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ABSTRACT
Because of their exceptional qualities and high nutritional content, fruit and vegetable juices are an indispensable

component of a healthy diet. The juices must first go through the process of pasteurization, which is the fundamental

step in ensuring their quality, safety, and longevity. Although heat pasteurization is the most frequent approach for

rendering bacteria inactive, it results in a number of unwanted side effects that contribute to a decline in the juice's

overall quality. As a result, a number of non-thermal techniques of pasteurization have been devised, each of which

assures the juice's safety while causing very minimal modifications to the juice's qualities. Yet, the high cost of

installation and operation presented by these systems is the primary barrier that prevents their widespread use in

industrial settings. Methods of non-thermal pasteurization, such as membrane filtration, pulsed electric field,

ultraviolet, and sonication treatments, are discussed in this article. Other non-thermal pasteurization techniques are

also discussed.

Keywords: Fruit juice; Pasteurization; Membrane filtration; Ultraviolet exposure; Pulsed electric field; Sonication
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INTRODUCTION
Fruit juices are the most popular drinks and make up a big part 
of the food industry's market. This is because they have a unique 
mix of physical and chemical properties that make them natural 
and healthy [1]. These low-calorie foods, which are packed with 
nutrients and bioactive substances like proteins, carbohydrates, 
polyphenols, enzymes, minerals, fibers, and antioxidants, 
vitamins, can fit into today's hectic lifestyle [2]. Most acidic fruits 
are perishable because their high water activity promotes 
microbial and metabolic activities that ruin them. In addition to 
sanitary procedures, several treatments are applied during 
processing and/or storage to prevent the growth of undesirable 

bacteria. Fruit juices come in a wide range and are a vital source 
of complex nutrients for good health. Both foodborne pathogens 
and microorganisms that cause spoilage can grow well in the 
presence of these nutrients. Salmonella, Cryptosporidium, Listeria 
monocytogenes, and Escherichia coli are all relevant pathogens for 
procedures intended to regulate the efficacy of disinfection 
treatments, depending on the type of juice [3]. Thermal 
pasteurization and the natural acidity of fruit juices are used in 
treatment methods. The final product's overall quality might be 
impacted by unfavorable biochemical and nutritional changes 
brought on by the heat application. To maximize bacterial 
inactivation and minimize nutrient loss during thermal 
pasteurization, there have been several attempts to alter 
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pasteurization aims to kill pathogens and significantly lower the 
amount of spoiling microorganisms [27]. Conventional thermal 
pasteurization may be categorized into High-Temperature/Short-
Time (HTST) and Low Temperature/Long-Time (LTLT) 
procedures. Whereas fruit juices are subjected to HTST 
pasteurization, which is done at temperatures of about 72°C with 
holding periods of 15 s and higher, LTLT pasteurization entails 
heating a meal at around 63°C for no less than 30 min. Both 
procedures may damage the taste, color, flavor, and nutritional 
content of meals [28].

Table 1 provides an overview of current research on the impact 
of heat pasteurization on the microbiological inactivation of fruit 
juices. Several fruit liquids were subjected to HTST 
pasteurization at temperatures ranging from 72°C to 108°C, with 
treatments lasting always one minute or less. Higher 
temperatures were more effective in preventing bacterial 
development, but they also caused a greater drop in the amount 
of phenolic chemicals in the juice. Other elements, such as the 
product complexity and microorganisms, may also have an 
impact on the effectiveness of HTST therapy. In less complicated 
single juices, HTST pasteurization performs much better than on 
more intricate/viscous juice products. For instance, a 15-second 
HTST treatment at 72°C led to a 6.0 log reduction in the 
number of native microorganisms in apple juice [29]; but only a 
3.5 log reduction in fruit smoothies. As compared to the 
product's mixed natural populations of microorganisms, single 
species of microorganisms were more sensitive to heat treatment. 
For instance, a 15-second HTST treatment at 72°C resulted in a 
6.3 log decrease in Escherichia coli K12 in fruit smoothies [30], 
but only a 3.5 log reduction in native microorganisms. 
Technology advancements made it possible to optimize heat 
processing for greatest effectiveness against microbiological 
contaminants and the least amount of food quality degradation 
[31]. Other technologies that aren't thermal, however, provide us 
with additional options.

Type of juice Conditions Microbial inactivation (log   )10 References

Longan 100°C, 1 min 7.0 [32]

Apple 72°C, 26 s 6.0 [29]

Apple 94°C, 26 s 6.7 [33]

Orange 90°C, 1 min 2.5 [34]

Strawberry 90°C, 30 s N/A [35]

90°C, 60 s N/A

Apple/cranberry 72°C, 26 s N/A [36]

Tomato 98°C, 40 s N/A [37]

108°C, 40 s N/A

128°C, 40 s N/A

Amine B, et al.

parameters, including processing time and temperature [3-5]. As 
a result of the variants' unsuccessful validation, the majority of 
these methods cannot be applied in the workplace [6].

In order to pasteurize food, a number of non-thermal techniques 
have been developed, including Ultra Violet (UV) exposure [7-9], 
high-voltage Pulsed Electric Fields (PEF) [10-12], membrane 
filtration[13,14], high hydrostatic pressure [15,16], and 
sonication[17-19]. These technologies have the benefit of 
preserving food's "fresh-like" qualities while also saving time and 
energy. The processing of fruit juices, particularly apple juice, has 
made extensive use of membrane filtration techniques [20]. PEF, 
which has already been used in an industrial setting, is among 
the most innovative non-thermal technologies [21]. When 
treating liquid food, it can inactivate microorganisms [22] and 
enzymes [23] with a relatively small temperature increase, 
resulting in a minimal loss of nutrients and minor quality 
changes. Another non-thermal pasteurization method that is 
frequently used in food preservation is UV exposure. The DNA 
of microorganisms can absorb short-wave UV light, which 
prevents cells from replicating [24].

LITERATURE REVIEW

This article reviews both thermal and non-thermal pasteurization 
methods for microbial inactivation, including PEF, membrane 
filtration, UV exposure, and sonication.

Pasteurisation technique in fruit juice preservation

Thermal pasteurization: The most popular method for 
pasteurizing fruit juice is thermal processing. The most resilient 
microorganisms of public health concern are reduced by five logs 
during the pasteurization of juice [25]. This approach depends 
on the heat that is created outside a meal and then transported 
into the food via conduction and convection processes [26]. 
By  an  appropriate  time/temperature  combination,  thermal    
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Fruit smoothie 72°C, 15 s 3.5 [22]

72°C, 15 s E. coli 6.3

Note: N/A, not reported.

harmful microorganisms such as E. coli O157: H7 [43], PEF 
could be considered an appropriate treatment strategy for fruit 
juice preservation. The mechanism of membrane structural or 
functional damage in microorganism inactivation by high-
voltage PEF is similar [31]. When PEF is applied, the buildup of 
molecules with opposing charges surrounding the membrane 
may raise the transmembrane potential of cells. The cell 
membrane becomes thinner when the transmembrane potential 
is surpassed, leading to reversible or irreversible electroporation 
[44].

