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ABSTRACT 

 

Broccoli heads (Brassica oleracea var. Italica) 

Sakura F1 Hybrid were get from private farm in al-

nuwbaria Beheira Government. Heads were har-

vested at the appropriate stage of harvesting on 22th 

and 13th February 2017 and 2018, respectively, and 

then transported immediately to Horticulture Re-

search Institute, ARC. The impact of edible coatings 

and packaging on the postharvest appearance and 

compositional quality changes of separated florets 

broccoli stored at 0°C were determined. Separated 

florets rinsed with chlorinated water (150 ppm) then 

washed by distilled water. The samples were then 

allowed to dry. Broccoli florets were dipped in chi-

tosan solution at 0.5 and 1% concentration for 3 

min. Carboxymethyl cellulose solution at 0.5 and 

1% concentration for 3 min and distilled water rep-

resented as control. All treatments were dried and 

packed in non-perforated polypropylene bags (non-

PPPb) or micro-perforated polypropylene bags (mi-

cro-PPPb) and stored at 0°C for 20 days plus 2 days 

at 10°C (shelf life). Results showed that loss of 

weight, decay, off odor, discoloration and peroxi-

dase activity, of broccoli florets were increased as 

the storage period increased, while general appear-

ance, total chlorophyll and total phenolic content 

were decreased. For the influence of packaging ma-

terial the results showed that there were significant 

differences between packaging materials on quality 

of florets. Broccoli florets which packed in non-per-

forated polypropylene bags (non-PPPb) had better 

florets quality as compared with those packed in mi-

cro-perforated polypropylene bags (micro-PPPb) 

during storage plus shelf life. Chitosan at 0.5 or 1% 

is the huge influence in reducing weight loss%, de-

cay (score) peroxidase enzyme activity, off odor 

(score), discoloration (score) as well as in maintain-

ing total chlorophyll and total phenolic contents dur-

ing storage plus shelf life. Furthermore, florets 

dipped in chitosan 1% and then packed in non-

PPPb was the most effective treatment in retarding 

loss of quality attributes, through the storage peri-

ods and helped in retarding deterioration and gave 

florets with good appearance after 20 days at 0°C 

plus 2 days at 10°C (shelf life) without decay. 

 
Keywords: Broccoli florets, Chitosan, Carboxyme-

thyl cellulose, packaging material, cold storage, 

shelf life. 

 
INTRODUCTION 

 
Broccoli (Brassica oleracea var. Italica) is a very 

popular vegetable crop around the world due to its 

exceptional health benefits and effective in due to 

anti carcinogenic compound (Gu et al 2015). Be-

sides its appreciable contents of thiamin, riboflavin, 

niacin, calcium, potassium, magnesium, iron and 

protein, broccoli is fairly high in vitamin A and C and 

total phenolic compound (Phuong et al 2018). 

Broccoli heads senesce rapidly as is typical of com-

modities harvested before physical growth has 

ceased Fan and Mattheis, 2000). Broccoli is a per-

ishable commodity with a short shelf life after har-

vest. Quality losses are mostly due to surface dehy-

dration, degreening and yellowing of sepals accom-
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panied by chlorophyll breakdown, and tissue hard-

ening. Loss of green colour in florets has been at-

tributed to chlorophyll degradation and   is related to 

respiration rate. Ethylene production, and lipid pe-

roxidation processes (Zhuang et al 1995). Cutting 

process of broccoli florets increase tissue damage 

and subsequently increase respiration rate and bio-

chemical reactions responsible for changes in color, 

flavor and texture and causing microbiological con-

tamination (Gonzàlez-Aguilar et al 2009)  

Precooling to 0°C is enhanced the quality and 

reducing metabolism and as a result shelf life is pro-

longed. But the storage quality of fresh-cut broccoli 

can be further improved by developing new technol-

ogies that reduced fresh cut deterioration by delay-

ing decay, softening and color changes. Modified at-

mosphere packaging with permeable polymeric 

films enhanced the shelf life of broccoli florets by 

modification of gases around of products 

(Schlimme and Rooney, 1994) 

The beneficial effect of different packages and 

polymer films on storage of broccoli florets reported 

by (Serano et al 2006 and Phuong et al 2018). 

Edible coatings are the innovation approaches 

to maintaining the quality and extend shelf life of 

product. An edible film has biological materials (pro-

teins, lipids and polysaccharides). The polysaccha-

rides can be included starch and starch derivatives, 

cellulose derivatives, chitosan, pectin, carboxyme-

thyl cellulose, alginate and other gums (Tzoumaki 

et al 2009). 

Chitosan coating have been successfully used 

in agricultural and food application, mainly because 

its antimicrobial and structural properties that allow 

its use as an edible coating. A chitosan coating have 

the property to create a semipermeable barrier that 

controls gas exchange and reduce water loss, 

thereby maintaining tissue firmness and reducing 

microbial decay of harvested vegetables for ex-

tended periods (Devlieghere, Vermeulen & 

Debevere, 2004). 

Carboxymethyl cellulose (CMC) is a linear long-

chain, water-soluble, anionic polysaccharide (Hat-

tori et al 2004). Carboxymethyl cellulose is a cellu-

lose derivative. It has a lot of functions as edible 

coating for vegetables to retard dehydration, mois-

ture loss, oxygen and carbon dioxide exchanges, 

decrease respiration, improving textural and seal in 

volatile flavor compounds (Lee et al 2003), so it can 

maintain quality during transportation and shelf life 

of the fresh commodity.    

On the other hand, it can be increased demand 

for fresh-cut broccoli due to its convenience and 

proved benefits on human health. This study was 

initiated to evaluate the effect of edible coating (Chi-

tosan and Carboxymethyl cellulose) and packaging 

on quality parameters of fresh cut broccoli during 

cold storage plus shelf life. 

 

MATERIALS AND METHODS 

 

Plant material  

 

Marketable heads of Sakura F1 Hybrid were har-

vested on 22th and 13th February 2017 and 2018, re-

spectively, from a commercial farm located in Be-

heira Government. Harvested heads were immedi-

ately transferred in refrigerated trucks to Horticul-

ture Research institute, ARC. Heads were sepa-

rated into florets and rinsed with chlorinated water 

(150 ppm) then washed by distilled water. The sam-

ples were then allowed to dry.  

 

Preparation of coating films 

 

Chitosan solutions were prepared by dissolving 

5g or 10g chitosan powder in 1000 ml of distilled 

water, respectively and homogenized by magnetic 

stirrer (5 ml acetic acid) was added into the mixture 

as a plasticizer (Moreira et al 2011). 

Carboxymethyl cellulose solutions were pre-

pared by dissolving 5g or 10 g of Carboxymethyl cel-

lulose (CMC) powder in 1000 ml of water and ethyl 

alcohol (2:1) at 75°C under the high speed mixer 

(900 rpm) for 15 min. then, glycerol has been added 

(1.5% w/ v) and the solution was stirred for another 

10 min under the same conditions Haffez (2016). 

