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Effect of chemical treatments on the quality of
fresh–cut globe artichoke (Cynara scolymus, L) during
cold storage
Abstract
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Fresh–cut heads of globe artichoke cultivar “French Hyrious” were dipped in solutions
of Gibberellic acid (GA3) at 100, 200 and 300ppm, Potassium sorbate (PS) at 1, 2
and 3% and edible coating Chitosan at 1, 2, and 3 % for 5 minutes then placed in
polyethylene trays that covered with polypropylene film which closed thermally
and stored at 0ºC and 95% R.H. GA3 exhibited comparatively the most obvious
results during storage in lessening the deterioration of loss in weight, unmarketable
percentage, T.S.S, inulin beside lowering the activity of polyphenol oxidase enzyme.
The maximum T.S.S % was obtained from gibberellic acid at 200ppm, potassium
sorbate 1% and chitosan 3%. The application of gibberellic acid led to keep the
highest total sugars content at 200ppm followed by potassium sorbate at 1% and
finally chitosan at 2%. The maximum inulin content happened due to the application
of gibberellic acid at 200ppm followed by potassium sorbate 3% and at least was
chitosan at 3%. The highest ascorbic acid was obtained from the application of GA3
at 200 ppm, 3% potassium sorbate and 2% chitosan respectively. Gibberellic acid at
200ppm followed by potassium sorbate 1 % exhibited the least enzyme activity while
chitosan at 1 %reflected the highest activity during the various storage periods.
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Introduction
Globe artichoke (Cynara scolymus L.) is a perennial rosette plant
grown throughout the world for its large, fleshy heads.1–3 Most of
its culture (about 90%) is concentrated in the countries around the
Mediterranean Basin mainly in Italy (50 000 ha), Spain (17000 ha) and
France (10 000 ha).4 Egypt has the potential to develop an excellent
export industry in artichoke. The production areas around Alexandria,
Behiera and Giza Governorates have favorable climatic conditions
to grow good quality of artichoke for export marketing.3 The edible
portions are the fleshy bases of the bracts, the thick, fleshy receptacle
on which the bracts are borne, and the flower primordial.2,3,5 Fresh–cut
vegetables are ready to use products developed in 1980 to respond
to the emerging consumer demand for both convenience and high
quality aspects. However, the wounds inflicted during the preparation
of fresh–cut vegetables promote many physical and physiological
changes that hasten loss of product quality.6 After cutting, the surface
of perishable product is exposed to air and to possible damage, being
vulnerable to dehydration or change in (color) coloration. Color
changes maybe principally due to enzymatic browning or loss of
chlorophyll. Some of the damage can be avoided using sharp tools,
inhibitors of enzymatic browning, modified atmospheres and active
packaging.7,8 During cutting, the surface of product is also exposed
to possible contamination with bacteria, yeasts and molds. In the case
of minimally processed globe artichoke which falls into the low acid
category of horticultural products (pH 5.8–6.0), high humidity and
the large number of cut surfaces can provide ideal conditions for the
growth of microorganisms.9 Water loss is one of the main causes of
the marketability reduce of fresh–cut fruits and vegetables, which
represents salable weight loss and reduces profits.10,11 However,
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without the external protective tissue, the cut products lose weight
easily. In contrast, when storing horticultural products inside bags or
protected with edible coatings, the relative humidity remains high to
keep products from the weight loss.12 Fresh–cut fruits and vegetables
release heat from respiration, consequently lose moisture, undergo
a rapid softening and decay progress which may detract from their
appearance, salable weight, and nutritional quality and also a short
shelf–life.13–15 Therefore, any efforts such as effective technologies
and facilities that could be done to maintain the fresh–cut fruits and
vegetables with high quality after harvest, and during marketing,
would be very important. Natural compounds and their derivatives
such as GA3 and potassium sorbate have been used to prevent
deterioration and browning of fresh–cut fruits and vegetables.16–19 The
purpose of this research is to investigate the effects of gibberellic acid
and potassium sorbate on weight loss, unmarketable percentage, T.S.S,
inulin and polyphenol oxidase enzyme activity of fresh–cut globe
artichoke under cold storage conditions. Three chemical substances
used in our experiment, i.e., gibberellic acid, potassium sorbate and
chitosan to elongate the storage periods of the globe artichoke fresh–
cut heads. However, gibberellic acid is a vegetarianism hormone
which produced by late leaves and growing caps in the roots and
stems. It has many applications on vegetable crops one of them is
extend of the storage periods by delaying the senescence. Potassium
sorbate is a kind of unsaturated fatty acids compounds which can be
absorbed by human body rapidly. It is widely used as preservative
in the world showing action against yeasts, molds, and aerobic
bacteria beside restrain growth and reproduction of the pernicious
microorganisms without restrain useful microorganisms growth.20 It
is well known that the preservative efficiency of potassium sorbate is
5–10times than sodium benzoate.
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Chitosan is a sugar obtained from the hard outer skeleton of
shellfish, including carb, lobster and shrimp. It is used to treat obesity,
high cholesterol, complications that kidney failure patients on dialysis
often face, anemia, loss of strength and appetite, trouble sleeping
(insomnia), periodontitis and dental caries. In agriculture, chitosan
is used for plant defense, yield increase, natural seed treatment,
plant growth enhancer, stimulates nutrient uptake, germination
and sprouting increase, an ecological friendly biopesticide and
photosynthesis increase.21,22

