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Abstract Byssochlamys fulva is an ascospore producer fun-
gus known to be heat resistant and commonly found in fruit
juices. This work aims at studying the influence of soluble
solid content and storage temperature on the growth of
B. fulva in apple juices. Agar-added apple juices, adjusted to
different levels of soluble solids (12, 20, 25, 35, 45, 55,
70 °Bx) were artificially inoculated with B. fulva spores and
incubated at different temperatures (10, 15, 20, 25, 30 °C).
Microorganisms’ growth was assessed every day for a total
of 3 months. A Gompertz-based model was used in experi-
mental data fit for each soluble solid and temperature condi-
tion applied. Kinetic parameters were estimated by nonlinear
regression procedures. The soluble solids and temperature ef-
fects were thereafter included in the primary Gompertz-based
model. The predictive ability of this expression in terms of
B. fulva growth was successfully proven for the range of con-
ditions tested.

Keywords Apple juice .Byssochlamys fulva .Soluble solids .

Temperature

Introduction

Apple is a fruit that offers promising prospects for industrial-
ization. Among the various products derived from this fruit,
apple juice presents the greatest commercial value for some
countries, being also a source of several beneficial health com-
ponents such as antioxidants (Lu and Foo 2000; Ibrahim
et al. 2011).

One of the concerns of the apple juice industry is related to
toxigenic and deteriorative heat-resistant microorganisms.
Temperatures required for an effective pasteurization process
from a microbiological point of view may also produce unac-
ceptable organoleptic changes. Therefore, investigation on the
microbial flora of juices includes the challenge of evaluating
the capability of survival and multiplication of heat-resistant
microorganisms (Bahçeci and Acar 2007).

Some mold species are more heat resistant due to their ca-
pacity of ascospore production. Species like Byssochlamys,
reported as mycotoxin producers, are responsible for spoilage
and degradation of processed fruit juices and fruit-based prod-
ucts, since they can grow at low-oxygen partial pressures and in
acidic environments (Houbraken et al. 2006; Taniwaki et al.
2009; Sant’Ana et al. 2010). Some authors studied the growth
of B. fulva in fruit juices and pulps. Silva et al. (2013) assessed
the spoilage of papaya pulp through storage due to B. fulva
contamination, by studying the influence of temperature and
air conditions in heat transfer. Sant’ana et al. (2010) studied the
production of patulin by Byssochlamys nivea and B. fulva
strains in apple juices packed in different materials and stored
at different temperatures. Welke et al. (2009) verified the oc-
currence of heat-resistant fungi in concentrate apple juice and
quantified patulin production.

Manymethods have been developed to quantify the growth
of fungi, and their principles and applications have been ex-
tensively reviewed (Pitt and Hocking 1997; Marín et al.
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2005; Taniwaki et al. 2010). Evaluation of fungal growth by
measuring radial growth is probably the simplest and most
direct measure. The variation of the radial growth throughout
time is often linear, and a growth rate can be estimated. This
method has been used in studies that include the effect of
water activity in filamentous fungal growth (Gibson and
Hocking 1997; Pitt and Miscamble 1995; Taniwaki et al.
2006; Marín et al. 2008; Longhi et al. 2014).

The growth ability of microorganisms in a medium de-
pends on temperature, strain, and medium characteristics
(e.g., pH, soluble solid content, media type, and atmosphere).
Thus, the study of the influence of these factors on fungal
growth is important for assessment of the quality and safety
of target products.

Fruit juices are characterized by low water activity and low
pH. The concentrations of soluble solids in commercially
available apple juices are close to 12 °Bx at ambient temper-
ature. For frozen concentrated juice (clarified or not), 45 °Bx
is common, and for concentrated high soluble solid juice, the
concentration is around 70 °Bx. Fungi can grow at a lowwater
activity; however, 0.85 is considered the safe cutoff level for
pathogen growth. Foods above a water activity of 0.85 require
refrigeration or another barrier to control the growth of path-
ogens. Foods with water activities between 0.60 and 0.85 are
classified as intermediate moisture foods. These do not require
refrigeration to control pathogens, but have a limited shelf-life
because of spoilage, primarily by yeast andmold. For the most
part, foods with a water activity below 0.60 have an extended
shelf-life, even without refrigeration. These foods are called
low moisture foods (Smith and Stratton 2006).

