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Moulds pose a detrimental risk for microbial 
stability of jams, since they can grow well under 
acid conditions and low water activity [1–3]. Apart 
from the fact that the mould spoilage causes sig­
nificant economic losses worldwide, it is also a se­
rious food safety issue due to the possible produc­
tion of allergens or mycotoxins, which may have 
further carcinogenic or toxic effects on humans 
[4–6]. The main source of mould contamination is 
raw material used to produce jams. These mate­
rials are often contaminated by soil-borne heat-re­
sistant, xerophilic or preservative-resistant moulds 
[6].

Heat-resistant moulds, mainly from the genera 
Aspergillus (Neosartorya morph), Paecilomyces 
(Byssochlamys morph) and Penicillium (Eupeni-
cillium morph), are considered as some of the 
most resilient microorganisms due to their ability 

to survive not only pasteurization treatment, but 
low pH environment, limited headspace oxygen 
levels and high-pressure processing as well [4, 7]. 
The heat resistance of their vegetative cells is rela­
tively low. However, these moulds form specific 
survival structures, so-called ascospores, that have 
extremely high heat resistance [4, 8]. These struc­
tures are able to resist the heat treatment at tem­
peratures exceeding 75–80 °C for 30 min [5, 9]. It 
means that standard pasteurization conditions will 
not be sufficient to prevent the product from spoil­
age. In fact, the pasteurization treatment induces 
the opposite; i.e. it activates the ascospores, so the 
mould can germinate, grow and cause spoilage 
[5, 7, 10].

In order to prevent the growth of heat-resist­
ant moulds, a number of approaches were studied 
and implemented in the food process chain. Be­
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ponent, minimally 450 g per kilogram of product 
according to Czech legislation (Annex 2 to Decree 
No. 157/2003 Coll.) [17].

As an additional medium for assessment of 
thermal inactivation, a low-sugar premium quality 
jam from forest fruits was used, containing rasp­
berries, blueberries, blackberries and blackcur­
rants (50 °Brix, pH 3.2; obtained from a local store 
in Prague, Czech Republic). 

The pH value of the latter jam was adjusted 
from 3.2 to 4.2 and the refraction from 50 °Brix to 
60  °Brix by adding solution of 0.1 mol·l-1 NaOH 
for pH adjustment and saccharose for refraction 
adjustment. 

All obtained jams used in this work meet 
the parameters listed in Annex  2 to Decree 
No. 157/2003 Coll. [17], where premium jams are 
labeled as “Extra”. In this study, the term extra is 
taken to reflect a higher refraction than low-sugar 
jams.

Isolation and identification of the mould
The study was carried out on the strain of As-

pergillus lacinosus (syn. Neosartorya laciniosa) 
CBS  117721 (NRRL 35589, KACC 41657) iso­
lated from spoiled premium quality low-sugar 
strawberry jam. A. lacinosus was described by 
Hong et al. [18] as a mould that is morphologi­
cally and genetically similar to Neosartorya spino-
sa and is characterized as a common soil-borne 
heat-resistant mould, which is able to contami­
nate food materials, produce secondary metabo­
lites (aszonalenin, tryptoquivaline and tryptoqui­
valone) and eventually cause human mycotic 
diseases [19–22].

For A. lacinosus, the phenotype description 
was carried out according to Samson et al. [19] 
and the microscopic structures of the mould were 
observed by a differential interference contrast 
(DIC) microscope (BX51 Laboratory Microscope, 
Olympus, Tokyo, Japan). According to morpholo­
gical characteristics, the mould was identified as 
a strain related to Neosartorya laciniosa, N. spino-
sa, N. coreana and N. galapagensis [19]. As stated 
by literature, these moulds currently belong to As-
pergillus section Fumigati [23].

