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ABSTRACT

Apples (Cv. Anna) fruit were subjected to salicylic acid
at 0.4%, 0.8% and 1.2% and control (dipped in water).
Thereafter, fruits were kept for 15 days continuously at
20°C to investigated effect at above mentioned treatments
on behaviour of the common cv. apple in Egypt after
harvest. The results indicated that salicylic acid treatments
at concentration of 0.8% and 1.2% had significant effect on
reducing weight loss compared with the control. Both
concentrations of salicylic acid decreased soluble solid
content (SSC), titratable acidity (TA) and maintain the
higher values of firmness.

The data also revealed that, the storage period
advanced TA, firmness and reducing sugars reduced while
SSC and weight loss increased in all tested treatments.

INTRODUCTION

Apples are the natural source of dietary mineral salts,
vitamins, antioxidants, fibers, organic acids and sugars.
The highest concentration of bioactive substances,
including antioxidants, is found in or near the peel, so it
is recommended as a dietary supplement (Wolfe and
Liux, 2003 and Wolfe et al., 2003).

Apple is a climacteric fruit with a long post-harvest
life in cool storage. Losses in fruit quality are mostly
due to its relatively high metabolic activity during
storage (Fattahi et al., 2010). Salicylic acid (SA) is
considered as a plant hormone (Raskin, 1992) because
of its role in regulating some aspects of disease
resistance in plants. More recently, the involvement of
SA as a single molecule in systemic acquired resistance
associated with the production of pathogenesis-related
proteins has been extensively shown (Shah, 2003 and
Beckers and Spoel, 2006).

Moreover, dietary salicylates from fruit and
vegetables are described as bioactive compounds with
health care potential (Hooper and Gassily, 2006) and
considered as generally recognized as safe.

Literature exists about some beneficial effect of SA
treatments in fruit. During kiwifruit ripening, application
with acetylsalicylic acid ASA, a derivative of SA,
showed down the softening rate of kiwifruit by
inhibiting ethylene production and maintaining higher
endogenous SA level (Zhang et al., 2003).
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On the other hand, SA application either preharvest
(Yao and Tian, 2005) or postharvest reduced fungal
decay in sweet cherry through induction of the defence
resistance system (Chan and Tian, 2006) and stimulation
of antioxidant enzymes (Xu and Tian, 2008). In
addition, in chilling injury (Cl) sensitive fruit, pre-
treatment with SA reduced chilling injury (CI) in
peaches (Wang et al., 2006). The aim of the present
study, was to investigate the effects of salicylic acid
(SA) on Anna apple fruits quality after harvest by
measuring physical and chemical changes during
simulated marketability period at 20°C.

MATERIALS AND METHODS

The present investigation was carried out during
2008 and 2009 seasons on Anna apple fruits (Malus
domestica, Borkb) that harvested from seven years old
trees budded on Balady apple rootstock. The trees were
grown in sandy soil of private orchard at EL-Nobaria
city, EL-Behera Governorate. Trees were spaced at 4x5
m.

Harvested fruits were packed in field boxes and
immediately transported to Postharvest Center, Faculty
of Agriculture, Alexandria University.

Sound fruits were selected on the basis of uniformity
of size and color. Selected fruits were washed with
running tap water and then dried by an electric fan and a
sorting was done to recheck the fruits of any defects.

Sound selected fruits were divided into 4 groups
each one contained 60 fruits for each treatment, then
placed in 3 carton boxes at the dimensions of 50x30%5
cm for length, width and height, respectively, each box
contained 20 fruits.

Fruits were subjected to the following testal

treatments:

1- Fruits were dipped in 0.4% salicylic acid for 5
minutes and held at 20°C (T).

2- Fruits were dipped in 0.8% salicylic acid for 5
minutes and held at 20°C (T,).

3- Fruits were dipped in 1.2% salicylic acid for 5
minutes and held at 20°C (T5).

4- Fruits were dipped in water (control) for 5 minutes
and held at 20°C (T,).
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Nine apple fruits were taken to determine the initial
physio-chemical properties which were followed up in 5
days intervals throughout the experimental period as
follows:

1- Physical characteristics:
1.1- Fruit weight loss (%b):

In this experiment, 3 fruits of each replicate for each
treatment were initially weighted and labeled. The initial
weight of each labeled fruits was recorded to calculate
fruit weight loss percent at 7 days intervals throughout
the course of the study. The average weight loss percent
was calculated for each treatment according to the
following equation:

Initial weight - Samples weight «
Initial weight

1.2- Fruit Firmness (Ib force):

Flesh firmness was determined in any given sample
by peeling the two opposite sides of the fruit and the
firmness of each side was determined by using the
Effegi pressure tester with an eight mm plunger (Effegi-
48011 Alfonsine, Italy).

