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ABSTRACT 
 
 The experiment was carried out during the two seasons of 2008 and 2009 on 

broccoli F1 Hybrid Sakura to study the effect of two packaging materials and modified 
atmosphere packaging (MAP) on quality attributes of broccoli florets stored at 0oC 
and 95% RH for 16 days. 

Broccoli florets packed in polypropylene film showed the highest intensities of 
freshness, greenness, and compactness and had less off-odor as compared with 
those stored in polyethylene bags. There were no differences in weight loss between 
broccoli florets stored in the different packaging materials. 

Florets packed in active MAP retained their weight during storage as 
compared to those in passive MAP. The optimum gas composition of MAP tests for 
maintaining quality of broccoli florets during storage was 5% O2 + 10% Co2. 

Off-odor was not observed in broccoli florets packed in polypropylene film and 
exposed to 5% O2 + 5% Co2, while at 5% O2 + 10% Co2 gave a slight off-odor at the 
end of storage with non significant differences between them. 

Packing broccoli florets packed in polypropylene film and exposing to active 
MAP (5% O2 + 10% Co2) was the most effective treatment for reducing weight loss 
and color change and maintaining high content of chlorophyll and gave florets with 
good appearance for 16 days at 0oC and 95% RH.  

 

INTRODUCTION 
 

           Broccoli has a relatively high respiration and transpiration rates and a 
short shelf life it is also, extremely sensitive to ethylene and loss water 
rapidly (Brennan and Shewfelt, 1989). The shelf life of florets was 1-3 days at 
20 OC (Wang and Hruschka, 1977). Refrigeration is the primary means that 
maintaining broccoli in good condition for 3 weeks of storage when held at 0-
2 OC (Ryall and Lipton, 1979). In addition to refrigeration, modified 
atmosphere packaging (MAP) is commonly used to maintain the quality and 
improve the shelf life of broccoli florets (Charles et al., 1991).The MAP of 
broccoli at elevated Co2 and reduced  O2  levels has been shown to retard 
deterioration , i.e. yellowing and softening , and preserve the market quality 
of broccoli during storage (Barth et al., 1993, Elkashif et al., 1993  and 
Jacobsson et al., 2004) The low O2 and high Co2 levels that are modified 
through the product's respiration and the permeability of the film slow down 
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respiration and have an effect on inhibiting microbial growth in MAP ( Hu et 
al., 2007). Broccoli can be stored at 1 to 2% O2 and 5 to 10% Co2 

atmospheres at low temperatures (Jacobsson et al., 2003). However, a low 
oxygen level (0.5-2 %) or carbon dioxide concentration in excess of 10 %, 
combined with temperature fluctuations, may results in the production of off-
odors, thus reducing the shelf life of the broccoli (Ballantyne et al., 1988 and 
Makhlouf et al., 1989).     
The main benefit, however, of using MAP is to inhibit decay and generation 
of C2H4 because it can influence the enzymes activity, thus the permeability 
of cell membranes does not increase quickly (Ballantyne et al., 1988). 
Furthermore MAP can prevent microbial growth, discoloration and cell 
destruction and can reduce the risk of infection (Barth et al., 1993)    

The objective of this present work was to evaluate the potential of 
active and passive modified atmosphere packaging in preserving the quality 
and extend the shelf life of broccoli florets during storage at 0oC.  
 

MATERIALS AND METHODS 
 

         Seeds of broccoli (Brassica Oleracea var. italica) F1 Hybrid Sakura 
(seeds from Tokita Co, Japan) were sown at the nursery in transplanting trays 
on September 5th and 8th 2009 and 2010 respectively. The transplants were 
set up in the field on October 4th and 8th in the first and the second seasons, 
respectively, at the Agricultural Experiment and Research Station, Faculty of 
Agriculture, Cairo University. The soil was loamy clay. The agriculture 
practices took place wherever necessary according to the recommendations 
of Ministry of Agriculture. 
            Broccoli heads were harvested at the proper stage of marketing on 2nd 
and 5th of December 2009 and 2010, respectively, and then transported 
immediately to the laboratory of postharvest center, Horticulture Research 
Institute, Giza. Heads were separated to florets which were rinsed in 
chlorinated water (1000 ppm as sodium hypo chloride) for 10 min. 

        Two commercially available polymeric films/ bags were used as 
packaging materials. The investigated polymer materials were polypropylene 
and polyethylene (15ҳ20 cm) of 40 µm thickness. Broccoli florets were 
packaged, each package contained 200 grams as one replicate. The packages 
were all heat sealed and treated as follows: 

1- Passive MAP (A) 
2- Flushed with a gas mixture (active MAP) 5 %O2 + 5 %C02 (B) 
3- Flushed with a gas mixture (active MAP) 5 %O2 +10%C02 (C) 
      Twenty four replicate were prepared for each treatment. The samples 

were arranged in a complete randomized design and stored at 0oC and 95 % 
R.H. for 16 days. The treatments were examined immediately after harvest and 
every 4 days intervals for and the following parameters were determined:  
1)  Weight loss percentage. 
2)  General appearance (GA):  

     GA was determined according to the following score  
system: 9= excellent, 7= good, 5= fair, 3= poor 
and 1= unusable. The scale depends on morphological 
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 defects such as shriveling fresh appearance, color change of florets and 
decay. Florets rating (5) or below considered unmarketable. 
3) Off odor:  

     Off odor was evaluated on a scale of 1 to 5 where 1= none,2= slight, 3= 
moderate, 4= sever and 5= extremely sever. 
4) External surface color: 

     Color was evaluated by a color difference meter (Minolta CR400) to 
measure the L and hue angle value. 
5) Total chlorophyll:    
     Total chlorophyll was determined according to A.O.A.C. (1990). 