Additionally, molecular analysis was per­
formed. DNA was extracted from the isolat­
ed mould using ArchivePure DNA yeast and 
Gram2+ kit (5PRIME, Gaithersburg, Maryland, 
USA). Afterwards, a part of the internal tran­
scribed spacer (ITS) rDNA (including ITS1-5,8S-
ITS2) was amplified by polymerase chain reac­
tion using two mould-specific primers ITS5 and 
ITS4S. The purified products were sequenced 
using both end primers. The obtained sequences 

sides keeping to the good hygiene practices (GHP) 
and good manufacturing practices (GMP), the 
potentially present ascospores can be inactivated 
by specific thermal and non-thermal processes, 
or by their combination [7, 8, 11]. Non-thermal 
processes, such as high-pressure processing [12], 
power-ultrasound [12] or even low-energy elec­
tron beam treatment of the fruit surface [11], are 
promising alternatives to thermal treatment, due 
to their minimal effects on the sensory and nutri­
tional characteristics of the fruit product. Despite 
the positive effects of these technologies and the 
progress that has been made, the aforementioned 
treatments have one or more disadvantages. They 
are often unable to inactivate ascospores of some 
genera of heat-resistant moulds. Therefore, there 
is a need to combine these methods with thermal 
treatment [12, 13]. However, these methods, ge­
nerally, require the use of expensive instrumenta­
tion and skilled personnel.

In order to inactivate the ascospores of heat-
resistant moulds, the regime of pasteurization as 
a common thermal treatment in the food industry 
has to be optimized. It is essential to understand 
the thermal destruction kinetics of these specific 
microorganisms. The knowledge of the inactiva­
tion kinetics parameters, decimal reduction times 
(D values) and thermal sensitivity of microorgan-
isms (z values), is a key to safely inactivate the mi­
crobes and to obtain a product of high quality at 
the same time [14].

Although the moulds with Neosartorya-type 
ascospores from the Aspergillus genus belong 
to the most commonly occurring and economi­
cally relevant heat-resistant moulds, only some of 
them were studied for their heat resistance [9, 10, 
15, 16]. To the best of our knowledge, there is not 
a study that investigated the thermal resistance of 
Aspergillus lacinosus (Neosartorya lacinosa). In this 
study, we determined the inactivation kinetics pa­
rameters of A. lacinosus during heating in three 
different media, namely, physiological solution 
(PS), low-sugar strawberry jam (LSJ) and extra-
sugar strawberry jam (ESJ) to evaluate the impact 
of the soluble solid content and temperature on 
D and z values.

Materials and methods

Samples
Low-sugar strawberry jam (LSJ; 57  °Brix, 

pH  3.5) and extra-sugar strawberry jam (ESJ; 
65 °Brix, pH 3.5) were obtained from local stores 
in Prague, Czech Republic. ESJ was premium 
quality jam with a higher content of the fruit com­
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were manually edited in BioEdit (version 7.0.0; 
T. Hall, Raleigh, North Carolina, USA) where the 
sequence errors and the unreadable areas were ex­
cluded from the analysis. Thereafter, the highest 
resemblance with the sequences of ex-type strains 
was examined using GenBank database and 
BLAST web client software (National Centre for 
Biotechnology Information, Bethesda, Maryland, 
USA). The isolation of mould (A. lacinosus) and 
identification was performed by the Department 
of Botany, Faculty of Science, Charles University, 
Prague, Czech Republic.

Preparation of spores suspension
The isolated strain of Aspergillus lacinosus (syn. 

Neosartorya laciniosa) CBS 117721 was transport­
ed to the Department of Food Preservation, Fac­
ulty of Food and Biochemical Technology (Univer­
sity of Chemistry and Technology Prague, Prague, 
Czech Republic) on a malt extract agar (Merck, 
Darmstadt, Germany) at 8 °C. Immediately after 
transport, A.  lacinosus was inoculated on yeast 
extract glucose chloramphenicol agar FIL-IDF 
(YGC agar, Merck) and incubated for 15 days at 
30 °C and, thereafter, for 15  days at 2  °C. These 
conditions are known to enhance the production 
of ascospores due to the temperature shock and 
increase the heat resistance of the mould at the 
same time [10]. After incubation, a suspension of 
A. lacinosus ascospores was obtained as described 
by Evelyn and Silva [12] by filtration using a glass 
filter P16 (10–16 µm) and permeate was then cen­
trifuged at 4 000  ×g, 15 min and then stored in 
sterile distilled water at 3 °C until used.

To determine the concentration of ascospores, 
a part of the stored suspension was heated in 
a  thermostatic bath (PolyScience WB05A12E, 
Polyscience, Niles, Illinois, USA) at 80  °C for 
10 min to achieve activation the spores [9]. Then, 
appropriate dilutions of the suspensions in a range 
of 10-1–10-5 were prepared and plated on YGC 
agar. The concentration of the ascospores was 
standardized at the level of 107 spores per millili­
tre [9, 24].

