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The purpose of this study was to determine the incidence of Alicyclobacillus spp. in fruit/vegetable juices
(concentrated pulps and clarified and non-clarified juices) marketed in Argentina between 1996 and 2009.
The presence of Alicyclobacilluswas determined in a total of 8556 samples of fruit and vegetable juices (apple,
pear, grape, peach, blend of juices, tangerine, pineapple, orange, mango, plum, guava, apricot, lemon, banana,
kiwi, carrot, strawberry, grapefruit, and beetroot) collected in seven Argentinean provinces. Multiple factor
analysis (MFA) was carried out on a data matrix that contained the percentage of positive samples, type of
juice, raw material and production year.
Except for kiwi and orange, Alicyclobacillus was found in juices from all the evaluated raw materials. The
highest percentage of positive samples was found for beetroot, strawberry, banana, peach, mango, carrot
and plum juices. The percentage of positive samples for these juices ranged from 100% to 24%.
Furthermore, the application of multivariate techniques provided an insight on the relationship between the
incidence of Alicyclobacillus and production variables. This approach enabled the identification of the most
relevant variables that increased the percentage of positive samples among the juices, which could help in
developing strategies to avoid the incidence of this bacterium.
By means of hierarchical cluster analysis seven groups (clusters) of juices which showed different percentages
of positive samples for Alicyclobacillus spp. were identified. This analysis showed that pineapple, peach, straw-
berry, mango and beetroot juices had higher rates of positivity for Alicyclobacillus than the rest of the evaluated
juices. MFA analysis also showed that some clear relationships could be highlighted between the percentage of
samples positive for Alicyclobacillus and five types of fruit juices (strawberry, beetroot, grapefruit, pineapple and
mango). It was observed that a large proportion of juices produced in 2000, 2005 and 2008 were located in clus-
ters with higher incidence of Alicyclobacillus spp., whereas a larger proportion of clarified concentrate juice and
concentrate pulp samples showed higher probability of incidence of Alicyclobacillus in these products. Data pre-
sented in this study brings a contribution to the ecology of Alicyclobacillus in fruit/vegetable juices marketed in
Argentina. This information would be useful to enhance the microbiological stability of fruit juices regarding the
presence of Alicyclobacillus spp.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Alicyclobacillus is a major challenge for fruit juice industries (Tribst
et al., 2009). The microorganisms within the Alicyclobacillus genus pre-
sent as main characteristics high chemical resistance (Silva and Gibbs,
2001; Friedrich et al., 2009), acidothermophilic behavior (Spinelli
et al., 2009), and high heat resistance (Peña and Massaguer, 2009;
Bahçeci and Acar, 2007). These characteristics allow the survival of

Alicyclobacillus to pasteurization treatments used for processing fruit
juices (Spinelli et al., 2010) and its growth under storage conditions,
which leads to the spoilage of fruit juices (Spinelli et al., 2009).

The spoilage caused by Alicyclobacillus is mainly characterized by
smoky and medicinal off-flavors due to the generation of compounds
like 2-methoxyphenol (guaiacol), 2,6-dibromophenol and 2,6-
dichlorophenol (Siegmund and Pöllinger-Zierler, 2006; Siegmund
and Pöllinger-Zierler, 2007; Concina et al., 2010). Currently, more
than 15 species have been described within the Alicyclobacillus genus
(Tribst et al., 2009). However, few of them (A. acidoterrestris,
A. pomorum,A. herbarius,A. acidiphillus,A. hesperidum,A. cycloheptanicus
and A. acidocaldarius) have been shown to spoil fruit juices (Cerny et al.
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1984; Matsubara et al. 2002; Goto et al. 2003; AIJN, 2007; Smit et al.
2010). Although these seven species may represent a risk for fruit
juice spoilage (Smit et al. 2010), most published studies have been
focused on the incidence of A. acidoterrestris, since this is the species
most commonly involved in juice spoilage (AIJN, 2007; Tribst et al.,
2009).

The incidence of A. acidoterrestris has been reported to be restricted
to few types of fruit juices such as apples (Siegmund and Pöllinger-
Zierler, 2006; Durak et al., 2010; Steyn et al., 2011), citrus (Durak
et al., 2010), blueberry (Durak et al., 2010), mango (Durak et al.,
2010), pear (Walls and Chuyate, 2000; Groenewald et al., 2009), toma-
to (Walls and Chuyate, 2000), passion fruit (McKnight et al., 2010), co-
conut cream, and grapefruit concentrate (Danyluk et al., 2011).

