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Abstract

:

The cape gooseberry (Physalis peruviana L.) is an exotic tropical fruit of great national and international importance due to its nutritional and organoleptic properties. The objective of this study was to evaluate different postharvest treatments—coating, vacuum impregnation, and immersion—on the conservation of several quality characteristics of cape gooseberry fruit. Moreover, the different conditions of the selected treatments were studied. Weight loss was assessed with a gravimetric analysis of the fresh and treated fruit. Firmness was determined by the instrumental texture. A sensory analysis was conducted using a multidimensional profile approach. Of the treatments evaluated, the lowest weight loss was recorded with the use of coating and immersion. However, the immersion process resulted in the product with the highest overall quality according to the sensory analysis and presented the most appropriate texture according to the firmness values. Finally, in the evaluation of the immersion, a significant influence of the CaCl2 immersion time (p < 0.05) on the firmness values of the product was found, resulting in longer times leading to less firm products. Considering 10% as a commercial standard limit for weight loss, the fruit treated under immersion and coating processes can be stored for at least 12 days. The immersion process is highlighted because it improved the sensory characteristics with respect to the control (i.e., without treatment). Therefore, it is a promising alternative for the postharvest treatment of cape gooseberries.
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1. Introduction


The cape gooseberry (Physalis peruviana Linnaeus) is a fruit belonging to the Solanaceae family and genus Physalis. This plant is native to the South American Andes and produces juicy, yellow–orange berry-like fruit with a diameter between 1.25 and 2.50 cm and weight between 4 and 10 g, depending on the harvesting conditions [1]. It is a climacteric fruit characterized by a bittersweet and fresh flavor, pleasant texture, and aroma [2,3], and it has a high nutritional value due to the notable presence of compounds such as vitamins (ascorbic acid, thiamine, riboflavin, and niacin) and minerals (calcium, phosphorus, and iron) [4]. Additionally, it has a high content of carotenes and other minority compounds that favor its antioxidant capacity and provide it with a hepatoprotective, antimutagenic, purifying, immune-system strengthening, and cholesterol- and blood-sugar-lowering effect [2,4]. Thus, the cape gooseberry is now a popular health food product used in various ways, such as in ice cream, yogurt, jams, and more. However, its primary form of commercialization is fresh, which makes it a highly perishable food due to its moisture content, sensitivity to ethylene, high respiratory activity, and the incidence of ripening processes that accelerate the senescence phenomenon and determine the deterioration of its texture, flavor, and aroma conditions, thus limiting its shelf life to approximately between 10 and 12 days [1,3]. Colombia is the main producer and exporter of cape gooseberry, with about 90% of the world’s production. According to the Colombian Ministry of Agriculture and Rural Development, from 2016 to 2020, the cultivation area increased from 1023.1 to 1372.4 hectares. In the same period, there was an increase in production from 15,111.8 to 19,775.7 tons [5]. Regarding exportation, according to data provided by the National Foreign Trade Association (ANALDEX), during the period 2016–2020, Colombia exported a net amount of 50,865.7 tons, representing an average growth of around 9.1% per year. Therefore, this fruit has also appreciated within international markets, which makes it a fruit of economic importance for the country.



One challenge that Colombia faces in the export of cape gooseberry is the demand for fresh quality products, since according to data provided by the National Planning Department (DNP), of the total annual production of fruits and vegetables approximately 21% is lost or wasted, which corresponds to between 1813 and 2373 tons of cape gooseberry per year, with the main limiting factors being weight loss during storage and spoilage by microorganisms, such as Cladosporium, Phomopsis, Pestalotia, Botrytis cinerea, and Alternaria spp. [6]. Among the strategies that have been developed for the conservation of fresh fruits include high pressure, ultrasound, ionizing radiation, pulsed electric fields, cold plasma, and packaging in modified atmospheres [7,8,9]. However, the high cost of processing and the acquisition of specialized equipment limit their use in the Colombian context. Other strategies have used minimal processing methods showing promising results. In the specific case of cape gooseberry, coatings made from beeswax and whey protein [10], chitosan and aloe vera [10], and chitosan and rosemary essential oil [3] have been used. In all of them, a decrease in the weight loss of the fruit during storage was achieved, prolonging its shelf life, since the freshness of fruits and vegetables decreases, according to Pinzón et al. (2015), when samples have weight losses of more than 10% [11]. Vacuum impregnation has also been applied for the conservation of cape gooseberry, based on the incorporation of various components, such as ethanolic extracts of annatto leaves and seeds [12], as well as micronutrients like calcium and vitamins B9, C, D, and E [13]. Likewise, immersion in technological coadjutants, such as citric and ascorbic acids and calcium chloride have been evaluated for the minimum processing of horticultural and fruit products. Thus, these preservation agents help to prevent browning reactions and provide stability to the matrix against external microbial alterations. In addition, the application of sodium carbonate in fruit products has been proven to inhibit microorganisms such as Botrytis cinerea [14] and the addition of calcium salts has been used to improve the textural characteristics of horticultural products [15]. However, for the evaluation of the quality characteristics of cape gooseberries, their use in combination with other substances in various postharvest treatments has not been studied before. Therefore, in this study the objective was to evaluate different postharvest processing alternatives—coating process (CP), vacuum impregnation process (VIP), and immersion process (IP)—on the conservation of several quality characteristics of cape gooseberry (Physalis peruviana L.), including its sensory analysis. Moreover, different conditions were studied for the selected treatments.




