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Abstract
The aim of the present study was to investigate the ability of 

Alicyclobacillus spp. spores that are naturally present in tomato puree 
and paste to germinate and to grow in these products, according to 
the total soluble solids content (TSS-Bx).

All these spores germinated and grew at 60 ºC up to 8.5 Bx; 
however, some were able to grow also at 10.0 and 10.5 Bx; high 
temperatures were essential for their growth. It was also noted that 
a few spores (5 spores/ml) were able to spoil the product if in suitable 
conditions (T = 60 ºC, pH ≤ 4.5 and in an aerobic condition). 

The spores germinated and grown were isolated and the strains 
were compared with reference strains, characterized by means of 
physical and biochemical analysis, and typed by RAPD-PCR. 

Dendrogram of biochemical characteristics and dendogram of 
the RAPD-PCR of the tomato strains were almost equal and allowed 
different groups of isolates to be distinguished. A. acidoterrestris and 
A. acidocaldarius collection strains differ from tomato strains tested. 

The present paper highlights the heavy presence of Alicyclobacillus 
spores in tomato products and their ability to grow, the need to avoid 
prolonged stops of the product along the processing environment at 
high temperature, to perform a rapid cooling after the heat treatment 
and to store the product at temperatures below 30 ºC.

the fruit juice industry [1]. 

The literature records numerous new species of Alicyclobacillus, 
isolated both from fruit and from soil [5,6]; however, for these 
species, the ability to spoil products has not always been established. 
Furthermore, the search for metabolites is limited to determining the 
ability to produce guaiacol or other polyphenols [1]. 

In recent years, tomato juices and puree spoiled by Alicyclobacillus 
spp. has occurred [7]. 

Spoilage was reported by consumers who smelled an off-flavour 
in the product. From a screening performed in 50 tomato-based 
products, Alicyclobacilli were found in 73.7% [7]. 

These strains resulted different from A. acidoterrestris and 
assimilable to A. acidocaldarius, since they grew at 65 ºC, did not 
produce guaiacol and the biochemical features were similar to A. 
acidocaldarius [8,9]. 

The heat resistance of the spores isolated from the tomato products 
was higher (D105 values range from 5.09 to 15.13 min according to the 
strains) than that reported in the literature for A. acidoterrestris (D90 
values ranged from 5.95 to 23.10 min in different fruit juices) [5,8].

Fortunately, spoilage cases are few in number since these 
microorganisms are very demanding: they require the presence of 
oxygen and rather high temperatures to grow (greater than 30 ºC - 37 
ºC). 

The aim of this work is to assess the ability of Alicyclobacillus 
spores naturally present in tomato products to grow and to spoil 
according to the total soluble solids (TSS) content and to characterize 
the isolates by means of physical and biochemical analysis and to type 
them by RAPD-PCR.

Materials and Methods
Sampling and search for positive samples

Twenty-five tomato samples at different TSS contents from 
the tomato concentrating processing environment were collected: 
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Abbreviations
TSS: Total Soluble Solid; Bx: Brix; RAPD-PCR: Random 

Amplification of Polymorphic DNA Polymerase Chain Reaction; 
UPGMA: Unweighted Pair Group Method with Arithmetic Mean; 
DSM: Deutsche Sammlung von Mikroorganismen 

Introduction
Alicyclobacillus species are a group of thermo-acidophilic, non-

pathogenic, rod-shaped, endo-spore forming bacteria that are able 
to spoil fruit juices and nectars [1]. The most common characteristic 
of the spoilage is a medicinal, antiseptic offensive off-odour in 
commercial pasteurized products, owing to the production of bad-
smelling phenolic compounds, such as 2.6-dibromophenol and 
guaiacol [2-4]. 

A. acidoterrestris proved to be the main responsible of the off-
odours in fruit juices and is regarded as a serious cause of spoilage for 
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nineteen tomato puree (total soluble solids ranged from 6.1 to 8.5 
Bx) and six tomato paste (total soluble solids ranged from 28 to 30 
Bx). The pH measurements of the samples were carried out using 
Mettler Toledo pH meter (Schwerzenbach, Switzeland). The same 
quantity (10 g) of each samples were analysed for the presence of 
Alicyclobacillus spores. Tomato puree was heat-shocked in a water 
bath (FA90, Falc, Treviglio, Italy) at 80 ºC for 10 min. For tomato 
paste samples, a dilution 1:10 with sterile physiological salt solution 
before heat shocking was done. The number of spores was then 
determined by plate counting on Yeast Extract Soluble Starch Agar 
(YSG- pH 3.7) that was incubated at 44 ºC for 3-5 days and the 
suspect Alicyclobacillus colonies were confirmed according to the IFU 
Method N. 12 [10]. 