Argentina has an important international participation in producing,
elaborating, and exporting concentrated lemon, grape, pear and apple
juices. The country is the second largest exporter of concentrated
apple and pear juices in theworld and the leading producer and export-
er of concentrated lemon and grape juices. Thus, the knowledge about
the prevalence of Alicyclobacillus spp. in a wide variety of juices is of
major importance to addmore information on the ecology of themicro-
organism and on the susceptibility of juices to Alicyclobacillus spoilage.
Additionally, this information might be useful to design pasteurization
processes for new fruit products that guarantee products as shelf-stable
as possible.

The worldwide demands with respect to the presence of Alicyclo-
bacillus spp. in juices is variable and approximately 60% of importers
require their absence for purchasing the product. The detection of
Alicyclobacillus spp. in a container of fruit juice received in the desti-
nation country may result in economic losses, and leads to distrust
by buyers to suppliers. Due to the time required for isolation and
identification of Alicyclobacillus at species level and the limited avail-
ability of quick, simple and cost-effective methods for differentiating
strains with spoilage potential, analysis during commercialization
among industries is carried out mainly based on presence/absence
approach of the microorganism at the genus level, i.e., Alicyclobacil-
lus. Although it might be considered a conservative policy, pres-
ence/absence approach is necessary to overcome the previously
mentioned issues in order to speed up the commercialization pro-
cess. In this context, in this study the incidence of Alicyclobacillus
spp. in fruit/vegetable juices (concentrated pulp, concentrate clarified
and non-clarified juices) marketed in Argentina during 14 years was
investigated using a multivariate approach.

2. Material and methods

2.1. Samples

A total of 8556 samples of different types of fruit or vegetable
juices (concentrate pulps, clarified concentrate and non-clarified con-
centrate) were collected in different Argentinean provinces (n=7)
between 1996 and 2009. Clarified concentrate and non-clarified
juices were: apple, pear, grape, peach, blend of juices (orange, ba-
nana, mango, kiwi and strawberry), tangerine, pineapple, orange,
mango, plum, guava, apricot, lemon, banana, kiwi, carrot, strawberry,
grapefruit, and beetroot. Concentrate fruit pulps were: plum, peach,
pear and apricot. pH and

0
Brix values of samples were measured

using pH-meter (Selecta, model pH-2005, Spain) and refractometer
(Bellingham-Stanley Ltd, model RFM 330+, United Kingdom) and
the ranges are presented as a supplementary material. The distribu-
tion of samples analyzed through the years is shown in Table 1.

2.2. Juice collection and detection of Alicyclobacillus spp.

Juices were collected under aseptic conditions, disposed in
pouches or other plastic sterile flasks and transported to the lab
under refrigeration. Samples were analyzed for the presence or

absence of Alicyclobacillus spp. based on the method described by
the International Federation of Fruit Juice Producers (IFU, 2007). A
10±0.1 g portion of each fruit juice was aseptically diluted in
90 mL of either BAT (pH 4.0±0.2) or YSG (pH 3.7±0.1) enrichment
broths and gently homogenized during 1 min. If necessary, the pH
of the media containing the juices was adjusted with HCl/H2SO4 or
NaOH 1N to the reference values (4.0 or 3.7).

Then, flasks containing juice and culture media were set in a ther-
mostatic controlled water bath (Model Masson 1203-Vicking, Buenos
Aires, Argentina) previously adjusted at 80±1 °C. Come-up time was
determined and considered in the heat shock. Heat shock was applied
for 10 min and the flasks were promptly cooled down to 40–45 °C in
an ice-water bath and incubated at 45±1 °C for 5 days. Then, a loop
of enriched samples was streaked either onto BAT (4.0±0.2)
(Merck, Darmstadt, Germany) or YSG (pH=3.7±0.1) agar plates.
BAT/YSG agar plates were incubated at 45±1 °C for 2–5 days and
checked for the presence of typical colonies of Alicyclobacillus and at
least 5 colonies were selected for further confirmation. Macroscopi-
cally the isolates were characterized according to their shape, size
and color, while microscopically; they were characterized according
to the shape of the cells, size and spore formation with an optical mi-
croscope (Leica DM750, Swiss).

After this, the isolated colonies were streaked onto a neutral pH
medium (Plate Count Agar) (Merck, Darmstadt, Germany), incubated
for 2 days at 45 °C and for 4 days at 25 °C.

