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Alternaria alternata is a toxigenic fungus, predominantly responsible for Blackmould of ripe tomato fruits, a
disease frequently causing substantial losses of tomatoes, especially those used for canning. The objective of
this study was to determine the effect of water activity (aw, 0.904, 0.922, 0.954, 0.982) and temperature
(6, 15, 21 and 35 °C) on germination and radial growth rate on a synthetic tomato medium of a cocktail
inoculum of five strains of A. alternata isolated from tomato fruits affected by Blackmould. The shortest
germination time (1.5 days) was observed at 0.982 aw, both at 21 °C and 35 °C. The germination time
increased with a reduction on aw. The fastest growth ratewas registered at 0.982 aw and 21 °C (8.31mm/day).
Growth rates were higher when aw increased. No growth or germination was observed at the lowest aw level
evaluated (0.904) after 100 days of incubation at 6 °C and 15 °C. A temperature of 6 °C caused a significant
reduction in growth rates, even at the optimum aw level. The knowledge on the ecophysiology of the fungus in
this substrate is necessary to elaborate future strategies to prevent its development and evaluate the consumer
health risk.

© 2009 Elsevier B.V. All rights reserved.
1. Introduction

Tomato (Lycopersicum esculentum) and tomato products are
widely consumed in Argentina. It constitutes one of the vegetables
with the highest processing volume in this country and in the rest of
the world. In Argentina, the production is destined for fresh
consumption and for processing into industrialized products such as
tomato puree, pulp, juice, sauces, etc. The per capita consumption of
tomato products is estimated in 10 kg/year (Franco, 2006).

The genus Alternaria contains numerous species that are both
saprophytic and pathogenic on many plants, including several plants
used for food (Bottalico and Logrieco, 1998). Because of their thin skin,
tomatoes are very susceptible to fungal decay, and Alternaria is the
most common fungus on moldy tomatoes (Andersen and Frisvad,
2004). In tomatoes, A. alternata requires injured or weakened tissue
for penetration and growth (Barkai-Golan, 2001). A. alternata is the
main causal agent of Blackmould of ripe tomato fruits, a disease
frequently causing substantial losses of tomatoes, especially those
used for canning (Bottalico and Logrieco, 1992). This species was
found to be the most prevalent fungus causing ripe fruit rot in
California processing tomatoes (Morris et al., 2000). In southern Italy,
A. alternata is the dominant fungal species although A. tenuissima has
a).
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also been recovered (Logrieco et al., 2003). In Argentina A. alternata
and A. tenuissima have been found as the main species associated to
tomato fruits spoilage (Pose, 2007).

During the colonization of the host, the pathogen can produce
toxic metabolites in the infected plants andwhen they accumulate in
plant parts used as food, they can be a hazard to human health
(Bottalico and Logrieco, 1998). The major Alternaria mycotoxins
belong to three structural classes: the tetramic acid derivative,
tenuazonic acid (TA); the dibenzopyrone derivatives, alternariol
(AOH), alternariol monomethyl ether (AME) and altenuene; and the
perylene derivatives, the altertoxins (Logrieco et al., 2003). AME and
AOH are not very acutely toxic, but they have mutagenic effects.
There is also some evidence of carcinogenic properties. Tenuazonic
acid is not mutagenic in bacterial systems. However, it is toxic to
several animal species; in dogs, it caused hemorrhages in several
organs, and in chickens sub-acute toxicity was observed (Scott,
2004). A. alternata toxins were associated with human esophageal
cancer in Linxian, China (Liu et al., 1991).

Previous studies have demonstrated the presence of Alternaria
toxins in tomato products processed and sold in Argentina. From 80
tomato puree samples analyzed, 39 (49%) were contaminated with
Alternaria toxins. TA was found in 23 samples at levels ranging from
39 to 4021 µg/kg; AOH in 5 samples at levels from 187 to 8756 µg/kg,
and AME in 21 samples ranging from 84 to 1734 µg/kg (Terminiello
et al., 2006).
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Fig. 1. Effect of water activity (aw) and temperature on germination time of Alternaria
alternata on tomato pulp agar (NG: no growth).
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Fungal growth is markedly affected by different environmental
factors, the two most important being water activity (aw) and
temperature (Magan and Lacey, 1984). Growth of mycotoxigenic
Alternaria species and its relation with these factors have been
described in different substrates (Lacey, 1992). However, no studies
have been carried out on isolates from tomatoes or on tomato as
growing substrate. Such information is important in developing
realistic forecasting systems for predicting risk of colonization and
mycotoxin production.

