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Abstract Aureobasidium pullulans (de Bary) Ar-

naud (Ach 1-1) was grown in a glucose fed-batch

fermentor to 106 g dry wt l–1 in 48 h. The cells were

dried in a fluidized bed dryer with a final viability of

62%. After 7 months at 4�C, the viability was

28% of the initial value (= 2.3 · 1010 c.f.u. g–1 dry

matter). A protection level of 89% was achieved

with the biomass preparation at 1 · 108 c.f.u. ml–1

after 28 and 7 days for apples stored respectively at

5 and 25�C against Penicillium expansum. Our

process is suitable to produce large quantities of

the strain Ach 1-1 as biological control agent for

apple preservation.
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Introduction

Morocco is the second largest producer of apples

in Africa after South Africa and contributes for

30% of African apples production. In this coun-

try, post-harvest pathogens cause substantial

losses (60%) in the apple production. Botrytis

cinerea and Penicillium expansum are two impor-

tant wound fungal pathogens causing decay of

apples during storage. Currently, synthetic fungi-

cides treatments are used to control these infec-

tions but the development of resistant strains of

the pathogens to many fungicides and the growing

concern for human safety and environmental

protection (Caffarelli et al. 1999), have resulted

in attempts to develop biological agents as alter-

native methods to control post-harvest diseases

(Jijakli and Lepoivre 2004).
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Several microorganisms, particularly yeasts

occurring naturally on the surface of fruits or

vegetables, have been identified for the control of

post-harvest diseases. Some are capable of effec-

tively reducing the incidence of post-harvest

fungal pathogens on different fruits, both in

small-scale experiments and at industrial scale

(Jijakli et al. 1999; Lima et al. 2003). The antag-

onistic activity of biocontrol agents against fungal

pathogens results from the combination of differ-

ent mechanisms including antibiosis, parasitism

by production of lytic enzymes, induction of fruit

resistance mechanisms and competition for limit-

ing nutrients and space. The evaluation of these

yeasts in a suitable formulation is essential to

predict their potential use as biocontrol agent

(Abadias et al. 2003). Yeast-based biofungicides

are already commercially available in the USA,

Israel (Aspire, based on Candida oleophila, strain

I-182) (Droby et al. 1998) and South Africa

(Yield Plus, Cryptococcus albidus) for the control

of post-harvest rots of apple and/or citrus fruits.

The yeast-like fungus Aureobasidium pullulans

(de Bary) Arnaud is a wide-spread saprophyte in

the phyllosphere that has been considered as an

effective biocontrol agent against post-harvest

diseases (Lima et al. 1997; Schena et al. 1999;

Ippolito et al. 2000; Castoria et al. 2001). Re-

cently, A. pullulans strain Ach 1-1 was isolated

from the surface of apple fruit in Morocco and

previously selected for its high antagonistic activ-

ity against Penicillium expansum and Botrytis

cinerea (Achbani et al. 2005). This study is the

first investigation of biomass production; formu-

lation and evaluation of the formulated yeast for

its antagonistic activity at pilot scale.

Materials and methods

Strain and stock medium

Aureobasibium pullulans Ach1-1 (INRA,

Meknès, Morocco) and Penicillium expansum

strain 880 (INRA, Meknès, Morocco), isolated

from decayed apples as the most aggressive strain,

were both grown on potato dextrose agar (PDA)

medium.

Culture in shake-flasks

Stock cultures 1 ml, were inoculated into 100 ml

liquid YEPD medium (containing per litre: 10 g

yeast extract, 10 g soy peptone and 20 g glucose).

