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Prolongation of the Shelf-Life of Strawberry Fruits by the Reduction of the
Gray Mold; Botrytis cinerea using Gamma Irradiation and/or Chitosan
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ABSTRACT

Chitosan plays a central role as an antifungal agent, its impact depends mainly on the concentration. In this respect, chitosan
(0.4%) decreased the radial growth of Botrytis cinerea by 77.8 % under in vitro conditions. In vivo, the infection severity significantly
reduced after three weeks of storage (13°C). Fruit coating by chitosan (0.4%) significantly increased fruit firmness, whereas reduced the
total soluble solids, this effect was obvious with the progress of the storage time. Vitamin C content of the fruit gave fluctuated trend
with the progression of storage time. The severity of the infected strawberry fruits was reduced from 100% to 49.9% as a result of
gamma irradiation (2.5KGy) whereas, in the healthy strawberry fruits, the severity was reduced from 100% to 29.1% after 3 weeks of
storage period. Combination of chitosan and gamma irradiation led to a significant increment of peroxidase activity. Scanning electron
microscopy of the pathogen, that was treated by chitosan, showed damages in cell structure and changes in surface morphology, the
same effect was observed by gamma irradiation. The same combination was found to alter the pathogen morphology and caused damage
to the cell structure. So, it is recommended using such combination for extending the shelf-life of strawberries fruits.
Keywords: Gamma irradiation, chitosan coating, strawberry fruits, shelf-life, Botrytis cinerea.

INTRODUCTION

Strawberries (Fragaria ananassa Duch.) is a highly
perishable fruit in the postharvest stage due to fungal
infections. The shelf-life of fresh fruits at the refrigerator
was about 5 days. Braun and Sutton (1987) reported that
during storage and shipment of fruits major losses occurred
in the horticultural industry, mainly by Rhizopus
stolonifera and B. cinerea, which cause soft rot and gray
mold diseases, respectively. Fungicides are effective
chemicals for regulation the postharvest diseases. This
procedure faces various health and environmental
problems. In addition to the reports of fungicide-resistant
fungal strains. Therefore, there is an ultimate need to
alternative save strategy by involving safe control
procedures (Tarek, 2004).

The polysaccharide; chitosan has been shown to
have fungicidal activity against various fungi (EI-Ghaouth
et al., 1990). Treatment of strawberry fruits by chitosan
reduced the occurrence of the infectious fungi compared
with the untreated ones, which decayed faster and the
decay was detected directly after storage (Vargas et al.,
2006). Another investigation used commercial chitosan
reported obvious effect in reduction of gray mold and rot
of strawberries when fruits were treated with the chitosan
solution and stored for 96 h at room temperature
(Romanazzi et al. 2013).

Generally, it was previously established that
besides being active in maintaining the quality and
expanding the shelf-life of fresh fruits, chitosan also
prevent microbial damage, healthy safe and effective
coating agent, (Shiekh et al. 2013)

Moreover coating fruits by chitosan reduces water
loss and maintains the quality of the strawberry such as
color, titratable acidity, and vitamin C. Such study reported
enhancements in the antioxidant activity of some enzymes,
as well as stopping in the flesh browning and reduction of
fruit damage as a result of chitosan coating (Petriccione et
al. 2015)

The in vitro and in vivo assessment of gamma
irradiation as an antifungal agent against B. cinereal,

revealed that 99kGy reduced the fungal intensity by 90%.
At 4.0kGy of gamma irradiation completely inhibited the
germination of spores and the growth of mycelia (Chu et
al. 2015). Hussain et al., (2013) studied the combinatory
treatment as a synergistic effect to maximize the Gl action,
in this connection, the modified atmosphere, heat, and
washing effectively extended the shelf-life of the fruits.

The present work aimed to increase the shelf-life of
strawberries fruits by using gamma irradiation and/or
chitosan.

