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Abstract: In this study, fruits of the apple cv. ‘Golden Delicious’ (Malus_/domestica Borkh.) were
subjected to post-harvest calcium infiltration under vacuum. Research has been performed in two
harvest years. In the first year, ‘Golden Delicious’ fruit were infiltrated with 0, 2, 4 or 5% CaCl,
solutions and stored at 0 °C for up to 6 months. In the first year of harvest, apples were kept
under -53.3 kPa and -66.6 kPa vacuum pressures for 2 and 2.5 minutes. In the second harvest
year, ‘Golden Delicious’ apples were infiltrated with 0, 2, 4 CaCl, solutions and stored at 0 °C for up
to 6 months. In that harvest year, apples were investigated under -26.6 kPa and -53.3 kPa vacuum
pressure for 2.5 min. and submerged into solution for 1 min. Calcium chloride absorbed apples
were investigated for surface hardness, water soluble matter criteria and compared with untreated
apples.

The highest calcium infiltration was determined under -66.6 kPa vacuum pressure in 5% CaCl,
solution but also the highest harm was also seen under the same conditions. The most suitable
vacuum pressure for calcium infiltration and pulp hardness was found to be -53.3 kPa. The best
Ca quantity and pulp hardness was obtained in 4% CaCl, solution so that the pulp hardness values

after 6 months storage were nearly same or higher than control fruits.
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INTRODUCTION

Vacuum infiltration with calcium chloride has been
shown to reduce storage disorders of many fruit crops
(Scott & Wills, 1977; 1979). Applying calcium to the
fruit was determined to inhibit the occurrence of
‘bitter pit’ or suppress the disorder (Scott & Wills,
1977). Moreover, it was reported that calcium
increased the firmness of fruit skin and the fruits
could be stored for a longer time in the cold store
(Sams et al., 1993). A large portion of the Ca in plant
cells is located in the cell wall and plasma membrane
where it plays a major role in senescence and
ripening. Concentrations of 1-5 mm Ca®* occur in the
cell wall region(Poovaiah, 1986).

Many techniques to increase Ca content in the cell
walls of fruit tissue after harvest have been
developed. These include heat treatment (Klein et al.,
1997), dipping (Conway & Sams, 1983), vacuum

infiltration  (Rajapakse et al., 1992), pressure
infiltration (Conway & Sams, 1984), surfactants or
coating agents (Saftner et al., 1998), or a
combination of these techniques (Klein et al., 1990).
Low fruit calcium levels have been associated with
reduced postharvest life and hysiological disorders
(Wills et al., 1998). For example, low levels have been
correlated with physiological disorders of avocados
(Chaplin & Scott, 1980), papaya (Qiu et al., 1995),
apples (Conway et al., 1992) and mangoes (Van
Eeden, 1992). Delayed ripening in response to
increased fruit calcium levels has been obtained with
apples (Klein & Luire, 1994) and avocados (Wills &
Tirmazi, 1982). Calcium treatment has been shown
to decrease respiration, reduce ethylene production
and to delay the onset of ripening in apples
(Ferguson, 1984), avocados (Yuen et al., 1994) and
mangoes (Tirmazi & Wills, 1981; Van Eeden, 1992).
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Surface injury, however, is a negative effect
sometimes observed when the calcium concentration
of mango fruit is increased by postharvest infiltration
with calcium salts (Tirmazi & Wills, 1981; Van Eeden,
1992).

Factors that influence calcium content include
nutrient balance and fruit size (Van Eeden, 1992; Qiu
et al., 1995). With regard to postharvest infiltration of
calcium into mango fruit, Van Eeden (1992) found
that there was little movement beyond the surface
layer. On the other hand, Mootoo (1991) recorded
increased levels in both skin and fresh layers. Fruit
maturity can have a profound influence on calcium
uptake. For instance, apples harvested 2 weeks
before normal harvest time (maturity) and vacuum
infiltrated with 8% calcium chloride had double the
calcium levels of untreated fruits (Conway et al.,
1992). In contrast, fruits treated in the same manner
but at normal harvest time had calcium levels five
times higher than untreated control fruits. With
regard to the concentration of calcium, Yuen et al.
(1994) reported that vacuum infiltration with 4%
(w/v) calcium chloride of avocado fruits harvested
2 weeks prior to normal harvest time increased
the time to ripen whilst causing negligible injury to
the fruit.