Growth ability of spores naturally present in tomato 
products

Thirteen samples of tomato puree found positive for 
Alicyclobacillus presence were incubated at 60 ºC under static 
conditions for four days to evaluate the indigenous spore’s ability 
to germinate and to grow. Tests were carried out in triplicate. The 
microbial concentrations were detected in the YSG agar.

Growth ability as a function of the TSS content

Three tomato paste samples found positive for Alicyclobacillus 
presence, diluted between 8.0 and 11 Bx, were used to evaluate the 
growth ability as a function of the TSS content. The Brix values tested 
are those normally related to tomato puree. The TSS content was 
measured using a pocket refractometer (Atago PAL-3 Tokyo, Japan). 
Tests were performed in triplicate: for each TSS value, jars containing 
100 ml of the product were set; after a heat treatment in a water bath 
at 80 ºC for 10 min, the samples were incubated with stirring at 60 ºC 
in a Refrigerated Incubator Shaker (C24KC Edison, NJ, USA), both 
to facilitate the oxygenation of the products and to keep the TSS value 
uniform, avoiding a possible layering during the incubation. The 
microbial concentrations were detected in YSG agar at increasing 
times, up to a maximum of five days.

Microorganisms

Among samples in which Alicyclobacillus spores were present 
(positive samples), five different strains (signed SSICA 16g, SSICA 
16b, SSICA 22b, SSICA 22g and SSICA 18) were collected and 
characterized. The strains were isolated onto YSG agar, stored at 4 ºC 
and maintained by weekly transfer as working stock cultures. Four 
reference strains of A. acidocaldarius subsp. acidocaldarius (DSM 
446 and DSM 452) and A. acidoterrestris (DSM 2498 and DSM 3924) 
were obtained from the Deutsche Sammlung von Mikroorganismen 
und Zellkulturen (Braunschweig, Germany) and were used to make a 
comparison with the tomato isolated strains. 

Physiological characterization 

The growth ability of the five isolates and of the four reference 
strains at different temperatures was tested in the YSG broth: 0.1 
ml of each fresh microbial culture was inoculated in test tubes and 
incubated at 25 ºC +/- 1, 30 ºC +/- 1, 37 ºC +/- 1, 44 ºC +/- 1, 50 ºC 
+/- 1, 65 ºC +/- 1 and 70 ºC+/- 1 for seven days. Tests were performed 
in triplicate [10].

Biochemical characterization

A biochemical characterization of the strains was performed by 
means of a miniaturized system API 50 CH- bioMérieux gallery, 
according to the technique proposed by Deinhard et al. The API tests 
were incubated at 50 ºC for 48 h [11].

The results were analysed by using the InfoQuest™FP software 
version 4.5 (Bio-Rad Hercules CA, USA); Dice’s similarity coefficients 
were calculated and the strains were grouped to obtain a Dendrogram 
by using the UPGMA method.

Molecular characterization

The template DNA was prepared as described by Garcia, and the 
total chromosomal DNA was extracted from 1 ml YSG broth cultures 
of the isolated strains [12]. 

The isolates were typed by RAPD-PCR using the primers BA10 
(5’-AACGCGCAAC-3’), F61 (5’-CCTGTGATGGGC-3’), F64 
(5’-GCCGCGCCAGTA-3’) [13-15] and the M13 minisatellite core 
sequence (5’-GAGGGTGGCGGTTCT-3’) [16,17].

The PCR reactions were performed in a 25 µl volume reaction 
containing 12.5 µl iQ™ supermix (Bio-Rad Hercules CA, USA), 2 µM 
of each primer and 60 ng of DNA. The cycling conditions were initial 
denaturation at 94 ºC for 2 min, 40 cycles of denaturation at 94 ºC for 
60 s, annealing at 45 ºC for 20 s, elongation at 72 ºC for 120 s and a 
final elongation step at 72 ºC for 10 min. 