MATERIALS AND METHODS

Strawberry fruits

The fruits were obtained from various farms of El-
Sharkia governorate. Then, divided into two groups; non-
infected and infected fruits. The infected ones were
investigated after 3 days of storage (13°C).
Botrytis cinerea

Botrytis cinerea as a recorded causative agent of
gray mold was kindly obtained from Mycological
Research and Plant Diseases Survey Department, Plant
Pathology Research Institute, Agricultural Research
Center, Giza, Egypt.
In vitro activity of chitosan

The anti-activity of chitosan against B. cinerea was
carried out on plates of Potato dextrose agar (PDA)
supplemented with 0.1,0.2 and 0.4% of chitosan. The
plates were inoculated with 3-mm disks of taken form a 7-
days-old culture of B. cinerea. When control fungus (0
chitosan) reached full growth, the experiment was stopped
and the linear growth of the treated fungus was measured.
Inoculum preparation

The concentration of the conidial suspension used
in this study was adjusted to 2x10° conidia/mL. B. cinerea
was grown for 2 weeks on PDA, then the conidia were
obtained by filtering the mycelial suspension through 3
layers of sterile cheesecloth.
Gamma irradiation (Gl)

Indian Co® gamma cell was used at doses of 1.0,
15 and 2.5 KGy/hr to treat strawberry fruits. Three
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replicates were used, each of 15 fruit. The treatments were
packed in perforated plastic containers before storage.
During which the fruits were assessed for diseases severity
(%) development along 3 weeks at 13°C.

Chitosan solution

Chitosan was prepared by dissolving 0.1,0.2 and
0.4% of chitosan in 2% acetic acid, heated with constant
agitation for 24 h. Then the pH was adjusted to 5.5 by 0.1N
NaOH; then 0.1 mL of tween 80 was added (El-Ghaouth et
al., 1990). The fruits were coated by different chitosan
concentrations before stored.

Studied parameters

The method of Kader (1991) was used to determine
(1) the total soluble solids (TSS%) using ago (Japan) NI
refractometer and expressed in Brix, and (2) the firmness
(g/cm?) of the fruit (the highest penetration force directly
before tissue breaking) using hand penetrometer.

The method of Lucoss (1994) was applied for the
determination of ascorbic acid (vitamin C) content and
expressed as mg/100 mL of juice.

Determination of peroxidase activity

Fruits treated with chitosan (0.4%), Gl (2.5kGy)
and their combination were evaluated for peroxidase after
10 days storage. The enzyme was extracted by crushing the
fruits in sodium phosphate buffer at pH (7.1). The
supernatant containing the crude enzyme extract was used
for enzyme assay as the variation in absorbance (425 nm)
per min (Allam and Hollis (1972).

Scanning electron microscopy

Treated and non-treated B. cinerea grown in PD
broth were prepared as described by Harley and Fergusen
(1990). The examination was performed utilizing Joel
Scanning Electron Microscope (JSM-1200 EX).

Design and statistical analysis of the experiments

The experimental design was one-way randomized
blocks. The analysis of variance was performed to verify
the difference between treatments. Means of the date were
compared based on Duncan’s mutable range test at
probability (P) level of < 0.05, all statistical analysis was
performed with the aid of CoStat software (CoHort
Software, U.S.A) version 6.4.

RESULTS

The anti- B. cinerea activity of chitosan

Table (1) shows that higher chitosan concentration
caused a marked reduction in the linear growth of B.
cinerea. As could be seen at 0.4%, chitosan inhibited the
linear growth of the fubgal pathogen by 77.8% compared
with control.

Table 1. The radial growth of B. cinerea as affected by
the various chitosan concentrations

Chitosan, %  Linear growth (cm) Inhibition, %
0.0 9.0a 0.0d
0.1 7.0b 22.2¢c¢
0.2 50c 4440
0.4 2.0d 778a

Means followed by various letters in each column are varied
significantly at 5%.

The effect of different doses of GI (1, 1.5 and
2.5KGy) on the severity of strawberry fruits stored at 13°C
for 1, 2, 3 weeks are presented in Table (2). As the storage

period increases the disease severity (%) increases. The
opposite trend was observed with the various doses of Gl.
However, the 25KGy was effective which decreased
severity along the storage period.

