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Abstract The aims of this study were to produce rose apple cider and to compare
the quality of cider following different pasteurization conditions. Rose apple
(Syzygium agueum Alston cv. Taaptimjan), which is rich in bioactive compounds,
was used to produce cider. Cider pasteurization was carried out at 63 °C for 15 s,
or at 71 °oC for 6 s after fermentation. Cider from each pasteurization condition
was stored at room temperature (27+1 ©°C). Physicochemical, microbial and
sensory properties were monitored for three months in the study. The obtained
cider (when not pasteurized) had initially 6% alcohol, with soluble solids in the
range 4.2-4.3 ©Brix, pH 4.6, and 4.2 g/L titratable acidity. Pasteurization was
effective in prolonging shelf life of the cider from 6 to 12 weeks; however, the
treatment significantly decreased contents of vitamin C and antioxidants. In the
sensory profile of cider pasteurized at 71 °C, trained panelists perceived it as more
sweet, less sour, with less flavor and same intensity of aftertaste, when compared
to the control sample. The pasteurization conditions 71 °C for 6 s gave desirable
sensory quality and met microbiology standards for up to three months of storage
in ambient conditions.
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INTRODUCTION

Rose apples are an important tropical fruit in Southeast Asia region, especially in
Thailand (Supapvanich, Prathaan, and Tepsorn, 2012). The unique characters of rose
apples include apple-like crispness, watery sweetness, slightly acidic taste, and aroma
of roses (Yahia, 2011). Rose apples are abundant in water, carbohydrate, protein,
vitamins and minerals. Additionally, they have medicinal properties, such as anti-
inflammatory, antidiabetes, anticonvulsant, antihypertension, antimicrobial,
antituberculosis, and antidiarrheal activities (Shi, Shiesh, and Lin, 2011; Supapvanich,
Pimsaga, and Srisujan, 2011). These fruits are normally consumed in either of two
ways: as a whole, or freshly cut form. They are considered one of the favorites freshly
cut fruits on many occasions, in Southeast Asia (Shi, Shiesh, and Lin, 2011;
Supapvanich, Pimsaga, and Srisujan, 2011). Taaptimjan cultivar is the most popular
rose apple among various cultivars, due to its beautiful ruby red skin color and seedless
(Supapvanich, Mitrsang, and Srinorkham, 2017). A limitation of rose apples is their
short shelf life. They are highly perishable due to thin skin, which can be easily
damaged. Therefore, they are not suitable for long-distance transport without proper
storage conditions. Moreover, the fruits are susceptible to chilling injury in low-
temperature storage (0-10 °C) (Huang, Wang, and Liou, 2005; Shi, Shiesh, and Lin,
2011). To address these issues, food processing and preservation techniques are
needed to limit the quality losses. Among the various processing methods, cider
fermentation could be a new approach suitable for small and large scale production,
adding value to these fruit.

The outbreaks of E. coli and Salmonella sp. in the past have raised concerns about
the safety of fresh fruit, juices, and other fruit products (Besser et al., 1993). Pathogenic
bacteria, especially E. coli, have been reported in unpasteurized apple cider (Miller and
Kaspar, 1994). Pasteurization is therefore carried out after cider fermentation to ensure
safety of the cider product. This motivates developing better pasteurization methods
and equipment for use by the juice industry and benefits to the consumers. According
to the U.S. Food and Drug Administration regulations, juice and juice products are
required to achieve 5 logs reduction (USFDA, 2001). For practical purposes, E. coli
0157:H7 has been considered the target pathogen of cider pasteurization. Mild
temperature short time (MTST), a heat processing method using temperature < 80°C
and holding time < 30 s, was reported to have minimal effect on sensory quality of juice
(Caminiti et al., 2011), while the treatment can achieve 6-7 log reduction of Listeria
innocua in smoothie product (Palgan et al., 2012). The pasteurization equivalent was
calculated for a 5-log reduction of E. coli 0157:H7, using a D-value of 23 min at 52 °C,
a z-value of 4.8 °C, and an additional 3-fold safety factor (Splittstoesser and McLellan
1997, Splittstoesser et al. 1995). The current 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 (AFDO, 2003).

