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Abstract

:

Rose apple fruits (Syzygium agueum Alston cv. Taaptimjan) were used to produce cider to overcome their limitation of short shelf life. Following fermentation, alternative pasteurization conditions at 63 °C for 15 s and at 71 °C for 6 s were compared. The effects of pasteurization conditions on physicochemical properties, microbial safety, antioxidant capacity, and sensory properties of the cider were investigated during storage for 6 months at refrigerated temperature. The unpasteurized cider had 5.9% ethanol content with TSS of 4.1 °Brix. Alcohol content of this treatment group increased while TSS decreased during storage, as effects of continuing fermentation. Pasteurization at 63 or 71 °C effectively prolonged cider shelf life to 3 and 6 months, respectively. Nonetheless, the processing significantly decreased contents of ascorbic acid and antioxidants and affected sensory profile of the cider. Principal component analysis (PCA) indicated storage time as the dominant factor determining cider quality. Trained panelists in the sensory study perceived more intense sweetness, less sourness, and less flavor in the pasteurized samples compared to the control group. The pasteurization conditions 71 °C for 6 s achieved microbiological safety and resulted in desirable sensory quality for up to 6 months of shelf life.
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1. Introduction


Rose apple or wax apple (Syzygium aquem Alston) is an important tropical fruit in Southeast Asia, particularly in Thailand, Taiwan, Malaysia, and Indonesia [1]. Rose apple fruit has a pear shape with very thin greenish to deep-reddish skin depending upon cultivar. Fruit mass can vary from 28 g to more than 200 g per fruit. This has become a popular exotic fruit in Western countries due to its unique characters including apple-like crispness, watery sweetness, slightly acidic taste, and aroma of roses [2]. The production of this fruit in Thailand, Taiwan, and Indonesia has continuously increased [1]. A high yield of 50,661 tons was reported for rose apple in Thailand in 2018, creating more than 2000 million baht, which equates to approximately 67 million USD [3]. Among the various cultivars, Taaptimjan is the most popular in Thailand because of its ruby-red skin color, sweet taste, and seedlessness with pleasant flavor. Moreover, this cultivar provides a good source of bioactive compounds, especially phenolic compounds [2]. A major limitation of rose apples is their short shelf life because of their characteristic thin and dehydrated skin that makes them highly perishable. Furthermore, the fruits are sensitive to low temperature storage (0–10 °C) that triggers chilling injuries [4,5]. In order to overcome these limitations and expand rose apple market to a more extensive level, food technology and preservation techniques are required. Several studies have focused on improving the storage life of fresh rose apple fruit, while the processing of this fruit to new products, especially to a beverage, is still limited. In recent years, consumer interest in health has increased, especially as concerns nutrition and diet [6,7]. Rose apple fermentation to produce cider could be an alternative approach creating economic value to these fruits and a match with consumer needs.



Cider is a healthy fermented beverage with low alcohol content in the range 3.0–8.5% with a weakly acidic and slightly sour taste. This is a native drink and has long been popular in western countries. In traditional farmhouse cider making, fermentation is performed by indigenous yeast, while in a commercial approach, unfiltered fruit juice (must) is inoculated with yeast, particularly of species Saccharomyces, Kloeckera, Candida, or Pichia. These microorganisms induce anaerobic fermentation using the sugar from fruit juice to produce ethanol [8,9]. Phytochemical and antioxidant profiles of cider are elevated compared to the juice [10], thus cider has been considered a healthy drink. The rich phenolic content in cider provides several health benefits. Moreover, polyphenols are involved in the color and overall mouthfeel of ciders, especially the bitter taste and astringency [11]. In general, cider is mostly made from apples, although there are other fruits used for cider production, for example pear, cherries, and pome orange [8]. Our previous study introduced cider making from rose apple cv. Taaptimjan and determined its chemical profile compared to rose apple juice [10]. The results from this study indicated that the cider made from rose apple had ethanol content of 6.17%, TSS 3.2 °Brix, and pH of 4.63.



Multiple outbreaks of Escherichia coli and Salmonella sp. contamination in fresh fruit, juices, and other fruit products have raised concerns about the safety of such products [12]. In the case of unpasteurized cider, the several pathogenic bacteria involved include Escherichia coli O157:H7, Salmonella spp., Listeria monocytogenes, and Cryptosporidium parvum. Contamination by E. coli O157:H7 has been the major cause of foodborne illness from apple cider [13,14]. The infection by this pathogen can lead to diarrhea, bloody diarrhea, and haemolytic-uraemic syndrome (HUS) [15]. According to the U.S. Food and Drug Administration regulations, apple cider is required to be treated to achieve a 5-log reduction of the target pathogen [16]. Food processing, both thermal and non-thermal, has been developed to ensure safety of cider for consumption. The candidate non-thermal processes include high-pressure [17,18], UV-irradiation [18,19,20], ultrasound [21,22,23], and pulsed electric field [24,25]. These have been tested for potential use in reducing numbers of pathogens in cider and juice. Although some methods have been approved by the Food and Drug Administration, most still have limitations in commercial applications and effectiveness, depending also on the type of equipment used. Thermal processing thus has been considered the most applicable method for pathogen reduction in cider, and E. coli O157:H7 has been considered the target for pasteurization. The process is also considered the most cost-effective method to guarantee microbial safety [26]. Caminiti et al. [27] suggested that mild temperature short time (MTST), a heat treatment using temperature ≤80 °C, and holding time ≤30 s, resulted in minimal effects on sensory quality of juice. The pasteurization equivalent was established using a D-value of 23 min at 52 °C and a z-value of 4.8 °C to achieve a 5-log reduction of E. coli O157:H7 [28,29]. As stated by AFDO [30], the recommendation for flash pasteurization of apple cider is to heat the juice to 71 °C for 6 s, or to use an equivalent time/temperature combination. Pasteurization is recommended to ensure safety of the cider product. Despite that, the processing technique may result in physicochemical changes that could result not only in sensory modifications but also reduce the content or bioavailability of valuable antioxidants in the product. The goal of reducing the risk from microorganism contamination is crucial, however, it needs to be in balance with retention of the quality attributes. Hence, optimization of the processing conditions is a key to balancing these aspects. The objective of this study was to produce an off-dry and still cider from rose apple and investigate the effects of pasteurization at alternative conditions (63 °C for 15 s and 71 °C for 6 s) compared to control (unpasteurized) on physicochemical properties, microbial safety, antioxidant activity, and sensory profile of the rose apple cider during refrigerated storage for up to 6 months.