Scott & Wills (1977), studied vacuum infiltration of
calcium chloride. The treatment was realised by
sampling four types of products from 22 orchards.
Commercial CaCl, at 4% concentration was dissolved
in water. Fruits were dipped into this solution and
subjected to the reduced pressure for 3 minutes. The
reduced pressure was initially applied for 90 s from
650 mmHg to 100 mmHg, and this reduced pressure
was applied for an additional 30 seconds. Thereafter,
the produce was dipped into CaCl, solution for 60 s.
The fruits were held at 20°C for 3 weeks. Fruit
firmness was measured with a penetrometer. It was
observed that the fruit durability was improved and
the disorder bitter pit was controlled via dipping the
fruit into CaCl, solution under vacuum.

Abbott et al. (1989) studied the effect of post-
harvest calcium chloride infiltration on the textural
features of apples. The apples were subjected to
infiltration in aqueous solutions of CaCl, at 0%, 1%,
2% and 4% concentration under 68.9 kPa pressure at
least for 2 minutes. After that, the apples were
ventilated on Kraft paper for 2 hours and then stored
at 0°C for 2, 4 and 6 months. These apples were kept
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at 20°C for a week for tissue and Ca measurement
after the completion of storage. Consequently, CaCl,
infiltration increased the calcium quantity in the cell
wall, as expected. This increase was between 1.6 and
32 fold. The highest increase was obtained with 4%
CaCl, solution.

Sams et al. (1993) investigated the control of
post-harvest decay of apples via pressurised calcium
infiltration and heating method. Apples were dipped
into regular distilled water for 3 minutes, thereafter;
they were immersed in aqueous solution containing
4% CaCl, for 3 minutes under atmospheric pressure.
Following this, the fruits were dipped into aqueous
solution containing 4% CaCl, for 3 minutes under a
pressure of 103 kPa. The apples were put in a clean
place and dried via wrapping with white paper, before
being put into the cold store. The fruits were put into
polyethylene container and heated at 38°C for 4 days.
Then they were kept at cold store at 0°C for 6 weeks
after which they were subjected to measurements. It
was observed that the disorder was reduced by 40%
via pressurised infiltration. Calcium was determined to
increase at significant rates under the fruit skin.

Del Valle et al. (1998) carried out a study on
volumetric process by applying vacuum shock for the
evaluation of infiltration kinetics and porosities of
fruits. A volumetric process was developed in order to
evaluate the fruit porosity using a hydrodynamic
mechanism. In the study, it was suggested that the
mass transfer operations comprising cellular
interactions could accelerate the stage called
hydrodynamic mechanism by forcing it to the
intercellular zones. It was reported that a positive
pressure differential should be provided between the
liquid phase and intracellularly compressed gases.
The trials were realised at the effective pressures of
80 kPa, 60 kPa, 40 kPa, 20 kPa and 10 kPa. The
results obtained were then explained using a
mathematical model.

Chardonnet et al. (2003) examined the chemical
changes in the skin tissue and cell walls of calcium
absorbed ‘Golden Delicious’ apples along the storage
period. ‘Golden Delicious’ apples were stored at 0°C,
for 6 months either without treatment or after
absorbing 1%, 2%, 3% and 4% CaCl, solutions under
pressure following the harvest. The chemical
composition, skin tissue and cell walls of the layer 2-4



mm below the epidermis of apple fruits were
examined. When Ca absorbed and untreated fruits
were compared 6 months later, high levels of total P,
Na and S were detected. An increase occurred in the
tissue and cell walls of 2% CaCl, absorbed apple,
during storage.

In this study, the objective was to develop a
laboratory type system which would make the apples
absorb calcium under vacuum, as well as to
determine the quantity of calcium absorbed by fruits,
firmness of apple fruits, quantities of water soluble
solids and taste values.

