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ABSTRACT

The effect of potassium sorbate (K-sorb), a low-toxicity chemical, to control Monilinia spp. was investigated. Preliminary
in vitro studies found the MIC of K-sorb for conidial germination and mycelial growth was, respectively, 260 and 1,250 mg/
liter. Immersion of naturally infected peach and nectarine fruit in a solution (15 g/liter) of K-sorb for 120 s reduced brown
rot by over 80% in four of five trials. Although treated fruits showed a significant reduction in firmness with respect to the
control, they did not reach the overripe stage and retained acceptable quality parameters. In an attempt to elucidate the
mechanism of action for K-sorb, the inhibition of enzymatic activity by K-sorb was also tested. In a radial diffusion assay,
the addition of K-sorb to agarose reduced polygalacturonase (PG) activity across the concentrations considered. The greatest
reduction (54.3%, with respect to the control) was obtained at a sorbate concentration of 15 g/liter. PG kinetic activity of
Monilinia laxa observed by a spectrophotometric assay peaked after 40 min in all samples tested. PG activity was significantly
higher in the control than in the samples with increased K-sorb concentrations. In conclusion, based on these findings, K-sorb
can be recommended as a low-toxicity antifungal compound against Monilinia spp. in peaches and nectarines with its mode
of action probably depending in part on the inhibition of PG activity in M. laxa.

Brown rot is one of the main diseases in stone fruit
and occurs in the field during both pre- and postharvest.
Three species of Monilinia are recognized as causal agents
of brown rot: Monilinia laxa (Aderhold and Ruhland),
Monilinia fructicola (G. Winter), and Monilinia fructigena
(Aderhold and Ruhland) (29). Yield losses depend on
weather conditions and are especially severe if high hu-
midity, warm temperatures, and abundant rainfall prevail
prior to harvest (5). The plant pathogen invades the fruit
through wounds and injuries caused by insects, hail, or har-
vesting and handling operations. The conidia can also pen-
etrate through microlesions, stomata, and lenticels of fruit
skin (28). In some cases, infections occurring in the field
remain quiescent until the fruit reaches maturity, allowing
Monilinia to overcome host defenses. For this reason, if
weather conditions are favorable to brown rot, then impor-
tant losses can occur also during the postharvest phase, fre-
quently estimated between 5 and 10% or more (22). In Italy
and in European countries, this plant-only pathogen is con-
trolled by fungicide spray programs in the field, since post-
harvest treatment is not allowed.

Public demand to reduce the use of fungicides or to
eat fungicide-free products has stimulated the search for
alternative methods, safe for humans and the environment,
with encouraging results. Nevertheless, the control of plant
pathogens by unconventional means such as microbial an-
tagonists, natural substances, and compounds generally rec-
ognized as safe (GRAS) requires optimization of several
key features before successful use (2, 5, 26). GRAS is a

* Author for correspondence. Tel: �39-051-766563; Fax: �39-051-
765049; E-mail: marta.mari@unibo.it.

U.S. Food and Drug Administration designation and de-
notes a chemical or substance (including certain pesticides)
that is added to food and considered safe by experts, and
for this reason is exempt from the usual Federal Food,
Drug, and Cosmetic Act food additive tolerance require-
ments (33).

Several GRAS compounds such as chlorine, peracetic
acid, K-sorb, sodium bicarbonate, and calcium salts offer
considerable promise in postharvest technology, showing
antimicrobial, antifungal, and insecticidal properties (8, 34).
Bicarbonate salts are widely used in the food industry for
leavening, pH control, taste, and texture development; they
also have a broad-spectrum antimicrobial activity (1, 3),
inhibit the growth of bacteria and yeast, and control post-
harvest diseases (3). Furthermore, the potential for bicar-
bonate salts to control postharvest diseases has been dem-
onstrated on a wide range of species including sweet cher-
ries, apples and peaches, and melons, alone or in combi-
nation with biocontrol agents (23).