2. Materials and Methods


2.1. Cider Preparation and Pasteurization Process


The rose apples (Syzygium aquem Alston cv. Taaptimjan) were harvested by hand from a local commercial orchard in Suratthani province, Thailand. The fruit were transported to the laboratory within 3 h. The raw material selection was based on uniform size (7–9 cm height and 6–8 cm width), dark reddish color, total soluble solids of 10–14 °Brix, and free from damage or disease. The selected fruits (50 kg) were cleaned with distilled water and cut in half before processed to juice using a food processor (Philips centrifugal juicer) on the same day. Approximately 25 L of rose apple juice was obtained and roughly strained using a stainless-steel strainer. Cider fermentation was performed based on the method described by Alberti et al. [31] with some modifications. The process diagram is demonstrated in Figure 1. In each replicate, the rose apple juice (4 L) was used. The yeast strain Saccharomyces bayanus (Fermentis, Lesaffre, Marcq-en-Baroeul, France) was activated in 100 mL rose apple juice and inoculated at 106 cells/mL. Then it was allowed to ferment in a fermenter (Bioflow 3000, New Brunswick Scientific, Edison, NJ, USA). Alcoholic fermentation occurred in the anaerobic environment for 10 days at 25 °C. Sedimentation process, carried out after fermentation by the force of gravity, yielded a cider with some residual yeast and debris. An off-dry and still cider was obtained after sedimentation. Each replication yielded approximately 3 L of cider and was randomly divided to three aliquots of 1 L for control (no heat treatment), pasteurized (63 °C for 15 s), and pasteurized (71 °C for 6 s). The cider was subjected to thermal processing in a custom-made tubular pasteurization unit (ESSOM, Bangkok, Thailand). All three treatment groups were bottled and stored at refrigerated temperature (4 ± 1 °C). Cider fermentation and pasteurization were performed in triplicate.




2.2. Physicochemical Analysis


The cider samples were monitored for total soluble solids using a digital handheld refractometer (Atago, Tokyo, Japan), and the values are reported in °Brix. Ethanol content of cider during storage was determined with an alcoholmeter (Dujardin-Salleron, Noizay, France). The pH was monitored using a digital pH meter (SI Analytics, Mainz, Germany). Total acidity was measured by volumetric neutralization with 0.1 N sodium hydroxide using phenolphthalein as the indicator and is reported in equivalents tartaric acid (g/L). The electrical conductivity is reported in µs/cm and the values were obtained using a conductivity meter (YSI Incorporated, Yellow Springs, OH, USA). The clear part of cider samples was analyzed for total nitrogen (TN) by the Kjeldahl method (AOAC, 2000). The density of samples was measured using a hydrometer with results expressed in g/cm3.




2.3. Microbiological Analysis


Cider samples were evaluated for aerobic microorganisms, yeast and mold, and E. coli once every month. Plate count agar (PCA) (Himedia, Mumbai, India) was used to enumerate the counts for total aerobic microbes. For yeast and mold counts, acidified Potato Dextrose Agar (PDA) at pH 3.5 (Himedia, India) was used. Colonies were counted and are reported as log10 CFU/mL. To enumerate the E. coli in the rose apple cider, 3 M Petrifilm E. coli/Coliform Count Plates (3 M, Saint Paul, MN, USA) were applied.




2.4. Vitamin C Content


The content of vitamin C was measured by means of titration with iodine solution, using the method suggested by Babashahi-Kouhanestani et al. [32]. The cider sample (5 mL) was diluted with 20 mL distilled water, then 0.5 mL of starch paste was added to the solution. The mixture was titrated with 0.01 N iodine solution until blue color was obtained. The content of vitamin C in samples is expressed in mg/100 mL.




2.5. Total Phenols


Total phenols were determined by Folin–Ciocalteu method as described by Waterhouse [33] with some modifications. The cider sample was centrifuged and the supernatant (1 mL) was mixed with 0.36 mL 2 N Folin–Ciocalteu reagent. The mixture was vortexed and allowed to stand for 5 min, after which sodium carbonate (6 mL) was added. The solution was homogenized before adding 2.64 mL of deionized water and incubating at 50 °C for 5 min. When the reaction is completed, the color of solution changes from yellow to blue. Afterwards, the sample was cooled to room temperature, then the absorbance was read at 760 nm using spectrophotometer (UV−1280, Shimadzu, Kyoto, Japan). The results are expressed in mg of gallic acid equivalents (GAE)/L.




2.6. Antioxidant Capacity


2.6.1. DPPH Radical Scavenging Activity


DPPH radical scavenging activity was assayed according to the procedure described by Delgado et al. [34]. The sample (0.1 mL) was mixed with 2.9 mL of DPPH ethanolic solution prepared by dissolving 0.0024 g of DPPH in 100 mL of ethanol. After incubating in dark for 1 h at room temperature, the absorbance was determined at 517 nm. The results are expressed in percentage of scavenging activity calculated by the following equation:


%DPPH radical scavenging activity = [(ADPPH − ASAMPLE)/ACONTROL] × 100



(1)








2.6.2. ABTS•+ Radical Scavenging Activity


The ABTS•+ radical cation scavenging activity was analyzed by the method described by Re et al. [35]. To prepare the ABTS•+ 3.5 mM ABTS was reacted with 1.25 mM potassium persulfate. The mixture was incubated in the dark at room temperature for 12–16 h before use. The prepared solution was diluted with ethanol to 0.035 mM with an absorbance of 0.7 at 734 nm. The cider sample was mixed with the prepared ABTS•+ solution (1:3). After reaction at room temperature for 6 min, the absorbance was measured at 734 nm. The ability to reduce the ABTS•+ was calculated using the following equation:


%scavenging activity = [(ACONTROL − ASAMPLE)/ACONTROL] × 100



(2)








2.6.3. Hydroxyl Radical Scavenging Ability


The hydroxyl radical scavenging ability using deoxyribose method was applied in this study [36]. The cider sample (100 µL) was added to 690 µL of 0.2 M phosphate buffer (pH 7.4) containing 2.5 mM 2-deoxyribose. Then, a mixture of 1.04 mM EDTA 100 µL and 1.0 mM iron ammonium sulphate was added and homogenized. The mixture was transferred to a 37 °C water bath before adding 100 µL of 1.0 mM L-ascorbic acid and 10 µL of 0.1 M hydrogen peroxide. The homogenized sample was incubated at 37 °C for 10 min, then 1.0 mL of cold 2.8% trichloroacetic acid was added and followed by 0.5 mL of 1% thiobarbituric acid. After this, the sample was boiled for 8 min and the absorbance was measured at 532 nm after the sample was cooled to room temperature. The hydroxyl radicals scavenging activity of cider sample is expressed as percentage calculated by the following equation:


%scavenging activity = [1 − (ACONTROL/ASAMPLE)] × 100



(3)








2.6.4. Ferric Reducing Antioxidant Power (FRAP)


FRAP assay was performed according to the method described by Benzie and Strain [37] with some modifications. The sample (40 µL) was mixed with 360 µL of fresh FRAP reagent, which was prepared daily using 10 mM TPTZ (2,4,6-tripyridyl-S-triazine) mixed with 20 mM FeCl3 and 0.3 M acetate buffer at pH 3.6 in the ratio 1:1:10 (v/v). The mixture was evaluated 6 min after mixing against a blank (FRAP reagent and distilled water). A colored ferrous-tripyridyltriazine complex formed by reduction of ferric (Fe3+) to ferrous ion (Fe2+) at low pH was monitored at 593 nm (UV-1280, Shimadzu, Kyoto, Japan). The results are expressed in mmol Fe2+ per 100 mL.





2.7. Modified Spectrum Descriptive Analysis (SDA)


The sensory analysis of cider samples from different treatment groups (control, pasteurization at 63 °C, and pasteurization at 71 °C) during storage life was performed by 15 trained panelists (ages 21–40 years) recruited on the PSU, Suratthani campus. Panel training was organized in 5 2-h training sessions on the general characteristics of rose apple cider. In the first training session, the panelists were given cider samples to taste and asked to develop terms for rose apple cider attributes in aroma (flavor) and taste. During the two following sessions, reference standards at each intensity (from 1 to 5) for the sensory attributes were constructed. In the subsequent sessions, the panelists practiced defining and rating the attributes using a 5-point scale, with 1 for “minimum intensity” and 5 for “maximum intensity”. During the last training session, the panelists practiced evaluating each rose apple cider attribute. The first set of sensory analysis was scheduled on the following day after obtaining microbial results, and subsequent analyses were carried out every 4 weeks over the 6 months of study. A randomized block design was applied for cider sample serving order to each panelist. The samples from different treatments were presented in plastic cups labeled with randomly generated three-digit numbers. Cider samples were served with a cup of water as palate cleanser between samples. To prevent the lasting effect of some strong tastes and aftertastes, the panelists were asked to rinse their mouth until the lasting taste or aftertaste was completely gone, or they could take a break until their palate had recovered to the normal state of perception. The reference standards for tastes (sweetness, bitterness, sourness, and aftertaste) and aromas (fruity smell and sour smell) and a summary of definitions and reference standards for all attributes were also provided in the tasting room to remind their memory and intensity of each point of attribute before the training sessions and the actual test. The panelists were instructed to evaluate the rose apple cider attributes compared to the score given to the reference standards using a 5-point scale.




2.8. Statistical Analysis


This experiment was carried out in three replicate processing runs. The data from physicochemical analysis, vitamin C content, total phenols and antioxidants were analyzed using analysis of variance (ANOVA) and Duncan’s multiple range test to compare the means at p < 0.05. The results are presented as means with standard deviations. SPSS v22 for Windows (IBM, Armonk, NY, USA) was used for all analysis of variance. Principal component analysis (PCA) (XLSTAT version 2012, Addinsoft, Paris, France) was used to evaluate ratings from panels and the data from physicochemical and antioxidant analyses. PCA was conducted from attributes by using the correlation matrix extraction method with no rotation.





3. Results and Discussion


3.1. Physicochemical Properties of Rose Apple Cider


Initial TSS and ethanol content of the rose apple ciders (Figure 2) ranged within 4.1–4.3 °Brix and 5.9–6.2%, respectively. Compared to apple ciders, TSS of rose apple cider in this study was lesser due to absence of sucrose addition before fermentation [38]. The trends of TSS and ethanol contents in the samples during storage demonstrated that the control group had a noticeable decrease in TSS simultaneously with an increase in alcohol content. This phenomenon occurred as a result of the conversion of sugar to alcohol by yeast. Wanapu et al. [39] suggested that yeast utilizes dissolved solids as food for growth and alcohol production. In contrast, the pasteurized samples performed differently with more stable trends of TSS and ethanol content. On comparing the two pasteurization conditions, the lower pasteurizing temperature (63 °C) yielded a larger change with significant differences in TSS and alcohol content after 4 months, while the higher pasteurization at 71 °C resulted in only a slight change in TSS on the 6th month of storage. This is because sufficiently strong pasteurization conditions effectively inhibited the growth of yeast cells, preventing subsequent changes.