Table 2. Reduction of gray mold severity of strawberry
fruits by gamma irradiation at different
storage periods.

Storage periods ~ Gamma Severity, %
(weeks) doses (kGy) Infected Non-infected
0 55.5a 48.9a
1 1 45.3b 40.1b
15 38.4c 29.8c
2.5 31.7d 23.3d
0 100.0a 100.0a
5 1 73.8b 45.5b
15 65.6¢ 41.7c
25 45.9d 25.1d
0 100.0a 100.0a
3 1 80.8b 54.4b
15 69.7¢c 46.3c
25 49.9d 29.1d

Means followed by various letters in each column are varied
significantly at 5%.

Data in Table (3) show the effect of different
chitosan concentrations (0, 0.1, 0.2 and 0.4%) on the
severity of strawberry caused by B. cinerea stored at 13°C
for 1, 2, 3 weeks. As the concentration of chitosan
increases the severity of the disease markedly decreased.
The lowest severity % was recorded at 0.4%, Generally,
with the prolongation of storage period the severity %
increases. The optimum treatments obtained from the
above trials were chosen to be applied in combination in
the following trial.

Table 3. Reduction of gray mold severity of strawberry
fruits by chitosan at different storage periods.

Storage periods  Chitosan, Severity, %
(weeks) % Infected  Non-infected
0 59.8a 42.4a
1 0.1 31.1b 21.6b
0.2 20.1c 7.2c
0.4 9.7d 2.4d
0 89.4a 77.66a
9 0.1 57.3b 30.1b
0.2 39.9¢ 20.4c
0.4 33.8d 16.9d
0 100.0a 100.0a
3 0.1 62.5b 40.4b
0.2 53.4c 28.1c
0.4 40.1d 19.2d

Means followed by various letters in each column are varied
significantly at 5%.
The combined effect of GI and chitosan

The combined effect of Gl and chitosan on severity
(%) of gray mold development on strawberry fruits is
presented in Table (4). The combination between Gl
(2.5KGy) and chitosan (0.4mg%) was more pronounced in
reducing the severity compared with sole application of
chitosan or GIl. The combined application reduced the
severity of gray mold development. In which by the third
week of storage, the severity of infected and healthy
strawberry decreased from 100 and 100 to 24.7 and 18.9
%, respectively.
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Table 4. Combined effect of Gl (2.5KGy) and chitosan
(0.4%) on strawberry gray mold development
at various storage intervals

Period Severity %
(week) Treatment Infected Non-infected
Control 55.5a 48.9a
1 Chitosan 10.8¢c 4.5¢
Gl 31.7b 26.3b
GIl+Chitosan 8.5d 2.1d
Control 100.0a 100.0a
2 Chitosan 33.8¢c 16.9¢c
Gl 48.9b 25.1b
GIl+Chitosan 19.9d 8.7d
Control 100.0a 100.0a
3 Chitosan 40.1c 19.2¢c
Gl 49.9b 29.1b
GIl+Chitosan 24.7d 18.9c

Means followed by various letters in each column are varied
significantly at 5%.
Quality parameters of strawberry

As shown in Table (5), the quality features of
strawberry fruits varied as a result of the interface between
storage and chitosan coating. In which, TSS of the treated
strawberries with chitosan only significantly reduced along
the 3-weeks of storage. The firmness exhibited a similar
trend, but it was amplified by chitosan coating at 0.4%,
giving the highest values of TSS, firmness and vitamin C at
the different storage periods.

Table 5. Quality parameters of strawberry as affected
by chitosan concentrations and storage weeks
under B. cinerea infection.