6) Gas composition inside the packages: the concentration of O2 and Co2 
inside the packages were monitored using Dual Trak model 902 D gas 
analyzer and expressed by percentage. By inserting the test probe through a 
rubber seal attached to the outside of the packaging. 

           All obtained data were statically analyzed according to the method 
described by Snedecor and Cochran (980). 

         

RESULTS AND DISCUSSION 
 

Weight loss: 
          Data in Table (1) show that weight loss percentage of broccoli florets 
increased considerably and consistently with the prolongation of storage 
period. The loss in weight may be attributed to respiration and other 
senescence related metabolic processes during storage (Charles et al., 
1991). 
 
          As to packaging material, no significant differences were found in 
weight loss percentage between polypropylene and polyethylene packages. 
However, there were significant differences among MAP treatments. Broccoli 
florets held in active MAP retained their weight during storage as compared 
with passive MAP. Moreover, active MAP of 5% O2 + 10% Co2 resulted in 
prominent reduction in weight loss percentage. Joseph and Mishael (1992) 
found that reducing 02 concentration to 2% and increasing Co2 to 5% resulted 
in more than 10 fold decline in the rate respiration and reduce sensitivity of 
ethylene of broccoli which diminished the weight loss in the florets during 
storage (Jacobsson and Nielsen, 2003). 
        As for the interaction between packaging materials, MAP treatments and 
storage period, data in Table (1) show that broccoli florets packed in 
polypropylene or polyethylene bags with active MAP at 5% O2 + 10% Co2 had 
the lowest weight loss percent during all storage period. 
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Table(1): Effect of active and passive modified atmosphere packages 

(MAP) on weight loss percentage of   broccoli florets during 

storage in 2009 and 2010 seasons. 
Packaging 

MAP 
storage period (days)  

materials 4 8 12 16 Mean 

   2009 season  

  A 0.12 E-H 0.16 EF 0.24 C 0.55 A 0.27 A 

Polyethylene B 0.1 G-J 0.12 F-H 0.17 DE 0.40 B 0.20 B 

   C 0.08 J 0.09 H-J 0.12 F-H 0.25 C 0.14 C 
    Mean 0.10 E 0.12 D 0.18 C 0.40 A 0.20 A 

    A 0.11 FG-I 0.15 E-G 0.22 CD 0.51  A 0.25 A 

Polypropylene B 0.09 H-J 0.11 FG-I 0.16 EF 0.36 B 0.18 B 

    C 0.07 IJ 0.09 H-J 0.13 E-H 0.23 C 0.13C 

    Mean 0.09 E 0.12 DE 0.17 C 0.37 B 0.19 A 

   A 0.12 EF 0.16 DE 0.23 C 0.53 A 0.26 A 

Mean   B 0.10 FG 0.12 F 0.17 D 0.38 B 0.19 B 

of ( MAP) C 0.08 G 0.09 FG 0.13 EF 0.24 C 0.13 C 

    Mean 0.10 D 0.12 C 0.17 B 0.38 A  

      2010 season  

   A 0.14 F-J 0.17 E-I 0.27 D 0.60 A 0.30 A 

Polyethylene B 0.10 IJ 0.14 F-J 0.19 E-G 0.40 C 0.21 B 

    C 0.08 J 0.11 H-J 0.14 F-J 0.22 DE 0.14 C 

    Mean 0.11 D 0.14 D 0.20 C 0.41 A 0.21 A 

   A 0.13 G-J 0.17 E-I 0.22 DE 0.52 B 0.26 A 

Polypropylene B 0.11 I 0.13 G-J 0.18 E-H 0.35 C 0.19 B 

    C 0.08 J 0.10 IJ 0.15 F-J 0.20 D-F 0.13 C 

    Mean 0.11 D 0.13 CD 0.18 C 0.36 B 0.20 A 

   A 0.14 E-G 0.17 D-F 0.25 C 0.56 A 0.28 A 

Mean   B 0.11 GH 0.14 F-H 0.19 DE 0.38 B 0.20 B 

of ( MAP) C 0.08 H 0.11 GH 0.15 E-G 0.21 CD 0.14 C 

    Mean 0.11 C 0.14 C 0.19 B 0.38 A  

Means in the same column having the same letter are not significantly different at 0.05 

level by Duncan’s multiple rang test.  