MATERIALS AND METHODS
Materials
Sample Preparation For Infiltration Treatments
‘Golden Delicious'(a, = 0.99; and pH 3.49-3.88),
types of apples were Golden delicious apples used in
the experiments were obtained from gardens of
Atatirk Garden Culture Researh Institute of
Yalova, Turkey. The harvested fruits were classified
with dividing into 7 groups according to their
weights(140-160 g).
Vacuum Infiltration Treatments
An infiltration system was established in order to
make the apples absorbe calcium under vacuum. The
system has a capacity of 20 liters. The system
consisted of electrical motor, vacuum pump, vacuum
chamber in which the apples were placed,
manometers, valves hoses and the container with the
calcium solution inside. Schematic representation of
laboratory type calcium infiltration system with
vacuum is given in Figure 1.

Figure 1. Schematic representation of loboratory type
calcium impregnation system: (1) single-phase
electrical motor; (2) vacuum pump; (3) vacuum

store; (4) vacuum chamber in which the apples were

placed; (5) container for CaCl, solution; (6)
manometer; (7) transparent plastic hose; (8)
spherical valve
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The operating principle of calcium infiltration
system is given in Figure 2(a-d).

(@ (d)

Figure 2. The operation of vacuum calcium
infiltration system: ( a) the desired infiltration
pressure is obtained on the apples in the vacuum
chamber; (b) and (c) the desired pressure(vacuum)
value is reached in 4 to 8 seconds; apples are kept at
this vacuum value for 2-2.5 minutes after the desired
value is reached; thereafter, the valve on the calcium
solution container is opened and the solution is
pulverised onto the apples under vacuum in vacuum
chamber; (d) then the valve and vacuum system on
the calcium solution container is closed and the
apples are held in the solution for 60 s

Calcium infiltration under the vacuum has been
occurred one day after with respect to harvest date.
Apples were stored in the storage room for one day.

An electronic balance with 1 mg precision,
chronometer, graduated container, three-staged fan,
water container, and powdered calcium chloride were
used in the experiment. Before beginning with the
trials, a starch test was carried out in order to
determine whether the apples were at the proper

harvest stage. A refractometer was used for
measuring the water soluble solids and a
penetrometer (Fruit Pressure Tester FT 327,

measurement point diameter 11 mm, length 24 mm)
was utilised for measuring the fruit flesh firmness.
(Acican et al, 2007). All of the calcium analyses in the
apples were realised in the laboratory.

Calcium absorbed and untreated fruits are placed
in the storage room at 0-1 °C, 90-95% humidity until
for 0, 2, 4 and 6 month, when they were used for the
Calcium analysis, firmness and water soluble solids
tests.

Methods

Prepared fruits, was put in impregnation vacuum
system at the temperature of 25 degrees. In the first
harvest year, trials were carried out using calcium
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chloride at (20 g commercial CaCl, in 1 liters of
water)2%, 4% and 5% (Abbott et al. (1989) purity
with the immersion times of 60 s under -53.3 kPa and
-66.6 kPa.(Del Valle et al. 1998,) pressure with 2 and
2.5 minute (Scott & Wills, 1977, 1979) reduced
pressure time. Twenty four trials were carried out in
total, in the first year, and 20 apples were used in
each trial. Also 20 apples were used for controls.
Calcium analysis, firmness and water soluble solids
quantity were determined for each replicate after the
periods of 0, 2, 4 and 6 months. The trials were
conducted with fruits harvested at the proper
maturity stage.

In second harvest year, -66.6 kPa vacuum
pressure was not used, all measurements were
performed under -53.3 kPa and -26.6 kPa vacuum
pressures. The aim of this is lowering the energy
consumption to minimum levels.

In the second year of harvest, the trials were
carried out with calcium chloride at 2% and 4%
(Abbott, et al. (1989) purity under -26.6 kPa and -
53.3 kPa absolute pressures with an immersion time
of 60 s. and reduced pressure time of 2.5
minutes(Scott & Wills 1977, 1979).

When choosing these values, the minimisation of
infiltration energy and the values obtained in the first
harvest year were taken into consideration. In total,
four trials were carried out and 30 apples were used
in each one of the trials. Also 30 apples were used for
controls. Calcium analysis, firmness and water soluble
solids quantity were determined for all replicates at
the beginning of the 0, 2, 4 and 6 month periods.