Thermal processing has been widely studied to ensure the safety of food products.
However, such processing may induce chemical and physical changes that impair the
organoleptic properties of cider and may reduce the content or bioavailability of valuable
antioxidants in the product. Many research on thermal treatment of juice reported
negative effects on vitamin and antioxidants (Bansal et al., 2015; Rabie et al., 2015;
Surek and Nilufer-Erdil, 2014; Wilkes et al., 2014; Chaikham et al., 2013; Piasek et al.,
2011; Zheng and Lu, 2011). Inactivation of microorganisms and preservation of quality
attributes need to be in balance. Therefore, optimization of the process conditions is
crucial to satisfy both aspects. The aim of this study was to determine the effects of
pasteurization at alternative conditions (63 ©°C for 15 s and 71 ©°C for 6 s) on
physicochemical properties, microbial safety, sensory quality and antioxidant activity of
rose apple cider, and to monitor the changes in these qualities during storage for three
months in ambient temperature.
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MATERIALS AND METHODS

Raw material preparation

The rose apples (Syzygium agueum Alston cv. Taaptimjan) were hand harvested
from a commercial orchard in Suratthani, Thailand. The fruits were selected for uniform
size (7-9 cm height and 6-8 cm width), color (dark red), total soluble solids (10-14
OBrix) and for freedom from apparent damage or disease. The rose apples were taken
to the laboratory within 8 h and were cleaned with distilled water. Rose apple juice was
obtained using a food processor (Philips centrifugal juicer) in a cold environment and
was roughly strained.

Cider preparation

The cider fermentation was conducted based on the method suggested by Alberti
et al. (2016) with some modifications. Rose apple juice extract was inoculated with the
cider yeast strain, Saccharomyces bayanus (Fermentis, France), at 10% cells/ml and
underwent fermentation in a fermenter. Alcoholic fermentation occurred in an anaerobic
environment at 25 °C over 10 days. At the end of fermentation, the cider was left for
sedimentation then the only clear liquid was taken for the following steps.

Pasteurization and storage

The cider samples were randomly divided into three groups: control (no heat
treatment); pasteurization at 63 °C for 15 s; and pasteurization at 71 °C for 6 s. The
pasteurization was carried out in a tubular pasteurization unit. All treatment groups
were bottled and stored at room temperature (27£1 °C).

Physicochemical analysis

The color of cider samples was monitored with a Hunter Lab Ultra Scan colorimeter
(Hunter Associates Laboratory, Inc. Reston, VA, USA). The color coordinates L
(lightness), a (redness) and b (yellowness) were recorded. The total soluble solids were
determined using a digital handheld refractometer (Atago, Tokyo, Japan), and the
values are expressed in ©Brix. Ethanol content was measured with an alcoholmeter
(Dujardin-Salleron, France). The pH was measured using a digital pH meter (SI
Analytics, Mainz, Germany). Total acidity was expressed in equivalents tartaric acid
(g/L) and was determined by volumetric neutralization with 0.1N sodium hydroxide
using phenolphthalein as the indicator. The electrical conductivity of the cider was
determined by a conductivity meter (YSI Incorporated, Yellow Springs, OH, USA). The
values are reported in uS/cm. The kinetic viscosity was measured using a Brookfield
viscometer (LVDV3T, Brookfield, USA) and is expressed as apparent viscosity (cP).

Microbial evaluation

Cider samples were plated at regular intervals for microbiological counts. Plate
count agar (PCA) (Himedia, Mumbai, India) was used to determine the counts for total
aerobic microbes. From each sample bag, triplicate serial dilutions were made with
peptone water. Samples (1 mL) from each dilution were aseptically placed in Petri
dishes, to which 20 mL of sterilized agar was poured and mixed thoroughly. Upon agar
solidification, the Petri dishes were inverted and incubated for 48 h at 37°C. Yeast and
mold counts were determined using acidified Potato Dextrose Agar (PDA) (Himedia,
Mumbai, India). The pH of the sterilized agar was adjusted to 3.5 with sterilized 10%
(w/v) tartaric acid. Sample (0.1 mL) of each dilution was spread on solidified agar, and
incubated for 5 days at 25 ©C. Colonies were counted using a Quebec colony counter
and are reported as logio CFU/mL. The E. coli tests were evaluated using 3M Petrifilm
E. coli/Coliform Count Plates (3M, MN, USA).

