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Microbial activity and browning were minimized and fresh-cut rose apple quality was maintained using
sodium chlorite (SC) combined with calcium chloride (CC) and calcium ascorbate (CaAs) and by inves-
tigating the optimal concentration and dipping time of SC for inhibiting microbial activity and browning.
Fresh-cut rose apple samples were dipped in SC solution at 100 mg/L and 200 mg/L for 1 min and 3 min,
with filtered water and non-dipped samples as controls. All samples were kept at 4 + 2 °C for 9 d. The
results showed that 200 mg/L SC for 3 min was the best treatment to inhibit microbial growth (total
bacteria, yeast and molds, Escherichia coli and coliforms), delay browning and polyphenol oxidase (PPO)
activity of fresh-cut rose apples, but could not maintain the fresh firmness. A firmness experiment was
conducted by dipping fresh-cut rose apples in 200 mg/L SC and in 200 mg/L SC combined with 20 g/L CC
and 20 g/L CaAs (SC + CC + CaAs) for 3 min before storage at 4 + 2 °C for 9 d. Samples immersed in
filtered water were used as the control. The combined treatment delayed microbial contamination and
browning by reducing the PPO activity and the accumulation of phenolic content, and maintained the
fresh firmness of fresh-cut rose apples. Thus, the combination treatment of SC + CC + CaAs solution can
protect fresh-cut rose apples against microbial contamination and delay browning and maintain
firmness.

Copyright © 2016, Kasetsart University. Production and hosting by Elsevier B.V. This is an open access
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Introduction

Fresh-cut produce (minimally processed products) first arose in
the 1990s, initially offering lettuce, cabbage, carrot and some other
vegetables (Colle et al., 2013). Thereafter, the fresh-cut studies
expanded to fruits such as mango (Dea et al., 2010), apple (Luo et al.,
2011; Wu et al., 2012), pear (Xiao et al., 2010, 2011) and rose apple
(Worakeeratikul et al., 2007a, 2007b; Supapvanich et al., 2012). In
Thailand, the fresh-cut fruit business commenced earlier than the
fresh-cut vegetable business, with fresh-cut fruit originally sold in
canteens at schools, universities, working offices and often sold on
carts which traveled around villages and communities (James and
Ngarmsak, 2010). At present, popular fresh-cut fruits such as ripe
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and unripe mangoes, ripe and unripe papayas, guava, pineapple,
water melon, cantaloupe, jackfruit, pomelo and rose apple are
predominantly sold in markets (Zagory, 1999; Sa-nguanpuag et al.,
2007; James and Ngarmsak, 2010).

Rose apple (Syzygium samarangense L.) is a tropical fruit which
was originally cultivated in Southeast Asia (Vara-Ubol et al., 2006).
Recently, the demand for fresh-cut products has increased in many
countries due to the busy lifestyle of people, especially in cities as
consumers need convenient and portable foods but still require
high quality, safety, nutrition and freshness similar to that associ-
ated with intact fruits (Beirao-da-Costa et al., 2006). However the
peeling, cutting and slicing processes are the main causes of rapid
deterioration in fresh-cut fruit and can accelerate the respiration
rate and ethylene production, which lead to rapid loss of water,
firmness, aroma and flavor (Rolle and Chism, 1987; Oms-Oliu et al.,
2010). Many cases have been reported where the most important
problems of fresh-cut fruit are browning and microbial contami-
nation with food-borne pathogens and spoilage microbes, which
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lead to a short shelf life and reduced consumer safety (McEvily
et al,, 1992; Watada et al., 1996; Hodges and Toivonen, 2008).

Browning of fresh-cut produce is mainly caused by polyphenol
oxidase (PPO), which oxidizes the phenols to quinines in the
presence of oxygen (Walker and Wilson, 1975; Friedman, 1996).
Enzymatic browning can be a significant problem as it limits the
shelf life of fresh-cut fruits, but there is very limited information
about browning inhibition of fresh-cut rose apple. Worakeeratikul
et al. (2007a) reported that hydro cooling rose apple fruits before
dipping in 6% calcium ascorbate and 0.2% chitosan solution could
delay browning, PPO activity and maintain the firmness. A low
storage temperature at 4 + 2 °C could reduce browning of fresh-cut
rose apple without any significant effects on quality when
compared with storage at 12 + 2 °C (Supapvanich et al., 2011).
Browning inhibition of fresh-cut rose apple using an edible coating
has been reported with chitosan (Worakeeratikul et al., 2007b) and
konjacglucomannan coating incorporated with pineapple fruit
extract (Supapvanich et al., 2012).