Temperature has the soundest effect on microbial growth/
inactivation. However, the medium soluble solid content is
also a very important factor to be considered. The soluble
solid amount (such as sugars) may exert a protective effect
and increase medium viscosity (Beuchat and Rice 1979).
Thus, the study of these factors’ influence on fungi growth
is essential since they can form a multiple barrier system,
preventing or retarding microorganisms’ development.

The use of mathematical models for the prediction of
growth of microorganisms under specific environmental con-
ditions is an important tool for designing processes and con-
trolling the quality and safety aspects of foods, particularly
fruit juices. Several models have been suggested and applied
in predictive microbiology studies, with the estimation of bi-
ological parameters of food-borne pathogens (McMeekin and
Ross 2002; Lahlali et al. 2007; Longhi et al. 2014). Among the
models applied, Gompertz-based function has been success-
fully applied to describe microbial growth (Andres et al. 2001;
Juneja et al. 2007).

Microbial kinetic parameters are temperature dependent.
Additionally, those parameters depend on the soluble solid
content of the juice. Such models are often called secondary
models (Longhi et al. 2014), and in the case of fungi growth,

those approaches are scarce (Dantigny et al. 2005). Such
models are usually chosen on an empirical basis, being poly-
nomials, exponential, or power expressions (Ratkowsky et al.
1982; Corradini and Peleg 2005). Knowledge of environmen-
tal parameters that influence fungi growth is essential for the
practical use of predictive models (McKellar and Lu 2004).

The main objectives of this work were to (i) study the
influence of soluble solid content and storage temperature on
the growth of B. fulva in agar-added apple juices and (ii)
develop an empirical model able to predict the growth of
B. fulva in apple juices as a function of soluble solid content
and storage temperature. This model can be an important tool
for assessment of the overall quality of the juices along
storage.

Materials and Methods

Experimental Procedures

Microorganisms and Ascospore Suspension

B. fulva strain was isolated from concentrated apple juice
(Salomão et al. 2008). In a first step, B. fulva was plated on
potato dextrose agar (PDA) and incubated for 7 days at 30 °C.
Thereafter, the colonies were suspended in sterile distilled
water. The harvest of ascospores was performed using the
methodology described by Salomão et al. (2007).

The collected spores were added to sporulation plates con-
taining malt extract agar (MEA) medium and incubated for
30 days at 30 °C. After 30 days, ascospores were harvested by
flooding the medium surface with 1 mL of sterile water and
the mold spores were gently collected from the surface with a
rubber spatula. The suspension was filtered through layers of
gauze and centrifuged at 3500 rpm (2000×g) for 15 min. This
procedure was repeated twice or until microscopic observa-
tion of hyphae absence.

The final suspension was prepared by resuspending the
precipitate in a small volume of water enough to obtain a
highly concentrated suspension (105 spores mL−1) and stored
under refrigeration at 4 °C for further use.

The ascospore concentration in the suspension was deter-
mined after thermal activation at 80 °C for 30 min
(Rajashekhara et al. 1996), followed by serial dilutions and
pour plating in PDA added to 50 mg L−1 of bengal rose, and
acidified with tartaric acid solution (100 g L−1) until pH 3.5
was attained (Baglioni 1999). The plates were incubated at
30 °C for 5 days.

Growth of B. fulva in apple juices

Diluted apple juice was prepared from clarified and concen-
trate apple juice (70 °Bx) supplied by Fischer S/A, Videira/
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SC, Brazil. The apple juice was a mix of Royal Gala and Fuji
Suprema varieties.