 

Coating application  

 

Broccoli florets were dipped in the following film-

forming solution for 3 minutes: 

1- Chitosan at 0.5%.      

2- Chitosan at 1%. 

3- Carboxymethyl cellulose at 0.5%. 

4- Carboxymethyl cellulose at 1%. 

5- Distilled water (untreated control). 

 

All broccoli florets treatments were dried and 

sorted for uniformity and packed in micro-perforated 

polypropylene bags (micro-PPPb) or non-perfo-

rated polypropylene bags (non-PPPb) (30μ m thick-

ness, 20x30cm size) and each package contained 

about 250g as one replicate.                                                                                       
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broccoli florets during cold storage 

Samples were weighted, labeled and stored at 

refrigerated storage (0°C and 90-95% relative hu-

midity (RH).The cold stored florets samples were 

examined every 4 days as follows: 4, 8, 12, 16, 20 

days of cold storage, after which three randomly se-

lected package of each treatment were transferred 

for 2 days at 10°C (retail storage temperature).This 

represented a total storage of 6, 10, 14, 18 and 22 

days, respectively. 

Three replicates for every treatment were ran-

domly chosen at each evaluating date. The follow-

ing characters were evaluated for the two seasons 

before and during storage. 

 

1-Weight loss (%): It was calculated according to 

the equation: = [(initial weight of florets – weight of 

florets at sampling data)/ (initial weight of florets)] 

x100 (Nath et al 2011). 

2- Decay was measured on a scale of 1= non , 2= 

slight , 3= moderate , 4= severe , 5= extreme (Risse 

and Miller, 1986). 

3- Off-odor was evaluation on a scale of 1 to 5 

where 1= none, 2=slight, 3= moderate, 4=severe 

and 5= extremely severe (Saad, 2013).   

4- General appearance as evaluated using a scale 

from 9 to 1, were 9= excellent, 7= good, 5= fair, 3= 

poor, 1= unsalable (Kader et al 1973). 

5- Discoloration as evaluated on a scale of 1 to 5, 

were 1= non, 2= slight, 3= moderate, 4= severe, and 

5= extra sever, as described by Cantwell et al 

(2009). 

6- Total chlorophyll content as determined ac-

cording to AOAC (1990). 

7- Total Phenolic content as determined accord-

ing to Singleton et al (1999). 

8- Peroxidase enzyme (POD) activity: POD en-

zyme activity was determined  using the method re-

ported by Jiang et al (2002)  

 

Statistical analysis  

 

Data were analyzed using a completely random-

ized design factorial (3Factors) with replicates. Two 

packaging (P) were used as main treatment (1st fac-

tor). Each include fife sub treatment (T) (2st fac-

tors)[control, chitosan 0.5%, chitosan 1%, CMC 

0.5%, CMC 1%] and each sub treatment divided to 

six storage period (S) as sub sub treatment (3ed fac-

tor) each include three replicates (250 g each). The 

entire experiment was repeated twice. The data 

were tabulated and analyzed for statistical signifi-

cant difference using the LSD test at 0.05 level of 

significance, according to (SAS. 2006).  

 

RESULTS AND DISCUSSION 

 

1- Weight loss percentage (%)  

 

Data in Table (1) indicated that weight loss % of 

broccoli florets was increased gradually as the stor-

age period extended. The highest weight loss val-

ues were obtained at the end of the storage. Respi-

ration, senescence and other metabolism pro-

cesses may be the cause of the loss of weight dur-

ing storage (Wills et al 1989). 

Concerning the effect of packaging data re-

vealed that florets packed in non- perforated poly-

propylene bags (non-PPPb) had a more striking ef-

fect on reducing weight loss as compared with those 

packed in micro-perforated polypropylene bags (mi-

cro PPPb) during storage and shelf life with signifi-

cant difference between them .These results are in 

agreement with (Nath et al 2011). Lowest weight 

loss from broccoli florets packed in non-PPPb is 

may be due to the confinement of moisture around 

the produce, which subsequently increases the rel-

ative humidity and reduces vapor pressure deficit 

and transpiration. In addition, packaging in non-

PPPb creates a modified atmosphere around the 

produce which slows down metabolic processes 

and respiration rate, hence diminished the weight 

loss during storage (Jacobsson et al 2004). 

Data also demonstrate the effect of coating 

treatments, data showed that all coating treatments 

gave significantly lower weight loss percentage of 

florets compared to untreated control, however 

broccoli florets dipped in chitosan at 0.5 or 1% were 

the most effective treatments in reducing the weight 

loss percentage with significant differences be-

tween them followed by caboxymethyl- cellulose 

(CMC) at 1%, while CMC at 0.5% was less effective 

in this concern. The highest value of weight loss per-

centage was recorded with untreated control. These 

results were in agreement with Ansorena et al 2011 

for chitosan or CMC.   

Lowest weight loss from edible coating treat-

ments has been attributed to the formation of a sem-

ipermeable film on the florets surface, consequently 

modifying the internal atmosphere of the florets with 

limited gas exchanges due to the coating barrier, 

thus enzymatic activity and metabolism in evolving 

respiration can be affected thereby resulting in 

lower weight loss Raymond et al  2012. Also, Shiri 

et al 2013 found that edible coating reduced weight 

loss as it enables epidermal tissues to control water 

loss and reduce respiration rate, barrier to water va-

por reducing moisture loss and delaying product de-

hydration. 
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Table 1. Effect of some edible coating treatments packaging on weight loss% of Broccoli florets during cold 

storage (Average of two seasons).   

 

Packaging 

(P) 

Treatment 

(T)  

Storage* period(S)(days)   

0 4+2 8+2 12+2 16+2 20+2 mean 

m
ic

ro
-p

e
rf

o
ra

te
d

 

p
o

ly
p

ro
p

y
le

n
e
 

b
a

g
s
 

Control 1.25 1.56 2.53 3.83 6.76 8.78 4.12 

chitosan 0.5% 0.59 1.00 1.68 1.83 2.11 3.27 1.66 

chitosan 1% 0.38 0.60 0.79 1.10 1.38 2.90 1.19 

CMC**0.5% 1.01 1.47 1.89 2.65 4.32 4.32 2.17 

CMC**1% 0.82 1.20 1.48 1.79 2.49 3.64 1.90 

 Mean 0.81 1.70 1.53 2.09 3.08 4.58 2.21 

n
o

n
-p

e
rf

o
ra

te
d

 

p
o

ly
p

ro
p

y
le

n
e
 

b
a

g
s
 

Control 0.62 1.02 1.46 1.76 2.28 2.96 1.67 

chitosan 0.5% 0.17 0.33 0.49 0.63 0.75 0.95 0.55 

chitosan 1% 0.075 0.098 0.205 0.29 0.38 0.49 0.25 

CMC**0.5% 0.35 0.71 0.94 1.11 1.39 1.77 1.05 

CMC**1% 0.33 0.53 0.71 0.84 0.97 1.28 0.77 

  Mean 0.30 0.53 0.76 0.92 1.14 1.49 0.86 

A
v
e

ra
g

e
 Control 0.93 1.29 2.00 0.68 4.47 5.87 2.89 

chitosan 0.5% 0.38 0.66 0.83 1.23 1.43 2.11 1.09 

chitosan 1% 0.23 0.35 0.49 0.69 0.88 1.70 0.72 

CMC**0.5% 0.68 1.09 1.32 1.50 2.03 3.05 1.61 

CMC**1% 0.57 0.86 1.09 1.32 1.73 2.46 1.34 

  Mean 0.56 0.85 1.15 1.51 2.11 3.04   

*storage period=number of days at 0°C days + 2days at 10°C (Shelf life) 

