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Abstract
Zygosaccharomyces rouxii is the most frequent spoilage yeast species detected in concentrated grape juice. In order to reduce
Z. rouxii populations and consequently extend the microbiological shelf life of this product, different programs of thermal
pasteurization and high hydrostatic pressures processing were evaluated. Results showed that pasteurization temperatures higher
than 75 °C are necessary to reduce Z. rouxii population in concentrated grape juice. Reduction of 7 logarithms can be reached
after 90 s at 75 and 80 °C, and 5 s at 85 °C of pasteurization treatment. High hydrostatic pressure treatment above 500 MPa for
2 min are necessary to reduce 7 logarithms of Z. rouxii population and to significantly extend the shelf life of concentrate grape
juice. Extension of holding times from 3 to 5 min, at the different high hydrostatic pressures evaluated, did not improve the
Z. rouxii population reduction, nor the shelf life extension of concentrate grape juice. In conclusion, thermal pasteurization and
high hydrostatic pressure could be suitable treatments to achieve the reduction of Z. rouxii population below the recommendation
limit (102 CFU/g) and extension of the microbiological shelf life of concentrate grape juice.
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Introduction

Grape juice and by-products constitute an important portion of
the worldwide food industry. Argentina grape production is
mainly industrialized, where wine and concentrated grape
juices are the two mayor types of commercial products.
Mendoza and San Juan provinces are the main manufacturers

of concentrated grape juices in Argentina and their whole
production is mainly exported to demanding markets as the
USA, Japan, and South Africa (INV 2018). Concentrated
grape juices have a great importance as additives in several
massively consumed products and due to their natural quali-
ties; they are used to elaborate baby food, pharmaceutical
products, and soft drinks (Bruzone 1998).

Concentration of grape juice involves a number of steps in-
cluding strong clarification and acidification of must, followed
by cooled filtration and finally juice concentration using falling
film evaporator with multiple effects (Rojo et al. 2017). The
objective of concentrating the juice is to eliminate water until a
concentration of sugars and an osmotic pressure is reached,
inhibiting microbial development. Consequently, concentrated
juices are microbiologically more stable than other fruit products
and can be usually stored at room temperature without any addi-
tional treatment (ICMSF 1980). However, these products are not
free ofmicrobiological spoilage risk.Osmophilic yeasts represent
the primary spoilage cause in high sugar food and drink indus-
tries, where the genus Zygosaccharomyces is the most frequently
described spoilage yeast (Worobo and Splittstoesser 2005;
Martorell et al. 2007).
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A previous study carried out in Argentina showed that
Zygosaccharomyces rouxii was the only species isolated from
spoiled concentrated grape juice, and it was also detected at a
higher frequency in unspoiled samples (Combina et al. 2008;
Rojo et al. 2014). The particular physiological characteristics
of Z. rouxiimake it very difficult to control, mainly because of
its resistance to different preservatives (Martorell et al. 2007;
Fleet 2011; Stratford et al. 2013). Previous studies carried out
in order to assess the individual effects of different chemical
preservatives to control the growth of Z. rouxii in concentrated
grape juice, showed that none of them were capable of
completely inhibiting yeast growth (Rojo et al. 2015). So,
several efforts have been made by the industry to avoid con-
centrated grape juice spoilage using a nonchemical approach,
where pasteurization turns to be the most commonly process
used. Traditional pasteurization refers to heat treatment of
food (usually below 100 °C) in order to destroy microorgan-
isms of public health significance (Silva and Gibbs 2010).

In the industries, the thermal program specification used to
pasteurize concentrated grape juice is often set by the equip-
ment supplier. The parameters used have been usually set for
other food industries without any special consideration on
substrate composition and target microorganism (Rojo et al.
2017). Proper design of industrial thermal pasteurization pro-
cesses requires the knowledge of target microorganism and
the food composition. Thus, it results important to establish
a pasteurization program that allows inactivating the spoilage
yeast, and consequently increasing the concentrated grape
juices shelf life (Queirós et al. 2015; Milani et al. 2015).

Since thermal pasteurization has been widely accepted as
an effective preservation method for killing pathogens in food
products, with minimal loss of desired food quality, new tech-
nologies that can satisfy the goals of pasteurization have rap-
idly grown in recent years. In this context, nonthermal tech-
nologies are emerging, with special emphasis in hydrostatic
high pressure processing (Patrignani and Lanciotti 2016).
Hydrostatic high pressure (HHP) considered a promising
and attractive technology consists in a process where pressure
is transferred uniformly and instantly to food without heating
the system (Mok et al. 2006). The HHP uses water as a
pressure-transmitting medium to transmit isostatic pressure
to foods, usually in the 100–600 MPa range, independently
of size, shape, or food composition (Balasubramaniam et al.
2008; Oey et al. 2008). The HHP produces the volume reduc-
tion of the biological unit causing structural alterations in bio-
molecules, lipid membranes, protein structure, or cell division
(Royer 1995; Bartlett 2002). The main advantage provided by
HHP technology relies on its ability to inactivate vegetative
microorganisms extending shelf life of food products without
substantial modifications of nutritional, functional, and senso-
rial properties of food (Mota et al. 2013). Currently, HHP is
being widely used in a whole range of products such as fruit
juices (Raso et al. 1998; Donsí et al. 2010; Wang et al. 2016;

Chang et al. 2017;) and table olives (Argyri et al. 2014).
Nonthermal preservation techniques could provide an alterna-
tive to traditional pasteurization for concentrated grape juice
industry not explored yet.