Agar was added to diluted apple juice (1.5 g agar per
100 mL of juice), adjusted with a refractometer (AR200
Reichert, USA) to different levels of soluble solids by dilu-
tion: 12, 20, 25, 35, 45, 55, and 70 °Bx corresponding, respec-
tively, to water activity values of 0.99, 0.98, 0.97, 0.95, 0.93,
0.88, and 0.75. The values of juices’ water activity were mea-
sured using a hygrometer (AquaLab Model 3TE, Decagon
Devices, USA). The pH of the juices was adjusted to 3.8 with
sodium hydroxide (1 mol/L) or hydrochloric acid (1 mol/L)
solutions and was measured using a pH meter (GLP 22,
Crison Instruments, Spain). The concentrated apple juice
was previously heat treated at 115 °C for 1 min. The agar-
added juices were poured into Petri dishes (150mmdiameter).
The plates containing solidified juice were individually inoc-
ulated in laminar flow by depositing a loop of microorgan-
isms’ suspension in the center of each plate (approximately
6 × 105 ascospores mL−1). Thereafter, plates were packed in
high-density polyethylene films (thickness = 6 μm; perme-
ability to O2 at 25 °C ≈ 10−13 cm2 s−1 Pa−1) to minimize
oxygen exposure and were incubated at five different temper-
atures (10, 15, 20, 25, 30 °C) for a maximum period of
3 months or until the growth reached the edge. For conditions
in which the stationary phase was attained before, the exper-
imental time was shorter. The experiments were performed in
octuplicates. The growth of B. fulva throughout the storage
period was assessed by measuring, with a plastic ruler, the
diameter of the colonies that grew on the surface of solidified
apple juice samples. Measurements were done daily for all
tested conditions. Data were the average of fourmeasurements
in four different locations of the colonies on each plate, and
the change in the size of the diameter was considered an ex-
pression of the fungal growth (Tremarin et al. 2015).

Agar-added apple juices at 12 °Bx without B. fulva inocu-
lation and stored at all temperatures tested were used as con-
trol of microorganisms’ absence in the medium.

Total Phenolic Content

Extractions were performed by homogenizing 25 g of apple
juice in 50.0 mL of methanol at 100% with an ULTRA-
TURRAX homogenizer (Ika digital T 25, IKA®-Werke
GmbH & Co. KG, Staufen, Germany). The remaining meth-
odology was adapted from the one described by Oliveira et al.
(2015).

Modeling Procedures

The Growth Model

Assuming that B. fulva growth follows a sigmoidal behavior,
isothermal experimental data can be mathematically described

by a reparameterized Gompertz-based model (Zwietering
et al. 1990):

y ¼ Aexp −exp
μmax e
A

λ−tð Þ þ 1
h in o

ð1Þ

where y (mm) is the colony diameter at a given time t (h). The
model parameters are the maximum specific growth rate μmax

(mm h−1), the lag time λ (h), and the asymptotic maximum
reached diameter A (mm). In the equation above, e is the
natural exponential function of 1 (e = exp (1)≈ 2.71828).

The versatility of fitting linear data and those that contain
lag and/or asymptotic effects makes Gompertz one attractive
model. Several researchers used this model in the prediction of
fungi growth in papaya pulp (Silva et al. 2013) and pineapple
juice (Zimmermann et al. 2011).

Temperature and Soluble Solid Effects

The models selected to describe temperature and soluble solid
effects on growth kinetic parameters are the ones presented in
Table 1. Those models had been used in different contexts of
microbial and fungus growth (Ratkowsky et al. 1982;
Panagou et al. 2003; Baert et al. 2007; Zimmermann et al.
2011; Silva et al. 2013).

Data Analysis

The primary parameters of the Gompertz-based growth model
(i.e., μmax, λ, and A) were estimated by nonlinear regression
analysis, fitting Eq. 1 to experimental data at given tempera-
tures T (°C) and soluble solid content S (°Bx).