Due to the high incidence of Alternaria and its mycotoxins in
commodities and food products in Argentina, the objective of this
study was to determine the effects of aw, temperature and their
interaction on the growth and conidial germination of A. alternata
isolates causing Blackmould on tomato fruits.

2. Materials and methods

2.1. Fungal strains

Five strains of A. alternata isolated from ripe tomato fruits affected
by Blackmould were used in this study. The isolates were identified
according to Simmons (2007). The colony and sporulation character-
istics of representative cultures ofA. tenuissima EGS 34.015,A. alternata
EGS 34.016, A. arborescens EGS 39.128 and A. infectoria EGS 27.193
(Mycological Services, Crawfordsville, IN) were determined and
compared with those of the tomatoes isolates in standard condition
culture. Single germinating conidia were transferred to Petri dishes
containing Potato–Carrot-Agar (PCA) and incubated for 7 days at 25 °C.
Based on sporulation patterns and conidial morphology, the isolates
used in this work were grouped as A. alternata. The strains toxigenic
capability was evaluated in autoclaved polished rice after incubation
in the dark at 25 °C for 21 days. The five strains selected were capable
of producing AOH, AME and TA. Analysis of Alternaria toxins in
synthetic tomato medium will be performed in a future work. All of
them are maintained in the culture collection of Universidad Nacional
de Quilmes, Buenos Aires, Argentina and in the culture collection of
the Istituto di Scienze delle Produzioni Alimentare (ITEM fungal
culture collection) of the Consiglio Nazionale delle Ricerche, Bari, Italy.

2.2. Medium

Growth rate and spore germination were determined on tomato
pulp agar (TPA) designed for this purpose. This medium contained
800 ml/l of pulp of fresh tomatoes, 200 ml of distilled water and 15 g
of agar (pH 4.39). The aw of the medium was adjusted with glycerol
87% analytical grade (Merck 4094) to 0.982; 0.954; 0.922 and 0.904±
0.003 (Dallyn and Fox, 1980). Water activity was measured with a
water activity meter (Aqualab CX-2, Decagon Devices Inc., USA).

2.3. Inoculation and incubation

The isolates were grown on water agar (agar 2%) for 15 days at
25 °C to obtain heavily sporulated cultures (Larone, 2002). A cocktail
inoculumwas preparedwith the five strains according to Hocking and
Miscamble (1995). Spores of each strain were placed in an aqueous
solution of 0.05% Tween 80 (Biopack) of aw adjusted with glycerol, to
avoid affecting the aw of the culture medium. After homogenizing, the
suspension was counted using a Neubauer chamber. Under these
conditions the inoculum concentrations varied between 1.5 and
3×105 spores/ml. TPA plates were inoculated centrally with a 1 µl
calibrated loop of spore suspension. The plates were incubated at 35,
21, 15 and 6 °C for a maximum period of 100 days. To minimize water
transfer from or to the medium, plates corresponding to the same aw
level were placed in closed bags containing a vessel with adjusted
glycerol–water solution (Romero et al., 2007). Control plates were
prepared and measured at the end of the experiment in order to
detect any significant deviation of the aw, and no change in any tested
plate was detected. Each set of conditions (aw×temperature) was run
by quadruplicate.

2.4. Examination of the germination and growth measurement

For determination of the germination time, the plateswere observed
at ×40 magnification under a stereo-microscope. The criterion for
germination was the production of a germination tube of longitude
similar to the diameter of the conidia in at least 50% of the inoculum
(approximately 100–150 spores) (Hocking and Miscamble, 1995). The
first measurement was done after 12 h after inoculation and thereafter
twice a day. The radial mycelial growth was determined by periodical
measurement of two right-angled diameters of the colonies. Radial
growth vs. time was plotted and radial growth rates (mm/day) were
calculated from the slope by linear regression (Patriarca et al., 2001).

2.5. Experimental design and data treatment

A full factorial design with two designed variables (aw and T) at
four levels was applied. Four replicates were used per each aw–
temperature combination both for germination and growth rate
assessment. The responses recorded were germination time and
colony diameter along time. The effects of aw, temperature, and their
interaction were examined by ANOVA using Statistica software v6.0
(StatSoft, Inc., 1984–2001, Tulsa, OK, USA).

3. Results and discussion

3.1. Water activity and temperature effect on germination time

Statistical analysis of variance (ANOVA) showed that all effects
(aw, temperature, and their interaction) were significant (pb0.0001)
on the germination time of A. alternata on tomato pulp agar (TPA).