K-sorb, the potassium salt of sorbic acid (C6H7O2K),
is a widely known antimicrobial agent in foods. Its inhib-
itory action is strongly influenced by the type of food and
the conditions of processing and storage (11). Sorbates are
common food preservatives used for many applications and
applied after harvest control M. laxa on sweet cherry (23)
and Botrytis cinerea on citrus (14).

Polygalacturonases (PGs) are an important factor in
fungal virulence (31), and their reduction is associated with
pathogen inhibition or, in the extreme, fungistasis. Some
evidence shows that GRAS compounds can reduce the se-
verity of diseases by limiting the activity of pectic enzyme
in postharvest pathogens on rambutan (34).
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The aims of this study were (i) to determine the 50%
effective dose (ED50), 95% effective dose (ED95), and MIC
of K-sorb on conidia germination and mycelial growth of
M. laxa by in vitro tests; (ii) to evaluate its efficacy on
peaches and nectarines naturally infected by Monilinia spp.;
and (iii) to investigate the inhibition of enzymatic activity
of M. laxa PGs by K-sorb.

MATERIALS AND METHODS

Plant pathogen. An M. laxa strain isolated from stored
peaches showing typical brown rot was grown on V8 agar (160
ml of V8 vegetable juice and 25.6 g of agar technical per 480 ml
of distilled water). Petri dishes were incubated at 25�C with 12 h
dark–12 h light cycles for 10 days. A conidial suspension was
prepared by washing colonies in sterile water and Tween 80
(0.05%); the suspension concentrations were adjusted with a he-
macytometer to 1 � 103 conidia per ml.

Fruit. Fruit (Prunus persica (L.) Batsch) used in this study
included peaches, cv. May Crest, Maria Marta, Elegant Lady, Rich
Lady, Springbelle) and a nectarine, cv. Big Top obtained from a
local packinghouse. Fruits free of visible wounds and rot and ho-
mogeneous in maturity and size were stored at 0�C and used for
experiments within 5 days of harvesting.

In vitro test of mycelial growth and conidial germination
inhibition. In order to test the activity of K-sorb on mycelial
growth and conidial germination of M. laxa, petri dishes contain-
ing 20 ml of malt extract agar (Oxoid, Ltd. Basingstoke, UK) plus
K-sorb (Carlo Erba, Milano, Italy) were prepared. Salt concentra-
tions ranged between 0.18 and 0.26 g/ml, and 0.078 and 1.25 g/ml
for conidial germination and mycelial growth, respectively. For
conidial germination, a 100-�l aliquot of the conidial suspension
was spread onto petri dishes, which were incubated at 20�C in
darkness. Conidial germination was examined after 3 days of in-
cubation at 20�C, by observing with a light microscope, at least
300 conidia for each K-sorb concentration. For mycelial growth,
a 6-mm-diameter plug of mycelium was taken from the periphery
of an actively growing agar culture and placed at the center of a
90-mm petri dish containing malt extract agar plus K-sorb. After
7 days of incubation at 20�C without light, the diameter (milli-
meters) of mycelial growth was measured. Malt extract agar with-
out K-sorb was used as a control. Each concentration was repre-
sented by five petri dishes, and the experiment was repeated at
least once.

K-sorb activity on fruit naturally infected by Monilinia
spp. Fruits, neither wounded nor inoculated, were dipped for 2
min in a K-sorb solution (15 g/ml), allowed to air dry for 60 min
at room temperature and then stored at 20�C for 5 days at high
humidity (80%). Fruits dipped only in water served as controls.
The sample unit was represented by four replications of 25 fruits
each. The incidence of infected fruits was recorded and an effec-
tiveness index was calculated using the following formula: effec-
tiveness index (%) � [(control infected fruits � treated infected
fruits)/control infected fruits] � 100.

