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Abstract
The effect of the low temperature short time (LTST) phenomenon on the retention of 

quality attributes in the peach was tested. Hot water at various temperatures (i.e., control, 
30°C, 40°C and 50°C) were used as an immersing medium, in which fruits were dipped for 
5 minutes. The treated fruits were dried with a dryer and stored for 0, 10, 20 and 30 days 
at room temperature (22°C) and 70% humidity, before testing for various quality 
attributes. The results revealed that fruits immersed in hot water at 40°C for 5min and 
stored for 30 days, had significantly lowered the weight loss, titratable acidity and disease 
incidence as compared to the control fruits. Furthermore, the pH, fruit firmness, TSS and 
total sugar were comparable to that of control fruits. On an overall basis, the peach fruits 
performed very well when treated with hot water at 40°C and stored for 10 days. 
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Introduction
Peach (Prunus persica L.) is an important fruit due to its delicious taste with radically 

distinctive flavor and nutritive value. Peach is one of the most popular fruit across the 
globe, which was basically originated from China. According to FAO [1], it is estimated 
that peach fruit covers 14700 ha of the total cultivated area in Pakistan with an annual 
production of 55800 tones. The peach fruit is characterized by high perish ability due to 
its rapid loss of firmness during ripening, yet one of the important stone fruits in Pakistan. 
The rapid loss of fruit firmness actually favors spoilage of the fruits by microorganisms 
[2]. Also, the losses in fruit firmness might lead to various physiological disorders that 
drastically restricts its storage potential and marketing [3]. Keeping in view the importance 
of peach fruits, a best possible way of fruit storage should be explored to preserve the 
fruit for sometime (i.e. from the field to the consumer).The Storage time of the peach 
fruits can be increased by treating the peach fruit with certain sanitizer, oxygen or carbon 
dioxide, Zinc and Boron or Calcium chloride [2,4-7]. Beside this, peach fruit treated with 
radiation, hot water or water having electrolytes has the ability to resist incidence of 
various diseases and fruit decay [3,8-10]. Though, heat is a type of a biotic stresses [11], 
but the adaptive responses developed by the fruit against such stress can enable them 
to resist other biotic or a biotic stresses [12]. The most common postharvest heat 
treatments applied to fruits are hot water, hot water vapor, and hot air to destabilize the 
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enzyme systems that can lead to the deterioration of fruits 
[13-16]. But the improper hot water treatment can lead to the 
development of high amounts of sugar contents in the fruits 
[17]. So keeping in view the merits and demerits of hot water 
treatment on fruit quality, the present study was designed to 
find the optimum heat treatment of hot water on peach 
storage.

Materials and Methods
The experiments on the role of low temperature and 

short time (LTST) hot water immersion on the quality attributes 
of peach (Prunus persica) during storage were carried out at 
Post-harvest lab., The University of Agriculture Peshawar, 
during the June of 2015. The peach fruits were harvested at 
their physiological maturity and only healthy, mature and 
uniform size fruits were selected, where as the infected and 
bruised ones were discarded. The experiments were designed 
according to the completely randomized design (CRD) with 
two factors, i.e. hot water treatment and storage duration. The 
fruits were initially immersed in distilled water to remove the 
impurities and then divided into four lots. One lot was treated 
as a control, while other lots were treated correspondingly 
with hot water, i.e. 30, 40 and 50°C for five minutes. The fruits 
were then stored at room temperature (22-26°C) with the 
relative humidity of 70-75% for various time intervals (i.e. 0, 
10, 20 and 30 days). The data for different physicochemical 
attributes were finally recorded at each time interval.

Weight loss (%)
After harvesting fresh (x) and after storage (y), the loss in 

fruit’s weight (%) was determined by using electronic weight 
meter and the final weight was computed as:

Weight loss (%)= (x-y) X 100                   _____
                x

Fruit pH
Peach samples were analyzed for pH with the help of an Ino 

lab digital pH meter by a well-defined method of AOAC [18]. 

TSS (0Brix)
Total soluble solids (TSS) of the samples were determined 

by using a digital refractometer (Kernco, Instruments Co. 
Texas) [18]. 

Fruit firmness
A Penetrometer (Effigi, 11mm Prob.) assay was used to 

test the fruits for firmness [18]. 