2. Materials and Methods


2.1. Materials


This research used the Colombia ecotype of the cape gooseberry (Physalis peruviana L.) with no mechanical affectations and free of damage caused by pathogens and insects. The fruit was category 1 with caliber D and E (20.1–22.0 and >22.0 mm diameter, respectively) and presented a maturity index between 4 and 6 based on the Colombian Technical Standard NTC 4580 [16] and were harvested in the small village of Mesopotamia (5°53′03″ N 75°18′58″ O), located east of Medellín city, Department of Antioquia, Colombia. The cape gooseberries used in the analysis were transported (2 h) with their calyxes in sacks until their arrival at the laboratory, where they were selected and stored in refrigerated conditions at 5 ± 1 °C until processing.




2.2. Postharvest Treatments


The cape gooseberry fruit were treated under three different postharvest treatments, and the methodology used for each was based on previous studies and slightly modified.



	-

	
Coating process (CP): This methodology was based on Muley and Singhal (2020) [17]. Firstly, the whey protein (WPC) was hydrated: 30 g of protein in 188.31 mL of distilled water. Then, the pH was adjusted to 7 by adding NaOH, and the solution was heated (55 °C, 10 min) with constant stirring. After, 1.59 g of sodium carbonate was added while maintaining the agitation and temperature, and 30 g of glycerol was also added. After cooling, the solution was stored under refrigeration (5 ± 1 °C) until its application. The fruit was submerged twice for 1 min, and then the samples were drained and placed in an oven for 10 min at 30 °C to ensure the elimination of the surface liquid.




	-

	
Vacuum impregnation process (VIP): This methodology was based on Ciro (2012). An impregnation solution containing 1% calcium chloride (CaCl2) and 0.05% sodium carbonate (Na2CO3) was prepared over an isotonic aqueous base (sucrose 20 °Brix). The fruit was placed in a desiccator and the solution ratio was maintained at 1:5 to ensure adequate immersion. A vacuum pump was attached to the desiccator (Welch, Gardner Denver Thomas, Inc. Sheboygan, WI USA), and the system was subjected to a vacuum pressure of 17 KPa for 5 min. Subsequently, the atmospheric pressure was restored, and the fruit remained submerged for an additional amount of time (5 min) without stirring. Finally, the impregnated samples were taken out of the desiccator, drained, and placed in an oven for 10 min at 30 °C to ensure removal of the surface liquid.




	-

	
Immersion process (IP): This methodology was based on Pérez-Martínez et al. (2021). The immersion of the fruit was carried out sequentially using technological coadjutants. First, the fruit was immersed in a recipient containing a solution with 500 ppm citric acid and 500 ppm ascorbic acid for 5 min. Then, they were taken out from the recipient and immersed in a solution containing Na2CO3 0.05 M for 5 min. Finally, they were taken out and submerged in a solution containing 1% CaCl2 for 2 min. The immersed samples were drained and placed in the oven for 10 min at 30 °C to ensure the elimination of the surface liquid.








2.3. Characterization of the Fresh and Treated Fruit


The fresh, or untreated, cape gooseberries (control) and those after each treatment (treated) were placed in four (4) polyethylene boxes, each containing between 8 and 12 pieces of fruit. For the initial characterization, one box was selected (box 1) from each treatment. The other boxes were used for the textural analysis (box 2) and the weight loss (boxes 3 and 4).



