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ABESTRACT 

This investigation was conducted on semi-dry date fruits 

“Siwi variety” to study the quality characteristics of fruits during 

storage for 32 months at room temperature. Date samples were 

treated with  fumigation (sulphar dioxide or methyl bromide (MB), 

low doses of gamma irradiation (3.1, 2.1 and 1.1 KGy), thermal 

treatments (31 
o
C /22hr and 31 

o
C /24hr) and  combined 

treatment (irradiation 3 KGy with thermal treatments 31 
o
C 

/22hr).Chemical and organoleptic characteristics and histological 

examination were made  on treated dates samples .  Total sugar 

values decreased during storage for all samples. Control sample 

had the lowest value of total sugar (34.325) while thermal 

treatment  recorded the highest value (44.215). The  same trend 

was observed with other chemical characteristics: crude protein, 

crude fat, ash content, fiber content ,total sugar and minerals 

content. Methyl bromide (MB) or sulfur dioxide (SO2) residues 

after fumigation in dates was less than maximum residue limits 

(MRL). Panelists test gave preferability for the combination 

treatment at first rank, the thermal separately and other 

treatments,  respectively.  Histological examination, showed that 
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dates tissues contained exocarp, mezocarp and endocarp. Exocarp 

tissues have 1-layers of similar small cutinized parenchymatou 

cells which filled in some cells with tannins. Whereas, the edible 

part as mezocarp tissues which has chloroplast tannins cells in 

groups , distributed in discontinuous bands. High doses of 

irradiations (1.1 kGy) or high temperatures (31Cº/24 hrs) injured 

cell walls presented in shrinkage or collapsed cells. The proper 

treatment was heating at 31
 o

C for 22 hrs resulted in dates with 

less changes in studied characteristics without or with 3.1 kGy. 

It could be recommended that using thermal treatments are 

the suitable alternative for using chemicals or irradiation for 

improving quality of semi-dry date fruits.  Irradiation and thermal 

treatment are beneficial methods to increase the storage quality of 

date. 

 

INTRODUCTION 

Date palm (Phoenix dactylifera L.) is an important agricultural 

crop in Egypt. High losses  (about %52) occur during post-harvest due 

to insect infestation and microorganisms contamination either during 

handling or storage under unsuitable conditions(FAO, %002). During 

long storage at room temperature semi-dry date fruits such as Siwi 

variety suffer from insect and mold infestation with  the consequent 

presence of aflatoxins (Emam et al. 4991). The treatments usually use 

pesticides as fumigation with methyl bromide(MB) or phosphine. 

Methyl bromide (MB) is one of banned zone depleting substances of 

the Montereal  Protocol besides its toxicity for human health (IARC, 

4991, EHC, 4991). Therefore, the manufacture and exportation of MB 

will be  prevented completely in %045 (Codex, 4995).  The irradiation 

of any food commodity up to an overall average dose of 40 kGy 

introduces no toxicological hazard, hence toxicological testing of food 

treated is no longer required" (FAO/IAEA, 4994). Egypt, is a 

commercial user of food irradiation and sterilization of dried food 

stuffs, herbs, and medical goods (Zaid et al. %005).  Methyl bromide 

(MB) is commercially available as a liquefied gas and used as 

fumigant for the control of nematodes, fungi and weeds.  

Methyl bromide affects human health both directly and 

indirectly. It effects  the  nervous system and damages lungs, kidneys, 
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eyes and skin of workers involved in the manufacture as showed by 

Environmental Protection Agency (EPA), Baselt, (499%), IARC 

(4991) , FAO/WHO, (4999) and  EHC, (4991). Sulfite as gas or salts 

has been  used for long time as antimicrobial agents in food 

processing.  The legal limit in the United Kingdom is 150 µg/g as 

sulfur oxide in some processed food.  It is used mainly to inhibit 

Clostridium perfringeris in  fresh sausage (Dyett and Shelley, 4911).  

Also, it can be used to prevent browning as antioxidant or as reducing 

agent (Roberts and Weeny, 492%). The maximum acceptable daily 

intake of SO% for humans is about 0.2 mg/kg according to WHO 

(4921). However, using sulfitation as anti-browning, antioxidant and 

anti-microbial treatment, some investigators proved toxicity of 

sulphite in food products (Mcweeny et al., 4921).  

Thermal treatment can be considered a suitable natural treatment 

in order to replace pesticides and fumigants to over-come residue 

regulation and increasing insect resistance towards these insecticides. 

Using gentle thermal treatment (10-10ºC) ,202 Relative humidity) 

resulted in killing most of insects  stages as shown by FAO (4991 and 

4999).Also, using heat treatment (15ºC, 50ºC) combined vacuum 

packed dates resulted in high percentage of mortality for Ephestia sp. 

(FAO, 4991, 4999).  

The objective of this investigation was to evaluate the effect of 

recommended doses of gamma irradiation, thermal treatments, 

sulfating, MB fumigation and combination treatments (thermal plus 

irradiation) on some chemical, histological and organoleptic  

properties of semi-dry Siwi date during 4% months of storage.  

 

MATERIAL AND METHODS 

Materials: 

 Date fruit "Phoneix dactylifera" c.v Siwi variety at tamer stage 

as semi-dry, were obtained from upper Egypt, New Valley 

Governorate during %005 season. 

Methods 

Treatments. 
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Samples of date fruits were harvested free from any additional 

treatments, and packaged in polyethylene bags. Packaged dates were 

divided to nine groups for treating as control (untreated), irradiation 

with different doses (4.0, %.0 and 1.0 kGy), fumigation with methyl 

bromide(MB), sulfur dioxide(SO%), thermal treatments at 505C for %1 

hrs, 19hrs and combination treatments only irradiation with 4.0 kGy 

plus 505C/%1 hr. 

Irradiation process. 

Packaged dates in polyethylene(4Kg) were exposed to gamma 

rays with different doses as 4.0, %.0 and 1.0 kGy  at doses rates 

(0.90194 kGy.hr-4) using Gamma cell (Indian cell) at room 

temperature %25C. The irradiation process was carried out at National 

Center for Radiation Research& Technology, Nasr City, Cairo, Egypt. 

Fumigation process. 

Fumigation with methyle bromide gas was carried out with 

standard common commercial method at 4 lab/4000 feet1 volume 

during 4% hr i.e. 45 gm gas/4 m1  at room temperature %55C, 20-252 

RH. This process was performed at Food Technology Research 

Institute, Giza, Egypt, then all fumigated date samples were packaged 

directly after 4% hrs. 

