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Fresh-cut apple: effect of CaCl, dips on firmness and
quality
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Abstract ' C ‘
The marketing of fresh-cut produce has increased rapidly due to the increased
consumer demand for fresh and convenient foods. However, they have increased
perishability and shorter shelf-life as compared with intact fruit. Firmness loss in
fresh-cut apple is the main problem associated with guality loss, even under cold
storage. Fresh-cut ‘Golden Delicious’, ‘Granny Smith’ and ‘Scarlet Spur’ apples were
sliced, dipped in calcium chloride and in anti-browning solutions, packed and stored
for five days at 4°C. Changes in headspace atmosphere, firmness and sensory quality
were measured during storage. A significant reduction in the rates of O, depletion and
CO: production was observed in all the samples. Treatments had beneficial effects on
maintaining flesh firmness and reducing cut surface browning. The soluble solids
content generally increased during fresh-cut storage, but without significant
differences between treated slices and controls. The firmness and quality attributes of
the treated samples up to five days of storage, showed no significant differences
compared with the fresh apple, so they would be commercially acceptable at least
until day five of storage. :
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INTRODUCTION

Minimal processing has been defined as a combination of procedures, such as washing,
sorting, trimming, peeling, and slicing or chopping, that do not affect the fresh-like quality of
the food. The ready-to-eat fruits and vegetable market has rapidly grown in recent years due
to the health benefits associated with these foods because of busy lifestyles, increasing
purchasing power, and increasingly health-conscious consumers. Nevertheless, because the
tissue integrity of fruit is more easily altered during processing, ready-to-use commodities
are more perishable than the original materials. The deterioration of the fruits after minimal
processing, resulting from wound-induced biochemical and physiological changes associated
with water loss, respiration, and cut-surface browning, is accompanied by microbiological
spoilage (Kader, 2002). :

Minimally processed apples have a shorter shelf-life than their whole counterparts
because they are more sensitive to enzymatic browning and tissue softening, which are
stimulated by wounding of the tissue. Enzymatic browning of apples is caused by the action
of polyphenoloxidase (PP0O), which catalyses oxidation of phenolic compounds to the
corresponding o-quinone in wounded tissues (Gacche et al,, 2006). Color changes in fresh-
cut fruit have been extensively reported (Eissa et al, 2006; Iyidogan and Bayindirli, 2004;
Lozano-de-Gonzalez et al, 1993) and most of the time browning has been considered the
limiting factor of the shelf-life of minimally processed fruit. A range of treatments have been
applied to extend the shelf life of fresh-cut apples including the use of natural browning
inhibitors (Buta et al,, 1999; Luo and Barbosa-Canovas, 1996; Rojas-Graii et al., 2006), salt
and chemical treatments (Aguayo et al,, 2010; Arias et al., 2008; Cocci et al,, 2006; Gil et al.,,
1998; Varela et al,, 2007; Zuo ang Lee, 2004), edible coating agents and reduced oxygen
atmospheres (Pérez-Gago et al, 2006; Rocculi et al., 2004; Rojas-Graii et al,, 2007; Soliva-
Fortuny et al, 2001). A key approach used to aveid browning in apples has been the use of
reducing agents, often with the addition of calcium chloride, in combination with modified
atmospheres and low temperature storage. Calcium salts, particularly CaCl;, are used as
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firming agents in a wide variety of whole, peeled, and fresh-cut fruits (Garcia and Barrett,
2002; Luna-Guzman and Barrett, 2000). Firming and resistance to softening resulting from
addition of Ca?* have been attributed to the stabilization of membrane systems and the
formation of Ca-pectates, which increase the rigidity of the middle lamella and cell wall to
increased resistance to polygalacturonase attack on the peptic substances of the middle
lamella and cell wall and to improved turgor pressure (Mignani et al,, 1995).

The aim of this work was to evaluate the influence of different antibrowning
treatments and CaCl: dip on the changes in headspacg,atmosphere, firmness and sensory
quality that occurred in minimally processed apples during storage.