Analysis of fruit quality parameters. The influence of
K-sorb treatment on fruit quality was evaluated on twenty noni-
noculated fruits for each treatment of Springbelle peaches and Big
Top nectarines. The physicochemical parameters considered in-
cluded firmness, soluble solid content, and titratable acidity. Firm-
ness (in newtons) was measured after removing the skin on op-
posite sides of each fruit using a Chatillon digital penetrometer
fitted with an 8-mm fruit tester probe. Soluble solid content (per-

centage) was determined using a digital refractometer (Atago Co.,
Tokyo, Japan) in a portion of filtrate obtained by blending each
fruit. Titratable acidity (milliequivalents per 10 ml of pure juice)
was determined using an automatic titrator (Crison, Barcelona,
Spain) by titrating fruit juice (obtained by diluting homogenized
with distilled water in a ratio 1:5 and filtering the solution in a
vacuum) with a 0.1 N sodium hydroxide solution up to pH 8.1.

K-sorb inhibition of M. laxa enzymatic activity: fungus
growth. A modified liquid Pratt’s medium (32) was prepared that
contained (grams per liter): 13.6 KH2PO4, 4.0 NH4NO3, 1.25
MgSO4·7H2O, 0.02 FeSO4·7H2O, 0.001 CuSO4·5H2O, 0.002
ZnSO4·7H2O, 0.0013 (NH4)2MoO4, 0.016 MnSO4·H2O, 0.028
H3BO3, and 1% yeast extract. After adjusting to pH 4.5 with HCl,
the medium was dispensed in flasks, autoclaved for 15 min at 105
Pa, inoculated with 1 ml of a spore suspension of M. laxa (103

conidia per ml), and then stored at 20�C. Flasks containing only
Pratt’s medium were used as a control. Each concentration was
represented by three flasks (replications), and the experiment was
repeated once. Before inoculation, different aliquots of K-sorb
were added to flasks to obtain six concentrations ranging from
31.25 to 1,000 mg/liter. After 7 days the suspension was filtered
using a Millipore glass filter (0.45 �m; MF-Millipore membrane
filters, Millipore, Inc., Bedford, Mass.), and M. laxa growth was
evaluated as dry mycelium, weighing the filter after completely
drying at 70�C for 1 day. In order to extract the M. laxa enzymatic
complex, the filtration liquid was centrifuged at 13,000 � g for
30 min. The pellet was diluted with 1 ml of buffer (0.05 M NaCl
in 1 liter of 0.1 M sodium acetate pH 5), centrifuged (13,000 �
g for 30 min), and supernatants were subsequently collected, fil-
tered, dialyzed with Spectra/Por membrane tubing (6,000 to 8,000
molecular weight cutoff; Spectrum Laboratories, Inc., Rancho
Dominguez, Calif.) overnight at 4�C against 0.1 M sodium acetate
(pH 5), and finally concentrated by polyethylene glycol compound
(Sigma, St. Louis, Mo.) at 4�C for about 1 h. Enzyme extract was
stored at 4�C until use.

K-sorb inhibition of M. laxa enzymatic activity: cup-plate
assay. Based on previous work showing that Aspergillus niger
(pectinase, Sigma) has endo-PG (EC 3.2.1.15) activity, the endo-
PG inhibition at different K-sorb concentrations was determined
by an agarose diffusion assay (evaluating a square-millimeter halo
area), in accordance with Tamura et al. (35), with some modifi-
cations. In the control, an agarose sheet was prepared by pouring
100 ml of microwave oven–melted 1 g of agarose, 0.001 g of
polygalacturonic acid (Fluka, Milano, Italy), and 0.365 g of EDTA
(Sigma) in 0.1 M sodium acetate buffer (pH 5.0) into a Plexiglas
frame (23 by 23 cm). In the same way, inhibition activity by
different concentrations of K-sorb against pectinase from A. niger
was analyzed, dissolving 0.375, 0.75, and 1.5 g of K-sorb in 100
ml of agarose solution. When the agar solidified, 4-mm-diameter
wells were cut in the agar sheet, using a cork borer. Each K-sorb
concentration was represented by three samples of 15 �l of total
volume, loaded into wells. Pectinase from A. niger represented
the standard. The plate was incubated overnight at 37�C and dyed
with ruthenium red (Fluka, Buchs, Switzerland), staining PG sub-
strate for PGs. After 1 h, the plate was rinsed with distilled water
several times over 1 h to remove excess (i.e., unbound) dye. PG
activity was then assessed by measuring the area around wells
that had been cleared by ruthenium red.