Sulphur dioxide treatment. 

 Date fruits were exposed to sulfur dioxide( SO%) gas at 4500 

mg.Kg-4. All treated samples were packaged  after treatment. This 

process were performed at date processing unite, Food Technology 

Research Institute, Giza, Egypt. 

Thermal treatment. 

Thermal treatment was made by using air circulation oven at 

505C for two periods, the former one was at %1 hrs whereas the last 

one at 19 hrs. Date samples were spread on trays with moving fruits 

from time to time, then, packaged in polyehylen bags. 

Combination treatment. 

Packaged samples were heated  at 505C/%1 hrs then irradiated 

with 4.0 kGy.. All treated sample, (Table 4) were stored at room 

temperature (%5±55C), (15 ±5 RH%) for one year at laboratory of 
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Horticulture Crop Processing Research Department, Food Technology 

Research Institute, Giza. 
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Table 3: List of treatments of dates fruits 

Number Treatments 

3 Control (untreated dates) 

2 Gamma irradiation with 3.1 kGy 

1 Gamma irradiation with 2.1 kGy 

2 Gamma irradiation with 1.1 kGy 

3 Fumigattion with Methyl bromide(MB) 

4 Sulfur dioxide gas. 

4 Thermal treatment at 315C/22 hr. 

4 Thermal treatment at 315C/24 hr. 

9 Combination treatment (315C/22 hr + 3.1 kGy) 

 

Chemical analysis 

Total sugars were determined  using the method described by 

Somogi, (495%). Protein, lipids ,Fiber, Ash, Mineral contents were 

determined according to A.O.A.C. (%000). 

Determination of methyl bromide  and sulfur dioxide residues : 

Preparation of samples, extraction and determination of bromide-

containing fumigants as total inorganic bromide were performed 

according to Greve and Grevenstuk (4921 & 4929), Stijve (4922& 

(4994) and Gad Alla et al., (%000). Total sulfur dioxide residue was 

determined in date samples using  the method of  Ranganna (4929). 

Organoleptic evaluation:  
Treated date fruits samples were sensory evaluated for color, 

flavor, taste, texture and overall acceptability. Ten of Food 

Technology Research Institute staff members tested the treated 

samples after 4,1,1,9 and 4% months. Each was presented nine 

samples and asked to evaluated the products for color, taste, texture 

and overall acceptability. Panel scores were based on a hedonic scale 

(40-4)with (9-40) being the highly desirable and (0-4) undesirable.. 

 Histological examination:  
Date fruits were prepared, preserved in formaline-aceto-alcohol 

(FAA.), embedded in paraffin wax, then sectioned at 40-45 µ 

according to the conventional method (Johansen, 4910). Sections 

stained in saffraninen and light green, then slides were covered to 
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photo using scaled to 400 and 400 µm. in addition all the 

microphotographs presented as documentation. The number of cells 

and thickness area per each tissue was done using the micrometric 

slide. The magnification was 40 × 40 each value as expressed of 

average of ten sections. Thickness area value was expressed of area 

%5µ × area per each tissue. 

Statistical analysis: The statistical analysis were performed according 

to Steel and Torrie (4990). 

 

RESULTS AND DISCUSSION 

Chemical analysis: 
Total sugar: 

Results of Table %. show that total sugars content of control 

samples was 29.1%2. This was decreased gradually during storage at 

room temperature reaching 52.412 after 4% months of storage. 

However, irradiation had high values of total sugar than control at the 

end period of storage. The total sugars content of irradiated samples 

after 4% months were 21.%9, 21.41 and 25.512 for 4.0, %.0 and 1.0 

kGy, respectively. Whereas, thermal treatments recorded 21.11and 

5.992 for 50ºC/%1hrs and 50ºC/19hrs respectively at the end of period 

storage. These results are in accordance with  the results of Kamel 

(4912), Nezam El-Dine (4999), Ramadan (4990), Emam et al., 

(4991), and Zaid et al., (%005). 

Fiber content (%): 

It is commonly present as in soluble, non-nutritive portion of date 

fruits.  According to the obtained results in Table (1), Siwi dates had 

4.122 (at zero time of storage) then recorded a slight decrease (4.1%2) 

after one year of storage.  It is worthy to mention that low fiber 

character in Siwi dates is considered main factor in quality of Siwi as 

semi dry dates, when comparing with dry dates group which raise to 

more than 12 (FAO, 4991). 

Most treatments, decreased fiber content during storage with 

negligible differences. The lowest value was observed with MB 

(4.502)  followed by sulfating treatments.  Nearly same values were 

published by FAO (4991), Abozaid, (%00%) and El-Feky (%00%). 
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Table  2: Total sugars content of  Treated Siwi  date samples 

during storage at room temperature (dry weight basis)   

Treatments 
Storage period ( month ) 

1 1 4 9 32 

Untreated 

samples 

49.42 

±1.43 

44.24 

±1.91 

44.24 

±1..93 

41.49 

±3.11 

34.32 

±3.11 

Irradiation samples 

3kGy 
49.41 

±3.31 

44.94 

±3.31 

44.14 

±1.93 

44.33 

±3.11 

44.24 

±1.94 

2kGy 
44.93 

±3.21 

44.11 

±3.11 

44.13 

±1.43 

44.41 

±1.44 

44.34 

±1.49 

1kGy 
44.11 

±1.93 

44.33 

±311 

44.99 

±1.94 

23.42 

±1.92 

43.34 

±1.94 

Fumigation samples 

Methyl 

bromide(MB) 

44.93 

±3.31 

43.32 

±1.93 

42.44 

±1.94 

42.31 

±1.43 

42.41 

±1.94 

Sulfating 

SO2)) 

44.99 

±1.93 

43.24 

±1.43 

42.42 

±3.11 

42.33 

±3.11 

41.41 

±1.99
**

 

Thermal treated 

31ºC/22hrs 
49.41 

±3.11 

44.41 

±1.43 

44.34 

±1.91 

44.34 

±1.43 

44.21 

±1.43 

31ºC/24hrs 
49.21 

±3.21 

44.32 

±3.11 

44.33 

±1.93 

44.32 

±1.93 

43.44 

±1.91 

Combination treatment
*

 

(3.1 kGy)+ 

(31ºC/22hrs 

 

49.34 

±1.93 

43.13 

±3.11 

42.44 

±1.41 

42.31 

±1.93 

42.34 

±1.91 

*
Combination treatment = irradiation (4.0 kGy) +thermal process (50ºC/%1hrs) 

**
± = SD (Standard Deviation 
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Table 1  : Fiber content  (free pit) of treated  Siwi date cultivar 

during storage periods (months) at room temperature 

(dry weight basis).   