package contained about 250g was weighted and packed in carton
box. Three samples of each treatment were used for evaluation at 0,
2, 4 and 6days from storage at 0ºC and 95% R.H. evaluation included
the following:

ii. Chemical changes: Total soluble solids, total sugars, inulin and
ascorbic acid.

Materials and methods

iii. Boichemical changes: Polyphenol oxidase activity.

i. Physical changes: Loss in weight percentage, Unmarketable
percentage, visual quality and color.

Artichoke marketable heads of the cultivar “French Hyrious”
were harvested and shifted to the laboratory of Vegetable Handling
Research Department, Horticultural Research Institute, Agricultural
Research Center, Ministry of Agriculture, A.R.E. in 2014 and 2015.
The heads cooled at 5°C and 95% RH for 24hours, then peeled and
cut by sharp knife into two pieces after which they were immersed
in sodium chloride solution for 1minute. The fresh–cut pieces were
dipped in two different anti browning solutions for 5minutes as
follows:

Determination procedures

i. Gibberellic acid GA3 at the concentrations of 100,200 and
300ppm.

i. Total soluble solids (T.S.S): The T.S.S content was determined by
abbe refractometer as a percentage as reported in.23

ii. Potassium sorbate at the concentrations of 1, 2 and 3% and edible
coating of Chitosan at the concentration of 1, 2, 3%.

ii. Total sugars: The total sugars content were determined as g/100g
dry weight according to Smith et al.27

After the heads were removed from the antibrowning
treatments, they were placed in polyethylene trays that covered with
polypropylene film which closed thermally and stored at 0ºC and 95%
RH. The examined samples were subjected to the physical, chemical
and biochemical analyses to follow the changes occurred in weight,
Unmarketable percentage, total soluble solids, inulin and polyphenol
oxidase activity during cold storage. The percentage of loss in weight
was calculated by the following equation: Loss in weight % = Loss
in weight at the sampling date/the initial weight of the curds X100.
While the percentage of unmarketable examined parts was determined
from the following equation:

iii. Inulin: The inulin content was determined after the method of
Winton et al.24

Unmarketable curds (%)=Total number of unmarketable at the
sampling date/the initial number of curds X 100. The T.S.S content
were determined by abbe refractometer as a percentage.23 The inulin
content was determined after the method of24 and the determination of
the percentage of the activity of the enzyme polyphenol oxidase took
place according to the method of.25

Storage of fresh–cut heads experiment
The marketable heads were harvested and cooled at 5°C and
95%RH for 24hours, then the heads were peeled and cut by sharp
knife into two pieces after which they were immersed in sodium
chloride solution for 1 minute. The fresh–cut pieces were dipped in
three different anti browning solutions for 5 minutes as follows:
i. Gibberellic acid (GA3) at 100, 200 and 300ppm.
ii. Potassium sorbate at 1, 2 and 3% and edible coating of Chitosan
at1, 2 and 3%.
Fresh–cut samples were subsequently removed from the anti–
browning solutions and placed in polyethylene trays then wrapped
individually with polypropylene film and the edges were sealed with
a hot–plate sealer machine then stored at 0ºC and 95%R.H. each

The average changes of the heads or the divided cuts were
determined by the following procedures:
Visual quality: The visual quality was determined according to the
scale of scoring system as explained after Able et al.26 They were: 9:
excellent, 7: good, 5: fair, 3: poor and 1:unsuitable.This scale depends
on the morphological defects such as shriveling, loss of compactness
and presence of physiological and pathological defects.

iv. Ascorbic acid: The ascorbic acid content was determined as
mg\100g fresh weight using 2,6 dichlorophenol indophenol
method described in AOAC.28

Statistical analysis
The obtained data of the first experiment was statistically analyzed
by using Goodness of Fit method [29].

Results
Good storage of fresh–cut globe artichoke prolongs it’s usefulness
and in some cases improve its quality. It also checks market glut,
provides wide marketing throughout the year, increases financial gain
to the producers and reserve the quality of the living product. It is
evident that the palatability and taste of globe artichoke is closely
associated with the amount and type of the physical nature and
the chemical constituents of the commodity to the time of storage.
However, chemists have synthesized compounds which function
effectively and have achieved some success in controlling the vital
processes that led to deterioration during storage. So, this chapter
is endeavors to describe in a comparatively way the effect of some
chemicals such as Gibberellic acid (100, 200 and 300ppm), potassium
sorbate (1, 2 and 3%) and chitosan (1, 2 and 3%) on the storage ability
of the fresh–cut globe artichoke during cold storage.

