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Abstract

:

Prickly pears (Opuntia ficus-indica), which are well known for their beneficial properties for human health, are the subject of many studies due to their high content of bioactive compounds. However, the presence of spines on the fruit’s surface is a factor that limits consumption. Therefore, the viability and nutritional quality of peeled and packaged white, orange, and pink prickly pears were studied during storage. Refrigerated whole fruits stored at 8 °C and 85% RH for 0, 1, 2, 3, or 4 weeks were electrically peeled and packaged with micro-perforated film. At each time point, their microbial quality; physical parameters, such as hardness, texture, and color; and chemical parameters, including pH, titratable acidity, total soluble solids content, sugar content, ascorbic acid content, antioxidant capacity, and total phenol content, were analyzed. The mesophilic aerobic counts were lower than the values established by Spanish legislation (7 log (CFU/g f.w.)) until day 8 after packaging (or until day 6 after 4 weeks of storage). The hardness, texture, pH, sugar content, ascorbic acid content, and antioxidant capacity decreased significantly between day 0 and day 8 after packaging, independently of the number of weeks for which the whole fruits had been refrigerated previously. Furthermore, the changes in the parameters analyzed for whole fruits during storage were less remarkable. The evaluation of the sensory features was positive throughout the preserved period. The minimally processed prickly pears retained suitable microbial, nutritional, and sensory qualities when the whole fruits had been refrigerated for 1, 2, 3, or 4 weeks, facilitating their management in small processing companies.
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1. Introduction


Minimally processed fruits and vegetables have gained consumers’ attention and demand due to their fresh-like characteristics, safety, nutritional quality, health properties, and convenience [1,2]. Opuntia fruits are rich in fiber, minerals, vitamins, and a wide variety of compounds with antioxidant capacity, such as phenolics, flavonoids, and betalains, which have a potential preventive effect against chronic diseases and contribute to the control of hyperglycemia or high blood cholesterol levels [3,4,5,6]. Furthermore, recent research has reported that the antioxidants from pink, orange, and white prickly pear varieties native to the Canary Islands maintain stability as they pass through the gastrointestinal tract and are readily absorbed by the human body. [7]. However, the presence of spines and glochids on the fruit’s surface reduces the commercialization of these cactus fruits; thus, ready-to-eat (fresh-cut) cactus fruits have a higher demand in the market than whole fruits [8].



Nevertheless, the commercialization of minimally processed prickly pears faces some problems, as they are more perishable than raw materials due to the exposure of tissues to light and oxygen, increased enzyme activity, biochemical changes, and microbial proliferation [2,9]. In addition, seasonality in the production and harvest of prickly pears must be taken into account. In the Canary Islands (Spain), prickly pears are harvested from July to February, depending on the area and altitude of the growing location. Moreover, it is well known that adequate storage conditions postharvest enable the fruits to maintain optimal characteristics for an extended period, thus increasing their shelf life and the temporary availability of fruits in the markets. Therefore, processing industries can be supplied with these fruits for longer periods, thus achieving the production of minimally processed prickly pears that are safe and have a high quality. Gómes and Camelo [10] reported that tomatoes stored at 12 °C in a controlled atmosphere for 21 days retained the optimal characteristics of color and firmness according to the consumers’ preferences. Likewise, Ulloa et al. [11] observed that pineapples stored at 7.5 °C for 21 days and, subsequently, at 18 °C for 4 days showed a higher chlorophyll content and fewer external color changes, a lower respiration rate and less weight loss and mold development than those stored at 15 °C for 21 days.



The selection of optimal conditions for the conservation of minimally processed prickly pears will keep the microbial and nutritional qualities of the fruits high until consumption. In a previous study, these conditions were evaluated, and it was observed that the sanitization of fruits with cold chlorinated water (200 mg/kg); peeling with an electric peeler instead of manually with a knife; packaging with micro-perforated film (polypropylene, 52 µm, supplied by Amcor Flexibles, Burgos, Spain, with a permeability to O2 and CO2 of 19,200 mL/m−1 d atm; and cold storage at 7 °C extended the shelf life of the product by 8 days. In addition, electrically peeled prickly pears retain some of the pericarp, which has a high content of ascorbic acid and total phenolics, according to our previous study [12]. According to many authors, the most effective methods for prolonging the postharvest storage of fruits and vegetables are using modified atmosphere packaging (MAP) and a controlled atmosphere (CA), but these may not be affordable for all products [13]. The use of edible films and coatings, calcium salt applications, ultraviolet radiation, and cold storage are also widely used preservation techniques for minimally processed products [14,15]. Numerous authors have reported that the application of suitable preservation techniques enables products, for example, cactus pears [16], mangoes [17], pineapples [18], and lychees [19], among others, to obtain similar characteristics to fresh products, with a shelf life of 7–13 days.



The seasonality of prickly pears leads to the study of the maximum storage time of whole fruits until they are minimally processed so that the commercial life of the product is not compromised in terms of nutritional and hygienic–sanitary qualities. Moreover, the procedure and technologies used for fruit preservation ought to be simple and accessible for small- and medium-sized companies.



In this work, we have studied the microbiological and nutritional viability of minimally processed prickly pears after 1, 2, 3, or 4 weeks of storage as whole products in a cold chamber. The results obtained may contribute to revaluing these fruits and increase their processing and consumption.




2. Materials and Methods


2.1. Plant Material, Sample Preparation, Packaging, and Storage


Prickly pears (O. ficus-indica L. Mill.) were collected from a private commercial farm managed by a local farmer located in Fasnia, Tenerife, Spain (28°14′10.97″ N, 16°26′19.9″ W, 478 m above sea level), in August 2019. This is a rainfed crop with limited irrigation throughout the year. About 20 kg of different colored (white, orange, and pink, locally known as “Blanco”, “Colorado”, and “Morado”, respectively) flesh prickly pears were harvested. Healthy fruits and without any damage were selected to ensure optimal quality and duration throughout the storage time of the study.



Cold chlorinated water (200 mg/kg, pH 6.5–7.5) was used to wash the fruits. After washing and air-drying, the fruits were stored in a cold chamber at 8 °C and 85% relative humidity (RH) for 4 weeks. Before cold storage, the whole fruits were minimally processed into six to nine trays. Then, after each storage week (1, 2, 3, and 4 weeks), the whole fruits were processed. The fruits were mechanically peeled (Orange Peel, Pelamatic S.L., Valencia, Spain), and the fruits’ distal parts were cut manually. The peeled fruits were washed for 1 min in cold, chlorinated water (50 mg/kg), packed in plastic trays (polypropylene, 172 mm × 130 mm × 50 mm, Technopak Plastics S.L., Barcelona, Spain), and sealed with micro-perforated film (polypropylene, 52 µm, with a permeability to O2 and CO2 of 19,200 mL/m−1 d atm, supplied by Amcor-Flexibles, Burgos, Spain). The minimally processed prickly pear trays were analyzed on the day of preparation and after 1, 3, 6, and 8 days of cold storage.



The samples were differentiated by the following factors: white, orange, and pink prickly pears; the number of weeks of whole fruit storage (from 1 to 4 weeks); and the storage time of the minimally processed prickly pears (from 1 to 8 days).