Sodium chlorite (SC) is elucidated as having the dual effect of
being an anti-browning and anti-microbial agent (Lu et al., 2006,
2007; He et al., 2008; Guan and Fan, 2010). SC is accepted by the
US Food and Drug Administration (USFDA) as a sanitizing agent for
food and fresh-cut produce as it is a powerful oxidizing agent. It has
been used to clean utensils, disinfect water and to remove biofilms
on the food preparation surface (Anomymous, 2000; Lu et al.,
2006). Researchers have demonstrated that SC effectively in-
activates PPO and microbial growth on fresh-cut apple (Lu et al.,
2007; Luo et al., 2011; Li et al, 2015), pear (Xiao et al., 2011),
cilantro (Allende et al., 2009), broccoli (Renumarn et al., 2012) and
lettuce (Hengphum et al., 2015).

Softening is another problem of fresh-cut produce that needs to
be considered. It is known that the rate of fruit softening is related
to calcium levels in the plant tissue (Fallahi et al., 1997) and cell-
wall-degrading enzymes; especially polygalacturonase (PG) and
pectin methyl esterase (PME) (Chisari et al., 2007; Silveira et al.,
2011). Calcium application in fresh-cut produce can help to stabi-
lize the cell membrane and form Ca-pectates, which increase ri-
gidity of the middle lamella and plant cell wall resulting in
resistance to attack from cell-wall-degrading enzymes (Luna-
Guzman et al., 1999). However, calcium salts, particularly calcium
chloride (CC) and calcium ascorbate (CaAs) have been reported to
maintain firmness, inhibit browning, and extend the shelf life of
fresh produce and fresh-cut produce such as apples (Wang et al.,
2007; Aguayo et al., 2010; Tardelli et al., 2013; Li et al., 2015),
melons (Luna-Guzman et al., 1999; Luna-Guzman and Barrett,
2000; Silveira et al., 2011) and eggplant (Barbagallo et al., 2012).
Luo et al. (2011) stated that SC caused tissue softening of fresh-cut
apple. Thus, SC mixed with CC was used to solve the tissue soft-
ening problem. Improving the texture of fresh-cut apple could be
obtained by treating with CC at 20 g/L, where no bitter taste was
observed. Calcium ascorbate (CaAs) has been industrially used to
control the browning and to maintain the quality of fresh-cut
produce (Luo et al., 2011). However, its effect depends on the
concentration used. Wang et al. (2007) stated that 50 g/L CaAs
resulted in strong browning inhibition, but it is expensive and
therefore more commonly used at lower, less effective concentra-
tions, while CC is inexpensive. Thus, the incorporation of a low level
of CaAs (20 g/L) with CC (20 g/L) was investigated in the current
study.

The literature cited earlier reported that the strong, dual anti-
browning and anti-microbial effect of sodium chlorite might also
improve the quality and extend the shelf-life of rose apple when it
was incorporated with calcium salts. Therefore, the aim of this
work was to investigate the effectiveness of sodium chlorite with
calcium chloride and calcium ascorbate in inhibiting the microbial

population and browning, and maintaining the firmness of fresh-
cut rose apples.

Materials and methods
Fresh-cut fruit preparation

Rose apple fruits from the Good Agricultural Practices (GAP)
orchard, Ratchaburi province, Thailand were harvested at 45 d after
full bloom. Non defect fruits were selected and washed with tap
water and then disinfected with 50 parts per million sodium hy-
pochlorite solution for 3 min. Fresh-cut rose apple was prepared by
cutting the fruit into four pieces, with the core and ends of each
fruit removed.

Sodium chlorite treatment

Fresh-cut rose apple samples were immersed in 100 mg/L or
200 mg/L sodium chlorite solution (SC) for 1 and 3 min at room
temperature. Fresh-cut samples immersed in filtered water were
used as the control treatment. All samples were dried under
ambient conditions. Six pieces of fresh-cut samples were randomly
selected and placed on a polypropylene tray (14 mm x 19 mm
x 2.5 mm), top heat sealed with polypropylene film (anti-fog), and
then kept at 4 + 2 °C for 9 d. Each treatment had four replicates
(trays). The microbial population, quality and biochemical changes
of fresh-cut rose apple were investigated at 3-day intervals.