Storage . TSS(Brix)  Firmness (g/cmz) Vitamin C (mg)
period Chlot/osaulftol’\‘ Infected, NO" infected. NO
(week) 0 I facted oo nfected MeCtinfected
00 590d 6.73d 4000b 4225c 0.024d 0028¢
01 688 687c 4041b 4233c 0.025c 0029
1 02 701b 7.10b 4537a 4487b 0.027b 0029
04 721a 82la 4576a 450.1a 0030a 003la
00 5350 591d 299.1c 342.7d 0.021d 0019c
01 568c 612c 3018c 3458 0022c 0019c
2 02 57% 633 3309b 3521b 0.025b 0.020b
04 613 7.10a 3455a 359.3a 0030a 0.027a
00 500d 413d 19801d 2258d 0.015d 0019c
01 540c 50lc 2000c 2353c 0018c 0019c
3 02 570b 593b 2148b 2402b 0023b 0.020b
04 60la 60la 2206a 2457a 0025a 0.023a

Means having the same letters in each column are statistically
insignificant at 5% level
Peroxidase (POD) activity of the infected strawberry
Fig. (1) shows that the combined impact of chitosan
(0.4%) andlor Gl (2.5kGy) on the infected strawberry
inoculated with B. cinereal after one-week of storage. The
combination treatment induced the highest (POD) activity,
followed by chitosan (0.4%) then GI (2.5 kGy). The fruits of
the control treatment came later.
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Fig. 1. Peroxidase activity after one-week storage of
strawberry fruits as affected by Gl (2.5kGy) and/or
chitosan (0.4%b) under infection by B. cinerea

Microstructural variation of B. cinerea

Fig. (2) shows the photography of the scanning
electron microscopy of the microstructure variation of B.
cinerea treated with chitosan (0.4%) and/or Gl (2.5kGy).
as could be seen morphological changes occurred in
hyphae and conidiophores of the fungal pathogen.

v
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Fig. 2. Microstructural variation of B. cinerea
recovered by the scanning electron microscopy

as affected by chitosan and/or GI.

The non-treated B. cinerea has usual organs and
cell wall including conidia, hyphae, sporangium, and
sporangiophore. Treatment by chitosan at 0.4% changed
the surface morphology, leading to marked damage in the
fungal cell structure and sporangiophore. No effect was
observed on the fungal spores. Regarding Gl, there were
marked changes in the surface morphology structure, and
damage to the hypha and sporangiophore were also
noticed. The combination of both chitosan and GI on B.
cinerea displays an extra destructive influence on
especially on the morphology of the surface and more real
damage to cell structure, wavy surface. Additionally, no
spore was detected.

DISCUSSION

Although strawberry is non-climacteric fruits, it has
a high postharvest respiration rate, leading to a rapid
deterioration at room temperature (Ribeiro et al. 2007).
Several methods rather than fungicide chemicals were
performed to increase the shelf-life of strawberry fruits
since the accumulation of fungicide residues in the fruits
cause several health problems and also lead to emerging of
the resistant pathogens to chemical pesticides. In this
connection, chitosan has been shown to be a promising
safe biofungicidal agent against several pathogens (El-
Ghaouth et al., 1990; Peng and Sutton, 1991 and Bakkali et
al., 2008).
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The present results reported that the severity of gray
mold was reduced by 0.4% chitosan along the storage
period. earlier work reported that dipping strawberries fruits
in chitosan decreased the gray mold infection along with the
10-days of storage at 0 °C, followed by 4 days of shelf-life
(Romanazzi et al., 2013). Li and Yu (2000) concluded
similar results, they established the potential role of chitosan
as an antifungal against the brown rot of peach, they added
that its mode of action is by the reduction of the incidence of
the pathogen that was correlated with the induction of
defense response of the plant.

Casariego (2004) confirmed the antifungal activity
of chitosan, which its film on was also stated to hinder the
growth of fungi and yeasts in the contact area, forming an
inhibition zone on the inoculated plates. There are main
suggested mode of actions through which chitosan retard
the decay of strawberries fruits which are (1) the fungistatic
feature, (2) its inducibility of defense-related enzymes such
as chitinase, chitosanase and f-1,3-glucanase and (3) its
ability to induce plant-defense mechanisms such as
phenolics (Benhamou, 1996; Atia et al., 2005; Aziz et al.,
2006 and Bautista-Bonas et al., 2006). So, chitosan could
be considered as a novel class of plant protection agents
(Atia et al., 2005). Ribeiro et al. (2007) and Romanazzi
(2010) reported a reduction in pre-harvest and postharvest
decay of strawberries by chitosan as well as reduction of
the pathogen growth.