MATERIALS AND METHODS

Fruit processing

The apples (‘Golden Delicious’, ‘Granny Smith’ and ‘Scarlet Spur’} were harvested at
commercial maturity, and stored at 4°C before processing. For ‘Golden Delicious’ and
‘Granny Smith’ three kinds of samples were compared during the 5 days cold storage period:
1) apple slices dipped in ascorbic acid (1%, w/v) and calcium chloride (1%, w/v) (Sigma-
Aldrich Co., Steinhein, Germany), 2) apple slices dipped in citric acid {1%, w/v} and calcium
chloride (1%, w/v) (Sigma-Aldrich Co,, Stemhem, Germany), and 3) untreated apple slices as
control. In ‘Scarlet Spur’ only ascorbic acid treatment (1) was evaluated.

The fruit was peeled, cored and cut into 5-mm-thick slices using a hand-operated
apple corer and slicer. Apple slices were dipped for 2 min in the different solutions in a
product/solution ratio of 1:2 according to previously used protocols (Cocci et al, 2006;
Soliva-Fortuny et al, 2001, 2005). The control sample was processed in the same way but
~ apple slices were dipped in water. The excess of solution was blotted off, and 30 slices were
randomly selected and packaged in polypropylene plastic bags (UNIMEC packaging
systems). The packages were heat-sealed and were stored at 4°C in darkness for five days.

Gas composition

The concentrations of oxygen and carbon dioxide inside the packageés were monitored
daily by sampling (0.5 mL) the headspace using a CANAL 121 (Vizag, Gas Analysis, France). A
syringe was inserted into the package through a rubber seal placed on the film. Gases were
analysed with an infrared sensor for CO; level and an electrochemical sensor for O, level.
The instrument was calibrated using air. Results were expressed as % 0; and % CO; inside
the bags.

Color measurement

Color values of the cut apple surface were directly measured with a colorimeter
{Minolta ChromaMeter, Model CR-400, Minolta, Tokyo, Japan). The results were expressed in
the CIELAB (L*a*b*) color space. L* defines the lightness and a* and b* define the red-
greenness and blué-yellowness, respectively. The instrument was calibrated using a
standard white reflector plate. Fifteen slices per treatment were measured. Two readings
were made on each replicate by changing the position of the apple pieces.

Quality measurements

Fruit firmness was tested using a TA-XT2i Texture Analyzer® (Stable Micro System)
equipped with a 5 kg load cell. Fruit was sampled directly from the storage room, warmed
for 3 h and then the measurements were made using 2 6 mm probe (CYLINDER STAINESS,
Stable Micro System). The probe penetrated 3 mm into the sample at a crosshead speed of 3
mm s'1 (Cocci et al,, 2006). Force max (N) of penetration was calculated.

The total soluble solids content (TSS) was determined in the juice from 15 fruits with
a digital refractometer Atago PR-101 {Atago, Japan) at 20°C and results expressed as °Brix.
Titratable acidity (TA) was determined by titration with 0.1 N NaOH up to pH 8.1, using 10
mL of diluted juice in distilled H20 and results were expressed as meq L1
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Statistical analysis

Data were analyzed by analysis of variance using statistical procedures of the
STATISTICA ver. 6.0 (Statsoft Inc, Tulsa, OK, USA). The sources of variance being anti-
browning treatments. Tukey’s test HSP (honestly significant differences) was used to
determine significant differences among treatment means. Means values were considered.
significantly different at P<0.05.