Combination treatment

The fresh-cut samples were immersed in 200 mg/L sodium
chlorite for 3 min or 200 mg/L sodium chlorite combined with 20 g/
L calcium chloride and 20 g/L calcium ascorbate (SC + CC + CaAs)
for 3 min. The sample immersed in filtered water served as the
control treatment. All samples were dried, packed and stored under
the same conditions as previously described. Each treatment had
four replicates (trays). The microbial population, quality and
biochemical changes of fresh-cut rose apple were investigated at 3-
day intervals.

Microbiological analysis

A 25 g sample of fresh-cut rose apple was homogenized with
225 mL of 1% sterile peptone water using a stomacher (IUL In-
struments Masticator; Barcelona, Spain) for 1 min. Ten-fold dilution
series were made in sterile peptone water as required for plating.
Plate count agar (PCA; HiMedia; Mumbai, India), eosin methylene
blue agar (EMB, HiMedia, India), and potato dextrose agar (PDA,
HiMedia, India) were used to enumerate total bacteria, Escherichia
coli, and yeast and molds respectively. PCA plates and EMB plates
were incubated at 37 °C for 1-2 d, whereas PDA plates were
incubated at ambient temperature (26 + 2 °C) for 5 d. Four repli-
cates were analyzed and expressed as log colony forming units per
gram fresh weight (CFU/g FW).

Biochemical analysis

The phenolic compound content was determined as described
by [kram et al. (2009). A 5 g sample of tissue was homogenized with
10 mL of 80% ethanol in a blender. The homogenate sample was
centrifuged at 12,000 x g for 20 min at 4 °C. A 20 pL of supernatant
was mixed with 1.58 mL of distilled water before adding 100 pL of
1 N Folin-Ciocalteu phenol reagent and 300 pL of 2.5 M NaCOs. The
sample solutions were mixed and then incubated in a water bath at
40 °C for 30 min, and then allowed to incubate at room temperature
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for 20 min. The sample solution was measured using a spectro-
photometer (model UV-1800; Shimadzu; Kyoto, Japan) at 765 nm.
Distilled water was used as the blank. Data were reported as grams
per 100 g fresh weight.

Polyphenol oxidase (PPO) was determined according to the
method of Lichter et al. (2000). A 2 g sample of fresh-cut rose apple
was homogenized in 20 mL of 0.1 M sodium phosphate buffer (pH
6.6) and 0.5 g polyvinylpolypyrrolidone. The sample was centri-
fuged twice at 8000 x g, for 10 min and 20 min, respectively, at 4 °C.
A 0.75 mL sample of supernatant was mixed with 0.12 mL of 23 mM
4-methyl catechol. The activity of PPO was measured every 10 s for
1 min using the spectrophotometer at 410 nm. The total protein
content of the samples was analyzed using the method of Bradford
(1976) with Coomassie Brilliant Blue. The PPO activity was pre-
sented as specific activity, defined as the increase in absorbance per
minute per 1 mg enzyme of reaction mixture (AOD4jonm per mg
protein per min).

Quality determination

Changes in the pulp color of fresh-cut rose apple were deter-
mined using a Minolta DP—301 colorimeter (Konica Minolta;
Tokyo, Japan) and were expressed as L*, a* and b* values. The
browning index (BI) was calculated as described by Palou et al.
(1999) using X = (a* + 1.75L%)/(5.645L* + a* — 3.012b*), and
Bl = (X — 0.31)/0.17. The difference in total color of fresh-cut rose
apple during storage was calculated according to Maskan (2001)
using equation (1):

AE = [(Lp—1)" + @ —a")" + (bp — b")°] ” (1)

where, L*, a* and b* are the color values on the initial day, and L"F,
a" and b"F were the color values after 3, 6 or 9 d storage.

The shear force was measured using a texture analyzer (model
TA—XT Plus; Stable Micro System Co. Ltd.; Goldalming, England)
equipped with a 7 cm x 12 c¢m knife blade with a 45° chisel. The
data were recorded and expressed in newtons.