2.2. Proximate Composition Analysis


In order to globally characterize the plant material, analysis of the centesimal composition of each prickly pear variety was conducted in accordance with The Official Methods of the Association of Official Analytical Chemists (AOAC, 2016) [20]. Moisture was determined using the oven-drying method (AOAC method 952.08) and ash by incineration at 550 °C until a constant weight was obtained (AOAC method 930.30).



Approximately 4 g of dried sample was weighed into an extraction cartridge to determine the fat content; this was introduced into a Soxhlet extraction system (Buchi E-816, Flawil, Switzerland, and the samples were extracted with petroleum ether (AOAC method 948.15). Crude protein was determined from the nitrogen content according to the Kjeldahl method (AOAC method 992.23). A total of 0.2 g of dried sample was weighed and introduced into the digestion system at 400 °C (Kejldatherm KB8S Gerhardt, Königswinter, Germany). The solution obtained was diluted and introduced into the distillation system (Vadopest 300 Gerhardt, Königswinter, Switzerland). Dietary fiber was determined according to the enzymatic gravimetric method (AOAC method 985.29). A total of 1 g of dry sample was weighedand digested with heat using α-amylase, protease, and amyloglucosidase (Megazyme International Ireland, Bray, Ireland). Subsequently, the soluble fiber was precipitated by adding ethanol (95%). The filtration process was carried out using a fiber analyzer system (Fibertec system E, Barcelona, Spain). All the results are expressed as a percentage (g/100 g of fresh weight, f.w.).




2.3. Physicochemical Analyses


The physicochemical parameters of the minimally processed prickly pears were studied throughout the days of storage (from 0 to 8 days), taking into account the time for which the whole fruits were previously cold-stored (from 1 to 4 weeks).



The texture (N·s/g f.w.) was analyzed using a Kramer cell (TA-HD-Plus, Aname, Madrid, Spain), and hardness (expressed as °Durofel) was determined using a durometer (Durofel, Agro-Technologie, Tarascon, France). A Minolta Chroma Meter CR-300 (Konica Minolta, Inc., Wheeling, WV, USA) was used to measure the color parameters (L, a*, and b*) through a transparent tray. Based on the previously measured parameters, the hue angle (H° = tan−1 (b*/a*)), chroma (C* = [(a*)2 + (b*)2]0.5), Browning index or color loss (∆E = [(L* − L*i)2 + (a* − a*i)2 + (b* − b*i)2]0.5), and whiteness index (WI = 100 − [(100 − L*)2 + (a*)2 + (b*)2]0.5) [21] were calculated.



The samples from each storage time were minced and homogenized for chemical analysis. In accordance with the official AOAC methods, the total soluble solids (TSS) content (AOAC method 932.12) (Refractometer ATC-1, ATAGO, Tokyo, Japan), pH (AOAC method 981.12), and total acidity (TA) (AOAC method 942.15) (Titralab AT1000, Düsseldorf, Germany) were determined [20,22]. Sugar contents were determined via high-performance liquid chromatography (HPLC) [23] (Waters 2690 HPLC, Waltham, MA, USA) and are expressed as a percentage (g/100 g f.w.).




2.4. Microbiological Analysis


In order to evaluate the microbial quality and, therefore, the commercial life of the minimally processed prickly pears, aerobic mesophiles, psychrophiles, and mold and yeast loads were analyzed at each storage time. A total of 54 mL of 0.1% peptone water was used to homogenize 6 g of the sample (Stomacher 80 Biomaster, Seward Limited, High Salvington, UK). Plate count agar (PCA) was used to inoculate the aerobic mesophiles and psychrophiles. The aerobic mesophiles were incubated at 30 °C for 72 h, and the psychrophiles were incubated at 5 °C for 7 days. The molds and yeasts were inoculated and incubated in Glucose Chloramphenicol Agar (GCA) at 25 °C for 5 days. The results of the microbiological counts are expressed as log(colony-forming units (CFU)/g f.w.) and were compared with the legal values according to the Spanish legislation regarding minimally processed vegetables [24].




2.5. Sensorial Evaluation


A group of 15 regular consumers of prickly pears conducted the sensory evaluation of the minimally processed prickly pears at 0, 1, 3, 6, and 8 days of storage. This evaluation process was repeated for the minimally processed prickly pears previously stored as whole fruits for 1, 2, 3, or 4 weeks. Other authors reported a similar number of panelists [12,18,25,26,27]. Fruit slices between 0.5 and 1 cm thick were served in an isolated and illuminated area at room temperature (20 °C).



According to a linear scale from 0 (non-acceptable) to 10 (very acceptable) points, the sensory attributes of color, smell, taste, and overall acceptability were evaluated to compare the preferences of the panelists for the prickly pears at 0 days (control) and 8 days of minimal processing. On the other hand, the panelists were asked for a description of the fruits’ color (pale, normal/bright, or brown), sweetness (tasteless, normal, or very sweet), smell (unpleasant, normal, or pleasant), and texture (hard, normal, or slimy), and they decided on whether they would buy the product or not.




2.6. Gas Composition


The gas composition (% CO2 and% O2) inside the trays was determined using a compact PBI Dansensor Checkmate 9900 (Madrid, Spain). The measurements were carried out using a septum fixed to the unopened trays.




2.7. Bioactive Compounds and Antioxidant Capacity Analysis


Ascorbic acid was extracted using a metaphosphoric acid solution (3%, w/w) and was determined by using the 2,6-dichlorophenol indophenol titration procedure (AOAC method 967.21) [20]. The total phenolic content was determined in extracts of 1 g of pulp with 10 mL of 80% methanol according to the Folin–Ciocalteu method, and the results are expressed as mg of gallic acid equivalents, (GAE)/100 g f.w. [28]. The antioxidant capacity was determined for the same extract by using free radical DPPH (2,2-diphenyl-1-picryl hydrazyl) [29], and the results are expressed as mg of Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) equivalents, (TE)/100 g f.w.




2.8. Data Presentation and Statistical Analysis


All the tests were carried out in triplicate. All the data are expressed as mean ± standard deviation (SD). SPSS version 25.0 (SPSS Inc., Chicago, IL, USA) software was used for data analysis. The obtained results were evaluated with analysis of variance (ANOVA), and the significant differences among samples were determined using Duncan’s multiple range test at a 5% level of significance in homogeneous groups established according to the dependent variable (days of storage as minimally processed prickly pears, weeks of storage in a refrigerated chamber as whole fruit, and the pulp color of the prickly pears).




2.9. Ethical Statements


All the subjects gave informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Brazilian Ethics Committee under number 845 894/2014.





3. Results and Discussion


3.1. Plant Material Characterization


The white prickly pears were slightly smaller (medium weight of 112 ± 12 g) than the orange and pink prickly pears (medium weights of 123 ± 13 g and 147 ± 17 g, respectively). The results of proximate composition analysis (Table 1) showed a greater similarity between the orange and pink prickly pears compared to the white ones.