It seems that chitosan plays the same role in various
plants, in this connection, Ben-Shalom et al. (2003)
reported that in cucumber coated with chitosan, an
increased resistance was observed against B. cinerea and
that was correlated with POD activity. Also, Li and Yu
(2001) found retards in the deterioration of peaches coated
by chitosan, and that may be due to the decrease in
respiration rate, which reduces the malondialdehyde
production, stimulation superoxide dismutase activity and
maintaining membrane integrity. That is why chitosan can
maintain the quality during the shelf-life,

In regard to the mode of action of chitosan on the
fungal cell, it was supposed that chitosan molecules
penetrate the extracellular structure and damage the
intracellular structure. This damage includes the serious
harmful effect to the fungal cell, as well as the ability to
form a resistant layer around the cell, causing death similar
to that occurs by synthetic fungicides (Hernandez-
Lauzardo et al., 2011; Junior et al., 2014).

The present data revealed that Gl reduced the
development of disease severity of strawberry fruits
especially at 2.5kGy. Similarly, Shadi and Ehab (2011)
found a noticeable reduction in the infected strawberry
fruits inoculated with B. cinerea as a result of Gl at 2.5
KGy compare with control.

The present results concluded reduction in TSS,
firmness and vitamin C with the prolongation of storage,
whereas the three parameters increased by increasing
chitosan concentration. Dam and Nguyen (2011) reported
enhancement in the firmness of strawberries fruits when
coated with chitosan. EI-Ghaouth et al. (1990) and Luna et
al. (2001) reported similar results, in which coating with
chitosan led to greater firmness of fruits of strawberries,
tomatoes, and peaches.

The pictures of the scanning electron microscopy
showed the damages of cell structure, surface morphology,
sporangiophore and hypha of B. cinerea caused by
chitosan and/or Gl. The combination of chitosan and Gl
caused the most destructive effect. Previously, Swelim
(2004) concluded that scanning electron microscope
confirmed that decrease in sporulation and morphology
abnormalities of Fusarium solani occurred after Gl at high
dose (10 kGy), meanwhile, at a low dose (1.0 kGy) caused
malformation and compactness of mycelia accompanied
with the absence of sporulation.

CONCLUSION

Chitosan at 0.4% and Gl at 2.5KGy showed
antifungal activity and reduced the disease severity caused
by B. cinerea, as well as, significantly extended the shelf-
life and improved fruit quality (TSS, firmness and vitamin
C). Chitosan and Gl were found to be more effective in
shifting fungus morphology and cell structure. The results
recommended using a combination of chitosan and gamma
radiation in order to reduce disease development and
extend the shelf-life of strawberry.

REFERENCES

Allam, A. I. and Hollis, S. P. (1972): Sulfide inhibition of
oxidase in rice root phytopathology, 62: 634-639.

Atia, M. M. M.; Buchenauer, H., Aly, A. Z. and Abou-
Zaid, M. I. (2005): Antifungal activity of chitosan
against Phytophthora infestans and activation of
defense mechanisms in tomato late blight. Polym.
Buul., 20: 83-88.

Aziz, A., Trotel-Aziz, P., Dhuicg, L., Jeander, P.
Coudercher, M., Vernet, G., (2006): Chitosan
Oligomers and copper sulfate induce grapevine
mildew. Phytopathology, 96: 1188-1194.

Bakkali, F.; Averbeck, S.; Averbeck, D. and Idaomar, M.
(2008): Biological effects of essential oils. A
review: Food and Chem. Toxicol., 46: 446-475.

Bautista-Banos, S., Hernandez-Lauzardo, A. N,
Velazquez-del Valle, M.G., Hernandez- Lopez, M.,
AitBarka, E. Bosquez-Molina, E., Wilson, C.L.,
(2006): Chitosan as a potential natural compound to
control pre and postharvest disease of horticultural
commodities. Crop. Prot., 25, 108-118.

Benhamou, N., (1996): Elicitor-induced plant defense
pathways. Trends Plant Sci., 1: 233-240.

