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Biological control of blue mould on apple by a strain of Candida
sake under several controlled atmosphere conditions
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Abstract

The biocontrol potential of the yeast Candida sake (CPA-1) against Penicillium expansum decay of apples under several
controlled atmosphere conditions was investigated. In a laboratory trial under different commercial cold storage conditions,
increasing concentrations of C. sake improved decay control. A maximum reduction of decay was achieved at 3% O –3%2

6CO atmosphere. It amounted to a 97% lesion reduction after treatment with a suspension containing 2.4 3 10 CFU/ml of2

C. sake (CPA-1). In a semi-commercial trial at 18C with wounded fruits, the reduction in decay diameter caused by C. sake
exceeded 80% after 60 days at 21% O and 60% after 120 days of storage under controlled atmosphere conditions. For seven2

controlled atmosphere conditions studied, a significant influence by C. sake on the P. expansum decay was observed, and the
7lesion size was reduced more than 70% by C. sake at 10 CFU/ml. The populations of C. sake (CPA-1) on the apple surface

followed the same pattern under all controlled atmosphere conditions studied. They decreased 4–10-fold during the first 2
weeks, followed by an increase to the initial level after 45 days, and thereafter the count remained constant for the period of
90 days examined. This indicated the capacity of C. sake (CPA-1) to colonize the surface of apples under various storage
conditions. The ability to colonize was even higher in apple wounds.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction pends on storage conditions, the physiological age of
the host, and the defense mechanisms of the host.

Postharvest fruit diseases continue to cause signifi- Postharvest decay can be reduced by minimizing
cant losses. Infection of fruits by pathogens can fruit injuries, by maintaining the natural resistance of
occur either prior to harvest, during harvesting, and the host, and by delaying senescence (Shewfelt,
subsequent handling, in storage. The development of 1986). However, these beneficial practices are usual-
a fungal disease during the postharvest phase de- ly not sufficient to protect the product from fungal

infection. Application of synthetic fungicides has
been the primary means of controlling postharvest*Corresponding author. Tel.: 1 34-973-702-648; fax: 1 34-
diseases (Eckert and Ogawa, 1988), although the use973-238-301.
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because of concerns for the environment and health, biocontrol agents must control the pathogens for a
as well as the cost of developing new pesticides to long period in a wide range of temperatures and
overcome resistance developed by the pathogens. atmosphere conditions.
Biological control using microbial antagonists has The objective of this study was to determine
been considered as a desirable alternative to the use effectiveness of a new biocontrol agent, C. sake
of such chemicals (Woodhead et al., 1990). strain (CPA-1), against the major postharvest patho-

A number of bacteria, filamentous fungi, and gen of pome fruits, Penicillium expansum (Palazon
yeasts have been isolated and shown to protect fruit et al., 1984), under several controlled atmosphere
against postharvest pathogens (Janisiewicz, 1987; conditions.
Wilson and Chalutz, 1989; Roberts, 1990). There are
several references to using Candida strains as an-
tagonists of postharvest diseases (Jijakli et al., 1993;

2. Materials and methods˜Wilson et al., 1993; Usall, 1995; Vinas et al., 1998).
Some antagonists have been tested on a large scale

2.1. Pathogen
under commercial conditions (Pusey et al., 1988;
Hofstein et al., 1994; Chad-Goyal and Spotts, 1997).

P. expansum Link isolate CMP1 was isolated from
The ultimate potential of biological control will

apples decayed after several months in storage. This
depend on its effectiveness and its compatibility with

isolate was the most aggressive one in our collection
current handling and storage practices such as low

and caused the largest lesions on inoculated apples.
temperatures and controlled or modified atmosphere

The fungus was maintained on potato-dextrose agar
during storage. There are reports suggesting that

(PDA; 200 ml of extract from boiled potatoes, 20 g
biocontrol procedures can be integrated into com-

of dextrose (Rectapur, 24 379.294, Prolabo, Fon-
mercial postharvest operations (Pusey, 1994). How-

tenay S/B, France), 20 g of agar (Prolabo, 20
ever, more research is needed to determine the