3.2. Microbiological Analysis


The mesophile load for the limited commercial life of the three varieties of minimally processed prickly pears was tested via assays. After 0, 1, 2, and 3 weeks of previous storage as a whole, refrigerated product, the minimally processed prickly pears did not exceed the limit counts (7 log(CFU/g f.w.)) established in Spain for ready-to-eat fruits and vegetables according to the Real Decreto 3484/2000 [24] in any case. However, the minimally processed prickly pears obtained after 4 weeks of storage showed counts higher than those allowed by legislation from 8 days of storage (Figure 1). The preservation time of the whole fruits increased the aerobic mesophile load significantly in the minimally processed prickly pears, regardless of the variety. Likewise, significant differences were observed in the microbiological counts between the initial day and day 8 of packaging. The psychrophilic and mold and yeast counts increased significantly with the storage time, but remained at counts lower than 7 log(CFU/g f.w.) in all the cases (Table 2). Some authors reported similar results in yeast counts for fruit stored at 4 °C until the eighth day of storage in a controlled atmosphere and until the end of the storage time in a modified atmosphere [30]. Aghdam and Bodbodak [31] and Acuña et al. [32] reported that low-temperature storage is commonly employed as a postharvest technique for delaying senescence in vegetables and ornamentals, upholding their postharvest quality, and this constitutes the basis of the conservation and protection technology for fresh fruit and vegetable products. Minimally processed vegetables require the maintenance of the “cold chain” during production and distribution as an essential condition for their adequate conservation, with a shelf life of around 7 days [33]. Other authors reported an increase in the mesophile and psychrophile counts after 13 days of storage [8] in prickly pears packed in a passive, modified atmosphere. According to Allegra et al. [30], mesophilic aerobic microorganisms have the highest count after 12 days of storage for minimally processed prickly pears. Palma et al. [34] and Piga et al. [9] reported the remarkable proliferation of microorganisms during the storage time for minimally processed prickly pears.




3.3. Sensorial Evaluation


Figure 2 shows that the minimally processed fruits at the beginning and the expiration day were very similar when non refrigerated whole fruits or those stored for 4 weeks were used. The panelists gave similar scores for the overall appearance, color, taste, and smell of the minimally processed prickly pears at the beginning (0 days) and on the expiration day (8 days, or 6 days in the case of whole fruits stored for 4 weeks) (Figure 3), regardless of the number of weeks for which the unprocessed whole fruits were stored. The average scores were 6.6 ± 0.8, 6.9 ± 0.9, and 7.2 ± 0.9 for the minimally processed white prickly pears after 0, 2, and 4 weeks of storage as unprocessed fruits, respectively. In the case of the orange variety, the scores were 7.7 ± 0.9, 7.6 ± 0.5, and 8.0 ± 0.5, respectively, and the pink prickly pears were scored 7.6 ± 0.7, 7.5 ± 0.7, and 7.2 ± 0.6, respectively. The tasters gave scores of higher than six for the minimally processed prickly pears in all the cases.



Table 3 shows the tasters’ responses to whether they would buy the minimally processed prickly pears. In general, the acceptance of the minimally processed prickly pears did not decrease with both the storage of the whole fruits and the days after preparation. The tasters preferred the orange and pink prickly pears over the white version, regardless of the storage times.




3.4. Gas Composition


Figure 4 shows a decrease in O2 concentration and an increase in CO2 concentration between days 0 and 8 of storage for the minimally processed prickly pears in all the cases (from weeks 0 to 4). An inversely proportional relationship was observed between the O2 and CO2 concentrations. On the other hand, the gas concentrations inside the trays were significantly different according to the number of weeks that the whole fruits were stored.



The O2 concentration was greater than 18.0%, and the CO2 concentration was less than 3.8% in all the cases. The fresh-cut cactus pears’ shelf-life, quality, safety, and acceptability are influenced by low O2 and high CO2 concentrations in the bags [8,30]. According to García and Barret [31], it is important to avoid low levels of O2 and high levels of CO2, which lead to anaerobic respiration, resulting in the development of off-flavors and off-odors and increasing the susceptibility to decay.




3.5. Physicochemical Analyses


3.5.1. Color


The brightness (L) values were significantly different depending on the number of weeks for which the whole fruits were stored, except for the pink prickly pears at 0 days. Nevertheless, no clear trend was observed for the increase or decrease in this parameter (Table 4). These differences can be explained by the nature of the fruits processed at each time. In addition, the L values of the pink and orange minimally processed prickly pears were significantly lower at 0 days than they were at 8 days of processing after 1 and 3 weeks of storage as whole fruits and after 2 and 4 weeks, respectively, while in the case of white prickly pears, there were significant L value differences, but these did not follow a clear trend. In general, the L values tend to stabilize as the number of weeks stored as an unprocessed product increases.



The tonality (H°) of fruits after 8 days was significantly different depending on the number of weeks they had been stored as whole fruits. However, in general, the tonality remained constant in the minimally processed prickly pears at 0 days. In the case of the white prickly pears, a significant decrease in H° values was observed between the initial and final days of storage (except for week 3), while for the orange variety, the H° values did not show significant differences; for the pink variety, the behavior of this parameter was very variable. Aguayo et al. [35] reported no significant decrease in the H° values for fresh-cut apple slices under modified atmosphere conditions over 28 days. In general, the chromaticity (C*) values remained constant between 0 and 8 days of minimally processed fruit storage for the white and pink prickly pears, while a significant decrease was observed for the orange variety. No clear trend in C* values was observed, depending on the number of weeks of storage as a whole product.



Table 4 shows that the whiteness index (WI) significantly increased between the initial and final days of minimally processed fruit storage in the cases of the orange and pink prickly pears. However, this behavior was not observed for the white variety. Significantly more color (∆E) (Figure 5) was lost in the minimally processed prickly pears without previous storage as a whole fruit (0 weeks). Allegra et al. [30] and Ochoa-Velasco and Guerrero-Beltrán [36] reported losses of color, especially after 7 days of storage. Figure 5 shows that the ∆E of the minimally processed prickly pears decreased as the number of weeks of storage as a whole product increased.




3.5.2. Hardness and Texture


The hardness and texture of the minimally processed prickly pears decreased significantly between 0 and 8 days of storage. In the case of hardness, this fact was observed especially in the unprocessed fruits stored for a few weeks (from 0 to 2 weeks). From the third week of unprocessed fruit storage, the hardness did not change significantly in the minimally processed fruits with the storage time. The white prickly pears showed higher mean values for texture than the orange and pink varieties during their shelf life (10.2 ± 3.6 versus 9.3 ± 3.7 y, 9.8 ± 3.0 N s/g f.w., respectively).




3.5.3. Total Soluble Solids Content (TSS), pH, and Total Acidity (TA)


The TSS values ranged from 10.27 to 14.87 °Brix for all the three varieties (Table 5). Marques et al. [37] and Martins et al. [38] obtained similar contents in other prickly pear varieties. For the orange and pink minimally processed prickly pears, in general, the TSS content did not show significant differences between 0 and 8 days of storage, and it was significantly different depending on the number of weeks that the whole fruits had been stored, except for the pink minimally processed prickly pears at 0 days of storage. For the white prickly pears, the TSS content was significantly higher at 0 days than 8 days of processing, except after 4 weeks of storage as whole fruits. Cefola et al. [8] and Ochoa-Velasco and Guerrero-Beltrán [36] reported higher TSS contents for longer ripening and storage times at 4 °C.