Ben-Shalom, N., Ardi, R., Pinto, R., Aki, C., Fallik, E.,
(2003): Controlling gray mold caused by Botrytis
cinerea in Cucumber plants by means of chitosan.
Crop. Prot., 22: 285-290.

Braun, P. G. and Sutton, J. C., (1987): Inoculum sources of
Botrytis cinerea in Fruit rot strawberries in Ontario.
Can. J. Plant Pathol., 9: 1-5.

Casariego, A. (2004): Obtencion de pellicles antimicrobian
as a partir de quitosana. Cienciay Tecnologia de los
Alimentos, 14: 11-14.

Chu, E. H.; Eun-Jung Shin and Hae-Jun Park (2015):
Effect of gamma irradiation and its convergent
treatment for control of postharvest Botrytis cinerea
of cut roses. Radiation physics and chemistry, 115:
22-29.

214



J. Plant Prot. and Path., Mansoura Univ., Vol. 10 (4), April , 2019

Dam, S. M. and Nguyen, H. X. P. (2011): The effect of the
neem seed extract (Azadirachtin indica), Chitosan
and CaCl, on strawberry (Fragaria ananassa)
storage. The 12" Asian Food Conference, Thailand.

El-Ghaouth, A.; Arul, J. and Ponnampalam, R., (1990):
The effect of chitosan on growth and morphology
of Rhizopus stolonifer. (Abst.). Phytopathology, 80:
1020.

Harley, M.M. and Fergusen, I.K. 1990: The role of SEM in
pollen morphology and plant systematic. Association
special, 41: 45-68, Clarendon press, Oxford.

Hernandez-Lauzardo, A. N., Miguel Gerardo Velazquez-
del Valle and Maria Guad Guerra-Sanchez, (2011):
Current status of action mode and effect of chitosan
against  phytopathogenis  fungi.  African J.
Microbiol. Res., 2: 4243-4247.

Hussain, P. R., Dar, R. S. and Wani, A. M. (2013): Impact
of radiation processing on quality during storage
and post-refrigeration decay of plum (Prunus
domestica L.) Santaroza. Rad. Phys. and Chem.
4(1): 1016-1020.

Junior S., Stamford N., P., Lima M.A.B., Arnaud, T.M.S.,
Pintado, M.M. and Sarmento, B. F., (2004):
Characterization and inhibitory activity of chitosan
on hypha growth and morphology of Botrytis
cinerea plant pathogen. International Journal of
Applied Research in Natural Products, 7(4): 31-38.

Kader, A. A. (1991): Quality and its maintenance in
relation to the postharvest physiology of
strawberry. The strawberry into the 21%. century:
Proc, third North Amer. Strawberry Conf. Timber
Press, Portland. OR, PP. 145-152.

Li, H and Ting Yu (2001): Effect of chitosan on incidence
of brown rot, quality and physiological attributes of
postharvest peach fruit. Journal of the Science of
Food and Agriculture, 81(2): 269-274.

Lucoss, E. H. (1994): Determination ascorbic acid in large
numbers of plant samples. Ind. Eng. Chem. Anal.,
15: 649-652.

Luna, D.; Bustamanta, L. M.; Gonzalez, G.; Dominguez, S.
J.; Bautista, B. S.; Shirai, K. and Bosquez, M. E.
(2011): Treatments on the quality of papaya fruit
during storage. Proceeding of the Eighth international
congress on Engineering Food. Technomic
Publishing Co. Inc., Lancaster, Abstr., PP.: 1042-
1046.

Peng, G. and Sutton, J. C. (1991): Evaluation of
microorganism for biocontrol of Botrytis cinerea in
strawberry. Can. J. plant pathol., 13; 247-257.

Petriccione, M., Mastrobuoni, F., Pasquariello, M.,
Zampella, L., Nobis, E., Capriolo, G. and
Scortichini, M. (2015): Effect of chitosan coating
on the postharvest quality and antioxidant enzyme
system response of strawberry fruit during cold
storage. Foods, 4(4): 501-523.

