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Abstract

Green mould, blue mould and sour rot are the most important postharvest dis-
eases affecting grapefruits in Egypt. Different concentrations of organic acids, i.e.
benzoic, sorbic and their salts, i.e. sodium benzoate, potassium sorbate as well as
chitosan and the fungicide SOPP were evaluated for their effect on the growth and
spore production of the causal agents and their disease incidence under in vitro and
in vivo conditions. Different organic acids and salts showed superior efficacy than
fungicide against fruit decay incidence and their causal agents. Grapefruits treat-
ment with coating formula of chitosan or carnauba wax containing either benzoic
or sorbic acids as well as their salts could be successfully used to inhibit the decay
fungi and supply a long protection to treated fruits during storage and handling
processes.
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Introduction

Grapefruit (Citrus paradisi) is one of citrus species attacked by several plant
pathogens that affect its fruit quality (Saunt 2000). The most common postharvest
fungal diseases of grapefruit early recorded in Egypt are green mould caused by
Penicillium digitatum, blue mould caused by P. italicum and sour rot caused by
Geotrichum candidum var. citri-aurantii. The use of fungicides has been efficient in de-
creasing losses due to deterioration of food, but also generates health and environ-
mental concerns (Janisiewicz and Korsten 2002). In order to reduce the potential
development of pathogenic fungi resistance to applied fungicides some preserva-
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tives are suggested to be fungicide alternatives. The food preservatives potassium
sorbate or sodium benzoate, had antifungal activities against postharvest decaying
fungi (Al-Zaemey et al. 1993, Olivier et al. 1999). Hall (1992) reported that the
food preservatives potassium sorbate or sodium benzoate applied to citrus fruits
inoculated with P. digitatum had similar fungicidal activity and were equivalent to
the traditional treatment used as a postharvest fungicide for controlling citrus fruit
decay. Furthermore, many researchers reported the use of chitosan as a protective
safe material against many pathogens. Coating fruits with chitosan decreased
postharvest diseases of apple, tomato, strawberry and lime fruits (Du et al. 1997,
El-Mougy et al. 2002). Chitosan may be combined with other active antimicrobial
substances for enhancing its antimicrobial efficacy. For instance, Chen et al.
(1996) reported significant antifungal activity of methylcellulose and chitosan
composite films incorporated with 4% sodium benzoate or potassium sorbate.
Also, potassium sorbate incorporated into coating formula of chitosan (2%) had
inhibitory effects on mould inhibition of strawberries (Park et al. 2005).

The purpose of the present study was to evaluate the effect of benzoic and
sorbic acids and their salts sodium benzoate and potassium sorbate, as well as
chitosan, and the fungicide sodium o-phenylphenate (SOPP) on the growth and
spore production of fruit rot pathogenic fungi. Moreover, their preventive or thera-
peutic effect on postharvest decay incidence of grapefruits, when used as chito-
san-based or carnauba wax-based coating formula, were also evaluated.

Materials and methods

Pathogenic fungi

One of each virulent pathogenic fungi isolates of G. candidum var. citri-aurantii,
P. digitatum and P. italicum was obtained from Plant Pathology Department of the
National Research Centre, Giza, Egypt. These fungi were isolated from decayed
grapefruits, and proved their high pathogenic ability during previous work at the
same Department.

Acids and salts

The acids and salts used in the present work were purchased from Gamhoria
Ltd. (Egypt). Their purity was as follows: benzoic acid [BA] (min. purity 99.5%),
sodium benzoate [Sb] (min. purity 99.0%), sorbic acid [SA] (min. purity 99.5%)
and potassium sorbate [Ps] (min. purity 98.0%).

Chitosan

Chitosan, the natural polysaccharide with a chemical structure of poly p-(1-4)
N-acetyl-D-glucosamine (Bautista-Banos et al. 2006) is a commercial product by
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Sigma Chemical Company, St. Louis, MO, USA. Chitosan crude stock solution was
prepared by dissolving 2 g of chitosan powder in 100 ml of 2% acetic acid solution
(2:98, v:v acetic acid:distilled water). Different concentrations of chitosan stock
solution were made up by adding certain volume of crude solution to sterilized dis-
tilled water in order to obtain the desired concentration tested, e.g. 0.5, 1.0, 2.0
and 4.0%.

