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This study evaluated high pressure processing (P1 - 400 MPa/5 min; P2 - 550 MPa/2 min) and thermal 
pasteurization (TP - 70°C/30 s) effects on sweet cherry juice's microbiological and physicochemical 
parameters, during four weeks of refrigerated storage. All treatments reduced the microbiological load to 
undetectable levels not affecting total soluble solids and titratable acidity. The pH increased with all 
treatments, however, it decreased during storage. Phenols were differently affected: TP increased them by 
6%, P1 had no effect while P2 decreased them by 11%. During storage, phenols in control and TP samples 
decreased by 26% and 20%, P1 samples decreased them by 11% whereas P2 showed no variation. TP 
had no effect on anthocyanins, while pressure treatments increased them by 8%. Anthocyanins decreased 
during storage, particularly in the control and P1 (decreasing 41%). All treatments had no effect on 
antioxidant activity until the 14th day, thereafter high pressure processing samples showed the highest 
antioxidant activity. 
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Introduction 
Nowadays consumers have a major awareness of the necessity for and importance of healthy food, which 
leads to a rise in the consumption of fresh fruit and fruit products. Sweet cherry (Prunus avium L.) is a fruit 
belonging to the genus Prunus in the Rosaceae family, native to Europe, being very attractive and 
distinguished by several characteristics, such as sweetness, colour, sourness and firmness. It is rich in 
nutrients and bioactive compounds, having relatively low caloric content while containing substantial 
amounts of anthocyanins, polyphenols and high antioxidant activity. The sweet cherry composition has 
been extensively studied due to its impact on human health, since it is claimed to have several potential 
health benefits in relation to cancer, diabetes, inflammatory and cardiovascular diseases. Since sweet 
cherry is a relatively seasonal and perishable fruit, is not always available to the consumer as a fresh fruit, 
but it can be processed into juice, meeting the consumer demand for drinks with potential health benefits.  

To prevent fruit juices from spoiling and assure their microbial safety, they are frequently submitted to 
thermal pasteurization (TP), which usually results in the loss of important com- pounds during the 
processing treatment and subsequent storage. Many reactions such as anthocyanins degradation, Maillard 
reactions and ascorbic acid oxidation occur during thermal processing, which has negative effects on 
organoleptic and nutritional attributes.  

As alternative methods, nonthermal technologies are emerging, with special emphasis to high pressure 
processing (HPP). Although there are several new applications for HPP, such as biotechnological 
processes lato sensu and a novel possible food preservation process by microbial growth inhibition under 
moderate pressures with no temperature control, as a quasi- energy costless alternative to refrigeration, 
the main industrial application is still food cold pasteurization, which is an increasingly growing process due 
to the quality displayed by the processed products.  

HPP uses water as a pressure-transmitting medium to instantaneously transmit isostatic 
pressure to foods, usually in the 400-600 MPa range at cold, room or mild temperatures (« 60°C), 
independent of size, shape and food composition. HPP inactivates pathogens and vegetative spoilage 
microorganisms, but it has limited impacts on covalent bond molecules. Thus, it does not significantly affect 
general physicochemical properties, colour, flavour and health-promoting bioactive compounds, being 
suitable to produce nutritious and fresh-like fruit juices.  

The effect of HPP cold pasteurization has been widely applied in fruit products such as juices and 
purées. However, as far as the authors are aware, there are no studies on the HPP and TP effects on sweet 
cherry juice. Thus, this work was intended to evaluate HPP (400 MPa/ 5 min; 550 MPa/2 min) and TP 
(70°C/30 s) effects on sweet cherry juice microbiological stabil- ity (total aerobic mesophilic (TAM) and 
yeasts and moulds (YM)), physicochemical parameters (pH, titratable acidity (TA) and total soluble solids), 
bioactive compounds (total phenols, total anthocyanins) and antioxidant activity after processing and during 
four weeks of refrigerated storage, which is a common shelflife time for HPP juices.  
 
 
 



Materials and methods 
Chemicals 
Folin-Ciocalteu reagent, gallic acid, sodium carbonate, ethanol and 2,2-diphenyl-1-picril-hidrazil (DPPH) 
were purchased from Sigma-Aldrich (Seelze, Germany). Sodium hydroxide (> 98% purity) was obtained 
from Fluka (St. Louis, MO). Hydrochloric acid was obtained from Riedel-de Haen (Seelze, Germany). Plate 
count agar (PCA) and rose bengal chloramphenicol agar (RBCA) were purchased from Merck (Darmstadt, 
Germany). 
 