The color assessment was conducted according to the CIE L*a*b* methodology, taking 5 samples (from box 1) and measuring the color at opposite points of the transverse and longitudinal axes, together with the center of the fruit. The overall average of the samples analyzed was taken. For the determination of the moisture, pH, total soluble solids (TSS), and total acidity of the cape gooseberries, the analyses were carried out after the homogenization of the samples with a fruit processor (Oster®, Model FPSTJE316W, Bogotá, Colombia), with subsequent mixing. Samples were taken from each treatment (box 1), and the tests were performed in triplicate. The moisture content (%) was determined according to the AOAC method [18]. The pH was measured using a pH meter (Hanna Instruments pHmeter, HI3220, Washington, DC, USA). The total acidity was calculated by titration with NaOH (0.1 N) using phenolphthalein as an indicator until reaching the neutralization of all of the organic acids present and expressed as a percentage of citric acid. Finally, the total soluble solids (TSS) were determined through refractometer readings using Brixco Instruments (ABBE 3030. Medellín, Colombia).




2.4. Determination of Vitamin C, Carotenoids, Total Phenolic Content, and Antioxidant Capacity


For the determination of vitamin C, carotenoids, total phenolic content, and antioxidant capacity, analyses were carried out for the fresh fruit and immediately after applying the treatments (day 0). The analyses were carried out on the homogenized samples (box 1).



	-

	
Vitamin C: Vitamin C was determined following the method used by Contreras-Calderón et al. (2011) [19] based on titration of the analyzed samples with a 2,6-dichlorophenolindophenol standard solution in an acid environment. The analyses were performed in triplicate, and the results are expressed as mg/100 g.




	-

	
Carotenoids: Carotenoids were determined following the methodology described by Rodriguez-Amaya and Kimura (2004) [20] using the absorption coefficient for β-carotene in petroleum ether solvent (A = 25 92). Three grams of homogenized fruit was placed in a falcon tube, and 50 mL of cold acetone was added. Then, they were homogenized in a vortex, and filtered in a Buchner funnel with filter paper. The samples were washed with small amounts of acetone until colorless. Subsequently, in a decanting funnel of 500 mL, 40 mL of petroleum ether and the acetone extract (obtained previously) was added. Distilled water (~300 mL) was slowly added to avoid the formation of an emulsion. Three or four washes were carried out to eliminate any residual acetone. Finally, the petroleum ether was collected in a 50 mL volumetric flask by passing the solution through a funnel containing anhydrous sodium sulfate to remove residual water. The separating funnel was washed with petroleum ether, collecting the washings in the volumetric balloon, gauged with petroleum ether, and the absorbance was read at 450 nm CARY 50 BIO, UV–vis (Varian Pty. Ltd., Mulgrave, Australia). The analyses were performed in triplicate, and the results are expressed as μg/100 g.




	-

	
Total Phenolic Content (TPC): TPC was determined based on the method of Folin–Ciocalteu, following the steps used by Osorio-Arias et al. (2019) [21]. Firstly, the fruit was dissolved in a methanol/water (50:50) solution and an acetone-water solution (70:30) to make the extracts. Then 20 mL of extract was mixed with 1580 mL of distilled water and 100 mL of Folin–Ciocalteu reagent; after 2 min 300 mL of sodium carbonate (20 g/100 mL) was added and the final mixture was stored in the dark for 1 h. The absorbance of the solution was measured in a spectrophotometer (CARY 50 BIO, UV–vis) at 725 nm and the absorbance was compared with a calibration curve based on gallic acid. The analyses were performed in triplicate and the results were expressed as mg equivalents of gallic acid per 100 g of fresh sample (mg GAE/100 g).