Physical changes
Loss in weight percentage: The effect of the chemical treatments on
the fresh –cut artichoke loss in weight percentage during cold storage
at 0°C is shown in Figure 1. The obtained results indicate clearly that
a continuous gradual loss in weight existed in the stored commodity
with extend of the storage periods in all the different chemicals.
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However, the minimum weight loss during cold storage occurred from
the application of all the concentrations of gibberellic acid followed
by chitosan then potassium sorbate meanwhile the maximum weight
loss was detected in the control. In more detail, the most effective
concentration of gibberellic acid was 300ppm, chitosan 3% and
potassium sorbate 3%. On the contrary, the least effective ones came
from gibberellic acid at 100ppm, chitosan at 1% and potassium
sorbate at 1%.
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and 2% of chitosan during all the storage periods. On the other hand,
the infelicitous concentrations which appear to sight exerted from
gibberellic acid at 300ppm, potassium sorbate at 3% and chitosan at
both 1 and 3%.
The effect of the various chemical treatments on the color of fresh–
cut artichoke during cold storage at 0°C is illustrated in Table 1. It
was manifested from the table that there was a gradual degradation
in color in all the treatments with the prolongation of storage periods.
However, the lowest color degradation occurred from the application
of the treatment of gibberellic acid then potassium sorbate and control
whereas the highest degradation resulted from the use of the treatment
of chitosan during the various storage periods. Detailed description
showed that the better concentration is 200ppm of gibberellic acid,
2% of potassium sorbate and2% of chitosan for maintaining the
better color during all the storage periods. On the other hand, the
low effective concentrations resulted from 300ppm gibberellic acid
followed by 3% potassium sorbate then 1% chitosan.

Chemical changes
Figure 1 The effect of the different chemical treatments on the loss in weight
percentage of fresh-cut globe artichoke head under cold storage at 0°C and
95% R.H.

Total soluble solids: The effect of the different chemical treatments
on the T.S.S percentage of the fresh–cut artichoke during cold storage
at 0°C is illustrated in Figure 4. Generally speaking, the existed
figures gave rise to a general gradual decrease in this characteristic in
all the applied treatments with the prolongation of the storage periods.
On the whole, the use of gibberellic acid shows the maximum T.S.S
concentration followed by potassium sorbate and chitosan during the
various storage periods. However the most effective concentration
of gibberellic acid resulted from using 200ppm, potassium sorbate
1% and chitosan 3%. On the contrary, the minimum effective ones
were gibberellic acid 300ppm, potassium sorbate 3% and chitosan 2%
during the various storage periods.

Figure 2 The effect of the different chemical treatments on the unmarketable
percentage of fresh-cut globe artichoke under cold storage at 0°C and 95%
R.H.

Unmarketable percentage: The results obtained on the effect of the
various chemical treatments on the fresh – cut artichoke unmarketable
percentage during cold storage at 0°C are presented in Figure 2.
The general view for all the treatments throw light showing that the
unmarketable percentage in the examined fresh – cut parts increased
gradually with the elongation of cold storage periods. However, the
lowest unmarketable percentage resulted from the treatments of
gibberellic acid followed by potassium sorbate whereas the highest
unmarketable percentage obtained from chitosan during all the storage
periods. The most preferable concentration of gibberellic acid was
100ppm, potassium sorbate at 1% and chitosan at 2%. On the other
hand, the minimum effect during storage came from the concentration
of 300ppm gibberellic acid, 3% potassium sorbate and 3% chitosan.
Visual quality: The data obtained on the respond of the visual quality
of fresh–cut artichoke to the different chemical treatments during cold
storage at 0°C are shown in Figure 3. The existed records from all
the treatments indicate that this characteristic decreased progressively
and gradually with extended of the storage periods. Nevertheless, the
treatments of gibberellic acid kept the highest visual quality during
storage followed by potassium sorbate and the least came from
chitosan. Hence, the most effective concentrations in this concern are
100 and 200ppm of gibberellic acid, 1 and 2% of potassium sorbate

Figure 3 The effect of the different chemical treatments on the *visual quality
of fresh-cut globe artichoke head under cold storage at 0°C and 95% R.H.
*Visual quality was determined using the following rating score system:
Excellent=9, Good=7, Fair=5, Poor=3 and Unstable =1(Able et al., 2002).