Analysis of calcium was made according to NMKL
(Nordic Committee on Food Analysis) 161(1998)
method. Product was made a pulp mixture and
homogenised. 0.2 g — 0.5 g example vessel
(combustion unit) was inserted into tubes. 8 ml aqua
fortis and 2 ml hydrogen peroxide was added and cap
was closed. After tubes was put in micro wave, the
temperature was increased to 150, 170 and 190 °C
and after waiting 5 minutes the temperature was
dropped to 100 °C the tubes was cooled and
infiltrated into 5 ml volumetric flask. In order to make
quantitative analysis diluted samples was given to
device. Ependorf Elex 6361 Flame Emission
Spectrophotometry has been used for Ca analyses
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(Horneck ve Hanson, 1998). Calcium values are given
in fresh weight basis.

Data Analysis, The research was conducted using
randomized plots factorial experimental design.
Determination of the investigated components was
carried out in three replicates. Analysis of variance
(ANOVA) was used to detect treatment effect. Mean
seperation were performed by using least significance
difference(LSD) at the p<0.01. The statistical analysis
was performed using Statistical Analysis System (SAS)
JMP 7.

RESULTS AND DISCUSSION

First harvest year

Values for firmness, water soluble solids and findings
of Ca analysis for 12 trials that were measured in
treated and untreated apples during the periods of 0,
2, 4 or 6 months are given in Table 1.

When Ca quantities and pulp hardness values of
treated apples and untreated apples were compared
after 6 months storing period, serious differencies
were determined. In untreated apples under -66.6
kPa vacuum pressure, the increase of Ca quantities of
apples were determined to be 2.8 times in 2% CaCl,
solution, 2.85 times in 4 % CaCl, solution and 3.25
times in 5 % CaCl, solution. Same results were
obtained in infiltration experiments which were
performed under -53.3 kPa vacuum pressure. For
treated apples, increase in Ca quantity was found to
be 2.1 times in 2% CaCl, solution, 2.5 times in 4 %
CaCl, solution and 2.9 times in 5 % CaCl, solution.
Same results were obtained in infiltration experiments
which were performed under -53.3 kPa vacuum
pressure. Pulp hardness values of untreated apples
after 6 months was 44.6 N whether Pulp hardness
values of
untreated apples after 6 months under, -66.6 kPa
vacuum pressure in 4 % CaCl, solution was 54.7 N.
In consideration, pulp hardness values of treated
apples after 6 months storing period was found to be
similar or a little bit higher than pulp hardness values
of untreated apples at the beginning of experiments.
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Table 1.Results of firmness, water soluble solid and Ca amount quantities after 0, 2, 4, 6 months for the first
harvest year (immersion period 60 s)

CaCl; Vacuum Vacuum
concentration Pressure period Firmness, (N) Water soluble solid,( %) Ca amount, (mg/100g)

(%) (kPa) (min)

2 week 2 month 4 6 month 2 week 4 6 month 2 week 4 6 month
month month month month month
50.4" 47.11 46.10 44.69 13.2¢ 13.24 135¢ 13.700 4.46 4,460 4,42 441
Untreated(Control)