Higher pH values and lower TA values were observed in the minimally processed prickly pears at 0 days compared to those at 8 days of storage. A significant increase in TA was observed in all the samples with storage time. A trend of an increase or decrease in the pH or TA with the number of weeks the whole product had been stored was not observed in the minimally processed prickly pears. Similar changes in the pH and TA have been reported for prickly pears of the “Gialla” variety and Opuntia albicarpa when stored at 4 °C for 9 or 16 days, respectively, by Piga et al. [9] and Ochoa-Velasco and Guerrero-Beltrán [36]. In addition, Del Nobile et al. [16] found a steady decrease in pH values with the storage time of minimally processed prickly pears subjected to three different treatments, likely as a consequence of fermentation by yeast [9].




3.5.4. Sugars


The total sugar content ranged from 7.05 ± 0.08 to 11.70 ± 0.11 g/100 g f.w., and the most-abundant sugars were glucose, fructose, and sucrose, in that order (Table 5). Similar sugar contents were reported by Palma et al. [34] and Kyriacou et al. [39]. The total sugar content decreased significantly between day 0 and day 8 of storage in the orange (except for week 0) and pink (except for weeks 2 and 3) minimally processed prickly pears. However, this was not observed in the white variety. After 8 days of minimally processed fruit storage, a significant decrease in total sugar content was observed, depending on the number of weeks the whole fruit had been stored, especially in the white and orange prickly pears.



The glucose mean values at initial storage time (day 0) were 5.15 ± 0.32, 6.04 ± 0.59, and 5.71 ± 0.46 g/100 g f.w. for the white, orange, and pink prickly pears, respectively. For the orange (except for weeks 0 and 3) and pink varieties (except for week 3), the glucose content at 8 days was significantly lower than that at 0 days, whereas in the case of the white prickly pears, a clear trend was not observed. The fructose mean values at day 0 of storage were 3.65 ± 0.25, 4.53 ± 0.40, and 4.12 ± 0.43 g/100 g f.w. for the white, orange, and pink prickly pears, respectively. In the case of the orange and pink prickly pears, a significant decrease in fructose content was observed between 0 and 8 days of storage, except when the minimally processed prickly pears were prepared with whole fruits stored for 0 weeks or 0 and 3 weeks, respectively. The glucose and fructose content of minimally processed prickly pears decreased at 8 days, depending on the number of weeks they were stored as a whole fruit. Palma et al. [34] reported a decrease in fructose and glucose composition with the storage time for different varieties of minimally processed prickly pears, although these changes were slight and generally not significant. The sucrose mean content at 0 days of storage was 0.31 ± 0.09, 0.25 ± 0.05, and 0.31 ± 0.04 g/100 g f.w. for the white, orange, and pink prickly pears, respectively. A very significant decrease in the sucrose content was observed in the minimally processed fruits between days 0 and 8 of storage (approximately 50%). The sucrose content was independent of the time for which the whole fruits were stored.





3.6. Bioactive Compounds and Antioxidant Capacity Analysis


The orange and pink prickly pears showed a higher ascorbic acid content than the white variety at 0 days (14.56 ± 1.21 and 15.95 ± 1.02 versus 8.68 ± 0.80 mg/100 g f.w., respectively) (Table 6). In the three varieties, the ascorbic acid content decreased very significantly with the storage time, both in the minimally processed prickly pears and in the whole fruits during the weeks of storage. The ascorbic acid losses between day 0 and day 8 of processed fruit storage ranged from 42% (week 0) to 57% (week 4) for the white prickly pears, from 46% (week 0) to 94% (week 4) for the orange variety, and from 22% (week 0) to 75% (week 4) for the pink variety. The degradation rates of ascorbic acid depend on the genotype, maturity stage, and storage conditions, leading to its decrease with storage time in most horticultural products. [34]. Furthermore, Lee and Kader [40] and Gil et al. [1] reported that the rate of degradation can be especially high in minimally processed fruits and vegetables, reaching losses greater than 50%.



The antioxidant activity (DPPH) is higher in the orange and pink prickly pears than in the white prickly pears, according to Ochoa-Velasco and Guerrero-Beltrán [36]. Similar to ascorbic acid, the antioxidant capacity was significantly lower on day 8 of processed fruit storage than day 0, and, in addition, it decreased throughout the weeks of storage as unprocessed fruit in all the cases. Panza et al. [2] reported similar results, and they indicated that the antioxidant activity decreased over time in the control samples of ready-to-eat prickly pears and in those treated with different coats due to factors such as exposure of tissue to light, air, enzymatic activity, and chemical degradation.



The total phenolic content decreased significantly between 0 and 8 days of storage for the minimally processed prickly pears, especially in the fruits that were processed without prior storage (week 0) and in the case of the white prickly pears in week 1 and the orange ones in week 2. In the rest of the samples (from weeks 1 to 4), no significantly lower values were observed between days 0 and 8 of processed fruit storage, and even a slight increase was detected in some cases. No clear trends were observed for the total phenolic content, depending on the week of previous storage as a whole product. According to Ochoa-Velasco and Guerrero-Beltrán [36], the phenolic content in white prickly pears reduced slightly during storage, and it significantly increased after 4 days of storage for the red prickly pears. However, Palma et al. [34] indicated that in the “Bianca” and “Gialla” varieties, the phenolic compound content decreased with the storage time.





4. Conclusions


Minimally processed prickly pears had a shelf life of 8 days when using whole fruits stored at 8 °C and 85% RH for 0, 1, 2, or 3 weeks, but this was only 6 days when the whole fruits were cold-stored for 4 weeks. After this, the samples exceeded the aerobic mesophile counts established by Spanish legislation.



Throughout weeks of storage as unprocessed fruits, significant decreases in ascorbic acid content and antioxidant capacity were observed. The Browning index (∆E) was higher during the first weeks of storage. The rest of the parameters either did not change significantly or changed without following a clear trend. During the storage period for minimally processed prickly pears, between 0 and 8 days, more remarkable changes were observed. The hardness, texture, pH, and tonality (H°) of the white prickly pears, the total sugar content and glucose content of the orange and pink prickly pears, and the sucrose content, ascorbic acid content, and antioxidant capacity decreased significantly between days 0 and 8 of storage, whereas the total acidity (TA) and whiteness index (WI) of the orange and pink prickly pears increased significantly between the initial day and the expiration day. In addition, the O2 concentrations decreased slightly, and the CO2 concentrations increased inside the trays between days 0 and 8 of storage.



The sensory evaluation of the minimally processed fruits was positive (score higher than six) from the initial storage day to the expiration date, regardless of the number of weeks of previously unprocessed fruit storage, and it did not decrease over time.



After 4 weeks of unprocessed fruit storage at 8 °C, the minimally processed prickly pears maintained appropriate microbial, nutritional, and sensory qualities, as demonstrated by the findings of this study. Therefore, it is possible to extend the period of commercial availability of these fruits. Furthermore, this study used simple and accessible technologies optimized in a previous study that can be applied by small- and medium-sized agro-industries.
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Figure 1. Evolution of aerobic mesophiles in white (A), orange (B), and pink (C) minimally processed prickly pears. The different lowercase letters indicate significant differences between storage weeks (p < 0.05), and the different capital letters indicate significant differences between 0 and 8 days of storage for minimally processed prickly pears (p < 0.05). 
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Figure 2. Appearance of minimally processed prickly pears at the beginning and the end of the cold storage using (A) fruits without any cold storage (control) and (B) fruits refrigerated for 4 weeks. 