Moreover, the isolateswere further tested for growth in Sulfobacillus
brothmedium (pH 2.0) (DSMZ, 2007) to differentiate between Alicyclo-
bacillus and Sulfobacillus (Parish andGoodrich, 2005). The presence of at
least one colony of gram-positive (or gram variable), spore-forming
rods on BAT/YSG incubated aerobically at 45 °C, coupled with the lack
of growth on PCA at 45 and 25 °C and the lack of growth in Sulfobacillus
mediumwas recorded as positive for Alicyclobacillus spp. In all the other
cases the results were reported as negative for Alicyclobacillus spp.

2.3. Statistical analysis

The average percentage of positive samples was determined for
each raw material.

Multiple factor analysis (MFA) was carried out in order to study the
relationship between the incidence of Alicyclobacillus and juice charac-
teristics. This analysis was performed on a data matrix that contained
the percentage of positive samples, type of juice (qualitative variable
indicating if clarified concentrate juice, non-clarified concentrate juice
or concentrate pulp was considered), rawmaterial (qualitative variable
which indicated if the juice was from apple, pear, grape, peach, tanger-
ine, pineapple, orange, mango, plum, guava, apricot, lemon, banana,
kiwi, carrot, strawberry, grapefruit, beetroot, or blend of fruits) and
production year (qualitative variable).

In order to identify groups of juices with similar characteristics and
incidence of Alicyclobacillus, hierarchical cluster analysis was performed
on sample coordinates in the first five dimensions of the MFA consider-
ing Euclidean distances andWard agglomeration criterion. Statistical an-
alyseswere carried out in R language (R Development Core Team, 2007).
Multiple factor analysis was performed using FactoMineR (Husson et al.,
2007; Lê et al., 2008).

3. Results and discussion

This is the first throughout report on the incidence of Alicyclobacillus
spp. in fruit and vegetable juices marketed in Argentina. Table 1 shows
the number and types of juices collected during 14 years in Argentina
and analyzed for presence of this bacterium.

As shown in Table 2, except for kiwi and orange, Alicyclobacillus spp.
was found in juices from all the evaluated rawmaterials. Therefore, the
increasing consumption of mixed beverages made of different types of
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vegetables and fruits reinforces the need to strengthenmeasures to en-
sure shelf-stable products regarding Alicyclobacillus (Tribst et al., 2009).

To our knowledge there is no data in the literature describing the
presence of Alicyclobacillus in banana, apricot, peach, grape, guava
and kiwi juices, which are becoming more popular and much appre-
ciated among consumers. Therefore, this might be the first study
reporting the contamination of these juices with Alicyclobacillus.

The highest percentage of positive samples was found for beet-
root and strawberry juices, with 100% and 83% of positive samples
respectively. The high incidence of Alicyclobacillus spp. in these
juices may be related to the direct contact of these vegetable/fruit
with soil during cultivation period. The role of soil as source of spores
of Alicyclobacillus has been well described in the literature (Pinhatti
et al., 1997; Groenewald et al., 2009). It is important to take into account
that a low number of juice samples were analyzed for these rawmate-
rials taken (2 for beetroot and 6 for strawberry). However, taking into
consideration the close contact of these materials with soil, it is reason-
able to expect a high incidence of Alicyclobacillus in these juices even
with an increase in the number of samples collected. Apart from beet-
root and strawberry, there were other raw materials that showed a
high percentage of positive samples throughout the 14 year survey.
The percentage of positive samples for banana, peach, mango, carrot
and plum juices ranged from 33% to 24% (Table 2). The incidence of
Alicyclobacillus spp. in mango juices has been already reported in the
literature (Gouws et al., 2005; Durak et al., 2010; Danyluk et al.,
2011). Some practices during cultivation of mangoes may explain
the large positivity rate for Alicyclobacillus spp. found in these juices.
For example, harvest of mangoes when they fell to the ground (as
an indication of the best point of maturation) may make these fruits
more susceptible to contamination by Alicyclobacillus spp.

When thinking on themicrobial stability of fruit juices and the pres-
ence of Alicylobacillus, it can be clearly noticed that concerns with the
presence of this bacterium have been mainly focused on orange and
apple juices. As these juices account for most of shipped juices in the
world, countless losses to the producers may result due to spoilage
caused by Alicylobacillus. However, in this study only 11.4% of the
apple juice samples were positive, whereas the microorganism was
not found in any of the 102 samples of orange juice collected. Moreover,

Table 1
Fruit/vegetable juices analyzed for the presence of Alicyclobacillus spp. in Argentina (1996–2009).