A=Passive MAP   

B=Active MAP(5%02+5%Co2)  

C=Active MAP(5%02+10%Co2) 

 

General appearance: 
           Data in Table (2) show that general appearance (GA) of broccoli florets 
decreased with the prolongation of storage period. Similar results were 
reported by Jacobsson et al. (2004). The decrease of GA during storage 
period might be due to shrivelling, color change and less compact (Forney 
and Rij, 1991). 
           Significant differences in appearance were found between the two 
packaging materials on the broccoli. Broccoli florets stored in polypropylene 
bags were perceived the higher intensities of freshness, greenness and 
compactness as compared with those stored in polyethylene bags. 
          Concerning MAP effect the general appearance of broccoli florets 
exposed to active MAP was better than passive MAP. Active MAP for 5% O2 + 
10% Co2 showed the best appearance because it does not exhibit any 
changes in their appearance till the 12th days at 0oC and gave product with 
good appearance at the end of storage (16 days). While using 5% O2 + 5% 
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Co2 rated good appearance after 12 days from storage. On the other hand, 
passive MAP rated excellent appearance after 4 days and dropped to poor 
appearance at the end of storage.  
         The interaction among packaging materials, MAP treatments and 
storage period revealed that broccoli florets packed in polypropylene or 
polyethylene film and exposed to active MAP at 5% O2 + 10% Co2  performed 
good appearance after 16 days of storage at 0oC. 

 

Table(2): Effect of active and passive modified atmosphere packages 

(MAP) on general appearance(score) of broccoli florets during 

storage in 2009 and 2010 seasons. 
Packaging 

MAP 
storage period (days) Mean 

materials 0 4 8 12 16  

   2009 season  

   A 9.00 A 9.00 A 6.33 DE 5.67 E 4.33 F 6.87E 

Polyethylene B 9.00 A 9.00 A 7.67 CD 7.00 DE 5.33 F 7.6 CD 

   C 9.00 A 9.00 A 8.33 BC 7.67 CD 7.00 EF 8.2 AB 

   Mean 9.00 A 9.00 A 7.44 BC 6.78 CD 5.55 E 7.56 B 

   A 9.00 A 9.00 A 7.00 AB 6.33 BC 4.33 DE 7.13 DE 

Polypropylene B 9.00 A 9.00 A 8.33 AB 7.67 BC 6.33 CD 8.07 BC 

   C 9.00 A 9.00 A 9.00 A 8.67 AB 7.67 BC 8.67 A 

   Mean 9.00 A 9.00 A 8.11 B 7.56 B 6.11 DE 7.96 A 

   A 9.00 A 9.00 A 6.67 DE 6.00 E 4.33 F 7.00 C 

Mean   B 9.00 A 9.00 A 8.00 BC 7.34 CD 5.83 E 7.83 B 

of ( MAP) C 9.00 A 9.00 A 8.67 AB 8.17 A-C 7.34 CD 8.43 A 

   Mean 9.00 A 9.00 A 7.78 B 7.17 C 5.83 D  

     2010 season  

   A 9.00 A 9.00 A 5.67 EF 5.00 FG 4.33 G 6.60 D 

Polyethylene B 9.00 A 9.00 A 7.33 BCD 7.00 CD 6.33 DE 7.73 B 

   C 9.00 A 9.00 A 8.33 AB 7.67 BC 7.00 CD 8.20 AB 

   Mean 9.00 A 9.00 A 7.11 CD 6.56 DE 5.89 F 7.51 B 

   A 9.00 A 9.00 A 7.00 CD 6.33 DE 4.33 G 7.13 C 

Polypropylene B 9.00 A 9.00 A 7.67 BC 7.00 CD 6.33 DE 7.80 B 

   C 9.00 A 9.00 A 9.00 A 8.33 AB 7.33 B-D 8.53 A 

   Mean 9.00 A 9.00 A 7.89 B 7.22 C 6.00 G 7.82 A 

   A 9.00 A 9.00 A 6.34 EF 5.67 F 4.33 G 6.87 C 

Mean   B 9.00 A 9.00 A 7.50  CD 7.00 DE 6.33 EF 7.77 B 

of ( MAP) C 9.00 A 9.00 A 8.67 AB 8.00 BC 7.17 D 8.37 A 

    Mean 9.0 A 9.0 A 7.50 B 6.89 C 5.94 D  

Means in the same column having the same letter are not significantly different at 0.05 

level by Duncan’s multiple rang test. 

A=Passive MAP 

B=Active MAP(5%02+5%Co2) 

C=Active MAP(5%02+10%Co2) 

 

Off-odor: 
         Data in Table (3) show that off-odor inside the different packaging 
materials started to be observed after 8 days of storage, and then increased 
till the end of storage period. 
        These strong off-odors have mainly been associated with sulphur volatile 
compound, for example, methanethiol, hydrogen sulphide, dimethyl disulphide 
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and dimethyl trisulphide (Hansen et al., 1992) However, off-odor was not   
observed in broccoli florets packed in polypropylene film and exposed to 5% 
O2 + 5% Co2, while those exposed to 5% O2+ 10% Co2 or passive MAP gave 
a slight off-odor at the end of storage. However, no significant differences 
were detected between both active MAP treatments Broccoli florets packed in 
polyethylene film with MAP gave the highest score of off-odor especially at 5% 
O2 + 10% Co2 after 16 days of storage. These results agree with those 
obtained by Hansen et al.(1993) who found that the off-odor developed when 
the storage atmosphere contained a high level of Co2 in combination with very 
low O2 concentration. 