The aim of this work was to evaluate thermal and cold
pasteurization using HHP to reduce Z. rouxii population and
to extend the microbiological stability in concentrated grape
juice.

Materials and Methods

Yeast Strains

Four Z. rouxii strains (MR4, MT6, MC8. and MC9) isolated
from spoilt Argentinean concentrated grape juices and previ-
ously identified by molecular sequencing of the D1/D2 do-
main of 26S ribosomal gene were used in this study (Combina
et al. 2008; Rojo et al. 2014). Strains belonged to the vine and
wine microorganisms collection from INTA (Mendoza,
Argentina). Thermal pasteurization assay was carried out
using a Z. rouxii MC8 strain selected due to its greater ther-
mo-resistance, observed in a preliminary study (Rojo et al.
2012), whereas a cocktail of Z. rouxii strains were used to
evaluate the effect of HHP.

Inoculum Preparation and Sample Inoculation

Z. rouxii strains were grown on YPD broth (40 g/L glucose
(Biopack Co.); 5 g/L bacteriological peptone (Britania Co.);
and 5 g/L yeast extract (Britania Co.) during 24 h at 28 °C.
Later, strains were adapted to osmotic condition by growing in
a high sugar culture media MYGF (195 g/L glucose (Biopack
Co.); 195 g/L fructose (Biopack Co.); 20 g/L malt extract
(Britania Co.); and 5 g/L yeast extract (Britania Co.) adjusted
to pH 4.5 by citric acid addition during 72 h at 28 °C. Finally,
the 2% v/v of strain cultures were inoculated in concentrated
grape juice at 68 °Brix and pH 3.2, and were incubated at
28 °C overnight to reaching an active and adapted population
of 107 CFU/g.

Thermal Pasteurization

The inoculated concentrated grape juice was submitted to pas-
teurization treatments using different temperatures (70, 75, 80,
and 85 °C) combined with different holding times (5, 10, 20,
30, 45, 60, 75, and 85 s). The assay was performed in triplicate
in thin-walled stainless steel tubes containing 2.5 mL of con-
centrated juice. The tubes were placed in a thermostatic bath to
achieve the desired temperature. Temperatures were recorded
by thermal couples connected to a digital thermometer intro-
duced into two control tubes with the same volume of con-
centrated grape juice. The samples were maintained in the
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water bath for different holding times and afterwards rapidly
cooled in ice. Aliquots of 0.1 and 1 g of samples were spread
onto WL Nutrient Agar medium (Oxoid Co.), before dilution
in 30% (w/v) glucose solution if necessary, and incubated
during 72 h at 28 °C. Curves of the surviving yeasts (Log
CFU/g) were constructed as a function of time and were fitted
using the double Weibull simplified model (Coroller et al.
2006). The model was as follows:

Log Nt ¼ Log N0= 1þ 10αð Þ* 10α− t=δ1ð Þˆp þ 10− t=δ2ð Þˆp
h in o

ð1Þ

where Nt is the number of survivors, N0 is the inoculum
size, t is the time, p is a shape parameter, and δ is the treatment
time for the first decimal reduction. The subscripts 1 and 2
indicate the two different subpopulations that differ in their
levels of resistance to stress. Subpopulation 1 is more sensitive
to stress than subpopulation 2 (δ1 < δ2). Parameter α includes
the relation of the fractions of each subpopulation and is a
derivate of the parameter f originally proposed for the
Weibull model α = log (N01/N02). The α value is the graphic
difference between log (N0) and the logarithm of the popula-
tion size where the inflection is observed. In theory, the α
value can be equal to all real numbers and represent the
thermo-sensitive subpopulation. Parameter p represents the
shape of the curve.

In order to evaluate microbiological shelf life, a second
experiment was done. Plastic bottles containing 100 mL of
Z. rouxii inoculated concentrated grape juice were treated with
the preselected pasteurization programs and stored at 23 ±
0.5 °C during 210 days. Bottles without pasteurization pro-
cessing were used as controls. Each treatment was carried out
in three independent replicates. The samples were monitored
weekly to record the visual signs of product spoilage (gas
production and turbidity).