** Carboxymethyl cellulose LSD at 5%, P= 0.013, T=0.02, S=0.023, PxT=0.029,  SxT=0.051,   SxP=0.032, PxSxT=0.073 

 

The interaction between coating treatments and 

packaging had a significant effect on weight loss 

percentage during storage and shelf life. Broccoli 

florets dipped in chitosan at 1% and packed in non-

PPPb had significantly the lowest value of weight 

loss% followed by chitosan at 0.5% and then 

packed in non-PPPb with significant differences be-

tween them, while the highest value was recorded 

by uncoated control packed in micro-PPPb. 

In general, the interaction among coating treat-

ment, packaging and at the end of storage period 

was significant. After 20 days at 0°C plus 2 days at 

10°C, broccoli florets dipped in chitosan at 1% and 

then packed in non-PPPb showed the least weight 

loss percentage, while untreated control packed in 

micro-PPPb gave the highest value of weight loss 

percentage. 

 

2-Deacy  

 

Data in Table (2) showed that there was signifi-

cant difference in decay (score) with the prolonga-

tion of at the end of storage period, these findings 

agree with those of Ansorena et al (2011) on broc-

coli florets. This finding may be due to the continu-

ous chemical and bio-chemical changes happened 

in fruits such as moisture concentration and trans-

formation of complex compounds to simple forms of 

more liability to fungal infection such as solid pro-

topectin to the soluble pectin form (Wills et al 1989). 

Significant difference in decay score were found be-

tween non-PPPb and micro-PPPb, however broc-

coli florets packed in non-PPPb had lower decay in 

comparison to those packed in micro-PPPb. These 

results are in agreement with those of Bastrash et 

al (1993) who found that packaging film alter the 

gases surrounding a respiring product subsequently 

slow the normal senescence or decay of the prod-

uct.  

Data revealed that all coating treatments were 

much better in reducing decay and thus longer stor-

age period were gained. Broccoli florets dipped in 

chitosan at 1 or 0.5% were the most effective treat-

ments in minimizing decay incidence during storage 

plus shelf life with significant difference between 

them, followed by CMC at 1%, however CMC at 

0.5% was less effective in reducing this character. 
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The untreated florets (control) showed the highest 

decay incidence during storage plus shelf life. 

These results are in accordance with Moreira et al 

(2011) for chitosan on broccoli florets and An-

sorena et al (2011) for chitosan and CMC on broc-

coli florets. 

The favorable effect of chitosan treatments in re-

ducing decay may be due to the chitosan coating, 

which can inhibit the increase of peroxidase and 

polyphenol oxidase activity.  

Increasing of the antioxidant enzymes and free 

radical scavenging caused a reduction of physiolog-

ical deterioration and enhanced resistance of tissue 

against microbial attacking and reducing the spoil-

age of the product (Xing et al 2011). 

Chitosan films control the decay by modification 

of atmosphere around the product and by antimicro-

bial effect of chitosanʾs positively charged amino 

group which interacts with negatively charged mi-

crobial cell membranes, leading to the leakage of 

proteinaceous and other intracellular constituents of 

the microorganisms (Dutta et al 2009).  

Durango et al 2006 suggested that chitosan in-

fluence of bacteria by the polycationic nature of the 

molecule, this nature allows to chitosan interacting 

and forming polyelectrolyte complexes with poly-

mers produced at the bacteria cell surface.   

So, edible coatings can modification of atmos-

phere around the product by internal gas composi-

tion which delay ripening, reduce decay, decrease 

moisture loss, regulation of O2, CO2, lipids, aroma 

and flavor compounds Ansorena et al (2011)   

The interaction between coating treatments and 

packaging was significant. However, no decay was 

observed in broccoli florets dipped in chitosan at 1% 

and then packed in non-PPPb. 

Also, there was a significant interaction between 

the coating treatments, packaging and the storage 

period. For instance the decay started to be shown 

after 8 days at 0°C plus 2 days at 10°C for the con-

trol treatment, while no decay was observed in flo-

rets treated with chitosan at 1% and then packed in 

non-PPPb during all storage at the end of storage 

period. While the micro PPPb treatment was effec-

tive up to 16 days at 0°C plus 2 days at 10°C, how-

ever, the efficacy of it was reduced afterward. 
 

Table 2. Effect of some edible coating treatments and  packaging on Decay (score) of Broccoli florets during 

cold storage(Average of two seasons)   
 

Packaging 

(P) 

Treatment 

(T) 

Storage* period(S)(days)  

0 4+2 8+2 12+2 16+2 20+2 Mean 

m
ic

ro
-p

e
rf

o
ra

te
d

 

p
o

ly
p

ro
p

y
le

n
e
 

b
a

g
s
 

Control 1.00 1.00 1.66 2.33 3.66 5.00 2.44 

chitosan 0.5% 1.00 1.00 1.00 1.00 1.66 2.00 1.27 

chitosan 1% 1.00 1.00 1.00 1.00 1.00 1.67 1.11 

CMC**0.5% 1.00 1.00 1.33 1.66 3.00  4.00 2.00 

CMC**1% 1.00 1.00 1.00 1.33 1.66 2.66 1.44 

 Mean 1.00 1.00 1.20 1.46 2.20 3.00 1.65 

n
o

n
-p

e
rf

o
ra

te
d

 

p
o

ly
p

ro
p

y
le

n
e
 

b
a

g
s
 

Control 1.00 1.00 1.33 2.00 3.66 4.66 2.27 

chitosan 0.5% 1.00 1.00 1.00 1.00 1.33 1.66 1.16 

chitosan 1% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

CMC**0.5% 1.00 1.00 1.00 1.33 1.66 3.00 1.50 

CMC**1% 1.00 1.00 1.00 1.33 1.66 2.00 1.33 

 Mean 1.00 1.00 1.06 1.33 1.86 2.46 1.45 

A
v
e

ra
g

e
 

Control 1.00 1.00 1.50 2.16 3.66 4.83 2.36 

chitosan 0.5% 1.00 1.00 1.00 1.00 1.50 1.83 1.22 

chitosan 1% 1.00 1.00 1.00 1.00 1.00 1.16 1.06 

CMC**0.5% 1.00 1.00 1.16 1.50 2.33 3.50 1.75 

CMC**1% 1.00 1.00 1.00 1.33 1.66 2.33 1.38 

  Mean 1.00 1.00 1.13 1.40 2.03 2.77   

*Storage period=number of days at 0°C days + 2days at 10°C (Shelf life) 