(#0.27)  (x0.29) (#05)  (#0.41)  (x024)  (£0.35)  (£0.28)  (x0.31)  (x0.12)  (0.05)  (x0.09)  (0.19)
) 50.99" 48,8 47.10 46.4%% 13.2¢ 13.44 135¢ 14.1¢f 9.069 9.16' 9.19" 9.45
3 (#0.30)  (#0.13)  (£042)  (0.59)  (x0.32)  (x049)  (¥0.26)  (+0.25)  (x0.16)  (¥0.42)  (x0.18)  (x0.33)
25 50.2h 46.9' 47.30 48,10 11.9 118 12,00 125 9.139 9.01 9.201 9.15
) (#0.22)  (x0.24)  (£023)  (#0.13)  (x021)  (*030)  (+0.56)  (+0.31)  (x011)  (¥0.56)  (x0.15)  (x0.35)
5 55.1¢f 55,20 52,40 50.4¢ 14,28 1512 14,82 1430 8.26" 8.009 8.00 8.20
66 (#0.23)  (x0.36)  (x0.37)  (0.19)  (x0.42)  (x024)  (¥0.32)  (+0.42)  (x0.03)  (0.16)  (x0.31)  (x0.35)
25 53.210 52,60 51.2¢f 52,20 14,00 14.3¢ 14.72 153 10.86¢ 1120 1210 12.304
(#0.34)  (x039)  (£0.20)  (#0.50)  (¢0.33)  (x0.40)  (¥0.56)  (+0.29)  (x0.32)  (¥0.56)  (x0.27)  (x0.37)
) 54.11 53 5ede 50.9¢f 44,819 14,60 15.3 15.00 1449 1136% 11.80¢ 11.30¢F 11.20¢
33 (#0.20)  (x0.48)  (x0.30)  (#0.17)  (x043)  (x016)  (¥0.19)  (x0.25)  (x021)  (¥0.29)  (x027)  (0.26)
25 50.70 50.6¢ 51.5¢f 5150 13.2¢ 13.6¢ 14.3 15.42 10.0' 10.90¢ 10.500 10.109
(#0.22)  (¢0.31)  (¢0.40)  (+045)  (¥0.12)  (¢0.37)  (¥020)  (+0.10)  (¥0.37)  (¢0.53)  (*0.50)  (+0.40)
4 ) 66.82 60.40 57.02 51.1¢ 14.72 15.12 15.02 14.8¢ 13.06° 13.000 12.800 12.60°
(£0.16)  (+0.46)  (x052)  (0.62)  (+0.28)  (x031)  (0.35)  (+056)  (x020)  (¥0.14)  (x0.25)  (0.26)
06 60.4¢ 60.6 58.82 54.72 143 14,60 14.82 15,22 11266 11.50% 11.00' 10.90f
28 (x025)  (x043)  (x051)  (038)  (*030)  (x028)  (x0.15)  (0.14)  (+032)  (20.26)  (+0.26)  (+0.55)
63.7° 67.7 56.16¢ 50.2%4 1428 14,5¢ 14.8° 15.00¢ 12.02¢ 12000 11.70¢% 11.00¢f
2 (#027)  (x044)  (x0.24)  (x0.21)  (*051)  (+0418)  (¥0.22)  (+050)  (x0.16)  (£0.28)  (#0.13)  (x0.21)
3 54.8¢f 56,10 53,20 53.8a 12.1¢ 12,5¢ 12.8¢ 1320 1343 13.70 13.000 12.85¢
25 (#022)  (x034)  (x0.58)  (022)  (*023)  (+0253)  (0.37)  (+0.35)  (x041)  (£0.46)  (0.45)  (+0.46)
° 56.8¢ 56,05 49,6 47.0¢t 13.4¢ 13,6¢ 13.5¢ 1340 11966 1150¢ 12500 13.20°
2 (x021)  (x0,25)  (x054)  (0.69)  (¥041)  (x0,123)  (x0.24)  (£0.28)  (+033)  (x046)  (+0.13)  (+0.11)
e 59,100 56,40 54,30 50.7¢ 134 13,6¢ 13.5¢ 13.81 13.73 13.30% 13.802 14.282
25 (#020)  (x019)  (+0.16)  (+0.17)  (*046)  (+0,161)  (0.68) (025  (x0.28)  (£0.08)  (#0.15)  (x0.54)

P<0.01, Column mean values with different superscripts are significantly different

Table 2. Results of firmness, water soluble solid and Ca amount quantities after beginning 0, 2, 4, 6 monts for
the second harvest year (vacuuming period 2,5 min, immersion period 60 s in all treatment)