Electric field intensity, treatment duration, temperature, and 
product composition are just a few of the variables that might 
determine how effective PEF therapy is at inactivating 
microorganisms.

Electric field strength and microbial inactivation effectiveness 
were shown to be significantly correlated [45-47]. With 
increasing temperature, Escherichia coli inactivation in apple juice 
rose from 2 to 3.3 log. The range of the electric field from 16 kV 
to 20 kV at 35°C [23]. Higher electric field application, 
nevertheless, may potentially have negative impacts on food 
quality [48].

Microbial inactivation is influenced by treatment duration as 
well. As the number of pulses delivered and the pulse width 
determine the treatment duration, increasing the number of 
pulses lengthens the treatment period and enhances microbial 
inactivation. Also, it was hypothesized that the first 10-20 pulses 
were when the therapy was most effective [47].

Inactivation of microorganisms and phenolic degradation are 
both significantly influenced by treatment temperature. PEF 
application at a cool temperature has been recommended as a 
way to increase the preservation method's potency. When the 
inlet temperature increases from 10°C to 50°C, microorganism 
inactivation rates will rise [45]. The phenolics in apple juice, 
however, may be thermally degraded at higher temperatures. 
PEF works better on juices with straightforward compositions 
than on more intricate multi-juice products. For instance, 
adding more and more carrot juice to orange juice decreased the 
PEF's ability to kill E. coli, which was likely due to the 
multicomponent product's more complex matrix [49]. Because 
of their different cell structures, it was considered that Gram-
positive bacteria were usually more resistant to PEF than Gram-
negative bacteria [50]. For instance, a tropical fruit smoothie 
with PEF treatment at 34 kV/cm for 150 s resulted in a 5.4-log 
reduction of E. coli [30]. However, despite orange juice being a 
less viscous and complex food system, Staphylococcus aureus still 
needed to be treated with PEF under harsher circumstances (40 
kV cm1 for 150 s) to be reduced by 5.5 logs [51].

Amine B, et al.
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Table 1: Effect of thermal pasteurization on microbial inactivation of fruit juice.

Non-thermal pasteurization technologies: For the last 30 years, 
non-thermal technologies have undergone extensive research 
[32].

Membrane filtration: The two most common membrane 
filtration methods for processing fruit juice are Ultra Filtration 
(UF) and Micro Filtration (MF). They have been used on a 
commercial scale to clarify fruit liquids. Essentially, the 
membranes enable tiny molecules like vitamins, salts, 
carbohydrates, and water to pass through them while retaining 
big molecules like microorganisms, proteins, lipids, and colloids 
(UF only). As a result, "cold pasteurized" goods (>5 log decrease 
or eradication of microorganisms) may be created using this 
procedure with superior flavors than products that have 
undergone heat treatment [38, 39].

"Treat and trans" is a term used to describe trans people, 
depending on the circumstances. The findings showed that 
while pH, soluble solids and acid content did not change, the 
smaller pore membrane treatment reduced their variability. Both 
membranes showed relative color changes, although the bigger 
pore membrane treatment was easier to see [40].

Techniques for membrane filtration offer numerous benefits 
over heat processing. They meet the customer's desire for 
wholesome, natural foods with a long shelf life and no 
preservatives [39]. Comparing membrane filtering to traditional 
heat processing, energy savings are also significant. Moreover, it 
protects the environment by reducing trash production [41]. 
These benefits have led to the widespread usage of membrane 
filtering systems in the production of fruit juice. Membrane 
fouling (rapid decrease of permeate flow) and cleaning are the 
primary drawbacks of membrane filtration systems, which 
ultimately result in high expenses for membrane replacement 
and make the filtration system relatively costly in terms of 
operating costs and maintenance [42].

Pulsed electric field: PEF pasteurization is a method based on 
the transmission of millisecond-long pulses of high electric field 
strength (5-55 kV cm1) to food [31]. It may be used to produce 
safe, shelf-stable goods like fruit juice that have great nutritional 
contents and "fresh-like" qualities. It has been shown that PEF, 
with substantially less phenolic degradation, may achieve an 
equal level of microbial inactivation effectiveness as heat 
pasteurization. Table 2 provides examples of how PEF 
pasteurization affects the microbial inactivation of fruit juice.

PEF is a method of continuous processing used to inactivate 
vegetative organisms like E. coli and yeast. For the inactivation of 
bacterial spores, it is ineffective enough, albeit [31]. Although 
studies on outbreaks have linked fruit juices  to  the  presence  of 
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Type of juice Conditions Microbial inactivation (log10) References

Longan 32 kV cm-1,90s 2 [32]

Orange 35 kV cm-1, 1000 µs 25 [34]

Strawberry 35 kV cm-1, 1700 µs N/A [35]

Apple 40 kV cm-1, 100 µs 5.4 [29]

Apple 35 kV cm-1, 4800 µs L. brevis 6.3 [52]

Apple 35 kV cm-1,4800 µs S. cerevisiae 4.2 [52]

Water melon 35 kV cm-1,50 µs N/A [53]

Fruit smoothie 34 kV cm-1, 150 µs E.coli 5.4 [54]

Orange juice 40 kV cm-1, 150 µs S. aureus 5.5 [22]

Note: N/A, not reported.

variables might affect these parameters: (1) the properties of the 
liquid food, such as turbidity, particle size, viscosity, total soluble 
solids, suspended particles, and-in certain cases-pH.

These characteristics are crucial in determining how much UV-
C light will be absorbed.
Liquid foods differ from water in a variety of optical, physical, 
and chemical characteristics [61]; in contrast, factor (2) pertains 
to the UV-C reactor was used to make the juice sensitive to light, 
which will ultimately affect UV-C light transmittance, 
momentum transfer, dose delivery, and-therefore-microbial 
inactivation [62]. In turn, these elements will affect how much 
photo-oxidation occurs in the treated juice. In order to produce 
effective UV-C pasteurization, it is important to know how UV-
C affects the relationship between the absorption coefficient of 
liquid food, particle interference, and soluble and suspended 
solids.

Guerrero-Beltrén, et al. [63], and Koutchma, et al. [64], where it 
was discovered that the absorption coefficient and the efficiency 
of UV-C inactivation are strongly influenced by the product 
composition, solid contents, color, and overall chemistry of the 
food product. Different fruit juices with various levels of 
turbidity, total soluble solids, pH, and viscosity make a big 
difference in how to successfully treat them with UV-C light. In 
addition to reducing the UV-C dose through light scattering, 
suspended solids may also act as a site for bacterial aggregation 
on particle surfaces [64]. Therefore, it is important to consider 
the variations and combinations of the juice's physical 
characteristics, such as turbidity and particle size. Juice 
composition has a significant impact on its absorption 
coefficient. Shah, et al. [65], found in her study that juice's 
absorption coefficient is related to its turbidity and total soluble 
solids, which also have an impact on the juice's particle size 
distribution. Unless they have high porosity, the soluble and 
suspended solids in the juice are small enough to absorb a lot of 
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Table 2: Examples of fruit juice microbial elimination using PEF pasteurization.

