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Abstract

Germination and growth ofWallemia sebi were examined on media ofa adjusted with glycerol in the range ofw

0.96–0.77, at 258C and 308C. The effect of temperature on the germination time was significant except between 0.95 and
0.88a . At low a levels as well as above 0.95, the increase of temperature produced an increment in the germination time.w w

Ž . Ž .The minimuma for germination was also affected by temperature, being lower at 258C 0.80 a than at 308C 0.82 a .w w w

Radial growth rates at 258C were higher than at 308C. The optimuma value for growth ofW. sebi was 0.94 at bothw

temperatures. The minimuma for growth was higher than minimum for germination and was also dependent onw
Ž .temperature 0.84 at 258C and 0.86 at 308C . An empirical mathematical model was fitted to the measured growth data,

providing a good approach to the description of the effect ofa on the radial growth rate ofW. sebi. q2001 Elsevierw

Science B.V. All rights reserved.
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1. Introduction

Wallemia sebi is a xerophilic mould able to grow
Ž .in a wide range of water activitiesa . Pitt andw

Ž .Hocking 1997 consider it ubiquitous, although
records of its occurrence in foods are scarce. This is
probably due to the use of inadequate techniques of
isolation, sinceW. sebi does not grow well on
common high a laboratory media. Considered asw

one of the main spoiling fungi of salted and dehy-
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Ž .drated fish Wheeler et al., 1988 , it has also been
isolated from prunes, syrups, grape raisins, jams,
jellies, dry peppers, bread, condensed milk, dates and
grains such as rice, corn, wheat, peanut and soybeans
Ž . Ž .Pitt and Hocking, 1997 . Wood et al. 1990 showed
that an isolate ofW. sebi produced toxic effects in

Ž .several bioassays. A toxic compound walleminol A
was isolated and characterized as a tricyclic dihy-
droxisesquiterpene with a minimum inhibitory dose
in the bioassays comparable with such mycotoxins as
penicillic acid and citrinin.

In our laboratory, diverse strains ofW. sebi have
been isolated from foods such as sweet potato jam,
vanilla pudding, peanut, wheat, peach jam, dairy

Ž .caramel dulce de leche and sweet potato syrup. In
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some cases the foods presented remarkable signs of
deterioration due to the superficial formation of nu-
merous small brown colonies.

Water activity and temperature are the most im-
portant parameters that allow control of the mould
growth responsible of the deterioration of foods. The
objective of the present work were to study the
influence of these two factors on the growth ofW.
sebi in model systems, to determine the optimum
and minimuma level for germination and growth,w

as for the formation of a visible colony that can
cause rejection of the product by the consumer.

Predictive models used to describe bacterial
growth have recently been applied to data related to
fungal growth. Some empirical models have been
used not only to describe growth, but also to predict
optimum growth conditions, growth rates in different
conditions, or a certain colony size. In the present

Ž .work, the model of Gibson et al. 1994 used to
predict the effect ofa on the growth ofAspergillusw

flaÕus and related species was applied to the ob-
tained data.

2. Materials and methods

2.1. Fungi

Four strains ofW. sebi, respectively isolated from
Ž .peach jam, dairy caramel dulce de leche , sweet

potato jam and sweet potato syrup were used for this
study. The strains are maintained in the culture
collection of Facultad de Ciencias Exactas y Natu-
rales de la Universidad de Buenos Aires, Buenos
Aires, Argentina. Storage at 1–48C in slopes of

Ž .G25N agar Pitt and Hocking, 1997 has prevented
loss of viability often observed inW. sebi.

2.2. Media

The basal medium consisted of 1% malt extract
Ž .Merck 5398; Merck, Darmstadt, Germany , 1% yeast

Ž .extract Merck 3753 , 0.1% K HPO and 2% agar.2 4
Ž .Adding glycerol 87% p.a. Merck 4094 to this basal

medium, media of differenta levels were preparedw

in the range 0.96–0.77, falling in intervals of 0.01
a between 0.96 and 0.90, and of 0.02a betweenw w

0.90 and 0.78. Glycerol concentrations were calcu-
Ž .lated from the data of Northolt 1979 . By adding

Žsmall amounts of 10% NaOH or 10% HCl both
.wrv , the pH of all media was adjusted between 6.5

Žand 7.5. Media were sterilized by autoclaving 1218C,
.15 min .

The final a values were verified for each mediumw

after their sterilization using a hygrometer Vaisala
Ž .Humicap HMI31 Vaisala, Helsinki, Finland

equipped with a sensor HMP35. The values mea-
sured never varied more than 0.005a from thew

calculated values.

2.3. Inoculum

A cocktail inoculum was prepared with the four
Ž .strains according to Hocking and Miscamble 1995 .

