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Abstract - In this study, the hurdle technology approach was used to prevent fungal growth of common spoilage fungi in naturally
fermented black olives (Alternaria alternata, Aspergillus niger, Fusarium semitectum and Penicillium roqueforti). The factors studied
included a combination of different concentrations of potassium sorbate (100 up to 1000 mg/L), a range of pH values (4.5, 5, 5.5, 6,
and 6.5) and levels of NaCl (0, 3.5, 5, 7.5, and 10%). Alternaria alternata was the most sensitive fungus whereas P. roqueforti was
the most resistant fungi against all hurdle factors. The combination of all hurdles completely inhibited A. alternata and F. semitectum
by lowest inhibitory factors, such as 100 mg/L potassium sorbate with 3.5% NaCl at pH 5. On the other hand, at pH 5, A. niger and
P. roqueforti were totally prevented by a combination of 300 mg/L potassium sorbate with 10% NaCl and 400 mg/L potassium sor-
bate with 7.5% NaCl, respectively. Potassium sorbate and 5-10% NaCl interaction had significant stimulation effect on P. roqueforti
and A. niger (p < 0.05). This study indicates that potassium sorbate is a suitable preserving agent to inhibit growth of fungi in fer-
mented products of pH near 4.5 regardless levels of NaCl. For products of slightly higher pH, the addition of potassium sorbate is sug-
gested in combination with NaCl.
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INTRODUCTION

Fungi are a very diverse group of microorganisms and have
a significant impact on the safety of food. They are respon-
sible for off-flavour formation and production of allergenic
compounds and mycotoxins, which lead to qualitative loss-
es (Farag et al., 1989; Nickelsen and Jakobsen, 1997;
Moss, 2000; Nielsen and Rios, 2000). Although industrial
standards have been upgraded, food spoilage by fungi is
still of great concern. Each year, 30-40% of the world-wide
food production is contaminated by mycotoxins with
adverse effects for public health and economy (Tzatzarakis
et al., 2000; Dantigny et al., 2005).

Penicillium roqueforti, Alternaria alternata, Aspergillus
niger and Fusarium semitectum are common and well-
characterised species which are known to produce the
mycotoxins roquefortine C, PR-toxin, alternariol, ochratox-
in A, type A trichothecenes and zearalenone (Marasas et
al., 1984; Hsieh et al., 1986; Delgado and Gomez-
Cordoves, 1998; Rundberget et al., 2004; Bau et al.,
2005). These fungi are involved in the spoilage of ferment-
ed black olives (untreated black olives in brine). Spoilage
may result from the development of a mycelial mat on the
surface of the brine, from softening of the fruits and

changes in the pH of the final product. Generally pH, NaCl
and potassium sorbate are regarded as the principal con-
trolling factors during fermentation and subsequent storage
of table olives (Sahin and Korukluoglu, 2000). 

The major preservation technique currently employed
to prevent or delay spoilage in food products is the appli-
cation of a combination of parameters, which may act syn-
ergistically to inhibit or retard fungal growth. The most
common parameters applied are slight reductions in aw (by
addition of NaCl or sugar), lowered pH, addition of antimi-
crobial agents etc. (Chirife and Favetto, 1992; Leistner,
1992; Cuppers et al., 1997). Among the most extensively
used combinations of treatments there are those in which
an antimicrobial acid is applied and its effectiveness is
enhanced by lowering the pH (Gould, 1996). Potassium
sorbate is a considerable antimicrobial weak acid, owing to
its desirable physiological properties, neutral flavour and its
effectiveness against fungi (Sofos and Busta, 1981; Thakur
et al., 1994; Suhr and Nielsen, 2004). A combination of
these factors could effectively control the growth of the
fungi during fermentation and storage. Different levels of
NaCl, which are commonly used by the Turkish table olive
industries ranged from 3.5 to 10%, and pH values are
expected to range between 6.5-6.0 (initial) and 4.5 (final).
In addition, according to Turkish Food Codex, legal limit of
potassium sorbate is 1000 mg/L for fermented foods. The
range of experimental conditions was chosen to be within
the limits of the brine environment.

* This study is A. Yigit’s part of the M.S. thesis results.
** Corresponding author. Phone: +90-224-4428970;
Fax: +90-224-4428077; E-mail: mihriban@uludag.edu.tr
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The objectives of this study were to investigate (i) the
combined effect of pH, NaCl and potassium sorbate on the
growth of fungi, causing the main spoilage of fermented
table olive, and (ii) to enhance preservative effect and sat-
isfy consumer demands, such as reduced use of preserva-
tives combined with pH and NaCl concentrations.