Ultraviolet exposure: Broadly acting as an antimicrobial, UV-C 
light effectively renders viruses, vegetative bacteria, bacterial 
spores, conidia, yeasts, and parasites inactive. Many studies have 
shown the capability of UV-C light to destroy bacteria, viruses, 
and molds. Some of these studies are included in Table 3.

UV-C radiation's effects on microorganisms, however, varies 
depending on the species, medium, strain, density, and even the 
size of the organisms. Additionally, UV-C radiation's ability to 
prevent bacteria from replicating is due to the dimerization of 
their thymine bases in DNA strands [55], which is only possible 
when UV-C radiation can pass through liquid food. Fruit juices 
absorb 90% of UV-C light within a millimeter of the surface 
[56]. Researchers have also noted that different UV-C light 
source-to-product distances, power levels, process times, and 
product thickness were used to achieve different levels of 
pathogen inactivation, which had a variety of effects on the juice 
quality. Highly reactive hydroxyl radicals are produced as a result 
of UV-C light acting as an oxidizing agent [57]. Temperature has 
a positive impact on this radical production and the cellular 
components' subsequent response [58]. The four constituent 
bases of DNA (Deoxyribonucleic Acid) are adenine, guanine, 
pyrimidines, and purines (thymine and cytosine). A double-
stranded helix connects them all. The pyrimidine bases' ability 
to absorb UV-C radiation allows for a special photochemical 
reaction that results in the dimerization of nearby pyrimidines 
(formation of a chemical bond between the pyrimidines). 
Thymines are the most common nucleotide to dimerize, but 
cytosine dimers and thymine-cytosine heterodimers can also 
form. When the cell goes through mitosis, this structural error 
in the DNA prevents it from replicating [59]. The capsid 
proteins can be impacted by UV-C light at higher doses (>1000 
mJ/cm2). It is believed that nucleic acids and the size/type of 
the virion work together to affect how sensitive or resistant 
viruses are to UV-C [60]. The unique fruit juice's absorption 
coefficient and travel length  determine  UV-C fluency.  Two  key 
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juice's increased flowability or viscosity will subsequently 
enhance its rate of flow within the UV-C reactor. Increased flow 
rates led to more effective mixing and irradiation of the juice. 
Juice turbidity is negatively correlated with UV-C inactivation 
efficiency, hence lowering it will increase inactivation rate.

Juices Microflora UV-C Dosage Log Reduction References

Mango nectar Aerobic plate count 45 J cm-2 2.7 [63]

Pineapple juice Aerobic plate count 10.76 mJ cm-2 1.9 [66]

Yeast and mold 10.76 mJ cm-2 1.4

S. Typhinrurium 0.000154 L s-1 3 [67]

Aerobic plate count 1607 J L-1 <1-0 [33]

Yeast and mold 1607 J L-1 <1-0

Pummela (Citrus grandis L. 
Osbeck) Juice

S. Typhinrurium 15.45-27.63 mJ cm-2 5.23-9.10 [65]

Starfruit juice Aerobic plate count NA Total inactivation [68]

Lemon -melon juice mix E. coli K12 0.44-2.86 mJ cm-2 0.06-6 log [69]

Apple cider E. coli 0157:H7 4.45, 6.67, 13-34 mJ cm-2 2.85-4.76 [70]

Aerobic plate count 14 mJ cm-2 1.8 [71]

Yeast and mold 14 mJ cm-2 1.4

E. coli 0157:H7 8.77-35.11 mJ cm-2 ˃5.0 [72]

E. coli K12 19.4 mJ cm-2 <2.0 [73]

Apple juice L.innocua 2.7 J cm-2 4.8-5.8 [36]

E.coli 7.7 KJ L-1 6 [74]

S. cerevisiae 9.6 KJ L-1 4

L.plantarium 3.9 KJ L-1 ˃5.0 (total inactivation)

A.acidoterrestries 9.6 KJ L-1 4

E.coli K12 24.9 mJ cm-2 ˃5.0 [73]

Apple and cranberry juice P.fermentans 5.3 J cm-2 <2.0 [75]

E.coli 5.3 J cm-2 6

Grape juice S.cerevisisae 138 mJ cm-2, 9 min 5 [76]

Yeasts 280 mJ cm-2,24 min 3

Lactic acid bacteria 280 mJ cm-2,24 min 04-Mar

Grape juice (White) E.coli K12 0.90 mL s-1 5.2 [77]

Amine B, et al.

light. Porosity, however, may protect microorganisms, allowing 
them to endure or even be partially harmed by UV-C processing. 
Although the amount of suspended solids in juice (or juice 
matter and pulp) determines its turbidity, this factor also has a 
significant impact on the juice's viscosity characteristics. The 
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A.acidoterrestris 0.38-1.31 mW cm-2 5.8 [78]

B.bruxellensis 1377.0 J L-1 ˃5.0 [79]

S.cerevisiae 3672.0 J L-1 ˃5.0

Grape fruit juice E.coli 19.0 mJ cm-2 5.1 [80]

S.cerevisiae 14.0 mJ cm-2 6

Grape juice (Red) B.bruxellensis 3672.0 J L-1 2 [79]

S.cerevisiae 3672.0 J L-1 ˃5.0

L.plantarum 3672.0 J L-1 ˃5.0

Pomegranate juice E.coli 62.4 J mL-1 6.2 [81]

Aerobic Plate count 62.4 J mL-1 1.8

Yeast and Mold 62.4 J mL-1 1.5

Watermelon juice Aerobic palte count 2.7-37.5 J mL-1 1.5 [82]

Passion fruit Aerobic plate count NA 0.53 [83]

Yeast and mold NA Total inactivation

But, according to Müller, et al. [74], they found blood orange 
juice with the maximum turbidity (9986 NTU), viscosity (2.74 
mPa.s), and linear correlation to an absorption coefficient of 
194.3 cm-1 had a higher rate of L.plantarum inactivation than 
naturally murky apple juice with an absorption value of 48.4 
cm-1. In a separate investigation, Koutchma, et al [84] found that
using a coiled UV-C module, the absorption coefficient of juices
seems to have a substantial effect on the inactivation of E. coli
K12. Nevertheless, it was observed that the inactivation had a
decrease of less than 1 log10 with only one run through the UV-
C reactor at values of the absorption coefficient greater than 48
cm-1. If the passes are increased, the log decrease may be raised,
exposing the juice to more UV-C light energy and killing the
microorganisms. This observation was supported by E. coli K12
inactivation in apple cider (turbidity=1383 NTU, α=57 cm-1,),
after six reactor runs at a flow rate of 75 L/min, there has been a
1 log10 decrease. UV-C lethality against microorganisms may be
enhanced depending on the pass duration and the quantity of
UV-C absorbed by the fruit juice.

Combination of PEF and UV: When used as pasteurization 
techniques, PEF and UV both have drawbacks. Bacterial spores 
cannot be inactivated using PEF technology, and fruit juices' 
reduced medium transparency makes UV radiation less 
effective. On the other hand, employing PEF in conjunction 
with UV exposure may have synergistic benefits since the 
microbial inactivation processes of PEF and UV radiation are 
distinct [29,31,48]. It was found that PEF, followed by UV 
exposure, had the highest effectiveness in maintaining the 
quality of blended juice while also reducing microorganisms. 
But in a different study, Gachovska, et al. [48], no differences in 
microbial inactivation (5.3 log) between various orders of 
combined treatment were found.