The DNA was amplified with GeneAmp 9700 PCR Applied 
Biosystems. The amplification products were resolved by 
electrophoresis on a 1% agarose gel (Readyagarose™Wide-mini Gel, 
Bio-Rad Hercules CA, USA); at 90 Volts for 95 min in TBE buffer 
(1 M Tris, 10 mM EDTA, 0.9 M boric acid, pH 8.3). The 100 bp 
Molecular Ruler (Bio-Rad Hercules CA, USA) was used as a DNA 
molecular weight marker. Photographs of the gels were scanned with 
the GEL DOC 2000 (Bio-Rad Hercules CA, USA) and analysed with 
the Quantity One® 1-D analysis software (Bio-Rad Hercules CA). 
The conversion, normalization and further processing of the stained 
gel images were performed by the InfoQuest™FP software version 
4.5 (Bio-Rad Hercules CA, USA). Dice’s similarity coefficients were 
calculated; the strains were grouped to obtain a Dendrogram by using 
the UPGMA method.

Results
Growth ability of spores naturally present in tomato 
products

The analysis of twenty-five tomato samples from the concentrating 
processing environment showed the presence of Alicyclobacillus 
spores in sixteen samples (64%): thirteen tomato purees and three 
tomato paste finished products.

A further test was carried out to verify the growth ability of these 
spores in their native products.

Germination and growth of spores present in all the thirteen 
puree samples occurred up to 7.5 (sample N.3), 8.0 (samples N.1, N.5, 
N.12, N.24, N.8, N.25) and 8.5 Bx (N.15), according to the samples, 
but regardless of the initial spore concentration that ranged between 
0.7 and 3.41 log cfu/ml (Table 1).
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Sample
N.

TSS
(Bx ± SD) pH ± SD

Time (days)
0 4

2 6.3±0.03 4.23±0.03 2.49±0.17 7.07±0.21

4 6.6±0.02 4.30±0.04 1.47±0.22 7.27±0.23

9 6.4±0,08 4.31±0.02 1.00±0.13 7.50±0.14

10 6.6±0.04 4.24±0.03 1.60±0.08 5.85±0.29

20 6.1±0.09 4.30±0.01 0.70±0.06 7.38±0.21

1 8.0±0,06 4.34±0.01 1.00±0.23 6.73±0.17

3 7.5±0.04 4.29±0.02 2.30±0.07 7.00± 0.31

5 8.0±0.03 4.38±0.04 2.34±0.20 5.80±0.14

12 8.0±0.03 4.43±0.03 2.04±0.05 7.00±0.29

24 8.0±0.03 4.40±0.02 2.70±0.22 7.00±0.14

8 8.0±0.03 4.37±0.03 2.86±0.23 7.50±0.22

25 8.0±0.05 4.39±0.02 3.41±0.06 7.11±0.24

15 8.5± 0.03 4.50±0.01 2.14±0.14 7.57± 0.17

Table 1: Concentration (Log cfu/ml ± SD) of Alicyclobacillus naturally present in 
the tomato puree samples at different TSS content after four days of incubation 
with stirring at 60 ºC.

Note: SD: Standard Deviation

Spore presents in tomato paste were not able to growth in the 
source product. 

Spoilage was enhanced by the formation, on the product surface, 
of a white halo clearly contrasting with red pigmentation; the spoiled 
samples also showed an off-flavour.

In previous studies [8,9], the growth ability of Alicyclobacillus spp. 
in tomato juices and puree had been evaluated using spores obtained 
in vitro in cultural medium, inoculated at high concentration (103 

spores/g). 

It is important to underline that this study was conducted using 
only spores naturally present in tomato products, regardless of their 
age and concentration and not spores obtained in vitro, not to affect 
their behavior in any way.

Growth ability as a function of the TSS content 

The growth ability as a function of the TSS content was evaluated 
on the three positive tomato paste samples diluted between 8.0 and 
11 Bx (Table 2).

Spores grew up to 9.5 Bx in the sample N.16; up to 8.5 Bx in the 
sample N.18; up to 10.5 Bx in the sample N.22. 

Even though the tests were performed using only three tomato 
sauce samples, the ability to grow as a function of the TSS content 
appears to be closely related to the strain present.

These results are very important, since in literature there are no 
data related to Alicyclobacillus spp. different from A. acidoterrestris 
growth ability in tomato products.