768.292) and 800 ml of water). To maintain virul-
effects of various postharvest practices on the popu-

ence, it was grown once a year on apples and
lation dynamics and the biological activity of the

reisolated. The inocula consisted of a conidial sus-
antagonists to determine the means of manipulating 4pension of 10 conidia /ml. The suspensions were
the antagonistic activity of introduced biocontrol

prepared from 10-day-old cultures, using a
agents.

haemocytometer (Thoma, Brand, Germany).
In previous studies, a screening programme was

carried out with the aim to identify, from plant
surfaces, naturally occurring bacteria and yeasts that 2.2. Yeast
would be effective against postharvest diseases in
pome fruits. The most effective antagonist was The C. sake (Saito & Ota) van Uden & Buckley
identified as Candida sake (Saito & Ota) Van Uden (CPA-1) suspensions were prepared by growing

˜& Buckley (Vinas et al., 1998). cultures in nutrient yeast dextrose broth (NYDB; 8 g
C. sake is an organism ubiquitous in nature and a of nutrient broth (Biokar Diagnostics, BK003

component of the epiphytic community on mature Beauvais, France), 5 g of yeast extract (Biokar
fruits (Beech and Davenport, 1970; Buhagiar and Diagnostics, 112002), 10 g dextrose (Rectapur, 24
Barnett, 1971). It has never been found to be 379.294, Prolabo, Fontenay S/B, France), 20 g of
associated with warm-blooded animals (Hurley et al., agar (Prolabo, 20 768.292) and 1000 ml of water) for
1987). 36–42 h at 25618C with shaking at 150 rpm on a

More than 50% of apple production in the Ebro orbital incubator (Gallenkamp, Leicester, UK). The
Valley (Spain) and in other important producer areas medium was then centrifuged (Avanti J-25, Beck-
of the world, is stored at lower temperature and man, USA) at 7520 3 g for 10 min and cells were
under different controlled atmosphere conditions resuspended in water. Desired concentrations were
until 10 months, depending on the cultivar and the obtained by adjusting the suspension according to a
area practices (Herrero and Guardia, 1991). Thus, standard curve prepared by measuring the transmitt-
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ance at 420 nm with a spectrophotometer (Cecil CE two controlled atmosphere conditions: 3% O –3%2

1020; Cecil Instruments, Cambridge, UK). CO or 1% O –1% CO .2 2 2

2.3. Fruit
2.6. Small-scale trials of the antagonist under
seven atmosphere conditions

The apple cultivar Golden Delicious was used in
all experiments. Apples were obtained from commer-

After two seasons with trials at the most common
cial orchards in Lleida, Catalonia, that used standard

atmosphere conditions, we studied the effect of
cultural practices. The fruits were treated following

seven atmosphere conditions on P. expansum de-
harvest.

velopment and C. sake (CPA-1) effectiveness. Dur-
ing the 1996–97 and 97–98 seasons following

2.4. Laboratory trial for C. sake under commercial
harvest, Golden Delicious apples were surface

atmosphere conditions
wounded at the equator of the fruit on two sides, 2
mm diameter and 2 mm deep, with a nail. Fruits

As a preliminary test, during the 1994–95 season,
were submerged for 30 s in an aqueous suspension of

following harvest, surface-sterilized Golden Deli- 6 7C. sake at 10 or 10 CFU/ml. After 1 h the fruits
cious apples were wounded at the stem and calyx

were resubmerged for 30 s in a conidial suspension2ends. The wounds were 3 3 3 mm and 3 mm deep. 4of P. expansum (10 conidia /ml). Fifteen apples
Twenty-five ml of C. sake (CPA-1) suspensions

constituted a single replicate and each treatment was5 6 6(7.5 3 10 , 1.6 3 10 or 2.4 3 10 CFU/ml) were
replicated three times. Each replicate were stored in