Spores of each strain coming from 7 days of cultiva-
tion in G25N agar were placed with an inoculation
needle in a haemolysis tube containing 0.5 ml of

Ž .Tween 80 solution 0.05% . After homogenizing, the
suspension was counted using a haematocytometer.
Under these conditions the inoculum concentration
varied between 3.4 and 4.0=106 spores mly1.

2.4. Inoculation and incubation

Ž .Petri plates 5.5 cm diameter containing approxi-
mately 7 ml of medium were inoculated centrally
with a calibrated loop containing 5ml of spore
suspension. The plates were incubated at 258C and
308C for a maximum period of 100 days. These
temperatures are representative of ambient tempera-
ture at which food susceptible toWallemia deteriora-
tion are stored in warm temperate regions. To mini-
mize the transfer of water to or from the media, the
plates were placed inside plastic bags containing
dishes with glycerol solutions adjusted to the corre-
spondinga .w

Each set ofa and temperature conditions wasw

carried out five times.

2.5. Examination

To observe germination, Petri plates were initially
examined twice a day under transmitted light micro-

Ž .scope 100= , diminishing the periodicity up to
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three times a week in the final stages. The criterion
for germination was the production of a germination
tube of longitude similar to the diameter of the

Žconidia in at least 50% of the inoculum Hocking
.and Miscamble, 1995 .

Growth was initially assessed by measuring the
hyphal extension using an eyepiece micrometer. As
the colonies grew larger the diameters were mea-
sured by stage verniers. Diameters were measured
daily in the initial phase, diminishing the periodicity
to twice a week in the final stages. Averages of two
perpendicular readings for each colony were used.

Growth rates were calculated as the linear regres-
sion from the linear phase of the growth curve. An

Ž .average radial growth ratek was calculated fromr

the different independent experiment for each set of
conditions.

2.6. Mathematical and statistical methods

A mathematical model proposed by Gibson et al.
Ž .1994 was applied. This model introduces the fol-
lowing transformation:

b s 1ya .(w w

Ž .Applying this transformation, the lnk vs. b curvesr w

are appropriately adjusted by a degree 2 polynomial
function:

ln k sC qC b qC b2 ,Ž .r 0 1 w 2 w

where the coefficientsC , C and C are estimated0 1 2

by lineal regression. Starting from the equation, it is
also possible to calculate the optimuma value forw

the maximum radial growth rate:

2C1
a opt s1y ,Ž .w ž /2C2

And the radial growth rate at the optimuma :w

2C1
k opt sexp C y .Ž .r 0ž /4C2

The influence of temperature anda on the radialw
Ž .growth rate k , and the existence of an interactionr

between both factors, was determined by an ANOVA
analysis.

3. Results and discussion

3.1. Germination

Fig. 1 shows the influence ofa on the germina-w

tion time at 258C and 308C. The effect of tempera-
ture on the germination time was significant except
between 0.95 and 0.88a . At low a levels as wellw w

as above 0.95, the higher temperature caused an
increase in the germination time. The minimumaw

for germination was also affected by temperature,
Ž . Žbeing lower at 258C 0.80 a than at 308C 0.82w

.a . The same effect of temperature on the germina-w

tion of W. sebi was observed by Wheeler et al.
Ž . Ž1988 working with other solutes NaCl and a glu-

.cose and fructose mixture and at temperatures of
208C, 308C and 348C.

At 308C, a considerable increment of germination
time was observed whena increased from 0.95 tow

Ž .0.96 2 and 20 days, respectively , demonstrating the
xerophilic nature ofW. sebi whose growth is de-
layed at higha values. This effect is evident at thew

higher temperature probably because this tempera-
ture is less favourable than 258C for germination of
W. sebi.

At 258C, germination was followed by growth
over the whole range ofa studied. At 308C, growthw

was only observed after germination at values above
0.86 a .w

3.2. Growth

The influence ofa on the average radial growthw

rate forW. sebi at 258C and 308C is shown in Fig. 2.
At 258C, the maximum growth rate was observed in
the range of 0.94–0.96a and growth became slowerw

as a decreased down to 0.84. At 308C, the maxi-w

mum growth rate occurred at 0.94a , with a higherw

radial growth rate than at 258C. For all other aw

values, measuredk at 308C was lower than at 258C.r

The effect of temperature on the radial growth rate
was marked, but the optimuma was not affected.w

The optimuma value for growth ofW. sebi foundw

in the present work is in agreement with that re-
Ž .ported by Pitt and Hocking 1977 at 308C.

