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Abstract: In the juices and nectars industry, the thermal preservation process conciliates the preservation of the 

organoleptic properties of the products and the inactivation microorganisms and enzymes capable of deteriorate 

them. During this work, the adequacy of the pasteurization process of the fruit juices produced at the Tetra Pak 

production lines at the Almeirim plant of Sumol+Compal Marcas S.A, was evaluated, regarding their initial 

contamination. The microbial flora of the raw materials and product before pasteurization was studied and a 

model of the thermal destruction kinetics of the microorganisms identified applied. These results were compared 

with the respective final product analysis. The model predicted a total inactivation of the vegetative cells of the 

bacteria, yeast and molds identified in the raw materials and products before pasteurization. Examination of the 

collected data allowed to conclude that the time-temperature profiles of the process are adequate for the 

inactivation of these microorganisms, since the final product analysis confirmed their inexistence. Furthermore, 

the final product sampling showed a total absence of the heat-resistant molds found before pasteurization. This 

observation indicates a flaw in the model that predicted the heat-resistant molds spores survival and total 

contamination of the final product packages. Some microorganisms, including bacterial aerobic and acidophilic 

spores, showed resistance to the process. However, their incapacity to develop in the matrix of the juices studied 

guarantees they do not deteriorate the product. The mentioned observations allowed to conclude that the 

products studied are commercially sterile, which authenticates the thermal process presently used in this factory.  

Keywords: pasteurization, initial contamination, thermal destructions kinetics, commercial sterility 

 

INTRODUCTION 

The process of pasteurization used in the fruit juice 

industry is a key step of the entire processing line of 

the fruit juices. The coordination of three major factors 

in this industry is essential. Firstly, the assurance of 

the commercial sterility, which consists on the 

destruction of all the pathogenic microorganisms and 

others capable of deteriorating the product, the 

inactivation of the enzymes capable of degrading it 

and finally the preservation of its organoleptic 

proprieties. The selection of the process used and the 

operational conditions determine the quality and 

security guarantee of the fruit juice and nectars 

industries.  

In this industry of juices and nectars, the process 

adopted is the pasteurization, since it is not severe for 

the product in terms of losing the nutritional and 

organoleptic proprieties. This thermal process 

increases the shelf-life of the final products because it 

is enough for destructing the microorganisms and 

inactivating the enzymes capable of degrading the 

product. This choice is possible regarding the high 

acidity of fruit juices being significantly specific, 

inhibiting the growth of the majority of microorganisms, 

which is a consequence of the low pH of the fruit and 

the addition of organic acids. The main advantage of 

this characteristic of fruit juices is the inability of 

pathogenic microorganisms to develop. With this 

guarantee, the concern about the microbial flora is the 

avoidance of the spoilage of the product. This allows 

the survival of some microorganisms since they cannot 

develop in the product.  

Fresh fruits have an external tough, may be water 

proof, wax-coated protective covering, or skin that 

functions as a barrier for entry of most plant 

pathogenic microbes. The skin, however, harbors a 

variety of microbes and so the normal microflora of 

fruits is varied and includes both bacteria and fungi. 

These microbes get associated with fruits, since a 

variety of sources such as the blowing air, composted 

soil, insects as Drosophila melanogaster or the fruit fly 

inoculate the skin/outer surface with a variety of Gram 

negative bacteria (predominantly Pseudomonas, 

Erwinia, Lactobacillus). Normal fungal microflora of 

fruits includes molds such as Rhizopus, Aspergillus, 

Penicillum, Eurotium, Wallemia, while the yeasts such 

as Saccharomyces, Zygosaccharomyces, 

Hanseniaspora, Candida, Debaryomyces, and Pichia 

sp. are predominant (1).  

The processed and pasteurized fruit juices and nectars 

loose most vegetative bacteria, yeasts, and molds 

while retaining heat-resistant ascospores or sclerotia 

producing Paecilomyces sp., Aspergillus sp., and 

Penicillum sp (1).  

Although the bacterial spores also survive to this kind 

of heat treatment, the ones described as dangerous in 

food products, such as Clostridium botulinum, are not 

able to germinate in a pH under 4.5, which is upper to 

the pH of fruit juices. The remaining spores appearing, 
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from the genus Bacillus, are mainly not pathogenic and 

can also not germinate in such a low level of pH (2). 

More recent studies reported the occurrence of 

Alicyclobacillus acidoterrestris (ACB), an endospore-

forming bacteria in pasteurized orange and apple 

juices (1). The genus Alicyclobacillus belongs to the 

family of Alicyclobacillaceae, and consists on a group 

of thermo-acidophilic, strictly aerobic, heterotrophic, 

and spore-forming bacteria. Its optimum temperature 

of growth depends on the lineage. The range is 28-

65ºC and the minimum and maximum is 4ºC and 70ºC, 

respectively. This genus tolerates pH values between 

0.5 and 6.5 (3). 

The most common characteristic of Alicyclobacillus 

contamination is a “smoky”, “medicinal”, “antiseptic” 

off-odour associated with guaiacol (2-methoxyphenol), 

and other halophenols, including 2,6-dibromophenol 

and 2,6-dichlorophenol (3).  

Pettipher et al. (1997) demonstrated that a 

concentration of 105-106 CFU/ml is necessary in order 

to verify a sensory change in the product and that the 

temperature of incubation is an important factor. They 

showed that one juice stored at 25ºC only started the 

production of guaiacol after 6-10 days, while at 44ºC it 

begins at day 3-6 (4). Bahçeci at al. (2005) concluded 

that apple juice inoculated with 103-105 UFC/ml formed 

high quantities of guaiacol when stored at 46ºC and 

minimum concentrations at 25ºC (5).  

Spoilage of thermally processed fruits and fruit 

products by heat-resistant molds has been recognized 

in several countries. Byssochlamys fulva, B. nivea, 

Neosartorya fischeri, Talaromyces macrosporus, T. 

bacillisporus, and Eupenicillium brefeldianum have 

been most frequently encountered (6). The problems 

related to these spores are the production of moldy 

products and of mycotoxins. Some Byssochlamys 

species produce patulin, byssotoxin A, and 

byssochlamic acid, all having toxic effects on 

laboratory animals. Neosartorya fischeri is known to 

produce fumitremorgin A, B, and C, terrein, and 

verruculogen (6).  