** Carboxymethyl cellulose LSD at 5%, P= 0.09, T= 0.15, S= 0.16, PxT= 0.21,  SxT= 0.36,   SxP= 0.23, PxSxT= 0.52 

Decay (score) 1= none, 2= slight 3= moderate, 4= severe and 5= extreme. 
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3- Off odors 

 

Data in Table (3) indicated that off-odor inside 

all packages increased considerable and consist-

ently with the prolongation of storage periods. In ad-

dition, off-odor inside the different packaging mate-

rials started to be observed after 8 days at 0°C plus 

2 days at 10°C (shelf life) and then increased till the 

end of storage period. These strong off-odor have 

mainly been associated with sulphur volatile com-

pound, for example, methanethiol, hydrogen sul-

phide, dimethyl disulphide and dimethyl trisulphide 

(Forney et al 1991 and Jacobsson et al 2004). 

For the effect of packaging data revealed that 

there were significant difference between packages 

on off-odor of broccoli florets, however  no off-odor 

of  florets packed in micro-perforated polypropylene 

bags (micro-PPPb) while, those packed in (non-

PPPb) gave slight score of off-odor during storage 

and shelf life these results  coincides with those ob-

tained by Hansen et al (1993) who said that the off-

odor developed when the package contained a high 

level of CO2 in combination with very low O2 concen-

tration. Lopez-Galvez et al (1997) found that off-

odor developed in bags and their score significantly 

correlated with ethanol and acetaldehyde concen-

tration in the lettuce tissue. 

 

Table 3. Effect of some edible coating treatments packaging on off-odor (score) of Broccoli florets during 

cold storage (Average of two seasons).   

 

Packaging  

(P) 

Treatment 

(T)  

Storage* period(S)(days) 
Mean 

0 4+2 8+2 12+2 16+2 20+2 

m
ic

ro
-p

e
rf

o
ra

te
d

 

p
o

ly
p

ro
p

y
le

n
e
 

b
a

g
s
 

Control 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

chitosan 0.5% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

chitosan 1% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

CMC**0.5% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

CMC**1% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

  Mean 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

n
o

n
-p

e
rf

o
ra

te
d

 

p
o

ly
p

ro
p

y
le

n
e
 

b
a

g
s
 

Control 1.00 1.00 1.33 3.33 4.33 5.00 2.66 

chitosan 0.5% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

chitosan 1% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

CMC**0.5% 1.00 1.00 1.33 2.16 2.66 3.33 1.92 

CMC**1% 1.00 1.00 1.00 1.66 2.50 3.00 1.69 

  Mean 1.00 1.00 1.13 1.83 2.30 2.66 1.65 

A
v
e

ra
g

e
 Control 1.00 1.00 1.16 2.16 2.66 3.00 1.83 

chitosan 0.5% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

chitosan 1% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

CMC**0.5% 1.00 1.00 1.16 1.58 1.83 2.16 1.45 

CMC**1% 1.00 1.00 1.00 1.33 1.75 2.00 1.34 

  Mean 1.00 1.00 1.00 1.42 1.65 1.83   

* Storage period=number of days at 0°C days + 2days at 10°C (Shelf life) 

** Carboxymethyl cellulose LSD at 5%, P= 0.06 , T= 0.10, S= 0.10, PxT= 0.13,  SxT= 0.23,   SxP= 0.14, PxSxT= 0.32 

off-odor (score)1= none,2= slight, 3= moderate, 4= severe and 5= extremely severe. 

 

Data showed that all coating treatments gave 

the lowest score of off-odor compared with un-

treated florets (control) during storage plus shelf life, 

For instance broccoli florets dipped in chitosan at 

0.5 or 1 % was the best treatment, it did not show 

off-odor during storage plus shelf life as for CMC at 

1%, no off-odor was observed till 8 days at 0°C plus 

2 days at 10°C. 

The interaction between coating treatments and 

packaging was significant. However, no off-odor 

was observed in broccoli florets dipped in chitosan 

at 1% and then packed in non-PPPb. 

In general, the interaction among coating treat-

ments, packaging and at the end of storage period 

was significant. No off-odor was observed in all 

coating treatments and untreated control of broccoli 
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florets which packed in micro-PPPb and also, chi-

tosan at 0.5 and 1% and then packed in non-PPPb 

during all storage periods. While , CMC at 0.5 or 1% 

and then packed in non-PPPb gave a slight to mod-

erate score after 18 days of storage plus 2 days at 

10°C, however untreated control packed in (non-

PPPb) gave severe score after the same period.  

 

4- General appearance  
 

Data shown in Table (4) indicated that, during 

storage, general appearance of broccoli florets was 

significantly reduced with time. These results were 

in agreement with the finding of Ansorena et al 

(2011) on broccoli florets. Quality (score) was based 

on fresh appearance, opining, less compact, color 

change and decay (Forney et al 1991).  

Our results revealed that there was significant 

difference between packaging of broccoli florets 

during storage plus shelf life. Florets packed in non-

perforated polypropylene bags (non-PPPb) showed 

the highest score of general appearance, while 

those packed in (micro-PPPb) showed the lowest 

intensities of these attributes. These results are in 

agreement with those obtained by Shehata et al 

(2011) who found that broccoli florets packed in 

sealed polypropylene bags were perceived to have 

the highest intensities of freshness, while florets 

packed in perforated polypropylene bags were per-

ceived to have low intensities of these attributes. 

Data also showed that all coating treatments 

had significant difference between treated and un-

treated florets (control) in general appearance of 

broccoli florets during postharvest storage plus shelf  

 

 

 

Table 4. Effect of some edible coating treatments packaging on general appearance (score) of Broccoli 

florets during cold storage (Average of two seasons).   