	-

	
Antioxidant Capacity: Two different methods were used to evaluate the antioxidant capacity of the fresh fruit. The FRAP (ferric-reducing ability of plasma) method is based on the single-electron transfer (SET) mechanism, while the ABTS (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) method acts via both the SET and hydrogen atom transfer (HAT) reactions. The FRAP assay was conducted according to the methodology described by Duarte-Correa et al. (2020) [15]. For the first method, 900 μL of FRAP reagent (containing TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine), FeCl3, and acetate buffer) was mixed with 90 μL of distilled water and 30 μL of the test sample and incubated at 37 °C/30 min. The absorbance was measured at 595 nm after 30 min (UV–3300 Mapada Instruments, Shanghai, China). Trolox was used for the calibration curve. The results are expressed as micromol of Trolox equivalents (TE) per gram (μmol TE/g). Regarding the second method, the ABTS assay was performed according to Osorio-Arias et al. (2019). Firstly, the radical cation solution (ABTS+) was prepared by mixing 10 mL of an ABTS stock solution (7 mM) with 10 mL of potassium persulfate (2.45 mM). The solution was let to stand overnight and, subsequently, diluted with ethanol until an absorbance reading of 0.7 was achieved (730 nm). Finally, the absorbance of the samples was determined after 30 min of mixing at 30 °C with the radical solution. The reduction in the absorbance was correlated with a Trolox calibration curve. The results are expressed as μM of Trolox equivalent (TE) per gram (μmol TE/g).








2.5. Textural Analysis of Fresh and Treated Fruit


According to the random initial classification, box 2 was selected for the textural analysis. A texture analyzer, TPA TexturePro CT V1.6 Build (Brookfield Engineering Labs. Inc., Stoughton, MA, USA), was used to measure the firmness of the fresh and treated fruit following the methodology described by Olivares-Tenorio et al. (2017) [22]. The analysis was carried out with the following specifications: Speed of 0.5 mm/s, penetration distance of 5 mm, and a trigger of 4 g. A TA9 stainless-steel needle probe with a 1.0 mm diameter was used. In the penetration test, the firmness was defined as the maximum force required to break the sample. These measurements were made at room temperature (25 ± 2 °C), and the data were recorded in grams of force (gf). At least five samples were used in each treatment.




2.6. Determination of the Weight Loss of Fresh and Treated Fruit


Weight loss was assessed with gravimetric analysis, taking as a reference the day 0 weight. It was calculated according to Balaguera-lópez et al. (2014), using Equation (1). For each treatment and the control, ten separate piece of fruits were placed in two polyethylene containers (with holes), and the weight of each fruit was recorded daily. According to the random initial classification, this corresponded to sample boxes 3 and 4. The samples were stored at 6 ± 2 °C.


  W e i g h t   l o s s     %   =   (   P   i   −   P   f   )     P   i     × 100  



(1)




where Pi is the fruit weight at the initial time (day 0), and Pf is the fruit weight at the final time (day 12).




2.7. Sensory Analysis for Fresh and Treated Fruit


The sensory analysis of the fresh (control) and treated fruit was conducted in the Food Sensory Analysis Laboratory at the University of Antioquia, Colombia, using a multidimensional profile approach (NTC 3932 (1996) and ISO 11035 (1994) [23]) with an expert panel. The judges were able to identify a set of relevant descriptors for appearance (A), texture (T), flavor (F), odor (O), and somatosensory sensation (S) to provide the maximum amount of information about the samples’ sensorial attributes to establish a sensory profile. The scale used to rank the descriptors’ intensities was from 0 to 5, where 0 is absence, 1 is very weak, 2 is weak, 3 is moderate, 4 is strong, and 5 is intense. The evaluation was carried out in individual cubicles with an ambient temperature of 24.0 ± 0.5 °C and relative humidity of 64 ± 1%. The overall quality was also evaluated on a scale from 1 to 3, where 1 is low, 2 is medium, and 3 is high quality. The analyses were performed in duplicate following international tenets.




2.8. Statistical Analysis


The results of each analysis are expressed as the means ± standard deviation from at least three estimations. An analysis of variance (ANOVA) with Fisher’s least significant difference (LSD) test was used to determine significant differences among the means at a significance level of p < 0.05 using Statgraphics Centurion XVI software (Statistical Graphics Corporation, Ver. 16.0.07, Rockville, MD, USA). Considering the results obtained with the three postharvest treatments applied to the fruit (CP, VIP, and IP) in terms of physicochemical characterization, weight loss, texture analysis, and sensory analysis, one method was selected to continue with the development of the research. Once a postharvest treatment was selected (IP), a factorial design of experiments was carried out. The independent variables were calcium chloride (1–3%) and immersion time in calcium chloride solution (2–5 min). The dependent variables were moisture content (%), TSS, firmness (gf), and weight loss at 12 days of storage (%).





