.30 a ± 1.64

	
-

	
50.63 a ± 0.94

	
54.85 a ± 2.94




	
F0

	
57.7 a ± 7.03

	
−3.47 b ± 0.33

	
19.83 b ± 1.51

	
-

	
36.29 b ± 1.09

	
53.02 a ± 5.73




	
Dried apple chip samples

	
S1

	
57.69 e ± 2.42

	
10.62 a ± 0.93

	
20.56 c ± 0.40

	
40.17 a ± 2.32

	
57.02 a ± 2.28

	
51.76 d ± 2.28




	
S2

	
67.39 c ± 0.93

	
5.09 c ± 0.19

	
24.41 b ± 0.62

	
32.81 c ± 1.08

	
49.63 b ± 1.27

	
58.94 c ± 1.09




	
G1

	
71.83 b ± 0.43

	
3.02 d ± 0.33

	
24.77 b ± 0.81

	
29.47 de ± 0.40

	
44.42 b ± 0.67

	
62.36 ab ± 0.38




	
G2

	
76.10 a ± 1.05

	
2.09 d ± 0.37

	
27.56 a ± 0.47

	
28.76 e ± 0.26

	
45.86 b ± 0.13

	
63.44 a ± 0.36




	
F1

	
65.85 cd ± 0.94

	
12.08 a ± 0.32

	
17.59 d ± 0.29

	
32.49 cd ± 0.93

	
44.05 b ± 0.84

	
59.73 bc ± 0.95




	
F2

	
63.65 d ± 1.01

	
7.10 b ± 0.80

	
25.53 b ± 0.29

	
36.78 b ± 1.08

	
58.42 a ± 1.54

	
55.01 d ± 1.06




	
Dried apple chip samples (7th day)

	
S1

	
47.39 c ± 1.17

	
9.31 a ± 0.65

	
18.39 d ± 0.76

	
48.41 a ± 0.95

	
62.73 ab ± 1.51

	
43.48 c ± 0.97




	
S2

	
71.51 a ± 3.01

	
3.98 b ± 1.12

	
25.44 ab ± 1.42

	
30.32 c ± 3.27

	
47.39 cd ± 3.93

	
61.58 a ± 3.29




	
G1

	
61.63 b ± 1.01

	
9.14 a ± 0.91

	
25.96 ab ± 0.31

	
39.09 b ± 0.78

	
64.44 a ± 0.93

	
52.77 b ± 0.77




	
G2

	
70.31 a ± 0.40

	
3.73 b ± 0.22

	
26.94 a ± 0.73

	
32.22 c ± 0.64

	
51.09 cd ± 1.10

	
59.72 a ± 0.63




	
F1

	
58.09 b ± 1.26

	
8.21 a ± 0.03

	
21.13 c ± 0.48

	
39.43 b ± 0.90

	
54.84 bc ± 0.20

	
52.34 b ± 0.90




	
F2

	
73.57 a ± 2.86

	
4.05 b ± 0.78

	
24.52 b ± 0.99

	
28.33 c ± 1.37

	
43.76 d ± 0.42

	
63.65 a ± 1.53




	
Dried apple chip samples (14th day)

	
S1

	
52.22 d ± 2.20

	
11.16 a ± 0.55

	
22.43 c ± 1.34

	
45.87 a ± 1.53

	
70.72 a ± 0.28

	
46.01 d ± 1.49




	
S2

	
75.96 a ± 0.13

	
3.23 d ± 0.30

	
27.11 a ± 0.17

	
28.59 c ± 0.19

	
46.24 c ± 0.33

	
63.62 b ± 0.18




	
G1

	
69.91 b ± 0.27

	
4.47 c ± 0.41

	
25.72 ab ± 0.45

	
31.69 b ± 0.37

	
49.58 b ± 0.80

	
60.16 c ± 0.34




	
G2

	
77.17 a ± 0.80

	
0.64 e ± 0.15

	
24.28 b ± 0.29

	
25.37 d ± 0.67

	
37.46 d ± 0.60

	
66.66 a ± 0.71




	
F1

	
64.49 c ± 1.13

	
8.09 b ± 0.17

	
20.52 d ± 0.34

	
33.65 b ± 0.75

	
46.93 c ± 0.17

	
58.19 c ± 0.77




	
F2

	
63.78 c ± 0.87

	
2.77 d ± 0.20

	
19.90 d ± 0.11

	
32.98 b ± 0.84

	
39.82 d ± 0.66

	
58.57 c ± 0.83




	
Dried apple chip samples (21st day)