Figure 4 The effect of the different chemical treatments on the total soluble
solids percentage of fresh-cut globe artichoke head under cold storage at 0°C
and 95% R.H.
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Table 1 The effect of the different chemical treatments on the color of fresh-cut globe rtichoke head under cold storage
At 0°C and 95% RH Treatments Control

Gibberellic acid (100ppm)

Gibberellic acid (200ppm)

Gibberellic acid (300ppm)

Potassium sorbate (1%)

Potassium sorbate (2%)

Potassium sorbate (3%)

Chitosan -1%

Chitosan -2%

Chitosan -3%

Storage periods in days

(BI)

(L*)

(a*)

(b*)

(C*)

(h*)

0

44.7

79.1

-2.9

31

31.14

95.36

2

60.11

73.3

2

33.42

33.52

88.8

4

64.18

71.8

2.11

34.37

34.41

86.74

6

67.56

70.26

2.83

34.65

34.7

86.56

0

44.7

79.1

-2.9

31

31.14

95.36

2

54.07

76.16

1.15

32.36

32.38

87.96

4

58.14

75.09

1.55

33.7

33.73

87.36

6

62.2

73.11

2.08

34.21

34.27

86.52

0

44.7

79.1

-2.9

31

31.14

95.36

2

51.74

77.2

1.1

31.75

31.77

88.01

4

56.39

75.96

1.21

33.56

33.58

87.93

6

60.46

73.95

1.94

33.92

33.97

86.72

0

44.7

79.1

-2.9

31

31.14

95.36

2

56.97

75.31

1.51

33.16

33.19

87.39

4

61.04

73.61

1.83

34.13

34.18

86.93

6

65.11

71.34

2.44

34.42

34.5

85.94

0

44.7

79.1

-2.9

31

31.12

95.36

2

54.3

72.32

0.69

31.04

31.14

88.8

4

63.72

70.06

0.91

33.89

33.98

88.47

6

70.17

68.11

1.71

35.02

35.04

87.18

0

44.7

79.1

-2.9

31

31.14

95.36

2

54.82

73.39

-1.91

33.01

33.22

92.98

4

63.83

69.8

1.79

33.41

33.51

87.28

6

68.08

68.44

2.84

33.92

34.24

85.5

0

44.7

79.1

-2.9

31

31.14

95.36

2

63.14

68.89

0.85

33.56

33.62

88.62

4

67.15

67.66

1.81

33.62

33.66

86.89

6

75.11

65.38

3.73

34.47

35.1

84.82

0

44.7

79.1

-2.9

31

31.14

95.36

2

73.14

67.59

2.23

35.61

35.7

86.46

4

89.24

60.43

3.9

36.02

36.31

83.55

6

--------

--------

--------

--------

--------

--------

0

44.7

79.1

-2.9

31

31.14

95.36

2

64.82

70.7

1.28

34.47

34.51

87.89

4

77.9

65.25

2.72

35.79

35.9

85.74

6

--------

--------

--------

--------

--------

--------

0

44.7

79.1

-2.9

31

31.14

95.36

2

70.23

68.58

1.12

35.56

35.73

88.12

4

81.8

65.45

2.99

37.1

37.17

85.2

6

-------

--------

--------

--------

--------
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Total sugars: The effect of the various chemical treatments on the total
sugars content in the fresh–cut artichoke during cold storage at 0°C
is presented in Figure 5. The obtained results in the whole treatments
revealed that there was a progressive decrease in this characteristic
with extends of the storage periods. However, the application of
gibberellic acid led to keep the highest total sugars content followed
by potassium sorbate and finally chitosan. However, the most
effective concentrations in this concern was 200ppm gibberellic acid,
3% potassium sorbate and 1% chitosan during all the storage periods
meanwhile the least effective concentrations were 100ppm gibberellic
acid, 1% potassium sorbate and 2% chitosan.
Inulin: The effect of the different chemical treatments on the inulin
content in the fresh–cut artichoke during cold storage at 0°C is presented
in Figure 6. The results of this characteristic for all the treatments
indicate that there was a gradual decrease in this characteristic with
the progress of the storage periods. Nevertheless, the maximum inulin
content happened due to the application of gibberellic acid followed
by potassium sorbate whereas the minimum content resulted from the
use of chitosan during the various storage periods. However, the most
effective concentration of gibberellic acid which reserved the highest
amount of inulin was 200ppm, potassium sorbate 3% and chitosan
3% during all the storage periods. In contrast, the lowest effective
concentrations during storage existed from 300ppm of gibberellic
acid, 1% of potassium sorbate and 2% of chitosan.

Figure 5 The effect of the different chemical treatments on the total sugars
content (g/100g.d.w) of fresh-cut globe artichoke head under cold storage at
0°C and 95% R.H.

Figure 6 The effect of the different chemical treatments on the total inulin
content (g/100g.d.w) of fresh-cut globe artichoke head under cold storage at
0°C and 95% R.H.