3. Results and Discussion


3.1. Characterization of Fresh Fruit


Table 1 shows the results of the characterization of the fresh cape gooseberry fruit. The values obtained for moisture content and pH agreed with those reported previously by Balaguera-lópez et al. (2014) for the same ecotype. The total acidity was also between the values reported by Bravo et al. (2015) [24] and Pinzón et al. (2015), who found values between 1.49 and 1.90%. Regarding the values for TSS, they are expressed as °Brix, which is an estimate of the sugar content, in addition to organic acids, amino acids, and soluble pectins, an average of 15.20 was found, similar to those reported by Bravo et al. (2015), who also stated that the TSS is strongly affected by cultivar, harvest month, and maturity. For the cape gooseberry color, the CIEL*a*b* system was applied. This system uses brightness (L*), red (a*), and yellow (b*) parameters. The positive values for a* and b* allowed us to establish that the fruit presented tonalities between red and yellow [20]. These colors are characteristic in fruits with a high content of carotenoids, which are substances responsible for this coloration. On the other hand, the value of L is related to light (white) luminosities.



Table 2 shows the total phenolic content (TPC), carotenoids, vitamin C, and antioxidant capacity (FRAP and ABTS) of the fresh cape gooseberry. The TPC of the fresh fruit was similar to that reported by Puente et al. (2011) using a modified Folin–Ciocalteu method. They found values between 33.72 and 44.58 mg GAE/100 g. It has been established that the main phenolic compounds present in cape gooseberries are quercetin, myricetin, and kaempferol [25]. Regarding the carotenoids content, they are responsible for the orange color in the fruit [13]. The value was found to be in the range reported by Graça Dias et al. (2017) [26] for a similar maturity stage: 388.8–1460 μg/100 g. Twenty-two carotenoid compounds were identified, with the main one being all-trans-β-carotene (76.8%), followed by 9-cis-β-carotene (3.6%) and all-trans-α-cryptoxanthin (3.4%) [25]. Concerning the vitamin C content, the obtained value was similar to that reported by Valente et al. (2011), who found a 33.1 ± 0.4 mg/100 g edible portion. This vitamin is found in particularly high amounts in cape gooseberry in contrast to other fruits, but there is great variation [24], reaching up to 68 mg/100 g [27]. Regarding the antioxidant capacity, the ABTS value was higher than that reported by Céron, Higuita, and Cardona (2011) [28], who reported an antioxidant capacity of 0.426 µmol ET/g. The FRAP value was also higher than those reported by Céron et al. (2011) and La Vega et al. (2019) [29], who found a range between 0.055 and 2.661 μmol TE/100 g. These variations may be due to the edaphoclimatic differences of each variety, and these, in turn, induce variable contents of natural phytochemicals, such as phenolic compounds, anthocyanins, carotenoids, and vitamins, that are related to antioxidant capacities [24,30] These differences may be also associated with the fact that the antioxidant capacity shows increasing values with increasing ripening of the cape gooseberry fruit, and there is no information regarding the state of maturity of the fruit used for the cited studies.