After estimation of the primary kinetic parameters, several
secondary models were tested (Table 1). In a first step, the
models were selected according to temperature dependence
of μmax, λ, and A. The secondary models describing primary
parameter dependence on temperature have k1 and k2 as mod-
el parameters. In a further step, the dependence of k1 and k2 on
soluble solid content were also described by mathematical
equations. The equations describing parameter dependency

Table 1 Secondary models tested to describe the temperature and
soluble solid content effects (generally designated as Effect) on
parameters μmax, λ, or A (generally designated as Parameter) of the
Gompertz model

Secondary model Equation

Linear Parameter = k1 + k2 Effect

Square root Parameter1/2 = k1(Effect − k2)
Arrhenius linearized Parameter = k1 (1/Effect) + k2
Power

Parameter ¼ k1 Effect
k2

Exponential Parameter = k1 exp (k2 Effect)

k1 and k2 are model parameters
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on temperature and soluble solids were merged with the
Gompertz-based model, and a global regression with all data
points at all temperature and soluble solid content was per-
formed in one step aiming at obtaining a global kinetic model
that included those effects.

An analysis of variance (ANOVA) was previously per-
formed to evaluate the effects of temperature and soluble solid
content on kinetic parameters, using a significance level of 5%
(Walpore and Myers 1993).

The quality of the regressions was evaluated by the coeffi-
cient of determination (R2), randomness, and normality of the
residuals (by performing the Kolmogorov-Smirnov test;
Walpore and Myers 1993). Parameters’ precision was evalu-
ated by the magnitude of the 95% confidence interval.

All regression analysis procedures and calculations were
performed using Microsoft Excel 2000 (Microsoft
Corporation, USA) and IBM SPSS Statistics® 20 for
Windows® (SPSS Inc., Chicago, USA).

Results and Discussion

Influence of Temperature and Soluble Solid Content
on B. fulva Growth

Experimental data of B. fulva growth in agar-added apple
juices with 12, 20, 25, 35, and 45 °Bx (corresponding respec-
tively to water activity values of 0.99, 0.98, 0.97, 0.95, and
0.93), which were stored at 10, 15, 20, 25, and 30 °C, are
presented in Fig. 1. The conjoint effect of temperature and
soluble solid content in the growth behavior of the fungus
can be observed. Gompertz-based model fits (Eq. 1) are also
included in the figure.

The estimated kinetic parameters (μmax, λ, and A) and cor-
respondent margin of errors, i.e., half width of the confidence
interval at 95%, are included in Table 2. High precision in
parameter estimation was attained, since narrow confidence
intervals were obtained in all situations. In our work, experi-
ments were also carried out at soluble solid contents of 55 and
70 °Bx (aw of 0.88 and 0.75, respectively; data not shown). In
such conditions, no growth was observed even after 3 months
of incubation for the five temperatures studied. This condi-
tions are adverse for the fungus growth, and a preservation
strategy for food products can be considered. Panagou et al.
(2010) attained similar results: independently of the tempera-
ture, no growth of Byssochlamys was observed in synthetic
medium with aw of 0.88.

In general, the kinetic growth behavior ofB. fulva showed a
lag phase (λ), followed by a maximum growth rate period
(μmax), tending to an asymptotic value (A). The Gompertz-
based model conveniently described such sigmoidal tenden-
cies. The model adequacy was assessed by the analysis of the
residuals: residuals were randomly and normally distributed

(p > 0.05). The goodness of model fit was also assessed by the
coefficient of determination, R2 (values in Table 2), which in
all cases was greater than 0.95, meaning that the model as-
sumed represented more than 95% of the observed variability.
From the results, it can be concluded that temperature and
soluble solid content had a significant effect on the growth
behavior of B. fulva. This was verified by ANOVA proce-
dures, using a significance level of 5%. For given values of
soluble solid content, increasing the temperature from 10 to
30 °C resulted in a decrease of the lag phase (λ) and in an
increase of the maximum growth rate (μmax) and the asymp-
totic value (A).