Cold Pasteurization by High Hydrostatic Pressure
(HHP) Processing

Four high hydrostatic pressures (300, 400, 500, and 600MPa)
were applied during three holding times (2, 3, and 5 min). The
assay was performed in plastic bottles containing 100 mL of
inoculated concentrated grape juice. Bottles without HHP pro-
cessing were used as controls. Each treatment was carried out
in four independent replicates. A high hydrostatic pressure
equipment with a 2-L capacity (Stansted Fluid Power Ltd.,
High Pressure Iso-Lab System Model: FPG9400:922, UK)
and a maximum working pressure of 900 MPa. A mix of
distilled water and propylene glycol (70/30) was used as the
compression fluid. Rate of pressure increasing was 5 MPa/s.
High-pressure treatments were carried out at an initial temper-
ature of 21–24 °C, which was only modified by adiabatic

heating. Aliquots of 0.1 and 1 g of samples were spread onto
WL Nutrient Agar medium (Oxoid Co.), before dilution in
30% (w/v) glucose solution if necessary, and incubated during
72 h at 28 °C. Bottles containing HHP-treated and control
samples were kept at 28 ± 0.5 °C during 49 days for microbi-
ological shelf life evaluation. Weekly, viable cell count and
visual observation were made to detect signs of spoilage.
When spoilage was recorded, no further measures were done.
The storage temperature was chosen to favor the recovery and
development of the yeast after the treatment.

Statistical Analysis

All analyses were carried out with InfoStat software (Di
Rienzo et al. 2015). Results were analyzed using two-way
ANOVA and comparisons were performed by a LSD Fisher
test. Differences were considered significant at ≤ 0.05 (p ≤
0.05).

Results

In order to determine Z. rouxii resistance to thermal pasteuri-
zation, Z. rouxii strain MC8 inoculated in concentrated grape
juice was subjected to the different thermal pasteurization pro-
grams described in the materials and methods section. The
survival curves were constructed with the experimental data
independently obtained of each replica. The curves were fitted
applying the double Weibull simplified model (Coroller et al.
2006). This model was used since thermal inactivation pro-
duced biphasic shapes of survival curves with two subpopu-
lations with different thermo-resistance (Fig. 1). One advan-
tage of using this simplifiedmodel is that all parameters can be
graphically interpreted. For instance, δ value (first decimal
reduction time) could be considered equivalent to the D value
(time required to inactivate 90% of the studied microorgan-
isms) and reflects the thermo-resistance of the most sensitive
(δ1) and resistant (δ2) subpopulations. Moreover, the α value
corresponding to the decrease to the ratio for the most resistant
cells occurred as the temperature increased. A thermo-
sensitive subpopulation quickly died at all the evaluated tem-
peratures, as was evidenced by the δ1 values (Table 1). This
heat-sensitive subpopulation was different depending on the
temperature used, as evidenced by the α parameter. Thus, for
the lowest temperature evaluated (70 °C), the α value was
2.5 log CFU/g, leaving a residual population (resistant to this
temperature) of 4.5 log CFU/g that remain viable for a long
time at this temperature, showing a high value of δ2 (Table 1).
Therefore, this temperature was not lethal for Z. rouxiiMC8 in
concentrated grape juice. In treatments with temperatures
greater than 75 °C, the thermal-resistant subpopulation was
lower as temperature increased, reaching a null fraction of
thermo-resistant cells at 85 °C, where α value was equal to
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the value of the initial total population (Log N0) and the value
of δ2 could not be estimated. The time necessary for the sec-
ond decimal reduction (δ2) value was 6 and 5 s at 75 and
80 °C, respectively (Table 1).

These results clearly show that the application of tempera-
tures lower than 75 °C is not lethal for the assessed popula-
tions of Z. rouxii in concentrated grape juices. Temperatures
above 75 °C can be used for thermal pasteurization of this
product, obtaining a reduction of 7 logarithms after 90 s at
75 and 80 °C, and after 5 s at temperatures above 85 °C
(Fig. 1). Moreover, commercial sterility is demanded bymany
markets, which means the need of a thermal treatment able to
accomplish a 12 log cycle reduction Z. rouxii population. To
achieve this reduction, pasteurization of concentrated grape
juices applying any of the three programs, 75 °C/160 s,
80 °C/160 s or 85 °C/10 s, is strongly recommended since
no spoilage was recorded during 210 days at storage at 23 ±
0.5 °C (data not shown).

The application of high hydrostatic pressure as a cold pas-
teurization method was next evaluated. Viable cell counts of
Z. rouxii in concentrated grape juice at 68 °Brix treated with
four different hydrostatic pressures during three different
holding times is shown in Table 2. The lower pressure evalu-
ated (300 MPa) did not produce any significant reduction of

viable populations in none of the holding times evaluated. On
the other hand, pressures of 400 MPa, 500MPa, and 600MPa
produced a significant reduction in the viable population after
2 min of treatment, maintaining the same reduction regardless
the holding time evaluated. It is important to note that none of
the applied treatments allowed the reduction of the popula-
tions below the detection limit of the technique (1 CFU/g),
leaving an average of 2.44 ± 0.12 Log CFU/g viable cells.

