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ABSTRACT 

The present study was carried out during the two successive 
seasons of 2006 and 2007 on Manfaloty pomegranates "Punica 
granatum." to evaluate the influence of various post-harvest 
treatments on the storability of pomegranate fruits. The fruits were 
stored at 5 or 8 or 10±1º C and 90% relative humidity (RH) after using 
some post harvest treatments ( Hot water, wax or control treatments) 
then packing the fruits in  carton boxes / 6 Kg. capacity. The results 
showed that fruits treated with wax gave the best value of all the 
considered fruit characteristics. Concerning the effect of storage 
temperatures, no significant differences were detected between them 
but fruits stored at 8 or 10±1º C  gave better results at the end of 
storage durations than the other one (5 ºC).  

Key words: pomegranates, post harvest treatments, hot water 
treatments, wax treatments, storage temperatures. 

 

INTRODUCTION 
In Egypt, pomegranate trees are widely planted especially in 

Assiut, Beheira, El-Sharkia, around Alexandria and in newly 
reclaimed lands.  This tree is extremely drought tolerant and thrives on 
a wide range of soils (Badizadigan, 1975 and Ravi, 1999). Manfaloty 
is the most important pomegranate cultivar in Upper Egypt. It is 
believed that antioxidants in pomegranate juice have anti – cancer 
prostate, also pomegranate juice may help reduce the risk of heart 
disease (Allan and Pantuck, 2005). 
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Heat treatments have been used for many years to control fungal 
diseases and infestation of fruits. Heat may be applied to fruits and 
vegetables in several ways. Heat treatments have the advantage of 
effective insecticide and fungicidal action, case of application, and 
absence of chemical residue (Couey, 1989).  

Possible objectives which can be achieved by pre storage heat 
treatments are:  1. Slowing the ripening of climacteric fruits to obtain 
longer shelf life; 2. reducing the sensitivity of subtropical fruits to low 
temperature which cause chilling injury; 3. reducing post harvest rots 
by either inactivation of pathogens or enhancement of host resistance 
and 4. Controlling insect pests as a quarantine treatment (Klein and 
Lurie, 1991).  

Waskar et al. (1999) reported that Ganesh pomegranate fruits 
treated by wax could be kept for up to 48 days in the cool chamber as 
against 30 days at room temperature.  

Talaie et al. (2004) found that Malas- Torsh pomegranate fruits 
treated with hot water (50 ◦ C) for 1-2 minutes showed significant 
improvement in the quality. and reduced fungi infection in the fruits. 

The aim of this work, to preserve the fruit quality for the longest 
period possible.   

 

MATERIALS AND METHODS 
Mature pomegranate fruits cv. Manfaloty were used in the 

present study during two successive seasons of 2006 and 2007. Fruits 
were obtained from the private orchard, El- Beheira Governorate, 
Egypt. Pomegranate trees six years old, were spaced at 3 x 5 m. All 
trees had received adequate irrigation, fertilization and other cultural 
practices recommended for pomegranate trees by Ministry of 
Agriculture. 

Fruits harvested at maturity stage which was identified by both 
size and skin color, at Septamber7th in the first season while at the 16th 

Septamber in the second one. Fruits were picked using small clippers 
and packed in storage boxes (carton boxes / 6 Kg each and measures 
43× 33× 9 cm.), unsuitable fruits were rejected. Fruits were 
transported and taken directly to the post-harvest laboratory in 
Horticultural Research Institute at Giza and kept in cold rooms in the 
fruit handling department till subjected to the following treatments:-  
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1-Dipping in hot water at 50º C for two minutes. 
2- Waxing the surface of fruits *.   
3- Control (without any treatment).                                                                 

* Citrosol-A: watery emulsion (polyethylene, wax & rosin18% w/v) 
 

Thus each treatment was replicated thrice and each replicate was 
packed in 3 carton boxes / 6 Kg. Then, pomegranate boxes were 
stored at 5 or 8 or 10±1º C and 90% relative humidity for 5 month. 

The each treatment was ended when the discarded fruit 
percentage exceeded 50% of the stored fruits in each package.  