MATERIALS AND METHODS

Fungi and inoculum preparation. Alternaria alternata,
Aspergillus niger, Fusarium semitectum and Penicillium
roqueforti were isolated from olive and during fermentation
process in brine. These isolates are held in the culture col-
lection of the Food Engineering Department of Uludag
University, Bursa, Turkey.

The fungi were cultivated on Malt Extract Agar (MEA)
slants for seven days at 30 °C and the spores were har-
vested with 10 mL of 0.1% Tween 80 (Merck, Darmstadt,
Germany) solution sterilised by membrane (0.45 µm) fil-
tration. The spore suspensions were adjusted with the
same solution to give a final concentration of 106 spore/mL
and used the same day (Lopez-Malo et al., 2002).

Culture conditions. MEA was adjusted by adding NaCl
(Merck) in concentrations of 3.5, 5, 7.5 and 10% (w/v).
After sterilisation at 121 °C for 15 min, the pH of the medi-
um was adjusted using either 0.1 N lactic acid or NaOH to
obtain pH values of 4.5, 5, 5.5, 6, and 6.5; the amount of
base or acid needed in each case was previously deter-
mined. The necessary amount of potassium sorbate (100,
200, 300, up to 1000 mg/L) was added to sterilised and pH
adjusted agar solutions and mechanically mixed under
sterile conditions (El-Gazzar et al., 1986; Rusul and Marth,
1987; Lopez-Malo et al., 2005). Agar solutions were poured
into sterile Petri dishes and point-inoculated with 2 mL of
spore suspension in the centre. Plates were incubated at 30
°C for 7 days in sealed polyethylene bags in order to main-
tain appropriate humidity values (Marin et al., 2002;
Lopez-Malo et al., 2005). Culture medium without preser-
vative was used as a control. The Petri plates in which no
growth was observed were incubated for 14 days. 

Growth and inhibition percentage. Growth was deter-
mined by measuring with a scaler the colony diameters.
After seven days of incubation, the percentage of inhibition
rate calculated as follows (Combina et al., 1999; Ozcan and
Boyraz, 2000): 

I = [(C–T) / C] x 100
where I is inhibition (%), C is the colony diameter of the
mycelium on the control Petri plate (mm), and T is the
colony diameter of the mycelium on the test Petri plate
(mm). Experiments were conducted in quadruple.

Statistical analyses. Statistical analysis of data was car-
ried out using the SPSS software package (SPSS 11.5 SPSS
Inc, Chicago, IL) and Minitab 14.0 software (Minitab Inc.,
State Collage, PA, USA). 

RESULTS AND DISCUSSION

In this study, the combined effect of three inhibitory fac-
tors, pH, potassium sorbate and NaCl, were tested against

A. alternata, A. niger, F. semitectum, and P. roqueforti. As
shown in Table 1, all hurdle factors and their interactions
showed inhibitory effect on the growth of A. alternata. The
statistical evaluation demonstrated that variations in the
results were significant (p < 0.05). The growth decreased
with increased levels of potassium sorbate and NaCl and
reduced pH values. Combina et al. (1999) reported that A.
alternata ITEM 539 was completely inhibited with 100
mg/kg potassium sorbate at Ground Rice Cornsteep Agar
(GRCSA). In this study, A. alternata was totally prevented
with 400 mg/L potassium sorbate at MEA conditions (at pH
5.5; 0% NaCl). The difference in concentration is most like-
ly due to the medium and strain differences.

Fusarium semitectum and A. alternata exhibited simi-
lar results against all test treatments. However, F. semi-
tectum indicated lower inhibition rates than A. alternata at
pH 6.5-5.5 (Table 2). Moreover, the growth of F. semitec-
tum was stimulated in the presence of 600-1000 mg/L
potassium sorbate (at pH 6.5; 0% NaCl). That could be
explained by the observation that some fungi are able to
metabolise weak organic acid to obtain energy (Thakur et
al., 1994). No significant differences were found when 100
mg/L potassium sorbate at pH 6.5-5.5 and 0-5% NaCl
conditions were applied (p > 0.05). Tzatzarakis et al.
(2000) stated that F. oxysporium was inhibited up to 50%
with 1292 mg/L potassium sorbate (at pH 6.5 and without
NaCl). 