Table 4 provides a summary of these findings. Overall, phenolic 
degradation is less affected by hurdle technology than microbial 
inactivation. According to some reports, PEF followed by UV 
exposure is preferable to PEF followed by PEF [29,85].

Type juice Microbial inactivation (log10) References

Treatmenta PEF UV PEF+UV UV+PEF

Apple 1 5.4 2.2 6.2 7.1 [29]

Apple 2 58 2.2 N/A 8.3 [54]

Amine B, et al.
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Apple 3 4.87 3.46 5.35 5.3 [48]

Apple/cranberry 4 4.5 1.6 N/A 6 [75]

Apple/cranberry 5 N/A N/A N/A N/A [85]

Note: N/A, not reported. aTreatment 1-PEF: 40 Kv cm-1 , 100µs; UV: 254 nm, 30 min, 30 W. Treatment 2-PEF: 36 kV cm-1 , 100 µs; W: 254 nm, 
30 W, 30 min. Treatment 3-PEF: 60 Kv min-1 flow rate, 40 µs; UV: 253.7 nm, 2.9 s, 25 W. Treatment 4-PEF: 34 kV cm-1 , 93 µs; UV: 254 nm, 30 s, 
35 W. Treatment 5-PEE: 34 kV cm-1 , 93 µs; UV: 254 nm, 30s, 35 W.

through cavitation caused by pressure changes from ultrasonic 
vibrations.

In article of Kernou, et al. [19], the impact of ultrasound on 
microorganisms is very well described. Numerous studies have 
demonstrated that ultrasound can render pathogenic and 
spoilage microorganisms in fruit juice inactive (Table 5).

Sample Experimental parameters Effect of ultrasound References

Inactivation of Escherichia coli and 
Saccharomyces cerevisiae in 
pomegranate juice

20 kHz, amplitude levels of 50, 75 
and 100%; 0, 3, 6, 9, 12 and 15 
min , 25 ±1°C

15 minutes at 100% amplitude level 
lowered levels by 3.47 log CFU/mL 
and 1.86 log CFU/mL, respectively.

[89]

Fusarium oxysporum in orange juice 20kHz, 130 W, amplitude 
40-100%, pulse (2 and 10 s), 2-10
min.

Citrus extract and benzoate 
controlled the growth of F. 
oxysporum in orange juice and to 
achieve a decrease of 5 log CFU/
mL for at least 14 days.

[90]

Saccharomyces cerevisiae, Pichia 
membranificans, Wickerhamomyces 
anomalus, Aygosaccharomyces bailii, 
ygosaccharomyces rouxii, Candida 
norvegica in strawberry, orange, 
apple, pineapple and red-fruits juice.

20 kHz , 130 W amplitude 20-60%, 
pulse ( 2 and 6 s), 2-10 min.

Reductions of spoilage organisms [91, 92]

Escherichia coli in cactus pear juice 20 kHz, 1500W (60%, 70%, 80%,
and 90% amplitude), 1, 3 and
5min

In both fruit juices, total 
inactivation was shown after 5 
minutes of ultrasonic treatment at 
the majority of amplitude values, as 
measured over a 5-day period.

[93]

Inactivation of Alicyclobacillus 
acidoterrestris spores in orange juice

24 kHz, 460 W cm-2, 33 W and 
105 W cm-2, 162W.

Thermosonication requied at least 
8°C lower temperature than 
thermal treatments to achieve the 
same spore inactivation. (D75°C-
value of 49min for 20.2W/mL vs. 
217 min for 0.33W/mL). (D85°C -
value decreased from 69 to 29min)

[94]

Inactivation of Alicyclobacillus 
acidoterrestris spores and 
Saccharomyces cerevisiae in natural 
squeezed apple juices

20 kHa, 600 W and 95.2 µm wave 
amplitude; 10 or 30 min at 20, 30, 
or 44 1°C and pulsed light (PL)
(Xenon 1 and 3 pulpses/s; 0.1 m 
distances ; 2.4-71.6J cm-2; initial 
temperature 20, 30, 40 1°C

For S. cerevisiae, there were 3.0 log 
cycles of spore reduction in 
commercial apple juice and 2 log 
cycles in natural juice. Reduction 
cycles of 6.4 and 5.8 log were 
obtained.

[95, 96]

Amine B, et al.
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Table 4: Effect of PEF and UV pasteurization combined on fruit juice's microbial inactivation.

Sonication Treatment (US): US is one of the non-thermal 
pasteurization methods used in the processing of liquid foods, 
particularly juices, purees, and smoothies. In its simplest form, 
ultrasound is sound pressure waves over 20 kHz [86]. Ultrasonic 
devices generally run at 20 kHz-10 MHz. Powerful ultrasound, 
which runs between 20 and 100 kHz, may generate cavitation to 
kill  germs  [87, 88].  Yet,  the  ultrasonic  procedure  kills  germs  

italics

[87, 88]



Escherichia coli ATCC 35218, 
Salmonella enteridis MA44 and 
Saccharomyces cerevisiae KE 162 and 
indigenous flora in commercial 
(CAJ) and freshly pressed (NAJ) 
apple juice

20 kHz, 600 W and 95.2 µm wave 
amplitude; pulsed light 0.73 J cm-2, 
155 mL/min

3.7-6.3 log reductions of inoculates 
microorganisms. Browning 
development during storage was 
prevented.

[97]

The inactivation of Listeria 
monocytogenes and Escherichia coli 
suspended in apple and orange 
juices

35°C, 110 µm, 200 kPa Increase of 116 W increased the 
inactivation rate approximately 10-
folsin both juices

[98]

Escherichia coli 0157: H7 and 
Salmonella enteridis in mango juice

25 kHz, 200 W, 50 and 60°C for 
10 and 7 min respectively

Inactivation rate was different for 
both pathogens

[99]

Escherichia coli in apple cider 20 kHz, 100 kPa, 59°C, 4 min 5- log reduction was achieved [100]

Escherichia coli and Saccharomyces 
cerevisiae in pomegranate juice

20 kHz amplitude ( 50, 75 and 
100%) and times : 0, 6, 12, 18, 24 
and 30 min

More than a 5 log inactivation of 
E.coli and 1.36 log inactivation of
S.cerevisiae

[101]

Candida parapsilosis and Rhodotorula 
glutinis in cloudy apple juice

24 kHz, 400 W, amplitude 100%, 
35°C, 360 s/100mL.

Shelf life of sonication juices 
around 21 days with flavour 
maintained

[102]

DISCUSSION
In terms of total soluble solids, pH, and titratable acidity, the 
survival and development of Escherichia coli in cactus pear juice 
were assessed over a period of five days [92]. After 5 minutes of 
ultrasonic treatment at 20 kHz, 1500 W, the majority of 
amplitude levels (60%, 70%, 80%, and 90%) showed complete 
inactivation. In cloudy apple juice, the microbiological shelf life 
of the yeasts, Candida parapsilosis and Rhodotorula glutinis was also 
investigated [100]. Acoustic waves reduced aerobic mesophilic 
counts and psychrophilic bacteria in samples by around 3 and 5 
log CFU/mL, respectively. Ultrasonic baths may sometimes have 
little to no impact on the inactivation of bacteria. The survival 
rate decrease of E. coli contained in orange juice on average (1.3 
log for 60 min of sonication) is not significantly affected by 
ultrasonic treatment (42 kHz) [17].