Preliminary tests
Tests were carried out in physiological solu­

tion (PS, 8.5 g of NaCl and 1 g of peptone in 1 l 
of distilled water, 1.2  °Brix; pH 6.6), LSJ and 
ESJ. LSJ and ESJ samples were transferred into 
a  sterile blender bag (VWR, Radnor, Pennsylva­
nia, USA), then crushed in a laboratory blender 
Stomacher  3500/4500 (Seward, Worthing, United 
Kingdom) and used as a medium for the suspen­
sion of A. lacinosus ascospores (107 spores per 
millilitre). The inoculation preceded the ther­

mal treatment to simulate natural contamina­
tion of fruits. The initial concentration of spores 
in the inoculated strawberries was approximately 
106 CFU·ml-1. The mixture was aseptically filled 
into 100  ml glass flasks and subjected to thermal 
treatment as described in the next section.

Thermal resistance studies
To investigate the impact of the soluble solid 

content and the processing conditions (tempera­
ture and time) on the inactivation kinetics param­
eters of A. lacinosus ascospores lacinosus, a range 
of factors was applied. The ranges of the process­
ing conditions were as follows: temperature 70, 75, 
80, 85, 90, 95, 100 °C, time 5, 10, 20, 40, 60 min and 
soluble solid content 1.2; 50; 57; 60; 65 °Brix.

The determination of thermal inactivation ki­
netic parameters of A. lacinosus ascospores was 
performed in metallic 2 ml thermal death tubes 
a thermostatic bath. The tubes were aseptically 
filled with samples previously prepared in 100 ml 
glass flasks, concentration of ascospores being 
106 CFU·ml-1. Immediately after cooling the tubes 
in an ice bath, microbiological analysis was per­
formed as described in the next section.

Calculation of the decimal reduction times 
(D values) is defined in Eq. 1 and the temperature 
sensitivity of microorganisms (z value) is defined 
in Eq. 2 [25]:

𝐷𝐷 = 𝜏𝜏2 − 𝜏𝜏1
𝑙𝑙𝑙𝑙𝑙𝑙 𝑁𝑁1 − 𝑙𝑙𝑙𝑙𝑙𝑙 𝑁𝑁2

 	 (1)

where N1 and N2 represent surviving microorgan­
isms at times τ1 and τ2, respectively.

𝑧𝑧 = 𝑇𝑇2 − 𝑇𝑇1
𝑙𝑙𝑙𝑙𝑙𝑙 𝐷𝐷1 − 𝑙𝑙𝑙𝑙𝑙𝑙 𝐷𝐷2

 	 (2)

where (T2 – T1) represents the temperature change 
resulting in a tenfold (log D1 – log D2) change in D.

Enumeration of A. lacinosus ascospores 
in physiological solution and strawberry jams

The concentration of A. lacinosus ascospores 
in the physiological solution and in strawberry 
jams was determined before and after thermal 
processing. The samples were analysed according 
to European Standards ISO 6887-1:2017 [26], ISO 
6887-4:2017 [27], and ISO 21527-2:2008 [28]. Dur­
ing each analysis, approximately 10 g of the exam­
ined sample was transferred into a sterile blender 
bag (VWR), blended with 90 ml of sterile physio­
logical solution. This mixture was homogenized 
in a laboratory blender MixWell (Alliance Bio 
Expertise, La Nouëraie, France). One hundred 
microlitres of the appropriate dilution in a range 
of 10-1–10-5 was equally spread over the surface of 
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the Petri dish with a diameter of 90 mm with YGC 
agar and incubated at 30 °C for 7 days to evaluate 
the efficiency of the thermal treatment [16]. Three 
parallel repetitions were performed for each 
measurement.

Results and discussion

The identified A. lacinosus mould was isolated 
from a commercially produced jam with a reduced 
sugar content, where the mould grew on the sur­
face of the product. After 14 days, the manufac­
turer inspects the batches of products when this 
mould was discovered under the lid and thus 
a technological defect was discovered. Despite the 
fact that the reduced-sugar jam had undergone the 
same thermal treatment as those used in extra jam 
production, it is most likely that the mould growth 
was due to a reduced sugar content in the final 
product and it was not caused by insufficient heat 
treatment. 