Among the test fungi, P. roqueforti was the most resist-
ant species against combinations of NaCl, potassium sor-
bate and pH (Table 3). The growth of P. roqueforti was sub-
stantially stimulated at pH 5.5 and 6. Also, 100 up to 600
mg/L potassium sorbate showed stimulation activity at pH
6.5 in test NaCl levels, except 10% NaCl. On the other
hand, NaCl treatments (3.5-10%) inhibited stimulation at
pH 5. It was reported that Penicillium roqueforti
metabolised 91-100% of 600 ppm potassium sorbate in
mycological agar at the end of six days, and usage of potas-
sium sorbate was considered as an additional energy source
for P. roqueforti (Finol et al., 1982; Liewen and Marth,
1985). In our study, the growth of P. roqueforti was stimu-
lated by all potassium sorbate concentrations at MEA (at pH
5.5; 0% NaCl). Stimulated growth could be explained due
to metabolise of potassium sorbate by this fungi. 

As shown in Table 4, levels of NaCl (5-10%) stimulat-
ed the growth of A. niger at pH 6.5 and 5.5. However, at
pH 5.0-4.5 the stimulation effect was deactivated. The
growth of A. niger was totally prevented in presence of
5.0, 7.5 and 10% NaCl combined with 800, 600 and 300
mg/L potassium sorbate, respectively. Furthermore, the
growth was completely inhibited by 600 mg/L potassium
sorbate at pH 4.5 and without NaCl conditions. It was
found that the differences were insignificant at pH 6.5-6
with 0-10% NaCl and 100-300 mg/L potassium sorbate
treatments (p > 0.05).

In this study, A. alternata was the most sensitive fungi
whereas P. roqueforti was the most resistant fungi against
all hurdle factors. Our results showed that A. niger and P.
roqueforti was completely prevented with potassium sor-
bate treatments applied at pH 4.5 and 5.0. At pH 4.5, con-
centrations of 600 mg/L and 700 mg/L potassium sorbate
(0% NaCl conditions) were sufficient for complete inhibition
of A. niger and P. roqueforti, respectively.

Antifungal effect of NaCl (control treatment without
potassium sorbate) was increased with remaining concen-
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trations against test fungi at experimental pH. The growth
of A. niger was reduced in presence of 10% NaCl at pH 4.5
(without potassium sorbate). Kulik and Hanlin (1968) indi-
cated that A. flavus was prevented by 15% NaCl in Malt
Extract Agar. Statistical evaluation showed the antifungal
property of pH against P. roqueforti and A. niger was
insignificant (p > 0.05), whereas it was significant for A.
alternata and F. semitectum (p < 0.05). According to the
statistical analysis, potassium sorbate had a significant
inhibitory effect on the growth of A. alternata and F. semi-
tectum (p < 0.05). 

Potassium sorbate and NaCl interaction had no stimula-
tion effect on A. alternata and F. semitectum whereas P.
roqueforti and A. niger were stimulated by 5-10% NaCl (p
< 0.05). Potassium sorbate activity increased with decreas-
ing pH against all test fungi, as expected. The results in the
present study confirmed the dependence of preservative
upon the pH as reported earlier by several studies (Sofos
and Busta, 1981; Earle and Putt, 1984; Praphailong and
Fleet, 1997; Fustier et al., 1998; Stratford and Anslow,
1998). Weak acid preservative, potassium sorbate is more
effective towards inhibiting microorganisms in their undis-
sociated forms, which increase in concentration as the pH
decreases (Pethybridge et al., 1983; Eklund, 1983, 1985;
Gould, 1996; Davidson, 1997). 

The combination of all hurdles completely inhibited A.
alternata and F. semitectum by lowest inhibitory factors,
such as 100 mg/L potassium sorbate with 3.5% NaCl at pH
5.0. On the other hand, at the same pH, A. niger and P.
roqueforti were totally prevented by 300 mg/L potassium
sorbate with 10% NaCl and 400 mg/L potassium sorbate
with 7.5% NaCl, respectively.

This study indicates that potassium sorbate is a suitable
preserving agent to inhibit the growth of fungi in ferment-
ed products of pH near 4.5 regardless of NaCl levels. For
products of slightly higher pH, the addition of potassium
sorbate is suggested in combination with NaCl. Further
studies are needed in hurdle factors suitable for application
during the fermentation process, especially for fermented
foods with reduced NaCl levels. 
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