 

Table(3): Effect of active and passive modified atmosphere packages 

(MAP) on off-odor (score) of broccoli florets during storage in 

2009 and 2010 seasons. 
Packaging 

MAP 
storage period (days) 

Mean 
materials 0 4 8 12 16 

   2009 season  

   A 1.00 D 1.00 D 1.33 CD 1.67 CD 2.00 BC 1.40 B 

Polyethylene B 1.00 D 1.00 D 1.00 D 2.00 BC 3.67 A 1.73 A 

   C 1.00 D 1.00 D 1.67 CD 2.67 B 3.67 A 2.00 A 

   Mean 1.00 D 1.00 D 1.33 CD 2.11 B 3.11 A 1.71 A 

   A 1.00 D 1.00 D 1.00 D 1.33 CD 1.67 CD 1.20 BC 

Polypropylene B 1.00 D 1.00 D 1.00 D 1.00 D 1.00 D 1.00 C 

   C 1.00 D 1.00 D 1.00 D 1.00 D 1.67 CD 1.13 BC 

   Mean 1.00 D 1.00 D 1.00 D 1.11 CD 1.45 C 1.11 B 

   A 1.00 D 1.00 D 1.17 CD 1.50 BC 1.84 B 1.30 B 

Mean   B 1.00 D 1.00 D 1.00 D 1.50 DC 2.34 A 1.37 AB 

of ( MAP) C 1.00 D 1.00 D 1.34 CD 1.84 B 2.67 A 1.57 A 

    Mean 1.00 D 1.00 D 1.17 CD 1.61 B 2.28 A  

    2010 season  

   A 1.00 F 1.00 F 1.67 D-F 2.00 C-E 2.33 CD 1.60 BC 

Polyethylene B 1.00 F 1.00 F 1.00 F 2.67 BC 3.33 AB 1.80 AB 

   C 1.00 F 1.00 F 1.33 EF 2.67 BC 3.67 A 1.93 A 

   Mean 1.00 D 1.00 D 1.33 CD 2.45 B 3.11 A 1.78 A 

   A 1.00 F 1.00 F 1.00 F 1.67 D-F 2.00 C-E 1.33 CD 

Polypropylene B 1.00 F 1.00 F 1.00 F 1.00 F 1.00 F 1.00 E 

   C 1.00 F 1.00 F 1.00 F 1.33 EF 1.67 D-F 1.20 DE 

   Mean 1.00 D 1.00 D 1.00 D 1.33 CD 1.56 C 1.18 B 

   A 1.00 C 1.00 C 1.34 C 1.84 B 2.17 B 1.47 A 

Mean   B 1.00 C 1.00 C 1.00 C 1.84 B 2.17 B 1.40 A 

of ( MAP) C 1.00 C 1.00 C 1.17 C 2.00 B 2.67 A 1.57 A 

   Mean 1.0 C 1.00 C 1.17 C 1.89 B 2.33 A  

Means in the same column having the same letter are not significantly different at 0.05 

level by Duncan’s multiple rang test.  

A=Passive MAP 

B=Active MAP(5%02+5%Co2) 

C=Active MAP(5%02+10%Co2) 
 

Color: 
         The color of the homogenized samples was measured recording L value 
and hue angle. The L value is measure of the lightness of the florets, while 
the hue angle represents acoordinat in a standardized color space. 
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       Changes in lightness (L) and hue angle (ho) values were observed during 
storage compared to initial values (Table 4). Lightness of broccoli florets was 
affected by storage time. An increment in L value was detected during by 
prolonging the storage period. Broccoli backed in the two packaging material, 
in addition to active MAP at 5% O2 + 10% Co2 reduced this increases in L 
value and remained very close to the initial value during storage, resulted in 
darker color (lower L value). These results are in agreement with those 
obtained by Charles et al. (1991). 

 

Table(4): Effect of active and passive modified atmosphere packages 

(MAP) on color (L.Value) of broccoli florets during storage in 

2009 and 2010 seasons. 
Packaging 

MAP 
/ storage period (days) 