K-sorb inhibition of M. laxa enzymatic activity: spectro-
photometer assay. PG kinetic activity of M. laxa was detected
using a spectrophotometer (Agilent Technologies, Santa Clara, Calif.),
in accordance with Wang et al. (37), with some modifications.
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TABLE 1. Effect of treatments with K-sorb on conidial germi-
nation and mycelial growth of M. laxaa

Effect MIC (mg/liter) ED50 (mg/liter) ED95 (mg/liter)

Mycelial growth 1,250 � 3.3 160 � 6.9 500 � 5.55
Conidial

germination 260 � 1.6 210 � 2.91 260 � 1.16

a Fungicidal activity on mycelial growth and conidia germination
was evaluated 7 and 3 days, respectively, after inoculation. Val-
ues are means of five replicates � standard errors.

TABLE 2. Effect of K-sorb treatment (15 g/liter) on Monilinia
rot in naturally infected fruits after 4 days at 20�Ca

Cultivar
Control (% of
infected fruit)

K-sorb (% of
infected fruit)

EI
(%)b

May Crest (peach) 45 A

6.2 B 92
Elegant Lady (peach) 81.2 A 8.3 B 89.8
Springbelle (peach) 48.3 A 5 B 89.6
Big Top (nectarine) 42.5 A 5 B 88.2

a Fruits were treated by dipping for 2 min. Values for each treat-
ment correspond to the mean of 20 fruits per five replicates.
Within each cultivar, the values followed by the same letters are
not significantly different according to the least significant dif-
ference test (P � 0.05).

b EI, effectiveness index (%) � [(control infected fruits � treated
infected fruits)/control infected fruits] � 100.

TABLE 3. Effect of K-sorb treatment (15 g/liter) on quality pa-
rameters of a peach and nectarinea

Cultivar
Firmness

(N)
Acidity

(meq/10 g pulp)
Total solid soluble

(�Brix)

Springbelle (peach)
Control 8.5 A 1.31 A 11 A

K-sorb 6.4 B 1.22 B 11.2 B

Big Top (nectarine)
Control 10.4 A 0.8 A 13.4 A

K-sorb 7.6 B 0.7 B 11.5 B

a Values for each treatment correspond to the mean of 20 fruits
per five replicates. Within each cultivar, the values followed by
the same letters are not significantly different according to the
least significant difference test (P � 0.05).

The method was based on the hydrolytic release of reducing
groups from polygalacturonic acid. The reaction mixture con-
tained 3 ml of substrate 0.2% (wt/vol) polygalacturonic acid, 3 ml
of buffer (0.1 M sodium acetate, pH 5), and 50 �l of a solution
containing concentrated enzyme from K-sorb concentrations.
K-sorb concentrations ranged from 0 (control) to 1,000 mg/liter.
The reaction mixture was incubated in a water bath at 30�C for
0, 20, 40, and 60 min. The reaction was stopped by adding 0.2
ml of reaction mixture to 1 ml of sodium borate (0.1 M, pH 9.6)
and 0.3 ml of 1% 2-cyanoacetamide (Sigma), and immersion in
a boiling water bath for 10 min. Blank enzyme samples and blank
substrate samples were determined in the same way without ad-
dition of substrate or without enzyme, respectively.

The standard reaction mixture contained polygalacturonic
acid solution (0.2%) as reagent and was heated in a boiling water
bath for 10 min. Absorbance of the samples, blanks, and standards
was measured in triplicate at 276 nm.

K-sorb inhibition of M. laxa enzymatic activity: protein
assay. Protein was determined by the method of Bradford (7)
using a protein assay dye reagent concentrate (Bio-Rad, Hercules,
Calif.) and bovine serum albumin (Sigma) as a standard, by re-
cording the absorbance at 595 nm.