In order to evaluate the microbiological shelf life of con-
centrated grape juice after HHP processing, treated samples
were stored at 28 °C for 49 days or until visible spoilage.
Holding times (2, 3, and 5 min) showed similar results regard-
ing the viable cell counts and the time needed to show alter-
ation during storage in all the hydrostatic pressures applied.
Consequently, in the Fig. 2, only the viable cell counts of the
samples treated during 2 and 5 min with the different hydro-
static pressures are shown. After 7 days of storage, the sam-
ples treated with the lowest pressure (300 MPa) showed visi-
ble spoilage of the product, similar to control samples without
treatment. The samples treated with 400 MPa showed a small,
but statistically significant, decrease in the viable cell counts at
7 days; however, signs of spoilage appeared after 14 days of
storage. Finally, samples treated with 500 and 600 MPa
showed a significant reduction in viable cell counts after
7 days of storage. This reduction trend continued during stor-
age, showing counts smaller than 1 viable cell in 1 g of sample
(0.1 Log CFU/g) after 14 days of storage. Cell counts contin-
ued below the detection limit of the technique until the end of
the assay as well as no visible spoilage was observed after
49 days (Fig. 2).

In summary, three different results have been observed re-
garding the pressure used to reduce Z. rouxii population in
concentrated grape juice. In the first one, no effect of the
treatment (300MPa) on the viability of the cells was observed,
showing a similar behavior as untreated juices. In the second
one, a significant reduction of the cultivable population was

Table 1 Thermo-resistance parameters for Z. rouxii MC8 strain in
concentrated grape juice treated with different pasteurization
temperatures according to double Weibull simplified model

Temperature (°C) α (Log CFU/g) δ1 (seconds) δ2 (seconds) R2

70 2.5 ± 0.3 5 ± 2 × 10−4 1 ± 3 × 105 0.91

75 4.0 ± 0.5 5 ± 3 × 10−5 6.0 ± 0.9 0.93

80 5.0 ± 0.3 1 ± 3 × 10−8 5.0 ± 0.7 0.94

85 7.0 ± 0.1 1 ± 1 × 10−9 NE 1.00

NE not estimated by the model
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Fig. 1 Surviving curves for
Zygosaccharomyces rouxii
submitted to different thermal
pasteurization programs.
Averages and standard deviation
of experimental data are indicated
by symbols and error bars.
Double Weibull simplified model
fitted curves are showed in solid
lines
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observed immediately after the treatment (400MPa), although
the cells were able to recover and spoil the product in a short
storage time. Finally, in the third one, in spite of a small pop-
ulation of viable cells could be counted immediately after
treatment, no positive counts were observed in the samples
after 7 days of storage. Consequently, these treatments (500
and 600MPa) produce a significant extension of microbiolog-
ical shelf life of the product.

Discussion

Thermal pasteurization of concentrated grape juice at the end
of the production process is a widely used practice in the
industry. However, no optimization of pasteurization parame-
ters has been done specifically for this substrate.

It has been shown that sugar exerts a protective action on
some microorganisms. The protective action of sugar is relat-
ed to the decrease in water activity which causes an increase in
thermo-resistance (Ball and Olson 1957; Bean 1983).
However, this study confirms that the main spoilage yeast in
concentrate grape juice, Z. rouxii, showed sensitivity to ther-
mal treatments in a substrate with high concentrations of
sugars, even in low pasteurization temperatures as 75 °C.
This study provides with useful recommendations for the

industry to extend the microbiological shelf life of concentrat-
ed grape juice regarding the employment of different pasteur-
ization programs. Nonetheless, it is also important to remem-
ber that microbiological recontaminations usually occur in the
postpasteurization stages, mainly due to defects in the sanitary
procedures during packaging and storage of the pasteurized
juices (Rojo et al. 2017).

Moreover, a known limitation of thermal pasteurization
relies on quality changes in the product, such as the destruc-
tion of vitamins, aroma and color, and the development of off-
tasting flavor (Chang et al. 2017). In this regard, reduction in
the nutritional value by pasteurization is not an important issue
in concentrated grape juice industry because it has a limited
nutritional value. Glucose and fructose constitute approxi-
mately 80–90% of the soluble solids of the musts, proteins
represent only 0.2–0.3 g/L and mineral elements are present
in very low concentrations (20–0.3 mg/100 mL) (Carreño
et al. 2001). However, due to the high concentration of
sugars, the concentrated grape juice is susceptible to
caramelization if the pasteurization temperatures are not
strictly controlled.