Regarding the fruit products, it has been reported that a Brix close 
to 10 allows A. acidoterrestris growth, with an upper limit of 18-20 
Bx [1,18]. These values are higher than what found in tomato with 
native spores.

The characterization of the isolates

In the three positive tomato paste samples, used for determining 
the growth ability, five different colonies (strains) signed SSICA 16g, 
SSICA 16b, SSICA 22b, SSICA 22g and SSICA18 were isolated.

Physiological characterization: The DSM 2498 and DSM 3924 
(A. acidoterrestris) strains did not grow at 65 ºC but grew at 50 ºC, 
30 ºC and 25 ºC. DSM 452 and DSM 446 (A. acidocaldarius subsp. 
acidocaldarius) strains did not grow at 25 ºC and 30 ºC, but grew at 
65 ºC and 70 ºC as is already widely documented [1,5].

The indigenous strains isolated in the tomato products proved to 
have thermophiles properties like A. acidocaldarius: they grew at 65 
ºC and 70 ºC and did not grow at 30 ºC.

Biochemical characterization: The biochemical characteristics 
of all of the isolates were compared with those of the reference 
strains. Results are shown in Table 3. The strains native to tomato 
products exhibited some differences from each other and from the 
reference strains. These strains were not able to metabolize D-Ribose, 
L-Rhamnose, D-Lactose as DSM 452 did, but not as DSM 446 did; 
they also did not resulted able to use Inositol, D-Melibiose and 
Glycogen, while DSM 446 and DSM 452 did. Three of them used 
D-Turanose. The strains SSICA 22b and SSICA 22g, isolated from 
the same sample N.22, did not use Glycerol and Mannitol, which 
were metabolized by all other strains. The colonies of these two 
strains were morphologically different in the Petri dishes; however, 
they biochemically differ only by the fact that strain SSICA 22g was 
able to metabolize Melezitose, which was not used by all of the other 
strains. Strain SSICA 16b did not grow in the presence of D-Xylose 
and D-Maltose. Strain SSICA18 was not able to utilize D-Maltose and 
D-Trehalose. Only the A. acidoterrestris strains DSM 2498 and DSM 

Sample
N.

TSS
(Bx ± SD) pH ± SD

Time (days)
      0      5

16

   8.0±0.04 4.31±0.02 2.30±0.02 6.94±0.20
   8.5±0.01 4.26±0.03 2.51±0.15 6.73±0.13
9.0±0.01 4.31±0.03 2.63±0.03 6.30±0.27
9.5±0.03 4.28±0.03 2.68±0.2 6.11±0.14   

10.0±0.04 4.26±0.04 2.41±0.38 2.28±0.15
10.5±0.03 4.31±0.01 2.57±0.22 2.44±0.10
11±0.02 4.31±0.02 2.60±0.15 2.50±0.18

18

8.0±0.02 4.28±0.02 2.41±0.28 6.56±0.31
8.5±0.01 4.31±0.01 2.39±0.18 4.38±0.22
9.0±0.03 4.31±0.01 2.38±0.20 2.20±0.42
9.5±0.03 4.30±0.03 2.41±0.22 2.38±0.32

10.0±0.01 4.28±0.03 2.45±0.27 2.40±0.15
10.5±0.04 4.31±0.04 2.44±0.31 2.50±0.30
11±0.02 4.30±0.01 2.49±0.28 2.44±0.17

22

8.0±0.03 4.3±0.02 2.25±0.21 6.38±0.13
8.5±0.01 4.25±0.02 2.38±0.22 7.04±0.31
9.0±0.04 4.34±0.01 2.41±0.45  6.70±0.24
9.5±0.02 4.34±0.03 2.38±0.36 6.70±0.14

10.0±0.03 4.34±0.02 2.25±0.22 4.85±0.17
10.5±0.01 4.34±0.04 2.50±0.20 5.88±0.32
11±0.03 4.34±0.03 2.41±0.28 2.30±0.32

Table 2: Concentration (Log cfu/ml ± SD) of Alicyclobacillus naturally present in 
the tomato sauce samples diluted to different TSS content.