Figure 2. Appearance of minimally processed prickly pears at the beginning and the end of the cold storage using (A) fruits without any cold storage (control) and (B) fruits refrigerated for 4 weeks.



[image: Agriculture 14 00594 g002]







[image: Agriculture 14 00594 g003] 





Figure 3. Evaluation of the color, smell, taste, and overall appearance of white, orange, and pink minimally processed prickly pears at 0 and 8* days after processing (6 days for those stored for 4 weeks microbiological limit). 
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Figure 4. O2 (black and diagonal lines columns) and CO2 (dots and white columns) concentration evolution inside white (A), orange (B), and pink (C) minimally processed prickly pear trays. 
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Figure 5. ∆E evolution for minimally processed prickly pears at 8 days. * The final recordings were taken after 6 days for those stored for 4 weeks (microbiological limit). The different green lowercase letters, orange capital letters, and purple lowercase’ letters indicate the significant differences between storage weeks (p < 0.05) in the white, orange, and pink prickly pears, respectively. 
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Table 1. Percentage (g/100 g f.w.) of protein, fat, ash, total dietary fiber, and moisture of the varieties of prickly pears (Opuntia ficus-indica) used in the study.
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	White Prickly Pears
	Orange Prickly Pears
	Pink Prickly Pears





	Moisture (%)
	85.44 ± 0.45
	84.45 ± 0.67
	84.79 ± 0.82



	Protein (%)
	1.12 ± 0.10
	0.95 ± 0.08
	1.03 ± 0.07



	Fat (%)
	0.09 ± 0.01
	0.07 ± 0.00
	0.10 ± 0.00



	Ash (%)
	2.49 ± 0.34
	3.22 ± 0.21
	3.39 ± 0.16



	Total Dietary Fiber (%)
	5.08 ± 0.56
	3.27 ± 0.10
	3.81 ± 0.33










 





Table 2. Evolution of psychrophiles, mold, and yeast in white, orange, and pink minimally processed prickly pears.
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Storage of Minimally Processed Fruit (Days)




	

	
White

	
Orange

	
Pink




	

	
Storage Duration of Whole Fruit (Weeks)

	
0 Days

	
8 Days

	
0 Days

	
8 Days

	
0 Days

	
8 Days






	
Psycrophiles log(CFU/g f.w.)

	
0 weeks

	
2.90 ± 0.12 b,B

	
5.45 ± 0.04 e,A

	
3.01 ± 0.10 b,B

	
5.01 ± 0.01 d,A

	
2.25 ± 0.06 e,B

	
5.27 ± 0.02 b,A




	
1 week

	
3.41 ± 0.10 a,B

	
5.92 ± 0.04 c,A

	
3.07 ± 0.09 b,B

	
5.96 ± 0.05 b,A

	
3.05 ± 0.06 b,B

	
5.90 ± 0.08 a,A




	
2 weeks

	
2.47 ± 0.03 c,B

	
5.72 ± 0.01 d,A

	
2.75 ± 0.04 c,B

	
5.54 ± 0.02 c,A

	
3.41 ± 0.02 a,B

	
5.07 ± 0.04 b,A




	
3 weeks

	
2.91± 0.03 b,B

	
6.57 ± 0.03 b,A

	
3.26 ± 0.10 a,B

	
6.14 ± 0.08 a,A

	
2.50 ± 0.05 d,B

	
5.14 ± 0.13 b,A




	
4 weeks *

	
2.34 ± 0.10 c,B

	
6.76 ± 0.01 a,A

	
3.06 ± 0.06 b,B

	
5.99 ± 0.01 b,A

	
2.69 ± 0.02 c,B

	
4.78 ± 0.24 c,A




	
Mold and yeast

log(CFU/g f.w.)

	
0 weeks

	
1.42 ± 0.17 c,B

	
4.99 ± 0.02 e,A

	
1.32 ± 0.17 d,B

	
4.98 ± 0.05 c,A

	
2.19 ± 0.07 b,B

	
4.99 ± 0.03 c,A




	
1week

	
2.36 ± 0.05 b,B

	
5.56 ± 0.04 d,A

	
2.43 ± 0.16 b,B

	
5.48 ± 0.19 b,A

	
2.52 ± 0.20 a,B

	
5.92 ± 0.04 a,A




	
2 weeks

	
2.52 ± 0.02 b,B

	
6.19 ± 0.02 b,A

	
2.32 ± 0.06 b,B

	
4.41 ± 0.07 d,A

	
2.55 ± 0.11 a,B

	
5.43 ± 0.04 b,A




	
3 weeks

	
3.36 ± 0.03 a,B

	
6.61 ± 0.09 a,A

	
2.86 ± 0.05 a,B

	
4.25 ± 0.13 d,A

	
2.58 ± 0.07 a,B

	
4.58 ± 0.02 d,A




	
4 weeks *

	
2.38 ± 0.15 b,B

	
6.08 ± 0.02 c,A

	
1.87 ± 0.05 c,B

	
5.92 ± 0.01 a,A

	
2.38 ± 0.15 a,B

	
4.61 ± 0.09 d,A








* The final time recordings were taken after 6 days for those stored for 4 weeks (microbiological limit). The different lowercase letters indicate significant differences between storage weeks (p < 0.05), and the different capital letters indicate significant differences between 0 and 8 days of storage for minimally processed prickly pears (p < 0.05). 













 





Table 3. Tasters’ responses to whether they would buy the minimally processed prickly pears (%).
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Storage Duration of Whole Fruit (Weeks)




	

	
White

	
Orange

	
Pink




	
Storage of Minimally Processed Fruit (Days)

	
0

	
2

	
4

	
0

	
2

	
4

	
0

	
2

	
4






	
0

	
71

	
86

	
83

	
100

	
100

	
100

	
100

	
100

	
83




	
1

	
67

	
71

	
67

	
100

	
100

	
100

	
86

	
86

	
83




	
3

	
67

	
80

	
83

	
100

	
100

	
100

	
83

	
80

	
83




	
6

	
60

	
80

	
100

	
80

	
80

	
83

	
60

	
80

	
100




	
8 *

	
80

	
80

	
-

	
100

	
80

	
-

	
80

	
80

	
-








Average purchases (%) according to days after 0, 2, or 4 weeks of storage as a whole fruit. * The final recordings were taken after 6 days for those stored for 4 weeks (microbiological limit).