Titratable Acidity
A sample was blended properly, 10mL out of it was taken 

and diluted to 150mL with distil water. A 10mL of the diluted 
sample was transferred to a conical flask and added a few 
drops of phenolphthalein as an indicator. The contents of the 
flask were titrated against 0.1N NaOH solution till the 
development of light pink colour [18]. Titration reading was 
recorded and percent acidity was calculated by using a 
formula:

% Acidity=  CF×N×T×D×100             ___________________
          V×S

Where, T = ml of NaOH used, D = Dilution Factor, CF = 
Correction Factor for peach i.e. 0.067, N = Normality of 
NaOH, V = Volume of the sample before dilution, S = 
Volume of the sample after dilution

Disease incidence (%)

The percent disease incidence of peach was visually 
analyzed every day for each interval and was recorded with 
the help of following formula:

Disease incidence (%)=  infected fruits  X 100                                ________________
                        total fruits

Disease incidence (%)= (infected fruits)/(total fruits)  ×100

Total sugar (%)

The total sugar of a peach (reducing and non-reducing 
sugar) were examined by the method prescribed in AOAC, 
(1990) 

Statistical analysis

The experiments were designed according to the 
completely randomized design (CRD) with two factors, using 
four treatment sin triplicate. The statistical software, “Statistix 
8.1” was used for computing both ANOVA and LSD.

Results 
Weight loss (%)

The weight losses (%) of peach fruit during storage were 
restricted in fruits treated with hot water (i.e. 30°C, 40°C and 
50°C) as compared to the control (Figure 1). Among the 
treatment, fruits dipped in hot water at 40°C have lost less 
weight compared to the other treated fruits during the various 
storage intervals. The data regarding the storage duration 
revealed that maximum weight loss occurred during the 
storage interval of 30 days followed by 20 days and 10 days 
compared to the fresh one. Result showed that the hot water 
treatment at 40°C for 5 minutes was found the best suitable 
treatment compared to the other treatments for peach fruits 
during storage.

Figure 1.  Effect of hot water treatment on weight loss of peach fruit 
during storage. 
The bars represent ± SE of a triplicate data.
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Fruit firmness

On a general basis, the firmness of the peach fruits 
decreased sharply with time in all tested treatments (Figure 2).  
The fruit firmness for example, in the control treatment was 
decreased from 2.06 Kg/cm2 to 0.4 Kg/cm2, whereas the 
firmness of the fruits, submerged in 50°C water was declined 
from 2.03 Kg/cm2 to 0.50 Kg/cm2 during 30 days storage. 
Similarly, the data observed for fruit firmness showed a 
significant difference in relation to the hot water treatment. 
The fruits were found significantly firm when dipped in water 
retaining 40°C temperature and stored for 10 or 20 days 
compared to the other treatments.

Figure 2.  Effect of hot water treatment on peach fruit firmness 
during storage. 
The bars represent ± SE of a triplicate data.

Total soluble solids (0Brix)
The change in total soluble solids (TSS) for various treated 

fruits during storage is given in figure 3. The results of our 
study on peach fruits have shown a slight increase in TSS of all 
treatments during storage at room temperature. Among the 
hot water treated fruits, maximum TSS was recorded when the 
fruits were immersed in a hot water of 50°C. A comparatively 
low TTS were observed in fruits treated with water at 40°C, 
whereas much lower values were noticed in control fruits and 
fruits dipped in water holding 30°C (Figure 3).

Figure 3.  Effect of hot water treatment on TSS of peach fruit 
during storage 
The bars represent ± SE of a triplicate data.

Total Sugar (%)

The results of our experiment showed that the 
accumulation of the sugar in fruits treated with hot water at 
40°C and 50°C was significantly higher compared to the 
control fruits (Figure 4). Certainly, the accumulation of the 
sugar in the above mentioned treatments were very quick 
that remained almost constant throughout the storage 
duration. But, the analysis of the fruits on the 30th day of the 
storage demonstrated significantly different values for the 
fruits treated with hot water at 50°C compared to the other 
treatments.

Figure 4.  Effect of hot water treatment on sugars of peach fruit 
during storage. 
The bars represent ± SE of a triplicate data.

Fruit pH 
Fresh peach fruits pH of both treated and control fruits 

was significantly increased over time (Figure 5). A maximum 
increase in pH was recorded for fruits that were immersed in 
a hot water solution having a temperature of 50 °C. While 
comparatively low pH of the fruits was observed, when 
immersed in hot water having 40°C and 30°C. A minimum pH 
was noted in untreated/control fruits. Considering storage 
duration, the fruits that were stored for 30 days have 
significantly high pH, which means that fruit pH increased 
throughout the storage period.

Figure 5.  Effect of hot water treatment on pH of peach fruit during 
storage. 
The bars represent ± SE of a triplicate data.
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Titratable Acidity

A maximum titratable acidity (0.45%) was recorded in 
fresh fruit (Control) compared to the other treatments (Figure 
6).Though, minimum titratable acidity was recorded when 
fruits were immersed in 50°C hot water solution. The data 
about the storage effect on the acidity of the fruits revealed a 
slight change in fruits from all treatments that were tested at 
various time points. Also, it has been observed that storage of 
fruits after treating with 30-40 °C for 10-20 days don’t have a 
significant effect on the acidity during this period.

Figure 6.  Effect of hot water treatment on titratable acidity of peach 
fruit during storage.  
The bars represent ± SE of a triplicate data.