3.2. Postharvest Treatments


3.2.1. Physicochemical and Texture Characteristics


Table 3 shows the moisture content, TSS, pH, total acidity, vitamin C, TPC, and firmness of the cape gooseberry fruit after the different postharvest treatments and the control (fresh fruit). The results show that there were no significant differences (p > 0.05) in the moisture content among the treatments. Regarding the TSS, the highest TSS value (p < 0.05) was that of the fruit subjected to the coating process; this may be because of the addition of sodium carbonate (soluble salt), which increases the total soluble solids content of the fruit, and the plasticizing effect of glycerol. For the other treatments, it was possible to maintain a lower concentration of the soluble solids because of the contact with the water solutions, which indicates that they had an impact on the slower ripening of the fruit [31]. As for the total acidity, significant differences were observed among the treatments, and the immersion process presented the highest acidity (p < 0.05), which was because of the addition of the citric and ascorbic acids in the immersion solutions. This agrees with the results for the pH, in which the immersion process had the lowest value. Regarding the vitamin C content, the coating and immersion treatments led to higher vitamin C values than for the control fruit. In the case of the coating treatment, it had a protective barrier against permeability to O2 and CO2, thus decreasing vitamin autooxidation [32]. In the case of the immersion treatment, it is worth mentioning that ascorbic acid was added to the immersion solution, thus resulting in a significantly higher content (p < 0.05) compared to the control. For the total phenolic content (TPC), there significant differences among treatments (p < 0.05). On the one hand, it could be related to the measurement technique, since the Folin–Ciocalteu method measures the reduction of the reagent with the formation of a blue complex [19], but it has low specificity, as it is able to react with any oxidizable hydroxyl, such as those present in the structure of vitamin C, and, as we stated before, the vitamin C values were higher for the treated fruit. However, some studies indicate that those higher values can be also attributed to the greater extraction of compounds from within the matrix during the treatments [33]. Concerning the fruit firmness, it was directly affected by the different postharvest treatments. Although calcium has been used in fruit pretreatments, and it is generally associated with increased firmness [15], in this case, the effect of the process itself was superior. In the case of vacuum impregnation, it presented the lowest firmness values; this may be related to the pressure received by the fruit during the vacuum pressure stage, which could have affected the surface of the cape gooseberry, breaking its original structure, thus resulting in a general softening of the fruit. In fact, this tissue damage was visually perceived in some fruit. According to Fito et al. (1994), the VIP occurs through a hydrodynamic mechanism (HDM), along with deformation–relaxation phenomena (DRP), that the matrix undergoes because of a pressure gradient. Therefore, the final response to the vacuum impregnation is defined by the coupling of both phenomena, HDM and DRP, which will affect both their kinetics and the final equilibrium of the system. The HDM and DRP obviously concern the food’s microstructure and mechanical properties, as well as the processing conditions [34]. Several papers have reported the incorporation of active components via vacuum impregnation, presenting successful applications in some fruits and vegetables. Since the cape gooseberry is a highly complex fruit due to the presence of a waxy layer on the surface and a low natural porosity that increases because of microfissures on the surface due to pressure, this indicates that the vacuum process is more complex. Thus, in our case, the specific pressure gradients and food microstructure led to a lower postharvest quality. Sharma and Dash (2019) [35] describe the vacuum, which expels intracellular air, forming a high degree of intercellular partitions and voids causing significant changes to the structure, leading to decomposition of the fruit tissue. Concerning the immersion treatment, CaCl2 was added to the immersion solution, so it could be the reason for the improvement in the firmness, as has been reported before for other food matrices [36]. In this context, it has been reported that Ca2+ establishes bonds with pectins, forming calcium pectates that increase the firmness of the cell wall [15]. It has been stated that with calcium pretreatment, two calcium processes have been identified: (1) bound to carboxyl groups and (2) free or remaining unbound in the plant tissue [37]. In addition, according to Pérez-Martínez et al. (2021), the application of antioxidant agents such as ascorbic acid minimizes and prevents enzymatic reactions, texture changes, and the development of unpleasant flavors and aromas, because they have a high affinity for fruit carbohydrates, thus providing acid and reducing properties that sequester oxygen and act as chelating agents that retard the deterioration processes caused by enzymes and are also accelerated by lesions in plant tissue, which directly influences the firmness of the fruit. Therefore, the addition of this acid would also be contributing indirectly to improving the firmness of the fruit treated with immersion.




3.2.2. Weight Loss


Figure 1 shows the weight loss for the CP, VIP, and IP over 12 days of storage. It can be seen that at the end of the study (day 12), the weight loss percentage for the vacuum impregnation process (VIP) was significantly higher (11.6%) when compared to the control (7.9%), and the other treatments (CP 6.1% and IP 7.4%). For its part, the immersion process (IP) led to similar values as the control (C) for all days of the study. Finally, with the coating process (CP), the fruit had the lowest weight loss percentage, going from 0.4% on day 2 to 6.1% on day 12. It has been reported that a coating process on fruit leads to a reduced weight loss. López et al. (2016) reported a significant weight loss reduction, from 23% to 15%, in cape gooseberry samples stored for 15 days at 17 °C, with the use of a whey and beeswax based coating. Muñoz et al. (2017) [38] were able to prolong cape gooseberries stored from 9 to 11 days while maintaining a weight loss of less than 10% with the use of a chitosan and aloe vera based coating. According to what was reported by Pinzón et al. (2015), when a samples’ losses exceed 10% of the samples’ weight, the freshness of the fruits and vegetables disappear. The large weight losses of the fruit subjected to the vacuum impregnation process can be explained by the product deformations promoted by the pressure changes due to the viscoelastic properties of the fruit solid matrix. The VIP has been described as a fast mass transfer phenomenon, which occurs when porous structures are immersed in a liquid phase and pressure gradients are generated. This causes the external solution to move towards inside the food structure [39]. Thus, the cape gooseberries subjected to VIP had a greater weight than the untreated fruit, which was related to external liquid gain. However, in some cases, deformations can lead to the size and shape of the pores being changed [39], even resulting in tissue injury that may subsequently promote fluid leakage. Regarding the immersion process, at the end of the study, a weight loss of less than 10% was obtained, keeping the freshness similar to the control. Pauro-Flóres (2016) [40] achieved a 10% weight loss after 18 days of refrigerated storage (3 °C) and 13 days at room temperature (13 °C) when using immersion in solution with 3% calcium chloride and also found higher values when using coated fruit: 15 and 21 for room temperature and refrigeration, respectively.