Ascorbic acid: The effect of the various chemical treatments on the
ascorbic acid content of the fresh–cut artichoke during cold storage at
0°C is shown in Figure 7. There was clear evidence that the contents of
ascorbic acid in all the treatments decreased gradually with the elapse
of the storage periods. However, the treatment of gibberellic acid
during storage kept comparatively the highest ascorbic acid content
followed by potassium sorbate then chitosan which exhibited the lowest
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content of this characteristic. Regarding the used concentrations, it is
easy to notice that the concentration of 200ppm gibberellic acid, 1%
potassium sorbate and 1% chitosan hold comparatively the highest
ascorbic acid content over the other concentrations. On the contrary,
the concentrations of 100ppm gibberellic acid, 3% potassium sorbate
and 2% chitosan reserved the minimum ascorbic acid content during
storage.

Biochemical changes
Polyphenol oxidase activity: The effect of the different chemical
treatments on the polyphenol oxidase activity in the fresh–cut
artichoke during cold storage at 0°C is illustrated in Figure 8. The
influence of the various treatments on the fresh–cut heads gave rise
to a general trend of increase in this activity with the elongation of
the storage periods. The obtained results show that the treatments of
gibberellic acid followed by potassium sorbate exhibited the least
enzyme activity while chitosan reflected the highest activity during
the various storage periods. To give the particulars of the results
during storage, it is easy to notice that 200ppm of gibberellic acid,
1% of potassium sorbate and 1% of chitosan induced the minimum
activity in the enzyme meanwhile 300ppm of gibberellic acid, 2% of
potassium sorbate and 3% of chitosan put forth to the highest ones.

Figure 7 The effect of the different chemical treatments on the ascorbic acid
content (mg/100g.f.w) of fresh-cut globe artichoke head under cold storage
at 0°C and 95% R.H.

Figure 8 The effect of the different chemical treatments on the polyphenol
oxidase activity (%) of fresh-cut globe artichoke head under cold storage at
0°C and 95% R.H.

Discussion
The picture took out from the experiment of fresh–cut globe
artichoke storage put in sight that the use of gibberellic acid exhibited
comparatively the most obvious results during storage in lessening
the deterioration of loss in weight, unmarketable percentage, visual
quality, color, T.S.S, total sugars, inulin, ascorbic acid beside lowering
the activity of polyphenol oxidase enzyme. However, it was evident
that the most effective concentration in this concern was 200ppm. It
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should be realized that the obtained results for GA3 may be related
to a part role played by GA3 in lowering the respiration rate,30,31 it’s
striking effect in delaying the senescence,32,33 increasing the content
of cuticle and sustain the integrity of membranes,30,31,34 which reduce
the water loss and increasing the cell–wall thickness that protect the
fruits from the fungal infection,35,36 delaying the loss of chlorophyll
and consequently retarded the appearance of brown color.37–42
Concerning the changes occurred in the chemical characteristics, it
is obvious that GA3 kept comparatively the favorite highest contents
of T.S.S, total sugars, inulin, ascorbic acid and lowering the enzyme
activity of polyphenol oxidase during all the storage periods. These
results may be attributed to the depression in moisture loss, respiration
rate35,36,43,44 by GA3 and conversion of insoluble solids to simpler
forms.45 Considerable attention has been paid to the obtained results
of potassium sorbate, where the treatment of potassium sorbate ranked
second showing less unmarketable percentage, higher visual quality,
less color degradation, higher contents of T.S.S, total sugars, inulin,
ascorbic acid and less polyphenol oxidase activity. However, the most
effective used concentrations were 1% in unmarketable percentage,
visual quality, T.S.S, ascorbic acid and polyphenol oxidase activity
and 2% in color and 3% in total sugars and inulin contents. Moreover,
it is clear from applying potassium sorbate that this compound play an
important role as an effective preservative against yeasts, molds and
bacteria and prevent softening of the vegetable tissues by inhibiting
pectinolytic enzymes which lead to minimize the unmarketable
percentage and hold more visual quality through controlling the
browning enzymatic and chlorophyllase activity.46
From another point of view, the treatment of chitosan is ranked
the second in less loss in weight percentage after gibberellic acid.
However, the most effective concentration was 3%. The role of
chitosan is to minimizing weight loss percentage through enables
epidermal tissues to control water loss, a physical barrier to water
vapor, reducing moisture loss and delaying fruit dehydration47–50 forms
a layer of semi–transparent to smooth pericarp surface.51 The picture
took out from the experiment of fresh–cut globe artichoke storage put
in sight that the use of gibberellic acid exhibited comparatively the
most obvious results during storage in lessening the deterioration of
loss in weight, unmarketable percentage, visual quality, color, T.S.S,
total sugars, inulin, ascorbic acid beside lowering the activity of
polyphenol oxidase enzyme. However, it was evident that the most
effective concentration in this concern was 200ppm.
It should be realized that the obtained results for GA3 may be related
to a part role played by GA3 in lowering the respiration rate,30,31 it’s
striking effect in delaying the senescence,32,33 increasing the content of
cuticle and sustain the integrity of membranes,30,34,31 which reduce the
water loss and increasing the cell–wall thickness that protect the fruits
from the fungal infection,35,36 delaying the loss of chlorophyll and
consequently retarded the appearance of brown color.37–42 Concerning
the changes occurred in the chemical characteristics, it is obvious
that GA3 kept comparatively the favorite highest contents of T.S.S,
total sugars, inulin, ascorbic acid and lowering the enzyme activity of
polyphenol oxidase during all the storage periods. These results may
be attributed to the depression in moisture loss, respiration rate35,36,43,44
by GA3 and conversion of insoluble solids to simpler forms.42,45
Considerable attention has been paid to the obtained results of
potassium sorbate, where the treatment of potassium sorbate ranked
second showing less unmarketable percentage, higher visual quality,
less color degradation, higher contents of T.S.S, total sugars, inulin,
ascorbic acid and less polyphenol oxidase activity. However, the most
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effective used concentrations were 1% in unmarketable percentage,
visual quality, T.S.S, ascorbic acid and polyphenol oxidase activity
and 2% in color and 3% in total sugars and inulin contents. Moreover,
it is clear from applying potassium sorbate that this compound play an
important role as an effective preservative against yeasts, molds and
bacteria and prevent softening of the vegetable tissues by inhibiting
pectinolytic enzymes which lead to minimize the unmarketable
percentage and hold more visual quality through controlling the
browning enzymatic and chlorophyllase activity (Monica et al.,
2003). From another point of view, the treatment of chitosan is
ranked the second in less loss in weight percentage after gibberellic
acid. However, the most effective concentration was 3%. The role
of chitosan is to minimizing weight loss percentage through enables
epidermal tissues to control water loss, a physical barrier to water
vapor, reducing moisture loss and delaying fruit dehydration47–50
forms a layer of semi–transparent to smooth pericarp surface.51