The increasing requirement for natural products by con-
sumers has encouraged research into nonthermal preservation
techniques. HHP processing is a novel food processing tech-
nology capable of inactivating microorganisms and some
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in concentrated grape juices
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Table 2 Number of viable cells
(Log CFU/g ± SD) of Z. rouxii
cocktail strains in concentrated
grape juice treated with different
hydrostatic pressures during
increasing holding times

Holding time (min) Pressure (MPa)

300 400 500 600

0 7.03 ± 0.07a 7.03 ± 0.07a 7.03 ± 0.07a 7.03 ± 0.07a

2 6.82 ± 0.23a 2.52 ± 0.30b 2.62 ± 0.13b 2.41 ± 0.21b

3 6.74 ± 0.08a 2.56 ± 0.17b 2.45 ± 0.51b 2.20 ± 0.28b

5 6.76 ± 0.16a 2.38 ± 0.28b 2.37 ± 0.20b 2.43 ± 0.13b

Different letter means statistical differences into the same column (LSD Fisher test, α = 0.05)

Food Bioprocess Technol



enzymes in food at room temperature, extending shelf life and
reducing the damage caused by high temperatures to heat-
sensitive components (Wang et al. 2016). The US Food and
Drug Administration have listed HHP as a nonthermal pas-
teurization method suitable for replacing thermal pasteuriza-
tion technology. During the last two decades, the effect of
HHP on various juice products has been explored; indeed,
mandarin, grapefruit, apple, orange, and carrot juices treated
by HHP are currently available in the market (Donsí et al.
2010; Wang et al. 2016).

Three different results were observed in this study regard-
ing the application of different programs (value of pressure/
time) of HHP to reduce Z. rouxii population in concentrated
grape juice, which are discussed separately. Firstly, no effect
of the treatment (300 MPa) on the viability of the Z. rouxii
cells was observed. Our results are in line with previous find-
ings by Chang et al. (2017), who found that the microbial
content (aerobic plate count, coliform and yeast/mold) in
grape juice treated with 300 MPa during 3 min was not sig-
nificantly different compared with that observed in the con-
trol. In contrast, Raso et al. (1998) studied HHP inactivation of
Zygosaccharomyces bailii vegetative cells suspended in ap-
ple, orange, pineapple, cranberry, and grape juices, and found
that after 5 min of pressurization at 300 MPa, the population
of vegetative cells decreased almost five log cycles in all of
fruit juices analyzed. Furthermore, the efficiency of a certain
program of HHP depends on the spoilage microorganism as
well as the substrate being processed, and it results evident the
importance of determining the best program for each particu-
lar case.

To understand the second set of our results, reduction of the
Z. rouxii cultivable population immediately after the treatment
(400 MPa), although product spoilage in a short storage time,
it is important to highlight that the HHP inactivates microor-
ganisms by interrupting the cellular functions responsible for
reproduction and survival (Mota et al. 2013; Wang et al.
2016). However, several living organisms are able to with-
stand such hostile conditions (Abee and Wouters 1999).
These microbial cells that survive pressurization also became
sublethally injured (Alpas et al. 2000). The study of injury
induced by HHP in microorganisms and subsequent recovery
has been reported by several research groups, and could ex-
plain the second category described in our study (Bozoglu
et al. 2004; Bull et al. 2005; Muñoz-Cuevas et al. 2011). In
our work, after HHP treatment at 400 MPa, yeasts showed
sublethally injured cells that could recover their capacity to
grow and spoil the juice under no-limiting conditions during
the storage. This behavior has been previously observed by
Argyri et al., (2014) who carried out HHP treatment in brine
and olives. The authors showed that the HHP treatment of
400 MPa for 15 min resulted in the reduction of the microbial
populations in both brines and olives below the detection limit
of the enumeration method, although a recovery of yeasts was

observed during the subsequent storage for 7 days at 20 °C. In
line with this, Pega et al. (2018) evaluated the effect of
400 MPa for 1 min on lactic acid bacteria in fermented dairy
beverage using culture-dependent and independent tech-
niques. Results showed that some of the lactic acid bacteria
population, which could not be recovered by traditional cul-
turing after HHP, gave positive results by qPCR and RT-
qPCR, suggesting that the effect of this pressure may have
not been completely lethal (Pega et al. 2018).

Regarding the third results, a significant reduction of the
Z. rouxii populations in the concentrated grape juices in HHP
treatments of 500 and 600 MPa was observed, increasing this
reduction throughout the storage period. In this case, treatment
could produce a sublethal damage severe enough to impair
cell recovery even after several days of storage. In
agreement with our study, Argyri et al. (2014) observed no
development of acid lactic bacteria and yeasts after HHP
treatments of 500 MPa for 30 min. Also, Chang et al. (2017)
found that HHP at 600 MPa, caused a significant reduction in
microbial content (aerobic plate count, coliform, and yeast/
mold counts) in white grape juice and resulted in significantly
lower counts comparedwith that of the control after 20 days of
storage at 4 °C (Chang et al. 2017). In this sense, our results
suggests that application of pressures over 500 MPa could
provide the same reduction in microbial populations as the
thermal pasteurization processing often used in the food
industry.