Carnauba wax

Carnauba wax, a commercial product used for fruit-polishing, was purchased
from Sigma-Aldrich Chemical Company, St. Louis, MO, USA. The main compo-
nents of carnauba are aliphatic esters (40 wt %), diesters of 4-hydroxycinnamic
acid (21.0 wt %), o-hydroxycarboxylic acids (13.0 wt %), and fatty acid alcohols
(12 wt %).

Plant materials

Grapefruits were obtained from a local orchard and used shortly after harvest or
stored at an optimal storage temperature 11°C, until use. Prior to inoculation,
fruits were washed thoroughly with tap water and sterilized by drenching in a wa-
ter solution of 0.05% hypochlorite for 2 min. Fruits used for peel disk preparation
were also surface sterilized by wiping with 70% ethanol.

In vitro tests

Effect of preservative chemicals on linear growth and spore production of pathogenic fungi

Effect of BA and SA and their salts Sb and Ps as well as chitosan and the fungi-
cide sodium ortho-phenyl-phenate (SOPP) at different concentrations, i.e. 0 (con-
trol), 0.5, 1.0, 2.0 and 4.0%, were tested for their inhibitory effect on linear growth
of G. candidum var. citri-aurantii, P. digitatum and P. italicum. The acidity of all tested
solutions used was adjusted to pH 5.5 using solutions of either hydrochloric acid
(1 mol-dm-3) or sodium hydroxide (1 mol-dm3) for calibrations. The tested chemi-
cals were added to conical flasks containing sterilized PDA medium (pH 5.5) to ob-
tain the proposed concentrations, then rotated gently and dispensed in sterilized
Petri plates (10 cm diameter). Plates were individually inoculated in the centre
with equal discs (6 mm diameter) of 10-day-old culture of the tested fungi. Five
plates were used as replicates for each particular treatment. Inoculated plates were
incubated at 20 =2°C. The average linear growth of fungi tested was calculated af-
ter 10 days. Reduction in fungal growth in particular treatment was calculated in
relation to the control. Spores produced of tested fungi in different treatments
were counted just after the last measurement of the linear growth on solid medium
as follows.

20 ml of sterilized distilled water were added to every plate and spores were
smoothly separated with a sterilized brush. The harvested spores were collected in
a beaker and the volume of spore suspension was completed to 100 ml by adding
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sterilized distilled water. Heamacytometer slide was used for counting the spores.
The number of spores was counted in four squares each (1/400 mm?3) taken at ran-
dom, and these were replicated five times. The average number of spores was cal-
culated per 1 cm? of fungal growth in each particular treatment. Percentage of
spore reduction was calculated referring to comparison treatment (chemicals free
PDA medium).

Effect of preservative chemicals on postharvest diseases incidence of grapefruit peel discs

Benzoic acid [BA], sorbic acid [SA], sodium benzoate [Sb], potassium sorbate
[Ps], chitosan and the fungicide (SOPP) at different concentrations, i.e. 0, 0.5, 1.0,
2.0 and 4.0%, were tested for their ability to control sour rot, green mould and blue
mould incidence in vitro. Peel discs of grapefruit were used as a model for this pur-
pose. Grapefruit peels were obtained from apparently healthy fruits and surface
disinfested, rinsed several times in sterilized distilled water and air dried on steril-
ized filter paper. Under aseptic conditions, peel discs were removed from the fruit
with a 10 mm diameter cork borer. In order to evaluate the protective effect of tested
preservative chemicals, peel discs (10 mm diameter) of grapefruit were dipped, for
10 min, in the prepared tested preservative chemical solutions, then air dried for 8 h
in laminar flow on filter paper. Treated discs were inoculated by spraying with spore
suspension (3 x 106 spores per 1 ml) of each of G. candidum var. citri-aurantii, P.
digitatum or P. italicum. A group of peel discs were sprayed with relevant fungi
inoculum and served as control treatment. All chemically treated and untreated in-
oculated discs were transferred onto moist filter paper into Petri plates at the rate of
five discs per plate and five plates per each particular treatment, then incubated at 20
+2°C. On the other hand, for evaluating the therapeutic effect of tested preservative
chemicals, disinfested peel discs (10 mm diameter) of grapefruit were placed on fil-
ter paper and firstly inoculated with spore suspension of pathogenic fungi, and
placed onto moistened filter paper into Petri plates at the rate of five discs per plate
and five plates per each particular treatment, then incubated at 20 =2°C for 8 h. The
inoculated peel discs were sprayed individually with tested preservative chemical so-
lutions and the incubation continued under the same conditions. A group of peel
discs was left without chemical treatment and served as control. Percentage of in-
fected discs was recorded after seven days of incubation.