3.2.3. Sensory Analysis


Figure 2 shows the descriptors of fresh and treated cape gooseberry found for appearance (A)—brightness (ABG), homogeneous color (AHG), and uniform surface (AUS); for texture (T)—hard (THD), chewable (TCW), fibrous (TFB), dry (TDR), waxy (TWX), and rubbery (TRB); for flavor (F)—sweet (FSW), acid (FAC), floral (FFL), fruity (FFR), herbal (FHB), chemical (FCH), bitter (FBT), saline (FSL), and waxy (FWX); for odor (O)—sweet (OSW), acid (OAC), floral (OFL), fruity (OFR), herbal (OHB), chemical (OCH), dairy (ODR), and perfume (OPF); for somatosensory sensation (S)—astringent (SAT) and spicy (SSP). The figure also shows the overall quality (OQ) of the fresh and treated fruit. The panelists highlighted some aspects of each of the treatments, including the control fruit. The sensory characteristics of the control present different types of notes associated with sweet, fruity, and herbal flavors, which are predominant for this type of fruit product as they indicate their final quality [41]. The fresh cape gooseberry presents a waxy surface attributed to the fruit’s own natural wax and which constitutes an important point in its long-term preservation, since it prevents moisture loss and delays the phenomena associated with senescence. In the fruit subjected to VIP, panelists found the presence of spicy and chemical notes that provided an uncharacteristic residual to the fruit. It could be attributed to the addition of substances such as sodium carbonate and calcium chloride, since with the use of VIP the porous structure of the matrix is filled with the substances present in the impregnation solution due to the pressure differences [36]. Regarding the IP, it was characterized by the sensory panel as a balanced treatment in relation to flavor and odor and presented texture characteristics similar to the control, being ideal for a fresh fruit product. This balance is because of the presence of ascorbic and citric acids, together, counteracting the presence of sodium carbonate and calcium chloride, thus, helping to maintain the balance and opaquing the chemical notes. For the fruit subjected to CP, their overall quality was the lowest among all treatments, with an overall rating of two, evidencing that this process had a negative impact on sensory attributes. This low quality is associated with the presence of chemical, astringent, and unpleasant notes, which affect appearance parameters such as brightness and sweet taste, as well as flavor and odor descriptors.




3.2.4. Postharvest Treatment Selection


Considering the results obtained with the three postharvest treatments applied to the fruit (CP, VIP, and IP) in terms of physicochemical characterization, weight loss, texture analysis, and sensory analysis, the immersion treatment (IP) was selected to continue with the development of the research.