 

Packaging 

(P) 

Treatment 

(T)  

Storage* period (S) (days) 
mean 

0 4+2 8+2 12+2 16+2 20+2 

m
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Control 9.00 7.66 6.33 3.00 1.67 1.00 4.78 

chitosan 0.5% 9.00 9.00 7.67 6.33 4.33 3.00 6.56 

chitosan 1% 9.00 9.00 8.33 7.00 6.33 4.33 7.33 

CMC**0.5% 9.00 8.33 6.33 5.00 3.00 1.66 5.56 

CMC**1% 9.00 9.00 7.00 6.33 3.00 1.66 6.00 

  Mean 9.00 8.60 7.13 5.53 3.67 2.33 6.04 

n
o
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y
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n
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b
a
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Control 9.00 8.33 7.00 6.33 3.66 1.66 6.00 

chitosan 0.5% 9.00 9.00 9.00 7.66 7.00 5.00 7.78 

chitosan 1% 9.00 9.00 9.00 9.00 8.33 7.00 8.56 

CMC**0.5% 9.00 9.00 7.66 6.33 4.33 3.00 6.56 

CMC**1% 9.00 9.00 8.33 7.00 6.33 4.33 7.33 

  Mean 9.00 8.87 8.20 7.27 5.93 4.20 7.24 

A
v
e

ra
g

e
 Control 9.00 8.00 6.66 4.66 2.66 1.33 5.38 

chitosan 0.5% 9.00 9.00 8.33 7.00 5.67 4.00 7.16 

chitosan 1% 9.00 9.00 8.66 8.00 7.33 5.66 7.94 

CMC**0.5% 9.00 8.66 7.00 5.66 3.66 2.33 6.06 

CMC**1% 9.00 9.00 7.66 6.66 4.66 3.00 6.67 

  Mean 9.00 8.73 7.67 6.40 4.80 3.27   

* Storage period=number of days at 0°C days + 2days at 10°C (Shelf life) 

** Carboxymethyl cellulose LSD at 5%, P= 0.14, T= 0.22, S= 0.24, PxT= 0.31,  SxT= 0.54,   SxP= 0.34, PxSxT= 0.77 

General appearance (score) 9= excellent, 7= good, 5= fair, 3= poor and 1= unusable. 
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life, furthermore, broccoli florets dipped in chitosan 

at 0.5 or 1% were the most effective treatments in 

maintaining general appearance during storage 

plus shelf life with significant difference between 

them. In another words, these treatments gave the 

highest score of appearance, followed by CMC 

treatment at 1%, while CMC at 0.5% was less effec-

tive in this concern. The lowest value of general ap-

pearance was recorded with uncoated florets (con-

trol). 

The maintenance of visual quality by using chi-

tosan or carboxymethyl cellulose may be due to the 

effect of these treatments on the reduction of weight 

loss, respiratory activity, degradation by enzymes, 

microbial rot of fruits and ethylene production (An-

sorena et al 2011). 

On the other hand, broccoli florets dipped in chi-

tosan at 1% and then packed in non-PPPb showed 

the best general appearance. 

The interaction among coating treatments, 

packaging and at the end of storage period had sig-

nificant effect on general appearance. Florets 

dipped in chitosan at 1% and packed in (non-PPPb) 

showed the best appearance and did not exhibit any 

changes in their appearance till 18 days at 0°C plus 

2 days at 10°C, and gave good appearance at the 

end of storage period, while chitosan treatment at 

0.5% and then packed in non-PPPb rated good ap-

pearance after 16 days at 0°C plus 2 days at 10°C. 

On the other hand, untreated florets or CMC at 0.5% 

or 1% which packed in micro-PPPb had the worst 

appearance after 20 days at 0°C plus 2 days at 

10°C. 

 

5-Discoloration 

 

The results in Table (5) revealed that there were 

increments in discoloration for the cut surface of 

broccoli florets as period of storage extended. 

These results coincide with those of Ansorena et al 

(2011) on broccoli florets. The change of color is re-

lated primarily to the oxidation of phenolic com-

pounds to o-quinones by polyphenol oxidase (PPO) 

presence of oxygen. Quinones can polymerize be to 

dark brown, black or red polymers.  

Moreira et al (2011) found that broccoli florets 

separated caused increasing in PPO activity which 

oxidizing the phenolic compounds to browning 

color. 

Concerning the effect of packaging, data re-

vealed that there was significant difference between 

packaging materials. Non-PPPb prevented the dis-

coloration in the cut surface of broccoli florets and 

showed the lowest score of discoloration when com-

pared with micro-PPPb which showed the higher 

score during storage plus shelf life. 

All coating treatments reduced the incidence of 

discoloration compared to untreated florets (con-

trol). Dipping florets in chitosan at (0.5 or 1%) pre-

vented discoloration in the cut surface and had 

lower score of discoloration with no significant dif-

ference between them followed by CMC at 1%, 

CMC at 0.5% was less effective in this concern. On 

the contrary, untreated control showed the highest 

score in discoloration. These findings agree with 

those of Ansorena et al (2011) for chitosan and 

CMC found that broccoli florets coated with chitosan 

or CMC did not impart significant changes in initial 

color were effective for inhibition enzymatic brown-

ing, obtained good color.  These inhibiting of enzy-

matic browning were related with the prevention of 

PPO enzyme activity (Vickers et al 2005). So, chi-

tosan or CMC treatments have a preventive effect 

against any changes that might occur in color (An-

sorena et al 2011). 

The interaction between coating treatments and 

packaging was significant. However, Broccoli florets 

dipped in chitosan at 1% and then packed in non-

PPPb did not show any changes in the color of the 

cut surface. 

Regarding the interaction among coating treat-

ments and packaging and storage period, data re-

vealed that broccoli florets dipped in chitosan at 1% 

and then packed in non-PPPb did not show any 

changes in the cut surface color till 16 days at 0°C 

plus 2 days at 10°C and gave non to slight score of 

discoloration at the end of storage. Moreover, chi-

tosan at 0.5% and packed in non-PPPb was the 

second best. However untreated control which 

packed in non-PPPb or micro-PPPb resulted in se-

vere discoloration with the highest score at the 

same period. 
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Table 5. Effect of some edible coating treatments and packaging on Discoloration (score) of Broccoli 

florets during cold storage (Average of two seasons)   

 

Packaging 

(P) 

Treatment 

(T)  

Storage* period(S)(days)   

0 4+2 8+2 12+2 16+2 20+2 Mean 

m
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Control 1.33 2.67 3.67 4.67 5.00 5.00 3.72 

chitosan 0.5% 1.00 1.00 1.00 1.00 2.00 2.33 1.39 

chitosan 1% 1.00 1.00 1.00 1.00 1.67 2.00 1.28 

CMC**0.5% 1.00 1.33 2.00 3.33 4.33 4.67 2.78 

CMC**1% 1.00 1.00 1.33 2.33 3.33 4.33 2.22 

  Mean 1.07 1.40 1.80 2.47 3.27 3.67 2.28 

n
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y
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n
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a
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Control 1.00 1.67 2.67 3.67 4.33 5.00 3.06 

chitosan 0.5% 1.00 1.00 1.00 1.00 1.33 1.67 1.17 

chitosan 1% 1.00 1.00 1.00 1.00 1.00 1.33 1.06 

CMC**0.5% 1.00 1.00 1.67 2.67 3.00 3.33 2.11 

CMC**1% 1.00 1.00 1.00 1.67 2.00 4.00 1.78 

  Mean 1.00 1.13 1.47 2.00 2.33 3.07 1.83 

A
v
e

ra
g

e
 Control 1.17 2.17 3.17 4.17 4.67 5.00 3.39 

chitosan 0.5% 1.00 1.00 1.00 1.00 1.67 2.00 1.28 

chitosan 1% 1.00 1.00 1.00 1.00 1.33 1.67 1.17 

CMC**0.5% 1.00 1.17 1.83 3.00 3.67 4.00 2.44 

CMC**1% 1.00 1.00 1.17 2.00 2.67 4.17 2.00 

  Mean 1.03 1.27 1.63 2.23 2.80 3.37   

* Storage period=number of days at 0°C days + 2days at 10°C (Shelf life) 