In vivo tests

Long-term effect of different preservative chemicals on decay incidence of grapefruits

The most promising concentrations of BA, SA, Sb, Ps and the fungicide SOPP
were evaluated for their durable protective effect on different fruit decay incidence of
grapefruits during 60 days of storage. Chitosan (2%) and carnauba wax were used
either alone or as carrier solutions for the tested preservative chemicals and fungi-
cide individually. All coating solutions were homogenized for 60 s at 3000 rpm to
ensure complete dissolution. Grapefruits were wounded to a depth of 5.0 mm with a
1.25-mm-diameter needle. Four different sites around the blossom end on grape-
fruits were wounded. Grapefruits were completely coated by dipping them in either
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chitosan or water wax containing 4.0% of each chemical tested then air dried for 8 h
in laminar flow and placed into carton boxes with capacity of 12 fruits per box, then
incubated under cold room conditions (15 +2°C & 65 +=5% RH) for 60 days. To
evaluate the long acting effect of preservative chemicals tested, the treated grape-
fruits were sprayed individually with spore suspension (3 x 10° spores per 1 ml) of
each of G. candidum var. citri-aurantii, P. digitatum or P. italicum at the rate of 20 ml per
box once at the beginning of the storage period and another two times with interval
20 days between each during storage period. Three boxes were used as replicate for
particular treatment. Untreated inoculated grapefruits with decay fungi were used as
control treatment. Percentage of infected fruits was checked for decay incidence af-
ter 20, 40 and 60 days of incubation period. The average percentage of infected fruits
were calculated at the end of storage period (60 days).

Statistical analysis

One way analysis of variance (ANOVA) was used to analyze differences be-
tween toxicity of preservative chemicals and the grapefruit moulds fungi at differ-
ent concentrations in vitro as well as differences between coated and uncoated
grapefruit peel discs or fruits against mould causal agents’ growth and infection ei-
ther in vitro and in vivo. General Linear Model option of the Analysis System SAS
(Statistical... 1988) was used to perform the analysis of variance. Duncan’s Multi-
ple Range Test was used for the multiple means comparisons. Significance of dif-
ference was defined at P < 0.05 (Winer 1971).

Results

In vitro tests

Effect of preservative chemicals on linear growth and spore production of pathogenic fungi

The results obtained are presented in Tables 1 and 2. The data indicate that all
concentrations of tested chemicals significantly reduced the linear growth and
spore production of all tested pathogenic fungi. The reduction of growth and num-
ber of spores produced correlated with the gradual increase in chemicals’ concen-
trations. Complete inhibition was observed in the linear growth of tested fungi
when exposed to all treatments used at concentration of 4%. In this regard, P.
digitatum and P. italicum showed more sensitivity to the chemicals tested than G.
candidum var. citri-aurantii whereas their growth was 100% inhibited at concentra-
tion of 2%, except for SOPP, while the growth inhibition of G. candidum var.
citri-aurantii ranged between 31.1-66.6%. Minimizing concentrations of the tested
chemicals down to 0.5 and 1.0%, the tested fungi fluctuated in their response,
showing a similar trend of growth reduction.

Spore production of the tested fungi was significantly affected by different con-
centrations of tested chemicals. Data shown in Table 2 revealed that all used con-
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Table 1

In vitro inhibitory concentration to reduce by 50% (IC,)) and 100% (IC,,)
the mycelial growth of Geotrichum candidum var. citri-aurantii,
Penicillium digitatum and P. italicum

Compound G?;fcg?gsz:ﬁi#m Penicillium digitatum Penicillium italicum
1G5 1Cy, 1Cso 1Cyy ICsp 1Cyy