During cider fermentation, acids are generated resulting in a sour taste and aroma, which mainly determine the quality of the cider [40]. Unpasteurized rose apple cider presented a continuously decreasing trend of pH during storage, as shown in Figure 3 (p < 0.05). This could be caused by several factors. First, cellulose in juice that dissolved in ethanol solution becomes another substrate for yeast [41]. Consequently, acids are produces as a by-product that decreases pH [42]. Another possibility that may reduce pH is protons generated from nitrogen consumption by the yeast. The finding presented by Akin et al. [42], Won et al. [43], and Sigler et al. [44] supported this hypothesis. Moreover, Castrillo et al. [45] suggested that one H+ mole in solution releases as a result of the assimilation of one ammonium mole by yeasts. Last but not least, the alcohol content and pH of cider were in a range in which the spoilage bacteria can grow and lowering of pH could come from acid generated by the bacteria [42]. Pasteurization of cider at 63 °C yielded a slight reduction in pH, while samples pasteurized at the higher temperature showed no significant change. Total acidity (TA) of all sample groups was stable during the storage period (p ≥ 0.05), since it relates to buffering capacity that maintains pH [10].



Other physical properties of the cider, e.g., electrical conductivity, total nitrogen, and density were monitored during the 6 months (Table 1). Electrical conductivity is a function of food characteristics e.g., pH, TSS, salt content, and composition [46]. In this study, an increment in conductivity of the control group may be due to the decreasing pH. In pasteurized samples, the group treated at higher temperature had higher conductivity. This may occur as a result of higher °Brix and the hypothesis in agreement with the literature in fruit juice [46]. During the first month of storage, the heat-treated sample had a sharp increase in conductivity, which then continued at a slower rate (p < 0.05). The degradation of microorganisms following heat treatment influences the electrical conductivity due to protons released from dead cells [47]. Moreover, after the fermentation process, yeast cells undergo autolysis, resulting in the release of internal cellular content [48]. Total nitrogen of the cider pasteurized at 71 °C is significantly less than the others as an effect of high heat treatment that resulted in a decrease in protein content [49]. During storage, all sample groups followed the same decreasing trend as nitrogen was transformed to other substances such as ester, fatty acids, and volatile compounds by microorganisms [50,51]. The density of rose apple cider was in the range 0.996–1000 g/cm3 (Table 1). Density of cider sample correlated with the amount of sugar (and with the amount alcohol generated). The density of control group was 1000 g/cm3 which is similar to that of cider reported by Venkatachalam, Techakanon, and Thitithanakul [10]. The control group presented the largest decrease in density since the high-density sugar content decreased while low density alcohol content increased. The cider pasteurized at 63 °C followed the same trend as the control group but with smaller changes, while the group pasteurized at 71 °C had a more stable trend.




3.2. Microbial Evaluation


Microbial status (total aerobic count, yeast-mold, and E. coli) of the cider samples was evaluated monthly during 6 months of storage, as shown in Table 2. The initial aerobic count and yeast-mold were only detectable for the control group with a microbial load of 1.03 and 2 log10 CFU/g, respectively. These numbers increased continuously until the sample showed signs of deterioration after 2 months of storage. Despite the microbial counts of the pasteurized cider samples constantly increasing during storage, the treatment at 63 °C prolonged product shelf life until 3 months, and the samples processed at 71 °C had no significant change in quality until the end of the tested storage period (6 months). This is a consequence of microbial cell membrane disruption induced by heat [52]. The study by Tandon et al. [19] reported the shelf life of apple cider pasteurized at 63 °C as 14 weeks in refrigeration. Yeast and mold were detected in untreated samples at the beginning of storage at 2 log10 CFU/mL, then the number continuously increased during the studied period. This result matches the increasing ethanol content and decreasing TSS reported earlier in the physicochemical properties. Following pasteurization, the exponentially growing saccharomyces cells are inhibited by heat [52]. Thus, the number of yeast-mold count decreased with an increasing temperature. The previous outbreaks from consuming apple cider have been associated with E. coli O157:H7, the microbe causing diarrhea and HUS. In the present study, the E. coli counts ensured the safety of rose apple cider consumption until the end of the test period.




3.3. Vitamin C Contents of Cider Samples


The vitamin C contents in the cider samples were significantly affected by the pasteurization conditions and storage duration (Table 3). The results show significantly lower vitamin C content in the two treated groups compared to the control. Many studies have reported the destructive influence of thermal processing on vitamin C content [53,54,55,56]. Storage time is another vital factor enabling the degradation of vitamin C, and the vitamin C contents with all treatments decreased during storage (p < 0.05). Yeom et al. [57] and Odriozola-Serrano et al. [58] suggested that the degradation of vitamin C during long-term storage is due to atmospheric oxygen in the packaging. In addition, vitamin C loss can be caused by the oxidative mechanisms with exposure to light, heat, peroxides, and enzymes, such as ascorbate oxidase and peroxidase [59]. In this study, the bottling was carried out at 70 °C, at which time the air (oxygen) in the container was flushed out. However, loss of vitamin C was still observed during storage.




3.4. Phenolic Content and Antioxidant Activity


In general, cider products contain various antioxidant types, mostly phenolic compounds such as flavonoids, tannin, vitamin C, vitamin E, and β-carotene [60]. Our previous study reported phenolic compounds identified in the rose apple cv. Taaptimjan, such as gallic acid, chlorogenic acid, caffeic acid, p-coumaric acid, hydroxycinnamic acid, ferulic acid, vanilic acid, cyaniding−3-o-glucocide, and cyaniding−3-o-rutinocide [10]. The results in Table 3 display the same decreasing trend of all monitored parameters with pasteurization temperature and with storage time. Total phenols of unpasteurized samples were initially 87.15 mg/L. Following pasteurization at 63 °C or at 71 °C, the total phenols were reduced by 10% and by 25%, respectively. As an effect of storage time, the decrease of total phenols in control, and samples pasteurized at 63 and 71 °C were 31%, 24%, and 16%, respectively. This is in agreement with the study by Rabie et al. [61] on physalis juice heated to 90 °C for 2 min. Several methods based on different reaction mechanisms are available for evaluating antioxidant capacities of foods and beverages [62], and in the present study DPPH scavenging ability, ABTS scavenging ability, reducing power, and hydroxyl radical scavenging were determined. The findings from the present study suggest that hydroxyl radical scavenging activity of cider samples decreased more dramatically during storage than the others. Reducing power of all treatments slightly changed during 6 months of storage (5–7%), indicating a steady ability to reduce free radicals. Thermal processing at 63 °C and 71 °C reduced DPPH scavenging activity by 7% and 23%, respectively. Control cider had a higher 60–69% ABTS scavenging activity than thermally pasteurized cider at 57–66%, throughout the studied period. The initial hydroxyl radical scavenging activity of the control and pasteurized group were within 65–67% (p ≥ 0.05) and decreased to 33% at the end of storage. Since hydroxyl radicals are the most reactive species of oxygen capable of attacking most biological substrates such as DNA, proteins, and carbohydrates, consumption of cider could protect biological molecules against free radical attacks [63]. The effect of pasteurization in reducing antioxidant activities in this study are in accordance with the loss of vitamin C. The research by Odriozola-Serrano et al. [58] revealed that heating substantially affects the loss of ascorbic acid through the aerobic pathway. Moreover, the antioxidant activity result is also aligned with the quantity of phenolic compounds. Data obtained in this study suggest that low temperature pasteurization can better preserve antioxidant content than a higher temperature treatment.