Sweet cherry juice preparation 
Fresh sweet cherries (Prunus avium L.) grown in Cova da Beira, Portugal, were purchased at commercial 
maturity from a local supermarket and kept at 4°C for one day in the laboratory until use. The fruits were 
washed in running water and manually ginned, then the pieces were crushed at 4°C with a blender (Braun 
MR 6500/500, Kronberg, Germany), producing the juice. After filtration with a four-layer cheese cloth, the 
cleared juice was placed in low permeability polyamide-polyethylene bags (PA/PE-90, Albipack - 
Packaging Solutions, Águeda, Portugal) and manually heat sealed with caution to minimize the amount of 
air left inside and immediately processed. The packaging film was previously sterilized by irradiation with 
UV light for 15 min (BioSafety Cabinet Telstar Bio II Advance, Terrassa, Spain). The raw sweet cherry juice 
control samples (unprocessed) were also treated the same way. 
 
Thermal pasteurization 
Usual industrial TP conditions for premium juices are 71.1°C for 30s, 90°C/2 s or 84°C/20 s and the 
condition 70°C for 30 s was used in this work. TP was carried out by submersing the packed samples in a 
thermostatic bath (Selecta Frigiterm 6000382, Barcelona, Spain) at 70°C. The required time to reach the 
desired temperature (70 s) was previously estimated using a K type thermal couple connected to a digital 
thermometer. As soon as the desired temperature was reached, the samples were held in the water bath 
for 30 s and afterwards quickly cooled in ice. 
 
High pressure treatments 
High pressure treatments were carried out using a hydrostatic press (High pressure system U33, Institute 
of High Pressure Physics, Warsaw, Poland). This equipment has a pressure vessel of 35 mm inner 
diameter and 100 mm height surrounded by an external jacket and equipped with a thermocouple, 
connected to a thermostatic bath (Huber Compatible Control CC1, New Jersey, USA) to control the 
temperature. A mixture of propylene glycol and water (40:60) was used as a pressurizing fluid and to control 
the temperature in the external jacket. Pressures ranging from 350 to 500 MPa with holding times between 
1 and 5 min are sufficient to inactivate microorganisms in acidic juices, and 400 MPa for about 5 min 
significantly reduce microbial loads, although 500-600 Mpa with 1-2 min holding time are the usual industrial 
conditions for this type of juices. Taking this into consideration, two distinctive conditions were chosen: 400 
MPa and 5 min holding time (P1) as a mild condition and 550 MPa and 2 min holding time (P2) as an 
industrial condition representative both at 10°C. The compression rate was approximately 6.0 MPa/s and 
the decompression rate was 18.0 MPa/s. All raw and processed samples were stored at 4°C, to study the 
juice parameters evolution with time. 
 
Microbiological analyses 
Microbiological analyses were performed immediately after treatments (day 0) and after7, 14, 21 and 28 
days of storage at 4°C. To carry out the analyses, 1.0 mL of each sample was aseptically obtained and 
homogenized with 9.0 mL of Ringer's solution. Then, decimal dilutions were made and triplicates of dilutions 
plated on the proper media, according to the following procedures: TAM were enumerated in PCA, after 
incubation at 30 ± 1°C for72 ± 3 h(ISO 4833:2003); YM were counted on RBCA after incubation at 25 ± 
1°C for 5 days (ISO 7954:1987). The results were expressed as logarithmic of colony-forming units (CFU) 
persweet cherry juice's mL (Log10 CFU/mL). 
 
Standard chemical analyses 
The samples were collected after 0, 7, 14, 21 and 28 days of storage at 4°C, frozen and kept at -80°C until 
the analyses were made. The samples pH value was measured at 25°C with a properly calibrated glass 
electrode (pH electrode 50 14, Crison Instruments, S. A., Barcelona, Spain) based on the Association of 
Official Agricultural Chemists (AOAC) Official Method 981.12. TA was determined by titrating 10 mL of 
diluted sweet cherry juice (5 mL of sweet cherry juice and 5 mL of distilled water) to pH = 8.1 with a 
standardized 0.1 M sodium hydroxide solution, using an automatic titrator (Titromatic 1S, Crison 
Instruments, S. A., Barcelona, Spain), based on the AOAC Official Method 962.12 and the results 



expressed in mg malic acid/mL of sweet cherry juice. The total soluble solids (TSS) content was determined 
by measuring °Brix (Hand- held Refractometer Atago, ATC-1E, Tokyo, Japan) at 20°C, based on the AOAC 
Official Method 932.12. 
 
Total phenolic content 
The total phenolic content was measured using the Folin-Ciocalteu colorimetric method.  
The samples were diluted with distilled water (1:10) and 125 gL added to 125 gL of the Folin-Ciocalteu 
solution and 500 gL of distilled water, then the solution was allowed to stand in the dark for 6 min. 
Afterwards, 1.25 mL of 7% sodium carbonate solution was added and the solution mixed again. After 60 
min at room temperature, the solution absorbance was read at 720 nm using a UV-VIS spectrophotometer 
(Microplate Spectrophotometer Multiskan Go, Thermo Scientific, USA). The total phenolic content was 
calculated, using a previously determined calibration curve, with gallic acid as the standard, and expressed 
as mg gallic acid (GAE)/mL of sweet cherry juice. 
 