Treatments                                                    Storage periods (month) 

1 1 4 9 32 

Untreated 

samples 

3.14 

71.14 

3.14 

71.14 

3.12 

71.32 

3.12 

71.34 

3.12 

71.91 

Irradiation samples 

3 kGy 3.44 

71.32 

3.44 

71.33 

3.44 

71.33 

3.44 

71.32 

3.43 

71.33 

2 kGy 3.44 

71.31 

3.44 

71.33 

3.44 

71.14 

3.44 

71.19 

3.43 

71.31 

1 kGy 3.44 

71.39 

3.44 

71.3 

3.44 

71.33 

3.44 

71.31 

3.44 

71.19 

Fumigation samples 

Methyl 

bromide (MB) 

3.32 

71.24 

3.33 

71.24 

3.33 

71.11 

3.31 

71.29 

3.31 

71.24 

Sulfating 

SO2)) 

3.34 

71.32 

3.33 

71.33 

3.32 

71.32 

3.31 

71.34 

3.32 

71.39 

Thermal treated 

31
o
C/22 hrs 3.3494 

71.34 

3.3424 

71.34 

3.34 

71.33 

3.343 

71.33 

3.332 

71.21 

31
o
C/24 hrs 3.4332 

71.32 

3.4313 

71.31 

3.413 

71.34 

3.411 

71.33 

3.411 

71.33 

Combination treatment 

(3.1 kGy)+ 

31ºC/22hrs) 

 

3.443 

71.33 

3.441 

71.32 

3.449 

71.32 

3.441 

71.34 

3.429 

71.33 

 

Ash content: 

The determination of ash content (%) of semi-dry dates proved 

presence of(%.12) at zero time near some values as observed at end 

period of storage. In the same time, no effect was observed due to 

different treatments as shown in Table (1).  These results are in 

parallel with those obtained by different authors either for Siwi dates 

(Ramdan, 4990; Khalil, 4995; Ibrahim, 4990; Assous, 4999 and 
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Sahari et al., %001) which ranged from 4.92 to %.12 or other varieties  

which obtained near %2  (FAO, 4991). 

Table 2  : Ash content of treated  Siwi date samples during storage 

at room temperature (dry weight basis).   

Treatments Storage periods (month) 

1 1 4 9 32 

Untreated 

samples 

2.21 

±.22 

2.23 

71.13 

2.22 

71.21 

2.24 

71.13 

2.24 

71.11 

Irradiation samples 

3 kGy %.52 

±0.%1 

%.59 

±0.%5 

%.51 

±0.%1 

%.52 

±0.%9 

%.59 

±0.%2 

2 kGy %.10 

±0.10 

%.14 

±0.19 

%.11 

±0.5% 

%.1% 

±0.14 

%.11 

±0.1% 

1 kGy %.10 

±0.50 

%.59 

±0.11 

%.52 

±0.54 

%.52 

±0.5% 

%.10 

±0.59 

Fumigation samples 

Methyl 

bromide(MB 

%.12 

±0.1% 

%.11 

±0.15 

%.15 

±0.12 

%.11 

±0.10 

%.12 

±0.19 

Sulfating SO2)) %.19 

±0.10 

%.19 

±0.14 

%.11 

±0.15 

%.11 

±0.1% 

%.10 

±0.10 

Thermal treated 

31
o
C/22 hrs %.15 

±0.51 

%.11 

±0.22 

%.12 

±0.20 

%.12 

±0.14 

%.19 

±0.50 

31
o
C/24 hrs %.11 

±0.11 

%.11 

±0.10 

%.15 

±0.15 

%.11 

±0.50 

%.11 

±0.14 

Combination treatment 

(3.1 kGy)+ 

31ºC/22hrs) 

 

%.59 

±0.11 

%.52 

±0.14 

%.59 

±0.15 

%.59 

±0.14 

%.10 

±0.10 

 

Minerals content: 

Data considered a suitable source for health elements. Analysis 

of untreated samples only as shown in Table(5). Mg content 

(mg/400gm on dry weight) ranged from 15.44 which increased 

gradually during storage to 19.2.  Also, sodium content (Na) was 1.41 

mg which increased to 2.9 mg after nine months of storage. Same 
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trends were in Zn (41.1 mg), Mn (2.1 mg), Fe (9.4 mg), Ca (41.% mg), 

K (190.0 mg) and Cu (1.1 mg) which increased during storage ever 

end of storage to 49.5 mg, 9.5 mg, 9.9 mg, 41.9 mg, 199.1 mg and 

1.% mg/400 gm dry weight basis. The effect of storage caused 

increased elements contents may be due to decrease of moisture 

content.  Same analysis of dates was observed by Sahari et al., (%001). 

 

Table 3 : Minerals  content(mg/311gm) of treated  Siwi date 

samples during storage at room temperature(dry 

weight basis).  .  

Minerals 

        

Storage periods (month) 

1 1 4 9 

Mg 133.143 134.131 141.921 144.431 

Na 4.324 4.394 4.414 4.413 

Zn 31.441 34.194 34.322 34.293 

Mn 4.143 4.1491 4.394 4.293 

Fe 9.332 9.392 9.111 9.939 

Ca 342.132 342.441 344.129 344.112 

K 2411.239 2421.123 2441.124 2444.139 

Cu 1.242 1.414 2.323 2.233 

 

HPLC sugar analysis: 

  HPLC profile analysis of Siwi dates are shown in Table(1). The 

results showed presence of major peaks as sucrose, glucose, fructose, 

xylose and mannose.  Untreated dates contained high concentrations 

of sucrose (0.41), glucose (5%.1), fructose (%1.91) and sorbitol (0.12) 

as mg/400 gm/D.W. These values slightly decreased with irradiation 

to (0.415), (4.09), (0.111) for 4.0 kGy, %.0 kGy and 1.0 kGy in 

respectively. Same trend by irradiation was clear even end of storage.  

Only MB and sulfiting treatment caused some increase as 0.491 and 

0.%52 mg/400 gm/D.W. in respectively.  But some increases were 

clear on thermal treated dates or with combination treatments which 

increased from 0.%2% to 0.9% mg/400 gm/D.W. The reduction of 

sucrose after irradiation directly may be due to  the effect of 

irradiation on glycosidic bond which can be broken easily in presence 



 

 

M.N. Kenawi et al. 