RESULTS AND DISCUSSION
‘Golden Delicious’

1. Gas composition.

The changes in attributes of packaged apples may be related to the changes in 02 and
CO; levels in the package. Apple slices passively modified the internal atmosphere, CO;
partial pressure increased while O, levels progressively decreased throughout storage.
Gorny (1997) concluded that a reduction of O levels to near 0% is required to inhibit
polyphenol oxidase (PPO} mediated browning of many fresh-cut fruit products. In the CaCl;
treated 'Golden Delicious’ the O, concentration of 18% at day 0 declined to 4-6% after five
days without significant differences between treatments and control. The COz production
increased immediately after packaging and up to 8% at the end of the storage period for all
the treatments. The atmosphere generated in the packs was somewhat extreme in that the
CO; levels were high (>8% at the end of storage), although the low 02 (<6%) did avoid the
anaerobic limit (since no alcohol off-flavours were detected).

2. Color measurement.

Browning was evaluated throughout a period of five days using colorimetric
measurements. Many authors describe browning using both L* value and a* value as a good
indicator of darkening of the sample and resulting from oxidative browning reactions or
from increasing pigment concentrations (Arias et al., 2008; lyidogan and Bayindirli, 2004;
Rojas-Grail et al, 2006). The lightness of fresh-cut ‘Golden Delicious’ apples not treated
(control) decreased from 78.4 to 71.4 during five days of cold storage, while the L* values of
fresh-cut slices treated with antibrowning agents were maintained quite constant (free of
darkening) over the entire storage time (the values range from 78.4 to 76). A same reduction
was also reported by Soliva-Fortuny et al. (2001) in ‘Golden Delicious’ apple and by
Raybaudi-Massilia et al. (2007) in ‘Fuji’ apple. Therefore, the treatment of ‘Golden Delicious’
apple slides with the acidic formulations had a significant effect (P<0.05) in inhibiting
browning during storage at 4_°C.

3. Quality measurements,

The treatments of ‘Golden Delicious’ apple slices with the CaCl; formulations had no
significant effect {P<0.05) onthe improvement in firmness during storage at 4°C (Table 1).
Firmness of CaCl: treated pieces was not different from untreated samples after three and
five days of storage. Also, no significant differences (P<0.05} were noticed in the total soluble
solids content of cut apple between treatments during storage {Table 2). Citric acid/CaClz
treated slices, probably due to acidic treatment, exhibited the highest initial level of
titratable acidity. The acidity levels were generally maintained during storage in all the
samples. :

‘Granny Smith”

1. Gas composition. .“

02 slowly declined throughout the storage in a similar way for all the treatments {3%
at five days). In the control, a slightly lower % of O, was recorded, probably due to a more
rapid metabolism in control apple slices. In contrast, the CO2 production was slightly lower
in apple slices treated with ascorbic acid/CaCly; this treatment probably slows down the

@& : 97




metabolism of the apple slices during storage.

Table 1. Firmness of fresh-cut apples dipped in calcium chloride solutions and stored at 4°C.

Cultivar/ Days of storage
Treatments 0 1 3 5
Golden Delicious '
Control 17.93 19.57 a » 20.85 19.44
Asc. ac./CaCl 17.93 18.24 b 18.75 18.28
Citric ac./CaCl 17.93 17.88 b 18.59 17.63
> NS n.s.
Granny Smith . _
Control . 24.22 21.21 - 20.71b . 22.37a
Asc. ac./CaCly 2422 2143 20.88 b 19.06
Citric ac./CaCl, 24.22 21.63 - 2345a 19.72 be.
: n.s. i *
Scarlet Spur :
Control 19.55 L 7{19,88 : 22.74 1848
© Asc. ac./CaCl, 19.55 '21.68 18.94 21.07
‘.. n.s. n.s.

Measurements were made with the Texture Analyzer after equilibrating to 20°C. Each data
pointis the average of 30 determinations. Means having * are significantly different (p<0.05).

Table 2. Total soluble solid {TSS), titratable acidity (TA) and pH of fresh-cut apples dipped in
calcium chloride solutions and stored at 4°C.