Ribeiro, C.; Vicenta, A. A.; Teixeira, J. A. and Miranda, C.
(2007): Optimization of edible coating composition
to treat strawberry fruit senesce. Postharvest Biol.
and Tech., 44: 63-70.

Romanazzi, G. (2010): Chitosan treatment for the control
of postharvest decay of table grapes, strawberries
and sweet cherries. Fresh Produce 4 (Special Issue),
111-115.

Romanazzi, G., Feliziani, E., Santini, M. and Landi, L.
(2013): Effectiveness of postharvest treatment with
chitosan and other resistance inducers in the control
of storage decay of strawberry. Postharvest biology
and technology, 75:524-27.

Shadi, A. A. and Ehab, A. S. (2011): Effect of some
antioxidants, caraway oil (Carium carvum L.) and
Gamma Radiation on Gray Mold of strawberry
fruits during storage. J. Rad. Res. Appl. Sci., vol.,
4(B): 1415-1428.

Shiekh, A.; Magsood Ahmed Malik, Shaeel Ahmed Al-
ThaBatti and Muneer Ahmed Shiekh (2013):
Chitosan as a novel edible coating for fresh fruits.
Review. Food Sci. Technol. Res., 19(2): 139-155.

Swelim, M.A., (2004): Effect of gamma irradiation on
growth and cellular structure of two Fusarium
species. Isotope and Rad. Res., 36, 135-150.

Tarek, S.S.S. (2004): Integrated control for minimizing
postharvest diseases of strawberry. M.Sc. thesis,
Fac. Agric. Ain shams Univ., 165pp.

Vargas, M.; Albors, A.; Chiralt, C. and Gonzalez —
Martinez, S. (2006): Quality of cold-stored
strawberries as affected by chitosan-oleic acid
edible Coatings. Postharvest Biol. and Tech., 41:
164-171.

Ll plad) aladiuly Botrytis cinerea ¢l Giall (e aall sk o Adg) Al Ll cp A 5 3 jes Allda)

O gddl i/ g
Tl g 5Tt ca gl ae e

a8l Ao 53 & gaid) 38 s (il () jal g 2gaa (2l paN) g i ) &gy pndd !
-~ ‘L"JM‘ Al Lﬁh ‘&M?‘ %}b:‘s" ‘:'-U;.‘S (_;“93“ }SJAS‘ ‘1.33'9‘1\ &'u,‘m ?Méz

Ba & 5S e sy o )il of s (Botrytis cinerea s La sead s il plall 13 o el laga 150 0 siadll cnls of (S
Caadlil ¢ A G lat Ay il iyl J 3% 77.8 i B cinerea il o siludl) sl 8 Lalissl (% 0.4) o) sl daaal sl
il laad sl e gie a5 13 die 05880 e Al s J o) & o) 220 40.1 533.8 <9.7 N 100 5 89.4 <59.8 (3 (5 sall 52
5 e Wil g i) 138 IS SN A Adiall o sl o) aa e uS ISE Ll Al a3 G (%0.4) ) sl Al il Ll Caglas
shanall el bl 305 (40 (KGY 2.5) s Znly Alalnall Cllf LS 53l €5 2085 e liie olat) Ll 8 C opnalish (5 sima el oy yaill <
525.1 523.3 1% 100 5100 548.9 (e Aba¥) 835 Caaidil slina il ) L35% 49.9 545.9 531.7 I % 100 5100 555.5 &
Ll b Alale 5 (B bee 05l y Wa plad) o S Aldbadl) st (I o e i) <l 8 e qbad 352 5 1 DA % 29.1
JSall 8 <l ) 5 Al Ay 8 1) el o) 3 sty Al Alalaall a2 g pall Canall (5 SISV o sS ySaally paandll jedal LS 5o 5 5l
bl JE s 8 Alad ST S T () sl s ks gl (g O Al (o LS Lol Al Alebaall ODUS (e il (i o o) 85 ¢ o
A gl L Aadla s 58 aadl el 138 aladiuly oo gy oA AAY Ay (il 5 iy yhadll

215