It is widely assumed that the magnitude of cell damage
produced by HHP treatments depends not only on the organ-
ism tolerance, but also on the intensity and duration of pres-
sure and other environmental parameters. However, in our
study, an extended holding time did not augment the inactiva-
tion of Z. rouxii by HHP regardless the applied pressure,
reaching the maximum reduction in the minor holding time
(2 min). Similarly, other studies have also shown that at mod-
erate pressure ranges, holding time did not increase consider-
ably cell death (Patterson et al. 1995; Alpas et al. 2000;
Bozoglu et al. 2004). Overall pressurizing for a longer time,
at a lower pressure range (to minimize adverse effects on food
texture and color), do not seem to provide a great advantage
for microbial inactivation (Alpas et al. 2000; Muñoz et al.
2007).

Even when additional research is needed in order to estab-
lish HHP processing as a useful tool for the concentrated grape
juice industry, HHP processing has some advantages over
thermal pasteurization. HHP is applied uniformly and instan-
taneously through food material, and can be transmitted in all
directions within the shortest period, conveying the pressure
to the central point of the food, whereas traditional thermal
processing requires a longer period to transmit heat.
Regarding energy consumption, a small amount of energy is
required to compress a solid or liquid to 500 MPa, compared
to heating to 100 °C (Pereira and Vicente 2010). HHP is solely
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based on physics, and conducts pressure instantly, can be op-
erated safely, and consumes relatively lower energy; thus, it
contributes to the protection of the ecological environment.
The main disadvantage is the equipment cost and installation.
However, because of the current availability of high-pressure
equipment, the cost of products processed using this technol-
ogy has decreased considerably in the recent years, making
more products accessible to consumers (Pereira and Vicente
2010; Wang et al. 2016).

Conclusions

In conclusion, the thermal pasteurization and HHP treatments
could be applied to reach populations below the maximum
limit accepted for fungi and yeasts count (102 CFU/g), and
to extend the microbiological shelf life of concentrated grape
juice with promising results. Pasteurization temperatures
above 75 °C can be used to reduce Z. rouxii population in this
product. Reduction of 7 logarithms can be reached after 90 s at
75 and 80 °C, and 5 s at 85 °C. High hydrostatic pressure
treatment above 500 MPa for 2 min is strongly recommended
to reduce Z. rouxii population below 7 logarithms and signif-
icantly extend the microbiological shelf life of this product.

Acknowledgements The authors would like to kindly thank to Institute
of Food Technology of INTA Castelar (ITA-INTA) for facilitating the use
of the hydrostatic high pressure equipment.

Funding Information This research was supported by the INTA
Technological Project PNAIyAV 1130033.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

References

Abee, T., & Wouters, J. A. (1999). Microbial stress response in minimal
processing. International Journal of Food Microbiology, 50, 65–91.

Alpas, H., Kalchayanand, N., Bozoglu, F., & Ray, B. (2000). Interactions
of high hydrostatic pressure, pressurization temperature and pH on
death and injury of pressure-resistant and pressure-sensitive strains
of food-borne pathogens. International Journal of Food
Microbiology, 60, 33–42.

Argyri, A. A., Panagou, E. Z., Nychas, G. J. E., & Tassou, C. C. (2014).
Nonthermal pasteurization of fermented green table olives by means
of high hydrostatic pressure processing. BioMed Research
International. https://doi.org/10.1155/2014/515623.

Balasubramaniam, V., Farkas, D., & Turek, E. (2008). Preserving foods
through high-pressure processing. Food Technology, 62, 32–38.

Ball, C. O., & Olson, F. C. W. (1957). Sterilization in food technology:
theory, practice and calculations. In C. O. Ball & F. C. W. Olson
(Eds.). New York: McGraw-Hill Book Company.

Bartlett, D. H. (2002). Pressure effects on in vivo microbial processes.
Biochimica et Biophysica Acta, Protein Structure and Molecular
Enzymology, 1595, 367–381.

Bean, P. G. (1983). Developments in heat treatment processes for shelf-
stable products. In T. A. Roberts & F. A. Skinner (Eds.), Food
microbiology: advances and prospects. New York: Academic
Press, Inc..

Bozoglu, F., Alpas, H., & Kaletunç, G. (2004). Injury recovery of
foodborne pathogens in high hydrostatic pressure treated milk dur-
ing storage. FEMS Inmunology andMedical Microbiology, 40, 243–
247.

Bruzone, A. (1998). Cadenas alimentarias: Jugo de uva concentrado.
Alimentos Argentinos, 8, 42–45.

Bull, M. K., Hayman, M. M., Stewart, C. M., Szabo, E. A., & Knabel, S.
J. (2005). Effect of prior growth temperature, type of enrichment
medium, and temperature and time of storage on recovery of
Listeria monocytogenes following high pressure processing of milk.
International Journal of Food Microbiology, 101, 53–61.