Statistical analysis. ED50 and ED95 were calculated using
probit analysis applied to the percentages of germination and my-
celial growth inhibition resulting from in vitro experiments. Re-
gression lines between the logarithm of the K-sorb concentrations
and the effectiveness indices transformed in probit were calculated
(13). All data were processed with analysis of variance using
SYSTAT 5.3 (38). Separation of means was performed according
to the least significant difference (LSD) test at P � 0.05. All
experiments were carried out in a completely randomized design.

RESULTS

In vitro test of mycelial growth and conidial ger-
mination inhibition. The regression lines between the log-
arithm of the compound concentrations and the effective-
ness indices transformed in probit, used to calculate ED50

and ED95, were highly significant. The correlation coeffi-
cients were 0.93 for mycelial growth and 0.90 for conidial
germination (data not shown). The MIC of K-sorb for M.
laxa mycelial growth (Table 1) was 1,250 mg/liter. At this
concentration, K-sorb was fungicidal because no mycelial
growth was observed after 14 days at 20�C (data not re-
ported). Furthermore, ED50 and ED95 were 160 and 500
mg/liter, respectively. The K-sorb MIC for conidial germi-
nation was 260 mg/liter. No conidia germinated after 8 days
at 20�C. The ED50 of 210 mg/liter was higher than the ED50

for mycelial growth and the ED95 of 249 mg/liter was about
half the ED95 of mycelial growth. However, the colonies

produced by conidial germination were noted to have a
smaller diameter than the control, probably referable to a
fungistatic action of K-sorb.

K-sorb activity on fruit naturally infected by Mon-
ilinia spp. and its influence on fruit quality. Fruit treated
with K-sorb at 15 g liter�1 showed a significant reduction
in Monilinia infections after 5 days at 20�C (Table 2). The
effectiveness index of K-sorb ranged between 92.5% in
Maria Marta and 35.3% in May Crest peaches. No visible
damage was observed on the fruit skin after K-sorb treat-
ment.

Fruit quality was influenced by treatment with K-sorb
(15 g/liter), firmness was significantly reduced (�25%),
and soluble titratable acidity (�7%) (Table 3). In treated
fruit, the soluble solid showed a different behavior in re-
lation to the cultivar: it increased in peaches and decreased
in nectarines.

Inhibition of M. laxa enzymatic activity by K-sorb
treatment. As shown in Figure 1, fungal dry weight was
significantly reduced, with respect to the control, by K-sorb
at all tested concentrations. After 7 days of incubation at
20�C, in the control (without K-sorb), the mycelium dry
weight was 5.5 mg, while in the solution of K-sorb at 31.25
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FIGURE 1. Effect of K-sorb on M. laxa dry weight. After 7 days
of incubation at 20�C, mycelium was filtered, and pathogen
growth was determined by filter weight (milligrams) after com-
pletely drying at 70�C for 1 day. Values for each concentration
correspond to the means of three flasks (replicates). Correlation
coefficient (R) � �0.98 (P 	 0.05).

FIGURE 2. Radial diffusion assay of different K-sorb concentrations against A. niger from commercial pectinase. *, Area halo (square
millimeters) is the mean of three repetitions. R � �0.98 (P 	 0.05).

mg/liter it was only 2.63 mg (�52.2%). A greater reduction
in pathogen growth was obtained at higher K-sorb concen-
trations.

In the cup-plate assay, the enzymatic activity of com-
mercial PGs from A. niger showed considerable activity on
the pectinase medium, producing a halo of 891 mm2 (Fig.
2). The addition of K-sorb to agarose reduced PG activity
across the tested concentrations. The greatest reduction
(54.3%) was obtained with the 15 g/liter concentration
(halo of 407 mm2). Lower concentrations of K-sorb (3.75
and 7.5 g/liter) reduced PG activity by 28.8 and 42.1%,
respectively. As expected, there was no activity in the neg-
ative controls (buffer and water, alone; data not shown). PG
kinetic activity (Fig. 3) of M. laxa peaked after 40 min in
all samples tested. PG activity was significantly higher in
the control than in fruit treated with K-sorb. The 0.5 g/liter
K-sorb solution reduced PG activity by 60% with respect
to the control.

