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ABSTRACT

Apples (Malus domestica Borkh. “Red Delicious’) were vacuum
infiltrated (250 mm Hg) for 30 g with 0. 1.5, 3 and 6% solutions of calcium
chloride (CaCly) and stored at 0°C for 6 mo, followed by 1 wk storage at
20°C. Calcium chloride solutions at 3 and 6% concentrations significantly
increased fruit firmness  (ested either immedialely after removal from
storage or after being held for | wk at 20°C. The correlation coefficient
between calcium (Ca) content and fruit firmness (r=75) was highly
significan(, Tp another experiment, ‘Red Delicious® apples were treated by
dip infiltration in 0 and 3% CaCl, solution, for 3 min, heat treatment for 4 (
at 38°C and dip infiltration (3% CacCl,) plus heat treatment, before storing at
0°C for 6 mo. Heat treatment and the combination of dip infiltration plus
heat treatment significantly increased fryit firmness either immediately after
removal from Storage or after being held for I wk at 20°C,
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Vacuum infiltration.
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Effects of vacuum infiltration, dipping in calcium chloride...

INTRODUCTION

‘Red Delicious’ apples soften at a faster rate than ‘Golden Delicious’
during prolonged storage in Iran. There are mcthods for preventing or
reducing this phenomenon. Several investigators have studied the effects of
CaCl, sprays and dips on Ca concentration in apples and on delay of
softening during prolonged storage (2, 11, 14, 15, 16).

Studies on infiltration of Ca by vacuum suggest that migration of Ca
solution into the intercellular spaces of a submerged apple could be induced
by establishing a positive atmospheric pressure differential between the
ambient and the intercellular spaces of the fruit cortex (3, 22). Methods of
positive pressure and partial vacuum for infiltrating fruit with Ca have
proven to be highly effective in controlling fruit firmness, bitter pit and
senescence (18).

Pre-storage heat trcatments have been used for controlling fungal
disease and inscct infestation to delay softening of apple fruits. Porritt and
Lidster (19) exposed ‘Spartan’ and ‘Golden Delicious’ apples to 38°C for 4
to 6 d and stored them at -1°C for 4 to 7 mo. Fruit softening was suppressed
and naturally occuring decay was reduced. Klein ef al. (9) heated ‘Anna’ or
‘Granny Smith’ fruit at 38°C for 4 d and dipped the fruit in 2% CaCl; at
either 20°C or 38°C, or heated fruit at 38°C for 4 d after dipping them in 2%
CaCl, at 20°C. The best heat treatment was exposure to 38°C for 4 d; a
CaCl, dip before heating appreciably enhanced the effect of heating. Lurie
et al. (12) showed that 'following a pre-storage exposure of apples to 38°C
no damage was found on preclimacteric apples and the fruit firmness was
maintained during post storage ripening.

This report describes the effects of pre-storage heat treatment and
vacuum infiltration of CaCl; on softening, and shelf life of ‘Red Delicious’

apples.

MATERIALS AND METHODS

Experiment 1
‘Red Delicious’ apples (Malus domestica Borkh.) were harvested at

physiological maturity from a commercial orchard near Sepidan, Fars

province. The fruits were transferred to the postharvest laboratory of the
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Department of Horticultural Science, College of Agriculture, Shiraz
University, Shiraz, Iran. The apples were vacuum infiltrated with 0, 1.5, 3
and 6% solutions of calcium chloride (CaCl,, 98%). Starch (1%) and corn
flour (2.5%) were added to CaCl; solution. Vacuum infiltration was
performed by placing the fruits in CaCl; solution for 30 s under 250 mm Hg
in a vacuum oven. Then. the fruits were allowed to drain and air dry for 30
min. Treated fruits were divided into random samples of 20 fruits and kept
in perforated polyethylene bags cach with 24 holes of 5 mm diameter and
stored at 0°C under a RH of 85-90% for 6 mo, followed by 1 wk storage at
20°C. Samples of treated fruits from storage were cvaluated at monthly
intervals.

Fruit firmness was measured in 4 replications of 20 fruits per
treatment, 10 fruits immediately after removal from storage and 10 fruit at
the end of 7 d at 20°C with an Effegi pressure tester using a 11 mm tip
which penetrated to a depth of 8.0 mm.

Calcium content of the apple tissue was determined by removing the
peel and samples of flesh tissue on both side of fruit were then removed
with a knife. The flesh tissue was dried at 90°C for 7 d. Tissue samples,
0.54£0.0005 g. were ashed at 450°C overnight and the residue was dissolved
in 5 ml of 2N HCL. The samples were then diluted and analyzed for Ca
content with an atomic absorption spectrophotometer (Shimadzu AA670).
All Ca values were reported as mg kg’ on a dry weight basis. The factorial
experiments were arranged in a completely randomized design with four

replications.