Vitamin C, total phenols and antioxidants
The content of vitamin C was measured using titration with iodine solution,
adapted from Babashahi-Kouhanestani et al. (2014). Total phenols were determined by
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Folin-Ciocalteu method as described by Waterhouse (2002) with some modifications.
The DPPH scavenging activity was assayed according to the method of Alberti et al.
(2016) and the results were expressed as percentages. The ABTS* radical cation
scavenging activity was analyzed as described by Campodonico et al. (1998). The
results were presented as percentages. The hydroxyl radical scavenging ability using
the deoxyribose method was applied in this study (Halliwell et al., 1987) with the results
expressed as percentages. The ferric reducing ability of the cider samples was obtained
by the method of Alberti et al. (2016) and the results were expressed as mmol Fe?* per
100 ml.

Sensory evaluations

Panel training was organized for 10 two-hour sessions, training on the general
characteristics of rose apple cider. Fifteen trained panelists of ages in the range of 21-
40 years evaluated the sensory profiles of the cider samples. The first set of sensory
tests was carried out the following day after obtaining pathogenic results, and
subsequent tests were carried out at regular intervals over 12 weeks of study. The
samples from different treatments were served at room temperature in plastic cups
labeled with randomly generated three-digit codes. The serving order was also
randomized for each panelist. The panelists were instructed to evaluate the
characteristics of the cider samples (sweetness, bitterness, sourness, sour flavor, fruit
flavor and after taste). The panelists were asked to rate each sample on a 5-point scale,
with 1 for "*minimum intensity” and 5 for "maximum intensity”.

Statistical analysis

The experiment included three replicate processing runs. All the data are reported
as means and standard deviations. Statistical analysis included analysis of variance
(ANOVA) and Duncan’s multiple range test to compare the means. The significance
threshold was P <0.05. All the analyses were run in SPSS v.22 for Windows (IBM, NY,
USA).

RESULTS

Physicochemical properties of rose apple cider

The results from the physicochemical study of the rose apple cider during storage
revealed that the control group presented a notable decreasing trend of TSS with the
final value of 2.2 9Brix (Figure 1). The sample pasteurized at 63 °C had the same
decreasing trend of TSS simultaneously with increasing alcohol content; however, with
lesser changes. Pasteurization at 71 °C gave only slight changes in TSS and ethanol
content.
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Figure 1. Total soluble solids and ethanol content in cider samples processed
at alternative pasteurization conditions.

The fermentation generates acids that result in sour taste and aroma. These
compounds mainly determine the quality of the cider (Chanthai and Danvirutai, 2004).
The pH of unpasteurized rose apple cider continuously decreased during storage, as
shown in Figure 2. This matches the measured titratable acidity. At the end of 12 weeks
of storage, titratable acidity of the control sample had increased significantly from an
initial 4.22 to 4.30 g/L of tartaric acid (P <0.05). A small change in pH and acidity
occurred in the sample treated at 63 °C, while samples pasteurized at 71 °C showed a
more stable trend. These changes were also aligned with the perception of panelists in
sensory evaluation. The panelists perceived higher intensity of sourness in control cider
samples stored for 2 weeks and longer (Figure 5 A).
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Figure 2. pH and titratable acidity of cider samples processed at different
pasteurization conditions.
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Table 1 shows the average values of L, a, and b from colorimeter measurements
of the cider samples. The results show that the pasteurization temperature and storage
time significantly affected these values (P <0.05). Lightness (L) tended to decrease
during storage. According to the result, inconsistency in cider color is observed in this
experiment.