DISCUSSION

In this study, data showed the activity of K-sorb against
Monilinia spp. Sorbic acid and its potassium salt have long
been used as food additives in order to prevent microbial
growth. Recently, since the interest for alternative chemi-
cals increased, K-sorb has been tested, compared with other
food additives, on fresh fruits in order to control posthar-
vest decay. Preliminary investigations in in vitro trials
against Geotrichum candidum (16), Penicillium expansum

(36), B. cinerea (39), and Aspergillus flavus (20) showed a
wide range of MICs, between 400 and 5,000 �g/ml, de-
pending on the fungus. In this study, the MIC of M. laxa
for mycelial growth fell in the same range (1,250 �g/ml),
although the MIC or conidial germination was almost five-
fold less (260 �g/ml).

K-sorb treatments were effective on artificially infected
fruits such as table grapes inoculated with B. cinerea (15),
lemons inoculated with G. candidum (16), and citrus fruits
inoculated with Penicillium digitatum and Penicillium it-
alicum (30). In our trials, we obtained good control (over
80% in four of five trials) on peaches and nectarines nat-
urally infected with Monilinia spp. Brown rot infections
occur over the season, remaining latent and developing dur-
ing the postharvest phase, right up to the time the fruit
reaches the consumer’s home. They are extremely danger-
ous for at least three reasons: first, their control with pre-
harvest fungicide applications is difficult; second, in Europe
postharvest chemical treatments are not allowed; and third,
the retail value of harvested fruit is high. In Italy, in a
scheduled program, the early cultivars of peaches and nec-
tarines (Springbelle, Rich Lady, and Big Top) are subjected
to only one fungicide treatment, at bloom, but it frequently
fails to control postharvest rot, in particular when weather
conditions favorable to the plant pathogen occur. In our
trials, untreated fruits showed a disease incidence of over
40% up to 81.2%; K-sorb treatment, however, showed good
control (89.8%) of brown rot even in the worst case.

All of our fruit reached the eating quality standard (N
	 13) after 4 days at 20�C (27). Although K-sorb treated
fruit showed a significant reduction in firmness with respect
to control, they did not reach the overripe stage (N � 5)
(25).

The mode of action of sorbic acid has been investigated
for a long time, and many hypotheses have been discussed
(9, 12, 17). One of these suggested that the activity of sor-
bates against fungi and yeast relies on a decreasing pH val-
ue in the intercellular part, after ionization of acid mole-
cules (19), but this hypothesis is in contrast with the study
of Bracey et al. (6) on Saccharomyces cerevisiae. The au-
thors found that growth inhibition of this yeast correlated
with activation of an energy-dependent mechanism, which
compensated for alterations of intercellular pH homeostasis,
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FIGURE 3. Effect of K-sorb concentrations against PG activity of M. laxa. Within each period, values followed by the same letters
are not significantly different according to the least significant difference test (P � 0.05).

reducing the available energy for normal growth. Further-
more, sorbate and benzoate are compounds with lipophilic
features and can affect the permeability of microbial cell
membranes by inhibition of proton gradients across the cell
and mitochondrial membranes, which followed is by their
disorganization (15). Another mechanism involved in the
inhibition of microbial growth by sorbic acid is the effect
on enzymes. Fumarase, aspartase, succinic dehydrogenase,
ficin, and alcohol dehydrogenase are only a few of the en-
zymes inhibited by sorbic acid (25, 40). In in vitro trials,
Lyon and McGill (21) found that the mode of action of
benzoic acid, another weak organic acid–like sorbic acid,
is the inhibition of PGs and polygalacturonic acid lyase
from Erwinia carotovora. These results are partially in
agreement with our data on the M. laxa PG activity reduc-
tion induced by K-sorb. Nevertheless, no reduction in po-
lygalacturonic acid lyase was observed (data not reported).
The effect of different K-sorb concentrations on fungus dry
weight accumulation in a liquid Pratt’s medium correlated
with PG activity; the same results were obtained with cal-
cium salts on M. fructicola (4). PGs are an important factor
of virulence (31), and the reduction of their activity can
delay the infection process and produce a fungistatic effect
(data not reported).