A number of studies reported that the higher 
content of sugar protects the moulds against injury 
caused by the heat treatment [9, 29, 30]. This is 
due to the stress adaptation response in microbial 
cells [31–33]. However, foods are complex matri­
ces and the relationship between particular micro­
organisms, the content of protective compounds 
and heat transfer may differ [24].

The study of Beuchat and Kuhn [29] report­
ed that thermal inactivation characteristics differ 
not only for various microbial genera or species, 
but also for various serotypes. As was published 
in the study of Torregiani and Toledo [34], the 
type of the used carbohydrate in the heating and 
recovery media can have significant effect on heat 
inactivation, injury and repair of fungi. Jams with 

reduced content of sugar have to be enriched by 
polysaccharides to ensure the gel structure of the 
product [35]. These polysaccharides, in particular 
pectin, gellan, xanthan, carrageenan and other 
compounds, could have potentially a protective 
effect on the number of survivors after the heat 
treatment. It is well known that microorganisms, 
including moulds, can produce extracellular bio­
polymers, which protect the cells against harsh 
external environmental conditions. Extracellular 
polysaccharides form a protective layer of the cell 
and serve to store carbon and energy [36]. Polysac­
charides added into a low-sugar jam can have 
a similar impact on the survival of mould as would 
have the microbially produced exopolysaccha­
rides. Cebrián et al. [31] stated that an increase in 
complexity of the medium leads to increased heat 
resistance of present microorganisms. However, 
available studies do not give a satisfactory answer 
which components are the most relevant in this 
respect.

Mould thermostability tests confirmed that the 
studied isolate belongs to thermotolerant fungi, 
which are primarily found in soil but can contami­
nate raw materials, such as strawberries, and con­
sequently jams produced from them. This mould 
type forms thermosetting ascospores that are able 
to survive the commonly used pasteurization re­
gimes. 

As to best of our knowledge, the literature 
does not provide any data on lethal curves for 
this specific mould. Our determined values are 
shown in Tab. 1 and Tab. 2. From the results of the 
microbiological analysis, decimal reduction times 
(D values) were calculated. Due to linear charac­
teristics of the obtained inactivation curves, the 
temperature sensitivity (z value) of our A. lacino-
sus strain was determined. Our results of the deci­

Tab. 1. D and z values of A. lacinosus thermally inactivated in physiological solution and strawberry jam.

Physiological solution Low-sugar jam Extra-sugar jam

pH 6.6 3.5 3.5

Refraction [°Brix] 1.2 57 65

Temperature D value [min]

70 °C 55.54 ± 20.41 45.57 ± 19.61 29.51 ± 12.59

75 °C 37.96 ± 14.23 24.95 ± 12.24 14.26 ± 7.89

80 °C 31.64 ± 11.88 14.37 ± 5.44 7.58 ± 3.21

85 °C 23.25 ± 7.21 8.18 ± 3.56 4.89 ± 1.89

90 °C 18.56 ± 6.59 5.01 ± 1.16 2.23 ± 0.64

95 °C 12.56 ± 5.78 3.12 ± 0.86 1.04 ± 0.14

z value [°C]

38.7 21.5 17.2
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mal reduction times were similar to the D values 
of Aspergilli with Neosartorya-type ascospores, 
which range between 1.5–6 min at 90  °C, as was 
published in previous studies of Souza et al. [9] 
and Berni et al. [16].

With known D and z values of A. lacinosus, 
thermal inactivation of microorganisms in final 
products within food processing can be described. 
The D value of Neosartorya fischeri ascospores 
for the temperature of 85 °C was determined 
to be 35.25 min in the neutral environment [37]. 
The D value at 88 °C in acidic juices ranges from 
4.2 min to 16.2 min [29]. N. fischeri ascospores are 
also able to survive a four-hour heating cycle at 
85 °C in citrus juice [38] and at 100 °C for 4–12 min 
[29]. Results of these studies correlate with the 
D values of A. lacinosus in physiological solution, 
extra sugar jam and low sugar jam which were ob­
tained in our study.