Based on the information above, the main goal of this 

work was to validate the temperature applied and the 

holding time of the pasteurization process used in the 

processing of the fruit juices and nectars, in S+C. This 

validation was focused on an estimation of the final 

product packages contaminated. This was achieved by 

the measurement of the initial contamination level of 

the pre-pasteurized product and modeling of the 

survival of the microorganisms identified. The 

characterization of the microbial flora was firstly 

performed and the decimal reduction times were 

calculated for the conditions of the applied thermal 

process. In addition, the consideration of a strong 

relationship between the thermal processing and the 

intrinsic and extrinsic factors that affect microbial 

growth in juices was also essential for the validation 

process.  

 

MATERIALS AND METHODS 

Products studied  

The chosen products are emblematic products of this 

company, which are constantly being produced. The 

products and their raw materials analyzed are 

represented in Table 1. 

The clarified and concentrated apple juice and the 

orange concentrate are raw materials which are 

obtained from external providers, whereas the pear 

pulp is produced in S+C. For this reason, it was 

interesting to study both sources. The products 

Compal Vital Frutos Vermelhos and Compal Clássico 

Laranja Algarve are products whose raw materials are 

expected to have a considerable initial contamination. 

This previous assumption is justified by the manual 

manipulation of the strawberries and raspberries used, 

which is not followed by any kind of treatment after 

harvesting. The Algarve orange juice is the raw 

material which goes through a more extensive 

manipulation, because it is produced and stored in the 

provider, transferred to road tankers to be delivered in 

S+C and it is finally pumped into reception tanks. 

Lastly, the product Um Bongo Morango was selected 

in order to collect a larger number of strawberry 

containing samples, essentially due to the incidence of 

heat-resistant molds spores in them.  

The product Compal Vital Frutos Vermelhos is 

formulated with a range of different raw materials. 

However, the strawberries and raspberries were the 

ones studied, regarding the initial contamination 

associated problems.  

All the batches analyzed were derived from Tetra Pak 

production lines, with a pasteurization temperature 

range between 85-90ºC and a holding time similar for 

all. 

Table 1 – Products, respective raw materials studied and number of batches analysed.  

Final Product Raw Materials 
Number of batches 

analyzed 

Compal 100% Maçã 
Clarified and concentrated 

apple juice 
3 

Compal 100% Laranja Orange concentrate 2 
Compal Clássico Pera Rocha Pear pulp 2 

Compal Vital Frutos Vermelhos 
Strawberries 
Raspberries 

3 

Compal Clássico Laranja Algarve Algarve orange juice 3 

Um Bongo Morango 
Strawberries 

Fruit-mix concentrate 
1 
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Samples collecting  

The tests were weekly programmed by the Production 

Planning. When batches of the products in study took 

place in the factory, the desired samples were 

collected. The raw materials were collected from the 

containers when they were opened for use, the 

formulated product was derived from a valve in the 

formulation tank while the final product was collected 

in the packing place. All the products were collected 

with sterile material, without aseptic conditions.  

Raw materials samples of 100 ml from the upper part 

of the container and 100 ml of pre-pasteurized product 

were collected. For the analysis of the final product, 12 

packages of the initial, medium and final phases of the 

production were taken. The final packages were 

supposed to have a volume of 1 liter, but some 

exceptions occurred. The first batch of Compal 100% 

Laranja had a final volume of 330ml and the batch of 

Um Bongo Morango was a 200ml production.  

The number of containers studied depended on the 

batch length in production. All the pre-pasteurized 

products were analyzed, with few exceptions regarding 

the lack of samples. Finally, all the microbiological 

procedures were conducted upon 18 packages of final 

product and the remaining were used in the sterility 

test, as mentioned below. 

 

Microbial flora characterization 

All the following analysis were applied to all the raw 

materials samples, pre-pasteurized product and final 

product of the different juices, with few exceptions. The 

sterility test was only applied to the final product. The 

detection of Alicycobacillus acidoterrestris and 

guaiacol production tests were only used in the 

batches of Compal 100% Maçã. 

The analysis was immediate done for the raw materials 

and the pre-pasteurized product samples while for the 

final product were only applied after a 3-day 

incubation, at 30ºC.  

The identification tests were only applied to bacteria 

and yeasts, since the molds’ species were determined 

by Sanger sequencing method in an external 

laboratory.  

 

Total count of potential spoilaging microorganisms 

The total count analysis of potential spoilaging 

microorganisms identifies yeasts, molds, lactic acid 

bacteria and other aciduric bacteria. 

This method was developed by diluting a sample of 

10g of the matrix under investigation in 90ml of 

buffered peptone water and carrying out successive 

dilutions, if needed. Only for strawberries and 

raspberries products, the samples were processed in a 

Stomacher Blender Star LB 400 (VWR, USA). This 

procedure occurs for all the analysis mentioned in this 

section.  

Then, 1 ml of each dilution was incorporated into a 90 

mm petri dish, with medium orange serum agar (OSA), 

with a pH of 5,5. The petri dishes were incubated at 

30ºC for 3 days. After this period, the contamination 

was determined in colony forming units (CFU) per 

milliliter of sample.   

 

Molds and yeasts count  

The molds and yeasts counting allowed a more 

specific identification of these types of microorganisms.  

This method was performed by diluting a sample of 

10g of the matrix under investigation in 90ml of 

buffered peptone water and carrying out successive 

dilutions, if needed. 1 ml of each previous diluted 

sample was incorporated into a 90 mm petri dish, with 

medium yeast extract glucose chloramphenicol agar 

(YGC), with a pH of 6,6. The petri dishes were 

incubated at 25ºC for 5 days. After this period, the 

contamination was determined in CFU/ml.   

 

Mesophilic aerobic sporeforming bacteria - spores 

count  

The method of spores counting consisted on diluting a 

sample of 10g of the matrix under investigation in 90ml 

of buffered peptone water. This dilution was submitted 

to an 80ºC thermal treatment for 10 min, in a 

thermostatic bath (Memmert, Germany). 1 ml of 

sample was incorporated into a 90 mm petri dish, with 

medium plate count agar (PCA), with a pH of 7,0. The 

petri dishes were incubated at 30ºC for 3 days. After 

this period, the contamination was determined in 

CFU/ml.   