Based on the results obtained in our study and because
of some K-sorb features, K-sorb can be recommended as
an antifungal compound for peaches and nectarines. It is in
fact the most readily soluble of the sorbates and suitable
for the postharvest handling practices that use water to float
fruit out of field bins and to remove field heat from fruit
by hydrocooling. Sorbic acid and its derivates are com-
monly used to control mould growth and extend the shelf
life of several foods (cheeses, vegetables, sauces, and
meats) and also to inhibit growth and mycotoxin production

by the mycotoxigenic molds A. flavus, A. parasiticus (10),
P. expansum, and P. patulum (18).

ACKNOWLEDGMENTS

This work was supported by the European Commission project IS-
AFRUIT, contract 016279/T5.4.1, and the Interregional Project Frutticol-
tura Post-Raccolta, no. 12.

REFERENCES

1. Aharoni, Y., E. Fallik, A. Copel, M. Gil, S. Grinberg, and J. D. Klein.
1997. Sodium bicarbonate reduces postharvest decay development
on melons. Postharvest Biol. Technol. 10:201–206.

2. Altindag, M., M. Sahin, A. Esitken, S. Ercisli, M. Guleryuz, M. F.
Donmez, and F. Sahin. 2006. Biological control of brown rot (Mon-
ilinia laxa Ehr.) on apricot (Prunus armeniaca L. cv. Hacıhaliloglu)
by Bacillus, Burkholderia, and Pseudomonas application under in
vitro and in vivo conditions. Biol. Control 38:369–372.

3. Alvindia, D. G., T. Kobayashi, K. T. Natsuaki, and S. Tanda. 2004.
Inhibitory influence of inorganic salts on banana postharvest path-
ogens and preliminary application to control crown rot. J. Gen. Plant
Pathol. 70:61–65.

4. Biggs, A. R., M. M. El-Kholi, S. El-Neshawy, and R. Nickerson.
1997. Effect of calcium on growth, polygalacturonase activity, and
infection of peach fruit by Monilinia fructicola. Plant Dis. 81:39–
403.

5. Bonaterra, A., M. Mari, L. Casalini, and E. Montesinos. 2003. Bi-
ological control of Monilinia laxa and Rhizopus stolonifer in post-
harvest of stone fruit by Pantoea agglomerans EPS125 and putative
mechanisms of antagonism. Int. J. Food Microbiol. 84:93–104.

6. Bracey, D., C. D. Holyoak, and P. J. Coote. 1998. Comparison of
the inhibitory effect of sorbic acid and amphotericin B on Saccha-
romyces cerevisiae: is growth inhibition dependent on reduced in-
tracellular pH? J. Appl. Microbiol. 85:1056–1066.

7. Bradford, M. M. 1976. A rapid and sensitive method for the quan-
tification of microgram quantities of protein utilizing the principle
of protein-dry binding. Anal. Biochem. 72:248–254.

8. Brown, G. E. 1987. Effects of experimental bacterial disinfectants
applied to oranges on postharvest decay, p. 20–22. In Proceedings
of the Florida State Horticultural Society 100. American Society for
Horticultural Science, Miami Beach, Fla.



J. Food Prot., Vol. 71, No. 8 POTASSIUM SORBATE FOR CONTROLLING POSTHARVEST BROWN ROT 1631

9. Brul, S., and P. Coote. 1999. Preservative agents in foods: mode of
action and microbial resistance mechanisms. Int. J. Food Microbiol.
50:1–17.