Benzoic acid 0.91 3.78 0.45 1.86 0.48 1.86
Sodium benzoate 0.92 1.73 0.63 1.82 0.83 1.82
Sorbic acid 1.12 3.68 0.62 1.80 0.34 1.62
Potassium sorbate 0.92 1.56 0.80 1.71 0.62 1.58
Chitosan 0.78 1.24 0.36 0.83 0.33 0.73
Fungicide SOPP 1.36 3.48 1.12 3.25 0.72 3.27

centrations were able to reduce spore production as compared with the untreated
check treatment, while no significant differences were observed between tested
concentrations of 0.5 and 1.0%. The highest reduction of G. candidum var.
citri-aurantii was achieved with treatment of chitosan (53.7%) at concentration of
1% and benzoic acid (34.1%) at concentration of 2%, followed by sorbic acid
(31.7%) and SOPP (24.4%) at the same concentration (Table 2). It is worth notic-
ing that all chitosan concentrations were the most effective treatment against both
linear growth (IC;, and ICy, in Table 1) and spore production of all pathogenic
fungi. In this concern the tested fungi were more sensitive to both sodium benzo-
ate and potassium sorbate than their organic acids. The worst results were ob-
served in SOPP treatments. The data presented in Tables 1 and 2 revealed that P.
digitatum and P. italicum were highly affected by tested chemicals which resulted in
higher reduction of both their mycelial growth and spore production than in the
case of G. candidum var. citri-aurantii.

Effect of preservative chemicals on postharvest diseases incidence of grapefruit peel discs

Data presented in Tables 3 and 4 showed that the tested chemical compounds
had greater efficacy when used as protective agent than as therapeutic against
mould incidence on grapefruit peel discs. In this regard, complete reduction of
mould incidence occurred at concentration of 4% of all chemical compounds used.

Significant reduction of mould incidence was observed in peel discs treated
with chitosan, comparing to other chemical treatments at all concentrations used.
Sorbic acid [SA] and its salt Ps showed superior effect on mould reduction compar-
ing with BA and its salt Sb. No significant reduction in mould incidence was no-
ticed between BA, Sb and the fungicide SOPP, although they differed significantly
comparing with control treatment. The green and blue moulds infection percent-
age was affected with all tested chemical compounds to a greater extent than sour
rot. These observations were true when chemical compounds used both as protec-
tive and therapeutic treatments.
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Table 2

Reduction of spore production of Geotrichum candidum var. citri-aurantii,
Penicillium digitatum and P. italicum in response to different
concentrations of preservative chemicals, chitosan and the fungicide SOPP

Geotrichum candidum

Chemical Conc'z;:)ration var. citri-aurantii Penicillium digitatum | Penicillium italicum
SP R (%) SP R (%) SP R (%)
Benzoic acid 0.5 3.7b 9.8 4.6b 11.5 4.8b 5.9
1.0 34b 17.1 43b 17.3 4.2b 17.6
2.0 2.7 ¢ 34.1 - - - -
4.0 - - - - - -
Sodium benzoate 0.5 3.8b 7.3 49b 5.8 4.7b 7.8
1.0 3.1b 24.4 4.4b 15.4 4.7b 7.8
2.0 - - - - - -
4.0 - - - - - -
Sorbic acid 0.5 3.6b 12.2 4.7b 9.6 4.7b 7.8
1.0 3.1b 24.4 43b 17.3 43b 15.7
2.0 2.8¢ 31.7 - - - -
4.0 - - - - - -
Potassium sorbate 0.5 3.7b 9.8 4.8b 7.7 49b 3.9
1.0 32b 21.9 4.6b 11.5 4.7b 7.8
2.0 - - - - - -
4.0 - - - - - -
Chitosan 0.5 2.8 ¢ 31.7 2.2c¢ 57.7 2.1d 58.8
1.0 22¢ 53.7 - - - -
2.0 - - - - - -
4.0 - - - - - -
SOPP 0.5 3.8b 7.3 4.8b 7.7 4.6b 9.8
1.0 35b 14.6 4.6b 11.5 4.1b 19.6
2.0 2.4c¢ 24.4 3.8¢ 26.9 3.7c¢ 27.5
4.0 - - - - - -
Control 0 4.1a 0 52a 0 51a 0

SP - spore production, calculated as 10° per 1 mm” of fungal growth colony, R - reduction in spore

production.

“« »

— complete growth inhibition.