Although the standard deviations of D values 
at the lowest studied temperatures (70–75  °C) in 
Tab. 1 and Tab. 2 are significant, these values are 
similar to the deviations reported in the studies 
of Souza et al. [9], Scaramuzza and Berni [10], 
Rajashekhara et al. [38] and Beuchat [29]. Tem­
peratures 70–75 °C are not sufficient for inactiva­
tion of ascospore-forming moulds and, therefore, 
these temperatures are not usually used for pas­
teurization of fruit jams. In some cases, such tem­
peratures may cause germination of spores instead 
of their inactivation [7, 30] and, therefore, the in­
creased number of colony-forming units during 
the microbiological analysis. There is also an  ad­
ditional but important factor of the age of micro­
organisms present in the food matrix. It was well 
described that the microorganisms in the station­

ary phase of growth are more resistant to heat 
treatment than the microorganisms in the loga­
rithmic phase. Thus, it can be expected that fully 
grown mycelium is of a different heat resistance 
than conidia or ascospores [32, 33]. Hence, the 
high standard deviations were probably caused by 
the combination of factors: insufficient inactiva­
tion (and possible activation) of ascospores [7, 30], 
different heat resistance of individual microbial 
forms [32, 33] and possible inaccuracy of the plate 
count technique used for analysis [39]. Unfortu­
nately, to best of our knowledge, there is no study 
that would clarify these uncertainties in detail. 
At higher temperatures (80–95  °C), the standard 
deviations correlated with the results obtained in 
studies of Berni et al. [16], Sant’Ana et al. [24] 
and Rajashekhara et al. [38]. This range of tem­
peratures is important in particular from the tech­
nological point of view especially since these are 
standard pasteurization temperatures.

Wyatt et al. [40] found that any heat treat­
ment of N. fischeri, has a low effect on its germi­
nation rate. However, heat treatment of several 
seconds at 85 °C is sufficient to activate the ger­
mination. Maximal activation of germination of 
this mould was observed at heat treatment at 
85  °C for 2 min. This is an important finding but 
Wyatt et al. [40] also observed that no N. fischeri 
ascospores survived the heat treatment at 85 °C 
for 30 min. We found in this study that when the 
pH value was increased, the heat resistance and 
temperature sensitivity increased from 20.3 °C to 
21.8 °C (Tab. 2) in a case of forest fruit jams with 
adjusted pH values and refraction. The higher pas­
teurization temperature (100 °C) had a higher in­
activation effect, but this temperature is generally 

Tab. 2. D and z values of A. lacinosus thermally inactivated in forest fruit jam.

Standard jam Jam with adjusted pH Jam with adjusted pH and refraction

pH 3.2 4.2 4.2

Refraction [°Brix] 50 50 60

Temperature D value [min]

70 °C 46.26 ± 18.87 62.41 ± 22.14 51.32 ± 20.65

75 °C 22.72 ± 10.61 38.24 ± 13.39 31.81 ± 11.49

80 °C 9.23 ± 2.45 17.14 ± 6.87 16.36 ± 5.16

85 °C 4.48 ± 1.16 10.31 ± 2.67 9.17 ± 2.32

90 °C 2.63 ± 0.82 6.19 ± 1.97 5.16 ± 1.38

95 °C 1.74 ± 0.61 4.01 ± 1.02 3.16 ± 0.95

100 °C 1.14 ± 0.23 2.33 ± 0.79 1.76 ± 0.67

z value [°C]

20.3 21.8 20.7



Pohůnek, V. et al.	 J. Food Nutr. Res., Vol. 58, 2019, pp. 275–282

280

not used for thermal treatment of fruit jams due 
to the loss of nutritionally and sensory substances. 
For this reason, further investigation of this phe­
nomenon is necessary.

Conclusion

It was found previously that reducing the sug­
ar content in jams can affect the durability and 
safety of the product. An A. lacinosus mould cul­
ture was isolated from a commercial jam sample. 
This mould is capable of forming ascospores that 
are resistant to standard pasteurization tempera­
tures. To best of our knowledge, our study was one 
of the first to determine the lethal curves and the 
thermal inactivation kinetic parameters (D and 
z values) of A. lacinosus in several types of matri­
ces. The literature does not mention this particular 
mould and, therefore, the determined data were 
compared with a related mould species, namely, 
N.  fischeri. Therefore, it is necessary to carry out 
further measurements, for example, at different 
pH values of the matrices and the matrix compo­
sition as such, and to focus on measuring lethal 
death curves for different pasteurization tempera­
tures. Based on our findings, jams with a low sugar 
content should undergo heat treatment at 80 °C 
for at least 20 min under contemporary pasteuri­
zation conditions.
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