Other physical properties of the cider, namely conductivity and viscosity are
shown in Figures 3 and 4. Electrical conductivity of the control group were considerably
elevated after week 2 until the end of storage. The cider samples treated with
pasteurization had a smaller incline compared to the control group in the beginning
(P <0.05), and continued with a stable trend until the end of storage. The viscosity of

the control

throughout the storage period (Figure 4).

group was significantly higher compared to the pasteurized group

Table 1. Color of rose apple cider treated with different pasteurization conditions.

Storage time Color
(week) control 63 °C 71 °C
L 49,62 + 0.06%® 43.26 + 0.23"2 41.38 + 0.30%
0 a 4.84 + 0.02" 3.11 + 0.0452 2.79 £ 0.10¢
b -0.85 + 0.06"9 -0.80 + 0.50#f -0.51 + 0.114f
L 47.48 £ 0.50%° 41.84 + 0.30°° 39.85 + 0.06<
2 a 2.97 £ 0.03%° 2.41 £+ 0.058° 2.00 £ 0.20%®
b -0.20 + 0.09¢ 0.72 £ 0.07%¢ 0.12 + 0.07%¢
L 45.31 £ 0.07% 40.93 £ 0.035¢ 36.43 + 0.13
4 a 1.73 £ 0.05% 1.56 £ 0.144¢ 1.27 + 0.09%¢
b 1.02 + 0.06% 1.48 + 0.50" 1.55 + 0.01Ad
L 44.50 £ 0.10% 38.98 + 0.03® 33.87 + 0.07¢
6 a 0.84 + 0.34Ad 1.02 + 0.50 0.80 £ 0.40%
b 1.98 + 0.01B 2.21 £ 0.12% 2.35 £ 0.12#%¢
L 42.46 £ 0.15% 36.15 + 0.238¢ 32.02 + 0.30¢
8 a -0.59 + 0.128¢ -0.14 + 0.14% -1.96 + 0.10%
b 2.52 £ 0.06%* 2.76 £ 0.50% 2.45 £ 0.01%¢
L 40.32 £ 0.134f 35.77 + 0.015f 30.74 = 0.07%f
10 a -4.20 £ 0.124f -5.34 + 0.04589 -7.99 + 0.18¢
b 5.33 £ 0.16% 5.66 £ 0.20°° 6.46 £ 0.114°
L 39.87 £ 0.514f 32.81 + 0.2989 28.74 £+ 0.20%
12 a -4.47 £ 0.51#f -4,95 + 0.194f -8.33 + 0.208¢
b 6.72 £ 0.21B 7.12 + 0.13782 7.69 £ 0.55%

Note: A€ The same superscript capital letter with in the same row are no significant difference by processing
method (P >0.05)
@9 The same superscript small letter with in the same column (of the same parameter L, a or b) are
no significant difference by storage time (P >0.05)
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Figure 3. Conductivity of cider samples processed at different pasteurization
conditions.
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Figure 4. Viscosity of cider samples processed at different pasteurization
conditions.

Microbial evaluation

Microbial evaluation (total aerobic count, yeast and mold, and E. coli) of the cider
samples were monitored for 12 weeks (Table 2). The initial aerobic count was only
detectable for the control group with a microbial load of 102 CFU/g, which then increased
continuously until the sample presented a sign of deterioration at week 8. The cider
samples pasteurized at 63 °C and 71 °C had aerobic bacteria detected in week 2 and
week 4 of storage. Although the microbial counts increased continuously during storage,
pasteurization at 63 °C prolonged product shelf life until 10 weeks, and the samples
processed at higher temperature had no significant change in quality until the end of
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the storage period. Yeast and mold were detected in the unpasteurized sample and
cider treated at 63 °C at the beginning of storage at 794 CFU/mL and 63 CFU/mL,
respectively. The number of yeast and mold counts continuously developed during the
studied period. E. coli 0157:H7 was identified as the causative agent in an outbreak of
diarrhea and hemolytic uremic syndrome (HUS) associated with the consumption of
apple cider. In this current study, the E. coli counts in cider samples indicate the safety
of rose apple cider consumption until the end of the monitoring period of 12 weeks.