Recommendations
In seeking to follow the results in this experiment, we can put in
our mind as recommendations for practical work that the dipping of
fresh–cut globe artichoke ‘’French Hyrious’’ cultivar in gibberellic
acid solution at the concentration of 200ppm for 5 minutes was the
best treatment during storage in polyethylene trays which wrapped
individually with polypropylene film under cold storage at 0ºC and
95% R.H.

Acknowledgements
The authors express their gratitude to Prof. Dr. Shamel Ahmed
Shanan and Prof. Dr. Abd El–Naem Said Abd El–Rehim Professor of
vegetable crops, Department of Horticulture, Faculty of Agriculture,
Al–Azhar University. And Prof. Dr. Rawia El–Bassiouny Ibrahim
Head of research, Postharvest Section, Horticulture Research
Institute, Agriculture Research Center, Ministry of Agriculture for
their constructive suggestions, supervision, advice, sincere help and
valuable guidance throughout the course of this study.

Conflict o interest
The author declares no conflict of interest.

References
1.

Conti F, Abbate G, Alessandrini A, et al. An Annotated Checklist of the
Italian Vascular Flora. 1st ed. Roma: Palombi Ed; 2005.

2.

Del Nobile MA, Conte A, Scrocco C, et al. New packaging strategies to
preserve fresh–cut artichoke quality during refrigerated storage. Innovative
Food Science and Emerging Technologies. 2009;10(1):128–133.

3.

Haggag IAA. Studies on developmental stages, handling and storage
of globe artichoke (Cynara scolymus, L.). MSc Thesis, Faculty of
Agriculture, Al–Azhar University; 2016;

4.

FAO. FAO Statistics Division. 2008.

5.

Haggag IAA, Shanan SA, Abo El–Hamd ASA, et al. Physical and
chemical changes associated with head growth: Impact on maturity and
harvesting age of globe artichoke (Cynara scolymus L.). Al–Azhar J Agric
Res In press; 2016.

6.

Brecht KJ. Physiology of lightly processed fruits and vegetables. Hort
Science. 1995;30(1):18–22.

7.

Ahvenainen R. New approaches in improving the shelf life of minimally
processed fruit and vegetables. Trends in Food Science and Technology.
1996;7(6):179–187.

Citation: Helaly AA, Haggag IAA, Shanan SA, et al. Effect of chemical treatments on the quality of fresh–cut globe artichoke (Cynara scolymus, L) during cold
storage. Adv Plants Agric Res. 2016;5(2):474‒481. DOI: 10.15406/apar.2016.05.00171

Effect of chemical treatments on the quality of fresh–cut globe artichoke (Cynara scolymus, L) during
cold storage
8.

Watada AE, Qi L. Quality of fresh–cut produce . Postharvest Biology and
Technology. 1999;15:201–205.