applied to each wound. This was followed by
an individual chamber of 200 l volume. The infected

inoculation with 20 ml of an aqueous suspension of
wounds and the lesion diameters were recorded 904P. expansum at 1 3 10 conidia /ml. Twenty apples
days after storage at 18C and seven controlled

constituted a single replicate and each treatment was
atmosphere conditions: 3% O –6% CO ; 3% O –2 2 2replicated three times. The fruits were stored at 18C
3% CO ; 2% O –6% CO ; 2% O –4% CO ; 2%2 2 2 2 2for 60 days under three commercial controlled
O –2% CO ; 2% O –1% CO ; or 1% O –1% CO .2 2 2 2 2 2atmosphere conditions: 21% O ; 3% O –3% CO ;2 2 2

and 1% O –1% CO . The infected wounds and the2 2

lesion diameters were recorded after this period. 2.7. Population dynamics on the apple surface

2.5. Semi-commercial trial under cold-storage The population dynamics of the C. sake was
conditions with wounded fruits examined on the surfaces of Golden Delicious

apples. The fruits were wounded at the equator of the
As a verification of previous results, a semi-com- fruit on two sides, about 2 mm diameter and 2 mm

mercial trial was carried out. Golden Delicious deep, with a nail. Fruits were submerged for 30 s in
7apples were randomly harvested from commercial an aqueous suspension of C. sake at 1 3 10 CFU/

orchards during the 1995–96 season. Each apple was ml, then placed on tray packs in plastic boxes and
cut in four locations (midway between the calyx and incubated at 18C under the previous seven atmos-
stem ends) with a sharp palette knife. The cuts were phere conditions. Fruits samples were taken to
approximately 10 mm long and 2 mm deep. Fruits determine the number of colony-forming units of C.
were submerged for 30 s in an aqueous suspension of sake at 0, 15, 45 and 90 days after inoculation.

5 6 2C. sake at 1.6 3 10 or 1.6 3 10 CFU/ml. After 1 h Twenty-five pieces of peel surface of 2.5 cm were
fruits were submerged again for 30 s in a conidial removed with a cork bore from each apple and four

4suspension of P. expansum (10 conidia /ml). Sixty fruits were selected for each replicate. Peeled surface
apples constituted a single replicate and each treat- pieces were shaken in 100 ml sterile phosphate
ment was replicated three times. The lesion diame- buffer (70 ml 0.2 M KH PO (Rectapur, 26 923.298,2 4

ters were recorded 60 days after cold storage at 18C Prolabo) 1 30 ml 0.2 M K HPO (Rectapur, 262 4

and 21% O ; or 120 days after storage at 18C and 930.293, Prolabo) 1 300 ml of water) (pH 6.8) on a2
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rotatory shaker (Rotabit, Selecta, Abrera, Catalonia) 3. Results
for 20 min at 150 rpm and then sonicated (Ultrasons,
Selecta, Abrera, Catalonia) for 10 min in an ultra- 3.1. Laboratory trial with C. sake under
sound bath. This final step was used to improve commercial atmosphere conditions
detachment of micro-organisms from the apple sur-
face C. sake was very effective in controlling blue

Serial 10-fold dilutions of the washings were made mould lesions. At 3% O –3% CO , the treatment2 2

and plated on nutrient yeast dextrose agar (NYDA) resulted in 97% decay reduction measured by lesion
containing 0.5 g / l streptomycin sulphate (Merck, diameter and the number of infected wounds were

61.10117.0025, Darmstadt, Germany) as a bacterios- reduced for 98–7% at 2.4 3 10 CFU/ml of C. sake
tat. After incubation at 258C in the dark for 48 h, the (Fig. 1). The control of P. expansum was signifi-

2viable colonies per cm of fruit surface were calcu- cantly improved at the three controlled atmospheres
lated for each sample. There were three replicates tested, at increasing concentrations of C. sake.
per treatment and the experiment was repeated twice.