 





Table 4. Evolution of color parameters (L, H°, C*, and WI) in white, orange, and pink minimally processed prickly pears.
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Storage of Minimally Processed Fruit (Days)




	

	

	
White

	
Orange

	
Pink




	

	
Storage Duration of Whole Fruit (Weeks)

	
0 Days

	
8 Days

	
0 Days

	
8 Days

	
0 Days

	
8 Days






	
L

	
0 weeks

	
52.6 ± 3.8 a,A

	
45.0 ± 6.1 b,B

	
49.0 ± 1.6 a,A

	
47.1 ± 1.3 b,A

	
31.4 ± 3.3 a,A

	
35.6 ± 3.1 b,A




	
1 week

	
48.1 ± 2.6 b,A

	
51.8 ± 4.2 a,A

	
43.1 ± 3.8 b,B

	
52.5 ± 3.0 a,A

	
34.3 ± 1.2 a,A

	
38.0 ± 5.4 ab,A




	
2 weeks

	
51.2 ± 2.4 ab,A

	
43.9 ± 2.7 b,B

	
43.9 ± 1.6 b,A

	
42.1 ± 2.2 c,A

	
31.8 ± 1.2 a,B

	
41.2 ± 2.1 a,A




	
3 weeks

	
54.5 ± 3.1 a,A

	
56.8 ± 3.1 a,A

	
42.1 ± 2.8 b,B

	
46.2 ± 1.4 b,A

	
33.8 ± 3.7 a,A

	
36.9 ± 3.5 ab,A




	
4 weeks *

	
52.1 ± 2.1 a,B

	
55.9 ± 1.7 a,A

	
41.0 ± 2.3 b,A

	
44.2 ± 2.2 bc,A

	
30.7 ± 1.4 a,B

	
35.7 ± 2.2 b,A




	
H°

	
0 weeks

	
106.4 ± 1.3 a,A

	
100.8 ± 4.4 ab,B

	
67.9 ± 7.2 a,A

	
70.5 ± 3.1 a,A

	
24.6 ± 4.0 a,A

	
16.7 ± 2.3 b,B




	
1 week

	
107.3 ± 2.4 a,A

	
98.9 ± 2.2 b,B

	
68.1 ± 7.1 a,A

	
70.6 ± 5.3 a,A

	
14.8 ± 1.5 b,B

	
26.2 ± 2.4 a,A




	
2 weeks

	
105.4 ± 3.1 a,A

	
92.9 ± 2.0 c,B

	
71.8 ± 4.9 a,A

	
70.6 ± 6.1 a,A

	
15.6 ± 1.1 b,B

	
23.9 ± 2.9 a,A




	
3 weeks

	
106.9 ± 2.2 a,A

	
104.1 ± 2.1 a,A

	
67.2 ± 2.8 a,A

	
66.1 ± 3.7 ab,A

	
16.0 ± 2.1 b,A

	
16.2 ± 1.6 b,A




	
4 weeks *

	
105.4 ± 1.8 a,A

	
101.0 ± 3.2 ab,B

	
65.7 ± 1.1 a,A

	
61.7 ± 2.3 b,B

	
16.3 ± 1.7 b,A

	
18.1 ± 2.3 b,A




	
C*

	
0 weeks

	
23.8 ± 2.3 a,A

	
13.4 ± 4.1 c,B

	
36.0 ± 3.3 a,A

	
22.5 ± 0.9 b,B

	
23.0 ± 3.5 a,A

	
14.5 ± 2.2 b,B




	
1 week

	
15.2 ± 4.9 b,A

	
19.4 ± 3.9 a,A

	
23.3 ± 5.4 c,A

	
28.6 ± 3.4 a,A

	
21.2 ± 2.0 a,A

	
18.4 ± 3.5 a,A




	
2 weeks

	
20.5 ± 3.4 a,A

	
15.5 ± 0.8 bc,B

	
32.0 ± 1.8 ab,A

	
25.5 ± 4.0 ab,B

	
21.0 ± 1.6 a,A

	
19.7 ± 1.0 aA




	
3 weeks

	
20.7 ± 3.0 a,A

	
20.8 ± 0.7 a,A

	
28.8 ± 2.0 b,A

	
24.2 ± 2.6 b,B

	
20.8 ± 2.6 a,A

	
18.7 ± 3.5 a,A




	
4 weeks *

	
21.8 ± 2.2 a,A

	
18.6 ± 1.9 ab,A

	
29.2 ± 1.4 b,A

	
23.5 ± 2.8 b,B

	
27.2 ± 1.9 b,A

	
21.8 ± 3.4 a,B




	
WI

	
0 weeks

	
47.0 ± 4.2 a,A

	
43.2 ± 5.2 b,A

	
37.6 ± 2.4 ab,B

	
42.5 ± 0.9 ab,A

	
27.6 ± 3.3 ab,B

	
34.0 ± 2.9 ab,A




	
1 week

	
45.7 ± 2.5 a,A

	
47.9 ± 3.3 a,A

	
38.3 ± 3.5 a,B

	
44.4 ± 1.1 a,A

	
30.9 ± 1.6 a,A

	
35.2 ± 4.5 ab,A




	
2 weeks

	
47.0 ± 1.4 a,A

	
41.7 ± 2.4 b,B

	
35.4 ± 2.2 ab,A

	
36.6 ± 2.3 d,A

	
28.7 ± 1.3 ab,B

	
38.0 ± 2.1 a,A




	
3 weeks

	
49.9 ± 3.6 a,A

	
52.0 ± 2.6 a,A

	
35.3 ± 2.2 ab,B

	
40.9 ± 0.5 bc,A

	
30.5 ± 4.0 a,A

	
34.1 ± 2.6 ab,A




	
4 weeks *

	
47.3 ± 2.3 a,B

	
52.1 ± 1.2 a,A

	
34.2 ± 2.0 b,B

	
39.4 ± 2.1 c,A

	
25.5 ± 0.7 b,B

	
32.1 ± 2.4 b,A








* The final recordings were taken 6 days after the processed prickly pears were stored as whole fruits for 4 weeks (microbiological limit). The different lowercase letters in a column indicate the significant differences between the storage weeks (p < 0.05), and the different capital letters in a row indicate the significant differences between the days of storage for the minimally processed prickly pears (p < 0.05).













 





Table 5. TSS, pH, TA, and sugars in white, orange, and pink minimally processed prickly pears.






Table 5. TSS, pH, TA, and sugars in white, orange, and pink minimally processed prickly pears.





	

	

	
Storage of Minimally Processed Fruit (Days)




	

	
White

	
Orange

	
Pink




	

	
Storage Time of Whole Fruit (Weeks)

	
0 Days

	
8 Days

	
0 Days

	
8 Days

	
0 Days

	
8 Days






	
TSS (°Brix)