Physical and chemical properties were evaluated every 4 weeks 
(monthly)from the beginning to the end of storage period (5 month) 
and determined as follows:-  

Physical properties:-  
1-Fruit discarded percentage (FDP): -  

The number of discarded fruits due to fungus or any micro 
organism infection, chilling injury or unmarketable fruits were 
recorded and calculated as a percentage from the total number of fruits 
using the following equation :-  
        

FDP =     number of discarded fruits      x100 
Total fruit number 

 
2- Fruit weight loss Percentage (FWL %): -  

The fruits were weighed before cold storage to get the initial 
weight, and then weighed at each sampling date. Fruits weight was 
recorded, then percentages of weight loss were calculated according to 
the following equation: - 

 
FWL% =   Wi -Ws     x100 

Wi 
 

Where, Wi = fruit weight at initial period. 
             Ws = fruit weight at sampling period. 
 
3- Shelf life period (in weeks):-  

At the beginning of cold storage, and after one month 
periodically a fruit sample from each replicate was taken out and left 
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at marketing conditions (18 ±1 ْC and 90% RH) till bad appearance or 
rotting occurs. Then, the number of days was recorded and considered 
as shelf life. 

Chemical properties:-  
1- Soluble Solids content (SSC %):-  

Abbe refractometer was used to determine the percentage of 
total soluble solids in fruit juice. 

2-Total sugars percentage:-  
Total sugars percentage was determined by using the phenol 

sulphuric methods, Smith et al. (1956) and the concentration was 
calculated from a standard curve of glucose as gm. per / 100 gm. fresh 
weight. 

3- Titratable Acidity %:- 
Titratable acidity % was determined by titrating the juice against 

0.1 N sodium hydroxide using phenolphthalein as an indicator. 
Results were expressed as percentage of malic acid in fresh pulp 
weight. A.O.A.C. (1990). 

4-SSC/ acid ratio % 
By dividing the value of SSC over the value of titratable acidity 

for each sample. 

5- Anthocyanins pigment  percentage:-   
Total anthocyanins percentage  in fruit juice was determined as 

described by Wettstein,( 1957)  

Statistical analysis:-   
The treatments were arranged as a factorial experiment in a 

randomized complete block design. All data were subjected to 
statistical analysis according to the procedures reported by Snedecor 
and Cochran (1982) and means were compared by Duncan’s Multiple 
range test at the 5 % level of probability in the two seasons of 
experimentation. 
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RESULTS AND DISCUSSION 
Fruit discarded percentage:- 

Data in Table (1) show the effect of some post harvest 
treatments on discarded percentage of Manfaloty pomegrantes stored 
at 5±1ºC or 8±1ºC or 10±1ºC and 90 % RH, during 2006 and 2007 
seasons. 

 

As for the effect of post harvest treatments regardless of storage 
temperature degree, all the used treatments did not give any discarded 
fruits before 12 weeks of storage. On the contrary, after 20 weeks of 
cold storage, the untreated fruits (control treatment) exhibited the 
highest value of discarded percentage (52.5, 45.8 %) in the two 
seasons, respectively. The least discarded fruit percentage (38.3, 
28.3%) were recorded by wax treatment in both seasons, respectively. 

Considering the effect of storage temperature regardless of 
postharvest treatments, significant differences were detected between 
the three studied storage temperatures. After 16 weeks of cold storage, 
fruits at 8±1◦ C recorded the least discarded fruit percentage (26.78, 
25.60 %), while the highest percentage was recorded by fruits stored 
at 5±1◦ C (50.0, 50.0%) in the two seasons, respectively.  

Also, these results are in agreement with the findings of Chun et 
al.(1988) and Shahbake(1994) who reported that, waxing fruits 
significantly reduced chilling injury incidence within fruits stored at 
low temperature.  

As for the interaction between the two studied factors. One can 
notice that fruits treated by wax and stored at 8 or10 ºC for 20 weeks 
achieved the lowest discarded fruits % in both seasons contarary to the 
control ones.  