Table 2. Microbiology profiles of cider samples during storage at ambient temperature.

Storage Total plate counts Yeast and mold E. coli
time (CFU/mL) (CFU/mL) (CFU/mL)
(weeks)

control 63 °C 71 °C control 63 °C 71 °C control 63 °C 71°C

0 1.0x10? ND ND 7.9 x102 6.3x10 ND ND ND ND
2 3.6x102 8.5x10 ND 1.3x10° 7.9x10 ND ND ND ND
4 5.7x103 3.1x102 3.3x10 2.7x103 1.2x10> ND ND ND ND
6 9.9x103 5.5x10%  4.9x10 2.8 x10° 1.8x10%2 ND ND ND ND
8 4.6x10* 1.1x103 1.4x102 5.7x103 1.6x102 ND ND ND ND
10 7.5x10% 1.6x10*  6.6x102 6.0.x10° 1.6x10° ND ND ND ND
12 9.5x10* 3.5x10*  4.2x103  8.4x10°3 2.3x10% <10 ND ND ND

Note: ND means not detected.

Vitamin C contents of cider samples

The vitamin C contents in Table 3 reveal that the pasteurization temperature and
storage duration significantly affected the amount of vitamin C (P <0.05). All the
pasteurized cider samples had lower vitamin C content than the control group that had
not been pasteurized (P <0.05). The vitamin C content of the rose apple cider decreased
significantly during storage in all treatments.

Phenolic compounds and antioxidants

Phenolic compounds in the present study were evaluated as total phenols (Table
3) and antioxidant activity of rose apple cider was determined as DPPH scavenging
ability, ABTS scavenging ability, reducing power, and hydroxyl radical scavenging.
According to the results, all the monitored values followed the same trend of decreasing
with storage time and with pasteurization temperature. The initial total phenolic content
of the unpasteurized cider sample was 81mg/L. As a result of pasteurization, the total
phenols were reduced by 7% and by 21% on pasteurization at 63 °C and 71 ©°C,
respectively. The findings indicate total phenols losses during the storage period of 12
weeks of 20, 22 and 28% in control, sample pasteurized at 63°C and 71 ©°C,
respectively. Control cider had a higher 62-70% ABTS scavenging activity than
thermally pasteurized cider at 56-64%, throughout the shelf-life period. The initial
hydroxyl radical scavenging activity of the cider samples were 67 and 65% for control
and pasteurized group, respectively.

Sensory quality of cider

The cider samples were monitored for sensory quality by 15 trained panelists
every 2 weeks for 12 weeks. Control (unpasteurized) samples had initially level 4 of
sweetness, sour flavor and fruit flavor, level 3 of sourness and bitterness; and a mild
aftertaste of level 2 (Figure 5 A). This profile was stable for 4 weeks except for the
sweetness and fruit flavor, which decreased to level 3. Longer storage times then
induced changes in the sensory profiles as perceived by trained panelists: less sweet,
less sour flavor, less fruit flavor, and sourer taste. Pasteurization at 63 °C or 71 °C can
extend the shelf life to 10 and 12 weeks; however, the process affected the losses of
flavor as shown in Figure 5 (B and C). The sample processed at lower pasteurization
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followed the same change in taste as the control group with further development until
the end of storage life. Panelists perceived the change in the sensory profile of the
control and pasteurized (63 °C) cider as less sweet and sourer taste. The cider
processed at the higher pasteurization temperature (71 °C) had similar initial sensory
profiles as that pasteurized at the lower temperature, but less intense fruit flavor and
sourness. Moreover, the samples treated at 71 °C had high level of bitterness detected
by the panelists.

DISCUSSION

In the present study, pasteurization conditions strongly affected the quality of rose
apple cider. The decrease in TSS of cider samples was due to the conversion of sugar
to alcohol manifested by yeast. This is consistent with the amount of alcohol generated.
The yeast uses dissolved solids as a substrate for growth and alcohol production
(Wanapu et al., 2004). Pasteurization at 71 °C gave only slight changes in TSS and
ethanol content because the treatment effectively inhibited the growth of yeast.