	
0 weeks

	
13.20 ± 0.53 a,A

	
10.27 ± 0.31 c,B

	
13.33 ± 0.99 b,A

	
13.07 ± 0.12 b,A

	
12.20 ± 0.20 a,A

	
12.47 ± 0.23 ab,A




	
1 week

	
12.07 ± 0.42 c,A

	
11.13 ± 0.31 b,B

	
14.87 ± 0.31 a,A

	
12.00 ± 0.40 c,B

	
12.93 ± 0.61 a,A

	
11.80 ± 0.53 b,A




	
2 weeks

	
12.80 ± 0.35 b,A

	
11.53 ± 0.29 b,B

	
13.47 ± 0.12 b,A

	
12.77 ± 0.12 b,B

	
13.47 ± 0.61 a,A

	
11.87 ± 0.64 b,B




	
3 weeks

	
12.07 ± 0.12 c,A

	
10.87± 0.23 bc,B

	
14.20 ± 0.20 ab,A

	
13.67 ± 0.31 a,A

	
12.67 ± 0.42 a,A

	
11.87 ± 0.42 b,A




	
4 weeks *

	
12.80 ± 0.35 b,A

	
12.20 ± 0.20 a,A

	
13.93 ± 0.42 ab,A

	
13.73 ± 0.23 a,A

	
12.73 ± 0.64 a,A

	
12.87 ± 0.42 a,A




	
pH

	
0 weeks

	
6.79 ± 0.07 b,A

	
5.98 ± 0.16 a,B

	
6.42 ± 0.06 b,A

	
6.21 ± 0.16 ab,A

	
6.42 ± 0.03 a,A

	
6.27 ± 0.09 b,A




	
1 week

	
6.76 ± 0.04 b,A

	
6.41 ± 0.22 a,B

	
6.79 ± 0.01 a,A

	
6.06 ± 0.15 b,B

	
6.55 ± 0.11 a,A

	
5.79 ± 0.13 c,B




	
2 weeks

	
7.07 ± 0.13 a,A

	
5.82 ± 0.08 a,B

	
6.30 ± 0.03 b,A

	
5.28 ± 0.15 c,B

	
6.30 ± 0.09 a,A

	
6.39 ± 0.16 ab,A




	
3 weeks

	
6.63 ± 0.15 b,A

	
6.42 ± 0.23 a,A

	
6.63 ± 0.16 a,A

	
6.44 ± 0.08 a,A

	
6.39 ± 0.06 a,A

	
6.17 ± 0.19 b,A




	
4 weeks *

	
6.70 ± 0.22 b,A

	
6.21± 0.70 a,A

	
6.35 ± 0.11 b,A

	
6.07± 0.24 b,A

	
6.55 ± 0.17 a,A

	
6.55 ± 0.06 a,A




	
TA (%

citric acid)

	
0 weeks

	
0.028 ± 0.002 b,B

	
0.063 ± 0.005 b,A

	
0.043 ± 0.003 a,B

	
0.051 ± 0.003 c,A

	
0.047 ± 0.002 b,B

	
0.059 ± 0.008 b,A




	
1 week

	
0.046 ± 0.003 a,B

	
0.056 ± 0.002 c,A

	
0.037 ± 0.001 b,B

	
0.069 ± 0.001 b,A

	
0.062 ± 0.004 a,B

	
0.080 ± 0.008 a,A




	
2 weeks

	
0.027 ± 0.002 b,B

	
0.079 ± 0.002 a,A

	
0.045 ± 0.003 a,B

	
0.083 ± 0.002 a,A

	
0.062 ± 0.005 a,A

	
0.063 ± 0.005 b,A




	
3 weeks

	
0.030 ± 0.004 b,B

	
0.047 ± 0.002 d,A

	
0.034 ± 0.002 b,B

	
0.077 ± 0.009 b,A

	
0.046 ± 0.002 b,B

	
0.078 ± 0.008 a,A




	
4 weeks*

	
0.031 ± 0.003 b,B

	
0.056 ± 0.005 c,A

	
0.043 ± 0.002 a,B

	
0.075 ± 0.009 b,A

	
0.045 ± 0.006 b,B

	
0.072 ± 0.002 a,A




	
Total sugar

(g/100 g f.w.)

	
0 weeks

	
8.73 ± 0.37 c,B

	
10.37 ± 0.16 a,A

	
9.13 ± 0.01 d,B

	
10.35 ± 0.25 a,A

	
9.84 ± 0.32 c,A

	
8.99 ± 0.08 b,B




	
1 week

	
8.79 ± 0.30 c,A

	
9.52 ± 0.16 b,A

	
11.70 ± 0.11 a,A

	
10.20 ± 0.13 a,B

	
11.18 ± 0.18 a,A

	
7.05 ± 0.08 d,B




	
2 weeks

	
9.39 ± 0.03 b,A

	
8.34 ± 0.18 c,B

	
11.30 ± 0.24 b,A

	
9.14 ± 0.06 c,B

	
9.66 ± 0.22 c,A

	
9.92 ± 0.25 a,A




	
3 weeks

	
8.67 ± 0.01 c,A

	
8.72 ± 0.15 c,A

	
10.57 ± 0.11 c,A

	
9.53 ± 0.16 b,B

	
8.71 ± 0.16 d,A

	
7.89 ± 0.29 c,A




	
4 weeks *

	
9.90 ± 0.10 a,A

	
7.69± 0.23 d,B

	
11.36 ± 0.16 b,A

	
7.31 ± 0.04 d,B

	
10.28 ± 0.14 b,A

	
8.19 ± 0.06 c,B




	
Fructose

(g/100 g f.w.)

	
0 weeks

	
3.40 ± 0.24 d,B

	
4.07 ± 0.05 b,A

	
3.75 ± 0.01 c,B

	
4.07 ± 0.14 a,A

	
3.76 ± 0.19 cd,A

	
3.59 ± 0.12 a,A




	
1 week

	
3.69 ± 0.05 b,B

	
4.62 ± 0.06 a,A

	
4.82 ± 0.08 a,A

	
3.82 ± 0.15 a,B

	
4.63 ± 0.11 a,A

	
3.03 ± 0.15 b,B




	
2 weeks

	
3.56 ± 0.01 bc,A

	
3.61 ± 0.12 c,A

	
4.62 ± 0.08 b,A

	
3.41 ± 0.11 b,B

	
4.42 ± 0.20 b,A

	
3.44 ± 0.23 a,B




	
3 weeks

	
3.48 ± 0.05 cd,A

	
3.31 ± 0.05 d,A

	
4.84 ± 0.08 a,A

	
3.95 ± 0.03 a,B

	
3.49 ± 0.13 d,A

	
2.96 ± 0.15 b,A




	
4 weeks *

	
4.12 ± 0.03 a,A

	
3.20 ± 0.04 e,B

	
4.60 ± 0.02 b,A

	
2.94 ± 0.13 c,B

	
4.30 ± 0.06 b,A

	
3.47 ± 0.01 a,B




	
Glucose

(g/100 g f.w.)

	
0 weeks

	
5.10 ± 0.11 b,B

	
6.18 ± 0.10 a,A

	
5.23 ± 0.06 d,B

	
6.18 ± 0.12 a,A

	
5.71 ± 0.09 c,A

	
5.22 ± 0.05 a,B




	
1 week

	
4.85 ± 0.21 c,A

	
4.77 ± 0.06 c,A

	
6.61 ± 0.16 a,A

	
6.23 ± 0.01 a,B

	
6.31 ± 0.07 a,A

	
3.90 ± 0.06 d,B




	
2 weeks

	
5.44 ± 0.03 a,A

	
4.64 ± 0.11 c,B

	
6.40 ± 0.11 b,A

	
5.65 ± 0.08 b,B

	
5.93 ± 0.02 b,A

	
5.37 ± 0.05 a,B




	
3 weeks

	
4.78 ± 0.02 c,A

	
5.26 ± 0.21 b,A

	
5.43 ± 0.21 c,A

	
5.43 ± 0.14 b,A

	
4.91 ± 0.02 d,A

	
4.79 ± 0.13 b,A




	
4 weeks *

	
5.58 ± 0.06 a,A

	
4.38 ± 0.22 d,B

	
6.52 ± 0.16 ab,A

	
4.23 ± 0.13 c,B

	
5.69 ± 0.08 c,A

	
4.39 ± 0.06 c,B




	
Sucrose

(g/100 g f.w.)