The shortest germination time (1.5 days) was observed at 0.982
aw, both at 21 °C and 35 °C (Fig. 1). The germination time increased
with a reduction on aw. At the lowest aw level evaluated (0.904) no
germination was registered after 100 days of incubation at 6 °C and
15 °C. Thehighest temperature levels studied (21 °C and 35 °C)were the
most favorable for germination. At those temperatures the germination
times were very similar at each aw level, except at 0.904, where the
germination occurred slightly sooner at 21 °C (5 days) than at 35 °C
(5.75 days). At aw 0.922, a decrease in temperature from 15 °C to 6 °C
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increased the germination time by 12.5 days, the latter being the
aw–temperature combination with the longest germination time in
this study (20.5 days).

The results obtained in the present work were in agreement with
data from other authors. The optimum temperature reported for
germination of A. alternata varied between 25 and 30 °C, while the
minimum and maximum were 5 °C and 35 °C respectively. The
minimum aw reported for germination was 0.84 (Chandrashekar and
Ball, 1980; Dickinson and Bottomley, 1980; Magan and Lacey, 1984).
3.2. Water activity and temperature effect on radial growth rate

Statistical analysis of variance (ANOVA) showed that aw, tem-
perature, and their interaction significantly affected radial growth rate
of A. alternata (pb0.0001).

Fig. 2 shows the radial growth rate of A. alternata on a tomato pulp
medium at four different levels of aw and temperature. The optimum
condition for growth was aw 0.982 and 21 °C (8.31 mm/day). At this
aw level, the growth rates were higher at all temperatures evaluated,
which indicates that high aw is favorable for this mould. Growth was
slow at aw 0.922 at all temperatures and no growth or germination
was observed at 6 °C and 15 °C at 0.904 aw. The effect of temperature
was also observed. The fastest growth was registered at 21 °C at all aw
levels. At 35 °C the growth rates were higher than at 15 °C, except at
the maximum aw level 0.982. A temperature of 6 °C caused a
significant reduction in growth rates, even at the optimum aw level.

According to the literature, the minimum aw for growth of
A. alternata in different culture media was determined between 0.84
and 0.88 (Magan and Lacey, 1984; Rowan et al., 1999; Sautour et al.,
2001), while the optimum was described in a range of 0.98–1.00 aw.
These data agree with the results of the present work. The optimum
temperature reported for growthwas in the range of 25–30 °C, and the
maximum and minimum ranges were 32–35 °C and 5–6.5 °C
respectively (Chandrashekar and Ball, 1980; Dickinson and Bottomley,
1980; Magan and Lacey, 1984; Sautour et al., 2002). The temperature
range allowing growth of A. alternata on tomato medium was similar
to those reported in other media; however, relatively high growth
rates were observed at 35 °C at aw levels 0.954 and 0.982 (3.96
and 4.62 mm/day respectively). This might suggest that A. alternata
would be able to grow at slightly higher temperatures on tomato
medium. Comparisons between our results and literature data are
difficult because no reports have been found on the growth or
germination of A. alternata on tomato and tomato products.
Fig. 2. Effect of water activity (aw) and temperature on growth rate of Alternaria
alternata on tomato pulp agar (NG: no growth).
The concept of using cocktail inocula was introduced for physio-
logical studies on foodborne bacterial pathogens, particularly in
acquisition of data for predictive modelling studies, as a way of
determining the extremes of growth limits for particular species. The
use of bulked spore suspensions was applied for the first time to
studies on the aw tolerances of fungi by Hocking and Miscamble
(1995). Although this approach can be criticized because of loss of
information about the responses of individual strains of a species, it is
accepted as a legitimate method for establishing the most extreme
conditions under which a particular species is capable of growth. The
use of a cocktail inoculum in the present study provided data closer to
the real conditions at which tomato and tomato products are exposed.

A synthetic medium (TPA) similar to tomato fruits composition
was developed. Its use provides a practical advantage because it
simplifies the determination of germination time and the measure-
ment of colony diameter, which would be difficult to perform on
tomato fruits.

The range of temperatures selected for the present study is
representative of ambient temperatures at which tomato fruits are
stored in warm temperate regions such as our country in the different
seasons (35 °C, 21 °C, and 15 °C, in summer, autumn and winter
respectively); and 6 °C was selected as a refrigeration temperature.
The extremes of the range were chosen close to the values registered
in the literature as limitant for the growth of A. alternata on other
substrates (Lacey, 1992). However, our results showed that tomato
medium allowed higher growth rates in the upper limits of
temperature. This could indicate that warm storage temperatures
increase the risk of contamination with Alternaria.