 

Thermoduric-aciduric sporeforming bacteria - 

spores count 

This mentioned method consisted on diluting a sample 

of 10g of the matrix under investigation in 90ml of 

Bacillus acidoterrestris thermophilic broth medium 

(BAT broth), with a pH of 4,0. This dilution was 

submitted to a thermal treatment at 80ºC for 10 min, in 

a thermostatic bath. 1 ml of sample was incorporated 

into a 90 mm petri dish, with medium OSA, and 100µl 

were inoculated in BAT agar with the spread plate 

technique. The petri dishes were incubated at 44ºC for 

2 days. After this period, the contamination was 

determined in CFU/ml.   

 

Detection of Alicyclobacillus acidoterrestris 

The previously prepared dilution was incubated at 

44ºC for 3 days. 100µl of the dilution was inoculated in 

BAT agar with the spread plate technique and after 2 

days of incubation at 44ºC, the presence or absence of 

ACB was observed. The colonies were isolated on 

plates of BAT agar in duplicates and incubated at 30ºC 

and 65ºC. The observed growth at 30ºC that cannot be 

found at 65ºC, represented ACB presence, because at 

65ºC, the lineages capable of producing guaiacol 

cannot grow.  
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Detection of guaiacol production 

The previous mentioned isolated colonies were tested 

in the guaiacol detection test from Döhler. This test 

consisted on the incubation of a colony in 2ml of BAT 

broth, at 44ºC for at least 3 hours. Afterwards, 1 ml of 

buffer solution, 20µl of hydrogen peroxide and 20µl of 

peroxidase enzyme were added, in the mentioned 

order, and the color change was observed.  

A change from colorless to orange is demonstrative of 

a colony capable of guaiacol formation, in result of the 

enzymatic reaction of the peroxidase leading to the 

tetraguaiacol complex.  

 

Heat-resistant molds spore detection  

This method consisted on diluting a sample of 50g of 

the matrix under investigation in 50ml of buffered 

peptone water. This dilution was submitted to a 75ºC 

thermal treatment during 30 min, in a thermostatic 

bath. Two aliquots of 5 ml of sample were distributed 

in two 90 mm petri dish, with medium YGC. The petri 

dishes were incubated at 30ºC for 15 days. After this 

period, the contamination was determined in CFU/ml.   

 

Sterility test 

This method was performed by diluting a sample of 

10g of the matrix under investigation in 90ml of orange 

serum broth (OSB). This dilution was incubated at 

30ºC for 2 days. After this period, a spread of a loopful 

sample was done on the surface of OSA medium. The 

plate was incubated at 30ºC for 2 days and the growth 

was observed. Any possible growth observed confirms 

that the sampled product is not sterile, which 

corresponds to a negative result. 

 

Gram coloration 

The Gram coloration allowed the identification of 

Gram-positive and Gram-negative bacteria and also 

yeasts. The bacteria morphology was also observed, 

allowing the classification into bacillus or coccus.  

This method consisted on transferring a tiny sample of 

bacteria to a drop of sterile water in a slide and fix it 

with heat. Afterwards, the smear was flooded with 

crystal violet for 1 minute and the reagent was rinsed 

off gently. Lugol’s iodine was added during 1 minute 

and it was gently washed. A decolorizer of 1:1 (v/v) mix 

of alcohol and acetone was added and quickly rinsed. 

Finally, safranin was added as a strain counter, during 

1 minute and then gently washed. Afterwards, the 

smear was observed under optical microscopy with 

total magnifications of 400x and 1000x. 

 
Oxidase test  

The bacteria capable of producing the oxidase enzyme 

was determined by oxidase test. This test consisted on 

transferring a loopful sample of bacteria in study to 

N,N-dimethyl-1,4-phenylenediamine dihydrochloride 

(Merck, Germany) and observing the formation of a 

blue colored compound. This observation mentioned 

results from the oxidation of cytochrome oxidase, 

indicating, on that way, a positive test.  

 

Catalase test  

This test allowed the identification of the catalase 

enzyme in bacteria, for determining the type of 

bacteria present in the isolated colony. This is a 

complementary test of the last two previous mentioned 

which allowed to achieve a better identification.  

The protocol consisted on transferring a loopful sample 

of bacteria into two or three drops of hydrogen 

peroxide 3% (w/v). When the formation of oxygen was 

observed by bubbles formation, the test was positive.   

 

API systems  

The API (Analytical Profile Index) systems are 

standardized tests for the identification of a wide range 

of microorganisms. They include a variety of 

biochemical tests, where the microorganism in study 

was placed in contact with dehydrated substrates 

being the reaction observed later.  

The API systems used (bioMérieux, France) were the 

API 20E, API 20 C AUX, API Candida and API 50 CHB 

which identify enterobacteria and other Gram-negative 

bacillus, yeasts, yeasts from the Genus Candida and 

Gram-positive bacillus, respectively.  

 

Modeling of the thermal death of the 

microorganisms 

The thermal death of the microorganisms has been 

characterized by a first order equation, 

dN

dt
=-cN                                 (1) 

in which 
dN

dt
 is the thermal death rate, N is the number 

of viable cells and c is the constant of 

proportionality(7).   

The integration of the expression above gives the 

information about the number of surviving cells in a 

process, in the interval of time between 0 and t, 

log
e

(
N

N0
) =-ct                            (2) 

in which N and N0 are the number of viable cells in the 

time t and 0, respectively (7).  

Finally, the use of a base 10 logarithm more frequently 

used, leads to the final Equation 4,  

log
10

(
N

N0
) =-kt                           (3) 

with k = c/loge10 (7). 

The D value or decimal reduction time is defined as 

the time at a given temperature for the surviving 

population to be reduced by 1 log cycle, i.e. 90%. The 

temperature at which a D value applies is indicated by 

a subscript, e.g. D65 (7). 
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The value D is determined for a constant temperature 

and is dependent of this last parameter variation. 