3.5. Principal Component Analysis (PCA)


3.5.1. PCA of Physicochemical Properties and Antioxidant Activity of Cider Samples during Storage


Principal component analysis (PCA) was applied in this study in order to evaluate all variables together. The first two PCs represented in the 2-D scatter plot (Figure 4) were able to explain 81.05% of the total variance, with PC1 accounting for 53.33% and PC2 for 27.72%. Storage time of cider samples was strongly weighed in PC1, indicated that long storage times (4–6 months) strongly reduced antioxidant activity (reducing power, hydroxyl radical scavenging activity, ABTS scavenging activity, and DPPH), pH, vitamin C content, and total phenols. Whereas, PC2 is more related to the effects of pasteurization on cider quality. The results indicate that the control group tended to have higher ethanol content and TA compared to the pasteurized ciders. On the contrary, the cider samples treated with 71 °C would have higher total soluble solid (°Brix) than cider samples treated with 63 °C and cider samples without heat treatment.




3.5.2. PCA of Physicochemical Properties, Antioxidant Activity, and Sensory Profiles of Cider Samples


When sensory profiles, physicochemical properties, and antioxidant activities were subjected to PCA, it was found that most parameters aligned with the first principal component (PC1) (Figure 5). The plot between PC1 and PC2 can explain 77.70% of the total variance. PC1 demonstrates some variables including pH, hydroxyl radical scavenging, vitamin C content, and sweet taste in the positive axis. In contrast, reducing power, ethanol content, bitter taste, sour taste, sour smell, and TA locate in negative area of PC. Variables with positive weights in PC2 are DPPH, ABTS, total phenols, and fruity smell, while °Brix and aftertaste are arranged in the negative area. On the negative side of PC1, a large group of strongly weighted parameters are presented. Fruity smell, total acidity, sour smell, sour taste, bitter taste, ethanol, and reducing power are clustered whereas vitamin C, pH, hydroxyl radical scavenging, and sweet taste are grouped to the opposing positive PC1. Based on the result of relationship among parameters and samples, it was possible to notice the effect of storage time on physicochemical properties, antioxidant activity, and sensory profile on PC1. The majority of samples (both control and pasteurized) that had 0-month storage time had higher values of vitamin C, pH, hydroxyl radical scavenging activity than the cider samples that were kept for 1 and 2 months. Moreover, the longer storage period was associated with higher TA, bitter taste, sour taste, fruity smell, and ethanol. The effects of thermal treatment were well separated on PC2, where the control group is located in the positive area and the pasteurized groups (63 and 71 °C) are in the negative area. DPPH, phenol, and ABTS activity were all strongly weighted on the positive side of PC2. These parameters had a negative contrast effect with aftertaste. All the control samples tended to have higher DPPH, phenol, and ABTS than the treated samples; and DPPH, phenol, and ABTS were decreased by pasteurizing the cider samples both at 63 and 71 °C. The higher pasteurizing temperature was related to higher °Brix in cider samples. In conclusion, storage time and pasteurization expressed on PC1 and PC2, respectively, were important variables affecting quality of cider. According to the larger variance from PC1, the storage time was the dominant factor for cider quality in this study.





3.6. Sensory Profile of Rose Apple Cider during Storage


Sensory profile of the cider samples was evaluated by 15 trained panelists every month for 6 months. The characteristics of control samples at the beginning of storage were intense sweet, strong sour smell, moderately sour, bitter, fruity smell, and aftertaste (Table 4). According to our previous study, the major volatile compounds found in rose apple cider were 1-butanol, 3-methyl-hexan−1-ol and 1-butanol, 3-methyl-, acetate [10]. The profile of unpasteurized cider changed to detectably less sweet, while other parameters tended to become more intense (p < 0.05). Pasteurization can extend cider shelf life, although the process caused some loss of flavor and an aftertaste. Thermal processing triggers kinetic reactions that accelerated the loss of flavor compounds and evaporation of volatile compounds [64]. The cider treated at 63 °C followed the same pattern of sensory profile change as the control group, becoming less sweet and sourer in taste, with further development until the end of storage life (3 months). These changes perceived by the panelists were in accordance with the physicochemical results discussed earlier (Figure 2). Pasteurization at 71 °C effectively inhibited further fermentation, thus preserved sweet and mild sour taste of cider during the studied 6-month period. However, the cider samples had high levels of bitter taste and aftertaste detected by the panelists and had dramatically lost fruity smell after storage for 4 months. Rose apples contain oxidative enzymes, PPO and POD, which are involved in oxidizing flavor compounds. Following a thermal treatment, the enzymes can have their activity regenerated to contribute to both the flavor loss and the unpleasant flavor development [65,66]. As storage time had a high impact on quality of the cider (visualized above with PCA), to determine a practical storage life, consumer acceptance tests should be carefully included in the criteria.