-222- 

of O% .The results were according with Al-Kahtani et al. (4991), who 

showed that Khalas dates had some trend after irradiation directly or 

during storage period. 
 

Table  4 : Saccharides fraction of treated Siwi date samples 

during storage at room temperature(dry weight basis).   
 

 

Treatments 

Sucrose Maltose Glucose Xylose Mannose Fructose Sorbitol 

A b a b a b a b a b a b a b 

Untreated 

samples 
1.314 --- --- --- 32.39 --- --- --- --- --- 24.92 --- 

1.24

2 
--- 

Irradiation samples 

3 kGy 343 1.44 --- --- 34.13 34.22 1.144 --- 1.139 --- 24.33 21.12 1.33 1.32 

2 kGy 3.14 1.41 --- --- 42.399 34.34 --- --- --- --- 24.42 39.14 1.49 1.31 

1 kGy 1.114 3.34 --- --- 31.12 22.34 --- --- --- --- 24.34 24.92 1.41 1.22 

Fumigation samples 
methyl 

bromide 

(MB) 

1.394 1.21 --- --- 32.29 9.434 --- --- 1.3334 --- 24.23 31.94 
1.19

4 
1.14 

Sulfating 

(SO2) 
1.234 1.22 --- --- 24.94 4.43 --- --- 1.212 --- 11.43 31.14 --- --- 

Thermal treated 

31oC/22hrs 1.114 1.22 --- --- 34.14 33.41 --- --- 1.312 --- 24.11 34.32 
1.32

3 
1.39 

31oC/24hrs 1.114 1.44 --- --- 39.11 23.32 1.12 --- 1.349 --- 29.11 21.91 
1.33

2 
1.32 

Combination treatment 
(3 kGy/31oC 

22hrs) 
1.242 1.42 --- --- 32.44 23.44 1.24 --- 1.334 --- 24.34 22.19 1.23 1.33 

a= At beginning of storage 

b= At end of storage (4% months) 

--- = Not detected 

 

Crude protein: 

The results of crude protein are tabulated in Table (2). The 

protein content was %.102 (mg/400gm on dry weight) in untreated 

samples at beginning of storage. This value was decreased gradually 

during long storage to 4.102. The decrease in protein content  due to 

transpiration consequently decomposition of some protein content 

especially at high temperature of storage at room temperature. All the 

tested treatments decreased level of protein content in all samples 

during long storage, but no big differences can be observed between 

the treated samples. The populated data proved that all used treatments 

can stabilize the crude protein content during long storage period. The 
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highest values were recorded with thermal treatment which reached 

%.52 at end of storage. Same values were observed by Al Rawi et al., 

(4912); FAO (4991); Abd-Ellateaf, (4994); Khalil (4995); Ramadan 

(4995); Abozaid (%00%) and Sahari et al., (%001) 
 

Table 4 : Protein content of treated Siwi date samples during 

storage at room temperature(gm/311gmdry weight 

basis).   

Treatments 
Storage periods (month) 

1 1 4 9 32 

Untreated 

samples 

2.11 

71.1 

2.31 

71.1 

3.43 

71.29 

3.23 

71.13 

3.11 

71.12 

Irradiation samples 

3 kGy 
2.13 

71.22 

2.11 

71.23 

2.13 

71.24 

2.29 

71.29 

2.24 

71.24 

2 kGy 
2.14 

71.23 

2.13 

71.24 

2.11 

71.24 

2.13 

71.22 

2.11 

71.13 

1 kGy 
2.14 

71.34 

2.14 

71.39 

2.13 

71.22 

2.12 

71.22 

2.11 

71.39 

Fumigation samples 
Methyl 

bromide 

(MB) 

2.13 

71.21 

2.11 

71.12 

2.11 

71.13 

2.11 

71.13 

2.24 

71.29 

Sulfating 

SO2)) 

2.12 

71.22 

2.12 

71.23 

2.29 

71.11 

2.23 

71.22 

2.23 

71.24 

Thermal treated 

31
o
C/22 hrs 

2.29 

71.19 

2.24 

71.14 

2.24 

71.14 

2.24 

71.13 

2.23 

71.23 

31
o
C/24 hrs 

2.14 

71.14 

2.14 

71.13 

2.12 

71.11 

2.12 

71.14 

2.13 

71.13 

Combination treatment 

(3 KGy/31
o
C 

22hrs) 

2.14 

71.29 

2.13 

71.11 

2.14 

71.24 

2.12 

71.23 

2.12 

71.12 

 



 

 

M.N. Kenawi et al. 

-224- 

Crude fat: 

The changes of lipids content after treating with different 

methods are shown in Table (9) . The present date proved that some   

differences are noticed between dates after treatments. Only untreated 

samples recorded low levels of total lipids near 1.442 then increased 

to 1.%42 at end period  of storage. Also, high temperature 50
o
 C/19 hr, 

recorded high levels of crude fat (%) on dry weight basis. But, most 

the other treatments had negligible differences either at beginning or at 

end of storage period (4% months). Same obtained data were got 

Sawaya et al., (4991); Youssef et al., (499%); Ahmed et al., (4995); 

Abozaid (%00%) and Sahari et al., (%001) on Irani dates. 
 

Table  4  : Crude fat content of treated of Siwi date samples during 

storage at room temperature(dry weight basis).   

Treatment 

 
Storage periods (month) 

1 1 4 9 32 
Untreated 

samples 

1.33 

71.22 

1.12 

71.13 

1.34 

71.29 

1.23 

71.13 

--- 

Irradiation samples 

3 kGy 1.42 

71.31 

1.43 

71.21 

1.41 

71.14 

1.43 

71.24 

1.43 

71.33 

2 kGy 1.29 

71.19 

1.24 

71.21 

1.31 

71.13 

1.24 

71.14 

1.31 

71.22 

1 kGy 1.41 

71.21 

1.41 

71.13 

1.43 

71.14 

1.44 

71.22 

1.49 

71.21 

Fumigation samples 

Methyl 

bromide(MB) 

1.19 

71.24 

1.193 

71.19 

1.22 

71.21 

1.23 

71.14 

1.22 

71.23 

Sulfating 

SO2)) 

1.92 

±1.33 

1.92 

71.24 

1.91 

71.21 

1.92 

71.31 

1.93 

71.24 

Thermal treated 

31
o
C/22 hrs 1.94 

71.23 

1.93 

71.29 

1.94 

71.13 

1.94 

71.24 

1.94 

71.24 

31
o
C/24 hrs 2.14 

71.13 

2.144 

71.24 

2.31 

71.23 

2.34 

71.13 

2.39 

71.24 

Combination treatment
*

 

(3 KGy/31
o
C 

22hrs) 

1.44 

71.21 

1.43 

71.14 

1.44 

71.23 

1.44 

71.13 

1.43 

71.29 
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Methyl bromide (MB) and sulfur dioxide (SO2) residues: 
Determination of residues of methyl bromide (MB) using 

analysis by Gas chromatograph in date samples proved that fumigated 

fruits with methyl bromide contained less than 0.04 ppm.  That is less 

than maximum residue limits as shown by Codex Alimentarius 

Commission (FAO/ WHO, 4999). 