The average flesh firmness of each fruit sample was
calculated from a minimum of 20 readings, fruit
firmness was expressed as pounds force.

2- Chemical characteristics:

Changes of chemical parameters were determined
using three fruits for every replicate during the storage
period as the previously mentioned intervals as
described below.

2.1- Soluble Solids Content (SSC):

The soluble solids content (SSC) of fruit juice was
determined using a hand refractometer (ATAGo, mod
N.IE, Japan) according to A.O.A.C. (1990). The soluble
solids content were expressed as percent (%).

2.2- Titratable acidity:

The titratable acidity of fruit juice was determined
using five milliliters from the obtained juice for the
titration, 0.IN sodium hydroxide was used in the
presence of phenol phethalein as an indicator according
to A.O.A.C (1990).

Weight loss % = 100

The titratable acidity was expressed as mg of malic
acid for 100 ml of Anna apple fruit juice.

Sugars content (%b):

Sugars were extracted from 10 gm of well chopped
and mixed flesh of each fruit sample. The extraction was
carried out by using distilled water (Loomis and Shull,
1937). Reducing sugars content was determined by the
method of Shaffer and Hartman (1921).

The non-reducing sugars were determined by the
hydrolysis with sulfuric acid and the total reducing
sugars were then determined (Dubois et al., 1956). After
that the non-reducing sugars were calculated by the
difference between the total and the reducing sugars.

Sugars content was expressed as mg/ 100 gm fresh
weight of fruit flesh. The termination of the experiment
was done in the two years of the study when fruit
firmness reached around 3 Ib/ inch?.

The experimental design was factorial (RCBD)
design with three replicates and the data obtained were
statistically analyzed according to Snedecor and
Cochran (1973).

RESULTS AND DISCUSSION
1-Physical characteristics:
1.1- Fruit weight loss (%):

From the tabulated data in Tables land 2, it was
noticed that weight loss percentages had lower in fruits
were dipped in salicylic acid at 0.8% (T,)compared with
all other remaining treatments in both seasons. Similar
results were also reported previously by Kazemi et al.,
2011 on apple, Shafiee et al. (2010) on strawberry and
Sarikhani et al. (2009) on grapes. These results due to
salicylic acid (SA) may be attributed to the decrease of
respiration through inhibition of ethylene biosynthesis
(Srivastava and Dwivedi, 2000). Salicylic acid also
decreased in respiration rate and fruit weight loss by
closing stoma (Zheng and Zhang, 2004). It is clear that
weight loss percentage gradually increased as an average
for all treatments by increasing the storage period. The
differences among all storage periods were significant in
both years of study. Fruit weight loss occurs naturally
mainly as a result of water loss from the fruit tissues

Table 1. Effect of postharvest application of salicylic acid on weight loss (%) of cv. Anna

apple fruits in 2008 seasons

Storage period (days)

Treat Initial 5 days 10 days 15 days Mean (A)
T::0.4% SA 0.0 2.73 441 6.13 3.13 AB
T,: 0.8% SA 0.0 2.42 3.49 5.63 2.88B
Ts: 1.2% SA 0.0 2.67 4.14 6.63 3.583 A
T,: water 0.0 2.81 4.10 7.0 3.480 A
Mean (B) 0.0D 2.65C 4.03B 6.34 A

*Means followed by the same letters are not statistically different at P(0.05).
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Table 2. Effect of postharvest application of salicylic acid on weight loss (%) of cv. Anna

apple fruits in 2009 seasons

Treat Storage period (days)
' Initial 5 days 10 days 15 days Mean (A)
T,: 0.4% SA 0.0 2.67 4.12 6.14 3.233 A
T,: 0.8% SA 0.0 2.56 3.66 5.40 2.907B
Ti: 1.2% SA 0.0 2.69 4.01 5.58 3.0733 AB
T, water 0.0 2.58 3.88 6.60 3.267 A
Mean (B) 00D 2.628 C 3.920B 5.932 A

*Means followed by the same letters are not statistically different at P(0.05).

during storage and partially during respiration process.
The later results agree with those reported by Abd EL-
Migid (1986) on pear and Rasmussen (1990) on apple.