4. Conclusions


The current study introduced the utilization of rose apple to prepare an alcoholic beverage, and its properties as well as the effects of alternative pasteurization conditions were assessed. Pasteurizing at 63 °C can preserve vitamin C content and antioxidant capacity with 3-month storage life; however, this alternative did not completely inactivate the microorganisms that cause further fermentation. The microbial safety of rose apple cider was ensured by pasteurizing at 71 °C for 6 s. The shelf life of product was then extended from 2 months (control) to 6 months in refrigerated storage. However, the treatment affected physicochemical properties, degraded vitamin C, and reduced total phenols and antioxidant activities of the cider. These changes indicate the effects of thermal processing and of oxidation during storage. The sensory profiles of the cider evaluated by trained panelists revealed that pasteurization at the lower temperature alternative caused flavor loss although the other sensory parameters were comparable to the control group. Moreover, the samples processed at 71 °C presented a more desirable profile with higher level of sweetness and less sour taste. The PCA results implicate storage time as the dominant factor determining cider physicochemical properties, antioxidant activity, and sensory profiles. Therefore, pasteurizing rose apple cider should be carefully balanced between properties (economic value) and shelf life.
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Figure 1. Process diagram. 
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Figure 2. Total soluble solids and ethanol content in cider samples processed at alternative pasteurization conditions. Values with the same upper-case letter are not significantly different across storage time (p ≥ 0.05). Values with the same lower-case letter are not significantly different across treatment (p ≥ 0.05). 
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Figure 3. pH and titratable acidity of cider samples processed at different pasteurization conditions. Values with the same upper-case letter are not significantly different across storage time (p ≥ 0.05). Values with the same lower-case letter are not significantly different across treatment (p ≥ 0.05). 
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Figure 4. Principal component analysis (PC1 vs. PC2) of physicochemical properties and antioxidant activity of cider samples during storage (0–6 months). 
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Figure 5. Principal component analysis (PC1 vs. PC2) of physicochemical properties, antioxidant activity, and sensory profiles of cider samples during storage (0–2 months). 
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Table 1. Physicochemical properties of wax apple cider samples during refrigerated storage.
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Condition

	
Storage Time (Month)






	
Conductivity (µS/cm)

	
0

	
1

	
2

	
3

	
4

	
5

	
6




	
control

	
2921 ± 16 E,a

	
2952 ± 1 D,a

	
2977 ± 2 C,a

	
2986 ± 3 BC,b

	
2987 ± 1 BC,b

	
2991 ± 1 B,b

	
3104 ± 1 A,a




	
63 °C

	
2757 ± 2 E,c

	
2893 ± 0 D,c

	
2911 ± 1 C,a

	
2911 ± 3 C,c

	
2931 ± 4 B,c

	
2933 ± 0 B,c

	
2976 ± 1 A,c




	
71 °C

	
2799 ± 27 C,b

	
2949 ± 1 B,b

	
2989 ± 18 AB,a

	
3000 ± 1 A,a

	
3000 ± 1 A,a

	
3001 ± 1 A,a

	
3008 ± 0 A,b




	
Total nitrogen (%)

	
0

	
1

	
2

	
3

	
4

	
5

	
6




	
control

	
0.063 ± 0.001 A,a

	
0.063 ± 0.001 A,a

	
0.064 ± 0.001 A,a

	
0.064 ± 0.001 A,a

	
0.056 ± 0.002 B,a

	
0.050 ± 0.007 C,a

	
0.044 ± 0.001 D,a




	
63 °C

	
0.063 ± 0.001 A,a

	
0.062 ± 0.001 A,a

	
0.063 ± 0.001 A,a

	
0.063 ± 0.001 A,a

	
0.056 ± 0.002 B,a

	
0.049 ± 0.001 C,a

	
0.038 ± 0.003 D,b




	
71 °C

	
0.055 ± 0.002 A,b

	
0.054 ± 0.001 AB,b

	
0.048 ± 0.003 C,b

	
0.046 ± 0.001 C,b

	
0.049 ± 0.007 BC,a

	
0.044 ± 0.001 C,a

	
0.036 ± 0.001 D,b




	
Density (g/cm3)

	
0

	
1

	
2

	
3

	
4

	
5

	
6




	
control

	
1000 ± 0.001 A,a

	
0.998 ± 0.000 B,b

	
0.997 ± 0.001 BC,b

	
0.997 ± 0.001 BC,b

	
0.997 ± 0.001 C,b

	
0.996 ± 0.001 C,b

	
0.996 ± 0.001 C,b




	
63 °C

	
0.999 ± 0.001 A,a

	
0.998 ± 0.001 B,b

	
0.998 ± 0.001 BC,b

	
0.997 ± 0.001 C,b

	
0.997 ± 0.001 C,b

	
0.997 ± 0.000 C,ab

	
0.997 ± 0.000 C,ab




	
71 °C

	
1000 ± 0.001 AB,a

	
1000 ± 0.000 A,a

	
1000 ± 0.001 AB,a

	
0.999 ± 0.001 B,a

	
0.999 ± 0.001 B,a

	
0.999 ± 0.001 B,a

	
0.999 ± 0.001 B,a








A, B, C, D, E means with the same superscript uppercase letter within the same row indicate no significant difference by storage time (p ≥ 0.05). a, b, c means with the same superscript lowercase letter within the same column indicate no significant difference by processing method (p ≥ 0.05).
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Table 2. Microbiology profiles of cider samples during refrigerated storage.
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Storage Time

(Months)

	
Total Plate Count

(log10 CFU/mL)

	
Yeast/Mold

(log10 CFU/mL)

	
E. Coli

(log10 CFU/mL)




	
Control

	
63 °C

	
71 °C

	
Control

	
63 °C

	
71 °C

	
Control

	
63 °C

	
71 °C




	
(4 °C)

	
(4 °C)

	
(4 °C)

	
(4 °C)

	
(4 °C)

	
(4 °C)

	
(4 °C)

	
(4 °C)

	
(4 °C)