Cultivar! TSS (°Brix) TA (meq L) _ pH
Treatments : Days of storage )
1 5 1 5 1 5
Golden Delicious , ' o _
Control’ 1110 1110 249 ¢ 3627ab 4.72a 4.04a
Asc.ac/CaCl; 1040  10.80 37.77b 3493b 378D 3.87 be
Citricac./CaCl, 1060  10.60 46.83a  4382a  364b 379¢
n.s. n.s. * ' * *
Granny Smith
Control 11.90 . 1203a 115.89a 99.15b 3.34ab  3.38
Asc.ac/CaCl, 160  10.7b  10922ab 100.34b 3.35a 3.36
Citricac/CaCl. 1140 11D 101.04b. 105.07a 3.35a 3.33
n.s. * * L L n.s.
Scarlet Spur TSS/*Brix TA (meq L) pH
Control 9.60 10.7 14.12 1423 b 6.21 5.62
Asc. ac/CaCl; 9.10 10.5 1349  2134a ° 559 53
ns.” Ns. n.s. * n.s. n.s.

Means having * are significantly different (p=0.05}.

2. Color measurement.

_ The L* value of fresh-cut ‘Granny Smith’ slices decreased with time in storage. After
five days of storage at 4°C, fresh-cut apple treated with citric acid/CaCl; resulted in the best
maintenance of L* values followed by the ascorbic acid/CaCl, treatment and control (77.5,
76 and 66.8, respectively). Fresh-cut slices under acidic treatments presented the best visual
appearance and fewer symptoms of browning. Kim et al. (1993) reported that a rapid
decrease in L* values of fresh-cut apples can be due to enzymatic browning caused by tissue
damage. The consequence is an enhanced contact between enzymes and substrates that led
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to a loss of quality of fresh-cut produce. L.ozano-de-Gonzalez et al. (1993} suggest that the
browning in apple slices could be attributed to the consumption of substrates by PPO. The
lower the L* values, the higher the browning potential and the relative PPO activity.

3. Quality measurements.

The highest firmness values were obtained with citric acid/CaCl; after three days of
storage (Table 1}. Control samples seemed to hold firmness better than other treatments
over five days of storage.

Reduced respiration rate measured in MAP were associated in lower changes in pH,
titratable acidity and total soluble sugars. A decline in titratable acidity (Table 2) of apple
slices was noticed with storage time and the decrease in acidity might be due to the
increased respiration following peeling and cutting. The titratable acidity values were
significantly different between treatments and control. At one day of storage, control had the
highest acidity and the citric acid/CaCl; the lowest. In contrast at the end of the storage
period (5 days) the trend was opposite: citric acid/CaCl; apple slices showed the highest
acidity, the control and ascorbic acid/CaCl, treated slices showed significantly lower values.
There was consistent effect of citric acid treatment on reducing loss of acidity during
storage.

‘Scarlet Spur’

1. Gas composition.

The O production was slightly lower in ascorbic acid/CaCl; (5.7%) compare with
control samples (8%) and the CO; production was similar in the two treatments (8.5% at the
end of the storage period). There was no consistent effect of CaClz treatment on the resulting
atmospheres in the bags.

2. Color measurement.

The color changes of fresh-cut ‘Scarlet Spur’ slices were determined by changes in
lightness (L*). The L* value decreased (darkening increased) with time in all the samples. An
ANOVA test showed significant differences (P<0.05} after one day of storage between apple
slices treated with antibrowning agent (ascorbic acid) and control (73 and 72, respectively)
suggesting a fast darkening from the early hours of storage. The change in the L* value was
due to the slight browning on the surface of the slices probably due to the consumption of
substrates by PPO (Lozano-de-Gonzalez et al., 1993).

3. Quality measurements.

Firmness of calcium chloride treated pieces was not different from untreated samples
(Table 1). The treatment with the CaCly formulations had no significant effect (P<0.05) on
the improvement in firmness during storage at 4°C. No significant changes (P<0.05) were
observed in the soluble solid content and pH (Table 2). The fact that the ascorbic acid/CaCl,
dip presented the lowest TSS and relatively low pH at the end of storage could suggest the
efficacy of Ca formulation in suppressing the respiration rate of minimally processed apple,
and the ripening process.
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