The aw range studied was selected considering the optimum and
minimum aw values reported for growth (0.98 and 0.88 respectively)
(Lacey, 1992; Sautour et al., 2002). Intermediate values were chosen
according to aw values of tomato products (tomato sauce: 0.986;
tomato chutney: 0.955; concentrated tomato paste: 0.93–0.85).
Although Alternaria is probably inactivated during thermal processes,
the raw material (tomato paste) is prone to contamination if it is not
stored at adequate temperatures before processing. According to our
results, concentrated tomato pastes, which are often used in the
production of tomato sauces and purees, are also susceptible to Al-
ternaria contamination in spite of their low aw. Refrigeration of these
products could be advised in order to prevent Alternaria growth and
toxin production. Growth of Alternaria during the early stages of sun-
drying of tomatoes is also of concern, especially in high temperature
climate.

The germination and growth of A. alternata on tomato medium at
high water activities, even at low temperatures, evidence the
potential of this species for spoiling tomato fruits during storage,
including refrigerated products. Considering the results obtained and
the high aw of tomato fruits (0.99) the recommended refrigeration
temperatures should be below 6 °C. Temperature is one of the major
environmental factors that affect the life of tomato fruits and their rate
of deterioration by fungi.

4. Conclusions

The present study is the first report on the effect of aw and
temperature on the ecophysiology of Alternaria alternata on tomato
medium. The results obtained could be extrapolated to evaluate the
risk of spoilage in tomato fruits and tomato products caused by this
pathogen, the main causal agent of Blackmould of ripe tomato fruits.

The substantial post-harvest losses registered justify studies to
control the pathogen. The knowledge on the ecophysiology of the
fungus in this substrate is necessary to elaborate strategies combining
different methodologies and controlled environmental factors to
prevent its development. The data presented here provide a matrix
of growth and germination responses to water activity and tempera-
ture that may be used in constructing a mathematical model for the
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prediction of the shelf life of tomato products. Such a model will be of
benefit tomanufacturers of these and relatedproducts in development
of new formulations and processes.

Knowledge of the environmental factors influencing fungal growth
is important so that storage environments can be made unfavorable
for mycotoxin formation. Furthermore, considering the toxigenic
potential of Alternaria strains, understanding the effects of environ-
mental factors on mycotoxins production by this fungus on tomato is
necessary to evaluate the consumer health risk.

Acknowledgements

Financial support from the Universidad de Buenos Aires and
Universidad Nacional de Quilmes is acknowledged. G. Pose, A. Patriarca
and A. Pardo are members of Consejo Nacional de Investigaciones
Científicas y Técnicas (CONICET).

References

Andersen, B., Frisvad, J.C., 2004. Natural occurrence of fungi and fungal metabolites in
moldy tomatoes. Journal of Agricultural and Food Chemistry 52, 7507–7513.

Barkai-Golan, R., 2001. Postharvest disease summary. In: Barkai Golan (Ed.),
Postharvest Diseases of Fruits and Vegetables. Elsevier, Amsterdam, pp. 321–322.

Bottalico, A., Logrieco, A., 1992. Alternaria plant diseases in Mediterranean countries
and associated mycotoxins. In: Chelkowski, J., Visconti, A. (Eds.), Alternaria:
Biology, Plant Diseases and Metabolites. Elsevier, Amsterdam, pp. 209–232.

Bottalico, A., Logrieco, A., 1998. Toxigenic Alternaria species. In: Sinha, K.K., Bhatnagar, D
(Eds.), Mycotoxins in Agriculture and Food Safety. Marcel Dekker Inc, New York,
pp. 65–108.

Chandrashekar, M., Ball, M.C., 1980. Leaf blight of grey mangrove in Australia caused by
Alternaria alternata. Transactions of the British Mycological Society 75, 413–418.

Dallyn, H., Fox, A., 1980. Spoilage of materials of reduced water activity by xerophilic
fungi. In: Gould, G.H., Corry, J.E.L. (Eds.), Microbial Growth and Survival in Extremes
of Environment. In: The Society for Applied Bacteriology, technical series number
15. Academic Press, London, pp. 129–139.

Dickinson, C.H., Bottomley, D., 1980. Germination and growth of Alternaria and Cla-
dosporium in relation to their activity in the phylloplane. Transactions of the British
Mycological Society 74, 309–319.

Franco, D., 2006. Tomate industrializado. Análisis de Cadena Alimentaria. Dirección
Nacional de Alimentos, Dirección de Industria Alimentaria. Secretaría de Agricultura,
Ganadería, Pesca y Alimentos. Subsecretaría de Política Agropecuaria y Alimentos.
Ministerio de Economía y Producción. Buenos Aires, Argentina. http://www.
alimentosargentinos.gov.ar/0-3/revistas/r_31/cadenas/tomate_indus.htm.
Hocking, A.D., Miscamble, B.F., 1995. Water relations of some Zygomycetes isolated
from food. Mycological Research 99, 1113–1115.