Values with the same letters are not significant (P = 0.05).
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Table 3
Protective effect of different concentrations of chemicals
on peel discs infection with different moulds in vitro
. Grapefruit peel discs infection (%)
Chemical Concentration (%) - - - -
(w/v) sour rot - G. candidum green mould blue‘mould
var. citri-aurantii P. digitatum P. italicum
Benzoic acid 0.5 14.2 b 10.2 ¢ 10.2 ¢
1.0 12.3b 8.3d 52e
2.0 8.6d 6.5 de 4.3 ef
4.0 0.0h 0.0h 0.0h
Sodium benzoate 0.5 12.2b 10.4 c 8.3d
1.0 10.2 ¢ 9.3 cd 6.3 de
2.0 8.4d 7.4d 52e
4.0 0.0h 0.0h 0.0h
Sorbic acid 0.5 9.8 cd 9.8 cd 9.4 cd
1.0 7.4d 6.6 de 32fg
2.0 6.2 de 56e 21¢g
4.0 0.0h 0.0h 0.0h
Potassium sorbate 0.5 7.2d 7.3d 7.2d
1.0 5.6e 54e 54e
2.0 4.4 ef 4.0 ef 3.6fg
4.0 0.0h 0.0h 0.0h
Chitosan 0.5 42ef 4.2 ef 3.8fg
1.0 28g 21g 22¢g
2.0 0.0h 0.0h 0.0h
4.0 0.0h 0.0h 0.0h
SOPP 0.5 12.4b 10.0 ¢ 8.4d
1.0 10.8 b 8.3d 6.1 de
2.0 8.6d 7.6d 4.5 ef
4.0 0.0h 0.0h 0.0h
Carnauba wax 100 a 100 a 100 a
Control 100 a 100 a 100 a

Values with the same letters are not significant (P = 0.05).
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Table 4
Therapeutic effect of different concentrations of chemicals
on peel discs infection with different moulds in vitro
. Grapefruit peel discs infection (%)
Chemical Concentration (%) - - - -
(w/v) sour rot — G. candidum| green mould blue.mould
var. citri-aurantii P. digitatum P. italicum
Benzoic acid 0.5 26.2b 24.4b 18.6 ¢
1.0 24.6 b 22.6b 16.4 cd
2.0 22.4b 19.5¢ 14.2 cd
4.0 0.0h 0.0h 0.0h
Sodium benzoate 0.5 22.4b 19.4 c 14.4 cd
1.0 18.6 ¢ 18.6 ¢ 12.2 cd
2.0 18.8 ¢ 16.4 cd 10.2 de
4.0 0.0h 0.0h 0.0h
Sorbic acid 0.5 16.4 cd 14.4 cd 10.2 de
1.0 14.6 cd 12.6 cd 8.6e
2.0 12.2 cd 10.2 de 6.4 ef
4.0 0.0 h 0.0 h 0.0h
Potassium sorbate 0.5 12.6 cd 10.8 de 9.6e
1.0 8.4e 8.6e 54f
2.0 6.8 ef 54f 3.0gh
4.0 0.0h 0.0h 0.0h
Chitosan 0.5 6.8 ef 86e 9.2e
1.0 46¢g 7.4e 72e
2.0 0.0h 0.0 h 0.0h
4.0 0.0h 0.0h 0.0h
SOPP 0.5 28.4b 26.4b 19.8 ¢
1.0 24.4b 22.6b 17.6 cd
2.0 19.2 ¢ 19.2 ¢ 15.6 de
4.0 0.0h 0.0 h 0.0h
Carnauba wax 100.0 a 100.0 a 100.0 a
Control 100.0 a 100.0 a 100.0 a

Values with the same letters are not significant (P = 0.05).
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In vivo tests

Long-term effect of different preservative chemicals on decay incidence of grapefruits

Results presented in Table 5 indicate that all treated fruits showed reduction in
sour rot, green and blue mould symptoms as compared with fruits treated only
with carnauba wax as well as untreated control where 100% decay incidence was
recorded. Different organic acids and salts dissolved in chitosan (2%) solution
showed more significant effect on moulds reduction as compared to those dis-
solved in carnauba wax. The effect of fungicide SOPP showed the same trend at all
treatments.

Table 5
Percentage of decay incidence of grapefruit coated
with chemicals dissolved in either chitosan or water wax coating solution
(long protective treatment* in vivo)

Grapefruit infection (%)
Carrier Chemical (4%) | sour rot - G. candidum | green mould - blue mould -
var. citri-aurantii P. digitatum P. italicum

Chitosan (2%) Benzoic acid 12.3 ¢ 9.8 ef 10.2 de
Sodium benzoate 8.6f 6.4h 6.6 h
Sorbic acid 113 cd 78g 8.8f
Potassium sorbate 78¢g 6.2h 55i
SOPP 9.3 ef 8.2f 77g

Carnauba wax Benzoic acid 14.6 b 10.4 de 122 ¢
Sodium benzoate 10.4 de 8.6 f 8.2f
Sorbic acid 12.4 ¢ 8.8 f 10.4 de
Potassium sorbate 9.4 ef 78g 72¢g
SOPP 11.3 cd 9.2 ef 9.4 ef

Untreated control 100 a 100 a 100 a

*Treated grapefruits were artificially inoculated with decay pathogenic fungi and stored for 60 days
under cold room conditions (15 +2°C & 65 +5% RH).
Values with the same letters are not significant (P = 0.05).