Regarding physicochemical properties, the control group demonstrated a
decreasing trend of pH. Malolactic fermentation possibly occurred as a secondary
fermentation in this group, which contributed the decreased pH. After fermentation was
completed, lactic acid bacteria that can tolerate low pH and high alcohol content
converted malic acid to lactic acid and CO2 (Brizuela et al., 2019). The reduction of pH
could also be caused by protons generated from nitrogen consumption by the yeast
(Akin et al., 2008). Lightness (L) of all samples tended to decrease during storage
possibly as a result of oxidation reactions, because of light exposure and heat during
pasteurization (Maneerat et al., 2007). In addition, inconsistency in cider color may be
due to the short fermentation period, which affects both color and taste (Chumpookam,
Subnum and Jaruwattanaphan, 2014). Fellows (2009) mentioned that natural pigments
are destroyed by heat, changes in pH, or can be oxidized during storage. The color of
the rose apple cider comes from the color of the peel, which contains anthocyanins. The
cider production and storage involve exposures to elevated temperature, oxygen, pH,
light, and can trigger isomerization and oxidation reactions. These factors are
responsible for the loss of anthocyanins, affecting the color of cider (Shi and Maguer,
2000). The electrical conductivity of the control group considerably increased. It was
affected by the degradation of yeast cells, since protons released from dead cells
contribute to the increasing conductivity. Accordingly, the group with the most microbial
multiplication (control) presented also the highest conductivity. Viscosity is temperature
dependent; therefore, the samples following thermal treatment tend to have lower
viscosity. This result was in agreement with the data of pasteurized cactus juice (Deboni
et al., 2014) and carrot juice (Vandresen et. al, 2009).

The data from microbial evaluation showed that pasteurization effectively reduce
the number of microorganisms in the cider samples as a result of microbial cell
membrane disruption induced by heat (Walton and Pringle, 1980). The humber of yeast
and mold counts in control samples and the samples treated at 63 °C continuously
developed during the studied period. This result is in accordance with an increase of
ethanol and reduction of TSS demonstrated earlier in figure 1. Although the microbial
counts increased continuously during storage, pasteurization at 63 °C prolonged product
shelf life until 10 weeks, and the samples processed at higher temperature had no
significant change in quality until the end of the storage period. Tandon et al. (2003)
reported that pasteurization at 63 °C could extend the shelf life of apple cider to 14
weeks in refrigerated storage.

The thermal processing had a destructive influence on vitamin C, in agreement
with the previous studies (Laslo et al., 2018; Sadecka et al., 2014; Narwojsz and
Borowska, 2010; Pérez-Conesa et al., 2009). Factors contributing to the loss of vitamin
C in drinks are pasteurization temperature, duration of storage, and permeability to
oxygen of the container (Farnworth et al., 2001). In the present study, vitamin C
content was found to decrease during storage in all cider samples. The oxygen-
containing environment in the packaging will result in the loss of vitamin C during
storage (Yeom et al., 2000; Odriozola-Serrano et al., 2009). Davey et al. (2000)
suggested that vitamin C loss was caused by the oxidative mechanism resulting from
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the presence of not just oxygen but also exposure to light, heat, peroxides and enzymes.
In this study, the cider samples were bottled at 60-70 °C, at which time the air (oxygen)
in the container was flushed out. However, loss of vitamin C was still noticed during

storage for all samples.
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Figure 5. Sensory profile of cider sample pasteurized at (a) control, (b) 63 °C