CaCl, Firmness, (N) Water soluble solid, (%) Ca amount, (mg/100g)
Concentration Pressure
(%) (@) 2 week moznth mt?nth mosnth 2 week mgnth mt?nth mosnth 2 week mozmh mcinh mosnth
Untreated 51.21d 50.03¢ 47.09¢ 46.110 15.1° 16.1°¢ 17.0° 1722 3.88) 3.78¢ 4.26¢ 3.63¢
+0.42 +0.34 +0.60 +0.50 +0.46 +0.41 +0.39 +0.28 +0.16 1023 1023 +0.20
266 55.62¢ 52.48¢ 50.030 54452 1572 16.4 b 16.7° 1692 8.330 7470 7.57¢ 6.290
057 +0.73 +0.58 +0.74 +0.43 +0.87 +0.91 037 +0.32 +0.26 +0.40 +0.19
2 53 61.12b 55.43b 54.25a 54452 14.8° 165 16.9° 1650 10.812 8.400 8.200bc 8.492
+0.44 +0.71 +0.55 +0.36 +0.43 +0.13 +0.13 +0.15 +0.46 +0.35 +0.18 +0.49
266 61740 57.09% 54.54a 53.372 1490 16.82 1752 17.12 9.37b 9.902 9.11b 9.092
+0.43 +0.20 +0.23 +0.89 +0.77 +0.86 +0.29 +0.23 +0.12 +0.33 +0.49 +0.33
4 523 63.272 57.982 54.94a 54.742 152°0 16.4 b 16.8° 16.2° 9.17b 9.84a 11.202 9.892
+0.56 +0.48 +0.32 +0.35 +0.61 022 +0.34 021 021 +0.47 +0.34 +0.49

P<0.01, Column mean values with different superscripts are significantly different

Second Harvest Year

Measurement of firmness, water soluble solids and
Findings of Ca analysis for 4 trials that were done in

calcium absorbed or non-absorbed apples for the
periods of Beginning 0, 2, 4 or 6 months are given in
Table 2.
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According to Table 2, after 6 months under -26.6

kPa vacuum pressure, Ca analysis and pulp hardness
datas were increased significantly with respect to
datas found in control fruits. The values of Ca analysis
was increased 1.75 times in 2% CaCl, solution,
however they were increased 2.4 times in %4 CaCl,
solution. Calcium analysis values, 1.75 fold increased
in a solution of 2%, 4% solution was 2.4 fold. After 6
months protection, pulp hardness values were
determined as 46.11 N for control fruit, 54.45 N in
2% CaCl; solution and 53.37 N in 4 %CaCl, solution.
The increase in the quantity of Ca with respect to
control fruit after 6 months was higher under -53.3
kPa vacuum pressure. According to analysis products,
the increase in 2% CaCl, solution was 2.35 times and
2.7 times in 4 %CaCl, solution. However, pulp
hardness hasnot changed significantly depending on
vacuum pressure (p<0.01).
GALLERANI et al(1990) treated apples with 4 and
8% calcium chloride solution through dip and vacuum
dip methods. After the treatment the apples were
stored at ambient temperature (20°C). The 4% CaCl2
vacuum infiltration treatment was better in controlling
bitter pit and in keeping fruit firm. They also found
that calcium infiltration at pressure is beter than
simple immersion.

Vacuum Pressure infiltration of 2% calcium
chloride was optimal for maintaining the texture of
‘Golden Delicious’ apples during 6 months storage
(ABBOTT et al., 1989), especially by maintaining fruit
water relations (by decreasing air space volume)
while minimizing the risk of salt-related injuries
(Saftner et al., 1998).

Results of second harvest period were given as 3D
graphs of water soluble solid(%), firmness(N) ve
calcium content(mg/100 g) values under -26.6 kPa
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and -53.3 kPa vacuum pressures in Figure 3.

CONCLUSION

The importance of calcium in apple fruit is its role
in contributing to the maintenance of optimum quality
during postharvest storage and fruit ripening. This
role is seen directly in the prevention of specific
disorders such as bitter pit, and in relationships
between calcium and more general quality properties
such as flesh firmness. This work suggests that
postharvest vacuum infiltration of ‘Golden Delicious’
fruits in 2 and 4% CaCl, benefits storage life capacity
and maintains quality characteristics, shows better
effects than with other concentrations and with
calcium dip treatments.

In observations performed in two harvest year
period, different vacuum presuures were applied to
fruits and affirmative results were obtained. However,
under -66.6 kPa vacuum pressure, serious harmness
was observed on fruits. According to results obtained
in this study, the relevant vacuum pressure for these
fruits was found to be -53.3 kPa, but also  -26.6 kPa
vacuum pressure can be suggested for these
experiments. Besides, the most suitable CaCl, solution
rate was found to be 4% for these fruits in two year
harvest period.