** Carboxymethyl cellulose LSD at 5%, P= 0.19, T= 0.30, S= 0.33, PxT= 0.42,  SxT=0.74,   SxP= 0.46, PxSxT= 1.05 

Discoloration was evaluated on a scale of 1 to 5 where 1= none, 2= slight, 3= moderate, 4= severe and 5= extra severe. 

 

 

6- Total chlorophyll content 

 

A statistically significant decrease was noticed 

in total chlorophyll content with time during storage 

(Table 6) Ansorene et al (2011) and Kumar & 

Singh (2017) came to similar results. This decre-

ment in chlorophyll content could be attributed to 

gradual increase in destruction by chlorophyll de-

grading peroxidase activity and also transformation 

chloroplasts to chromoplasts by chlorophyllase ac-

tivity (Charles et al 1991).  

For the effect of packaging, data show that there 

was significant difference between packages. Broc-

coli florets packed in non-perforated polypropylene 

bags reduced the loss of chlorophyll content as 

compared with those packaged in (micro-PPPb). 

These results are in agreement with Kumar and 

Singh (2017) who found that the increase in chloro-

phyll content was recorded for non-perforated pack-

ages in comparison perforated packages. Holding 

florets in non-PPPb sealed package resulted in  

higher levels of CO2 and lower levels of O2 (passive 

modified atmosphere), which apparently was suffi-

cient to prevent color changes, inhibit certain ripen-

ing processes which reduce chlorophyll degradation 

in broccoli florets (Ansorena et al 2011). Also, 

these results were in agreement with (Serrano et al 

2006) who found that broccoli florets packed in pol-

ypropylene maintained total chlorophyll content dur-

ing storage.     

Regarding the effect of coating treatments, data 

showed that all coating treatments gave significantly 

the highest value of total chlorophyll content in broc-

coli florets as compared with untreated florets, for 

instance, broccoli florets dipped in chitosan at 0.5 or 

1 % had significantly the highest value of total chlo-

rophyll contents during cold storage and shelf life, 

followed by CMC at 1, % while the lowest ones were 

obtained from untreated florets (control). These re-

sults were in agreement with those obtained by An-

sorena et al (2011) for chitosan and CMC.  
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Table 6. Effect of some edible coating treatments packaging on total chlorophyll (mg /100g fresh 

weight) of Broccoli florets during cold storage (Average of two seasons).   

 

Packaging 

(P) 

Treatment 

(T)  

Storage* period(S)(days) 
Mean 

0 4+2 8+2 12+2 16+2 20+2 

m
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p

y
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n
e
 

b
a
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Control 88.30 80.13 74.32 71.12 64.32 57.67 72.60 

chitosan 0.5% 88.58 86.18 83.38 79.43 73.32 69.41 80.05 

chitosan 1% 89.17 87.76 85.37 81.47 77.77 72.02 82.15 

CMC**0.5% 88.25 82.40 77.25 73.45 68.40 64.65 75.73 

CMC**1% 88.42 84.33 81.53 77.29 70.48 67.05 78.18 

  Mean 88.81 84.02 80.37 76.55 70.86 66.16 77.74 

n
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p

y
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n
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b
a

g
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Control 88.30 81.48 77.28 72.28 68.28 63.81 75.24 

chitosan 0.5% 88.87 86.22 83.27 80.23 76.48 73.30 81.39 

chitosan 1% 89.17 87.76 86.28 83.57 79.17 76.47 83.83 

CMC**0.5% 88.44 83.65 79.35 75.45 70.55 66.35 77.30 

CMC**1% 88.65 85.25 80.30 77.34 73.25 70.45 79.21 

  Mean 88.81 84.87 81.29 77.77 73.54 70.07 79.39 

A
v
e

ra
g

e
 Control 88.16 80.81 75.80 71.70 66.30 60.74 73.92 

chitosan 0.5% 88.72 86.20 83.32 79.83 74.90 71.36 80.72 

chitosan 1% 89.47 87.42 85.83 82.52 78.47 74.24 83.99 

CMC**0.5% 88.35 83.02 78.30 74.45 69.47 65.50 76.51 

CMC**1% 88.54 84.79 80.91 77.32 71.86 68.75 78.69 

  Mean 88.65 84.45 80.83 77.16 72.20 68.12   

* Storage period=number of days at 0°C days + 2days at 10°C (Shelf life) 

** Carboxymethyl cellulose LSD at 5%, P= 0.25, T=  0.38, S= 0.42, PxT= 0.53,  SxT= 0.93,   SxP= 0.58, PxSxT= 

1.31 

Moreover, the obtained results can be explained 

by the fact reported by (Ansorena et al 2011) who 

said that the coating films with chitosan or CMC im-

proves green color retention, with the best results 

obtained with chitosan coating. The films act as a 

gas barrier reducing the tissue. Oxygen intake can 

prevent the degradation of green colors. 

Also, the reduction of chlorophyll loss of broccoli 

florets during storage by using chitosan may be at-

tributed to these materials reduced in lower activity 

of florets, thus lower respiration rate resulted in 

lower activity of chlorophylls and consequence re-

duced color changes (Ansorena et al 2011). 

The interaction between coating treatments and 

packaging was significant. However, the highest 

value of total chlorophyll was observed in broccoli 

florets dipped in chitosan at 1% and then packed in 

non-PPPb. In general, the interaction among coat-

ing treatments, packaging and at the end of storage 

was significant. After 20 days at 0°C and 2 days at 

10°C. Broccoli florets dipped in chitosan at 0.5 or 

1% and packed in non-PPPb showed the highest 

value of total chlorophyll, while untreated florets 

packed in (micro-PPPb) gave the lowest value of to-

tal chlorophyll content. 
 

7-Total Phenolic content 
 

Results in Table (7) showed that there were sig-

nificant decreases in phenolic contents of broccoli 

with prolonged storage for all treatment, these re-

sults confirm of Raseetha and Nadirah (2018). 