Also, sulfur dioxide (SO%) residual was determined in dates. The 

obtained results showed that SO% residue in   sulfated dates were less 

than 4500 ppm. These results are paralleled with E.O.S.Q.C (4991). 
Panelist evaluation: 

It was considered to take the panelist opinions for tested 

treatments of date fruits. The results are shown in Tables (9, 40, 44 

and 4%). The available data of dates texture proved that all tested 

samples were near in value of texture evaluation even 1 months. But at 

the end period of storage, the values of texture of untreated samples 

decreased gradually especially even 4% months. At the end period of 

storage, the lowest value of texture decrease was  recorded with 

combination treatment (9.2% 4), then follow by the  thermal treatments 

separately, sulfating and (MB) treatments. 

Whereas, the irradiated samples were occupied the second rank 

near 202. Same trends were resulted with color and taste results, after 

4% months the highest values recorded with thermal treatments 

separately or with irradiation besides fumigation (MB) and sulfating. 

Whereas irradiated dates occupied the second rank. The overall 

acceptability degrees were introduced. The prefer ability of thermal 

treatments with or without irradiation. In addition, fumigation and 

sulfating had near degrees. Whereas, irradiated dates values were in 

second rank after 4% months, as shown in Tables (9, 40, 44 and 4%). 

The organoleptic evaluation of dates samples produced by the thermal 

treatments either with or without irradiation introduced the prefer 

ability of using a cheap and applicable treatments, as alternative for 

using chemicals as (MB), sulfating or irradiation .  The same results 

were obtained by El-Salhy, 4992. 
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Table 9 : Effect  of  irradiation, , fumigation, thermal treatment 

and combination (irradiation + thermal) on color of  

Siwi date samples during storage at room temperature. 

Treatment     
Storage periods (month) 

3 1 4 9 32 

Untreated 

samples 

4.34 

71.33 

4.32 

73.3 

3.43 

71.41 

3.34 

71.29 

3.14 

73.11 

Irradiation samples 

3 kGy 
4.24 

71.31 

4.24 

71.42 

4.24 

71.42 

4.3 

71.43 

4.2 

71.43 

2 kGy 
4.34 

71.33 

4.12 

73.11 

4.32 

71.13 

4.19 

71.32 

4.11 

71.34 

1 kGy 
4.11 

73.11 

4.4 

73.33 

4.14 

71.34 

4.11 

73.11 

3.2 

71.13 

Fumigation samples 

Methyl  

bromide(MB 

4.11 

71.11 

4.91 

71.32 

4.21 

71.44 

4.23 

71.41 

4.33 

71.33 

Sulfating 

SO2)) 

9.31 

73.12 

4.93 

73.11 

4.34 

71.33 

4.3 

71.31 

4.4 

71.31 

Thermal treated 

31
o
C/22 hrs 

4.34 

71.33 

4.43 

71.12 

4.31 

71.21 

4.1 

73.34 

4.11 

71.24 

31
o
C/24 hrs 

4.41 

71.31 

4.41 

71.34 

4.22 

71.42 

4.32 

71.33 

4.11 

71.42 

Combination treatment
*

 

(3 KGy/31
o
C 

22hrs) 

4.22 

71.44 

4.93 

73.11 

4.34 

73.12 

4.42 

71.24 

4.91 

71.32 

*
Combination treatments = (irradiation/kGy) + thermal process 

(50
o
C/%1hrs) 
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Table  31 : Effect of  irradiation, , fumigation, thermal treatment 

and combination (irradiation + thermal) on texture 

of Siwi date samples during storage at room 

temperature. 

Treatment 
Storage periods (month) 

3 1 4 9 32 

Untreated 

samples 

4.44 

71.23 

4.44 

71.21 

4.12 

71.11 

3.13 

71.14 

1.13 

71.21 

Irradiation samples 

3 kGy 
4.23 

71.24 

4.24 

71.42 

4.44 

73.11 

4.22 

71.33 

3.4 

71.34 

2 kGy 
4.44 

71.11 

4.2 

71.13 

4.13 

71.41 

4.22 

71.33 

3.4 

71.33 

1 kGy 
4.24 

71.31 

4.91 

73.11 

4.33 

71.34 

4.49 

71.13 

3.44 

71.21 

Fumigation samples 

Methyl 

bromide(MB) 

4.49 

71.14 

4.2 

71.31 

4.44 

71.23 

4.31 

71.21 

4.41 

73.14 

Sulfating 

SO2)) 

4.44 

71.34 

4.43 

71.11 

4.21 

71.33 

4.44 

71.34 

4.24 

71.42 

Thermal treated 

31
 o

C/22 hrs 
4.91 

71.32 

4.31 

71.31 

4.32 

71.31 

4.41 

±1.29 

4.42 

71.24 

31
 o

C/24 hrs 
4.41 

71.29 

4.2 

71.31 

4.14 

71.32 

4.11 

71.34 

4.9 

73.11 

Combination treatment
*

 

(3 KGy/31
o
C 

22hrs) 

4.44 

71.23 

4.31 

71.31 

4.32 

71.31 

4.41 

71.29 

4.42 

71.24 
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Table 33: Effect of  irradiation, , fumigation, thermal treatment 

and combination (irradiation + thermal)) on taste of  

Siwi date samples during storage at room temperature. 