Culture in fermentor—batch mode

Propagation was carried out at 28�C in a 2 l

Biostat B bioreactor (B. Braun Biotech, Melsun-

gen, Germany) for batch processes. The medium

contained per litre: 5 ml of mineral salts concen-

trated solution (0.32 g l–1 MnCl2�4H2O, 0.49 g l–1

CuSO4�5H2O, 5.75 g l–1 ZnSO4�7H2O, 0.48 g l–1

CoCl2�6H2O, 0.49 g l–1 Na2MoO4�2H2O, 15 g l–1

EDTA, 2.94 g l–1 CaCl2�2H2O and 2.78 g l–1

FeSO4�7H2O), 30 g yeast extract, 30 g soy pep-

tone, 0.37 g Na2SO4, 4.5 g K2SO4, 6 g KH2PO4,

3 g MgSO4�7H2O, 110 g glucose and 5 ml vita-

mins concentrated solution (1 g l–1 thiamine HCl,

1 g l–1 pyridoxine HCl, 1 g l–1 nicotinic acid,

1 g l–1
D-biotin, 1 g l–1 Ca-pantothenate, 0.2 g l–1

p-aminobenzoic acid, 5 g l–1 inositol). Glucose

and vitamins were sterilised separately. The

medium was continuously aerated with 1.5 vvm,

the stirring speed was maintained at 600 rpm. The

pH of the medium was regulated by addition of

2 M NaOH or 10% (v/v) H3PO4. The bioreactor

was inoculated with 100 ml shake culture. Growth

was estimated by measuring OD660 and by dry

cell weight determination (DCW). Glucose and

ethanol were measured by HPLC.

Culture in fermentor—fed-batch mode

In fed-batch experiment, the base medium was

the same than for the batch experiments. The

initial volume was adjusted to 5 l in a 10 l

bioreactor (Biostat ED B. Braun Biotech, Mels-

ungen, Germany). Glucose and concentrated

vitamins solution were added before inoculation

at, respectively, 5 g l–1 and 5 ml l–1. Fed-batch

solution consisted of 50% (w/w) glucose.

Drying

Biomass production was achieved by culturing the

fungus in a 10 l fermentor in fed-batch mode. The
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biomass was harvested by centrifugation for

30 min at 12000g. Maize starch (29% w/w) was

used as loading agent to allow the extrusion of the

biomass by increasing the initial dry matter rate.

The paste was extruded immediately into the

dryer through holes of 1 mm diam. Yeast was

dried to a final moisture content of 7.5% (w/w) in

a fluidized bed dryer (Niro-Aeromatic, Den-

mark). The air-flow was adjusted at 150 m3 h–1

and the temperature was regulated to maintain

30�C inside the bed.

Viability of A. pullulans during storage

After drying, the samples were stored at 4�C and

at various times there after the number of viable

cells was determined by plating on YEPD

medium. For this purpose, three replicates of

each granular sample were dissolved by stirring in

an isotonic solution (0.9% (w/w) NaCl and 0.05%

(w/w) of soy peptone) for 2 h.

Antagonistic activity of dried A. pullulans cells

against P. expansum on apples

The efficacy of dried A. pullulans strain Ach 1-1

cells stored for 7 months at 4�C was evaluated for

control of P. expansum on Golden Delicious fruits.

A conidial suspension of P. expansum at

concentration of 1 · 105 c.f.u. ml–1 was prepared

with 10-day-old cultures grown on PDA to be

used in disease control experiments.

Apples were wounded at four equidistant

points. Each wound was characterised by a

diameter of 2 mm and a depth of 4 mm and a

inter-wounds distance of 20 mm. Fruits were

dipped in A. pullulans suspensions at concentra-

tion of 1 · 106, 1 · 107 or 1 · 108 c.f.u. ml–1 for

2 min.

Twenty-four hours after A. pullulans applica-

tion, 2 ml conidial suspension of P. expansum

were pulverized on each wounded apple. Fruits

were stored at 25 and 5�C under relative humidity

of 94–98% in closed plastic trays. Each treatment

was applied to three replicates of 20 fruits. The

lesion severity (lesion diameter in mm) caused by

P. expansum was measured after several days.

The protective levels (Y%) were calculated with

respect to the following formula: DT–DX/

DT · 100 = Y%, with DT = diameter lesion of

control and DX = diameter lesion of treatment.