In this respect, Talaie et al. (2004) found that pomegranate cv. 
Malas- Torsh  fruits were treated with hot water (50 ◦ C) showed 
significant improvement in the quality. 
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Weight loss percentage:- 
Table (2) show the effect of some post-harvest treatments on 

weight loss percentage of Manfaloty pomegranates stored at 5 or 8 or 
10±1ºC and 90 % RH, during 2006 and 2007 seasons. 

A gradual increase in weight loss was shown towards the end of 
the storage period (20 weeks), regardless of storage temperature 
degree, significant differences between the all treatments were 
noticed. However, the least weight loss percentage was recorded by 
wax treatment (10.75, 17.17) in the first and second seasons, 
respectively. On the other hand, hot water treatment at 50ºC exhibited 
the highest weight loss value (13.99, 22.11) in both season,  
respectively.  

In this regard, Ahmed Amen (1987) reported that weight loss 
percentage significantly increased with the progress of storage 
periods. These results could be attributed to water loss resulted from 
transpiration. 

As for the effect of storage temperature regardless of post 
harvest treatments, fruits stored at low temperature (5±1ºC) recorded 
less weight loss percentage than those stored at higher temperature 
(8±1ºC) or (10±1ºC). Significant differences between the two storage 
temperatures appeared during storage periods in the first season, while 
there were no significant differences between the two storage 
temperatures in the second one, except after 8 and 20 weeks of 
storage. 

Ryall and Pentzer (1982) noted that respiration, ethylene 
production and water loss were held to a minimum, and ripening and 
senescence were delayed by low temperatures.  

Interaction between post harvest treatments and storage 
temperatures appeared in significant differences in most cases. After 
20 weeks of storage, the least values of weight loss (9.11 and 16.99%) 
were obtained by fruits treated with wax and stored at 8±1ºC and 
10±1ºC in the first and second seasons, respectively. However, the 
highest percentage of weight loss (14.59 and 22.80 %) were obtained 
by hot water and control fruits treatments and storage at 10±1ºC, in 
both seasons, respectively.  

These results are also in accordance with those obtained by Chun 
et al.,(1988) and Aworh et al.(1991) they mentioned that, waxing 
reduced weight loss of Citrus fruits during storage. 
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Shelf life period:- 
Data tabulated in Table (3) showed the effect of some post 

harvest treatments on shelf life of Manfaloty pomegranates stored at 5 
or 8 or 10±1ºC and 90 % RH, during 2006 and 2007seasons. 

There were slight differences occurred between all used 
treatments regardless of storage temperature degree. The longest shelf 
life  was recorded by wax  treatment in the two seasons, respectively, 
whereas, the shortest shelf life was noticed with the control treatment 
during the two studied seasons, respectively. 

Concerning the effect of storage temperature, regardless of post 
harvest treatments on shelf life, there were no significant differences 
occurred between the three storage temperatures. Wherever, fruits 
stored at 10±1ºC recorded the highest value of shelf life compared 
with fruits stored at 5±1ºC or 8±1ºC,  in both seasons. 

As for the interaction between post-harvest treatments and 
storage temperature, significant differences appeared in most cases. 
After 20 weeks of storage, the highest significant values(3.0 and 3.0 
weeks) were noticed with fruits treated with wax and stored at 8±1º or 
10±1ºC followed by fruits treated with hot water and control with 
slight differences between them.  

Soluble Solids Content percentage (SSC %): - 
Table (4) show the effect of some post harvest treatments on 

SSC% of Manfaloty pomegranates stored at 5 or 8 or 10± 1ºC and 
90% RH, during 2006 and 2007 seasons. 

Concerning the effect of hot water, wax and control treatments, 
regardless of storage temperature degree on fruits, SSC% increased 
with the advance in cold storage. The highest percentages of SSC 
were obtained by wax treatment (16.15, 16.60%) in the two seasons, 
respectively. On the other hand, control fruits treatment exhibited the 
least values of SSC (14.25, 15.60 %),  

As for the effect of storage temperature regardless of postharvest 
treatments, it is clear that fruits stored at the high temperature (10±1º) 
showed the highest values of SSC, compared to those stored at low 
temperatures (5±1º) or (8±1º) .  

No significant differences between the storage temperatures 
were obtained during storage periods in the two seasons.  