Total anthocyanin content 
Total anthocyanin content was evaluated as described elsewhere with few modifications. One millilitre of 
sweet cherry juice was diluted to 10 mL using a 10.15:39.85 (v/v) mixture of 95% ethanol and 37% 
hydrochloric acid. Absorbance was measured at 720 nm using the spectrophotometer described above and 
cyanidin-3-glucoside (CG) was used as the standard. The total anthocyanin content in milligram 
equivalents of cyanidin-3-glucoside (CGE) per litre was calculated using the Beer-Lambert law, using the 
molar absorptivity coefficient of 60.45 mL-/mg-cm. 
 
Antioxidant activity determination 
The antioxidant activity was determined according to the modified method of Kelebek, Canbas using DPPH 
as a free radical. A set of five different solutions was obtained by diluting the samples (2.5%, 5%, 10%, 
20% and 50%) in distilled water (v/v). A 75 gL aliquot of the diluted sweet cherry juice solution was added 
to 2.93 mL of a 60 gM DPPH solution in methanol, and left to react during 45 min in the dark at room 
temperature, then the absorbance at 515 nm was recorded to determine the remaining DPPH 
concentration. The DPPH remaining percentage for the five dilutions was plotted versus the ratio mg 
DPPH/mL sweet cherry juice. The half maximal effective concentration (EC50) parameter was then 
graphically calculated. 
 
Statistical analyses 
Statistical data analysis was carried out using analysis of variance (ANOVA) and Tukey's honestly 
significant difference test to determine the difference between the means with a 5% level of significance. 
 
Results and discussion 
Microbiological stability 
TAM and YM loads were assessed as general spoilage/quality indicators. Unprocessed raw juice showed 
an initial load of 3.50 ± 0.04 and 4.70 ± 0.02 Log10 CFU/mL for TAM and 
YM, respectively. After 14 storage days, both counts were already very high, the TAM con- 
centration being 4.51 ± 0.20 Log10 CFU/mL and the YM counts being 6.17 ± 0.20 Log10 CFU/mL. These 
results reveal that at this point, the unprocessed juice presents unacceptable microbial conditions for 
consumption. After 28 storage days at 4°C, these values 
increased to 5.82 ± 0.16 and 7.22 ± 0.24 Log10 CFU/mL, respectively. The YM higher levels are due to 
these microorganisms' higher tolerance to acid environments than TAM, being the major responsible for 
fruit juices spoilage. TP is known to successfully pro- duce microbiological safe products and both HPP 
conditions (P1 and P2) considerably reduced the initial microbiological load. TAM and YM loads decreased 
to undetectable levels (< 1 Log10 CFU/mL), both after processing and during the storage time tested for all 
the processed samples. This confirms the data in the literature that reports that several HPP conditions in 
the range of those studied in the present study effectively reduce microbial load in acidic fruit juices, 
including red fruit (pomegranate and straw- berry) juices where HPP proved to be extremely efficient in 
inactivating microorganisms. 
 
pH, TA and total soluble solids 
The initial pH value of raw sweet cherry juice was 3.68 ± 0.01 (Table 1), which is in agreement with the 
literature data, and this value remained fairly stable during the evaluated storage period. However, all 
treatments had an impact on the samples pH value, since P1, P2 and TP 
increased the pH to 3.83 ± 0.04, 3.77 ± 0.03 and 3.74 ± 0.05, respectively. Although differing in relation to 



most studies where there is no pH variation, this increase in the pH value is 
 

 
not new and has already been verified in other vegetable products, both after TP and pressure processing. 
A constant pH decline in the subsequent storage for all processed samples was observed until reaching 
approximately the initial pH value, and at the end of this period, the pH values of all samples were similar 
to the raw sweet cherry juice. This decline during storage may result from a probable gradual organic acids 
leakage from the vegetable cell organelles to the juice matrix as previously suggested.  

The initial TSS was 16.5 ± 0.4 °Brix (Table 1), similar to the values reported by Ballistreri et al. All 
treatments (P1, P2 and TP) did not affect significantly (p > .05) TSS, which is in accordance with the data 
in the literature for other types of red fruit juices and juices in general. During storage, there were slight 
fluctuations among the processed samples, while 
the raw juice presented a decline, reaching a final value of 15.2 ± 0.1 °Brix. The same was verified in HPP 
pomegranate juice.  

The TA results (Table 1) are consistent with the above stated for pH, although there were no significant 
(p > .05) variations among the processed samples during storage, the average values suggest a trend, 
being verified by a rise in the organic acids concentration, which may be responsible for the increased 
acidity. 
 