Results and discussion

Effect of pH on morphology and mass

production in 2-l bioreactor in batch mode

The pH of the medium is a critical factor in

biomass production by A. pullulans because it

affects its morphology (Hyung-Pil et al. 2004). In

batch experiments, during fermentation in a

bioreactor of 2 l, the maximum mass production

of strain Ach1-1 was reached at pH 5.0 with

DCW = 39.7 g l–1 at the end of the fermentation

and a yield coefficient (YX/S) of 0.36 after 48 h. At

pH 4.0 and at pH 6.5 the final biomass concen-

trations (DCW) respectively were 26.2 and 22 g l–1

after 48 h (Fig. 1).

At pH 4.0, A. pullulans produced both mycelia

and yeast-like single cells (Bae et al. 2000).

However, the mycelial form changed to the

yeast-like single cell form at pH 5.0 which is

more suitable use as a biocontrol agent due to its

improved dispersability.
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Fig. 1 Effect of pH on dry weight cell in bioreactor of 2 l.
pH controlled at 4 (O), 5 (n) and 6.5 (h) throughout the
batch fermentation period
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Optimization of biomass production

by using fed-batch mode

High cell density fermentation was achieved using

fed-batch technology with pH controlled at 5.0.

After 48 h, the biomass was 106 g l–1. The glucose

profile was adjusted to avoid any limitation of O2

as shown in Fig. 2 favouring the respiratory

metabolism. The use of fed-batch culture was

more favourable for biomass production by

reduction of by-products such as ethanol. Indeed,

the maximum for ethanol production in the batch

mode reached 28 g l–1 and was reduced down to

0.1 g l–1 in the fed-batch mode.

Viability of the dried yeast A. pullulans

The drying process was accomplished using flui-

dised bed drying technology. The changes in

viability during the drying process are presented

in Fig. 3. The final product showed a high rate of

viability (62%) corresponding to a residual mois-

ture of 7.5% (w/w). Such a percent viability is

totally acceptable for industrial scale production

of a biocontrol agent for fruit preservation (Aba-

dias et al. 2003). After 7 months of storage at 4�C,

28% of initial viability corresponding to

2.3 · 1010 c.f.u. g–1 dry matter was observed. This

drop in viability occurred in the first 30 days of

storage at 4�C. After that period, the viability

remained constant.

Antagonistic activity of A. pullulans

formulation against P. expansum on apples

The dried formulation of A. pullulans was evalu-

ated for its antagonistic activity against the P. ex-

pansum at a pilot scale for two storage

temperatures, 5 and 25�C. In each test, the inocu-

lation of the apple was carried out with the same

concentration of pathogen. The severity (lesion

diameter) of decay due to the pathogen infection

was submitted to an analysis of variance (ANO-

VA) using the general linear model procedure of

Statistical Analysis System (SAS Institute, Cary,

NC, USA). Statistical significance was judged at

the P < 0.05 level. When the analysis revealed

statistically significant differences, Duncan’s Mul-

tiple-Range Test was used to test mean separations

among means values of each treatment.

Statistically, the lesion diameters caused by

P. expansum in all treatments were significantly

reduced for all biological treatments with A. pullu-
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Fig. 2 Feeding of the glucose (g) (m), evolution of OD660

(h) and pO2% (•) throughout fed-batch fermentation. The
solution was added following an exponential profile
adjusted by an Ultrograd (Pharmacia) via a peristaltic
pump
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Fig. 3 Viability (%) (r), Residual moisture (%w/w) (m)
of A. pullulans Ach 1-1 during the drying process
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lans at different concentrations (1 · 106, 1 · 107 and

1 · 108 c.f.u. ml–1) compared to the untreated con-

trol for both temperature of storage, 5 and 25�C.