Lacey, J., 1992. Effects of environment on growth and mycotoxin production by Alternaria
species. In: Chelkowski, J., Visconti, A. (Eds.), Alternaria: Biology, Plant Diseases and
Metabolites. Elsevier, Amsterdam, pp. 381–407.

Larone, D., 2002. Medically Important Fungi: A Guide to Identification, 4th Edition. ASM
Press, New York, p. 348.

Liu, G.T., Qian, Y.Z., Zhang, P., Dong, Z.M., Shi, Z.Y., Zhen, Y.Z., Miao, J., Xu, Y.M., 1991.
Relationships between Alternaria alternata and oesophageal cancer. In: O'Neill, I.K.,
Chen, J., Bartsch, K. (Eds.), Relevance to Human Cancer of N-Nitroso Compounds,
Tobacco Smoke and Mycotoxins. International Agency for Research on Cancer,
Lyon, France, pp. 258–262.

Logrieco, A., Bottalico, A., Mulè, G., Moretti, A., Perrone, G., 2003. Epidemiology of
toxigenic fungi and their associated mycotoxins for some Mediterranean crops.
European Journal of Plant Pathology 109, 645–667.

Magan, N., Lacey, J., 1984. Effect of temperature and pH on water relations of field
and storage fungi. Transactions of the British Mycological Society 82, 71–81.

Morris, P.F., Connolly, M.S., St Clair, D.A., 2000. Genetic diversity of Alternaria
alternata isolated from tomato in California assessed using RAPDs. Mycological
Research 104 (3), 286–292.

Patriarca, A., Vaamonde, G., Fernández Pinto, V., Comerio, R., 2001. Influence of water
activity and temperature on the growth ofWallemia sebi: application of a predictive
model. International Journal of Food Microbiology 68, 61–67.

Pose, G., 2007. Caracterización de hongos fitopatógenos-toxicogénicos en productos
frutihortícolas. El modelo Alternaria causante de “enmohecimiento negro” en
tomates cultivados en Argentina. Doctoral thesis. Universidad Nacional de Quilmes,
Buenos Aires, Argentina.

Rowan, N.J., Johnstone, C.M., McLean, R.C., Anderson, J.G., Clarke, J.A., 1999. Prediction of
toxigenic fungal growth in buildings by using a novel modelling system. Applied
and Environmental Microbiology 65, 4814–4818.

Romero, S.M., Patriarca, A., Fernández Pinto, V., Vaamonde, G., 2007. Effect of water
activity and temperature on growth of ochratoxigenic strains of Aspergillus
carbonarius isolated from Argentinean dried vine fruits. International Journal of
Food Microbiology 115, 140–143.

Sautour, M., Dantigny, P., Divies, C., Bensoussan, M., 2001. A temperature-type model
for describing the relationship between fungal growth and water activity.
International Journal of Food Microbiology 67, 63–69.

Sautour,M., SoaresMansur, C., Divies, C., Bensoussan,M., Dantigny, P., 2002. Comparison
of the effects of temperature and water activity on growth rate of food spoilage
moulds. Journal of Industrial Microbiology & Biotechnology 28, 311–315.

Scott, P.M., 2004. Other mycotoxins. In: Magan, N., Olsen, M. (Eds.), Mycotoxins in
Food: Detection and Control. Woodhead Publishing Limited, Cambridge, England,
pp. 406–440.

Simmons, E.G., 2007. Alternaria. An Identification Manual. CBS Fungal Biodiversity
Centre, Utrecht, the Netherlands.

Terminiello, L., Patriarca, A., Pose, G., Fernández Pinto, V., 2006. Occurrence of alternariol,
alternariol monomethyl ether and tenuazonic acid in Argentinean tomato puree.
Mycotoxin Research 22 (4), 236–240.

http://www.alimentosargentinos.gov.ar/0-3/revistas/r_31/cadenas/tomate_indus.htm
http://www.alimentosargentinos.gov.ar/0-3/revistas/r_31/cadenas/tomate_indus.htm

	Effect of water activity and temperature on growth of Alternaria alternata on a synthetic tomat.....
	Introduction
	Materials and methods
	Fungal strains
	Medium
	Inoculation and incubation
	Examination of the germination and growth measurement
	Experimental design and data treatment

	Results and discussion
	Water activity and temperature effect on germination time
	Water activity and temperature effect on radial growth rate

	Conclusions
	Acknowledgements
	References