3.3. Immersion Process (IP) under Different Conditions


The evaluation of the IP was carried out using a factorial experimental design (Table 4). Twelve runs were carried out for the treated samples. The value obtained for the moisture of the treated fruit ranged between 81.78% and 84.45%. The value obtained for TSS was in the range of 12.60 and 14.50. The firmness of the fruit was between 22.40 and 34.00 gf. Regarding the weight loss after 12 days of storage, the values were between 6.51 and 10.91%. The results showed that there were no significant differences (p > 0.05) among any of the response variables including firmness by the effect of the calcium concentration (1–3%). Although a higher firmness might be expected with a higher calcium concentration used, and this behavior could be attributed to the calcium, which can precipitate at the entrance of the pores blocking the entrance of more compounds, as has been stated before [42]. However, comparing the values of firmness for the treated fruit and the control, it is noticeable that the treated fruit showed higher values. Since the use of different concentrations of calcium chloride led to indistinct firmness values, low concentrations can be used to obtain good results at a lower economic cost. On the other hand, there were significant differences (p < 0.05) among the firmness values because of the immersion time in CaCl2. The longer the immersion time, the lower the firmness of the product. This may be because of the relaxation of the fruit tissue which favored calcium loss, especially those free or not strongly bound to pectins within the tissue [37]. In addition, after reaching equilibrium, an osmotic effect may have occured. Barrera et al. (2009) [43] reported a reduction in calcium content after osmosis due to the concentration gradient, and Martínez-Sánchez et al. (2022) [44] observed a leaching effect in banana tissue at higher concentrations and temperatures of the osmotic solution. Finally, a correlation analysis by Person showed a significant (p < 0.05) negative correlation (−0.6397) between the moisture content and total soluble solids. This is compositionally related, since the variable TSS is inversely proportional to the moisture content; thus, the higher the humidity, the lower the solids and vice versa.





4. Conclusions


Of the three treatments evaluated (CP, VIP, and IP), the lowest weight loss was recorded with the use of coating (CP) and immersion (IP). However, the immersion process resulted in the product with the highest overall quality according to the sensory analysis, being comparable with the fresh fruit. Regarding the firmness, one of the most important quality attributes for the commercialization and export of fruits, the IP also presented the firmest products. Texture is related to several parameters such as water loss. In this sense, considering 10% as a commercial standard limit for weight loss, fruit treated with immersion and coating processes can be stored for at least 12 days. However, the CP had the lowest overall sensory quality. Therefore, the immersion process is highlighted, since this treatment helps to maintain fruit quality, so it is presented as a promising alternative for the postharvest treatment of cape gooseberries but that it is necessary to continue exploring. For future studies, it will be interesting to incorporate different temperatures for the immersion solutions for IP and to include the use of agitation during the period the fruit is submerged. As a general conclusion, it is important to mention that the quality characteristics of cape gooseberry cannot be determined by a single variable but must be a set of attributes, and it is important to include sensory analysis, as it will determine the consumer’s acceptance of the product.
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Figure 1. Weight loss (%) for the control fruit (C) and fruit subjected to three different treatments: coating process (CP); vacuum impregnation process (VIP); immersion process (IP). 
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Figure 2. Sensory analysis of cape gooseberry for the control fruit (C) and fruit subjected to three different treatments: coating process (CP); vacuum impregnation process (VIP); and immersion process (IP). Descriptors for appearance (A)—brightness (ABG), homogeneous color (AHG), and uniform surface (AUS); for texture (T)—hard (THD), chewable (TCW), fibrous (TFB), dry (TDR), waxy (TWX), and rubbery (TRB); for flavor (F)—sweet (FSW), acid (FAC), floral (FFL), fruity (FFR), herbal (FHB), chemical (FCH), bitter (FBT), saline (FSL), and waxy (FWX); for odor (O)—sweet (OSW), acid (OAC), floral (OFL), fruity (OFR), herbal (OHB), chemical (OCH), dairy (ODR), and perfume (OPF); for somatosensory sensation (S)—astringent (SAT) and spicy (SSP). 
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Table 1. Physicochemical characterization of cape gooseberry fruit.
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Parameter

	
Cape Gooseberry

Colombia Ecotype






	
Moisture (%)

	
82.91 ± 1.01




	
Total soluble solids

	
15.20 ± 0.26




	
pH

	
3.34 ± 0.00




	
Total acidity (%)

	
1.63 ± 0.02




	
Color

	
L*

	
46.42 ± 0.77




	
a*

	
12.72 ± 1.69




	
b*

	
34.00 ± 2.38











 





Table 2. Antioxidant capacity, total phenolic content (TPC), carotenoids, and vitamin C content of cape gooseberry fruit.
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	Parameter
	Cape Gooseberry

Colombia Ecotype





	Total phenolic content (mg GAE/100 g)
	48.49 ± 10.82



	Carotenoids (µg/100 g)
	827.33 ± 206.70



	Vitamin C (mg/100 g)
	29.49 ± 1.39



	ABTS (µmol TE/g)
	3.86 ± 0.74



	FRAP (µmol TE/g)
	8.55 ± 0.07







FRAP (ferric-reducing ability of plasma); ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)).













 





Table 3. Quality characteristics of cape gooseberry fruit subjected to different postharvest treatments.
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