Year Concentrated juices

Apple Pear Grape Blend Peach Lemon Orange Tangerine Pineapple Mango Grapefruit Plum

1996 45 9 – – – – – – – – – –

1997 58 6 – – – – – – – – – –

1998 98 59 – – – – – – – – – –

1999 74 34 1 – – – – – – – – –

2000 156 78 19 – – – – – – – – –

2001 586 99 8 – – 24 61 – – – – –

2002 391 107 17 – – – – – – – – –

2003 514 116 9 – – – – – – – – –

2004 443 118 32 – – 14 – 9 – – – –

2005 874 321 85 – 13 2 4 12 1 – 2 7
2006 640 193 50 3 25 3 – 5 – 2 6 7
2007 523 104 95 25 32 5 4 23 18 16 23 6
2008 266 122 250 67 20 – 28 26 7 9 – 3
2009 427 146 77 32 17 56 5 14 8 4 – 2
Subtotal 5095 1512 643 127 107 104 102 89 34 31 31 25

Year Concentrated juices Concentrated pulps

Apricot Guava Carrot Strawberry Banana Beetroot Kiwi Peach Apple Pear Apricot Plum Lemon

1996 – – – – – – – – – – – – –

1997 – – – – – – – – – – – – –

1998 – – – – – – – – – – – – –

1999 – – – – – – – – – – – – –

2000 – – 1 – – 2 – 7 – – 1 – –

2001 – – – – – – – – – – – – –

2002 – – – – – – – 4 – – – – –

2003 – – 1 – – – – 31 – 3 35 – 1
2004 2 – – – – – – 23 – 21 19 5 4
2005 5 – 3 – – – – 35 7 40 14 2 –

2006 2 4 2 – 2 – – 16 5 10 2 2 –

2007 1 6 – 4 3 – – 36 180 6 – – –

2008 4 3 – 2 1 – 1 24 – 13 1 – –

2009 2 2 1 – – – – 26 – 19 10 – –

Subtotal 16 15 8 6 6 2 1 202 192 112 82 9 5
Total number of analyzed samples=8556

Table 2
Number of analyzed samples from 1996 to 2009 for each raw material and percentage
of positive samples for Alicyclobacillus spp.

Raw material Number of samples Percentage of positive samples (%)

Apple 5287 11.4
Pear 1624 18.4
Grape 643 15.1
Blend 127 22.0
Peach 309 29.4
Orange 102 0.0
Tangerine 89 1.1
Lemon 109 7.3
Pineapple 34 14.7
Mango 31 29.0
Grapefruit 31 9.7
Plum 34 23.5
Apricot 98 9.2
Guava 15 20.0
Carrot 8 25.0
Strawberry 6 83.3
Banana 6 33.3
Beetroot 2 100.0
Kiwi 1 0.0
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in spite of the fact, that incidence Alicyclobacillus spp. has also been
reported in pineapple juices (Gouws et al., 2005; Durak et al., 2010;
Danyluk et al., 2011), mainly attributed to cultivation of these fruits
close to soil and difficulties in washing and disinfection steps due to
their rough surface. However, in the present study only 14.7% of the an-
alyzed pineapple juice samples were positive.

The low incidence of Alicyclobacillus spp. in apple, orange and pine-
apple juices may indicate the adoption of good agricultural and
manufacturing practices by Argentinean juice producers. Due to the
amount of data, a multivariate approach has been used to study the re-
lationship between the presence of Alicyclobacillus and characteristics
of the juices. Multiple factor analysis (MFA) is a factor analysis tech-
nique that enables dealing with a mixture of different types of data
sets, including quantitative variables, frequency tables and qualitative
data (Bécue-Bertaut and Pagès, 2008; Bécue-Bertaut et al., 2008). This
analysis provides an overview of the relationship between the evaluat-
ed variables and between the variables and the samples, and can also be
used as a preprocessing step for clustering procedures.

Fig. 1 shows the representation of the variables in the first two di-
mensions of the MFA, which enables the identification of relationships
between the incidence of Alicyclobacillus and the juice samples charac-
teristics. The first two dimensions of the MFA explained 13.3% of the
variance of the experimental data. Despite this percentage might
seem low it is important to take into account that in factor analysis tech-
niques, such as correspondence analysis, applied to large sets of qualita-
tive variables necessarily provide axis that explain a small proportion of
the inertia due to coding (for categorical variables) and to specificity of
textual data (in the case of frequency variables) (Lebart et al., 2000).

MFA analysis has shown that some clear relationships could
be highlighted between the percentage of samples positive for
Alicyclobacillus and samples characteristics. First of all, the percent-
age of samples positive for Alicyclobacillus seemed to be correlated to
four types of raw materials, i.e., strawberry, beetroot, pineapple and
mango (Fig. 1), in agreement with results from Table 2.