Treatment    
Storage periods (month) 

3 1 4 9 32 

Untreated 

samples 

4.44 

71.43 

4.24 

71.24 

4.24 

71.19 

2.44 

71.49 

1.9 

71.42 

Irradiation samples 

3 kGy 
9.11 

71.34 

4.32 

71.31 

4.49 

71.41 

4.11 

71.34 

4.11 

73.11 

2 kGy 
4.23 

73.24 

4.49 

73.33 

4.92 

73.3 

4.29 

73.23 

4.11 

71.43 

1 kGy 
4.43 

73.32 

4.13 

71.42 

4.49 

71.42 

4.34 

73.24 

3.3 

71.41 

Fumigation samples 
Methyl 

bromide 

(MB) 

4.44 

73.11 

4.3 

71.31 

4.13 

73.11 

4.24 

71.41 

4.21 

71.31 

Sulfating 

SO2)) 

4.3 

73.3 

4.11 

73.11 

4.29 

71.42 

4.43 

71.32 

4.31 

71.31 

Thermal treated 

31
o
C/22 hrs 

9.2 

71.31 

9.2 

71.42 

4.43 

73.13 

4.22 

71.33 

4.2 

71.31 

31
o
C/24 hrs 

9.2 

71.32 

4.14 

73.14 

4.34 

71.33 

4.31 

71.31 

4.31 

73.13 

Combination treatment  

(3 KGy/31
o
C 

22hrs)   

9.12 

71.42 

4.21 

71.33 

4.11 

71.34 

4.41 

71.33 

4.92 

73.11 
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Table 32 : Effect (irradiation, fumigation thermal treatment and 

combination (irradiation + thermal)) on overall 

acceptability of  Siwi date samples during storage at 

room temperature. 

Treatment     
Storage periods (month) 

3 1 4 9 32 

Untreated 

samples 

4.3 

71.93 

4.11 

71.31 

4.11 

73.11 

2.44 

73.32 

1.11 

71.11 

Irradiation 

3 kGy 
4.41 

71.24 

4.14 

71.32 

4.13 

71.41 

4.31 

71.31 

4.21 

71.14 

2 kGy 
4.32 

71.31 

4.31 

71.23 

4.14 

71.33 

4.42 

71.41 

3.4 

71.34 

1 kGy 
4.24 

71.31 

4.44 

71.43 

4.91 

73.13 

4.3 

71.31 

3.4 

71.31 

Fumigation samples 
Methyl 

bromide(MB 

4.41 

71.29 

4.11 

71.34 

4.21 

71.4 

4.34 

71.44 

4.4 

71.49 

Sulfating 

SO2)) 

9.12 

71.42 

9.24 

71.22 

4.92 

73.33 

4.49 

71.39 

4.11 

71.31 

Thermal treated 

31
o
C/22 hrs 

9.24 

71.49 

4.91 

71.34 

4.44 

71.23 

4.19 

71.32 

4.39 

71.41 

31
o
C/24 hrs 

4.31 

71.31 

4.41 

71.29 

4.49 

71.31 

4.92 

71.14 

4.29 

73.41 

Combination treatment 

(3 KGy/31
o
C 

22hrs) 

4.91 

73.13 

4.41 

71.29 

4.43 

71.11 

4.21 

71.24 

4.92 

71.22 

 

Histological studies: 

Exocarp tissues : 

Exocarp tissue was shown in different layers between 1 to 5 

layers (tables 41, 41and 45), the first layer usually is the epidermis 

cells.  The second layers are the outer hypodermal cells . The third 

layers are the inner hypodermal cells (stone cells).  Such results are in 

good accordance with  data were obtained by Hamdy (499%). 
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during storage at room temperature:  
Mesocarp tissues were recognized to in three zones (tables 41, 41 

and 45), the first one is the outer mesocarp zone.  The second zone 

contains tannins cells in differs groups and distribute around the inside 

surface of mesocarp in red-brown colored in two rows with 

discontinuous band. in the outer mesocarp zone.  The third layer is the 

parenchymatous cells of inner mesocarp.  The vascular system of the 

pericarp consisted of several collateral bundles, distributed in all zones 

of the mesocarp.  

Endocarp tissues:  
Endocarp tissues was arranged in two rows around seed 

cavity (Tables 41, 41 and 45). It contains vascular system 

besides collateral cells. 

 
 

 

 

 

 

 

 

 

Fig. 3: Light microscope micrographs of cross-section of 

untreated samples of semi-dry date fruits “Siwi 

variety”   

 

Effect of used treatment in the histological characters of dates: 

Effect on number of raw cells: 

Using micrometric slide for counting the number of cells per 

each tissue proved some changes in each treated date sample. As 

shown in Fig. (4) and Table (41), the cell number of rows per each 

treated dates as endocarp, mesocarp and endocarp of fruits. The edible 

part mainly mesocarp occupied more than 20.02 of date cells, while. 

Exocarp which can remove or separate during process occupy less 

than %02 and the remain part was endocarp cells. The percentage of 
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date tissues were more affected by treatments. All treatments reduced 

exocarp cells from (%5.142) in untreated samples (control) to (41.9%2) 

in irradiated dates at 4.0 kGy, (%%.952) at %.0 kGy and (49.022) at 1.0 

kGy. Whereas, some changes were observed with fumigation or 

sulfitation. More reduction was clear by thermal treatments viz., 

44.912 (50
o
C/%1 hrs), 41.112 (50

o
C/19 hrs) and 4%.212 (50

o
C/%1 hrs 

plus 4.0 kGy). Mesocarp and endocarp tissues usually eat as edible 

portion of dates for tenthly these parts were less affected with tested 

treatments as shown in Table (41) . 

Effect on layer thickness area: 

The effect of used treatments on layer thickness area as 

expressed as (%) area per each tissues are shown in Tables 41 and 45) 

and Fig. (1). The main edible portion as mesocarp, in untreated 

occupied (94.212) which decreased by irradiation doses (4.0, %.0 and 

1.0 kGy) to 91.512, 29.%12 and 99.%42 on respectively.  While 

fumigation with (MB) or sulfating decreased it to 9%.152 and 95.242 

on respectively.  Only gentle treatment (50
o
C/%1 hrs) separately or 

with 4.0 kGy resulted values near control treatments as (9%.552 and 

90.5%2) in respectively. While, thermal treatments at 50
o
C/19 hrs 

reduced it to 95.942, these data proved the permeability of gentle 

thermal treatments either separately or with irradiation dose (4.0 kGy) 

effect of treatments on histological characters of date fruits. As shown 

in Fig. (2) irradiation at low dose caused collapsed parenchyamtous 

and shrinkage tissues in mesocarp tissue .With some damage of 

tannins as storage tannin cells. Whereas, high doses (1.0 kGy) caused 

more damage in tannin cells even its become empty cells as shown in 

Fig. (1). Also, injured cells and shrinkage cells of mesocarp tissues. 

 The relationship between the histological results and the panel 

test. 

  Concerning, the relationship between  the histological  results 

and the panel test, it is clear that decreasing values of texture in 

irradiated samples can explain through effect of irradiation as proved 

in injured, collapse, the parenchymatouse cells besides dissolving 

tannin cells  consequently decreasing he texture o irradiated dates. 