3.2. Semi-commercial trial with C. sake under
cold-storage conditions with wounded fruits

2.8. Population dynamics on apple wounds
The lesion size was strongly reduced at all con-

The population dynamics of the C. sake was trolled atmosphere conditions tested after treatment
6examined on Golden Delicious apples wounds. Fruits with a suspension of 1.6 3 10 CFU/ml of C. sake

were wounded midway between the calyx and stem (Table 1). At this concentration and after storing
3ends by removing a block of tissue 3 3 3 3 3 mm . apples for 60 days at 18C in 21% O , decay2

6A 20-ml suspension of C. sake at 2.4 3 10 CFU/ml development was reduced more than 80% and after
was applied to each wound on the fruits. Fruits were 120 days at controlled atmosphere conditions the
placed on tray packs in plastic boxes and incubated lesion size of P. expansum was also reduced by more
at 18C at three atmosphere conditions: 21% O ; 3% than 60%. Inoculum concentration of C. sake2

O –3% CO and 1% O –1% CO . C. sake was showed a significant effect on lesion development2 2 2 2

recovered from the wounds after incubation for 0, under all three controlled atmosphere conditions
60, 120 and 180 days (150 days for fruits stored at tested, and the lesion size decreased as concentration

521% O ). Wounded tissue was removed with a cork of the antagonist increased from 1.6 3 10 to 1.6 32
6bore (1 cm diameter by 1 cm deep) and ground with 10 CFU/ml.

a mortar and pestle in 1 ml of 0.05 M phosphate
buffer (pH 6.8). Serial 10-fold dilutions of the slurry 3.3. Small-scale trials of the antagonist under
were made and the CFU determined as described seven atmosphere conditions
above. There were three single-fruit replicates per
treatment and the experiment was repeated twice. The influence of the different controlled atmos-

phere conditions studied on P. expansum severity
was only significant in the season 1996–1997 (Table

2.9. Data analysis 2), with the highest lesion sizes at 2% O –4% CO2 2

and 3% O –3% CO and the smallest at 3% O –6%2 2 2

Analysis of variance was performed on data from CO , 2% O –2% CO and 2% O –1% CO . Under2 2 2 2 2

lesion size and percentage of wounds infected. The all seven controlled atmosphere conditions and in
General Linear Models (GLM) procedure of the both seasons, C. sake (CPA-1) was effective in
Statistical Analysis System (SAS) was used (version controlling P. expansum, and the interaction between
6.03; SAS Institute, Cary, NC, USA). The means of treatments and atmosphere conditions was not sig-
lesion diameter and percentage of wounds infected at nificant in any of two seasons (P 5 0.05) (data not
various antagonist concentrations were separated by shown). The incidence and the severity of P. expan-
using Duncan’s multiple range test at P 5 0.05. sum were reduced in both seasons at both tested
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Fig. 1. Effect of Candida sake (CPA-1) on lesion diameters (A) or percentage of infected wounds (B) by Penicillium expansum on wounded
Golden Delicious apples under three commercial controlled atmosphere (CA) storage conditions during 1994–95 season in laboratory trial.

4Fruits were wounded and inoculated with C. sake at the referred doses and P. expansum at 10 conidia /ml, and stored for 60 days at 18C at
the indicated atmosphere conditions. Different letters in the same atmosphere conditions, indicate significant differences between means
according to Duncan’s multiple range test (P 5 0.05).