Slower growth ofW. sebi above 0.95a at 308Cw

in culture media ofa adjusted with glucoserfruc-w



( )A. Patriarca et al.r International Journal of Food Microbiology 68 2001 61–6764

Fig. 1. Effect of a and temperature on germination time forW. sebi.w

tose and NaCl was observed by Wheeler et al.
Ž . Ž .1988 . Beuchat 1992 reported 0.92a as thew

optimum for growth of heat-stressedW. sebi conidia
Ž .regardless of solute NaCl, glucose or sorbitol . He

Fig. 2. Effect of a and temperature on radial growth rate ofW. sebi. Symbols represent the growth rates at eacha . The lines indicate thew w
2Ž .fitted k vs. a function, wherek sexp C qC b qC b and b s 1ya .'r w r 0 1 w 2 w w w
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observed, as we did, that the fungus was less tolerant
of a above the optimum at 308C.w

The minimum a for growth was observed to bew

higher than the minimum for germination at both
temperatures examined. At 258C below 0.84 a ,w

growth was very slow and irregular. At 308C and
0.86 a , colonies were not bigger than 0.05 mmw

after 100 days and at lowera values germinationw

was only followed by the production of abortive
germinative tubes. Minimuma values for germina-w

tion and growth registered in the present work are
slightly higher than those reported by Wheeler et al.
Ž .1988 . These differences could be due to differences
in the strains and solutes used.

The analysis of variance performed confirmed a
marked influence ofa on the growth rate. Thew

effect of temperature, although smaller, was also
significant, as well as the interaction that exists

Ž .between both factorsp-0.001 in all cases .
It was found that 258C was a more favourable

temperature for germination and growth ofW. sebi
Ž .than 308C. Wheeler et al. 1988 , working with other

solutes, also reported optimal growth ofW. sebi at
258C with an upper limit near 308C and growth
inhibition at 348C.

3.3. Application of the predictiÕe model

Fig. 3 shows the growth rates obtained here for
Ž .W. sebi fitted to the model of Gibson et al. 1994 .

As can be observed, the model provides a good
approach to the description of the effect of water
activity on the radial growth rate forW. sebi. The
coefficientsC of the fitted equation as well as thei

Ž . Ž .a opt and k opt values predicted by the modelw r

for both temperatures are shown in Table 1.
The results obtained by the application of the

model agree with that experimentally observed in
relation to the weak influence of temperature on the
optimum a , i.e. 0.94 a for both temperatures.w w

The radial growth rates under these conditions were
Ž y1slightly higher at 258C 0.59 mm day or 25mm

y1. Ž y1 y1.h than at 308C 0.57 mm day or 24mm h .
These figures were very similar to those obtained by

Ž .Wheeler et al. 1988 forW. sebi in a medium with
a adjusted with a mixture of glucose and fructosew
Ž y1.18–20mm h .

W. sebi is a very slowly growing mould even at
the optimuma . For comparison, Pitt and Hockingw
Ž .1977 reported maximum growth rate between 150
and 180mm hy1 for A. flaÕus and Eurotium cheÕa-

Ž . Ž .Fig. 3. Plot for ln k vs. b s 1ya . Symbols represent the natural logarithm of growth rates atb . The lines indicate the fitted lnk'r w w w r
Ž . 2vs. b function, where lnk sC qC b qC b .w r 0 1 w 2 w
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Table 1
Coefficients and some characteristic predictions of the radial growth rate andt models forW. sebiv

Temperature Growth rate model t Modelv

Coefficients Characteristics Coefficients Characteristics
1a b 2c dŽ . Ž . Ž . Ž .C C C a opt k opt D D D a opt k opt0 1 2 w r 0 1 2 w r

258C y6.80 51.71 y106.47 0.941 0.591 6.40 y44.97 92.29 0.941 2.521
308C y10.01 79.00 y165.12 0.943 0.573 6.30 y47.40 103.24 0.947 2.361

aPredicted optimuma for the radial growth rate.w
b Ž y1.Predicted colony growth rate mm day at optimuma .w
cPredicteda for the shortest time to reach a visible colony.w
d Ž . Ž .2Predicted time days to reach a visible colony ata opt .w

Ž .lieri, while Wheeler et al. 1988 reported optima of
about 60mm hy1 for Xeromyces bisporus and 40
mm hy1 for Chrysosporum fastidium.

Another parameter of practical utility is the time
required for a fungal inoculum to form a colony of 2

Žmm of diameter Horner and Anagnostopoulos,
.1973 . This is an arbitrary definition and equivalent

parameters are commonly found in the predictive
microbiology literature, such as thet or time to3

Žform colonies of 3 mm of diameter Gibson et al.,

.1994 . These parameters represent the time necessary
for colony formation on the surface of a food large
enough to be visible and to cause rejection of the
product.