In addition to raw material, through MFA relationships between
production year and percentage of contamination by Alicyclobacillus
were also found. It was clearly observed that the qualitative variable
indicating production year 2005 was positively correlated to the per-
centage of positive samples. This suggests that in 2005 the highest in-
cidence of Alicyclobacillus was registered, reaching the percentage of
positive samples among the analyzed juices 26.6%.

In 2005 several juices were found to have high prevalence of
Alicyclobacillus spp., i.e., pear (46%), peach (54%) and plum (86%).
It is known that except for blend of juices (which are mixed and not
pasteurized as they were previously pasteurized) and lemon, orange,
grapefruit and tangerine juices (which were pasteurized in tempera-
ture conditions varying between 79 and 98 °C/20–45 s), all the other
juices are submitted to higher time/temperature conditions (95–
132 °C/5–207 s). This heat treatment should be enough to destroy
spores of Alicyclobacillus spp., according to data available in the litera-
ture (Bahçeci and Acar, 2007; Spinelli et al., 2009; Bevilacqua et al.,
2010). However, variations in pH and

0
Brix content (see supplementary

material) are known to affect the heat resistance of this bacterium
(Silva et al., 1999; Bahçeci and Acar, 2007; Maldonado et al., 2008;
Ceviz et al., 2009), as the increase in Brix makes the spores more resis-
tant, while decreases in pH results in reduction of thermal resistance. It
is known that pH and

0
Brix together with variations in the field and

common variations occurring during pasteurization process (Sant'Ana
et al., 2009) may explain differences among different years.

Regarding the type of juice, no clear relationship was found be-
tween this variable and the percentage of positive samples for Alicy-
clobacillus (Fig. 1). This suggests that this production variable did not
clearly affect the incidence of Alicyclobacillus. In order to identify
groups of juices with similar characteristics a hierarchical cluster ana-
lysis was carried out on the samples coordinates for the first five di-
mensions of the MFA. This analysis enabled to simultaneously
consider most of the original information from qualitative and quanti-
tative variables. The dendrogram (not shown) indicated that the
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Fig. 1. Representation of the percentage of positive samples and juice characteristics in the first two dimensions of the Multiple Factor Analysis.

232 J.M. Oteiza et al. / International Journal of Food Microbiology 151 (2011) 229–234



Author's personal copy

juices evaluated for the presence of Alicyclobacillus spp. could be
separated into seven groups or clusters based on average percentage
of positive samples. As shown in Table 3, the evaluated juices were
homogeneously distributed among the seven clusters. Clusters 1 and
4 were the largest and smallest respectively. Samples within
cluster 3 showed the highest average positivity for Alicyclobacillus
(63.5%).

The analysis of the groups provided an insight on the relationship
between the percentage of positive samples for Alicyclobacillus spp.
and juice characteristics. Results from this analysis were similar to
those obtained from MFA. As shown in Table 4, a large proportion of
pineapple, peach, strawberry, mango and beetroot juices belonged
to clusters 3, 4 and 7, suggesting that these juices had higher rates
of positivity for Alicyclobacillus than the rest of the evaluated juices.
These results are similar to those obtained from Table 1 and Fig. 1. It
was observed that 66.7, 50 and 38.1% of grape, apple and pear juices
collected, respectively were grouped in cluster 1. These three juices
represented together approximately 87% of clarified concentrate sam-
ples analyzed in this study (Table 1). The average percentage of con-
tamination by Alicyclobacillus spp. for these juices could be
considered low (approximately 13%) (Table 3).

Furthermore, a large proportion of juices produced in 2005 were lo-
cated in cluster 3, indicating a higher incidence of Alicyclobacillus spp.
(Table 5), indicating a high prevalence of this bacterium in different
types of juices during those years. During this period of time (between
2004 and 2006), fruit processors focused their attention on calibrating
pasteurization conditions to neutralize the presence of Alicyclobacillus
spp., which culminatedwith the increase of pasteurization temperature
from 100 °C, 15 s to 132 °C, 5 s, depending on other variables such as

pH, fiber content, acidity, sugar concentration and where the fruit
come from.

Table 6 shows no clear relationship between proportion of clari-
fied concentrate juice and concentrate pulp samples located in clusters
3 and 4, indicating higher probability of incidence of Alicyclobacillus in
these products. However, as previouslymentioned no clear relationship
between type of juice and the incidence of Alicyclobacillus could be
concluded from the present study.