Interaction between the two studied factors was significant in 
most cases in the first season. But, no significant differences were 
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noticed in all cases in the second one. After 20 weeks of storage, the 
highest value of SSC were recorded by wax treated fruits (16.20 %) 
and stored at (10± 1º C) in the first season , and (16.60 and 16.60 %) 
and stored at (8± 1º C) and (10± 1º C) , respectively in the second 
season. However, the least value of SSC (14.10, 15.50%) was 
recorded by control fruits and stored at (10± 1ºC) and at (8± 1ºC) in 
the two seasons, respectively. 
Total sugars%:- 

Data in Table (5) show the effect of some post harvest 
treatments on total sugars% of Manfaloty pomegranates stored at 5 or 
8 or 10± 1ºC and 90% RH, during 2006 and 2007 seasons. 

Total sugars% increased gradually with the advance in cold 
storage period regardless of storage temperature degree.  After 16 
weeks of storage, the highest total sugars (13.63 and 14.05%)   were 
obtained by wax treatment while the least values (12.69%) in the first 
season were recorded by control fruits while hot water treated fruits 
recorded the least values (13.54%) in the second season. No 
significant differences between the used treatments were detected. 

As for the effect of storage temperature regardless of post 
harvest treatment, it is clear that fruits stored at the higher temperature 
(10±1ºC) recorded the highest values of total sugars than those stored 
at low temperature (8±1ºC) or (5±1ºC). No significant differences 
between the storage temperatures were noticed during storage 
durations. 

The interaction between the tested factors (treatments & 
temperatures) showed no significant differences in total sugar contents 
in most cases in the two seasons. After 16 weeks of storage, the 
highest values of total sugars (13.69, 14.11%) were obtained by fruits 
treated with wax and stored at 10± 1 ºC in both seasons, respectively. 
Meanwhile, the least value of total sugars (12.50 %) was showed in 
control fruits stored at 10± 1ºC in the first season, and hot water 
treated fruits (13.35%) stored at 5± 1ºC in second season. 

Titratable acidity percentage in juice:-  
Data tabulated in Table (6) indicated the effect of some post 

harvest treatments on titratable  acidity% of  Manfaloty  pomegranate  
fruits stored at 5 or 8 or 10± 1º C  and 90% RH , during 2006 and 
2007 seasons . 
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Data revealed that titratable acidity % increased with the 
progress in storage period up to 16 weeks, then decreased regardless 
of storage temperature.   

After 16 weeks, the highest values (0.973, 0.952 %) were 
recorded by control fruits in both seasons, respectively. After 20 
weeks, the highest values were recorded by control fruits. While the 
least percentage of acidity were noticed by fruits treated with 50ºC hot 
water in the two seasons.   

The obtained results agreed partially with those reported by 
Siddiqui et al. (1991), who noted that acidity increased progressively 
according to the length of storage period in all postures of guava 
fruits.  

Concerning the effect of storage temperature regardless of post 
harvest treatments, it is clear that fruits stored at the high temperature 
(10±1ºC) recorded higher titratable  acidity values than those stored at 
low temperature (5±1ºC) or (8±1ºC). Significant differences between 
the storage temperatures were noticed during storage periods. 

In this regard, Reberto et al. (1990) found that no statistical 
differences in titratable acidity among guava fruits held at different 
temperatures. 

Interaction between the two studied variables was significant in 
most cases. After 20 weeks of storage, the highest percentage of 
titratable acidity (0.992 and 0.971 %) was recorded by control fruit 
and storage at 10±1 ºC in the two seasons, respectively. On the 
contrary, the least value of total acidity (0.784 and 0.763 %) was 
obtained by hot water treatment stored at 8±1ºC in both seasons, 
respectively.  

In this regard, Klein and Lurie (1991) found that titratable 
acidity of heat treated apple fruit were markely lower than non treated 
fruit. They added that the decrease in acidity might be due to leakiness 
of tonoplast membranes at high temperature, this in turn would allow 
vacuolar malic acid into the cytoplasm,where it would come in contact 
with cytoplasmic malic acid decarboxylase. 