Ciineyt TUNCKAL, Kamil ALIBAS)

)

b

(

)

(

175

(L0108 3180108 HELWA

(B00LBW]LMELNGD WNIDTYD

me
S 3
& %

2

1 3 s
7

Nl Bs UL g

B Untreated Control)
a5 CaCe
% Cale

7

\\\\\\\\. .\N§_ \
o

(8 0OLIEW] LN LNOD WIIDTYD

(Mss oUWy

LL ]

A month

2 menth

Tk

(b)

2wk

175+
il

RUON0S I1ENT0S HALYM

firmness(N)(c) values under

d harvest year

f calcium content(mg/100 g)(a), water soluble(%)(b) ve

iation o

Figure 3. Vari

In secon

3 kPa vacuum pressures i

53.

.6 kPa and

-26

447



Effect of Calcium Concentration and Vacuum Pressure on Pulp Hardness and Ca Quantity of Post Harvest ‘Golden Delicious’ Apples

REFERENCES

Abbott, J.A., Conway W.S., Sams, C. E., 1989. Postharvest
calcium chloride infiltration affects textural attributes of
apples. HortScience, (6), 932-936.

Acican, T., Alibas K., Ozelkék, 1.S., 2007. Mechanical damage
to apples during transport in wooden crates. Biosystems
Engineering, Volume 96, Issue 2, February 2007, Pages
239-248.

Aktas, M., Ates, M., 1998. Nutritional disorders of plants,
causes and determination. Engin Press, Ankara. 247 p (
in Turkish ).

Aydemir, O., Ince, F., 1988. Plant Nutrition. Publications of
faculty of education of Dicle University Vol:2, Diyarbakir.
653 p (in Turkish ).

Betts, A.H., Bramlage, W.J., 1977. Uptake of calcium by
apples from postharvest dips in calcium chloride
solution. J. American Society Horticulture Sciency,102,
785-788.

Burmeister, D.M., Dilley, D.R., 1991. Induction of bitter pit-
like symptoms on apples by infiltration with Mg*? is
attenuated by Ca™. Postharvest Biology and
Technology,1, 11- 17.

Chaplin, G.R., Scott, K.J., 1980. Association of calcium in
chilling injury susceptibility of stored avocados.
Hortscience 15, 514-515.

Chardonnet, C.O., Charron, C.S., Sams, C.E., Conway, W.S.,
2003. Chemical changes in the cortical tissue and cell
walls of calcium-infiltrated ‘Golden Delicious’ apples
during storage. Postharvest Biology and Technology,
28(1), 97-111.

Conway, W.S., Sams,C.E., 1983. Calcium infiltration of
Golden Delicious apples and its effect on decay.
Phytopathology 73:1068-1071.

Conway, S.C., Sams, C.E., Mcguire, R.G., Kelman, A., 1992.
Calcium treatment of apples and potatoes to reduce
postharvest decay. Plant Disease 76, 329-334.

Del Valle, J.M., Arangviz, V., Diaz, L., 1998. Volumetric
procedure to assess infiltration kinetics and porosity of
fruits by applying a vacuum pulse. Journal of Food
Engineering, 38, 207-221.

Ferguson, I.B., 1984. Calcium in plant senescence and fruit
ripening. Plant Cell Environ. 7, 477-489.

Gallerani, G., Pratella, G.C., Bertolini, P., Marchi, A., 1990.
Lake of relationship between total calcium of apple fruit
and a calcium deficiency related disorder (bitter pit): A
four year report. Acta Hortic., 274: 141-148.

Horneck,D.A., Hanson, D., 1998. Determination of potassium
and sodium by flame emission spectrophotometry, In:
Karla, Y.P (Ed) Handbook of Reference Methods for Plan
Analysis: 157-164. CRC Pres, Washington, D.C

Klein, J.D., Lurie, S., Ben-Arie, R., 1990. Quality and cell wall
components of ‘Anna’ and ‘Granny Smith’ apples treated
with heat, calcium, and ethylene. J. Am. Soc. Hort. Sci.
115, 954-958.