Fruit and vegetables have a lot of enzyme which 

can be oxidizing and degradation of phenolic com-

pounds and caused by loss integrity of cell mem-

brane. PPO and POD were the main agents respon-

sible for the degradation of phenols in plants (Bal-

tacig et al 2011).  

Loss the integrity of the membrane results in the 

barriers and allowing enzymes to act on their sub-

strate (Zhang et al 2015). The decrease in phenolic 

content on broccoli florets is probably due to the ox-

idation of PPO enzyme to give the colored quinones 

and quinone was oxidized directly by PPO (Queiroz 

et al 2008). 
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Table 7. Effect of some edible coating treatments packaging on total phenolic content (mg GAE / 100 g 

fresh weight) of Broccoli florets during cold storage (Average of two seasons).   

 

Packaging 

(P) 

Treatment  

(T)  

Storage* period(S)(days) 
Mean 

0 4+2 8+2 12+2 16+2 20+2 
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Control 90.85 85.67 81.94 78.85 74.54 69.70 80.26 

chitosan 0.5% 92.65 90.54 88.44 87.34 83.94 81.02 87.32 

chitosan 1% 93.40 91.15 89.67 88.77 87.17 86.16 89.38 

CMC**0.5% 91.66 88.14 84.51 82.35 79.68 77.15 83.91 

CMC**1% 92.06 90.14 88.18 85.20 83.05 80.34 86.49 

  Mean 92.13 89.13 86.55 84.50 81.68 78.87 85.47 

n
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y
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b
a
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Control 91.82 89.14 85.23 82.95 79.93 77.00 84.35 

chitosan 0.5% 93.28 92.31 90.76 89.61 88.71 87.74 90.41 

chitosan 1% 94.00 93.71 93.10 92.39 92.00 91.04 92.71 

CMC**0.5% 92.42 89.77 87.58 85.70 83.84 81.68 86.83 

CMC**1% 92.81 90.77 89.05 86.18 85.17 84.33 88.32 

  Mean 92.86 91.14 89.15 87.37 85.93 84.36 88.47 

A
v
e

ra
g

e
 Control 91.33 87.41 83.58 80.90 77.24 73.36 82.31 

chitosan 0.5% 92.97 91.43 89.60 88.47 86.33 84.38 88.86 

chitosan 1% 93.70 92.43 91.36 90.58 89.58 88.60 91.05 

CMC**0.5% 92.04 88.95 86.04 84.03 81.76 79.41 85.37 

CMC**1% 92.43 90.46 88.63 85.69 84.12 82.34 87.28 

  Mean 92.49 90.13 87.85 85.93 83.80 81.62   

* Storage period=number of days at 0°C days + 2days at 10°C (Shelf life) 

** Carboxymethyl cellulose LSD at 5%, P= 0.55, T= 1.24, S= 0.26, PxT= 0.34,  SxT= 0.59,   SxP= 0.37, PxSxT= 0.84 

GAE= Gallic acid 

 

Concerning the effect of packaging, data 

showed that there were significant difference be-

tween packaging on total phenolic content, broccoli 

florets packed in (non-PPPb) had lower total phe-

nolic content as compared with those packed in (mi-

cro-PPPb).These results were in agreement with 

Serrano et al (2006) who found that polypropylene 

packages maintained total phenolic content of broc-

coli florets during storage.   

Concerning the effect of coating treatments, 

data revealed that all coating treatments gave sig-

nificantly the highest value of total phenolic content 

as compared with untreated florets (control). Fur-

thermore, broccoli florets dipped in chitosan at 1 or 

0.5% had significantly the highest value of total phe-

nolic content during storage plus shelf life with sig-

nificant difference between them, followed by CMC 

at 1%, while the lowest ones were obtained from un-

treated florets (control).These results were in line  

with the findings of Ansorena et al (2011) who sug-

gested that these compounds may have reduced 

respiration rate and its metabolic activities, hence 

suppressing the enzyme activities during storage.  

Chitosan can eliminate reactive oxygen species 

scavengers, leading to increase phenolic contents 

and antioxidants (Jongsri et al 2016). Also, chi-

tosan treatments has also been reported to activate 

the antioxidant enzymes catalase (CAT), superox-

ide dismutase (SOD) and peroxidase (POD), which 

consider an important part of the antioxidant poten-

tial during storage, in broccoli (Ansorena et al  

2011)   

The interaction between coating treatments and 

packaging was significant. Broccoli florets dipped in 

chitosan at 1% or 0.5% and packed in non-PPPb 

gave the highest value of total phenolic content. 

The interaction between coating treatments, 

packaging and at the end of storage was significant. 

After 20 days at 0°C plus 2days at 10°C, broccoli 

florets dipped in chitosan at 1% and then packed in 

(non-PPPb) showed the highest value of total phe-

nolic content, while untreated florets (control) and 

then packed in (micro-PPPb) gave the lowest ones 

in this concern. 
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8- Peroxidase enzyme activity  

 

Data in Table (8) indicated that peroxidase 

(POD) activity of broccoli florets increased along 

storage period; these results are compatible with 

Balouchi et al (2011) on broccoli. The increasing of 

POD activity is caused delaying senescence. 

Balouchi et al (2011) found that POD enzyme 

cause catalyzes of corruption H2O2, this causes se-

nescence of product. So, POD enzyme destroys 

pigments of chlorophyll and is considered an indica-

tion of senescence and intense stress. 

Funamoto et al (2002) reported that POD activ-

ity increased yellowing of broccoli florets and the 

lowest POD associated with the lowest chlorophyll 

content. 

Concerning the effect of packaging, data 

showed that there were significant difference be-

tween packaging on peroxidase activity, however, 

broccoli florets packed in (non-PPPb) had reduced 

the enzyme activity as compared with  (micro-

PPPb) during storage and shelf life. 

Concerning the effect of coating treatments, 

data reveled that all coating treatments gave signif-

icantly the lowest active of peroxidase enzyme as 

compared with untreated florets (control), however 

broccoli florets dipped in chitosan at 1 or 0.5% had 

significantly the lowest active of peroxidase enzyme 

during storage plus shelf life with significant differ-

ence between them, followed by CMC at 1%, while 

the lowest ones were obtained from untreated flo-

rets (control). 

 

 

Table 8. Effect of some edible coating treatments packaging on peroxidases activity (U/g. fresh weight) of 

Broccoli florets during cold storage (Average of two seasons).   