9.

Behrsing J, Winkler S, Franz P, et al. Effect of chlorine for inactivation
of Escherichia coli on vegetables . Postharvest Biology and Technology.
2000;19:187–192.

10. Buchert AM, Civello PM, Martinez GA. Effect of hot air, UV–C, white
light and modified atmosphere treatments on expression of chlorophyll
degrading genes in postharvest broccoli (Brassica oleracea L.) florets.
Scientia Horticulturae. 2011;127(3):214–219.
11. Hunter DA, Pinkney TT, Watson LM, et al. Effect of postharvest water
deficit stress on gene expression in heads of broccoli (Brassica oleracea
var. italica). Postharvest Biol Technol. 2011;59(2):113–123.
12. Baker RA, Baldwin EA, Nisperos–Carriedo MO. Edible coatings and
films for processed foods. In JA. 1994. p. 89–104.
13. Menniti AM, Gregori R, Donati I. 1–Methylcyclopropene retards
postharvest softening of plums. Postharvest Biol Technol. 2004;31(3):269–
275.
14. Boonkorkaew P, Hikosaka S, Sugiyama N. Effect of pollination on cell
division, cell enlargement, and endogenous hormones in fruit development
in a gynoecious cucumber. Scientia Horticulturae. 2008;116(1):1–7.
15. Aiamlaor S, Kaewsuksaeng S, Shigyo M, et al. Impact of UV–B irradiation
on chlorophyll degradation and chlorophyll–degrading enzyme activities
in stored broccoli (Brassica oleracea L., Italica Group) florets. Food
Chem. 2010;120(3):645–651.
16. Gunes G, Lee CY. Color of minimally processed potatoes as affected
by modified atmosphere packaging and antibrowning agents. Journal of
Food Science. 1997;62:572–575.
17. Saper GM, Miller R. Browning inhibition in fresh–cut pears. Journal of
Food Science. 1998;63:342–346.
18. Buta JG, Moline HE, Spaulding D, et al. Extending storage life of
fresh–cut apples using natural products and their derivatives. Journal of
Agriculture and Food Chemistry. 1999;47:1–6.

Copyright:
©2016 Helaly et al.

480

28. Association of Official methods of Analytical Chemists. Association of
Official Agriculture Chemists: Official methods of analysis AOAC. 13th
ed. USA: published by AOAC Washington DC; 1980.
29. George BA. Correlation and regression. A supplement to “Experimental
methods for extension work” University of California, Agriculture
extension service. USA; 1968.
30. Kader AA, Morris LL, Maxie CEC. Effect of growth regulating substances
on the ripening and shelf life of tomatoes. Hort Sci. 1966. p. 1–90.
31. Riederer M, Schreiber L. Protecting against water loss:Analysis of the
barrier properties of plant cuticles. J Exp Bot. 2001;52(368):2023–2032.
32. Atwa AA, El–Sheikh MT, Dessouky MS. Effect of some chemicals
and different packing methods and storage conditions. J Agric Res Rev.
1980;58(3):169–181.
33. Abo El Hamd ASA. Physiological studies on the developmental stages,
handling and storage of tomato. PhD Thesis, Faculty of Agriculture,
Egypt: AL–Azhar University; 1981.
34. Dostal HC, Leopold AC. Gibberellin delays ripening of tomatoes. Science.
1967;158(3808):1579–1580.
35. Zoffoli J, Latorre B, Naranjo P. Preharvest applications of growth
regulators and their effect on postharvest quality of table grapes during
cold storage. Postharvest Biol Technol. 2009;51(2):183–192.
36. Marzouk HA, Kassem HA. Improving yield, quality, and shelf life of
Thompson seedless grapevine by preharvest foliar applications. Scientia
Horticulturae. 2011;130(2):425–430.
37. Shanan SA. Physiological studies on maturity, ripening, handling and
storage of some leguminous crops. Ph D Thesis, Fac Agric Ain Shams
Univ; 1967.
38. Sharaf A, Maksoud MA, El–Orabi S. Effect of dipping time in some
growth regulators on quality, shelf life and some chemical contents of
Seminole green bean pods during storage. Hort Dept, Faculty of Agric,
Ain Shams University, Annals of Agric Sci. 1974;51:502–512.

19. Buta JG, Abbott JA. Browning inhibition of fresh–cut Anjou, Bartlett and
Bosc pears. Hort Science. 2000;35(6):1111–1113.

39. Abo El–Hamd ASA. Responses of fresh beans to some postharvest
treatments. MSc Thesis, Faculty of Agriculture, Egypt: Al–Azhar
University; 1977.

20. Abdulmumeen HA, Risikat AN, Sururah AR. Food: Its preservatives,
additives and applications. International Journal of Chemical and
Biochemical Sciences. 2012;1:36–44.