When the temperature increases, the D value 

decreases. This is an exponential process over the 

range of temperatures used in the heat processing of 

food and so a straight line can be obtained by plotting 

log D against temperature. From this, we can achieve 

another important parameter in heat processing, z: the 

temperature changes which results in a tenfold (1 log) 

change in D (7). 

These two parameters characterize microorganisms, 

enzymes and chemical components present in food(7).  

The characterization of microbial flora was performed 

with raw materials and with the product before 

pasteurization. However, the calculation of the initial 

microbial concentration and the values used in the 

modeling were only the ones from the pre-pasteurized 

product data, since it is representative of the real flora 

that resides in the juice when it goes throw the thermal 

processing. The median, minimum, maximum and the 

first and third quartile of total count, yeast, molds and 

aerobic spores were calculated for each batch. The 

modeling was applied to the highest value of the 

medians, in order to test the worst case scenario. The 

exceptions occurred when the maximum had a higher 

order of magnitude when compared with the median, 

which is relevant for studies of microbiology, being 

these values the ones used.  

The microbial flora was constant in the different 

batches studied, showing few variabilities. For this 

reason, the characterization of the flora was based on 

the selection of one incubated plate from the total 

microorganisms, yeasts, molds and aerobic spores 

analysis and identification of the predominant 

microorganisms. The same process was applied to the 

aciduric spores in Compal 100% Maçã. The heat-

resistant molds spores were always identified. 

After calculating the initial concentration of each 

microorganism identified for every pre-pasteurized 

product studied, the model was applied to the worst 

case scenario. If the pasteurization is effective for that 

case, it will also be for the others. 

The values used during the study were taken from the 

literature being represented in the Table 2, with the 

conditions used for their determination.  

The closest conditions for the products in study were 

search in the literature, since the characteristics of the 

matrix largely influence the thermal resistance of the 

microorganisms and this model lacks the contribution 

of other parameters apart from the temperature. 

The thermal inactivation data for some microorganisms 

found in the microflora of these juices/nectars were not 

studied until now and some approximations were 

applied. For the yeasts, values were adopted by 

similarity of their reproductive structure because the 

species which produce ascospores are more heat 

resistant. While Genus like Debaryomyces, Hansenula, 

Kluyveromyces, Lodderomyces, Pichia and 

Saccharomyces belong to this group while others like 

Brettanomyces, Candida, Kloeckera and Torulopsis do 

not. A usual value of thermal reduction time of 

vegetative cells of yeasts were applied for identified 

yeasts like Candida and Trichosporon, represented in 

Table 2 as the microorganism Candida sp. The only 

exception was for Candida famata, whose teleomorph 

is Debaryomyces hansenii, for which the values of 

Saccharomyces cerevisiae were applied, since they 

both form ascospores (8). 

The values used for the enterobacteria Pantoea sp. 

were the values of the microorganism Salmonella, 

since they are similar in terms of thermal resistance 

and the first has already been used as a surrogate of 

the last (9). 

Finally, the majority of Gram-positive bacillus identified 

belonged to the species Bacillus amyloliquefaciens. 

For this microorganisms, the values used were the 

ones from Bacillus subtilis, since the different species 

of the genus are similar to both Bacillus subtilis and 

Bacillus cereus and their values are close together, not 

changing the result of the modeling (7). The specie 

Geobacillus stearothermophilus was also identified 

and for this case the thermal resistance is well 

characterized.  

Table 2 - Microorganisms whose thermal death parameters were useful to this model, with their D-value (s), reference 
temperature (ºC), z-value (ºC) and the medium utilized in their determination. 

Microorganism Medium θ (°C) Dθ (s) z (°C) Reference 

Bacillus subtilis Neutral pH food 121 42 13 (10) 

Bacillus cereus Neutral pH food 121 150 10 (10) 
Bacillus stearothermophilus Neutral pH food 121 300 10.5 (10) 

Alicyclobacillus acidoterrestris Fruit juice 95 300 10 (10) 
Salmonella Neutral pH food 66 12 6.5 (10) 

Saccharomyces cerevisiae Neutral pH food 60 900 5.5 (10) 
Aspergillus flavus Neutral pH food 60 60 4 (10) 

Penicillium roquefortii pH 4 (buffer) 60 17.4 4 (10) 

Byssachlamys nivea pH 3.9; 17 ºBrix (Grape juice) 80 1920 5.8 (10) 

Neosartorya fischeri pH 3.9; 17 ºBrix (Grape juice) 88 2148 5.1 (10) 

Candida sp. pH 7 (buffer) 55 600 5 (11) 

Candida parapsilosis Neutral pH (buffer) 62 132 5 (12) 

Klebsiella pneumoniae Milk 60 1.3 2.8 (13) 

Rhodotorula mucilaginosa pH 3.5 (buffer) 60 9.54 4.7 (10) 
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Growth of ACB on the product Compal 100% 

Maçã and guaiacol formation 

Study on the influence of the matrix  

Nine bottles of 200ml of BAT broth and 9 bottles of 

Compal 100% Maçã were inoculated with spores of 

ACB, in order to obtain an initial concentration of ca 

100 UFC/ml. Half of each were incubated at room 

temperature (~25ºC) and the other at 44ºC. The 

contamination of one of each product and temperature 

was determined every 7 days and a sensory analysis 

was performed to analyze the flavor of the juice.   

 

Study on the influence of the pasteurization  

Nine bottles of 200ml of BAT broth and 9 bottles of 

pre-pasteurized product of Compal 100% Maçã were 

inoculated with spores of ACB, in order to obtain an 

initial concentration of ca 100 UFC/ml. They were all 

pasteurized at 90ºC for 30 seconds. Afterwards, half of 

each were incubated at room temperature (~25ºC) and 

the other at 44ºC. The contamination level of each 

product incubated at each temperature was 

determined every 7 days and a sensory analysis was 

performed for analyzing the flavor of the pasteurized 

juice.   

 

Study on the influence of the level of 

contamination on the production of guaiacol  

Nine bottles of 200ml of Compal 100% Maçã and 9 

bottles of pre-pasteurized product of Compal 100% 

Maçã were inoculated with spores of ACB, in order to 

obtain an initial concentration of ca 105 UFC/ml. The 

last ones were pasteurized at same conditions 

mentioned before. Half of each were incubated at 

room temperature (~25ºC) and the other at 44ºC. The 

contamination level of one of each product incubated 

at each temperature was determined every 7 days and 

a sensory analysis was performed analyzing the flavor 

of the juice.   