Disease incidence (%)

Results indicated that the incidence of disease in peach 
fruits was decreased significantly, when treated with hot water 
having 30°C or 40°C compared to the control fruits (Figure 7). 
However, the disease incidence was very high when the fruits 
were immersed in water at 50°C and stored for 30 days. The 
fruits that were submerged in water at 40°C for 5 min had 
performed very well during storage and had a significantly 
lower number of deteriorated fruits.

Figure 7.  Effect of hot water treatment on diseases incidence of 
peach fruit during storage. 
The bars represent ± SE of a triplicate data.

Discussion
Certainly, it is natural for a biological sample to lose 

moisture content after postharvest. But, it can be controlled 
by manipulating the conditions before or during the 
postharvest storage. Though, it was a challenging job to cut 
down moisture losses in peach fruits during storage, yet not 
impossible. In this research the higher moisture losses in 
untreated fruits were controlled by fruits treated with 40ºC 
hot water. This effect might be due to the active movement of 
the water in very small pores at the surface of the fruits (barely 
observable) and occupying the space. Whereas, hot water 
treatment at low temperatures will not be able to move up 
the pores/cracks and occupy the vacant spaces. On the 
contrary, hot water treatment at high temperatures can open 
the cracks further that can cause high weight losses through 
open surfaces. Angasu et al [19], has mentioned in his research 
that weight losses in dates were lowered by treating the fruits 
with hot water and stored at ambient temperature. However, 
Ozdemir et al. [20], and Sajid et al. [6], reported that weight 
losses of orange fruits during prolonged storage were high by 
heat treatments. This means that each species of fruit need an 
optimum time × temperature combination to restrict losses in 
moisture effectively. 

Fruit firmness is one of the important quality parameters 
that attract consumers. Fruit firmness is actually connected 
with the enzymes that are related to the cell wall of the cells 
(mainly poly-galacturonase) [21]. The enzyme system has the 
ability to cut the polymers and thus making the tissues after 
compared to the previously intact one. Heat treatment can 
de-activate the hydrolytic enzymes that are responsible for 
softening of fruits. In our study, we have observed a significant 
loss in fruit firmness in fruits that were treated at 50ºC for 5 
min. A possible explanation for this might be the effect of 
higher temperatures on membrane integrity. Once, the heat 
disrupts the cell structure the fruits get soften easily, which 
has been observed in dragon fruits in the past [22]. 

The TSS represents the Brix, which normally increases 
when the fruit loss water during storage. Another valid 
explanation for that is the conversion of polysaccharides to 
smaller sugar molecules by their respective enzymes. Both TSS 
and total sugars of peach fruits in our study, however, didn’t 
effect significantly (both control and hot water treated) during 
storage. Similar observation has also been reported in 
strawberries and mangoes in the past by few researchers [19] 
[23]. The main reason behind such episode might be the low 
soluble starches in the tested cultivar of peach. 

Peach fruit pH was significantly increased during the 
storage of the fruits for 30 days in all tested treatments. The 
high pH value reflects on the utilization of organic acid into 
their respective metabolites. On the other hand, titratable 
acidity decreased as a function of storage time in all tested 
fruits. The decrease in the acidity is often used as an indicator 
for maturity as organic acids (i.e. citric acid, malic acid and 
acetic acid) decrease during the ripening of fruit [24,25]. 
Ghafir et al. [26], also described the dependence of titratable 
acidity of fruits on their metabolic rate.
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Fruit decay is one of the major causes that limit the shelf 
life of highly vulnerable fruits [27-29] thus affecting the 
economic condition of the farmers worldwide. In the modern 
world the effective management of such losses through 
potent chemicals is not easy. Strict legislations regarding 
public safety have pushed the researchers to find alternate 
ways to tackle the problem. Dipping fruits in hot water might 
be one of the potential methods to be explored. In our results, 
we have found that peach fruits treated with hot water at 
40ºC have significantly restricted the decay incidences in the 
treated fruits during storage for 30 days. Though, the effect of 
hot water at 50ºC has increased the chances of incidence by 
2-time as compared to the control. The rationale for this 
might be the hot water effect on the cracks present on the 
fruit’s skin. Upon dipping the fruit in hot water, can wash away 
the microorganisms initially, but can also open the cracks for 
future attack. 

Conclusion
In the present research, we have evaluated the effect of 

hot water on the quality attributes of the peach fruits. From 
the results it is concluded that the hot water has significantly 
affected the various quality attributes during storage. The 
fruits had a low disease incidence, low weight loss and were 
firm enough to full fill the consumer demands, when treated 
with hot water at 40°C. Furthermore, fruits treated with hot 
water having 40°C and stored for 10 days have shown the best 
results regarding the tested attributes. On the overall basis, 
we came to the conclusion that if we increase either the 
application of hot water (≥ 50°C for ≥ 5 min) or storage 
duration (i.e. longer than 10 days) for the tested peaches, the 
incidence of disease and weight loss will occur at a very fast 
rate.
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