Data also showed that the organic salts have better effect on mould incidence
reduction as compared to the fungicide SOPP (either dissolved in chitosan or in
carnauba wax). No significant difference in reduction of mould incidence was ob-
served between organic acids and the fungicide SOPP, although they differed sig-
nificantly as compared with untreated control. The lowest percentage of mould
incidence was observed in grapefruits treated with Ps dissolved in chitosan
whereas the percentage of sour rot, green mould and blue mould incidence were
7.8, 5.5 and 6.2%, followed by significant difference with the same chemicals dis-
solved in carnauba - 9.4, 7.2 and 7.8%, in respective order. The protective effect
against mould incidence of the rest of applied treatments were arranged in de-
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scending order as benzoic acid, SOPP dissolved in chitosan and carnauba wax. It is
worth noticing that the pathogen most affected with applied treatments was P.
digitatum (green mould) followed by P. italicum (blue mould) and G. candidum var.
citri-aurantii (sour rot) in significant descending order.

Discussion

Citrus (Citrus sinesis) is among the perishable fruits and is vulnerable to physical
injuries and fungal invasion. Many approaches could be used to prevent and reduce
the development of fungicide resistance in fungal pathogens. For example, chemi-
cals used should have multiple modes of action. Since TBZ, benomyl and thio-
phanate methyl have the same mode of action, as well as imazalil or sodium
o-phenylphenate (SOPP) have another mode of action, care should be taken for ap-
propriate use of these fungicides to prevent and reduce resistance development. One
of the potential approaches to extend the storability of this perishable commodity is
to apply edible coatings on the surface. Edible coatings can be used as a protective
barrier to reduce respiration and the transpiration rate through fruit surfaces, retard
microbial growth and colour changes, and improve physical integrity by reinforcing
the tender skin structure (Kester and Fennema 1986). The results of the present
study on efficacy of chemical preservatives as well as chitosan and carnauba wax
against decay fungi either in vitro or in vivo conditions, demonstrate that several or-
ganic acids and salts can inhibit growth of G. candidum var. citri-aurantii, P. digitatum
and P. italicum and reduce their spores production under in vitro conditions. Benzoic
and sorbic acids and their salts sodium benzoate and potassium sorbate generally
had later effect comparing with all chitosan concentrations which resulted in the
most effective treatment against either linear growth or spore production of all
pathogenic fungi. These results are consistent with other studies which demon-
strated that suppression of microbial strains varied in response to different organic
and inorganic acids or salts (Sebti and Tantaoui-Elaraki 1994, Stead 1995,
Bautista-Banos et al. 2006). In this regard, several researchers tried to explain the
acting mode of organic acids or their salts against pathogenic microorganisms. It was
found that inhibition of microorganisms by sorbic acid and its salts might have re-
sulted from alternation of cell transport function, inhibition of enzymes involved in
the glycolytic pathway or tricarboxylic acid cycle by inhibition of RNA, DNA, and
protein synthesis, and from uncoupling of the oxidative phosphorylation in mito-
chondria (Sofos et al. 1986). The depletion of ATP was reported in conidia of various
mould fungi after exposure to sorbic acid and benzoic acid (Krebs et al. 1983). More-
over, chitosan has been one of the most promising coating materials for fruits and
vegetables because of its good film-forming property, broad antimicrobial activity,
and excellent compatibility with other substances (Shahidi et al. 1999, Park and
Zhao 2004, Meng et al. 2010). Evaluation of organic acids and their salts as mould
inhibitors on grapefruit peels as model of study, under in vitro conditions, reveals a
greater protective than therapeutic action of tested chemicals against pathogenic
fungi. Similar trend was also observed when the fruits were coated with organic ac-
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ids and their salts in integrated application with either chitosan or carnauba wax.
The present results suggested that growth of G. candidum var. citri-aurantii, P.