 

RESULTS AND DISCUSSION  

The results obtained for the contamination levels of 

raw materials were in agreement with the prediction 

done before analysis.  

The Algarve orange juice was the raw material with a 

higher contamination and variability due to its 

manipulation during the transportation and 

transferences done during processing. The medians of 

the total count of spoilaging microorganisms varied 

between 1.97×10
3 - 4.06×10

5
 CFU/ml and its 

characterization showed a majority of lactic acid 

bacteria and also the presence of the yeasts 

Trichosporon mucoides and Candida famata. The 

medians of the spores of aerobic bacteria count varied 

between 0-220 CFU/ml and the one identified 

corresponded to the species Geobacillus 

stearothermophilus. The mold Psathyrella candolleana 

was detected in the heat-resistant molds spores test, 

but it was an isolated event in this raw material.  

The strawberries in one piece analyzed had also a 

high initial contamination, due to the fact that they do 

not suffer any treatment before usage and they are 

manipulated by hand. The medians of the total count 

of spoilaging microorganisms varied between 630-

1080 CFU/ml and its characterization showed a 

majority of enterobacteria Pantoea sp., whose 

appearance is common since the strawberries were 

washed but not drained and the immersion induces the 

propagation of this microorganism. Some yeasts and 

molds were also identified, like Rhodotorula glutinis, 

Candida parapsilosis and Aspergillus sp. The medians 

of the spores of aerobic bacteria count varied between 

30-810 CFU/ml and the ones identified corresponded 

to the species Bacillus subtilis/amyloliquefaciens and 

Bacillus megaterium. The methodology used for the 

characterization of this bacteria did not distinguish the 

Bacillus subtilis and B. amyloliquefaciens, so a 

methodology of DNA sequencing was applied and it 

was confirmed that it was B. amyloliquefaciens. The 

molds detected in the heat-resistant molds spores test 

were Neosartorya fischeri, Byssochlamys nivea, 

Dothideomycetes sp., Aspergillus sp. and 

Trichocladium pyriforme. The first two molds were 

included in the reported cases responsible for 

spoilaging of fruit juices.  

The same behavior was observed for raspberries in 

bulk. The medians of the total count of spoilaging 

microorganisms varied between 190-485 CFU/ml and 

its characterization showed a majority of yeasts 

Candida parapsilosis. Some bacteria and molds were 

also identified as Bacillus mycoides and Penicillium sp. 

The medians of the aerobic bacteria spores count 

varied between 70-125 CFU/ml and the ones identified 

corresponded to the species Bacillus 

amyloliquefaciens. The molds detected in the heat-

resistant molds spores test were Byssochlamys nivea, 

Aspergillus sp., Penicillium sp. and Gnomoniopsis sp. 

The fruit-mix concentrate had low results of 

contamination. The total count median was 270 

CFU/ml and the microorganisms identified were all 

from the genus Candida. Candida famata and Candida 

krusei were identified. The median of the aerobic 

bacteria spores was 30 CFU/ml and corresponded to 

Bacillus amyloliquefaciens. No heat-resistant molds 

were detected.  

The pear pulp is processed in S+C and a thermal step 

is included in raw material processing. For this reason, 

pear pulp contamination is very low. The medians of 

the total count of spoilaging microorganisms varied 

between 0-55 CFU/ml and its characterization showed 

a majority of yeasts Trichosporon mucoides. The mold 

Penicillium sp. was also identified. No spores of 

aerobic sporeforming bacteria were detected. The 

molds detected in the heat-resistant molds spores test 
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were Aspergillus sp., Trichoderma atroviride/viride, 

Penicillium cecidicola and Penicillium wortmannii.  

The orange concentrate processing does not include a 

thermal step, so the initial contamination is a little 

higher than the previously reposted case. The medians 

of the total count of spoilaging microorganisms varied 

between 85-400 CFU/ml and its characterization 

showed a majority of yeasts Candida parapsilosis. The 

bacteria Bacillus amyloliquefaciens was also identified. 

The medians of the aerobic bacteria spores count 

varied between 35-250 CFU/ml and corresponded to 

the same bacteria mentioned before.  

Finally, the clarified and concentrated apple juice 

undergoes an ultrafiltration process, which eliminated 

the majority of the remaining flora, so the initial 

contamination is low. The medians of the total count of 

spoilaging microorganisms varied between 0-15 

CFU/ml and its characterization showed the presence 

of the yeasts Trichosporon mucoides and Candida 

parapsilosis and the mold Penicillium sp. No aerobic 

bacteria spores were detected and the only mold 

identified in the heat-resistant molds spores test was 

Aspergillus sp. 

The same previous analysis was performed for the 

pre-pasteurized product of all juices studied. Those 

results allowed the determination of the initial 

concentration of the microorganisms identified and the 

application of the already described modeling. These 

last values are represented in Table 3 and an 

estimation of the number of the final packages 

contaminated after pasteurization is also indicated.  

The results in Table 3 showed the vegetative cells of 

bacteria, yeasts and molds are not problematic for the 

effectiveness of the pasteurization, with the conditions 

applied. As a matter of fact, the result of the modeling 

is indicative that the temperature and holding time 

could be highly reduced without altering these results. 

However, these changes could be important for other 

microorganisms, such as heat-resistant molds, and 

any alteration needed to be tested.  

Concerning to the aerobic sporeforming bacteria, the 

results were opposite. It was observed that the 

calculated contamination was enough to predict a 

contamination of all final packages of product. This 

happens because of the high heat resistance of this 

kind of flora. However, the main goal of the 

pasteurization process is the achievement of a 

commercial sterility, as mentioned before, and this 

implies that some microorganisms can remain on the 

product as long as they are not pathogenic and they 

cannot grow in those conditions. The identified 

microorganisms in all products can be included on this 

last category, since their optimum pH range of growth 

is a neutral one and they do not germinate at a pH 

below 4,5 (14).  

Table 3 – Values of initial contamination of the flora found in the pre-pasteurized product of the fruit juices studied and referred 

and prevision of the number of final product packages contaminated with each microorganism, by the model applied. In green, 

an efficient pasteurization is represented and in pink, a final contamination which does not correspond to the quality standards 

of the company. 