Statistical analysis

Data were analyzed using the ANOVA procedure in the general
linear models procedure of SAS 9 (SAS Institute; Cary, NC, USA) for
completely randomized design experiments. Data were presented
as mean + SE. Each treatment contained four replicates and
each replicate consisted of six pieces of fresh-cut rose apple.
Significance was tested at p < 0.05 using Duncan's multiple range
test.

Results
Effects of sodium chlorite on microbial populations

Treatment with SC solution at 100 mg/L and 200 mg/L for 1 and
3 min reduced the total bacteria, yeast and molds, and E. coli and
coliforms, during storage at 4 °C (Fig. 1). The level of 200 mg/L SC for
3 min had the highest inhibitory effect on the reduction of micro-
organisms. After treatment (day 0), total bacteria reduced from 3.61
log CFU/g FW (control) to 2.55 log CFU/g FW, respectively. However,
SC treatment at 200 mg/L for 3 min showed the greatest reduction
of total bacteria of 0.73—1.06 log CFU/g FW reduction during stor-
age, whereas treatment with 100 mg/L SC for 1 min or 3 min
showed a lower reduction (0.26—0.97 log CFU/g FW) after treat-
ment, which varied significantly compared to the control from day
3 to day 9 of storage (Fig. 1A).
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Fig. 1. Total bacteria (A), yeast and molds (B), and E. coli and coliforms (C) of fresh-cut
rose apple immersed in filtered water (control), sodium chlorite (SC) at 100 mg/L or
200 mg/L for 1 and 3 min. Treated samples were stored at 4 °C for 9 d. Data shown are
mean values of n = 3 and the error bars represent standard errors of the means using
Duncan's multiple range test at p < 0.05. CFU/g FW = colony forming units per gram
fresh weight.

The level of yeast and molds of non-treated, fresh-cut rose ap-
ples was 1.99 log CFU/g FW on day 0. The SC treatment at 200 mg/L
for 3 min had the greatest inhibitory effect on yeast and molds
compared to the other treatments. Although there was no signifi-
cant inhibitory effect between SC treatments at all concentrations,
it seemed that the higher concentration showed a greater effect
than the lower concentration. The yeast and molds populations in
fresh-cut rose apples treated with 200 mg/L SC for 3 min were in
the range 1.27—1.57 log CFU/g FW, whereas with 100 mg/L SC for
3 min, the levels were higher, with a range of 1.49—1.57 CFU/g FW
(Fig. 1B).

The E. coli and coliforms counts of fresh-cut rose apples treated
with 100 mg/L and 200 mg/L SC for 1 and 3 min were significantly
lower than the control. A 200 mg/L SC for 3 min reduced E. coli and
coliforms by 1.06—1.32 log CFU/g FW followed by 100 mg/L SC for
1 min (0.62—1.23 log CFU/g FW), 100 mg/LSC for 3 min (0.35—-0.81
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log CFU/g FW) and 100 mg/L SC for 1 min (0.52—0.80 log CFU/g FW),
respectively (Fig. 1C).

Effects of sodium chlorite on browning

Fresh-cut rose apple normally became brown at the cut surface
within a few minutes after cutting. The color change of fresh-cut
rose apple was measured at the cut surface and reported as a
lightness (L*) value and browning index (Fig. 2A and B). The L* value
of the control decreased from the beginning (65.42) to the last day
of storage (61.46), on the samples treated with 100 mg/L SC for
1 min. The treatments of 100 mg/L SC for 3 min and 200 mg/L SC for
1 and 3 min maintained the L* value of fresh-cut rose apples
throughout storage. The treatment of 200 mg/L SC for 3 min
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Fig. 2. L* value (A), browning index (B), PPO activity (C), and shear force (D) of fresh-
cut rose apple treated with filtered water (control) or with sodium chlorite (SC) at
100 mg/L or 200 mg/L for 1 and 3 min. Treated samples were stored at 4 °C for 9 d.
Data shown are mean values of n = 3 and the error bars represent standard errors of
the means using Duncan's multiple range test at p < 0.05.

showed the greatest anti-browning of fresh-cut rose apple (Fig. 2A).
This result correlated with the browning index (BI). The lowest BI
was found in fresh-cut rose apples treated with 200 mg/L SC for
3 min, whereas the highest Bl was found in non-treated samples
(Fig. 2B). PPO is the key enzyme related to browning in fruits and
vegetables and the PPO activity of fresh-cut rose apple in all
treatments increased during storage (Fig. 2B). The SC treatment
slightly inhibited PPO activity. The lowest PPO activity was found in
fresh-cut rose apples treated with 200 mg/L SC (0.034—0.069
AODg4ionm per mg protein per min), while the control was
0.044—0.108 AODg410nm per mg protein per min (Fig. 2C).