digitatum and P. italicum on the surface of grapefruit peels was delayed by applied
treatments. These results are complimentary to those of Chen et al. (1996) who re-
ported that significant antifungal activity of methylcellulose and chitosan composite
films incorporated with 4% of sodium benzoate or potassium sorbate can be
achieved. In this regard, many researchers reported that several inorganic and or-
ganic salts were used in food-processing industry, have antimicrobial properties and
could be useful for postharvest disease control treatment. These treatments are gen-
erally applied in combination with surfactant or coating polymer (Al-Zaemey et al.
1993, Olivier et al. 1998). On the other hand, potassium sorbate and sodium benzo-
ate have been used in commercial citrus packinghouses to control postharvest dis-
eases of different fruits (Saleh and Huang 1997, Olivier et al. 1998, 1999). These
previous records are confirmed with the present finding that sorbic acid and its salt
potassium sorbate applied alone or combined with chitosan or carnauba wax were
the most effective treatments against sour rot, green and blue moulds as well as their
causal fungi G. candidum var. citri-aurantii, P. digitatum and P. italicum. However, the
chitosan-alone coating formula was not as effective as those containing preserva-
tives, indicating an apparent combined antifungal effect of chitosan and other chem-
icals. In this study, these preservatives were incorporated into chitosan-based and
carnauba-based coatings with the goal of achieving an additive inhibition of G.
candidum var. citri-aurantii, P. digitatum and P. italicum on coated grapefruits. This goal
was achieved on coated grapefruits. However, in the coating application, potassium
sorbate incorporated into thin layer of the coatings may have gradually diffused into
the surface of the grapefruits to interact with the fungal propagules, thus it showed
better effect as compared with other treatments. Furthermore, it is also demon-
strated that, chitosan-based coating is relatively more effective than carnauba
wax-based coating formula. This observation could be attributed to synergistic effect
of chitosan and incorporated preservatives. So, in the case of carnauba wax-based
formula, the relatively weak control effect may be connected with antifungal activity
of preservatives only (without synergistic effect). In addition to antifungal activity,
chitosan also induces hosts to produce defense-related enzymes (Lin et al. 2005,
Bautista-Banos et al. 2006) and increase antioxidative activity (Harish Prashanth et
al. 2007, Kim and Thomas 2007). Chitosan treatments enhanced activities of
chitinase and B-1,3-glucanase in orange and strawberry fruits (Bautista-Banos et al.
2006). The increase of activities of PPO and POD in chitosan-treated tomato or cu-
cumber fruits resulted in enhancing resistance of host against Botrytis cinerea
(Ben-Shalom et al. 2003, Liu et al. 2007). The results of the present study lead to
conclude that a postharvest treatment with benzoic and sorbic acids and their salts
sodium benzoate and potassium sorbate dissolved in chitosan or carnauba wax as
carriers could be successfully used to inhibit the decay fungi and thus minimize the
field inoculum brought into the packinghouses and supply a long-term protection to
treated fruits during storage, marketing and handling processes.
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Streszczenie

OCENA SKUTECZNOS'CI, ZABEZPIECZENIA
POWIERZCHNI GREJPFRUTOW PRZED ZGNILIZNA
PRZECHOWALNIOWA SRODKAMI CHEMICZNYMI

Zielona plesn, niebieska plesn i kwasna zgnilizna sg najwazniejszymi przecho-
walniowymi chorobami grejpfrutéw w Egipcie. Oceniano wptyw kwaséw organicz-
nych (benzoesowego i sorbinowego) i ich soli (benzoesanu sodu i sorbinianu pota-
su) oraz chitozanu i fungicydu SOPP, zastosowanych w roznych stezeniach, na
wzrost i wytwarzanie zarodnikéw przez grzyby powodujgce wymienione choroby,
a takze na wystepowanie choroby — in vitro i in vivo.

Kwasy organiczne i ich sole okazaly si¢ bardziej od fungicydu skuteczne w ogra-
niczaniu wystepowania choroby oraz rozwoju grzybéow patogenicznych.

Pokrycie grejpfrutéw chitozanem lub woskiem karnauba oraz badanymi kwasa-
mi lub ich solami moze by¢ skutecznie stosowane w celu zahamowania rozwoju
grzybéw zgniliznowych i zapewnienia dlugotrwalej ochrony owocéw podczas
przechowywania i dystrybucji.
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