Mean 
materials 0 4 8 12 16 

   2009 season  

   A 41.00 N 41.58 H-M 42.47 DEF 43.67 B 45.73 A 42.89 A 

Polyethylene B 41.00 N 41.31 MN 41.93 F-K 42.15 E-H 42.85 D 41.85 B 

   C 41.00 N 41.18 MN 41.60 H-M 41.88 G-L 42.23 E-G 41.58 CD 

   Mean 41.00 G 41.36 F 42.00 DE 42.57 C 43.60 A 42.11 A 

   A 41.00 N 41.44 J-N 42.61 DE 43.19 BC 45.26 A 42.70 A 

Polypropylene B 41.00 N 41.21 MN 41.53 I-N 42.03 F-I 42.48 DEF 41.65 BC 

   C 41.00 N 41.07 MN 41.23 MN 41.40 K-N 42.00 F-J 41.34 D 

   Mean 41.00 G 41.24 FG 41.79 E 42.21 D 43.25 B 41.90 B 

   A 41.00 H 41.51 E-G 42.54 C 43.43 B 54.50 A 42.80 A 

Mean   B 41.00 H 41.26 F-H 41.73 BE 42.09 D 42.67 C 41.75 B 

of ( MAP) C 41.00 H 41.13 GH 41.42 EFG 41.64 EF 42.12 D 41.46 C 

    Mean 41.00 E 41.30 D 41.90 C 42.39 B 43.43 A  

    2010 season  

   A 41.32 N 42.61 H-M 43.52 DE 44.72 B 46.87 A 43.81 A 

Polyethylene B 41.32 N 42.33 J-M 42.98 E-I 43.20 E-G 43.91 CD 42.75 B 

   C 41.32 N 42.20 LM 42.64 G-M 42.91 F-J 43.25 E-G 42.46 C 

   Mean 41.32 G 42.38 F 43.05 DE 43.61 C 44.68 A 43.01 A 

   A 41.32 N 42.34 J-M 43.11 E-H 44.12 C 47.00 A 43.58 A 

Polypropylene B 41.32 N 42.23 K-M 42.74 F-L 43.07 E-H 43.20 E-G 42.51 BC 

   C 41.32 N 42.10 M 42.44 I-M 42.30 KLM 42.81 F-K 42.19 D 

   Mean 41.32 G 42.22 F 42.76 E 43.16 D 44.34 B 42.76 B 

   A 41.32 I 42.48 FGH 43.32 CD 44.42 B 46.94 A 43.69 A 

Mean   B 41.32 I 42.28 GH 42.86 EF 43.14 DE 43.56 C 42.63 B 

of ( MAP) C 41.32 I 42.15 H 42.547 F-H 42.61 FG 43.03 DE 42.33 C 

   Mean 41.32 E 42.30 D 42.91 C 43.39 B 44.15 A  

Means in the same column having the same letter are not significantly different at 0.05 

level by Duncan’s  multiple rang test.  

A=Passive MAP 

B=Active MAP(5%02+5%Co2) 

C=Active MAP(5%02+10%Co2) 
 
      Hue angle (ho) gave the best indication of greenness. Data in Table (5) 
indicate that there was a decrease in hue angle value during storage, 
however, broccoli florets packed in polypropylene film were more green 
(higher hue angle value) as compared with polyethylene film. On the other 
hand, broccoli stored at passive MAP gave the lower value of hue angle as an 
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important degreening or intense yellowing compared to active MAP. In 
addition active MAP at 5% O2 + 10% Co2 did no show the same behavior and 
maintained high hue angle values during storage. The treatments that showed 
most retention of green color (high hue angle) were performed with broccoli 
florets packed in polypropylene film plus active MAP at 5%O2 + 10% Co2. 

These results agree with those obtained by Jacobsson and Nielsen (2003) 
who found that MAP maintain the quality and extend the shelf life of broccoli 
florets by delaying softening and color changes. 

 

Table(5): Effect of active and passive modified atmosphere packages 

(MAP) on color (hue angle hO)  of broccoli florets during 

storage in 2009 and 2010 seasons. 

 

Total chlorophyll: 
       Data in Table (6) showed that chlorophyll content in broccoli florets 
decreased gradually during storage. This decrement could be attributed to the 
gradual increase of destruction by chlorophyll degrading peroxide (POD) 
activity which is t transformation of chloroplasts to chromplasts (Charles et al., 
1991). 

Packaging 
MAP 

storage period (days) 
Mean 

materials 0 4 8 12 16 

   2009 season  

   A 125.22 A 121.24 EFC 116.12 KL 110.33 N 106.43 P 115.87 E 

Polyethylene B 125.22 A 123.24 CD 120.43 FG 117.04 K 115.30 LM 120.25 C 

   C 125.22 A 123.90 B-D 122.15 E 119.43 HI 116.65 K 121.47 B 

   Mean 125.22 A 122.79 B 119.57 D 115.60 F 112.79 G 119.19 B 

   A 125.22 A 121.24 EF 118.75 IJ 114.65 M 109.03 0 117.78 D 

Polypropylene B 125.22 A 124.14 BC 122.15 E 119.72 GH 118.27 J 121.90 B 

   C 125.22 A 125.22 AB 123.14 D 121.74 E 120.46 FG 123.16 A 

   Mean 125.22 A 123.53 B 121.35 C 118.70 E 115.92 F 120.94 A 

   A 125.22 A 121.24 DE 117.44 G 112.49 H 107.73 I 116.82 C 

Mean   B 125.22 A 123.69 B 121.29 D 118.38 F 116.79 G 121.07 B 

of ( MAP) C 125.22 A 124.56 B 122.65 C 120.59 E 118.56 F 122.31 A 

    Mean 125.22 A 123.16 B 120.46 C 117.15 D 114.36 E  

    2010 season  

   A 123.24 A 118.73 EF 113.79 KL 108.11 N 104.30 P 113.63 E 

Polyethylene B 123.24 A 120.75 C 118.00 FG 114.68 K 112.98 LM 117.93 C 

   C 123.24 A 121.42 BC 119.70 D 117.02 HI 114.33 K 119.14 B 

   Mean 123.24 A 120.30 B 117.16 D 113.27 F 110.54 G 116.90 B 

   A 123.24 A 118.82 DEF 116.35 IJ 112.33 M 106.83 0 115.51 D 

Polypropylene B 123.24 A 121.60 BC 119.70 D 117.33 GH 115.90 J 119.55 B 

   C 123.24 A 121.73 B 120.66 C 119.31 DE 118.05 FG 120.60 A 

   Mean 123.24 A 120.72 B 118.90 C 116.32 E 113.59 F 118.56 A 

   A 123.24 A 118.78 DE 115.07 G 110.22 H 105.57 I 114.57 C 

Mean   B 123.24 A 121.18 B 118.85 D 116.01 F 114.44 G 118.74 B 

of ( MAP) C 123.24 A 121.58 B 120.18 C 118.17 E 116.19 F 119.87 A 

    Mean 123.24 A 120.51 B 118.03 C 114.80 D 112.07 E  

Means in the same column having the same letter are not significantly different at 0.05 

level by Duncan’s multiple  rang test.  