	
S1

	
52.26 e ± 1.03

	
9.84 b ± 0.75

	
20.02 e ± 0.42

	
44.57 a ± 0.98

	
61.34 a ± 1.42

	
47.29 e ± 0.95




	
S2

	
69.63 b ± 1.09

	
5.97 c ± 0.10

	
26.31 a ± 0.60

	
32.58 d ± 0.54

	
52.78 b ± 0.48

	
59.36 b ± 0.59




	
G1

	
64.76 c ± 0.78

	
6.19 c ± 0.24

	
23.70 bc ± 0.19

	
34.67 c ± 0.58

	
51.72 b ± 0.40

	
57.07 c ± 0.58




	
G2

	
72.39 a ± 0.08

	
3.31 d ± 0.03

	
24.75 b ± 0.03

	
29.09 e ± 0.07

	
44.27 c ± 0.07

	
62.77 a ± 0.07




	
F1

	
58.65 d ± 0.57

	
12.42 a ± 0.53

	
21.44 d ± 0.25

	
40.23 b ± 0.69

	
60.30 a ± 0.96

	
51.77 d ± 0.68




	
F2

	
68.56 b ± 1.03

	
3.75 d ± 0.51

	
23.30 c ± 0.72

	
31.03 d ± 0.69

	
44.69 c ± 1.06

	
60.67 b ± 0.70








Values are mean ± standard deviation (n = 3). Means that do not share a letter are significantly different (p ≤ 0.05).
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Table 3. Correlations between physico-chemical parameters measured or calculated for apple chips dried in the oven (Pearson correlation).
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	M
	aw
	pH
	TA
	TSS
	EC
	L*
	a*
	b*
	ΔE
	BI





	aw
	0.997 *
	
	
	
	
	
	
	
	
	
	



	pH
	−0.722
	−0.668
	
	
	
	
	
	
	
	
	



	TA
	−0.246
	−0.173
	0.849
	
	
	
	
	
	
	
	



	TSS
	−0.959
	−0.935
	0.888
	0.511
	
	
	
	
	
	
	



	EC
	0.995
	0.999 *
	−0.646
	−0.144
	−0.924
	
	
	
	
	
	



	L*
	−0.858
	−0.894
	0.263
	−0.287
	0.676
	−0.906
	
	
	
	
	



	a*
	0.264
	0.336
	0.477
	0.870
	0.020
	0.363
	−0.723
	
	
	
	



	b*
	0.007
	−0.068
	−0.697
	−0.971
	−0.290
	−0.097
	0.508
	−0.963
	
	
	



	ΔE
	0.927
	0.953
	−0.410
	0.134
	−0.783
	0.961
	−0.988
	0.606
	−0.368
	
	



	BI
	0.997 *
	0.999 *
	−0.664
	−0.168
	−0.933
	0.999 *
	−0.896
	0.341
	−0.073
	0.954
	



	WI
	−0.941
	−0.963
	0.444
	−0.097
	0.806
	−0.971
	0.981
	−0.576
	0.333
	−0.999 *
	−0.965







* Statistically significant at p < 0.05. Values in bold show very high positive/negative correlation (according to Mukaka [68]).
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Table 4. Correlations between physico-chemical parameters measured or calculated for apple chips dried in dehydrator (Pearson correlation).






Table 4. Correlations between physico-chemical parameters measured or calculated for apple chips dried in dehydrator (Pearson correlation).



















	
	M
	aw
	pH
	TA
	TSS
	EC
	L*
	a*
	b*
	ΔE
	BI





	aw
	0.473
	
	
	
	
	
	
	
	
	
	



	pH
	−0.571
	0.453
	
	
	
	
	
	
	
	
	



	TA
	−0.373
	−0.994
	−0.549
	
	
	
	
	
	
	
	



	TSS
	0.485
	−0.541
	−0.995
	0.631
	
	
	
	
	
	
	



	EC
	0.819
	−0.119
	−0.939
	0.228
	0.899
	
	
	
	
	
	



	L*
	0.988
	0.331
	−0.692
	−0.225
	0.615
	0.898
	
	
	
	
	



	a*
	−0.964
	−0.222
	0.769
	0.113
	−0.700
	−0.942
	−0.994
	
	
	
	



	b*
	0.879
	0.836
	−0.110
	−0.771
	0.008
	0.445
	0.794
	−0.72
	
	
	



	ΔE
	−0.930
	−0.116
	0.833
	0.006
	−0.772
	−0.972
	−0.976
	0.994
	−0.641
	
	



	BI
	−0.820
	0.116
	0.938
	−0.225
	−0.898
	−0.999 *
	−0.899
	0.943
	−0.447
	0.973
	



	WI
	0.942
	0.149
	−0.814
	−0.039
	0.751
	0.964
	0.982
	−0.997 *
	0.666
	−0.999 *
	−0.965







* Statistically significant at p < 0.05. Values in bold show very high positive/negative correlation (according to Mukaka [68]).
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