40. Fuchs Y, Barkai–Golan R, Aharoni N. Postharvest studies with fresh
market tomatoes intended for export. Preliminary Report No.759, Agric
Research Organization, Bet Dagan, Israel; 1977. 24 p.

21. Rojas Grau MA, Oliu GO, Fortuny RS, et al. The use of packaging
techniques to maintain freshness in fresh–cut fruits and vegetables. Inter
Jour of Food Sci and Technol. 2009;44:875–889.

41. Coggins CW, Hield JR. The influence of exogenous growth regulators
on rind quality and internal quality of citrus fruits. Fruit Tree Research
Station. 1982. p. 214–216.

22. Ali A, Muhammad MTM, Sijam K, et al. Effect of chitosan coatings on the
physicochemical characteristics of Eksotika II papaya (Carica papaya L.)
fruit during cold storage. Food Chemistry. 2011;124(2):620–626.

42. Huang H, Jiang Y. Effect of plant growth regulators on banana fruit and
broccoli during storage. Scientia Horticulturae. 2012;145:62–67 .

23. Association of Official methods of Analytical Chemists. Official methods
of analysis AOAC. 15th ed. USA: published by AOAC Washington DC;
1990.

43. Abd El– Rahman SZ. Physiological studies on development, handling and
storage of pepper. PhD Thesis, Fac Agric, Egypt: AL–Azhar Univ; 1990.

24. Winton AL, Winton KB. The analysis of foods. London: John Wiley and
Sons. Inc; 1958. 857 p.

44. El Bassiouny RE, Hassan MA. Effect of gibberellic acid and a mixture
of micronutrients (Nutramine) on earliness, head yield and pre and
postharvest quality of globe artichoke (Cynara scolymus L.). J Agric Sci
Mansoura Univ. 2003;28:1949–1967.

25. Dogan M, Arslan O, Dogan S. Substrate specificity, heat inactivation
and inhibition of polyphenol oxidase from different aubergine cultivars.
International J Food Sci and Technol. 2002;37:415–423.

45. Hayata Y, Niimi Y, Inoue K, et al. CPPU and BA, with and without
pollination, affect set, growth, and quality of muskmelon fruit. Hort Sci.
2000;35:868–870.

26. Able AJ, Wong LS, Prasad A, et al. 1–MCP is more effective on a floral
brassica (Brassica oleracea var. italica,L) than a leafy brassica (Brassica
rapa var chinensis). Postharvest Biology Technology. 2001;26(2):147–
155.

46. Monica I, Aravena L, Scheuermann E, et al. Effect of immersion solutions
on shelf–life of minimally processed lettuce. LWT Food science and
Technology. 2003;36(6):591–599.

27. Smith FMA, Hamilton GDK, Geeds PA. Colorimetric method for
determination of sugars and related substance. Anal Chem. 1956;28:550.

47. Bautista BS, Lauzardo ANH, Velazquez–del Valle MG. Chitosan as a
potential natural compound to control pre and postharvest diseases of
horticultural commodities. Crop Protection. 2006;25(2):108–118.

Citation: Helaly AA, Haggag IAA, Shanan SA, et al. Effect of chemical treatments on the quality of fresh–cut globe artichoke (Cynara scolymus, L) during cold
storage. Adv Plants Agric Res. 2016;5(2):474‒481. DOI: 10.15406/apar.2016.05.00171

Effect of chemical treatments on the quality of fresh–cut globe artichoke (Cynara scolymus, L) during
cold storage

Copyright:
©2016 Helaly et al.

481

48. Hernandez M, Almenar E, Valle VD, et al. Effect of chitosan
coating combined with postharvest calcium treatment on strawberry
(Fragaria x ananassa) quality during refrigerated storage. Food Chem.
2008;110(2):428–435.

50. Shiri MA, Bakhashi D, Ghasemnezhad M, et al. Chitosan coating improves
the shelf life and postharvest quality of table grape (Vitis vinifera) cultivar
Shahroudi. Turkish Journal of Agriculture and Forestry. 2013;37(2):148–
156.

49. Fard KG, Kamari S, Ghasemnezhad M, Ghazvini RF. Effect of chitosan
coating on weight loss and postharvest quality of green pepper (Capsicum
annum L.) Fruits. Acta Hort. 2010;877:821–826.

51. Dong HQ, Cheng LY, Tan JH, et al. Effects of chitosan coating on
quality and shelf life of peeled Litchi fruit. Journal of Food Engineering.
2014;64(3):355–358.

Citation: Helaly AA, Haggag IAA, Shanan SA, et al. Effect of chemical treatments on the quality of fresh–cut globe artichoke (Cynara scolymus, L) during cold
storage. Adv Plants Agric Res. 2016;5(2):474‒481. DOI: 10.15406/apar.2016.05.00171