CONCLUSION
Fruit juice has traditionally been preserved by a process known 
as thermal pasteurization, which has been shown to be highly 
effective. However, the heat that is applied can result in 
unwelcome phenolic degradation in addition to other chemical 
changes in the constituents of the juice. There is hope for the 
long-term storage of fruit juice in non-thermal methods such as 
membrane filtration, photoelectric and ultraviolet (UV) 
irradiation, and sonication.

REFERENCES

1. Kaur C, Kapoor HC. Antioxidants in fruits and vegetables-The
millennium’s health. Int J Food Sci. Technol. 2001;36(7):703-725.

2. Sourri P, Tassou CC, Nychas GJ, Panagou EZ. Fruit juice spoilage
by Alicyclobacillus: Detection and control methods-A comprehensive
review. Foods. 2022;11(5):747.

3. Amir TA, Amir N, Kernou ON, Belbahi A, Kerdouche K, Madani
K. Mathematical Models in Predictive Microbiology for Food
Safety. Int. J. Green Chem. 2023;9(1):19-25.

4. Lima Tribst AA, de Souza Sant’Ana A, de Massaguer PR.
Microbiological quality and safety of fruit juices-past, present and
future perspectives. Crit Rev Microbiol. 2009;35(4):310-339.

5. Corradini MG, Peleg M. Demonstration of the Weibull-Log logistic
survival model's applicability to non isothermal inactivation of E. coli
K12 MG1655. J Food Prot. 2004;67:2617-2621.

6. Aragao GM, Corradini MG, Normand MD, Peleg M. Evaluation of
the Weibull and log normal distribution functions as survival models
of Escherichia coli under isothermal and non isothermal conditions. Int
J Food Microbiol. 2007;119(3):243-257.

7. Zhang M, Oh JK, Cisneros-Zevallos L, Akbulut M. Bactericidal
effects of nonthermal low-pressure oxygen plasma on S. typhimurium
LT2 attached to fresh produce surfaces. J Food Eng.
2013;119(3):425-432.

8. Chandra RD, Prihastyanti MN, Lukitasari DM. Effects of pH, high
pressure processing, and ultraviolet light on carotenoids, chlorophylls,
and anthocyanins of fresh fruit and vegetable juices. EFood.
2021;2(3):13-124.

9. do Prado DB, dos Anjos Szczerepa MM, Capeloto OA, Astrath
NG, Dos Santos NC, Previdelli IT, et al. Effect of ultraviolet (UV-C)
radiation on spores and biofilms of Alicyclobacillus spp. in
industrialized orange juice. Int J Food Microbiol. 2019;305:108238.

10. Niu L, Wu Z, Yang L, Wang Y, Xiang Q, Bai Y. Antimicrobial
Effect of UVC light-emitting diodes against Saccharomyces cerevisiae
and their application in orange juice decontamination. J
Food Prot. 2021;84(1):139-146.

11. Korzeniewska E, Sekulska-Nalewajko J, Gocławski J, Dróżdż T,
Kiełbasa P. Analysis of changes in fruit tissue after the pulsed electric
field treatment using optical coherence tomography. The Eur Phys J
Appl. Phys. 2020;91(3):30902.

Amine B, et al.

J Food Microbial Saf Hyg, Vol.8 Iss.2 No:1000198 8

Table 5: The impact of ultrasound on sterilization and its parameters.

https://ifst.onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2001.00513.x
https://ifst.onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2001.00513.x
https://www.mdpi.com/2304-8158/11/5/747
https://www.mdpi.com/2304-8158/11/5/747
https://www.mdpi.com/2304-8158/11/5/747
https://www.tandfonline.com/doi/abs/10.3109/10408410903241428?journalCode=imby20
https://www.tandfonline.com/doi/abs/10.3109/10408410903241428?journalCode=imby20
https://www.sciencedirect.com/science/article/pii/S0362028X22037577?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X22037577?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X22037577?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168160507004357?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168160507004357?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168160507004357?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0260877413003002
https://www.sciencedirect.com/science/article/abs/pii/S0260877413003002
https://www.sciencedirect.com/science/article/abs/pii/S0260877413003002
https://onlinelibrary.wiley.com/doi/10.2991/efood.k.210630.001
https://onlinelibrary.wiley.com/doi/10.2991/efood.k.210630.001
https://onlinelibrary.wiley.com/doi/10.2991/efood.k.210630.001
https://www.sciencedirect.com/science/article/abs/pii/S0168160519301497?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168160519301497?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168160519301497?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X22066820?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X22066820?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X22066820?via%3Dihub
https://www.epjap.org/articles/epjap/abs/2020/09/ap200021/ap200021.html
https://www.epjap.org/articles/epjap/abs/2020/09/ap200021/ap200021.html


12. Salehi F. Physico-chemical properties of fruit and vegetable juices as 
affected by pulsed electric field: A review. Int J Food Prop. 
2020;23(1):1036-1050.

13. Dziadek K, Kopeć A, Dróżdż T, Kiełbasa P, Ostafin M, Bulski K,et 
al. Effect of pulsed electric field treatment on shelf life and nutritional 
value of apple juice. J Food Sci. Technol. 2019;56:1184-1191.

14. Lu C, Bao Y, Huang JY. Fouling in membrane filtration for juice 
processing. Curr Opin Food Sci. 2021;42:76-85.

15. Castro‐Muñoz R, Fíla V, Barragán‐Huerta BE, Yáñez‐Fernández J, 
Piña‐Rosas JA, Arboleda‐Mejía J. Processing of Xoconostle fruit 
(Opuntia joconostle) juice for improving its commercialization using 
membrane filtration. J Food Process. Preserv. 2018;42(1):e13394.

16. Huang HW, Hsu CP, Wang CY. Healthy expectations of high 
hydrostatic pressure treatment in food processing industry. J Food 
Drug Anal. 2020;28(1):1-3.

17. Aganovic K, Hertel C, Vogel RF, Johne R, Schlüter O, 
Schwarzenbolz U, Jäger H, et al. Aspects of high hydrostatic pressure 
food processing: Perspectives on technology and food safety. Compr 
Rev Food Sci Food Saf. 2021;20(40):3225-3266.

18. Kernou ON, Belbahi A, Amir A, Bedjaoui K, Kerdouche K, Dairi 
S, et al. Effect of sonication on microwave inactivation of Escherichia 
coli in an orange juice beverage. J Food Process Eng. 
2021;44(5):e13664.

19. Kernou ON, Azzouz Z, Belbahi A, Kerdouche K, Kaanin-Boudraa 
G, Amir A, et al. Inactivation of Escherichia coli in an orange juice 
beverage by combined ultrasonic and microwave treatment. Foods. 
2023;12(3):666.