When compared to the temperature influence, the soluble
solid content effect on kinetic parameters was less relevant.
The effect is opposite to the one observed for the temperature.
For a given temperature, increasing the soluble solid content
from 12 to 45 °Bx resulted generally in an increase of the lag
phase (λ) and in a decrease of the maximum growth rate
(μmax) and the asymptotic value (A).

Panagou et al. (2010) obtained similar results when study-
ing the growth of B. fulva and B. nivea in synthetic medium as
a function of water activity (aw) and temperature. Both fungal
species grew on malt extract agar at different temperatures
(10, 15, 20, 25, 30, 35, 40, and 45 °C) and different aw con-
ditions (0.88, 0.90, 0.92, 0.94, 0.96, and 0.99) for a period of
30 days. Growth was evaluated by colony diameter evolution
over time. These authors observed that when the incubation
temperature increased, the lag phase decreased and the maxi-
mum specific growth rate increased.

It should be remarked that at temperatures equal or higher
than 20 °C, the size of the colonies attained the edge of the
plate dishes used (150 mm of diameter). In these cases, the
asymptotic growth was not experimentally obtained, because
the size of the plate constrained the colony growth that could
be reached. The exception was for the highest soluble solid
content used (45 °Bx), at which stabilization of growth was
notoriously observed.

Marín et al. (2008) evaluated the growth of 14 species of
food spoilage fungi on solid medium and studied the growth
by measuring the diameter of the colony. They found that the
growth curve was characterized by a lag phase, followed by a
linear phase. However, in most cases, there was no decrease in
growth rate before the edge of the Petri dish was reached, as
occurred in this study.

Soluble solid content in the medium may exert an inhibi-
tory effect on microorganisms’ growth because it promotes a
lowering of water activity and can increase the viscosity of the
medium. The simultaneous reduction of water activity and
storage temperature exerts synergistic action in food preserva-
tion (Beuchat and Rice 1979; Nielsen et al. 1988).
Additionally, the content of phenolic compounds in the juice
may have antioxidant and antimicrobial effects, which also
justifies the inhibition of B. fulva growth in higher
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concentrated juices. In the juices analyzed, the total phenolic
content varied from 12.59 ± 0.42 μg/g (juice with 12 °Bx) to
47.21 ± 0.56 μg/g (juice with 45 °Bx).

Predictive Model of B. fulva Growth

Temperature and soluble solid content affected B. fulva
growth in apple juices. Concerning predictive purposes, it is
of utmost importance to include those relevant effects in a
global model. Longhi et al. (2014) tested some primary kinetic
models, i.e., linear-with-breakpoint, Baranyi and Roberts, and
Huang (without upper asymptote), in the description of the
growth behavior of B. fulva in apple juice at 25 °Bx in the
temperature range 10–30 °C. They used, as secondary models,
the Square Root and Arrhenius-Davey models for including

the temperature effect on μmax and λ parameters, respectively.
However, they did not study the soluble solid effects.

In our work and in a preliminary step, the influence of the
temperature on λ, μmax, and A was assessed by testing the
models presented in Table 1. Results showed that the models
that best described the effect of temperature (T) on the param-
eters were

λ ¼ k1λT
k2λ ð2Þ

μmax ¼ k1μmax
T k2μmax ð3Þ

A ¼ k1A þ k2AT ð4Þ

Herein, k1 and k2 are model parameters; the sub-indexes
indicate the primary kinetic parameter to which they are relat-
ed (λ, μmax, or A).
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Fig. 1 Growth of B. fulva in agar-added apple juices with soluble solid
content of 12 °Bx (a), 20 °Bx (b), 25 °Bx (c), 35 °Bx (d), and 45 °Bx (e)
and at the temperatures 30 °C (filled circle), 25 °C (filled square), 20 °C

(open circle), 15 °C (open square), and 10 °C (filled triangle). Solid lines
represent individual model fits (Eq. 1), and dotted lines represent model
prediction (Eq. 11)
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The variation of the kinetic parameters with temperature
for different soluble solid content is presented in Fig. 2 (results
of model fits are also included).