Experiment 2

Fruits were harvested as described previously. To test the combination
of CaCl; and heating, a completely randomized design with three
replications of each of the following treatments was used: 1) no treatment
(control), 2) dipped for 3 min in 3% CaCl; solution, 3) heated 4 d at 38°C,
and 4) dipped for 3 min in 3% CacCl; solution plus 4 d at 38°C. The calcium
content and firmness were measured as in the previous experiment. Samples
of treated fruits from storage were evaluated at 2-month intervals. The data
“were analyzed using MSTATC software and the means compared using
Duncan’s Multiple Range Test (DMRT).

80



Effects of vacuum infiltration, dipping in caleium chioride...

RESULTS AND DISCUSSION

Experiment 1
Firmness. Fruit firmness of ‘Red Delicious’ vacuum infiltrated with CaCl,

was influenced by CaCl; solution concentrations (Table 1). Treatment with
CaCl; at3 and 6% concentration progressively increased flesh firmness of
the apple fruits. Treated fruits after 6 mo storage at 0°C followed by holding
at 20°C for 7 d. were significantly firmer than untreated fruits (Table 2).
There was a positive linear relationship between CaCl, concentration and
flesh firmness, and flesh firmness was corrclated positively with Ca
concentration (Fig. 1). The effect of CaCl, on firmness was consistent

with effects previously found with apples (1, 4, 5, 6, 20).

Table 1. Effects of vacuum infiltration of CaCl, on flesh firmness (kg) of
‘Red Delicious’ apples after removal from storage at 0°C,

Storage period (mo)
CaCl,
solution 1 2 3 4 5 6 Mean
(%)
0.0 801b"  6.78c 6.71bc  6.32b 6.18bc  6.05¢ 6.69C
1.5 7.70b 745b 645¢c 6.19b 596¢ 587c¢c 6.61C
30 883a 769ab  6.92b 6.77 a 640ab  647b 7.18B
6.0 8.13b 791a 7.51a 7.01a 6.46 a 6.87a 732A
Mean 817A 748B 690C 657D 6.25E 631E

t Mean separation within columns and rows by DMRT, at 5% level,

Table 2. Effects of vacuum infiltration of CaCl; on flesh firmness (kg) of
‘Red Delicious’ apples after removel from storage plus 7 d at 20°C

Storage period (mo)
CaCl, Mean
solution (%) ] 2 3 4 5 6
0.0 6.85 b 641 c 5.97¢ 6.9be 5.71 be 5.57be 6.10C
1.5 6.85b 6.38¢c 5464d 577¢c S44c 5.35¢ 588D
30 7.56 a 6.81b 6.22b 6.38 ab 588b 5.94 ab 647B
6.0 753a 730a 7.13a 6,71 a 6.68a 6.3%9a 6.96 A
Mean T20A 6.73B 6.20C 624D 593D 581D

t Mean separation within columns and rows by DMRT, at 5% level.
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Free carboxyl groups on polygalacturonate polymers play an important
role in stabilizing and maintaining wall integrity. Calcium application may
prevent dessication and Ca binding may strengthen tissue and make il more
resistant to hydrolytic enzyme attack, or the prescnce of Ca may decrease
hydrolytic enzyme activity.

Calcium content. Uptake of Ca by apples from vacuum infiltration with

CaCl, solutions increased as CaCl; concentration increased up to 6%.
CaCl, at 6% significantly increased flesh Ca level by 469.8 mg kg after 6
mo of storage (Table 3). There was a linear relationship between CaCl,
concentration and flesh Ca level, and the correlation coefficient (r=0.51)
was significant at 5% level (Fig. 2). A positive correlation also existed
between flesh Ca level and fruit firmness (Fig. 3). The results of this study
were in agreement with previous reports (3, 4, 8, 10). Glenn er al. (7)
investigated the pathways of Ca penetration into apple fruit and reported
that lenticels had a significant positi\;e effect on Ca penetration. They
found a dense network of structures rescmbling cracks that seemed to
provide pathways for cuticular Ca penetration. Lidster et al. (11) reported
that moderate relative humidity (87%) resulted in the most rapid uptake of

Ca by the tissues.
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Fig. 1. Relationship between Ca concentration and firmness of ‘Red  Delicoius’
apples after 6 mo removal from storage at 0°C.
**x%  Sipnificant at 0.0001 level.
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Experiment 2

Fruit firmness. ‘Red Delicious’ apples were treated after harvest by
dipping in 3% CaCl; solution, heated for 4 d at 38°C or the two treatments
combined. before stored at 0°C. Dipping apples in 3% CaCl, alone slightly
reduced fruit firmness at removal from storage and at the end of holding for
| wk at 20°C. Heating apples beforc storage significantly iﬁcreascd fruit

firmness (Tables 2 and 3).