	
0 weeks

	
0.23 ± 0.02 c,A

	
0.13 ± 0.01 a,B

	
0.15 ± 0.02 c,A

	
0.10 ± 0.01 b,B

	
0.37 ± 0.04 a,A

	
0.18 ± 0.02 a,B




	
1 week

	
0.27 ± 0.04 b,A

	
0.14 ± 0.04 a,B

	
0.28 ± 0.04 ab,A

	
0.15 ± 0.00 a,B

	
0.24 ± 0.01 c,A

	
0.13 ± 0.01 b,B




	
2 weeks

	
0.40 ± 0.02 a,A

	
0.11 ± 0.05 a,B

	
0.28 ± 0.04 ab,A

	
0.08 ± 0.01 b,B

	
0.29 ± 0.03 b,A

	
0.14 ± 0.01 b,B




	
3 weeks

	
0.42 ± 0.01 a,A

	
0.15 ± 0.01 a,B

	
0.30 ± 0.01 a,A

	
0.15 ± 0.01 a,B

	
0.32 ± 0.01 b,A

	
0.14 ± 0.01 b,B




	
4 weeks *

	
0.21 ± 0.01 c,A

	
0.12 ± 0.05 a,B

	
0.25 ± 0.03 b,A

	
0.11 ± 0.03 a,B

	
0.31 ± 0.01 b,A

	
0.18 ± 0.01 a,B








* The final recordings were taken 6 days after the processed prickly pears were stored as whole fruits for 4 weeks (microbiological limit). The different lowercase letters in a column indicate the significant differences between the storage weeks (p < 0.05), and the different capital letters in a row indicate the significant differences between the days of storage for the minimally processed prickly pears (p < 0.05).













 





Table 6. Ascorbic acid, total phenolics, and antioxidant capacity (DPPH) in white, orange, and pink minimally processed prickly pears.






Table 6. Ascorbic acid, total phenolics, and antioxidant capacity (DPPH) in white, orange, and pink minimally processed prickly pears.





	

	
Storage of Minimally Processed Fruit (Days)




	

	
White

	
Orange

	
Pink




	

	
Storage Time of Whole Fruit (Weeks)

	
0 Days

	
8 Days

	
0 Days

	
8 Days

	
0 Days

	
8 Days






	
Ascorbic acid

(mg/100 g f.w.)

	
0 weeks

	
8.68 ± 0.80 a,A

	
5.03 ± 0.07 a,B

	
14.56 ± 1.21 a,A

	
7.81 ± 0.64 a,B

	
15.95 ± 1.02 a,A

	
12.43 ± 0.65 a,B




	
1 week

	
7.43 ± 0.34 b,A

	
4.02 ± 0.17 b,B

	
15.30 ± 0.19 a,A

	
4.85 ± 0.28 b,B

	
15.17 ± 0.90 a,A

	
5.59 ± 0.62 b,B




	
2 weeks

	
7.64 ± 0.79 b,A

	
3.81 ± 0.12 b,B

	
10.18 ± 1.10 b,A

	
2.31 ± 0.04 c,B

	
8.95 ± 1.21 b,A

	
3.17 ± 0.38 c,B




	
3 weeks

	
4.18 ± 0.50 c,A

	
1.82 ± 0.21 c,B

	
5.83 ± 0.57 c,A

	
1.40 ± 0.01 d,B

	
5.45 ± 0.83 c,A

	
1.21 ± 0.21 d,B




	
4 weeks *

	
3.08 ± 0.13 d,A

	
1.33 ± 0.06 d,B

	
3.74 ± 0.33 d,A

	
0.23 ± 0.03 e,B

	
2.67 ± 0.24 d,A

	
0.66 ± 0.06 d,B




	
Antioxidant

capacity (DPPH)

(mg TE/100 g f.w.)

	
0 weeks

	
3.98 ± 0.10 a,A

	
2.77 ± 0.08 a,B

	
6.49 ± 0.14 a,A

	
3.78 ± 0.08 a,B

	
5.95 ± 0.18 a,A

	
3.76 ± 0.11 a,B




	
1week

	
3.48 ± 0.22 b,A

	
2.64 ± 0.05 b,B

	
4.44 ± 0.27 b,A

	
2.73 ± 0.02 b,B

	
5.11 ± 0.18 b,A

	
3.22 ± 0.07 b,B




	
2 weeks

	
2.96 ± 0.06 c,A

	
2.04 ± 0.05 c,B

	
3.39 ± 0.16 c,A

	
2.22 ± 0.06 c,B

	
3.47 ± 0.18 c,A

	
2.30 ± 0.06 c,B




	
3 weeks

	
2.02 ± 0.02 a,A

	
1.68 ± 0.03 d,B

	
3.26 ± 0.06 cd,A

	
2.00 ± 0.03 d,B

	
3.70 ± 0.22 c,A

	
2.17 ± 0.10 c,B




	
4 weeks *

	
1.81 ± 0.06 a,A

	
1.20 ± 0.02 e,B

	
3.02 ± 0.06 d,A

	
1.83 ± 0.06 e,B

	
2.44 ± 0.07 d,A

	
1.83 ± 0.02 d,B




	
Total phenolics

(mg GAE/100 g f.w.)

	
0 weeks

	
76.77 ± 2.04 a,A

	
33.12 ± 3.17 d,B

	
96.12 ± 3.07 a,A

	
44.69 ± 8.90 b,B

	
91.93 ± 2.76 a,A

	
45.63 ± 9.50 d,B




	
1 week

	
80.30 ± 2.35 a,A

	
49.80 ± 2.91 c,B

	
54.25 ± 1.60 c,A

	
61.31 ± 8.63 b,A

	
87.29 ± 10.59 a,A

	
83.81 ± 4.63 bc,A




	
2 weeks

	
59.84 ± 3.87 b,B

	
77.86 ± 4.13 b,A

	
77.07 ± 0.97 b,A

	
49.92 ± 6.79 b,B

	
69.83 ± 4.71 b,A

	
69.09 ± 14.51 cd,A




	
3 weeks

	
79.46 ± 7.23 a,A

	
90.92 ± 1.48 a,A

	
92.10 ± 6.31 a,A

	
90.91 ± 2.74 a,A

	
93.92 ± 11.50 a,A

	
95.99 ± 6.24 a,A




	
4 weeks *

	
63.96 ± 6.88 b,A

	
54.44 ± 3.59 c,A

	
51.30 ± 0.27 c,A

	
42.43 ± 7.18 b,A

	
67.92 ± 8.08 b,A

	
57.92 ± 6.46 d,A








* The final recordings were taken 6 days after the processed prickly pears were stored as whole fruits for 4 weeks (microbiological limit). The different lowercase letters in a column indicate the significant differences between the storage weeks (p < 0.05), and the different capital letters in a row indicate the significant differences between the days of storage for the minimally processed prickly pears (p < 0.05).
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