Bioactive compounds 
The initial total phenolic content in the raw juice was 1.42 ± 0.13 mg GAE/mL (Table 2), which is in the 
range of previously reported data. The different treatments caused different effects on these compounds 
concentration: TP increased them to 1.51 ± 0.15, P1 did not significantly (p > .05) affect the initial value 
and P2 decreased them to 1.26 ± 0.19 (all values are mg GAE/mL). During the 28 days of storage, the raw 
juice had a decline in the total phenolic content that was more accentuated at the 7th and 14th days, 
reaching a total decrease of about 26% in the end of the evaluated period. The same tendency was verified 
in the TP samples which showed a 20% decrease. A similar behaviour was already reported in TP 
pomegranate juice. P1 samples maintained the initial total phenol content until the 14th day and decreasing 
afterwards, 



 
 
reaching a decrement of 11% at day 28. Other authors also verified this decrease in other HPP red fruit 
juices, namely in strawberry and pomegranate juices. The observed decrease trend can be the result of 
enzyme activity, mainly polyphenol oxidase and peroxidase that usually are not inactivated by HPP, and/or 
due to the phenolic compounds oxidation. P2 samples seemed to be fairly stable during storage maintaining 
the same total phenolic content, however minor variations were observed. Although presenting different 
behaviours during the storage period, the final total phenolic content (day 28) was similar in all pasteurized 
samples, tending to be higher (about 20%) in the HPP samples compared with the raw juice. 

The sweet cherry raw juice had an initial total anthocyanin content of 9.37 ± 0.59 mg CGE/L (Table 2), 
which is in agreement with values reported in the literature. TP had no significant (p > .05) effect on the 
initial value, while both HPP treatments significantly (p < .05) 
increased the content of these compounds to 10.13 ± 0.28 (P1) and 10.21 ± 0.03 mg CGE/L (P2). These 
compounds are described as being stable during HPP and there are some studies in which pressure 
treatments even increased the extractability of coloured pigments in food components. All the samples 
presented a steady decline during storage, where the raw juice showed the major decrease reaching 5.47 
± 0.14 mg CGE/L (a 42% decrease), and P1 the smallest decrease with a final content of 7.89 ± 0.01 mg 
CGE/L (a 22% decrease) at the end of the studied period. This decrease was expected, as similar 
behaviours were verified in other red fruit juices, both with HPP and TP. The observed decline may be 
justified by condensation between anthocyanins, and/or due to residual activity of several enzymes such 
as p - glucosidase, polyphenol oxidase and peroxidase which have been associated with anthocyanins 
degradation.  
 
Antioxidant activity 
The obtained EC50 is inversely correlated to the sample's antioxidant capacity, since it expresses the 
antioxidant quantity needed to decrease the radical concentration by 50%, so the lower the EC50 value, 
the greater is the sample antioxidant activity. All the treatments did not significantly (p > .05) affect the 
sweet cherry juice antioxidant activity, which remained stable until the 14th day (Figure 1). This is in 
accordance with the data available in the literature for other fruit and vegetable products. At the 21st day, 
raw and TP samples increased their EC50 value (up to 20%), remaining above the other samples EC50 
value until the end of storage, indicating that these samples had the lowest antioxidant activity during this 
period. This increase was also 



 

Figure 1. Raw and processed sweet cherry juice antioxidant activity after processing and during storage. Different letters (a, b) indicate significant differences 
(p < .05) for the same treatment at different storage times. Different letters (A, B) indicate significant differences (p < .05) between treatments at the same storage 

time. 
 
verified in the other samples, but with no statistical differences between them (p > .05). For the two last 
sampling days (21 and 28), HPP samples showed tendentiously the lowest EC50, demonstrating that these 
samples had the highest antioxidant activity at the final stage of storage. This may be justified by the 
reported HPP capability to preserve ascorbic acid, which presents a relative substantial antioxidant 
capacity contribution to the total antioxidant capacity, and is degraded by TP.  
 
Conclusion 
In conclusion, all the tested treatments studied in this work (TP for 30 s at 70°C and pressure processing 
at 400 MPa and 550 MPa for 5 and 2 min, respectively) reduced the initial micro- biological load to levels 
below the method detection limit ( < 1 Log10 CFU/mL), which were maintained throughout storage, whereas 
the raw juice spoiled rapidly. These results demonstrate the HPP efficiency producing microbiological safe 
juices. Both HPP and TP caused minimal changes in the raw juice physicochemical quality parameters and 
bioactive compounds. Although all treatments produced similar results in most parameters, HPP samples 
exhibited the highest antioxidant activity at the final stage of storage. Further studies should focus on 
studying longer storage periods and other quality parameters. 
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