Note: SD: Standard Deviation
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Carbon sources DSM 446 DSM 452 SSICA 18 SSICA 16b SSICA 16g SSICA
 22b

SSICA
22g DSM 3924 DSM 2498

Glycerol    + + + + w - - + +

Erythritol - - - - - - - + +

L-Arabinose + + + + + + + + +

D-Ribose + - - - - - - + +

D-Xylose + + + - + + + + +

D-Adonitol - - - - - - - + +

D-Galactose + + + + + + + + +

D-Glucose + + + + + + + + +

D-Fructose + + + + + + w + +

D-Mannose + + + + + + + + +

L-Rhamnose + - - - - - - + +

Inositol + + - - - - - - -

D-Mannitol + + + + + - - + +

Esculin + + + + + + + + +

D-Cellobiosiose + + + + + - - w -

D-Maltose + + - - + + + w -

D-Lactose + - - - - - - w -

D-Melibiose + + - - - - - - -

D-Saccharose + + + + + + + - -

D-Trehalose + + - + + + + - -

D-Melezitose - - - - - - + - -

D- Raffinose + + - - - - - - -

Glycogen + + - - - - - - -

Xilitol - - - - - - - w -

Gentiobiose - - - - w - - w -

D-Turanose - - - - + + + - -

Table 3: Metabolic characteristics of different strains isolated from tomato sauces compared with DSM strains.

+: Positive reaction; -: Negative reaction; w: weakly positive; None of the strains tested proved able to metabolize D-Arabinose, L-Xilose, Methyl-βD-Xylopyranoside, 
L-Sorbose, Dulcitol, D- Sorbitol,  Metil-αD-Glucopyranoside, Metil-αD-Mannopiranoside, N-AcetylGlucosamine, Amygdalin, Arbutin, Salicin, Inuline, Amidon, D-L 
Yxose, D-Tagatose, D-Fucose, L-Fucose, D-Arabitol, L-Arabitol, Potassium gluconate, Potassium 2-Keto gluconate,  potassium 5-Keto gluconate.
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Figure 1: Dendrogram of biochemical characteristics of the tomato strains compared with the DSM strains obtained after the UPGMA analysis of the Dice’s 
coefficient. The numbers in the figure indicate the percent similarity.
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3924 were able to metabolize Erythritol and D-Adonitol.

These data highlight the variability among the different strains.

The results were changed into a digital signal, and cluster analysis 
was performed using the UPGMA method by the FP Quest software 
to obtain a dendrogram (Figure 1).

According to the dendrogram, the DSM 2498 and DSM 3924 
reference strains differ from all of the other strains tested (63% 
similarity). The similarity between SSICA 22b and SSICA 22g strains 
was very high (95.7%); while the relationship with the other tomato 
strains and the A. acidocaldarius reference strains was lower (71.8%). 
The comparison between SSICA18, SSICA16b and SSICA 16g showed 
a high similarity (84.6%), with a similarity of 90.9% between SSICA18 
and SSICA16b. 

Molecular characterization: RAPD-PCR was used for a 
differentiation amongst the species and to generate species-specific 
banding patterns. The use of four different primers allowed a 
separation of the different electrophoretic profiles for each of the 
tested strains. The dendrogram (Figure 2) was almost equal to that 
obtained with the biochemical characteristics: SSICA 22b and SSICA 
22g strains showed a high similarity (96.4%), belonging to a distinct 
cluster, different from the other tomato strains and from the A. 
acidocaldarius reference strains (75.4%). The comparison between 
SSICA 18, SSICA16b and SSICA 16g strains and the A. acidocaldarius 
DSM 452 and DSM 446 strains showed a 77.4% similarity, like the 
biochemical dendrogram similarity (75.8%). The A. acidoterrestris 
reference strains differ from all of the other strains tested (66.7% 
similarity). 

Conclusions
Alicyclobacillus spores were widespread in the tomato products 

investigated.

These naturally contaminating spores were able to germinate and 
to spoil the tomato puree up to 10.5 Bx at 60 ºC. The spoilage sign was 
an off-flavour in the product. 

It was noted that a few spores (5 cfu/ml) were able to spoil the 
product in eligible conditions (temperature, pH and oxygen).

Therefore in order to reduce the risk of spoilage, are of 
pivotal importance to avoid prolonged stops along the processing 
environment at high temperatures. It is also essential to perform a 
rapid cooling after the heat treatment and to store the product at 
temperatures below 30 ºC.
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