Product 
Collecting 

point 
Microorganism 

Initial contamination 
(CFU/ml) 

Estimation of the 
number of packages 
contaminated after 

pasteurization 

Compal 
Clássico 
Laranja 
Algarve 

Formulation 
tank 

 

Pantoea sp. 1×10
4
 0 

Trichosporon mucoides 2×10
3
 0 

Candida famata 336 0 
Geobacillus stearothermophilus 90 All 

Compal 
Vital Frutos 
Vermelhos 

Candida parapsilosis 2×10
4
 0 

Pantoea sp. 373 0 

Trichosporon mucoides 5×10
3
 0 

Bacillus amyloliquefaciens 95 All 

Compal 
Clássico 

Pera Rocha 

Pantoea sp. 4×10
4
 0 

Trichosporon mucoides 5×10
3
 0 

Penicillium sp. 120 0 

Compal 
100% 

Laranja 

Klebsiella pneumoniae ssp. 61 0 

Candida parapsilosis 61 0 

Bacillus amyloliquefaciens 53 All 

Compal 
100% Maçã 

Klebsiella pneumoniae ssp. 66 0 

Candida parapsilosis 19 0 

 

The sterility test applied to the final product studied 

confirmed the observations mentioned above. The 

immediate test showed that the great majority of the 

final packages were contaminated with these 

microorganisms. The test was repeated after 30 days 

of production and after 45 days, after storage at room 

temperature, when the samples were enough, and the 

results showed a reduction of the proportion of 

contaminated packages, as presented in the Table 4. 

This shows that the inability of the microorganisms to 

germinate and develop under the conditions 

maintained into the packages, being the pH too low for 

the germination of the spores, leads to their gradual 

inactivation with time, when they are kept in those 

conditions for long periods of time. In fact, the spores 

can survive in a dormancy state, which explains that 

they continue present after 45 days. However, some 

are inactivated, and being the initial concentration low, 
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some packages become sterile. This can be also 

explained by the fact that the conditions inside the 

packages do not favor the presence of the spores, 

which prefer dry environments and a possible 

sporicidal effect of some compounds of the matrix of 

the juices, whose bactericidal effect as already been 

proven. 

One exception was observed in the product Compal 

Clássico Laranja Algarve, whose sterility test was 

negative for all the final product analyzed. The fact that 

their minimum growth range is 30ºC-45ºC, enables 

their growth at 30ºC, temperature used in both aerobic 

sporeforming bacteria count and sterility test (15). The 

different pH applied in the tests can lead to this result, 

which is 7,0 and 5,5 in the spores count of aerobic 

sporeforming bacteria and sterility test, respectively. 

Studies showed that this specie could grow actively at 

a pH of 7,0, leading to a decrease of the medium till 

around 5,5, after which few spores were produced 

(16). This can result in the microorganism inability to 

grow and be detected in the conditions of the 

enrichment done in the sterility test, despite being 

present in the final product.   

Table 4 – Proportion of negative results in sterility test of final 
product of the juices indicated, done after 3 days, 30 days 
and 45 days after production. 

Product Batch 3 days 30 days 45 days 

Compal Vital 
Frutos 

Vermelhos 

1st  
13/18 
(72%) 

1/3 
(33%) 

- 

2nd  
10/18 
(56%) 

2/9 
(22%) 

1/9 
(11%) 

3rd  
18/18 

(100%) 
6/9 

(67%) 
- 

Um Bongo 
Morango 

1st  
14/18 
(78%) 

6/9 
(67%) 

3/9 
(33%) 

Compal 100% 
Laranja 

1st  
18/18 

(100%) 
3/6 

(50%) 
- 

The analysis of the heat-resistant molds spores was 

separated since all the spores identified in the different 

products have similarities and their analysis can be 

concurrently done. The majority of the molds identified 

in the raw materials were not posteriorly identified in 

the pre-pasteurized product, which can be justified by 

the antimicrobial effect of the components introduced 

in the formulation of the product or by the fact that the 

process is aggressive for the microorganisms and they 

are not detected in the analysis, despite being present.   

In the pre-pasteurized product Compal Clássico 

Laranja Algarve were identified the molds 

Cladosporium sp., Penicillium cinnamopurpureum and 

Aspergillus sp. In Compal Vital Frutos Vermelhos, the 

molds Dothideomycetes sp., Neosartorya fischeri and 

Lecanicillium spalliotae/aphanocladii. In Compal 

Clássico Pera Rocha, the mold Aspergillus sp. In the 

juice Compal 100% Laranja, no heat-resistant molds 

were detected and in Compal 100% Maçã, the molds 

Byssochlamys nivea and Aspergillus sp. were 

identified.  

All the molds identified belong to the phylum 

Ascomycota, which has a defining feature of forming a 

sexual structure in which ascospores are developed 

(17)(18). The ascospores have higher heat resistance 

than vegetative cells of the molds and are responsible 

for their resistance to the thermal activation done in the 

analysis and growth after incubation. However, some 

species of the genus Aspergillus and Penicillium, from 

the Filo Ascomycota, are asexual, species meaning 

that they do not have a sexual cycle and thus do not 

form asci or ascospores (6)(17). This means that the 

spores identified can be a result of an air 

contamination during samples collection or plating, 

instead of being representative of the presence of an 

ascospore. 

Despite being detected in the heat-resistant molds 

analysis, only two cases are described in literature as 

having ascospores with a very high heat resistant and 

causing spoilage of fruit juices, the molds Neosartorya 

fischeri and Byssochlamys nivea. For this reason, and 

the fact that their decimal reduction time values are 

widely studied and the ones from the other molds are 

not, the modeling was only applied for these two 

(Table 5). For all the other spores identified, it was 

considered that their ascospores have some heat 

resistance and kept functional in the activation step of 

the method. Despite that they do not have enough 

resistance to survive to the pasteurization conditions 

applied. This theory was supported by the fact that all 

the final product analysis done were negative for the 

presence of heat-resistant mold spores.  

Table 5 - Values of initial contamination of the heat-resistant molds spores found in the pre-pasteurized product of the fruit 
juices referred and prevision of the final product packages contaminated with each microorganism, by the model applied.  