Effects of sodium chlorite on firmness

The firmness of fresh-cut rose apple was expressed as the
shearing force. At the beginning of storage, the firmness ranged
between 4119 N and 42.17 N; afterward, it decreased to
33.83—35.03 N (Fig. 2D). The treatment with SC slightly maintained
the firmness of fresh-cut rose apple compared to the control
sample.

Effects of combination treatment on microbial counts

The effect of SC on the inhibition of microbial counts was
improved when integrated with the CC and CaAs treatments. Total
bacteria and yeast and molds in the SC— and SC + CC + CaAs-
treated samples noticeably declined in comparison to the control.
Counts of total bacteria, yeast and molds in the combined treat-
ment samples showed reductions in the range 1.0-1.66 and
0.97—1.75 log CFU/g FW, respectively, whereas, the SC treatment
showed a reduction in the range 0.46—1.41 and 0.71—-0.74 log CFU/g
FW, respectively, during 9 d storage (Fig. 3A and B). The E. coli and
coliforms counts in the control samples were in the range
2.85—-3.16 log CFU/g FW during storage. Dipping fresh-cut rose
apple samples in SC solution decreased the E. coli and coliforms
count significantly by 0.70—1.15 log CFU/g FW and 0.80—1.16 log
CFU/g FW in SC + CC + CaAs solution, respectively (Fig. 3C).

Effects of combination treatment on browning

The L* value of the control sample declined during storage,
whereas the SC-treated sample and its combination with CC + CaAs
treatment significantly increased from 62.99 to 63.17 to
64.28—65.63 (Fig. 4A). This was related with color change (AE).
Fresh-cut rose apple samples treated with SC + CC + CaAs signifi-
cantly delayed the increase in AE (Fig. 4B), the browning index
(Fig. 4C) and the PPO activity compared to the control samples
(Fig. 5A). The PPO activity of non-treated fresh-cut rose apple
samples increased rapidly with storage time. No significant differ-
ences in the phenolic contents were found in any treatment
(Fig. 5B).

Effects of combination treatment on firmness

On the initial day of storage, the firmness of the fresh-cut rose
apple samples was in the range 44.28—47.35 N (Fig. 5C); afterward,
the firmness of non-treated samples and SC treated samples
decreased to 31.60 N and 34.03 N, respectively, at the end of stor-
age, whereas SC combined with CC and CaAs maintained firmness
at 38.68 N.

Discussion

SC is a strong oxidizing agent, which can generate chlorine di-
oxide (ClO;) under acidic conditions (Lu et al, 2007). The
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calcium ascorbate (CaAs). Treated samples were stored at 4 °C for 9 d. Data shown are
mean values of n = 3 and the error bars represent standard errors of the means using
Duncan's multiple range test at p < 0.05. CFU/g FW = colony forming units per gram
fresh weight.

mechanism of microbial inactivation by ClO, has been proposed,
but the most commonly accepted strategy of ClO; is inhibition of
microbial protein synthesis (Trinetta et al., 2012). SC in the range
0.5—1.2 g/L is approved to use on raw fruit and vegetables by the
USFDA (Anonymous, 2000). In the current study, SC at 200 mg/L
was used to inhibit microbial populations and browning develop-
ment on fresh-cut rose apple. Thus, it is safe for human
consumption.

The current results showed that SC was the most powerful
disinfectant to reduce total bacteria, yeast and molds, and E. coli and
coliforms in fresh-cut rose apple samples throughout storage. The
effectiveness of SC depended on the concentration and immersion
time. The higher the concentration and the longer the immersion
time of SC, the more effective the inhibition of microbial counts, in
contrast to the lower concentration and a shorter immersion time.
Similarly, Xiao et al. (2011) reported that a higher SC concentration
resulted in a stronger inactivation of E. coli 0157:H7 compared to a
lower SC concentration.