88 J. Usall et al. / International Journal of Food Microbiology 58 (2000) 83 –92

Table 1 3.4. Population dynamics of C. sake under
Effect of Candida sake (CPA-1) on lesion diameters (mm) caused different atmosphere conditions
by Penicillium expansum on wounded Golden Delicious apples in
a semi-commercial trial

3.4.1. On apple surface
Atmosphere Concentration of C. sake Populations of C. sake on apple surface showed
conditions (CPA-1) CFU/ml

the same pattern under all seven controlled atmos-
5 60 1.6 3 10 1.6 3 10 phere conditions (Fig. 3). During the first 2 weeks,

aLesion diameters (mm) the population decreased from 4- to 10-fold com-
21% O 11 a 6 b 2 c2 pared to the ones applied initially. By day 45 the
3% O –3% CO 49 a 34 b 18 c2 2 population increased around the initial level, the
1% O –1% CO 48 a 27 b 17 c2 2 highest was found at 1% O –1% CO and the lowest2 2a Means of 720 lesion diameters on apples (four lesions per at 3% O –3% CO . From this moment yeast popula-2 2fruit). Fruits were wounded and submerged for 30 s with

4 tion remained stable until the last sampling time atantagonists at referred doses and P. expansum at 10 conidia /ml,
90 days.and stored for 60 days at 18C in 21% O and 120 days at 18C in2

3% O or 1% O . Within an atmosphere condition, numbers with2 2

the same letter are not significantly different according to Dun-
3.4.2. On apple woundscan’s multiple range test (P 5 0.05).

Populations of C. sake in apple wounds were
similar under all three tested storage conditions
(Table 3). After the first 60 days at 18C, the

Table 2 populations recovered ranged from 5- to 14-fold
Effect of seven atmosphere conditions on Penicillium expansum

higher than the ones applied initially, and the lowestseverity and Candida sake (CPA-1) effectiveness on wounded
level was found at 21% O . By day 120, theGolden Delicious apples 2

population remained stable in the 3% O –3% CO2 2Controlled Concentration of C. sake (CFU/ml)
atmosphere and increased for the other two. At theatmosphere

6 7 6 7conditions 0 10 10 0 10 10 last sampling time (150 days for 21% O and 1802
Season 1996–97 Season 1997–98 days for 3% O –3% CO and the 1% O –1% CO ),2 2 2 2

a the populations of C. sake achieved similar levels ofLesion diameters (mm)
2% O –4% CO 35 a 24 a 15 a 30 a 23 a 15 ab population at the three studied conditions. This level2 2

3% O –3% CO 33 a 25 a 14 a 28 a 20 a 10 b2 2 was about 20-fold bigger when compared to the
2% O –6% CO 31 ab 23 ab 11 a 29 a 17 a 11 b2 2 initial applied concentration.
1% O –1% CO 24 bc 12 bc 7 b 37 a 25 a 19 a2 2

3% O –6% CO 19 cd 8 cd 1 c 25 a 21 a 9 b2 2

2% O –2% CO 18 cd 11 cd 3 bc 25 a 23 a 13 b2 2

2%O –1%CO 15 d 7 d 3 bc 29 a 24 a 12 b2 2 4. Discussion
a Means of 90 lesion diameters on apples (two lesions per fruit).

Fruits were wounded and submerged for 30 s with C. sake
4 In a previous study, we reported that C. sake(CPA-1) at referred doses and P. expansum at 10 conidia /ml, and

(CPA-1) effectively controlled the major postharveststored for 60 days at 18C and indicated controlled atmosphere
conditions. Values in columns followed by the same letter are not diseases on apples at cold storage temperature and
significantly different according to Duncan’s multiple range test ˜during the simulated shelf life (Vinas et al., 1998).
(P 5 0.05). Practically no experiments simulating biocontrol

efficacy under low oxygen conditions of postharvest
diseases on fruits have been reported (Jeffers and
Wright, 1994; Lurie et al., 1995; Chad-Goyal and

concentrations of C. sake (Fig. 2). As the con- Spotts, 1997). In the present study C. sake increased
centration of the antagonist increased, control of P. or retained effectiveness in controlling P. expansum
expansum was also increased and in 1996–1997 in controlled atmosphere storage compared with air,
season, the lesion size and the infected wounds were as shown in the laboratory trial. Similar results were