SSC/acid ratio 
Table (7) show the effect of some post harvest treatments on 

SSC/ acid ratio of Manfaloty pomegranates stored at 5 or 8 or 10± 1ºC 
and 90% RH , during 2006 and 2007 seasons . 
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Concerning the effect of treatments regardless of storage 
temperature degree on fruits. SSC/acid ratio decreased with the 
advance in cold storage. After 20 weeks of storage, the highest 
percentages of SSC/acid ratio were obtained by wax and  hot water 
treatments (18.48, 19.48) in the two seasons, respectively. On the 
other hand, control and waxed fruits treatments exhibited the least 
value of SSC/acid ratio (14.75, 17.20) in both seasons, respectively. 
With significant differences between the treatments in the most cases 
in both seasons. 

As for the effect of storage temperature regardless of post 
harvest treatments, significant differences between the storage 
temperatures were obtained during storage periods in the two seasons.  

Interaction between the two studied factors was significant in 
most cases. After 20 weeks of storage, the highest value of SSC/ acid 
ratio were recorded by hot water treated fruits (19.13, 20.17) and 
stored at (8± 1º C) in the first and second seasons. However, the least 
value of SSC/ acid ratio (14.21) was recorded by control fruits stored 
at (10± 1ºC) in the first season and (16.89) by wax treatment  stored  
at (10± 1ºC) in the second season. 

Total anthocyanin%:- 
Data tabulated in Table (8) declared the effect  of some post-

harvest treatments  on total anthocyanin % of Manfaloty 
pomegranates stored at 5 or 8 or 10±1ºC and 90 % RH , during 2006 
and 2007 seasons. 

It is clear that, all used treatments regardless of storage 
temperature degree increased total anthocyanin % than the control 
fruits. However, total anthocyanin % increased with the advance in 
cold storage period. Data showed also that wax  treatment gave higher 
anthocyanin values. On the other hand, control -treated fruits 
exhibited the least value in most cases.  

As for storage temperature effect regardless of post harvest 
treatments, it is clear that fruits stored at low temperature (5±1ºC) 
recorded lower values of total anthocyanin than those stored at higher 
temperature (8±1 ºC) or (10±1 ºC).  Significant differences between 
the storage temperatures were observed during storage periods.  

Interactions between the two studied factors (treatments& 
temperatures) were significant in most cases. After 20 weeks of 
storage, the highest percentages of total anthocyanin (0.984 and 0.955 
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%) were obtained by hot water and wax treated fruits and stored at 
8±1ºC and 10±1ºC in the two seasons, respectively.  However, the 
least values of total anthocyanin (0.567, 0.648 %) were recorded with 
control treatment stored at 10±1ºC and 8±1ºC in first and second 
seasons, respectively.  
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تأثير بعض معاملات ما بعد الحصاد على القدرة التخزينية لثمار الرمان 
  المنفلوطى

1 عبد الرحمن عبد الغفار عبد الحفيظ – 2 روحية بدير– 2 محمد أبو رواش-1فاطمة قرنى 

   مصر- الجيزة – مرآز البحوث الزراعية – معهد بحوث البساتين – قسم تداول الفاآهة -1
   مصر- القاهرة- شبرا الخيمة– جامعة عين شمس –ية الزراعة  آل– قسم البساتين -2

  
  

يم   2007 ،  2006أجريت هذه  الدراسة خلال موسمي   على ثمار الرمان المنفلوطى لتقي

د الجمع        ضتأثير بع  شميع       (  معاملات ما بع ساخن والت اء ال ار        ) الم ة للثم درة التخزيني ى الق عل

   .% 90 م  ورطوبة نسبية º 1 ±  10 أو  8  أو  5المخزنة على درجة حرارة 

ا       درة بينم و أظهرت النتائج إن المعاملة بالشمع أعطت أفضل القيم فى صفات الجودة المق

ان         ا آ صفات وعموم ك ال ى تل زين عل رارة التخ ات ح ين درج وى ب تلاف معن ظ اخ م يلاح ل

  .) م º 5( م  أفضل من التخزين على الدرجة الاآثر برودةº  10  و  8التخزين على درجة

  

  

  

  

  

  

  

  
  

 


	Where, Wi = fruit weight at initial period. 
	             Ws = fruit weight at sampling period. 