The concentrations of antagonist had signifi-

cant effects on biocontrol effectiveness; the best

control of blue mold caused by P. expansum

inoculated at a concentration of 1 · 105 c.f.u. ml–1

was achieved by application of A. pullulans at a

concentration of 1 · 108 c.f.u. ml–1.

For apples stored at 25�C, the different con-

centrations of dried formulation of strain Ach1-1

used reduced the severity of the disease (Fig. 4a).

The use of dried formulation of strain Ach1-1 at

1 · 108 c.f.u. ml–1 showed the highest protective

level (89%) after 7 days of storage (Fig. 4b)

whereas both lower concentrations (1 · 106 and

1 · 107 c.f.u. ml–1) offered a protective level

ranged between 46 and 71%. Our results are in

accordance with those of El-Ghaout et al. (2000)

who observed a more effective control of post-

harvest decay with antagonistic yeasts applied at

1 · 108 c.f.u.ml–1 and often no control of decay

when biocontrol agents were applied at

1 · 105 c.f.u. ml–1.

Similar results were also observed for apples

stored at 5�C. The use of a dried formulation of

strain Ach1-1 at 1 · 108 c.f.u. ml–1 showed also

the highest protective level of 89% after 28 days

of storage (Fig. 4b) whereas both lower concen-

trations (1 · 106 and 1 · 107 c.f.u. ml–1) offered a

protective level between 48 and 81%.

For apples stored at 5�C, the first symptoms of

disease appeared after 13 days. The level of

protection obtained with the dried formulation

of strain Ach1-1 (1 · 108 c.f.u. ml–1) at day 20 was

of 98% and decreased to 89% after 28 days.
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Fig. 4 Biocontrol activity
of dried A. pullulans
(strain Ach 1-1) against
P. expansum. A. pullulans
suspension applied at a
concentration of 1 · 106

c.f.u. ml–1 (O), 1 · 107

c.f.u. ml–1 (M) and
1 · 108 c.f.u. ml–1 (n)
with control (h). The
protective level (a) and
severity (b) of decay were
determined after 5 and
7 days of storage at 25�C
and after 20 and 28 days
of storage at 5�C
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The efficiency of the biological control agent in

inhibiting the development of the pathogen for

long periods of storage was greater at 5�C than at

25�C. It is thus important to keep apple fruit at a

low temperature to achieve a high level of

protection. Similar results were observed by He

et al. 2003 who studied the effect of different

storage temperatures (10, 15 and 20�C) on apple

decay after the inoculation of the antagonist

yeast, Cryptococcus laurentii, against Penicillium

expansum and concluded that the antagonistic

effects were inversely related to the storage

temperature.

The results obtained for fruit stored at high

temperature (25�C) after 5 and 7 days were

similar to those obtained at the lower tempera-

ture (5�C), respectively after 20 and 28 days. The

efficacy test at 25�C can then be used as a quick

method to predict the efficacy at 5�C.

Conclusions

This study demonstrates that biomass production

in a fermentor and formulation in dried cells in

fluid bed of A. pullulans Ach 1-1 does not affect its

antagonistic activity against blue mould on apples.

The strain Ach 1-1 was able to reduce post-

harvest blue mould development on apple. The

antagonist efficacy at 25 and 5�C indicates excel-

lent adaptation of this strain to cold storage

temperatures, what is an important feature for

post-harvest biocontrol agents.

Although these experiments showed that A.

pullulans Ach 1-1 was effective in controlling blue

mould under laboratory conditions and that its

efficacy could be improved by a concentration of

1 · 108 c.f.u. ml–1, large-scale evaluation is neces-

sary to demonstrate the efficacy of this treatment

to the apple industry.

Biological control in the post-harvest environ-

ment has significant advantages over that under

field conditions because the two most important

factors affecting biocontrol, temperature and

relative humidity are constant and under strict

control.
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