Whereas, that phenomena not present in he other treatments. 
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Table  31  : Effect treatments for Siwi dates on row number cells 

 

Treatments 
Row number cells Total row 

number cells Exocarp Mesocarp Endocarp 

Untreated 
21 34 2 

49 
23.135 42.335 2.315 

Irradiation samples 

3 kGy 
33 32 2 

43 
34.925 415 1.145 

2 kGy 
34 31 2 

41 
22.435 43.215 3.43 

1 kGy 
33 44 2 

41 
34.145 49.325 2.235 

Fumigation samples 

Methyl 

bromide(MB) 

39 32 1 
42 

23.44% 41.245 2.135 

Sulfating (SO2) 
31 14 2 

31 
215 445 25 

Thermal treated 

31
 o

C /22hrs 
4 31 2 

39 
33.445 44.435 1.195 

31
 o

C /24hrs 
32 44 2 

42 
34.445 41.935 2.145 

Combination treatment 

(irrad. + thermal)        

(3 KGy/31
o
C 22hrs) 

4 23 1 
33 

32.41% 43.425 3.235 
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Table 32 : Layer thickness area and number of row cells for 

Exocarp, Mesocarp and Endocarp for Siwi date 

fruits treat. 

Treatments 
Layer thickness area Number of row cells 

Exocarp Mesocarp Endocarp Exocarp Mesocarp Endocarp 

Untreated 

samples 
21×23 291×23 2×23 21 34 2 

Irradiation samples 

3 kGy 41×23 231×23 31×23 33 32 2 

2 kGy 313×23 231×23 31×23 34 31 2 

1 kGy 31×23 211×23 2×23 33 44 2 

Fumigation samples 

Methyl 

bromide

MB 

41×23 221×23 31×23 39 32 1 

Sulfating 

SO2)) 
31×23 111×23 3×23 31 14 2 

Thermal treated 

31
o
C/22 

hrs 
11×23 231×23 1×23 4 31 2 

31
o
C/24 

hrs 
41×23 311×23 2×23 32 44 2 

Combination treatment 

(3 

KGy/31
o
C 

22hrs) 

13×23 211×23 31×23 4 23 1 
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Table 33 : Effect treatments for Siwi date (on layer thickness area 

 

Treatments 
Layer thickness area 

Total of area 
Exocarp Mesocarp Endocarp 

Untreated 
21 × 23 

4.295 

291 × 23 

93.445 

2 × 23 

1.4295 

312 × 23 

31131 

Irradiation samples 

3 kGy 
41 × 23 

33.315 

231 × 23 

44.325 

31 × 23 

3.925 

321 × 23 

31111 

2 kGy 
313 × 23 

34.245 

231 × 23 

44.245 

31 × 23 

3.425 

343 × 23 

32143 

1 kGy 
31 × 23 

31.145 

211 × 23 

49.235 

2 × 23 

1.225 

242 × 23 

32131 

Fumigation samples 

methyl bromide 

(MB) 

41 × 23 

33.445 

221 × 23 

42.135 

31 × 23 

3.945 

331 × 23 

32431 

Sulfating (SO2) 
31 × 23 

32.945 

111 × 23 

43.435 

3 × 23 

3.115 

143 × 23 

9423 

Thermal treated 

31
o
C/22hrs 

11 × 23 

4.445 

231 × 23 

92.335 

1 × 23 

1.445 

221 × 23 

33143 

31
o
C/24hrs 

41 × 23 

31.435 

311 × 23 

43.935 

2 × 23 

1.125 

342 × 23 

32331 

Combination treatment
*

 

(irrad. + 

thermal)         

(3 kGy/31
o
C 

22hrs)
 *
 

13 × 23 

4.145 

211 × 23 

91.325 

31 × 23 

2.335 

243 × 23 

33443 
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Fig. 2 : Cross – Section of untreated date fruits – Siwi variety. 
A- Epidermal cells.               B- Outer hypodermal cells.  

C- Outer hypodermal cells.    D- Tannin cells. 

E- Stone cells.                         F- Inner hypodermal cells. 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.  1 : cross-section of date fruits – Siwi – variety after 

irradiated 1.1kGy, (32.3x). 
A- Tannin cells (damaged free injured cells).        B- 

Broken cells.  

C- Vascular system.               D- Shrinkage outer 

hypodermal cells. 
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Fig. 2: Cross -Section of dates Siwi variety after combination 

treatments Thermal 31c  ْ   / 22hr plus irradiation 3.1 kGy  

(32.3x). 

A-Outer hypodermal cells.     B-Tannin cells. 

C- Rupture cells.    D- Empty cells. 

F-Vascular system. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.  3:  cross – section of treated dates Siwi variety after sulfiting 

treatments (1.2x). 
A- Outer hypodermal cells. B- Tannin cells. 

C- Mesocarp cells.  D- Vascular system. 
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Fig. 4: cross-section of date fruits – Siwi – variety after fumigation 

with Methyl Bromide (32.3x). 
A- Mesocarp cells (hypodermal cells).  B, F – Stone cells.   

C- Tannin cells.    D- Inner hypodermal cells.  

  

 

 

 

 

 

 

 

 

 

 

 

 
 Fig. 4: cross-section of date fruits – Siwi – variety after irradiated 

3.1kGy, (32.3x). 
A- Tannin cells (damaged small size).  B-  Vascular system.  

C-  Shrinkage outer hypodermal cells. 
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ة الحرارية على الخواص الكيمائية والتبخير والمعامل التشعيعتأثير 

 السيوى أثناء التخزين. حللبل والحسية والهستولوجية

 

 **عبد البارى داوود  – *أحمد محمود ىمام – *محمد نجيب قناوي
 ***جادو بكر جادو – ***محمد عمى 

 جامعة المنيا–كمية الزراعة  –قسم عموم الأغذية  *
 جامعة المنيا –** كمية السياحة والفنادق 
 مصر –الجيزة  –*** مركز البحوث الزراعية 

 

أجريت ىذه الدارسة عمي ثمار البمح النصف جاف" صنف سيوي " بيدف تحسين صفات 
الإشعاع الجامي بجرعات  جودة الثمار عمي درجة حرارة الغرفة. وتضمنت الدارسة استخدام

 (ساعة 48/ م o 55ساعة  ، 24 / مo 55كيمو جراي( ومعاملات حرارية ) 3، 2، 1منخفضة  )
كميو جراي( 1ساعة مع التشعيع بجرعة إشعاعية   24لمدة / مo 55و معاملات مزدوجة ) 

شير  12مدة نبثاني أكسيد الكبريت والتخزي ولإحلاليا محل التبخير ببروميد المثيل و الكبر ت
وتم اجراء التحاليل لبعض الصفات الكيماوية )السكريت الكمية والألياف والبروتين  .سنة كاممة(.)