A=Passive MAP 

B=Active MAP(5%02+5%Co2) 

C=Active MAP(5%02+10%Co2) 
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        Concerning the effect of packaging materials, data revealed that the 
highest content of chlorophyll was obtained from broccoli florets packed in 
polypropylene film. 
         

Table(6): Effect of active and passive modified atmosphere packages 

(MAP) on total chlorophyll(mg/100mg f.w) of broccoli florets 

during storage in 2009 and 2010 seasons. 

Means in the same column having the same letter are not significantly different at 0.05 

level by Duncan’s multiple rang test.  

A=Passive MAP 

B=Active MAP(5%02+5%Co2) 

C=Active MAP(5%02+10%Co2) 

 
Florets packed in active MAP retained more chlorophyll content 

compared with those of passive MAP which gave the lowest ones. The most 
important delay in chlorophyll degradation was observed in florets exposed to 
5% O2 + 10 Co2.  
       The interaction of packaging material, MAP and storage period was 
significant after 16 days of storage. The lowest value of chlorophyll contents 
was noted in broccoli florets packed in polyethylene film plus passive MAP, 
while the highest one was found in broccoli packed in polypropylene film plus 
active MAP at 5% O2 + 10% Co2 during the same period. 
 

 

Packaging 
MAP 

storage period (days) Mean 

materials 0 4 8 12 16  

   2009 season  

   A 103.25 A 100.08 D 96.75 G 93.29 J 89.24 M 96.52 F 

Polyethylene B 103.25 A 101.23 C 99.27 E 95.41 H 91.27 K 98.09 D 

   C 103.25 A 101.98 B 101.10 C 97.43 F 94.35 I 99.62 B 

   Mean 103.25 A 101.10 C 99.04 E 95.38 G 91.63 I 98.08 B 

   A 103.25 A 100.24 D 97.42 F 95.19 H 90.37 L 97.29 E 

Polypropylene B 103.25 A 102.27 B 100.22 D 97.27 F 93.31 J 99.26 C 

   C 103.25 A 102.14 B 101.26 C 99.4 E 97.32 F 100.68 A 

   Mean 103.25 A 101.55 B 99.63 D 97.39 F 93.67 H 99.08 A 

   A 103.25 A 100.16 E 97.09 H 94.24 K 89.81 M 96.91 C 

Mean   B 103.25 A 101.75 C 99.75 F 96.34 I 92.29 L 98.68 B 

of ( MAP) C 103.25 A 102.60 B 101.18 D 98.42 G 95.84 J 100.15 A 

    Mean 103.25 A 101.32 B 99.34 C 96.33 D 92.64 E  

    2010 season  

   A 101.82 A 98.05 FG 95.30 J 92.39 M 89.24 0 95.36 E 

Polyethylene B 101.82 A 99.98 D 97.78 G 94.55 K 91.28 N 97.08 C 

   C 101.82 A 100.73 C 99.59 DE 96.46 I 93.43 L 98.41 B 

   Mean 101.82 A 99.59 C 97.56 E 94.47 G 91.32 I 96.95 B 

   A 101.82 A 99.31 E 96.93 H 93.05 L 89.37 0 96.10 D 

Polypropylene B 101.82 A 101.33 B 99.72 D 96.12 I 93.31 L 98.46 B 

   C 101.82 A 101.53 AB 100.73 C 98.28 F 96.37 I 99.75 A 

   Mean 101.82 A 100.72 B 99.13 D 95.82 F 93.02 H 98.10 A 

   A 101.82 A 98.68 E 96.12 G 92.72 J 89.31 L 95.73 C 

Mean   B 101.82 A 100.66 C 98.75 E 95.34 H 92.30 K 97.77 B 

of ( MAP) C 101.82 A 101.13 B 100.16 D 97.37 F 94.90 I 99.08 A 

    Mean 101.82 A 100.16 B 98.34 C 95.14 D 92.17 E  
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Gas composition inside the packages: 
        Since broccoli is still alive after harvest it also respires. It is necessary to 
achieve proper gas composition in the packages, so it is very important to 
study the gas changes inside the package of MAP.  
       Moreover, the atmosphere analysis showed that, in two packages, the 
atmosphere had been modified (Tables 7&8). The O2 and Co2 inside the 
packages differed significantly between packaging materials. Broccoli florets 
packed in polyethylene film had low O2 and high Co2 as comported with  those 
in polypropylene ones. The O2 concentration was above the critical 
concentration (0.5-2.5%) for developing off-odor (Ballantyne et al., 1988; 
Makhlouf et al., 1989). 

       

Table(7): Effect of active and passive modified atmosphere packages 

(MAP) on O2 concentration inside the packages of broccoli 

florets during storage in 2009 and 2010 seasons.   