In a second step, the influence of soluble solid content on
k1 and k2 parameters of the three secondary models was stud-
ied. The most suitable mathematical expressions found were
the following:

k1λ ¼ aλS þ bλ ð5Þ
k2λ ¼ cλS þ dλ ð6Þ
k1μmax

¼ aμmax
exp bμmax

S
� � ð7Þ

k2μmax
¼ cμmax

S þ dμmax
ð8Þ

k1A¼ aASþbA ð9Þ
k2A¼ cASþdA ð10Þ

where S is soluble solid content (°Bx) and a, b, c, and d are
parameters; the indexes indicate the primary kinetic parameter
to which they are related. The individual fits of the previous
equations can be visualized in Fig. 3.

Equations from 2 to 10 were merged with the Gompertz-
based model (Eq. 1), and a global regression with all data
points at all temperature and soluble solid content was per-
formed in one step, aiming at obtaining a global kinetic model
that included those effects. The model obtained is the
following:

y ¼ 4:81T þ −1:49S þ 56:5ð Þð Þexp −exp
3:30� 10−3exp −0:16Sð ÞT 0:03Sþ2:08ð Þe

4:81T þ −1:49S þ 56:5ð Þ
� �

�

� −4:67� 103S þ 2:67� 105
� �

T 0:032S−2:99ð Þ−t
h i

2
64

3
75þ 1

8><
>:

9>=
>; ð11Þ

Table 2 Estimated parameters of
the Gompertz model applied to
B. fulva growth in agar-added
apple juices with different soluble
solids content (°Bx/aw) at given
isothermal conditions

°Bx/aw Temperature
(°C)

A ± margin of error
(mm)

μmax ± margin of error
(mm h−1)

λ ± margin of error
(h)