 

Packaging 

(P) 

Treatment 

(T)  

Storage* period(S)(days) 
Mean 
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Control 216.30 230.60 245.55 286.70 316.90 346.30 273.72 

chitosan 0.5% 203.29 214.40 220.20 238.50 248.35 260.15 230.65 

chitosan 1% 196.35 202.15 207.05 225.44 238.74 245.94 219.28 

CMC**0.5% 209.85 223.55 239.55 252.75 268.75 286.54 246.83 

CMC**1% 207.40 219.10 230.49 242.90 354.20 271.10 237.53 

  Mean 206.64 217.67 228.56 249.26 265.39 282.01 241.60 

n
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e
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Control 212.35 222.35 235.54 253.25 278.35 298.45 250.05 

chitosan 0.5% 196.70 208.80 218.50 226.70 232.40 238.80 220.32 

chitosan 1% 188.25 196.45 203.05 208.25 212.15 219.25 204.56 

CMC**0.5% 203.00 215.54 226.40 241.70 268.75 260.70 233.30 

CMC**1% 199.72 210.85 221.65 230.75 242.75 251.64 226.23 

  Mean 200.01 210.80 221.03 232.13 243.63 253.77 226.89 

A
v
e

ra
g

e
 Control 214.32 226.47 240.54 269.97 297.62 322.37 261.88 

chitosan 0.5% 199.99 211.10 219.35 232.60 240.37 249.47 225.48 

chitosan 1% 192.30 199.30 205.05 216.85 225.45 232.60 211.92 

CMC**0.5% 206.42 219.55 232.97 247.22 260.62 273.97 240.07 

CMC**1% 203.57 214.97 226.07 236.82 248.47 261.62 231.88 

  Mean 203.32 214.28 224.79 240.69 254.51 267.89   

* Storage period=number of days at 0°C days + 2days at 10°C (Shelf life) 

** Carboxymethyl cellulose LSD at 5%, P= 0.80, T= 1.28, S= 1.39, PxT= 1.79,  SxT= 3.11,   SxP=1.96, PxSxT= 4.39 

   

 

Chitosan–coated products showed significantly 

lower POD activity, probably as a result of delaying 

damaging of membrane and in response to low tem-

perature of storage. Chitosan films decrease the 

content of Lipoxygenase (LOX) and Malondialde-

hyde (MAD) enzymes, so it is maintain the integrity 

membrane, preserve the skin and flesh color and 

barriers between PPO and POD enzymes from their 

phenolic substrates. On the other hand, observed 

inhibition of POD and PPO activities by chitosan 

films and improved postharvest shelf life of products 

(Zhang et al 2015). 
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Statistical significant differences between coat-

ing treatments and packaging were noticed. Broc-

coli florets dipped in chitosan at 1% or 0.5% and 

packed in non-PPPb reduced the POD activity as 

compared with other treatments, while the highest 

active POD was recorded by uncoated florets and 

packed in micro-PPPb. 

The interaction among coating treatments, 

packaging and at the end of storage period was sig-

nificant. After 20 days at 0°C plus 2 days at 10°C, 

broccoli florets dipped in chitosan at 1% and then 

packed in non-PPPb showed the less active POD, 

while untreated control packed in micro-PPPb gave 

the highest active POD. 

Zhuang et al (1995) reported that yellowing of 

florets is correlated with peroxidation of lipids 

(Malondialdehyde) which caused degradation of cell 

products. The florets of broccoli produce ethylene 

which degrades lipids and make senescence. Thus, 

low temperature may inhibit lipid degradation of 

cells and inhibiting the action of ethylene. 

 

CONCLUSION 

 

Broccoli florets dipped in chitosan 1% and then 

packed in non-PPPb was the most effective treat-

ment in maintaining quality attributes and gave flo-

rets with good appearance after 20 days at 0°C plus 

2 days at 10°C (shelf life) without decay.   
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 زــــــــــــــــالموجـ
 

كورا فى مرحله تم جمع رؤوس البروكلي هجين سا
النضج المناسب للتسويق من مزرعة خاصه بالنوباريه 

 2116، 2112فبراير  11،  22بمحافظة البحيره فى 
على التوالى تم نقل الروؤس مباشرة إلى معمل معهد 

ة مركز البحوث الزراعية. تأثير الأغشي –بحوث البساتين 
الصالحة للأكل والعبوات على التغير في الجودة 
المظهرية والمحتوي الداخلى فى البروكلي المجزأ تم 
 تقديرها عند التخزين على الصفر المئوي. تم شطف
البروكلي المجزأ إلى زهيرات بالماء المحتوي على كلور 

جزء فى المليون( ثم شطفها بماء الصنبور. تم ترك 151)
العينات لتجف.  تم غمر رؤوس البروكلى المجزأه فى 

 ٪1،  1.5المحاليل التاليه ]محلول الشيتوزان بتركيز 
دقائق. محلول الكربوكسي ميثيل سليلوز بتركيز  1لمدة 
[ (المقارنةدقائق بجانب الماء المقطر) 1لمدة  1٪، 1.5

تم تجفيف جميع المعاملات السابقه ثم تعبئتها فى أكياس 
من البولى بروبلين المثقب وغير مثقب وتخزينها على 

يوم بالإضافه الي يومين على  21الصفر المئوي لمده 
درجه مئوية )فتره العرض(. أظهرت النتائج زيادة فى  11

ى ن والتالف والرائحة الغير مرغوبه والتغير فالفقد فى الوز 
اللون ونشاط إنزيم البيروكسيديز في  رؤوس البروكلي 

المجزأه بزيادة فترات التخزين بينما حدث إنخفاض فى 
المظهر العام والمحتوي الكلى للكلوروفيل ومحتوي 
الفينولات الكليه. بالنسبه لتأثير مواد التعبئة أظهرت 

فرق معنوي بين الأكياس على جودة النتائج انه يوجد 
الزهيرات. زهيرات البروكلي المجزأه والمعبأه فى أكياس 
من بولى بروبلين الغير مثقبه أدت إلى المحافظه على 
الجودة بالمقارنه مع المعبأه فى أكياس من البولى بروبلين 

يز الغير مثقبه أثناء التخزين وفتره العرض. الشيتوزان بترك
زن له تأثير كبير فى تقليل نسبه فقد الو  كان  1%،  1.5

والتالف ونشاط إنزيم البيروكسيديز والرائحة الغير مرغوبة 
والتغير فى اللون والحفاظ على المحتوى الكلى للكلوروفيل 
والفينولات أثناء التخزين وفتره العرض. بالإضافه إلى أن 

 %1رؤوس البروكلي المجزأه والمعامله بالشيتوزان بتركيز 
المعبأه فى أكياس من البولى بروبلين غير مثقب كانت و 

أفضل معامله فى تأخير الفقد فى صفات الجودة خلال 
فترات التخزين وساعدت فى تأخير التدهور وأعطت 

يوم على صفر المئوي بالإضافه إلى  21مظهر جيد بعد 
 درجه مئوية بدون تلف. 11يوم على  2
 

البروكلي، الشيتوزان، زهيرات : المفتاحيةالكلمات 
كربوكسي ميثيل سيليلوز، مواد التعبئه، التخزين المبرد، 

  فتره العرض علي الرف
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