 
 
 
 

Packaging 
MAP 

storage period (days) 
Mean 

materials 0 4 8 12 16 

   2009 season  

   A 20.80 A 19.00 C 15.45 E 12.37 F 10.00 G 15.52 B 

Polyethylene B 5.00 H 3.60 L 3.00 M 2.80 M 2.20 N 3.32 E 

   C 5.00 H 4.60 HI 4.40 IJ 4.00 J-L 2.00 N 4.00 D 

   Mean 10.27 A 9.07 D 7.62 F 6.39 G 4.73 H 7.61 B 

   A 20.80 A 20.37 A 19.60 B 17.87 D 15.07 E 18.74 A 

Polypropylene B 5.00 H 4.63 HI 4.43 IJ 4.00 J-L 3.70 KL 4.35 C 

   C 5.00 H 4.70 HI 4.60 HI 4.13 JK 3.93 KL 4.47 C 

   Mean 10.27 A 9.90 B 9.54 C 8.67 E 7.57 F 9.19 A 

   A 20.80 A 19.69 B 17.53 C 15.12 D 12.54 E 17.13 A 

Mean   B 5.00 F 4.12 H 3.72 I 3.40 I 2.95 J 3.84 C 

of ( MAP) C 5.00 F 4.65 G 4.50 G 4.07 H 2.97 J 4.24 B 

    Mean 10.27 A 9.48 B 8.58 C 7.53 D 6.15 E  

    2010 season  

   A 20.80 A 18.83 D 14.50 F 11.30 G 10.20 H 15.13 B 

Polyethylene B 5.00 I 4.30 KL 4.13 L-N 3.57 0 2.10 P 3.82 D 

   C 5.00 I 4.47 JKL 4.30 KL 3.70 0 1.87 P 3.87 D 

   Mean 10.27 A 9.20 C 7.64 E 6.19 G 4.72 H 7.60 B 

   A 20.80 A 20.20 B 19.30 C 17.17 E 14.70 F 18.43 A 

Polypropylene B 5.00 I 4.63 I-K 4.23 LM 3.77 N0 3.50 0 4.23 C 

   C 5.00 I 4.70 IJ 4.37 J-L 3.87 M-0 3.73 0 4.33 C 

   Mean 10.27 A 9.84 B 9.30 C 8.27 D 7.31 F 9.00 A 

   A 20.80 A 19.52 B 16.90 C 14.24 D 12.45 E 16.78 A 

Mean   B 5.00 F 4.47 G 4.18 H 3.67 I 2.80 J 4.02 B 

of ( MAP) C 5.00 F 4.59 G 4.34 GH 3.79 I 2.80 J 4.10 B 

    Mean 10.27 A 9.52 B 8.47 C 7.23 D 6.02 E  

Means in the same column having the same letter are not significantly different at 0.05 

level by Duncan’s multiple rang test.  

A=Passive MAP 

B=Active MAP(5%02+5%Co2) 

C=Active MAP(5%02+10%Co2) 
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Table(8): Effect of active and passive modified atmosphere packages 

(MAP) on Co2 concentration inside the packages of broccoli 

florets during storage in 2009 and 2010 seasons. 

 

The O2 levels in active MAP were lower than that of passive MAP as 
shown in Table (7). While the values of Co2 were higher (Table 8). The O2 
level decreased and Co2 increased continuously until reached 6.09 % O2 and 

11.26% Co2  after 16 days of storage at 0oC (average of the two seasons). 
      After 16 days at 0oC, the gas concentrations were 2.88 % O2 & 12.28% 
Co2 and 2.89% O2 & 15.59% Co2 (average of the two seasons) in active MAP 
at 5% O2 + 5% Co2 and 5% O2 + 10% C02 respectively. The gas composition 
inside the passive package reached 12.5% O2 & 5.91% Co2 in the same 
period. 

 

 

 

 

 

Packaging 
MAP 

storage period (days) 
Mean 

materials 0 4 8 12 16 

   2009 season  

   A 0.03 T 2.20 R 3.57 Q 5.73 M 7.20 K 3.75 E 

Polyethylene B 5.00 N 6.00 M 10.00 I 12.07 E 15.27 C 9.67 C 

   C 10.00 I 11.40 F 13.07 D 16.00 B 19.77 A 14.05 A 

   Mean 5.01 H 6.53 F 8.88 C 11.27 B 14.08 A 9.15 A 

   A 0.03 T 1.30 S 2.43 R 3.93 P 4.50 0 2.44 F 

Polypropylene B 5.00 N 5.70 M 6.67 L 7.30 K 8.53 J 6.64 D 
   C 10.00 I 10.40 H 10.90 G 11.37 F 11.93 E 10.92 B 