1.2- Firmness:

The changes in flesh firmness of apple fruits in the
two seasons of the study are presented in Tables 3 and 4.
Generally, all SA treatments maintained flesh firmness
of the fruits comparing with the control in both seasons
but there were no significant differences among SA
treatments. The obtained results herein are in agreement
with Yiwei et al. (2008) on apples, Zhang Yu et al.
(2003) on kiwifruit. Lijum and Shaohua (2008),
Sarikhani et al. (2009) on grapes. All of them confirmed
the effect of salicylic acid on firmness and found that
salicylic acid can delay the ripening accrued probably
through inhibition of ethylene biosynthesis or its action
during postharvest ripening. The trend of flesh firmness
was decreased with the progress of the storage period in
both seasons of the study. As a conclusion, loss in fruits
firmness with the progress of storage period is mainly
due to decomposition, enzymatic degradation of
insoluble protopectins to more simple soluble pectins,
solubilization of cell and cell wall contents as a result of
the increasing in pectin esterase activity and subsequent
development of juiciness and loss in peel and pulp
hardness. These results were in agreement with those
previously found by many researches such as
Ponomarev (1968) and Siddiqui et al. (1996).

2- Chemical characteristics:
2.1- Soluble solids contents (SSC):

From the tabulated data in Tables 5 and 6 it was
noticed that soluble solids contents (SSC) had highest in
control (dipping in water) compared with all salicylic
acid (SA) treatments in both seasons. These results were
in line with those reported previously by Yiwei et al.
(2008) on apples and AL-Obeed (2010)on Barhee date
palm. On the other hand, these results disagreed with
Sayyari et al. (2009). They found that there was no
significant effect of SA application on soluble solid
content in pomegranate fruits.

The data of the present study also pointed out that
there was slight increase during 10 days of storage then
decreased until the end of the storage period.

These results are supported by Abd EL-Migid (1986)
and EL-Seidy (1994) on pears and Mahajan (1994) and
Dris (1999) on apples.

2.2- Titratable acidity (TA):

The data of the present investigation recorded in
Tables 7 and 8 showed TA values of Anna apple, in the
first season. The results indicated that there was
significantly effect with the treatment of SA at 0.8% and
the control compared with the other two SA
concentrations, while in the second season there were
significant differences between the fruits dipped in SA
at 1.2% and control compared with the other two SA
treatments.

These results are in agreement with those reported
by Yiwei et al. (2008) and Sayyari et al. (2009).

The data in the present study also pointed out that there
was slight decrease in TA values which could be due to
the increase of its consumption in respiration activities
as an organic substrate. This result agree with those
reported by Chen and Mellenthin (1981), Abd EL-Migid
(1986) and EL-Seidy (1994) on pear.

2.3- Sugars content:
2.3.1- Total sugars:

The data illustrated in Tables 9 and 10 showed the
total sugar percentages as affected by salicylic acid
dipping. In the first seasons, the total sugars were lower
in fruits dipped in salicylic acid (SA) at 1.2% compared
with the other treatments including control. On the other
hand, in the second season, fruits dipped in salicylic acid
(SA) at the concentration of 0.4% had lower percentage
of total sugars.

These results agree with Yiewi et al. (2008), Liwen
and Chen (2005) on banana and AL-Obeed (2010) on
date palm. They all found that SA showed positive
effects in maintaining membrane integrity and thus
delaying ripening process in apple fruits mainly through
decreasing oxidative stress and ethylene production.
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Table 3. Effect of postharvest application of salicylic acid on firmness (1b/ in?) of cv. Anna

apple fruits in 2008 seasons

Storage period (days)

Treat.

Initial 5 days 10 days 15 days Mean (A)
T.:0.4% SA 9.27 7.41 6.21 4.01 6.725 AB
T,:0.8% SA 9.27 7.17 5.43 5.22 6.5225 AB
T3:1.2% SA 9.27 7.85 5.56 4.62 6.825 A
T, water 9.27 6.96 5.32 3.43 6.21 B
Mean (B) 9.27A 7.347B 5.54 C 407D

* Means followed by the same letters are not statistically different at P(0.05).

Table 4. Effect of postharvest application of salicylic acid on firmness (1b/ in?) of cv. Anna

apple fruits in 2009 seasons

Storage period (days)

Treat.