Product 
Collecting 

point 
Microorganism 

Initial contamination 
(CFU/ml) 

Estimation of the number 
of packages contaminated 

after pasteurization 

Compal Vital Frutos 
Vermelhos 

Formulation 
tank 

Neosartorya fischeri 0.2 All 

Compal 100% Maçã Byssochlamys nivea 0.2 All 

 
Despite the prediction in Table 5, all the analysis of 

both products indicated an absence of these molds. 

The analysis on the product Um Bongo Morango, in 

which Neosartorya fischeri was also detected in the 

strawberries used, were also negative for all packages 

evaluated which contributed to a larger number of final 

product analyzed samples. This results indicated a 

flaw in the model, which is explained by the fact that 

the data of thermal resistance used was determined in 

different conditions when compared with the products 

studied during this work, being the parameters highly 

influenced by the environment factors and their 
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correlation. Probably, the heat resistance of this 

ascospores is rather reduced by the addition of organic 

acids, whose contribution has been already proven 

(19). In the initial contamination determined, the 

pasteurization conditions are enough for ensuring the 

thermal inactivation of ascospores.  

No spores of aciduric sporeforming bacteria were 

detected in the quantitative analysis of all products. 

Bearing in mind that this kind of bacterial spore is 

frequently present in low numbers and is hard to 

detect, in the last product studied, Compal 100% 

Maçã, the detection of Alicyclobacillus acidoterrestris 

test was performed in order to confirm the absence of 

this kind of flora. This step was designed for this 

product taking into account the historical data of the 

presence of ACB in the raw material used for this 

product. The latter-study was implemented and 

showed interesting results, mainly some containers of 

clarified and concentrated apple juice, pre-pasteurized 

product loads and final product packages revealed 

positive results for the presence of ACB.  

Since the enrichment step disables a quantitative 

description, the initial contamination value used in the 

modeling was 0.1 CFU/ml. This assumption takes into 

account the minimum possible value, since in 10ml of 

sample, at least one spore needs to be present in 

order to occur any growth. This contamination was 

enough for the model to predict that a contamination of 

all the final packages of product, with these 

microorganisms. Furthermore, they have a high 

thermal resistance and temperatures used in 

pasteurization processes, below 100ºC, would not be 

enough for inactivating them.  

As mentioned before, ACB needs optimum pH 

conditions such as the ones find in the fruit juices. In 

contrast to the aerobic bacteria spores analyzed 

before, that parameter is not crucial for their growth 

inhibition. These last observations mentioned led to the 

following described study. Since ACB are only able to 

deteriorate the products when they are in high 

concentrations and the raw materials have never that 

level of contamination, the main goal of this study was 

to test if the matrix of this juice could favor their growth. 

Three different experiments were performed in order to 

test different possibilities, which included an influence 

of the matrix or the thermal shock in the growth and 

the confirmation if concentrations of 105 CFU/ml are 

determinant for the degradation of this specific product. 

A comparison of ACB behavior in an ideal medium for 

their growth, BAT broth, was also developed.   

The Figure 1, a) and b), demonstrated that in the 

medium BAT broth, the growth curve is perfectly 

distinguished; at any of the temperatures studied ACB 

can also grow till concentrations described as 

degradative of the juices. It is not observed any effect 

of the pasteurization in the growth of these 

microorganisms, since the growth curves are similar, 

and it was also not responsible for the destruction of 

any of this microorganism.  

The microorganism growth in the studied product of 

Figure 1, c) and d), shows a different behavior. During 

the time monitored, ACB was unable to achieve the 

concentration levels observed before. The only 

situation of spores growth was observed at 44ºC in 

non-pasteurized juice, however the concentration 

achieved was always below 105 CFU/ml. All the 

sensory tests performed had a negative result in terms 

of flavor alteration. This observation was expected 

taking into consideration that the concentration of 

viable cells is lower than the one reported to be the 

minimum for the its perception. These results show 

that the matrix of the juice is bacteriostatic, once it 

inhibits the growth of the microorganisms but it doesn’t 

destroy them.  

Figure 1 – Log N(CFU/ml) of 

viable cells of ACB in the 

pasteurized or non-pasteurized 

medium. Temperature: a,c,e) 

44ºC; b,d,f) room temperature. 

Medium: a,b) BAT broth; 

c,d,e,f) Compal 100% Maçã. 

Inoculum: a,b,c,d) 100 UFC/ml; 

e,f) 105 UFC/ml. 



10 

 

Since the quantitative tests of aciduric bacteria spores 

were always negative, they are probably present in 

lower quantities than the one tested during this work. 

In addition, that level of contamination and the 

incapacity of growing in the product matrix guarantees 

that the product cannot be deteriorated in the presence 

of those identified spores. 

Regarding the last test, the results obtained were in 

concordance with the conclusions mentioned above. 

Even though the juice was spiked with high 

concentrations of ACB, a concentration reduction 

could be noticed, in Figure 1, e) and f). The cells were 

not totally inactivated, but the concentration was rather 

reduced. This strengthens the fact that this product 

has bacteriostatic characteristics and also a 

bactericide character. All products were tested in terms 

of flavor and no alterations were noticed. 

This study was performed for the first time during this 

work, and it must be repeated for more accurate 

results regarding the already relevant observations 

and conclusion. As the aerobic bacteria spores 

analyzed before, ACB is also unable to grow in the 

final product conditions, which guarantees the 

commercial sterility desired.  
 

CONCLUSION  

In conclusion, the majority of the microbial flora 

identified in the raw materials from all studied products 

were identified as vegetative cells of bacteria, yeasts 

and molds, which is common in fruits. Some raw 

materials, such as strawberries, raspberries and 

orange in concentrate or from Algarve orange juice 

were contaminated with Gram-positive bacillus. During 

the juice formulation, enterobacteria and yeasts are 

added to the product as a result of the manipulation of 

the raw materials by operators or by water addition, 

which may carry this type of microorganisms. A total 

elimination of lactic acid bacteria, of yeasts, of molds 

and of enterobacteria was predicted and observed, 

since all the microorganisms mentioned have low heat 

resistances.  