   Mean 5.01 H 5.80 G 6.67 F 7.53 E 8.32 D 6.67 B 

   A 0.03 L 1.75 K 3.00 J 4.83 I 5.85 H 3.09 C 

Mean   B 5.00 I 5.85 H 8.34 G 9.69 F 11.90 C 8.15 B 

of ( MAP) C 10.00 E 10.90 D 11.99 C 13.69 B 15.85 A 12.48 A 

    Mean 5.01 E 6.17 D 7.77 C 9.40 B 11.20 A  

    2010 season  

   A 0.03 N 2.30 LM 4.07 K 5.80 I 7.30 H 3.90 E 

Polyethylene B 5.00 I-K 7.07 H 10.07 FG 13.17 D 15.47 C 10.16 C 

   C 10.00 FG 11.50 E 14.17 D 17.17 B 19.07 A 14.38 A 

   Mean 5.01 H 6.96 EF 9.44 C 12.05 B 13.95 A 9.48 A 

   A 0.03 N 1.30 M 2.73 L 3.97 K 4.63 JK 2.53 F 

Polypropylene B 5.00 I-K 5.43 IJ 5.90 I 7.40 H 9.83 G 6.71 D 

   C 10.00 FG 10.53 E-G 10.70 E-G 11.13 EF 11.57 E 10.79 B 

   Mean 5.01 H 5.75 G 6.44 F 7.50 E 8.68 D 6.68 B 

   A 0.03 K 1.80 J 3.40 I 4.89 H 5.97 G 3.22 C 

Mean   B 5.00 H 6.25 G 7.99 F 10.29 DE 12.65 C 8.432 B 

of ( MAP) C 10.00 E 11.02 D 12.44 C 14.15 B 15.32 A 12.58 A 

  Mean 5.01 E 6.36 D 7.94C 9.77 B 11.31 A  

Means in the same column having the same letter are not significantly different at 0.05 

level by Duncan’s multiple rang test.  

A=Passive MAP 

B=Active MAP(5%02+5%Co2) 

C=Active MAP(5%02+10%Co2) 
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CONCLUSION 
    

        Broccoli florets packed in polypropylene film and exposed to active MAP 
(5% O2 + 10% Co2) were the most effective treatment for reducing weight loss 
and color change and maintaining high content of chlorophyll and gave florets 
with a good appearance for 16 days at 0oC and 95% RH. 
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 .المفصصةالبروكولى  لرؤوسة فى جو هوائى معدل على صفات الجودة عبئتتأثير ال
 و2صننننندي النننننديي محمنننننود الم يننننناو  ،2محمننننند امنننننا  رجننننن  ،1محسننننني السنننننيد محمننننند

 1البسيو ى ية البسيو ى ابراهي راو

 -الجين ة -الندقى -مركن  البحنوث ال راعينة -معهند بحنوث البسناتيي -قس  بحوث تنداول الضرنر -1

 .مصر

 .مصر -القاهرة -شبرا الضيمة -جامعة عيي شمس -كلية ال راعة -قس  البساتيي -2
 

( بدرر تتم ةتت  ير رر تتوك ن ربلار كتت ب   يعلتت  هجتت 9000،  9002أجريتته هتتلت ربةجرلاتتم ستت      تت   
( علتت  أ  ربتتلد ةحد تتث رب  تتور نو تتمو  لاوبحقن ربتتتو د درستت  رب لاتت  نتت عين  تتن رب تلوتتوه  ربجتت  ربمتت ر   رب  تتد 

 رط لاتتم  درجم   تت دربلار كتت ب  رب وصصتتم ستت   ربةستت ين رب لاتترد علتت  درجتتم صتتور بتترس  صتتووه ربجتت د  
 ي م. 01ب د   % 29ن لايم 

فتت  ربلاتت ب  لار لاتتوبين ربتت  رحةووزمتتو لاوبط رجتتم  ر س تتررر أدد ة لا تتم رس   ربلار كتت ب  رب وصصتتم 
حيت  بت حز عتن  . ر ند وج  أق  رر حم غير  رغ لام س   ربةس ين  قورنم لاوبة  ةم ة لا ةمو فت  ربلات ب  ري يلتين

  ج د فرق   ن د ف  فقد رب  ن أ نوء ربةس ين بللار ك ب  رب س ن ف  ر ن رع رب سةلوم  ن رب تلووه.
يتتةم حقنمتتو أدد حقتتن ر كيتتو  لاوبتتتو ره ربتت  ةقليتت  فقتتد ربتت  ن بللار كتت ب  رب وصتت   قورنتتم لاتتوبة  بتتم 

 لاوبتو ره س   ربةس ين.
 تون  أك تيد ربكرلات ن  % 00أك تجين ،  % 9غو ره  سةلاتر  هت  ن ب  ن بأن أك و ر  حه ربنةو ج 

رر حم غير  رغ لام  يمبم ي حز أ  .دةمو س   ربةس ين حي  رده رب  رحةووز رس   ربلار ك ب  رب وصصم لاج
 تتون   % 9أك تتجين ،  % 9فتت  ربلار كتت ب  رب وصتت   رب  لاتت  فتت  ربلاتت ب  لار لاتتوبين  تتم حقنتتث لاوبتتتو ره لان تتب 

أ  ربةت  بتم يتةم حقنمتو لاوبتتو ره  ربكرلا ن  ون  أك يد % 00أك جين ،  % 9لاين و ربة  حقنه لاـ  ربكرلا ن أك يد
 أعطه رر حم لا يطم.
لاة لا م ربلار ك ب  رب وص  ف  علا ره  ن ربلا ب  لار لاوبين  حقنث لاوبتو ره لان لام  صيم  عليث ي كن ربة

 تتون  أك تتيد ربكرلاتت ن حيتت  ي كتتن رن يزتت  علتت  درجتتم ربصتتور رب  تت د  رط لاتتم ن تتلايم  %00أك تتجين   9%
 ي م  حةوز لا زمر سورج  جيد.  01ب د   29%
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