R2

12/0.99 10 81.6 ± 3.1 8.7 × 10−2 ± 6 × 10−3 475.4 ± 27.9 0.997

15 100.4 ± 3.8 1.5 × 10−1 ± 1 × 10−2 175.1 ± 33.2 0.995

20 176.9 ± 10.9 6.4 × 10−1 ± 4 × 10−2 82.4 ± 6.5 0.996

25 199.2 ± 28.8 1.1 ± 0.1 61.9 ± 5.8 0.996

30 165.6 ± 7.3 1.5 ± 0.1 47.3 ± 2.8 0.999

20/0.98 10 98.1 ± 3.2 6.4 × 10−2 ± 2 × 10−3 893.2 ± 18.9 0.999

15 106.5 ± 9.0 9.9 × 10−2 ± 9 × 10−3 161.6 ± 42.9 0.993

20 240.9 ± 45.2 6.5 × 10−1 ± 3 × 10−2 190.8 ± 8.4 0.997

25 168.1 ± 8.8 8.9 × 10−1 ± 5 × 10−2 88.3 ± 4.3 0.998

30 175.1 ± 37.8 1.0 ± 0.2 69.8 ± 12.9 0.988

25/0.97 10 59.4 ± 3.2 3.8 × 10−2 ± 2 × 10−3 801.8 ± 30.3 0.996

15 92.1 ± 7.7 6.8 × 10−2 ± 3 × 10−3 232.3 ± 24.7 0.997

20 183.1 ± 18.9 4.1 × 10−1 ± 2 × 10−2 146.8 ± 9.8 0.992

25 158.5 ± 10.5 6.0 × 10−1 ± 5 × 10−2 92.2 ± 8.4 0.994

30 185.8 ± 16.0 9.8 × 10−1 ± 6 × 10−2 80.9 ± 4.6 0.997

35/0.95 10 50.6 ± 19.1 2.2 × 10−2 ± 2 × 10−3 752.4 ± 98.9 0.950

15 70.7 ± 14.6 4.6 × 10−2 ± 4 × 10−3 172.3 ± 54.6 0.988

20 383.8 ± 172.9 9.1 × 10−1 ± 1.5 × 10−1 293.9 ± 23.5 0.996

25 159.7 ± 10.7 3.7 × 10−1 ± 3 × 10−2 146.6 ± 14.9 0.992

30 161.6 ± 6.3 6.5 × 10−1 ± 5 × 10−2 114.3 ± 7.5 0.998

45/0.93 10 12.1 ± 0.7 1.6 × 10−2 ± 3 × 10−3 750.1 ± 71.9 0.969

15 36.3 ± 1.0 2.6 × 10−2 ± 5 × 10−3 568.8 ± 9.1 0.992

20 52.5 ± 1.4 6.1 × 10−2 ± 3 × 10−3 396.7 ± 16.9 0.992

25 98.2 ± 11.2 9.3 × 10−2 ± 4 × 10−3 318.9 ± 20.2 0.994

30 126.4 ± 2.2 2.1 × 10−1 ± 0.7 × 10−3 123.4 ± 10.2 0.995

Coefficient of determination (R2 ) of the regression analyses performed. Margin of error is the half width of the
confidence interval at 95%
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in which T is expressed in °C and S in °Bx. The model was
developed within the range of temperatures and soluble solid
contents tested, and using extrapolated conditions may con-
fine predictions.

In some individual fits of parameters k1 and k2 with
soluble solid content (Fig. 3), a considerable dispersion
of data was observed and consequently lower R2 values
were obtained, which is indicative that models could lack
prediction. However, the purpose of these fittings was to
understand the dependence of kinetic parameters on sol-
uble solid content and this was attained. The final

objective was to develop a model with a mathematical
backbone based on the previous equations that allows
prediction of B. fulva growth for a given time, based
on temperature conditions and soluble solid content.
The ability for prediction of this model (Eq. 11),
expressed in terms of temperature conditions and soluble
solid content, can be seen in Fig. 1 (dotted lines). In
some situations, the model lacked adequate description
of B. fulva growth. This was more pronounced at 15
and 20 °C. However, this fact is not of great concern
as fruit juices studied herein will likely be stored at
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higher temperature conditions (e.g., temperature abuses
in the distribution chain or room temperature storage at
consumer’s home). Nevertheless, in the cases where ac-
curacy was sacrificed, the model made an overestimation
of the fungal growth, except at 20 °C where an

underestimation was observed. Such overestimation is
not limitative, since if the model is used to predict qual-
ity degradation, it would predict higher-quality degrada-
tion than the one that actually occurred, and risky situa-
tions are therefore avoided.
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One should be aware that, if a global regression of sigmoi-
dal microbial inactivation is performed on the basis of com-
monly applied secondary models (one-step regression ap-
proach), the interaction of the secondary models directly af-
fects the fitting ability of the global model assumed.

Overall, it can be said that the model is a valuable tool for
predicting B. fulva growth in apple juices with given soluble
solid content and stored under isothermal conditions. It will
also be a great contribution for the design of apple juice shelf
life, in the range of conditions tested.

Conclusions

B. fulva growth in solidified apple juices under isothermal
conditions had a sigmoidal tendency showing a lag time
followed by a maximum growth rate period, tending, in some
experimental conditions, to an asymptotic value. Such com-
plete or incomplete sigmoidal tendencies were adequately de-
scribed by a Gompertz-based model. Under the conditions
tested, the storage temperature and the juice soluble solid con-
tent significantly affected the kinetic behavior of the fungal.
Those effects were included in the primary Gompertz-based
kinetic model, which allowed obtaining an empirical model
expressed in terms of apple juice soluble solid content and
temperature. This model predicted satisfactorily B. fulva
growth in juices throughout storage time. It can be used as a
tool for designing shelf life conditions and predicting the risk
and the extent of contamination of apple juices along storage.
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