Initial 5 days 10 days 15 days Mean (A)
T,:0.4% SA 10.33 8.26 6.25 3.61 711A
T,:0.8% SA 10.33 7.43 5.36 4.35 6.86 AB
T3:1.2% SA 10.33 7.69 5.91 4.03 6.99 AB
T, water 10.33 7.3 5.03 3.63 6.572B
Mean (B) 10.33 A 742 B 5.89C 392D

* Means followed by the same letters are not statistically different at P(0.05).

Table 5. Effect of postharvest application of salicylic acid on soluble solids content (SSC%o)
of cv. Anna apple fruits in 2008 seasons

Storage period (days)

Treat.

Initial 5 days 10 days 15 days Mean (A)
T,:0.4% SA 12.26 12.66 11.96 11.8 12.10 AB
T,: 0.8% SA 12.26 11.6 11.52 11.46 11.93B
T3:1.2% SA 12.26 12.2 12.33 11.6 12.10 AB
T4 water 12.26 12.86 12.63 11.73 12.46 A
Mean (B) 12.26 A 12.33 A 12.36 A 11.65B

* Means followed by the same letters are not statistically different at P(0.05).

Table 6. Effect of postharvest application of salicylic acid on soluble solids content (SSC%b)
of cv. Anna apple fruits in 2009 seasons

Storage period (days)

Treat. Initial 5 days 10 days 15 days Mean (A)
Ti: 0.4% SA 12.0 11.6 12.13 11.46 11.80 B
T,: 0.8% SA 12.0 11.86 12.6 11.46 11.98 AB
Ts: 1.2% SA 12.0 12.2 12.33 11.8 12.08 AB
T, water 12.0 13.2 12.00 12.06 12.39 A
Mean (B) 12.0 AB 1221 A 12.26 A 11.70 B

* Means followed by the same letters are not statistically different at P(0.05).

Table 7. Effect of postharvest application of salicylic acid on titratable acidity content (%)
of cv. Anna apple fruits in 2008 seasons

Storage period (days)

Treat. Initial 5 days 10 days 15 days Mean (A)
T::0.4% SA 0.814 0.707 0.783 0.737 0.760 B
T,: 0.8% SA 0.814 0.756 0.769 0.781 0.780 A
Tz 1.2% SA 0.814 0.778 0.748 0.748 0.772 AB
T,: water 0.814 0.774 0.762 0.767 0.779 A
Mean (B) 0.814 A 0.754 B 0.765 B 0.758 B

* Means followed by the same letters are not statistically different at P(0.05).
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Table 8. Effect of postharvest application of salicylic acid on titratable acidity content (%)

of cv. Anna apple fruits in 2009 seasons

Storage period (days)

Treat. Initial 5 days 10 days 15 days Mean (A)
T.:0.4% SA 0.787 0.742 0.787 0.737 0.758 C
T,:0.8% SA 0.787 0.787 0.769 0.748 0.770 BC
T3:1.2% SA 0.787 0.778 0.767 0.761 0.773 AB
T, water 0.787 0.771 0.767 0.774 0.774 A
Mean (B) 0.787 A 0.772B 0.763 B 0.755C

* Means followed by the same letters are not statistically different at P(0.05).

Table .9. Effect of postharvest application of salicylic acid on total sugars (%) of cv. Anna

apple fruits in 2008 seasons

Storage period (days)

Treat Initial 5 days 10 days 15 days Mean (A)
T,:0.4% SA 9.97 9.89 10.85 9.92 10.10 A
T,:0.8% SA 9.97 9.10 10.38 9.78 9.852 AB
T3:1.2% SA 9.97 9.44 9.62 9.33 9.592 B
T, water 9.97 9.38 9.72 10.39 9.868 AB
Mean (B) 9.97A 9.45B 10.14 A 9.84 AB

* Means followed by the same letters are not statistically different at P(0.05).

Table 10. Effect of postharvest application of salicylic acid on total sugars (%) of cv. Anna

apple fruits in 2009 seasons

Treat Storage period (days)
' Initial 5 days 10 days 15 days Mean (A)
T.:0.4% SA 10.73 9.61 9.82 9.4 9.892 B
T,:0.8% SA 10.73 9.11 11.12 9.84 10.203AB
T3:1.2% SA 10.73 9.02 11.68 10.87 10.578 A
T,: water 10.73 9.25 11.09 10.15 10.3067 A
Mean (B) 10.73 A 9.25C 10.93 A 10.06 B

* Means followed by the same letters are not statistically different at P(0.05).