SC combined with CC and CaAs showed a greater effect in
delaying microbial activity than did SC alone. Inactivation of E. coli
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Fig. 4. L* value (A), total color difference (AE) (B), and browning index (C) of fresh-cut
rose apple treated with filtered water (control) for 3 min, 200 mg/L sodium chlorite
(SC) for 3 min, or 200 mg/L SC mixed with 20 mg/L calcium chloride (CC) and 20 mg/L
calcium ascorbate (CaAs). Treated samples were stored at 4 °C for 9 d. Data shown are
mean values of n = 3 and the error bars represent standard errors of the means using
Duncan's multiple range test at p < 0.05.

by SC and by SC combined with CC was reported by Luo et al. (2011),
where SC and SC + CC treatments significantly reduced E. coli
population in apple slices. SC + CC had slightly more effectiveness
than SC alone. This may have been due to the antimicrobial effect of
SC (Allende et al., 2009; Luo et al., 2011) and some indirect effect of
CC or CaAs. Although, CaAs has no antimicrobial effect (Gorny,
2003), both calcium salts may reduce water activity, which can
lead to delayed microbial growth (Luna-Guzman and Barret, 2000).
Silveier et al. (2011) reported that calcium salt treatments can
reduce microbial growth in fresh-cut ‘Galia’ melon.

SC treatment can inhibit the browning reaction of fresh-cut rose
apple due to the low activity of PPO. Increasing the concentration of
SC and the immersion time resulted in increased inhibition of the
PPO activity as was also reported by He et al. (2008), as SC acts as
the inhibitor of PPO activity which is the key enzyme associated
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Duncan's multiple range test at p < 0.05.

with the browning reaction (He and Luo, 2007). Lu et al. (2007)
proposed that the effect of SC in lightening the color of fresh-cut
pears was caused by its bleaching property, while He et al. (2008)
presumed that copper exits at the active site of PPO were essen-
tial for enzymatic reaction. The copper helps control the balance
between enzyme-Cu?>* and enzyme-Cu® during enzymatic
browning. SC might oxidize copper which alters the catalyzing PPO
activity resulting in the activity of PPO being inactivated through
the increase in the Cu®* concentration (Kertész et al., 1972).
Combined treatment of SC + CC + CaAs promoted lightness on
the cut surface of the fresh-cut rose apple samples. Color change as
well as the browning index was suppressed. The PPO activity
slightly increased during storage compared to the control sample.
The combination treatment showed higher effectiveness at inhib-
iting browning than the SC treatment. These results might have

been caused by the anti-browning property of ascorbic acid.
McEvily et al. (1992) reported that ascorbic acid and its derivatives
are known to reduce quinones back to the original colorless
diphenol. Thus, the anti-browning effect of ascorbic acid increased
when it was synergistic with SC. The phenolic contents significantly
affected the surface color of the rose apple samples. The phenolic
content was low when fresh-cut rose apple was treated with
SC + CC + CaAs solution. Its level was also related with the PPO
activity. Similar results were demonstrated by Worakeeratikul et al.
(2007a) in fresh-cut rose apple treated with CaAs.

SC treatment caused the softening of fresh-cut apple (Luo et al.,
2011) although there was no significant difference in firmness be-
tween the SC-treated samples and non-treated samples in this
experiment. The firmness of fresh-cut rose apple increased when
dipped in SC + CC + CaAs solution. Additionally, Silveier et al.
(2011) found that the flesh firmness of fresh-cut melon treated
with CC increased significantly compared to non-treated melon. CC
has been reported to maintain fruit firmness and extend the shelf
life of fresh-cut produce (Luo et al., 2011). Calcium is generally
found in the cell wall and middle lamella and it improves the
structural integrity of plant tissue (Van-Buren, 1979). Therefore,
calcium treatment (CC and CaAs) may influence tissue firmness by
contributing to the cell wall strength. The current study clearly
showed the dual effects of SC against microbial growth and
browning through delaying the PPO activity and accumulating
phenolic compounds. The combination of the SC treatment with CC
and CaAs could strengthen the plant cell wall and maintain the
firmness of fresh-cut rose apple. These data suggested that a
SC + CC + CaAs solution could be an alternative technology or a
multi-chemical formula that may be used to maintain the quality
and extend the shelf life of fresh-cut rose apples.
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