20. Kernou O-N, Belbahi A, Kaanin-Boudraa G, Adel K, Madani PK. 
A Review: Ultrasound-microwave technologies as alternative methods 
for inactivation bacterias in fruit juice. Int J Anal Chem. 2022;8(2):
31-40p.

21. Sawitri A, Munir MM, Edikresnha D, Sandi A, Fauzi A, Rajak A, 
et al. An Investigation on bilayer structures of electrospun 
polyacrylonitrile nanofibrous membrane and cellulose membrane 
used as filtration media for apple juice clarification. Materials 
Research Express. 2018;5(5):054003.

22. Zhu Y, Zhang M, Mujumdar AS, Liu Y. Application advantages of 
new non-thermal technology in juice browning control: A 
comprehensive review. Food Rev Int. 2022;1-22.

23. Walkling-Ribeiro M, Noci F, Cronin DA, Lyng JG, Morgan DJ. 
Shelf life and sensory attributes of a fruit smoothie-type beverage 
processed with moderate heat and pulsed electric fields. LWT-Food 
Sci Technol. 2010;43(7):1067-1073.

24. Liu Z, Zhao L, Zhang Q, Huo N, Shi X, Li L, et al. Proteomics-
based mechanistic investigation of Escherichia coli inactivation by 
pulsed electric field. Front Microbiol. 2019;10:2644.

25. Baysal AH. Short-wave ultraviolet light inactivation of pathogens in 
fruit juices. Fruit Juices. 2018;pp.463-510.

26. Food and Drug Administration. Hazard analysis and critical control 
point (HACCP); Procedures for the safe and sanitary processing and 
importing of juice. Fed. Regist. 2001;66:6137-6202.

27. Pereira RN, Vicente AA. Environmental impact of novel thermal 
and non-thermal technologies in food processing. Food Research 
International. 2010;43(7):1936-1943.

28. Ortega-Rivas E. Processing effects on safety and quality of foods. 
CRC Press. 2009.

29. Charles-Rodríguez AV, Nevárez-Moorillón GV, Zhang Q, Ortega-
Rivas EH. Comparison of thermal processing and pulsed electric 
fields treatment in pasteurization of apple juice. Food Bioprod 
Process. 2007;85(2):93-97.

30. Noci F, Riener J, Walkling-Ribeiro M, Cronin DA, Morgan DJ, 
Lyng JG. Ultraviolet irradiation and Pulsed Electric Fields (PEF) in a

hurdle strategy for the preservation of fresh apple juice. J Food Eng.
2008;85(1):141-146.

31. Walkling‐Ribeiro M, Noci F, Cronin DA, Lyng JG, Morgan DJ. 
Inactivation of Escherichia coli in a tropical fruit smoothie by a 
combination of heat and pulsed electric fields. J Food Sci. 
2008;73(8):M395-M399.

32. Lado BH, Yousef AE. Alternative food-preservation technologies: 
Efficacy and mechanisms. Microbes Infect. 2002;4(4):433-440.

33. Zhang YI, Gao BE, Zhang M, Shi J, Xu Y. Pulsed electric field 
processing effects on physicochemical properties, flavor compounds 
and microorganisms of longan juice. J Food Process. Preserv. 
2010;34(6):1121-1138.

34. Keyser M, Műller IA, Cilliers FP, Nel W, Gouws PA. Ultraviolet 
radiation as a non-thermal treatment for the inactivation of 
microorganisms in fruit juice. Innov Food Sci Emerg Technol. 
2008;9(3): 48-354.

35. Elez-Martinez P, Martin-Belloso O. Effects of high intensity pulsed 
electric field processing conditions on vitamin C and antioxidant 
capacity of orange juice and gazpacho, a cold vegetable soup. Food 
Chem. 2007;102(1):201-209.

36. Odriozola-Serrano I, Soliva-Fortuny R, Martín-Belloso O. Phenolic 
acids, flavonoids, vitamin C and antioxidant capacity of strawberry 
juices processed by high-intensity pulsed electric fields or heat 
treatments. Eur Food Res Technol. 2008;228:239-248.

37. Caminiti IM, Palgan I, Muñoz A, Noci F, Whyte P, Morgan DJ, et 
al. The effect of ultraviolet light on microbial inactivation and quality 
attributes of apple juice. Food Bioproc Tech. 2012;5:680-686.

38. Pérez-Conesa D, García-Alonso J, García-Valverde V, Iniesta M-D, 
Jacob K, Sánchez-Siles LM, et al. Changes in bioactive compounds 
and antioxidant activity during homogenization and thermal 
processing of tomato puree. Innov Food Sci Emerg Technol. 
2009;10(2):179-188.

39. Cassano A, Drioli E, Galaverna G, Marchelli R, Di Silvestro G, 
Cagnasso P. Clarification and concentration of citrus and carrot 
juices by integrated membrane processes. J Food Eng. 2003;57(2):
153-163.

40. Rektor A, Vatai G. Application of membrane filtration methods for 
must processing and preservation. Desalination. 2004;162:271-277.

41. Zárate‐Rodríguez E, Ortega‐Rivas E, Barbosa‐Cánovas GV. Effect 
of membrane pore size on quality of ultrafiltered apple juice. Int. J 
Food Sci. Technol. 2001;36(6):663-667.

42. Gergely S, Bekassy-Molnar E, Vatai G. The use of multiobjective 
optimization to improve wine filtration. J Food Eng. 2003;58(4):
311-316.

43. He Y, Ji Z, Li S. Effective clarification of apple juice using membrane 
filtration without enzyme and pasteurization pretreatment. Sep Purif 
Technol. 2007;57(2):366-373.

44. Moore K, Damrow T. Outbreak of acute gastroenteritis attributable 
to Escherichia coli serotype O104: H21-Helena, Montana. MMWR 
Morb Mortal Wkly Rep. 1995;44(27):501-503.

45. Coster HG, Zimmermann U. The mechanism of electrical 
breakdown in the membranes of Valonia utricularis. J Membr Biol. 
1975;22:73-90.

46. Huang K, Wang J. Designs of pulsed electric fields treatment 
chambers for liquid foods pasteurization process: A review. J Food 
Eng. 2009;95(2):227-239.

47. Toepfl S, Heinz V, Knorr D. High intensity pulsed electric fields 
applied for food preservation. Chem Eng Process: Process Intensif. 
2007;46(6):537-546.

48. Alkhafaji SR, Farid M. An investigation on pulsed electric fields 
technology using new treatment chamber design. Innov Food Sci 
Emerg Technol. 2007;8(2):205-212.

Amine B, et al.