and (c) 71 °C
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Table 3. Vitamin C, total phenols and antioxidant activity of cider samples.
condition Storage time (week)
Vitamin C (mg/100 mL) 0 2 4 6 8 10 12
control 5.11 + 0.03%° 5.08 + 0.0142 4.85 + 0.088% 4.03 + 0.06“ 3.91 £ 0.01P= 3.75 £ 0.05% 3.55 £ 0.03F
63 °C 4.43 £ 0.04" 4,32 £ 0.078% 3.41 £+ 0.03% 3.29 + 0.08P® 2.71 £ 0.01F° 2.27 £+ 0.04™ 2.12 +£ 0.07¢®
71 0C 4.54 £ 0.09% 4.04 £ 0.128¢ 3.53 = 0.04% 3.12 + 0.01P¢ 2.20 + 0.09F 1.56 + 0.01F 1.43 £+ 0.06%¢
Total phenols (mg/L) 0 2 4 6 8 10 12

control
63 °C
71 °C

81.33 £+ 0.08%
75.38 £ 1.75%
63.87 *+ 0.39%¢

79.56 £ 0.045
73.17 + 0.02°°
61.09 + 0.0685

78.58 £+ 0.85%
67.35 £ 0.04%®
57.87 £ 1.33%

77.61 £ 0.13P2
64.40 + 0.78P°
52.51 £ 0.01%

76.89 £ 0.51%
64.08 £+ 0.130°
51.41 £ 0.00F¢

66.66 + 0.33%
61.75 £+ 0.03F°
48.21 + 0.02F

64.84 + 0.01¢2
58.98 + 1.20M
46.23 + 0.116¢

Reducing power
(mmol Fe2*/100mL)

0

2

4

6

8

10

12

control
63 °C
71 oC

31.61 + 0.29%
30.13 + 0.17*°
29.90 + 0.29%°

31.42 + 0.03%k2
30.16 + 0.51%°
29.34 + 0.238¢

31.36 + 0.03%
30.08 + 0.12*°
29.07 + 0.0685¢

31.04 £ 0.07%
29.39 + 0.14°°
28.59 £+ 0.18%

30.61 + 0.12°P2
29.13 + 0.06°°
28.40 + 0.04¢

30.28 + 0.03F@
29.02 £ 0.318¢
28.35 + 0.15%

29.21 + 0.05F
28.61 + 0.35%
27.12 + 0.26°

DPPH scavenging activity (% )

0

2

4

6

8

10

12

control
63 °C
71 0C

81.35 £ 0.45%
75.16 £ 0.59%°
64.33 £ 0.47%¢

80.42 + 0.06%
73.94 £ 0.41°°
61.70 + 0.128¢

79.49 £ 0.07¢
71.64 £ 0.36°
59.62 £ 0.26

78.09 £ 0.00"2
68.29 £ 0.07°°
55.40 £ 0.01P

77.47 + 0.24Pa
64.17 + 0.02Fp
53.82 + 0.46f

72.85 £ 0.07%
60.68 £ 0.24™
52.69 + 0.07F

71.69 £ 0.90%
59.60 £ 0.14%°
50.63 £ 0.14¢¢

ABTS scavenging activity (% )

0

2

4

6

8

10

12

control
63 °C
71 0oC

70.11 + 1.85%
64.04 + 0.93*°
62.87 + 1.09%°

68.57 = 0.508
63.81 + 0.17*°
61.34 + 0.428¢

66.63 + 0.45%
62.75 + 0.54°°
60.69 * 0.408

65.36 £ 0.39¢P2
62.45 £ 0.508
59.39 + 0.88%

64.82 + 0.24P2
61.67 + 0.51¢P>
58.35 + 0.33%

63.23 + 0.61F
60.75 + 0.45P°
57.17 £ 0.50™

62.03 + 0.71F@
59.75 + 0.36°
56.57 £ 0.44"

Hydroxyl radical scavenging (% )