In the present study, we have defined as time of
Ž .visibility t , the time to form a visible colonyv

starting from the initial inoculum. We chose this
parameter that does not imply a fixed size of colony
due to the simplicity in its experimental determina-
tion. As a consequence of the method used for the

Ž . Ž .Fig. 4. Plot for ln t vs. b s 1ya . Symbols represent the natural logarithm oft at b . The lines indicate the fitted lnt vs. b'v w w v w v w
Ž . 2function where lnt sD qD b qD b .v 0 1 w 2 w
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Table 2
Ž .Predicted time to spoilaget for foods frequently contaminated byW. sebiv

Product a Predictedt Predictedtw v v
Ž . Ž .days at 258C days at 308C

aSweet potato jam 0.87 8.9 13.9
bŽ .Vanilla pudding 0.841 interior 23.2 45.4

aPeach jam 0.83 34.7 74.2
aDairy caramel 0.84 24.0 47.4

bDairy caramel 0.825 42.0 93.5
bSweet potato syrup 0.888 5.4 7.4

a Ž .Data obtained from Vigo et al. 1981 .
bExperimental data.

inoculation, the initial inoculum resulted in a drop of
approximately 3–5 mm of diameter, so that when the
colony was visible its diameter was usually bigger
than 3 mm. By the use of thet the arbitrarinessv

introduced by the experimental conditions was mini-
mized.

Ž .Gibson et al. 1994 demonstrated the possibility
of applying the same model used for the growth rate
to the parametert . In the same way, the modelling3

was repeated with thet data, applying again thev

transformation mentioned above. It was confirmed
that such an equation provided a good adjustment of

Ž .the experimental values Fig. 4 . The coefficients
Ž . Ž .were calculated and thea opt and t opt valuesw v

are shown in Table 1.
The practical utility of t modelling is that itv

provides, through a simple calculation, an estimate
of what would happen in a food of a certainaw

when being contaminated byW. sebi. Table 2 lists
the t values predicted at 258C and 308C for some ofv

the foods that have been reported as susceptible to
spoilage byW. sebi. Predicted values could be useful
in estimating mould-free life of these foods. Taking
into consideration the limitations of the empirical
mathematical models, the obtained predictions can
be interpreted as a tool to describe the behaviour of
W. sebi in different foods based on theira and thew

storage temperature. In a later stage the model should
be validated in different foods whosea is compre-w

hended in the evaluated range.

Acknowledgements

Financial support of Universidad de Buenos Aires
and Consejo Nacional de Investigaciones Cientıficas´

Ž .y Tecnicas CONICET are acknowledged. G.V. is a´
member of CONICET.

References

Beuchat, L.R., 1992. Observations on the effect of recovery
conditions on colony formation byWallemia sebi and
Chrysosporium farinicola. In: Samson, R.A., Hocking, A.D.,

Ž .Pitt, J.I., King, A.D. Eds. , Modern Methods in Food Mycol-
ogy. Elsevier, Amsterdam, pp. 127–131.

Gibson, A.M., Baranyi, J.I., Pitt, J.I., Eyles, M.J., Roberts, T.A.,
1994. Predicting fungal growth: the effect of water activity on
Aspergillus flaÕus and related species. Int. J. Food Microbiol.
23, 419–431.

Hocking, A.D., Miscamble, B.F., 1995. Water relations of some
Zygomycetes isolated from food. Mycol. Res. 99, 1113–1115.

Horner, K.J., Anagnostopoulos, G.D., 1973. Combined effects of
water activity, pH and temperature on the growth and spoilage
potential of fungi. J. Appl. Bacteriol. 36, 427–436.

Northolt, M.D., 1979. The effect of water activity and temperature
on the production of some mycotoxins. Proefschrift ter verkri-
jging van de graad van doctor in de landbouwwetenschappen,
Landbouwhogeschool te Wageningen. Germany.

Pitt, J.I., Hocking, A.D., 1977. Influence of solute and hydrogen
ion concentration on the water relations of some xerophilic
fungi. J. Gen. Microbiol. 101, 35–40.

Pitt, J.I., Hocking, A.D., 1997. Fungi and Food Spoilage. 2nd edn.
Aspen Publishers, Gaithersburg, MD.

Vigo, M.S., Chirife, J., Scorza, O.C., Cattaneo, P., Bertoni, M.H.,
Sarrailh, P., 1981. Estudios sobre alimentos tradicionales de
humedad intermedia elaborados en la Argentina.
Determinacion de la actividad acuosa, pH, humedad y solidos´ ´
solubles. Rev. Agroquim. Tecnol. Aliment. 21, 91–99.

Wheeler, K.A., Hocking, A.D., Pitt, J.I., 1988. Effects of tempera-
ture and water activity on germination and growth ofWallemia
sebi. Trans. Br. Mycol. Soc. 90, 365–368.

Wood, G.M., Mann, P.J., Lewis, D.F., Reid, W.J., Moss, M.O.,
1990. Studies on a toxic metabolite from the mouldWallemia.
Food Addit. Contam. 7, 69–77.