J Food Microbial Saf Hyg, Vol.8 Iss.2 No:1000198 9

https://www.tandfonline.com/doi/full/10.1080/10942912.2020.1775250
https://www.tandfonline.com/doi/full/10.1080/10942912.2020.1775250
https://link.springer.com/article/10.1007/s13197-019-03581-4
https://link.springer.com/article/10.1007/s13197-019-03581-4
https://www.sciencedirect.com/science/article/abs/pii/S2214799321000874
https://www.sciencedirect.com/science/article/abs/pii/S2214799321000874
https://ipn.elsevierpure.com/en/publications/processing-of-xoconostle-fruit-opuntia-joconostle-juice-for-impro
https://ipn.elsevierpure.com/en/publications/processing-of-xoconostle-fruit-opuntia-joconostle-juice-for-impro
https://ipn.elsevierpure.com/en/publications/processing-of-xoconostle-fruit-opuntia-joconostle-juice-for-impro
https://www.sciencedirect.com/science/article/pii/S1021949819300973?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1021949819300973?via%3Dihub
https://ift.onlinelibrary.wiley.com/doi/10.1111/1541-4337.12763
https://ift.onlinelibrary.wiley.com/doi/10.1111/1541-4337.12763
https://onlinelibrary.wiley.com/doi/abs/10.1111/jfpe.13664
https://onlinelibrary.wiley.com/doi/abs/10.1111/jfpe.13664
https://www.mdpi.com/2304-8158/12/3/666
https://www.mdpi.com/2304-8158/12/3/666
https://www.mdpi.com/2304-8158/12/3/666
https://www.mdpi.com/2304-8158/12/3/666
https://iopscience.iop.org/article/10.1088/2053-1591/aac316
https://iopscience.iop.org/article/10.1088/2053-1591/aac316
https://iopscience.iop.org/article/10.1088/2053-1591/aac316
https://www.tandfonline.com/doi/abs/10.1080/87559129.2021.2021419?journalCode=lfri20
https://www.tandfonline.com/doi/abs/10.1080/87559129.2021.2021419?journalCode=lfri20
https://www.tandfonline.com/doi/abs/10.1080/87559129.2021.2021419?journalCode=lfri20
https://www.sciencedirect.com/science/article/abs/pii/S0023643810000708
https://www.sciencedirect.com/science/article/abs/pii/S0023643810000708
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02644/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02644/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02644/full
https://www.sciencedirect.com/science/article/abs/pii/B9780128022306000242
https://www.sciencedirect.com/science/article/abs/pii/B9780128022306000242
https://www.federalregister.gov/documents/2001/01/19/01-1291/hazard-analysis-and-critical-control-point-haacp-procedures-for-the-safe-and-sanitary-processing-and
https://www.federalregister.gov/documents/2001/01/19/01-1291/hazard-analysis-and-critical-control-point-haacp-procedures-for-the-safe-and-sanitary-processing-and
https://www.federalregister.gov/documents/2001/01/19/01-1291/hazard-analysis-and-critical-control-point-haacp-procedures-for-the-safe-and-sanitary-processing-and
https://www.sciencedirect.com/science/article/abs/pii/S0963996909002786
https://www.sciencedirect.com/science/article/abs/pii/S0963996909002786
https://www.routledge.com/Processing-Effects-on-Safety-and-Quality-of-Foods/Ortega-Rivas/p/book/9780367385118
https://www.sciencedirect.com/science/article/abs/pii/S0960308507705813
https://www.sciencedirect.com/science/article/abs/pii/S0960308507705813
https://www.sciencedirect.com/science/article/abs/pii/S0260877407004062
https://www.sciencedirect.com/science/article/abs/pii/S0260877407004062
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2008.00927.x
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2008.00927.x
https://www.sciencedirect.com/science/article/abs/pii/S1286457902015575
https://www.sciencedirect.com/science/article/abs/pii/S1286457902015575
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4549.2009.00441.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4549.2009.00441.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4549.2009.00441.x
https://www.sciencedirect.com/science/article/abs/pii/S1466856407001415
https://www.sciencedirect.com/science/article/abs/pii/S1466856407001415
https://www.sciencedirect.com/science/article/abs/pii/S1466856407001415
https://www.sciencedirect.com/science/article/abs/pii/S0308814606003967
https://www.sciencedirect.com/science/article/abs/pii/S0308814606003967
https://www.sciencedirect.com/science/article/abs/pii/S0308814606003967
https://link.springer.com/article/10.1007/s00217-008-0928-5
https://link.springer.com/article/10.1007/s00217-008-0928-5
https://link.springer.com/article/10.1007/s00217-008-0928-5
https://link.springer.com/article/10.1007/s00217-008-0928-5
https://link.springer.com/article/10.1007/s11947-010-0365-x
https://link.springer.com/article/10.1007/s11947-010-0365-x
https://www.sciencedirect.com/science/article/abs/pii/S1466856408001148
https://www.sciencedirect.com/science/article/abs/pii/S1466856408001148
https://www.sciencedirect.com/science/article/abs/pii/S1466856408001148
https://www.sciencedirect.com/science/article/abs/pii/S0260877402002935
https://www.sciencedirect.com/science/article/abs/pii/S0260877402002935
https://www.sciencedirect.com/science/article/abs/pii/S0011916404000517
https://www.sciencedirect.com/science/article/abs/pii/S0011916404000517
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2621.2001.00500.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2621.2001.00500.x
https://www.sciencedirect.com/science/article/abs/pii/S026087740200376X
https://www.sciencedirect.com/science/article/abs/pii/S026087740200376X
https://www.sciencedirect.com/science/article/abs/pii/S1383586607002110
https://www.sciencedirect.com/science/article/abs/pii/S1383586607002110
https://www.cdc.gov/mmwr/preview/mmwrhtml/00038146.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/00038146.htm
https://link.springer.com/article/10.1007/BF01868164
https://link.springer.com/article/10.1007/BF01868164
https://www.sciencedirect.com/science/article/abs/pii/S0260877409002891
https://www.sciencedirect.com/science/article/abs/pii/S0260877409002891
https://www.sciencedirect.com/science/article/abs/pii/S0255270106001929
https://www.sciencedirect.com/science/article/abs/pii/S0255270106001929
https://www.sciencedirect.com/science/article/abs/pii/S1466856406000865
https://www.sciencedirect.com/science/article/abs/pii/S1466856406000865


49. Gachovska TK, Kumar S, Thippareddi H, Subbiah J, Williams F. 
Ultraviolet and pulsed electric field treatments have additive effect on 
inactivation of E. coli in apple juice. J Food Sci. 2008;73(9):M412-
M417.

50. Rodrigo D, Barbosa-Cánovas GV, Martínez A, Rodrigo M. Weibull 
distribution function based on an empirical mathematical model for 
inactivation of Escherichia coli by pulsed electric fields. J Food Prot. 
2003;66(6):1007-1012.

51. Hülsheger H, Potel J, Niemann EG. Electric field effects on bacteria 
and yeast cells. Radiat Environ Biophys. 1983;22:149-162.

52. Walkling-Ribeiro M, Noci F, Riener J, Cronin DA, Lyng JG, 
Morgan DJ. The impact of thermosonication and pulsed electric 
fields on Staphylococcus aureus inactivation and selected quality 
parameters in orange juice. Food Bioproc Tech. 2009;2:422-430.

53. Aguilar-Rosas SF, Ballinas-Casarrubias ML, Nevarez-Moorillon GV, 
Martin-Belloso O, Ortega-Rivas E. Thermal and pulsed electric 
fields pasteurization of apple juice: Effects on physicochemical 
properties and flavour compounds. J Food Eng. 2007;83(1):41-46.