10. Bullerman, L. B. 1983. Effects of potassium sorbate on growth and
aflatoxin production by Aspergillus parasiticus and Aspergillus fla-
vus. J. Food Prot. 46:940–942.

11. Campos, C. A., S. M. Alzamora, and L. N. Gerschenson. 2000. In-
hibitory action of potassium sorbate degradation products against
Staphylococcus aureus growth in laboratory media. Int. J. Food Mi-
crobiol. 54:117–122.

12. Davidson, P. M. 2001. Chemical preservatives and natural antimi-
crobial compounds, p. 520–556. In M. P. Doyle, L. R. Beuchat, and
T. J. Montville (ed.), Food microbiology: fundamentals and frontiers.
ASM Press, Washington, D.C.

13. De Cal, A., S. Pascual, and P. Melgarejo. 1994. In vitro studies on
the effect of fungicides on beneficial fungi of peach twin mycoflora.
Mycopathologia 126:15–20.

14. Karabulut, O. A., G. Romanazzi, J. L. Smilanick, and A. Lichter.
2005. Postharvest ethanol and potassium sorbate treatments of table
grapes to control gray mold. Postharvest Biol. Technol. 37:129–134.

15. Kinderlerer, J. L., and P. V. Hatton. 1990. Fungal metabolites of
sorbic acid. Food Addit. Contam. 7:657–669.

16. Kitagawa, H., and K. Kawada. 1985. Effect of acid and potassium
sorbate on the control of sour rot of citrus fruits. Proc. Fla. State
Hort. Soc. 97:133–135.

17. Lambert, R. J., and M. Stratford. 1999. Weak-acid preservatives:
modelling microbial inhibition and response. J. Appl. Microbiol. 86:
157–164.

18. Lennox, J. E., and L. J. McElroy. 1984. Inhibition of growth and
patulin synthesis in Penicillium expansum by potassium sorbate and
sodium propionate in culture. Appl. Environ. Microbiol. 48:1031–
1033.

19. Liewen, M. B. 1991. Antifungal food additive, p. 541–52. In D. K.
Arora, K. G. Mukerji, and E. H. Marth (ed.), Handbook of applied
mycology, vol. 3. Food and feeds. Marcel Dekker, Inc., New York.

20. Lopez-Malo, A., S. M. Alzamora, and E. Palou. 2002. Aspergillus
flavus dose-response curve to selected natural and synthetic antimi-
crobials. Int. J. Food Microbiol. 73:213–218.

21. Lyon, G. D., and F. M. McGill. 1989. Inhibition of polygalacturonase
and polygalacturonic acid lyase from Erwinia carotovora subsp. car-
otovora by phenolic in vitro. Potato Res. 32:267–274.

22. Margosan, D. A., J. L. Smilanick, G. F. Simmons, and D. H. Henson.
1997. Combination of hot water and ethanol to control postharvest
decay of peaches and nectarines. Plant Dis. 81:1405–1409

23. Mari, M., R. Gregori, and I. Donati. 2004. Postharvest control of
Monilinia laxa and Rhizopus stolonifer in stone fruit by peracetic
acid. Postharvest Biol. Technol. 33:319–325.

24. Martoadiprawito, W., and J. R. Whitaker. 1963. Potassium sorbate

inhibition of yeast alcohol dehydrogenase. Biochem. Biophys. Acta
77:536–544.

25. Neri, F. (University of Bologna). 2007. Personal communication.
26. Neri, F., M. Mari, S. Brigati, and P. Bertolini. 2007. Fungicidal ac-

tivity of plant volatile compounds for controlling Monilinia laxa in
stone fruit. Plant Dis. 91:30–35.

27. Neri, F., P. Vassali, and S. Brigati. 1996. Valutazione organolettica
di alcune cultivar di pesche e nettarine. Riv. Fruttic. 58:57–63.

28. Nguyen-The, C., R. Hugueney, and M. Arnoux. 1989. Contribution
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