The total sugars percentage of Anna apple fruits
increased slightly until 10 days then decreased till the
end of each seasons. This result may be to the
climacteric character of apple fruits (Fattahi et al.,
2010).

2.3.2- Reducing sugars:

The data in Tables 11 and 12 showed that there were
no significant differences among all treatments belong to
reducing sugar percentages in the two seasons. These
results were in agreement with those obtained by AL-
Obeed (2010) on dates and Aljuburi et al. (2000) on
date palm. The data in the present study also pointed out

that there were significant decrease in reducing sugars in
both seasons. These results were in agreement with
those of Tayel (2001) and EL-Seidy (2000) on peaches.

2.3.3- Non-Reducing sugars:

The data of the present investigation in Tables 13
and 14 showed the non reducing sugars values of Anna
apple fruits as affected by salicylic acid treatments. In
the first season, the fruits dipped in salicylic acid at
1.2% (T5) had the lowest non reducing sugars values as
compared with all other remaining treatments. In the
second season, the treatment of salicylic acid at 0.4%
(T,) had the lowest non reducing sugars percentages.

Table 11. Effect of postharvest application of salicylic acid on reducing sugars (%) of cv.

Anna apple fruits in 2008 seasons

Storage period (days)

Treat.

Initial 5 days 10 days 15 days Mean (A)
T;:0.4% SA 5.73 5.39 6.06 4.18 534 A
T,: 0.8% SA 5.73 5.47 5.23 5.09 538 A
T3: 1.2% SA 5.73 5.59 5.72 5.24 539A
T,: water 5.73 5.4 5.28 5.15 557 A
Mean (B) 573 A 5.465 B 5.57 AB 491C

* Means followed by the same letters are not statistically different at P(0.05).
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Table 12. Effect of postharvest application of salicylic acid on reducing sugars (%) of cv.

Anna apple fruits in 2009 seasons

Treat Storage period (days)
' Initial 5 days 10 days 15 days Mean (A)
T.:0.4% SA 5.79 5.41 5.46 5.26 5.47 A
T,:0.8% SA 5.79 6.40 5.70 5.52 557 A
T3:1.2% SA 5.79 6.37 5.1 5.00 531 A
T, water 5.79 6.30 5.6 5.33 550 A
Mean (B) 5.79 A 5.375B 5.45B 5.260 B

* Means followed by the same letters are not statistically different at P(0.05).

Table 13. Effect of postharvest application of salicylic acid on non-reducing sugars (%) of

cv. Anna apple fruits in 2008 seasons

Storage period (days)

Treat.

Initial 5 days 10 days 15 days Mean (A)
T,:0.4% SA 4.15 451 4.80 5.69 4792 A
T,: 0.8% SA 4.15 3.96 4.82 4.85 4.449 AB
T3 1.2% SA 4.15 3.84 3.89 4.09 3.997 B
T, water 4.15 4.10 4.11 5.25 4.046 B
Mean (B) 4.15B 4.107B 4.409 B 4972 A

* Means followed by the same letters are not statistically different at P(0.05).

Table 14. Effect of postharvest application of salicylic acid on non-reducing sugars (%) of

cv. Anna apple fruits in 2009 seasons

Storage period (days)

Treat.

Initial 5 days 10 days 15 days Mean (A)
T1:0.4% SA 4.94 4.21 4.39 4.15 4423 B
T,: 0.8% SA 4.94 4.83 5.48 4.33 4.698 B
Ti: 1.2% SA 4.94 3.65 6.57 5.86 5.26 A
T, water 4.94 4.19 5.39 4.56 4772 B
Mean (B) 4.94B 4.022C 5.46 A 4728

* Means followed by the same letters are not statistically different at P(0.05).

These results agreement with those obtained by both
AL-Obeed (2010) and Aljuburi et al. (2000) on date
palm fruits. Non reducing sugars percentages of Anna
apple fruit had inconsistent trend in two seasons. These
results were partially supported by Tayel (2001) and
EL-Seidy (2000).

CONCLUSION

From the results of the present study and related
discussion it can be concluded that salicylic acid
treatments resulted in lower soluble solids content,
sugars content, titratable acidity, weight loss and
maintained a relatively higher firmness. The results
suggested that SA shows positive effects in delaying
ripening process in Anna apple fruits.
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