Table 3. Effects of heat treatment and dipping in CaCl; solutions on fruit
firmness of ‘Red Delicious’ apples during 6 mo of storage at 0°C.

Storage period (mo)
Treatment 2 4 6 Mean
Control 6.72b' 6.71b 6.34b 6.59C
caCl; 3% 6.56b 6.09 ¢ 595¢ 6.20D
4dat38°C 7.29a 6.72b 6.85a 6.95B
CaCl,3%+ 4 dat38°C 7.46a 7.36a 6.89a 724 A
Mean 7.01A 6.72B 6.51C

¥ Mean separation within columns and rows by DMRT, at 5% level.
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Fig. 2. Relationship between Ca concentration and Ca content of ‘Red
Delicious’ apples after 6 mo removal from storage at 0°C.
* Significant at 0.05 level.
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Fig. 3. Relationship between Ca content and firmness of ‘Red Delicious’” apples
after 6 mo removal from storage at 0°C.

***  Significant at 0.001 level.

The combined treatment of heating plus Ca dipping was more effcctive
for retention of flesh firmness than either treatments, alone. Lurie and Klein
(13) reported that heat treatment alone maintained fruit firmness of ‘Anna’
apples, while CaCl, alone had no cffect on fruit quality. The combined
treatment maintained fruit firmness best at removal from storage and
holding 1 wk at 20°C. The rate of softening of ‘Red Delicious’ apples
increased when heated fruits were returned to 20°C, but it was still less than
that of nonheated fruits. Even afller 6 mo of storage at 0°C and subsequent
storage at 20°C for 7 d, apples that had been held at 38°C for 4 d pre-storage
were firmer than nonheated fruits (Tables 3 and 4). The main benefit of heat
lreatment was reduction in softening. The reasons for the lack of softening
may be due to inhibition of the cell wall-degrading enzymes. Klein ef al. (9
reported that the insoluble pectin fraction remained larger in the heated
apples compared with unhecated apples during storage. They also examined
the activity of softening-related enzymes in other fruits after heat treatment.

In avocado, cellulase and polygalacturonase were inhibited by 4 d at 38°.
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Lurie and Klein (13) repoted that heated apples contained less soluble pectin
and more insoluble pectin than the control. At harvest, 80% of the
galacturonic acid was in the insoluble pectin fraction, while after storage
followed by holding at 20°C for 7 d, it dropped Lo 50% in the control apples,
55% in heated apples and 59% in the combined treatment.

Table 4. Effects of heat tréatment and dipping in CaCl, solution on fruit
firmnessof ‘Red Delicious’ apples after removal from storage
plus 7 days at 20°C.

Storage period (mo)

Treatment 2 4 6 Mean
Control 602ab] 5956 61la 6058
CaCl 3% 571b 554c  5.59b 561C
4dat38°C 5.89b 6.12b  6.16a 6.06 B
CaCl, 3% + 4 dat 38°C 6.30a 667a  '627a 6.42 A
Mean 599A 60TA  6.04A

T Mean separation within columns and rows by DMRT, at 5% level.

Calcium content. Heating ‘Red Delicious’ apples for 4 d at 38°C and
dipping in 3% CaCl; solution had no significant effect on Ca content of
fruit after 6 mo of storage at 0°C. The concentration of CaCl; and length of
dipping time may not have been sufficient to increase penetration of Ca
through the skin and flesh of apple. Wiencke and Benson (24) did not find
**Ca to penetrate into the flesh of mature ‘Jonathan’ fruit by a postharvest
dippig in 1% CaCl;, Mika et al. (17) reporied that the penetration of Ca
from the skin into the flesh was greatest in apples that were warm at the
dipping time. Methods of application is also important for penctration of Ca
into the flesh of fruit. Scott and Wills (22, 23) reported that vacuum and
pressure infiltration of Ca salt solutions was especially effective in getting

Ca into the apple.

CONCLUSIONS
This study showed that the rate of softening of ‘Red Delicious’ apple
was related to the Ca status of the flesh. Application of Ca and heat
treatment had a great effect on fruit firmness. These methods. can be used in
postharvest industry to improve the quality of apples during handling and

storage in Iran.
L)
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