4. Conclusions

Data presented in this study brings a contribution to the ecology of
Alicyclobacillus in fruit/vegetable juices marketed in Argentina. It is
known that the simple presence of Alicyclobacillus in juice may not re-
sult in spoilage since not all strains have potential to spoil juices
(Tribst et al., 2009; Chang and Kang, 2004). However, with the devel-
opment of beverages mixing fruits and vegetables (Tribst et al., 2009)
and with the introduction of new types of fruits or vegetables in the
market, knowledge of prevalence of Alicyclobacillus in these matrixes
can be considered the first step to developmethods to ensure theirmi-
crobial stability during shelf-life. Further research is needed to study
the behavior (growth, survival or inactivation) of Alicyclobacillus in
the juices which showed the highest prevalence of this bacterium.
This information will be useful to enhance the microbiological status
of fruit juices regarding Alicyclobacillus and to ensure shelf-stable
products.

Furthermore, the application of multivariate techniques, such as
multiple factor analysis and hierarchical cluster analysis, provided an
insight on the relationship between the incidence of Alicyclobacillus
and production variables. This approach enabled the identification of
the most relevant variables that increased the percentage of positive
samples among the juices, which could help developing strategies to
avoid the incidence of this bacterium.

Table 3
Percentage of juices in each cluster and average percentage of positive samples for Ali-
cyclobacillus spp.

Cluster Percentage of juices (%) Percentage of positive samples (%)

1 28.7 13.2
2 9.4 5.7
3 15.1 63.5
4 5.0 27.0
5 12.9 2.6
6 12.9 7.5
7 16.0 17.4

Table 4
Distribution (%) of juices in the clusters according to type of fruits.

Type of fruit Cluster

1 2 3 4 5 6 7

Pineapple 0 0 25.0 0 0 0 75.0
Banana 0 0 0 0 0 0 100
Plum 37.5 0 12.5 0 37.5 0 12.5
Apricot 7.7 0 30.8 7.7 46.2 0 7.7
Peach 14.3 0 42.9 7.1 28.6 0 7.1
Strawberry 0 0 50.0 0 0 0 50.0
Guava 0 0 0 0 0 0 100
Kiwi 0 0 0 0 0 0 100
Lemon 27.3 9.1 18.2 0 18.2 27.3 0
Tangerine 0 0 0 0 0 100 0
Mango 0 0 0 0 0 0 100
Apple 50.0 27.8 11.1 5.6 0 0 5.6
Blend 0 0 0 0 0 100 0
Orange 0 0 0 0 0 100 0
Pear 38.1 23.8 14.3 4.76 14.3 0 4.7
Grapefruit 66.7 0 33.3 0 0 0 0
Beetroot 0 0 0 100 0 0 0
Grape 66.7 16.7 0 8.3 0 0 8.3
Carrot 80.0 0 0 20.0 0 0 0

Table 5
Distribution (%) of the juices in the clusters according to their production year.

Year Clusters

1 2 3 4 5 6 7

Y1996 0 100 0 0 0 0 0
Y1997 0 100 0 0 0 0 0
Y1998 0 100 0 0 0 0 0
Y1999 0 100 0 0 0 0 0
Y2000 0 0 0 100 0 0 0
Y2001 0 80 0 0 0 20 0
Y2002 75.0 0 0 0 25.0 0 0
Y2003 50 0 0 0 50 0 0
Y2004 30.8 0 15.4 0 38.5 15.4 0
Y2005 27.8 0 55.6 0 5.6 11.1 0
Y2006 42.1 0 21.1 0 10.5 10.5 15.8
Y2007 40 0 20 0 0 20.0 20.0
Y2008 5.6 0 0 0 11.1 16.7 66.7
Y2009 38.9 0 5.6 0 16.7 22.2 16.7

Table 6
Distribution (%) of the juices in the clusters according to types of juice.

Type of juice Clusters

1 2 3 4 5 6 7

Clarified concentrate juice 42.2 14.4 12.2 5.6 1.1 0 24.4
Non-clarified juice 0 0 0 0 0 100 0
Concentrated pulp 6.5 0 32.3 6.5 54.8 0 0
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Appendix A. Supplementary data

Supplementary data to this article can be found online at doi:10.
1016/j.ijfoodmicro.2011.09.004.

References

Association of the Industries of Juices and Nectars from Fruits and Vegetables of the
European Union (AIJN), 2007. Alicyclobacillus best practice guideline incorporating
comments from Hague Working Group 10th Version. 28 pp.