7reduced by C. sake at 10 CFU/ml more than 70 and obtained by Lurie et al. (1995) testing a Candida
55%, respectively (Fig. 2). oleophila strain against P. expansum in nectarine
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Fig. 2. Effect on Penicillium expansum decay of Golden Delicious apple by antagonist strain Candida sake (CPA-1). Fruits were wounded
4and submerged during 30 s with antagonist at referred doses and P. expansum at 10 conidia /ml, and stored for 90 days at 18C and under

seven controlled atmosphere conditions. (A) Season 1996–1997; (B) season 1997–1998. Values are means of the seven atmosphere
conditions of three replicates of 15 fruits of two wounds each. Columns followed by the same letter (a–c) are not significantly different
according to Duncan’s multiple range test (P 5 0.05).

fruits and by Chad-Goyal and Spotts (1997) with controlled atmosphere conditions, as they were ob-
three yeast strains against P. expansum in pears at tained after different storage periods.
1% O –0.01% CO . In the laboratory and semi- The different influence of seven studied controlled2 2

commercial trials, the C. sake strain (CPA-1) effec- atmosphere conditions on P. expansum severity was
tively controlled P. expansum under all three storage not clear, because it was only significant in one of
conditions tested. In the laboratory trial, where the two studied seasons. In contrast the control of
results were obtained after the same storage periods, blue mould with C. sake and the population dy-
the lesion diameters were smaller in controlled namics of the yeast, were not different in any
atmosphere storage regimes. This may indicate a seasons by the seven studied controlled atmosphere
negative effect of the low oxygen on the growth of P. conditions, so it could be used effectively in a wide
expansum or a better maintenance of natural resist- atmosphere conditions range.
ance of fruits to decay under these conditions. The C. sake (CPA-1) was very effective in colonising
last idea was also introduced by El-Goorani and apple wounds at low temperature and under commer-
Sommer (1989). In the semi-commercial trial, how- cial atmosphere conditions used in our area. The
ever, results could not be compared between air and population of C. sake in apple wounds increased
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Fig. 3. Recovery of Candida sake from Golden Delicious apples surface. Fruits were wounded and submerged during 30 s with C. sake at
710 CFU/ml and stored for 90 days at 18C and under seven controlled atmosphere conditions. Fruits samples were removed at various times

2to recover C. sake and the viable colonies per cm of fruit surface were calculated. Bars represent the standard deviation.

Table 3
aPopulation of Candida sake from wounds of Golden Delicious apples through time under several atmosphere conditions and 18C

Gas levels Population and standard error of C. sake (CFU/wound), after several days since time of application

0 days 60 days 120 days 150 days 180 days
b cPop. S.E. Pop. S.E. Pop. S.E. Pop. S.E. Pop. S.E.

4 3 5 4 6 5 5 4 d21% O 5 3 10 5 3 10 2.5 3 10 4 3 10 1.7 3 10 2 3 10 9 3 10 8 3 10 –2
4 3 5 4 5 4 5 43% O –3% CO 4 3 10 5 3 10 5.0 3 10 7 3 10 2.5 3 10 2 3 10 – 7.8 3 10 6 3 102 2
4 3 5 4 6 5 6 51% O –1% CO 4 3 10 4 3 10 5.6 3 10 6 3 10 2.5 3 10 3 3 10 – 1.0 3 10 2 3 102 2

a Values are the mean populations per wound from tree apples.
b Pop., population of C. sake.
c S.E., standard error.
d –, not determined.
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from 5- to 14-fold after 60 days under these storage fermentation on cheap industrial waste materials,
conditions in apple wounds. At the end of the formulations and shelf-life of C. sake (CPA-1) in
experiment, lower antagonist populations were found order to produce a commercial product for practical
at 3% O than 1% O , but in all three storage application in packinghouses.2 2

conditions yeast population increased about 20-fold
over the initial level. This could indicate that there is
no negative effect of low concentrations of oxygen Acknowledgements
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