الخام والدىن الخام والرماد ونوعيةالسكريات وقيم الأملاح المعدنية (لمثمار  والإختبارات الحسية 
ريات  الكمية فى جميع ض قيم السكاانخف.ولوحظ من النتائج وكذلك  الدارسة التشريحية لمثمار

العينات أثناء مدة التخزين  ،وكانت قيمة لمسكريات الكمية فى عينة الكنترول أقل قيمة 
%( فى 76.43%(فى نياية التخزين بينما سجمت أعمى قيمة لمسكريات الكمية) 57.14)

 HPLCتبين من التحميل بـ كما  ساعة  فى نياية مدة التخزين .48/هم55المعاممة الحرارية 
احتواء لمسكريات الموجودة في عينات  التمور ) المعاملات( والغير معاممة لمصنف ) سيوي ( 

وسكريات أخري بكميات أقل ،السكروز  ،الفركتوز ،عمي سكريات أساسية ىي الجموكوز العينات
نسب قميمة جدا من سكريات غير ،ووجود  السوريبتول –المانوز  –المالتوز  -مثل الزيموز

% ، 5.136قيم السكروز والجموكوز والفركتوز في العينات الغير معاممة  وتراوحت ،معروفة 
ازدادت بالمعاملات لأساسيةكما تبين ان قيم السكريات ا ،%  عمي الترتيب%26.94،52.59

نتائج دراسة  شير(. تبين من 12عن العينات الغير معاممة ولكن انخفضت بزيادة مدة التخزين )
أن جميع عينات الكنترول الغير معاممة خالية نيائيا من أي مبيدات   لحشريةمتبقيات المبيدات ا

جزء/  5.51أقل من الحدود القصوى   بروميد الميثيلبالعينات المعاممة  كانتبينما  ،حشرية 
متبقيات  أن العينات المعاممة بالكبرتة تحتوىعمى كما وجدت ،متبقيات بروميد الميثيل   المميون فى
أن ثمار  التمور فقيرة   فى  النتائج أوضحت جزء/ المميون. 1555أقل من  ور تعممية الكب

يعكس %(، 3.96 -3.11،  %(  2.38 -2.35)والدىن الخام  محتواىا من البروتين الخام
النتائج   وأوضحتالرماد المرآة  الحقيقية لممحتوي المعدني لمعناصر في ثمار التمور  السيوي 
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القيم  في العينات  الكنترول  تراوحتتغير  ممموس بسبب المعاملات المستخدمة و  عدم وجود
 وتراوحت قيم شيرا.   12( % خلال مدة الخزن 2.68 -2.45من )والمعاممة الغير معاممة 

( ، 38.66 – 35.11المغنسيوم ) كالآتى:العناصر المعدنية في ثمار التمور المدروسة  
( ، الحديد ) 8.49 -7.36( المنجنيز ) 18.49 -13.4) ( ، زنك 7.8 -6.13صوديوم )

( النحاس) 48.86 -48.53( البوتاسيوم ) 16.8 -16.23( الكالسيوم )9.95 -9.11
 أظيرت النتائج،كما جرام مادة جافة خلال مدة الخزن 155( ممميجرام لكل 4.21 -3.46

% 1.37شيرا من  12الفترة الخام تدريجيا من بداية الخزن حتى نياية  الأليافقيم انخفاض  
 عينات الغير معاممة ال كل من% في1.32إلي 

قيم المون لممعاملات الآمنة  أن الخواص الحسية،وبينت نتائج دراسة العينات المعاممة و) كنترول(
كميو جراي كذلك المعاملات  الحرارية  3،  2،  1درجات مقبولة وىي معاملات الإشعاع سجمت 

ساعة والمعاممة المزدوجة ) حرارة + إشعاع(. بينما سجمت 48/م o 55ساعة ، 24مو   /55
قيم الطعم والقوام أيضا درجات عالية في المعاملات الآمنة كالسابق ولكن كانت أقل درجة في 

كيمو جراي. ولكن كانت اعمي درجة لمطعم والقوام عند المعاممة  3القوام لممعاممة بالإشعاع عند 
.أما بالنسبة لمقبول العام لمثمار المدروسة احتمت المعاممة الحرارية   ساعة24/م o 55بالحرارة 

55 oشير.  12في نياية فترة الخزن  8.19  –درجة في بداية الخزن  9.47ساعة   24/  م 
أظيرت الدراسات التشريحية لمثمرة وجود ثلاثة طبقات أساسية ىي كالآتي :أنسجة طبقة 

أنسجة الطبقة و  ، مناطقمن ثلاث إلي خمسة  تتكونوالتى  (Exocarp)الغلاف الخارجي 
 الداخميةأنسجة الطبقة  ،وتتميز ىده الأنسجة إلي ثلاث مناطق  (Mesocarp) الوسطى

(Endocarp) وقد اثبتت النتائج التشريحية أن الأفضمية لممعاممة ، تترتب في صفين  والتى
الإشعاع بجرعة  أدىلإشعاع ، بينما ساعة سواء منفردة أو مشتركة مع ا 24لمدة  م55oالحرارية 

 Mesocarpحيث حدثت كرمشة لأنسجة الـ واضحة لي إحداث تغيرات كبيرة إكيموجراي  1
نضغاط لمخلايا البرانشيمية فيو ، بينما تكسير في خلايا  كيموجراي 3الجرعات العالية  أحدثت وا 

وتبين . Mesocarpيا الـ التانينات حيث أصبح بعضيا فارغآ تمامآ منيا بجانب الضرر في خلا
من الدارسة استبعاد معاممتي التبخير ببروميد الميثيل والكبريت لحظر تداول الأول حسب 

في المعاممة الثانية، بينما حازت باقي المعاملات  2الاتفاقات الدولية ووجود متبقيات من كب أ
م o 55ساعة ، 24/   مo 55كيمو جراي و كذلك المعاملات الحرارية    3،  2،  1الإشعاع 

ويعتبر الإشعاع  ساعة و المعاممة المزدوجة  الرضا من النتائج المتحصل عمييا في الدارسة.48/
 ..والمعاممة الحرارية من أفضل الطرق الآمنة والصالحة لزيادة جودة التخزين لثمار البمح 

 

 

 