0

2

4

6

8

10

12

control
63 °C
71 0C

66.89 + 0.94"2
65.26 = 0.74%
65.41 + 1.12%

64.38 + 1.18°"2
63.07 + 0.35"2
62.89 + 0.5982

62.52 + 1.17%
60.44 + 0.52¢
59.81 + 0.35%

60.02 + 0.89P
56.12 + 0.62°¢
57.97 + 1.05%°

59.05 £ 0.88P2
55.28 + 0.94FP°
56.46 + 0.43F

55.59 + 0.20°F
53.92 + 0.41F°
55.73 + 0.30%

53.28 £+ 0.40%
52.04 + 0.64F®
51.93 + 0.777

Note: ABC The same superscript capital letter with in the same row are no significant difference by storage time (P >0.05)
abc The same superscript small letter with in the same column are no significant difference by processing method (P >0.05)
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There are various antioxidant types found in cider such as flavonoids, tannin,
vitamin C, vitamin E, and B-carotene (Jirumarn and Srihanam, 2011). As a result of
pasteurization, the total phenols were reduced for both conditions at 63 °C and 71
OC. This is in agreement with the study on physalis juice heated to 90 °C for 2 min
(Rabie et al., 2015). To determine the antioxidant capacity of food and beverage,
numerous methods based on different reaction mechanisms have been available
(Roginsky and Lissi, 2005). The results from the present study indicated a
decreasing trend of all monitored antioxidant capacity with pasteurization
temperature and with storage time. DPPH scavenging activity of cider samples
decreased more sharply during storage than the reducing power. Apparently, the
cider had a stronger ability to donate H-protons than to reduce free radicals. The
reduction of antioxidant activity on pasteurization is also aligned with the loss of
vitamin C, as it acts as an antioxidant. Odriozola-Serrano et al. (2009) suggested
that heating greatly affects the loss of ascorbic acid through the aerobic pathway
because ascorbic acid is a heat-sensitive bioactive compound. The hydroxyl radical
scavenging activity of samples suggested that the cider exhibit a scavenging effect
on hydroxyl radicals that could help to protect biological molecules from free radical
attacking (Abirami, Nagarani, and Siddhuraju, 2014). Data obtained in this study
suggest that low-temperature pasteurization maintained higher antioxidant content
and higher levels of antioxidant capacity.

Sensory profile of the cider samples followed physicochemical results.
Panelists perceived the change in the sensory profile of the control and pasteurized
(63 °C) cider as less sweet and sourer taste. The development of sour taste and
reduction in sweetness, resulting from a continuing fermentation, was not observed
in the sample treated with higher pasteurization level (71 °C for 6 s). Although
pasteurization at this condition was able to ensure product safety as regards
microorganisms until 12 weeks, most sensory characteristics dramatically changed
at week 10. The cider samples had high level of bitterness but less intense fruit
flavor detected by the panelists. The loss of flavor is possibly due to thermal
processing stimulate evaporation of volatile compounds and enhance kinetic
reactions that accelerated the loss of flavor compounds (Abirami, Nagarani, and
Siddhuraju, 2014). Therefore, to determine the practical storage life of rose apple
cider processed at different conditions, consumer acceptance tests should be
carefully included in the criteria.

CONCLUSION

The present study provided information regarding the effects of alternative
pasteurization conditions on physicochemical, microbial and sensory quality and
antioxidant profile of rose apple cider during storage for up to three months. Cider
pasteurized at 63 °C had 10 weeks of storage life with some quality changes.
Although this condition can better preserve antioxidant content and antioxidant
capacity, the process was not sufficient to inactivate further fermentation. Thermal
treatment at 71 °C for 6 s resulted in shelf-life extension to 12 weeks; however,
this treatment induced changes in color, degradation of ascorbic acid, and reductions
in total phenols and antioxidant activities. The decrease of vitamin C content, as
well as total polyphenols and antioxidant activities, indicate the effect of thermal
processes and oxidation taking place in the rose apple cider during storage.
Therefore, suitable packaging and storage condition would be the key to retain
vitamin C content, total polyphenols and antioxidant activities. In terms of microbial
safety, the E. coli evaluation result guaranteed the safety of rose apple cider
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consumption throughout the storage period. The sensory evaluations revealed that
pasteurization causes flavor loss in cider samples; however, other sensory
parameters were comparable to the control group. Moreover, the samples heat-
treated at 71 °C presented more desirable profile, detected by the panelists as a
higher level of sweetness and less sour taste.
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