448

Klein, 1.D., Lurie, S., 1994. Time, temperature, and calcium
interact in scald reduction and firmness retention in
heated apples. Hortscience 29, 194-195.

Klein, 1J.D., Conway, W.S., Whitaker, B.D., Sams, C.E., 1997.
Botrytis cinerea decay in apples is inhibited by
postharvest heat and calcium treatments. J. Am. Soc.
Hort. Sci. 122, 91-94.

Kohl, L. R., 1987. Four traditional approaches to developing
cross-cultural preparedness in adults. Education,
training, orientation, and briefing.International Journal
of Intercultural Relations, 11, 89-106.

Mootoo, A., 1991. Effect of postharvest calcium chloride
dips on ripening changes in “Julie' mangoes. Trop.
Sci. 31, 243-248.

Poovaiah, B. W., 1986. Role of calcium in prolonging storage
life of fruits and vegetables. Food Technology, Vol. 40,
pp. 86-89.

Qiu, Y., Nishina, M.S., Paull, R.E., 1995. Papaya fruit growth,
calcium uptake, and fruit ripening. J. Am. Soc. Hort. Sci.
120, 246-253.

Rajapakse, N.C., Hewett, E.W., Banks, N.H., Cleland, D.J.,

1992.Vacuum infiltration with calcium chloride influences
oxygen distribution in apple fruit flesh. Postharvest Biol.
Technol. 1, 221-229.

Saftner, R.A., Conway, W.S., Sams, C.E., 1998. Effect of
postharvest calcium and fruit coating treatments on
postharvest life, quality maintenance and fruit surface
injury in Golden Delicious apples. J. Am. Soc. Hort. Sci.,
123: 294-298.

Sams, C.E., Conway, W.S., 1984. Effect of calcium infiltration
on ethylene production, respiration rate, soluble
polyuronide content and quality of ‘Golden Delicious’
apple fruit. J. Am. Soc. Hort. Sci. 109, 53_ 57.

Sams, C.E., Conway,W.S., Abbott, J.A., Lewis, R.J., Noach,
S., 1993. Firmness and decay of apples following
postharvest pressure infiltration of calcium and head
treatment. HortScience, 118(5) 623-627.

Scott, C.J., Wills, R.B.H., 1977. Vacuum infiltration of calcium
chloride a method for reducing bitter pit and
senescence of apples during storage at ambient
temperatures. HortScience,12, 71-72.

Scott, C.J., Wills, R.B.H., 1979. Effects of vacuum and
pressure infiltration of calcium chloride and storage
temperature on the incidence of bitter pit and low
temperature breakdown of apples. Aust. J. Agric. Res.,
30: 917-928.

Sharples, R.O., Jonnson, D.S., 1976. Postharvest chemical
treatments for the control of storage disorders of
apples. Annals of Applied Biology, 33, 157-167.

Tirmazi, S.I.H., Wills, R.B.H., 1981. Retardation of ripening
of mangoes by postharvest application of calcium. Trop.
Agric. 58, 137-141.

Van Eeden, S.J., 1992. Calcium infiltration as a possible
postharvest treatment to increase storage potential of



mango fruit. South African Mango Growers' Association
Yearbook, Vol. 12, pp. 26-27.

Westwood, M.N., 1993. Temperate-zone Pomology,
Physiology and Culture, Third Edition. Timber Press
Portland, Oregon. 520.

Wills, R.B.H., Tirmazi, S.I.H., 1982. Inhibition of ripening of
avocados with calcium. Sci. Hortic. 16, 323-330.

Ciineyt TUNCKAL, Kamil ALIBAS

Wills, R., Mcglasson, B., Graham, D., Joyce, D., 1998.
Postharvest An Introduction to the Physiology and
Handling of Fruit, Vegetables and Ornamentals. UNSW
Press, Sydney, 262 pp.

Yuen, C.M.C., Cafin, N., Boonyakiat, D., 1994. Effect of
calcium infiltration on ripening of avocados at
different maturities. Aust. J. Exp. Agric. 34, 123-126.

449