Concerning the heat-resistant sporeforming molds, the 

results showed some flaws in the prediction of their 

thermal resistance. The model predicted that all final 

product packages should be contaminated, however 

all samples of final product derived from raw materials 

or pre-pasteurized product contaminated were free of 

this type of microorganism. Although the values found 

in literature are determined for conditions similar to the 

products in study, these parameters are highly 

influence by the interaction of a wide range of factors. 

For that reason, the values used do not simulate the 

real situation and can be error inducers. The real D 

and z-values for these microorganisms spores should 

be calculated directly in the juices in study, which is an 

important step-forward to guarantee that the 

pasteurization conditions used were adequate. 

Nevertheless, the results observed in this study, 

concerning the results of the analysis of the final 

products, showed that these operational conditions are 

enough for the inactivation of the ascospores detected 

and that none of the packages analyzed were 

contaminated. 

The spores detected in the aerobic sporeforming 

bacteria spores test are more heat resistant.  The 

temperature and holding time conditions applied 

cannot guarantee the total elimination of them. A 

process of sterilization must be used in order to 

inactivate those spores. However, these spores do not 

represent a source of deterioration of the product, as 

they are not able to be germinate in the typical juice 

pH conditions so they do not affect the commercial 

sterility of the products. Even though he analysis is 

done in a medium with a pH of 7.0, which allows their 

germination and detection, the fruit juices have lower 

values, with a pH between 3.5-4.0, which inhibits their 

germination and capacity of tainting the products.   

The same described behavior was observed for 

aciduric sporeforming bacteria spores identified, ACB. 

The study designed demonstrated their inability of 

growing in the matrix of the juice Compal 100% Maçã. 

The inhibitory factor, in this case, is not the pH, since 

they are capable of germinating in BAT broth, which 

have a pH of 4. In this case, the interaction of diverse 

factors can be responsible for this, such as the 

antimicrobial properties of the weak organic acids, 

which is enhanced by the low pH of the matrix, or of 

some constituents of the apple, like the phenolic 

compounds.  

Finally, all the conclusions mentioned allowed the 

validation of the temperature and holding time of the 

pasteurization process applied. This process has been 

demonstrated to be enough to guarantee the main 

goal of achieving commercial sterility of the products 

produced by Sumol+Compal Marcas, S.A.  
 

REFERENCES 
1.  Hui, Y.H. Handbook of fruits and fruit processing. 1st ed. Blackwell Publishing Ltd; 2006.  
2.  International Federation of Fruit Juice Producers. Mesophilic & Thermoduric – Thermophilic 

Bacteria: Spores Count. IFU method No.6.; 1996. 
3.  Ciuffreda, E., Bevilacqua, A., Sinigaglia, M., Corbo, M.R. Alicyclobacillus spp.: New Insights 

on Ecology and Preserving Food Quality through New Approaches. Microrganisms. 
2015;3:625–40.  

4.  Pettipher, G.L., Osmundson, M.E., Murphy, J.M. Methods for the detection and enumeration 
of Alicyclobacillus acidoterrestris and investigation of growth and production of taint in fruit 
juice and fruit juice-containing drinks. Lett Appl Microbiol. 1997;24:185–9.  

5.  Bahçeri, K.S., Gökmen, V., Acar, J. Formation of guaiacol from vanillin by Alicyclobacillus 
acidoterrestris in apple juice: a model study. Eur Food Res Technol. 2005;220(2):196–9.  

6.  Beuchat, L.R., Pitt, J.I. Detection and Enumeration of Heat-Resistant Molds. In: Downes FP, 
Ito K, editors. Compendium of the Methods for the Microbiological Examination of Foods. 
2001. p. 217–22.  

7.  Adams, M.R., Moss, M.O. Food Microbiology. 3rd ed. Cambridge: RSC Publishing; 2008.  
8.  International Commission on Microbiological Specifications for Foods I. Microrganisms in 

Foods 6: Microbial Ecology of Food Commodities. 2, illustr. Springer Science & Business 
Media; 2006.  

9.  Fudge, J., Dunn, M., Pike, O., Robison, R., Steele, F. The isolation and identification of 
Pantoea dispersa strain JFS as a non-pathogenic surrogate for Samonella Typhimurium 
phase type 42 in flour. Int J Food Microbiol. 2016;219:1–6.  

10.  Althoff, T., Schwarzer, K. Lemgo D- and z-values Database for Food. Available from: 
http://www.hs-owl.de/fb4/ldzbase/index.pl (Accessed:15 Feb 2016- 15 Aug 2016). 

11.  Deák, T. Handbook of Food Spoilage Yeasts. 2nd ed. CRC Press; 2008.  
12.  Pitt, J.I., Hocking, A.D. Fungi and Food Spoilage. 3rd ed. Springer Science+Business Media; 

2009.  
13.  Morgan, J.N., Lin, F.J., Eitenmiller, R.R., Barnhart, H.M., Romeo, T. Thermal Destruction of 

Escherichia coli and Klebsiella pneumoniae. J Food Prot. 1988;2:132–6.  
14.  ABIS Encyclopedia.. Available from: http://tgw1916.net/ABIS/encyclopedia.htlm (Accessed: 

15 Aug 2016). 
15.  Vos, P., Garrity, G., Jones, D., Krieg, N.R., Ludwig, W., Rainey, F.A., et al. Bergey’s Manual 

of Systematic Bacteriology: Volume 3: The Firmicutes. 2, ilustra. Springer Science & 
Business Media; 2011.  

16.  Yazdany, S., Lashkary, B.K. Effect of pH on the sporulation of Bacillus Stearothermophilus. 
Appl Microbiol. 1975;30(1):1–3.  

17.  Dijksterhuis, J., Samson, R.A. Food Micology - A Multifaceted Approach to Fungi and Food. 
1st ed. CRC Press; 2007.  

18.  Mycobank. Available from: http://www.mycobank.org/ (Accessed:15 Feb 2016- 15 Aug 
2016). 

19.  Rajashekhara, E., Suresh, E.R., Ethiraj, S. Modulation of thermal resistance of ascospores 
of Neosartorya fischeri by acidulants and preservatives in mango and grape juice. Food 
Microbiol. 2000;17:269–75.  

 