Bahçeci, K.S., Acar, J., 2007. Modeling the combined effects of pH, temperature and
ascorbic acid concentration on the heat resistance of Alicyclobacillus acidoterrestis.
International Journal of Food Microbiology 120, 266–273.

Bécue-Bertaut, M., Álvarez-Esteban, R., Pagès, J., 2008. Ratings of products through
scores and free-text assertions: comparing and combining both. Food Quality and
Preference 19, 122–134.

Bécue-Bertaut, M., Pagès, J., 2008. Multiple factor analysis and clustering of a mixture of
quantitative, categorical and frequency data. Computational Statistics and Data
Analysis 52, 3255–3268.

Bevilacqua, A., Sinigaglia, M., Corbo, M.R., 2010. Use of the response surface methodol-
ogy and desirability approach to model Alicyclobacillus acidoterrestris spore inacti-
vation. International Journal of Food Science and Technology 45, 1219–1227.

Cerny, G., Hennlich, W., Poralla, K., 1984. Spoilage of fruit juice by bacilli: isolation and
characterization of the spoiling microorganism. Zeitschrift Für Lebensmittel-
Untersuchung Und -Forschung 179, 224–227.

Ceviz, G., Tulek, Y., Con, A.H., 2009. Thermal resistance of Alicyclobacillus acidoterrestris
spores in different heatingmedia. International Journal of Food Science andTechnology
44, 1770–1777.

Chang, S.-S., Kang, D.-H., 2004. Alicyclobacillus spp. in the fruit juice industry: history
characteristics and current isolation, detection procedures. Critical Reviews in
Microbiology 30, 55–74.

Concina, I., Bornšek, M., Baccelliere, S., Falasconi, M., Gobbi, E., Sberveglieri, G., 2010.
Alicyclobacillus spp.: detection in soft drinks by electronic nose. Food Research
International 43, 2108–2114.

Danyluk, M.D., Friedrich, L.M., Jouquand, C., Goodrich-Schneider, R., Parish, M.E., Rouseff,
R., 2011. Prevalence, concentration, spoilage, and mitigation of Alicyclobacillus spp.
in tropical and subtropical fruit juice concentrates. Food Microbiology 28, 472–477.

Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ). Medium 665:.
Sulfobacillus medium. Available at: http://www.dsmz.de/microorganisms/media_list.php.
Durak, M.Z., Churey, J.J., Danyluk, M.D., Worobo, R.W., 2010. Identification and haplotype

distribution of Alicyclobacillus spp. from different juices and beverages. International
Journal of Food Microbiology 142, 286–291.

Friedrich, L.M., Goodrich-Schneider, R., Parish, M.E., Danyluk, M.D., 2009. Mitigation of
Alicyclobacillus spp. spores on food contact surfaces with aqueous chlorine dioxide
and hypochlorite. Food Microbiology 26, 936–941.

Goto, K., Mochida, K., Asahara, M., Suzuki, M., Kasai, H., Yokota, A., 2003. Alicyclobacillus
pomorum sp. nov., a novel thermo-acidophilic, endospore-forming bacterium that does
not possessω-alicyclic fatty acids, and emended description of the genus Alicyclobacillus.
International Journal of Systematic and Evolutionary Microbiology 53, 1537–1544.

Gouws, P.A., Gie, L., Pretorius, A., Dhansay, N., 2005. Isolation and identification of
Alicyclobacillus acidocaldarius by 16S rDNA from mango juice and concentrate.
International Journal of Food Science and Technology 40, 789–792.

Groenewald,W.H., Gouws, P.A.,Witthuhn, R.C., 2009. Isolation, identification and typifica-
tion of Alicyclobacillus acidoterrestris and Alicyclobacillus acidocaldarius strains from
orchard soil and the fruit processing environment in South Africa. Food Microbiology
26, 71–76.

Husson, F., Josse, J., Lê, S.,Mazet, J., 2007. FactoMineR: Factor analysis and dataminingwith R.
R package version 1.04. Available at: bhttp://cran.R-project.org/package=FactoMineRN.

International Federation of Fruit Juice Producers (IFU), 2007. First standard IFU-method on
the detection of Alicyclobacillus in fruit juices. IFU document IFUMB 12. International

Federation of Fruit Juice Producers, Paris, France. . Available at: http://www.ifu-
fruitjuice.com/index_commande.php.

Lê, S., Josse, J., Husson, F., 2008. FactoMineR: an R package for multivariate analysis.
Journal of Statistical Software 25, 1–18.

Lebart, L., Morineau, A., Piron, M., 2000. Statistique exploratoire multidimensionnelle,
pp. 368–369. Dunod, París.