	
0

	
1.03

	
ND

	
ND

	
2.00

	
ND

	
ND

	
ND

	
ND

	
ND




	
1

	
3.62

	
2.26

	
ND

	
3.62

	
2.26

	
ND

	
ND

	
ND

	
ND




	
2

	
3.99

	
2.98

	
1.49

	
3.99

	
2.98

	
ND

	
ND

	
ND

	
ND




	
3

	
4.53

	
3.91

	
2.66

	
4.52

	
3.91

	
ND

	
ND

	
ND

	
ND




	
4

	
4.89

	
4.15

	
3.34

	
4.88

	
4.15

	
ND

	
ND

	
ND

	
ND




	
5

	
4.94

	
4.27

	
3.77

	
4.94

	
4.26

	
ND

	
ND

	
ND

	
ND




	
6

	
5.07

	
4.39

	
3.84

	
5.04

	
4.38

	
ND

	
ND

	
ND

	
ND








Note: ND means not detected.
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Table 3. Vitamin C, total phenols, and antioxidant activity of cider samples.
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Condition

	
Storage Time (Month)






	
Vitamin C (mg/100 mL)

	
0

	
1

	
2

	
3

	
4

	
5

	
6




	
Control

	
5.87 ± 0.29 A,a

	
4.58 ± 0.00 B,b

	
4.29 ± 0.01 C,a

	
4.12 ± 0.01 CD,a

	
4.00 ± 0.06 DE,a

	
3.91 ± 0.05 DE,a

	
3.78 ± 0.09 E,a




	
63 °C

	
5.22 ± 0.73 A,ab

	
4.93 ± 0.00 A,a

	
3.21 ± 0.00 B,c

	
3.16 ± 0.01 B,b

	
3.03 ± 0.06 B,b

	
2.96 ± 0.02 B,b

	
2.85 ± 0.00 B,b




	
71 °C

	
4.52 ± 0.17 A,b

	
3.80 ± 0.00 B,c

	
3.39 ± 0.00 C,b

	
3.12 ± 0.04 D,b

	
2.93 ± 0.04 E,b

	
2.80 ± 0.06 EF,c

	
2.66 ± 0.02 F,c




	
Total phenols (mg/L)

	
0

	
1

	
2

	
3

	
4

	
5

	
6




	
Control

	
87.15 ± 0.01 A,a

	
79.11 ± 0.78 B,a

	
77.89 ± 0.18 C,a

	
76.27 ± 0.35 D,a

	
70.57 ± 0.02 E,a

	
61.56 ± 1.15 F,a

	
60.03 ± 0.33 G,a




	
63 °C

	
78.33 ± 1.98 A,b

	
73.31 ± 0.55 B,b

	
69.57 ± 0.47 C,b

	
67.91 ± 0.69 D,b

	
66.57 ± 0.47 D,b

	
62.19 ± 0.12 E,a

	
59.32 ± 0.84 F,a




	
71 °C

	
65.15 ± 1.39 A,c

	
63.32 ± 0.71 B,c

	
61.46 ± 0.02 C,c

	
59.52 ± 0.01 D,c

	
58.23 ± 0.19 D,c

	
55.58 ± 0.71 E,b

	
55.48 ± 1.28 E,b




	
Reducing power (mmol Fe2+/100 mL)

	
0

	
1

	
2

	
3

	
4

	
5

	
6




	
Control

	
30.90 ± 0.26 B,b

	
31.03 ± 0.03 B,c

	
31.69 ± 0.03 A,ab

	
31.06 ± 0.03 B,b

	
30.49 ± 0.81 B,ab

	
29.61 ± 0.02 C,a

	
29.17± 0.18 C,a




	
63 °C

	
31.41 ± 0.05 B,a

	
31.39 ± 0.03 B,b

	
32.02 ± 0.29 A,a

	
31.02 ± 0.29 C,b

	
29.72 ± 0.12 D,b

	
29.21 ± 0.15 E,b

	
29.11 ± 0.26 E,a




	
71 °C

	
31.15 ± 0.06 B,ab

	
31.56 ± 0.06 A,a

	
31.67 ± 0.00 A,b

	
31.57 ± 0.09 A,a

	
30.81 ± 0.29 C,a

	
29.69 ± 0.14 D,a

	
29.45 ± 0.22 D,a




	
DPPH scavenging activity (%)

	
0

	
1

	
2

	
3

	
4

	
5

	
6




	
Control

	
83.29 ± 0.74 A,a

	
80.49 ± 0.07 B,a

	
78.95 ± 0.03 C,a

	
75.28 ± 0.37 D,a

	
73.53 ± 0.07 E,a

	
68.82 ± 0.45 F,a

	
63.96 ± 0.18 G,a




	
63 °C

	
77.31 ± 0.00 A,b

	
74.30 ± 0.74 B,b

	
71.06 ± 0.03 C,b

	
67.13 ± 0.34 D,b

	
64.46 ± 0.56 E,b

	
61.70 ± 0.12 F,b

	
57.31 ± 0.00 G,b




	
71 °C

	
63.82 ± 0.02 A,c

	
61.51 ± 0.39 B,c

	
56.95 ± 0.06 C,c

	
55.16 ± 0.01 D,c

	
52.75 ± 0.09 E,c

	
50.66 ± 1.14 F,c

	
48.82 ± 0.02 G,c




	
ABTS scavenging activity (%)

	
0

	
1

	
2

	
3

	
4

	
5

	
6




	
Control

	
69.87 ± 0.31 A,a

	
67.36 ± 0.54 B,a

	
65.85 ± 0.67 C,a

	
64.09 ± 0.12 D,a

	
63.02 ± 0.86 E,a

	
61.98 ± 0.13 F,a

	
60.38 ± 0.70 G,a




	
63 °C

	
66.09 ± 0.13 A,b

	
64.71 ± 0.35 B,b

	
63.20 ± 0.35 C,b

	
62.47 ± 0.40 D,b

	
61.83 ± 0.46 E,a

	
61.02 ± 0.51 F,b

	
59.48 ± 0.11 G,a




	
71 °C

	
63.10 ± 0.99 A,c

	
62.02 ± 0.27 AB,c

	
61.64 ± 0.48 BC,c

	
60.38 ± 0.70 CD,c

	
59.58 ± 0.99 DE,b

	
58.90 ± 0.27 EF,c

	
57.68 ± 0.89 F,b




	
Hydroxyl radical scavenging (%)