Carreño, O. P., Torija, E., & Zapata, M. A. (2001). Contribución al
conocimiento del mosto o zumos de uva comerciales.
Departamento de Nutrición y Bromatología II: Bromatología.
Facultad de Farmacia. Universidad Complutense de Madrid.
OFFARM, 20(5), 150–157.

Chang, Y.-H., Wu, S.-J., Chen, B.-Y., Huang, H.-W., & Wang, C.-Y.
(2017). Effect of high-pressure processing and thermal pasteuriza-
tion on overall quality parameters of white grape juice. Journal of
the Science of Food and Agriculture, 97, 3166–3172.

Combina, M., Daguerre, C., Massera, A., Mercado, L., Sturm, M. E.,
Ganga, A., & Martinez, C. (2008). Yeasts identification in grape
juice concentrates from Argentina. Letters in Applied
Microbiology, 46(2), 192–197.

Coroller, L., Leguerinel, I., Mettler, E., Savy, N., & Mafart, P. (2006).
General model, based on two mixed Weibull distributions of bacte-
rial resistance, for describing various shapes of inactivation curves.
Appied and Enviromental Microbiology, 72, 6493–6502.

Di Rienzo, J.A., Casanoves, F., Balzarini, M.G., Gonzalez, L., Tablada,
M., & Robledo, C. W. (2015). Grupo InfoStat, FCA, Universidad
Nacional de Córdoba, Argentina. URL http://www.infostat.com.ar.
Accessed 24 July 2018.

Donsí, G., Ferrari, G., & Maresca, P. (2010). Pasteurization of fruit juices
by means of a pulsed high pressure process. Journal of Food
Science, 75(3), 169–177.

Fleet, G. H. (2011). The yeasts- a taxonomic study. In C. Kurtzman & J.
W. Fell (Eds.), Yeast spoilage of foods and beverages (pp. 53–63).
New York: Springer.

ICMSF - International Commission on Microbiological Specifications of
Foods, (1980). Bebidas no alcohólicas, zumos de frutas naturales,
concentrados y mermeladas. In: Ecología Microbiana de los
Alimentos (pp. 652–677). Zaragoza: Acribia.

INV – National Institute of Viticulture. (2018). Anuario exportaciones
2018 Mercado Externo de productos vitivinícolas and estadísticas
varias de vinos y mostos 2018 Argentina. http://www.inv.gov.ar/
index.php/informes-anuales. Accessed 14 december 2018.

Martorell, P., Stratford, M., Steels, H., Fernandez-Espinar, M. T., &
Querol, A. (2007). Physiological characterization of spoilage strains
of Zygosaccharomyces bailii and Zygosaccharomyces rouxii isolat-
ed from high sugar environments. International Journal of Food
Microbiology, 114, 234–242.

Milani, E. A., Gardner, R. C., & Silva, F. V. M. (2015). Thermal resis-
tance of Saccharomyces yeast ascospores in beers. International
Journal of Food Microbiology, 206, 75–80.

Food Bioprocess Technol

https://doi.org/10.1155/2014/515623
http://www.infostat.com.ar
http://www.inv.gov.ar/index.php/informes-anuales
http://www.inv.gov.ar/index.php/informes-anuales


Mok, C., Song, K. T., Park, Y. S., Lim, S., Ruan, R., & Chen, P. (2006).
High hydrostatic pressure pasteurization of red wine. Journal of
Food Science, 71(8), 265–269.

Mota, M. J., Lopes, R. P., Delgadillo, I., & Saraiva, J. A. (2013).
Microorganisms under high pressure- adaptation, growth and bio-
technological potential. Research review. Biotechnology Advances,
31, 1426–1434.

Muñoz, M., Ancos, B., Sanchez-Moreno, C., & Cano, M. P. (2007).
Effects of high pressure and mild heat on endogenous microflora
and on the inactivation and sublethal injury of Escherichia coli
inoculated into fruit juices and vegetable soup. Journal of Food
Protection, 70, 1587–1593.

Muñoz-Cuevas, M., Guevara, L., Aznar, A., Martínez, A., Periago, P. M.,
& Fernandez, P. S. (2011). Variability of single cells of Listeria
monocytogenes after high hydrostatic pressure treatments. In E.
Cummins, J. M. Frias, & V. P. Valdramidis (Eds.), Seventh interna-
tional conference on predictive modelling in foods - conference
proceedings (pp. 186–189). Dublin, Ireland: UCD, DIT, Teagasc.

Oey, I., Lille, M., Van Loey, A., & Hendrickx, M. (2008). Effect of high-
pressure processing on colour, texture and flavour of fruit- and
vegetable-based food products. A review. Trends in Food Science
and Technology, 19, 320–328.