Maldonado, M.C., Belfiore, C., Navarro, A.R., 2008. Temperature, soluble solids and pH
effect on Alicyclobacillus acidoterrestris viability in lemon juice concentrate. Journal
of Industrial Microbiology and Biotechnology 35, 141–144.

Matsubara, H., Goto, K., Matsumura, T., Mochida, K., Iwaki, M., Niwa, M., Yamasato, K.,
2002. Alicyclobacillus acidiphilus sp. nov., a novel thermo-acidophilic, ω-alicyclic
fatty acid-containing bacterium isolated from acidic beverages. International Journal
of Systematic and Evolutionary Microbiology 52, 1681–1685.

McKnight, I.C., Eiroa, M.N.U., Sant'Ana, A.S., Massaguer, P.R., 2010. Alicyclobacillus acid-
oterrestris in pasteurized exotic Brazilian fruit juices: isolation, genotypic charac-
terization and heat resistance. Food Microbiology 27, 1016–1022.

Parish, M.E., Goodrich, R.M., 2005. Recovery of presumptive Alicyclobacillus strains
from orange fruit surfaces. Journal of Food Protection 68, 2196–2200.

Peña, W.E.L., de Massaguer, P.R., Teixeira, L.Q., 2009. Microbial modeling of thermal re-
sistance of Alicyclobacillus acidoterrestris CRA7152 spores in concentrated orange
juice with nisin addition. Brazilian Journal of Microbiology 40, 601–611.

Pinhatti, M.E.M.C., Variane, S., Eguchi, S.Y., Manfio, G.P., 1997. Detection of acidother-
mophilic bacilli in industrialized fruit juices. Fruit Processing 7, 350–353.

Development Core and Team, 2007. R: a Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna3-900051-07-0.

Sant'Ana, A.S., Rosenthal, A., Massaguer, P.R., 2009. Heat resistance and the effects of
continuous pasteurization on the inactivation of Byssochlamys fulva ascospores in
clarified apple juice. Journal of Applied Microbiology 107, 197–209.

Siegmund, B., Pöllinger-Zierler, B., 2006. Odor thresholds of microbially induced off-fla-
vor compounds in apple juice. Journal of Agricultural and Food Chemistry 54,
5984–5989.

Siegmund, B., Pöllinger-Zierler, B., 2007. Growth behavior of off-flavor-forming micro-
organisms in apple juice. Journal of Agricultural and Food Chemistry 55,
6692–6699.

Silva, F.M., Gibbs, P., Vieira, M.C., Silva, C.L.M., 1999. Thermal inactivation of Alicyclobacillus
acidoterrestris spores under different temperature, soluble solids and pH conditions
for the design of fruit processes. International Journal of Food Microbiology 51,
95–103.

Silva, F.V.M., Gibbs, P., 2001. Alicyclobacillus acidoterrestris spores in fruit products and de-
sign of pasteurization processes. Trends in Food Science and Technology 12, 68–74.

Smit, Y., Cameron, M., Venter, P., Witthunh, R.C., 2010. Alicyclobacillus spoilage and iso-
lation—a review. Food Microbiology 28, 331–349.

Spinelli, A.C.N.F., Sant'Ana, A.S., Pacheco-Sanchez, C.P., Massaguer, P.R., 2010. Influence
of the hot-fill water-spray-cooling process after continuous pasteurization on the
number of decimal reductions and on Alicyclobacillus acidoterrestris CRA 7152
growth in orange juice stored at 35 °C. International Journal of Food Microbiology
137, 295–298.

Spinelli, A.C.N.F., Sant'Ana, A.S., Rodrigues Jr., S., Massaguer, P.R., 2009. Influence of
different filling, cooling, and storage conditions on the growth of Alicyclobacillus
acidoterrestris CRA7152 in orange juice. Applied and Environmental Microbiology
75, 7409–7416.

Steyn, C.E., Cameron, M., Wittuhn, R.C., 2011. Occurrence of Alicyclobacillus in the fruit
processing environment — a review. International Journal of Food Microbiology
147, 1–11.

Tribst, A.A.L., Sant'Ana, A.S., Massaguer, P.R., 2009. Review: microbiological quality and
safety of fruit juices: past, present and future perspectives microbiology of fruit
juices. Critical Reviews in Microbiology 35, 310–339.

Walls, I., Chuyate, R., 2000. Spoilage of fruit juices by Alicyclobacillus acidoterrestris.
Food Australia 52, 286–288.

234 J.M. Oteiza et al. / International Journal of Food Microbiology 151 (2011) 229–234