	
0

	
1

	
2

	
3

	
4

	
5

	
6




	
Control

	
66.69 ± 0.63 A,a

	
59.43 ± 1.15 B,b

	
55.02 ± 0.51 C,b

	
53.76 ± 0.77 C,b

	
52.21 ± 0.58 Da

	
49.59 ± 0.83 E,ab

	
44.37 ± 0.35 F,a




	
63 °C

	
66.69 ± 1.43 A,a

	
60.54 ± 0.95 B,ab

	
56.13 ± 0.88 C,b

	
55.04 ± 0.58 C,b

	
53.24 ± 0.95 D,a

	
50.18 ± 0.22 E,a

	
44.35 ± 0.87 F,a




	
71 °C

	
65.51 ± 0.73 A,a

	
61.70 ± 0.17 B,a

	
58.94 ± 0.85 C,a

	
56.76 ± 0.70 D,a

	
53.57 ± 0.47 E,a

	
48.93 ± 0.24 F,b

	
43.51 ± 0.73 G,a








Note: A, B, C, D, E, F the same superscript uppercase letter within the same row indicates no significant difference by storage time (p ≥ 0.05). a, b, c the same superscript lowercase letter within the same column indicates no significant difference by processing method (p ≥ 0.05).













[image: Table] 





Table 4. Sensory profile of cider samples.






Table 4. Sensory profile of cider samples.





	
Attribute

	
Storage (Month)

	
0

	
1

	
2

	
3

	
4

	
5

	
6




	
Sample






	
Sweet taste

	
Control

	
3.80 ± 0.41 A,a

	
3.20 ± 0.41 B,b

	
3.07 ± 0.26 B,b

	
ND

	
ND

	
ND

	
ND




	
63 °C

	
3.87 ± 0.35 A,a

	
3.60 ± 0.51 A,a

	
3.20 ± 0.41 B,b

	
3.00 ± 0.00 B

	
ND

	
ND

	
ND




	
71 °C

	
3.80 ± 0.51 A,a

	
3.80 ± 0.41 A,a

	
3.67 ± 0.49 A,a

	
3.67 ± 0.49 A

	
3.60 ± 0.51 A

	
3.47 ± 0.52 A

	
3.47 ± 0.52 A




	
Bitter taste

	
Control

	
2.07 ± 0.46 B,b

	
3.47 ± 0.52 A,a

	
3.60 ± 0.51 A,a

	
ND

	
ND

	
ND

	
ND




	
63 °C

	
2.87 ± 0.35 B,a

	
2.87 ± 0.35 B,b

	
3.47 ± 0.52 A,a

	
3.67 ± 0.49 A

	
ND

	
ND

	
ND




	
71 °C

	
2.60 ± 0.26 C,a

	
2.87 ± 0.35 BC,b

	
2.93 ± 0.26 B,b

	
3.47 ± 0.52 A

	
3.67 ± 0.49 A

	
3.80 ± 0.41 A

	
3.80 ± 0.41 A




	
Sour taste

	
Control

	
2.07 ± 0.26 C,a

	
2.80 ± 0.41 B,a

	
3.27 ± 0.46 A,a

	
ND

	
ND

	
ND

	
ND




	
63 °C

	
2.07 ± 0.26 C,a

	
2.80 ± 0.41 B,a

	
2.87 ± 0.35 B,b

	
3.20 ± 0.41 A

	
ND

	
ND

	
ND




	
71 °C

	
1.93 ± 0.41 B,a

	
2.07 ± 0.26 AB,b

	
2.20 ± 0.41 AB,c

	
2.27 ± 0.46 A

	
2.20 ± 0.41 AB

	
2.27 ± 0.46 A

	
2.20 ± 0.41 AB




	
Sour smell

	
Control

	
2.67 ± 0.49 B,a

	
3.47 ± 0.52 A,a

	
3.40 ± 0.51 A,a

	
ND

	
ND

	
ND

	
ND




	
63 °C

	
1.80 ± 0.41 C,b

	
2.87 ± 0.35 B,b

	
3.13 ± 0.35 B,a

	
3.47 ± 0.52 A

	
ND

	
ND

	
ND




	
71 °C

	
1.80 ± 0.41 C,b

	
2.07 ± 0.26 BC,c

	
2.20 ± 0.41 AB,b

	
2.40 ± 0.51 AB

	
2.20 ± 0.41 AB

	
2.47 ± 0.52 A

	
2.33 ± 0.49 AB




	
Fruity smell

	
Control

	
1.93 ± 0.46 B,a

	
2.73 ± 0.46 A,a

	
2.80 ± 0.41 A,a

	
ND

	
ND

	
ND

	
ND




	
63 °C

	
1.60 ± 0.51 C,a

	
2.07 ± 0.26 B,b

	
2.27 ± 0.46 B,b

	
2.60 ± 0.51 A

	
ND

	
ND

	
ND




	
71 °C

	
1.80 ± 0.41 C,a

	
1.93 ± 0.46 BC,b

	
2.00 ± 0.38 ABC,b

	
2.27 ± 0.46 A

	
2.13 ± 0.35 AB

	
1.80 ± 0.41 C

	
1.93 ± 0.26 BC




	
Aftertaste

	
Control

	
1.73 ± 0.46 B,a

	
1.87 ± 0.35 AB,b

	
2.07 ± 0.26 A,b

	
ND

	
ND

	
ND

	
ND




	
63 °C

	
1.87 ± 0.35 B,a

	
1.87 ± 0.35 B,b

	
2.07 ± 0.26 AB,b

	
2.27 ± 0.46 A

	
ND

	
ND

	
ND




	
71 °C

	
1.80 ± 0.41 D,a

	
2.60 ± 0.51 C,a

	
2.87 ± 0.35 BC,a

	
3.13 ± 0.35 AB

	
3.27 ± 0.46 A

	
3.20 ± 0.41 A

	
3.27 ± 0.46 A








Note: A, B, C, D the same superscript uppercase letter within the same row indicates no significant difference by storage time (p ≥ 0.05). a, b, c the same superscript lowercase letter within the same column indicates no significant difference by processing method (p ≥ 0.05). ND means no data available.
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