Patrignani, F., & Lanciotti, R. (2016). Applications of high and ultrahigh
pressure homogenization for food safety. Frontiers in Microbiology.
https://doi.org/10.3389/fmicb.2016.01132.

Patterson, M. F., Quinn, M., Simpson, R., & Gilmour, A. (1995).
Sensitivity of vegetative pathogens at high hydrostatic pressure
treatment in phosphate buffered saline and foods. Journal of Food
Protection, 58, 524–529.

Pega, J., Denoya, G. I., Castells, M. L., Sarquis, S., Aranibar, G. F.,
Vaudagna, S. R., & Nanni, M. (2018). Effect of high-pressure pro-
cessing on quality and microbiological properties of a fermented
beverage manufactured from sweet whey throughout refrigerated
storage. Food and Bioprocess Technology, 11(6), 1001–1010.

Pereira, R. N., & Vicente, A. A. (2010). Environmental impact of novel
thermal and non-thermal technologies in food processing. Food
Research International, 43(7), 1936–1943.

Queirós, R. P., Rainho, D., Santos, M. D., Fidalgo, L. G., Delgadillo, I., &
Saraiva, J. A. (2015). High pressure and thermal pasteurization ef-
fects on sweet cherry juice microbiological stability and physico-
chemical properties. High Pressure Research, 35(1), 69–77.

Raso, J., Calderón, M. L., Góngora, M., Barbosa-Cánovas, G. V., &
Swanson, B. G. (1998). Inactivation of Zygosaccharomyces bailii
in fruit juices by heat, high hydrostatic pressure and pulsed electric
fields. Journal of Food Science. https://doi.org/10.1111/j.1365-
2621.1998.tb15850.x.

Rojo M.C., Sturm M.E., Lerena M.C., Falconi P.L., Torres A., &
CombinaM. (2012) Cálculo de la termoresistencia de distintas cepas
de Zygosaccharomyces rouxii aisladas de jugos de uva concentrados
de Argentina. XI Congreso Latinoamericano de Microbiología e
Higiene de los Alimentos. Buenos Aires, Argentina.

Rojo,M. C., Arroyo López, F. N., Lerena, M. C., Mercado, L., Torres, A.,
& Combina, M. (2014). Effects of pH and sugar concentration in
Zygosaccharomyces rouxii growth and time for spoilage in concen-
trated grape juice at isothermal and non-isothermal conditions. Food
Microbiology, 38, 143–150.

Rojo,M. C., Arroyo Lopez, F. N., Lerena, M. C., Mercado, L., Torres, A.,
& Combina, M. (2015). Evaluation of different chemical preserva-
tives to control Zygosaccharomyces rouxii growth in high sugar
culture media. Food Control, 50, 349–355.

Rojo, M.C., Torres Palazzolo, C., Cuello, R., Gonzalez, M., Guevara, F.,
Ponsone, M.L., Mercado, L.A., Martínez, C., & M, Combina.
(2017). Incidence of osmophilic yeasts and Zygosaccharomyces
rouxii during the production of concentrate grape juices. Food
Microbiology, 64, 7–14.

Royer, C. A. (1995). Application of pressure to biochemical equilibria:
the other thermodynamic variable. Methods in Enzymology, 259,
357–377.

Silva, F. V. M., & Gibbs, P. A. (2010). Non-proteolytic Clostridium
Botulinum spores in low-acid cold-distributed foods and design of
pasteurization processes.Food Science and Technology, 21, 95–105.

Stratford, M., Steels, H., Nebe-Von-Caron, G., Novodvorska, M., Hayer,
K., & Archer, D. B. (2013). Extreme resistance to weak-acid preser-
vatives in the spoilage yeast Zygosaccharomyces bailli.
International Journal of Food Microbiology, 166, 126–134.

Wang, C. Y., Huang, H. W., Hsu, C. P., & Yang, B. B. (2016). Recent
advances in food processing using high hydrostatic pressure tech-
nology.Critical Reviews in Food Science and Nutrition, 56(4), 527–
540.

Worobo, R. W., & Splittstoesser, D. F. (2005). Microbiology of fruit
products. In D. M. Barret, L. Somogyi, & H. Ramaswamy (Eds.),
Processing fruit (2nd ed., pp. 161–284). Boca Raton: CRC Press,
Taylor and Francis Group.

Food Bioprocess Technol

https://doi.org/10.3389/fmicb.2016.01132
https://doi.org/10.1111/j.1365-2621.1998.tb15850.x
https://doi.org/10.1111/j.1365-2621.1998.tb15850.x

	Reduction...
	Abstract
	Introduction
	Materials and Methods
	Yeast Strains
	Inoculum Preparation and Sample Inoculation
	Thermal Pasteurization
	Cold Pasteurization by High Hydrostatic Pressure (HHP) Processing
	Statistical Analysis

	Results
	Discussion
	Conclusions
	References