54. Oms-Oliu G, Odriozola-Serrano I, Soliva-Fortuny R, Martín-
Belloso O. Effects of high-intensity pulsed electric field processing 
conditions on lycopene, vitamin C and antioxidant capacity of 
watermelon juice. Food Chem. 2009;115(4):1312-1319.

55. Walkling-Ribeiro M, Noci F, Cronin DA, Riener J, Lyng JG, 
Morgan DJ. Reduction of Staphylococcus aureus and quality changes in 
apple juice processed by ultraviolet irradiation, pre-heating and pulsed 
electric fields. J Food Eng. 2008;89(3):267-273.

56. Mukhopadhyay S, Ramaswamy R. Application of emerging 
technologies to control Salmonella in foods: A review. Food Res. Int. 
2012;45(2):666-677.

57. Sizer CE, Balasubramaniam VM. New intervention processes for 
minimally processed juices. Food Technol. 1999;53(10):64-67.

58. Rosenfeldt EJ, Linden KG, Canonica S, von Gunten U. 
Comparison of the efficiency of OH radical formation during 
ozonation and the advanced oxidation processes O3/H2O2 and UV/
H2O2. Water Res. 2006;40(20):3695-3704.

59. Yaun BR, Sumner SS, Eifert JD, Marcy JE. Inhibition of pathogens 
on fresh produce by ultraviolet energy. Int J Food Microbiol. 
2004;90(1):1-8.

60. Jagger J. Introduction to research in ultraviolet photobiology. 1967.

61. Sommer R, Pribil W, Appelt S, Gehringer P, Eschweiler H, Leth 
H, et al. Inactivation of bacteriophages in water by means of non-
ionizing (UV-253.7 nm) and ionizing (gamma) radiation: A 
comparative approach. Water Res. 2001;35(13):3109-3116.

62. Falguera V, Pagán J, Ibarz A. Effect of UV irradiation on enzymatic 
activities and physicochemical properties of apple juices from different 
varieties. LWT - Food Sci. Technol. 2011;44(1):115-119.

63. Gómez-López VM, Koutchma T, Linden K. Ultraviolet and pulsed 
light processing of fluid foods. Novel thermal and non-thermal 
technologies for fluid foods. 2012;pp.185-223.

64. Guerrero-Beltrén JA, Barbosa-Cénovas GV. Inactivation of 
Saccharomyces cerevisiae and polyphenoloxidase in mango nectar treated 
with UV light. J Food Prot. 2006;69(2):362-368.

65. Koutchma T. Ultraviolet light in food technology: Principles and 
applications. CRC press. 2019.

66. Shah NN, Shamsuddin R, Rahman RA, Adzahan NM. Furan 
development In Dean vortex UVC treated Pummelo (Citrus grandis L. 
Osbeck) fruit juice. Int Food Res J. 2016;23.

67. Shamsudin R, Adzahan NM, Yee YP, Mansor A. Effect of repetitive 
ultraviolet irradiation on the physico-chemical properties and 
microbial stability of pineapple juice. Innov Food Sci Emerg 
Technol. 2014;23:114-120.

68. Mansor A, Shamsudin R, Adzahan NM, Hamidon MN. Efficacy of 
ultraviolet radiation as non-thermal treatment for the inactivation of

Salmonella typhimurium TISTR 292 in pineapple fruit juice. Agric
Agric Sci Procedia. 2014;2:173-180.

69. Bhat R, Ameran SB, Voon HC, Karim A, Tze LM. Quality 
attributes of starfruit (Averrhoa carambola L.) juice treated with 
ultraviolet radiation. Food Chem. 2011;127(2):641-644.

70. Kaya Z, Yıldız S, Ünlütürk S. Effect of UV-C irradiation and heat 
treatment on the shelf life stability of a lemon–melon juice blend: 
Multivariate statistical approach. Innov Food Sci Emerg Technol. 
2015;29:230-239.

71. Orlowska M, Koutchma T, Kostrzynska M, Tang J, Defelice C. 
Evaluation of mixing flow conditions to inactivate Escherichia coli in 
opaque liquids using pilot-scale Taylor–Couette UV unit. J Food Eng. 
2014;120:100-109.

72. Tandon K, Worobo RW, Churey JJ, Padilla‐Zakour OI. Storage 
quality of pasteurized and UV treated apple cider. J Food Process. 
Preserv. 2003;27(1):21-35.

73. Donahue DW, Canitez N, Bushway AA. UV inactivation of E. Coli 
O157: H7 in apple cider: Quality, sensory and shelf‐life analysis. J 
Food Process. Preserv. 2004;28(5):368-387.

74. Outchma TK, Arisi BP. Biodosimetry of Escherichia coli UV 
inactivation in model juices with regard to dose distribution in 
annular UV reactors. J Food Sci. 2004;69(1):FEP14-22.

75. Müller A, Stahl MR, Graef V, Franz CM, Huch M. UV-C 
treatment of juices to inactivate microorganisms using Dean vortex 
technology. J Food Eng. 2011;107(2):268-275.

76. Palgan I, Caminiti IM, Muñoz A, Noci F, Whyte P, et al. 
Combined effect of selected non-thermal technologies on Escherichia 
coli and Pichia fermentans inactivation in an apple and cranberry juice 
blend and on product shelf life. Int J Food Microbiol. 2011;151(1):
1-6.

77. Kaya Z, Unluturk S. Processing of clear and turbid grape juice by a 
continuous flow UV system. Innov Food Sci Emerg Technol. 
2016;33:282-288.

78. Unluturk S, Atilgan MR. Microbial safety and shelf life of UV‐C 
treated freshly squeezed white grape juice. J Food Sci. 
2015;80(8):M1831-M1841.

79. Baysal AH, Molva C, Unluturk S. UV-C light inactivation and 
modeling kinetics of Alicyclobacillus acidoterrestris spores in white grape 
and apple juices. Int J Food Microbiol. 2013;166(3):494-498.

80. Fredericks IN, Du Toit M, Krügel M. Efficacy of ultraviolet 
radiation as an alternative technology to inactivate microorganisms in 
grape juices and wines. Food Microbiol. 2011;28(3):510-517.

81. Geveke DJ, Torres D. Pasteurization of grapefruit juice using a 
centrifugal ultraviolet light irradiator. J Food Eng. 
2012;111(2):241-246.

82. Pala ÇU, Toklucu AK. Effect of UV-C light on anthocyanin content 
and other quality parameters of pomegranate juice. J Food Compost 
Anal. 2011;24(6):790-795.

83. Feng M, Ghafoor K, Seo B, Yang K, Park J. Effects of ultraviolet-C 
treatment in Teflon®-coil on microbial populations and physico-
chemical characteristics of watermelon juice. Innov Food Sci Emerg 
Technol. 2013;19:133-139.

84. Guevara M, Tapia MS, Gómez-López VM. Microbial inactivation 
and quality of guava and passion fruit nectars treated by UV-C 
light. Food Bioproc Tech. 2012;5:803-807.

85. Koutchma T, Parisi B, Unluturk SK. Evaluation of UV dose in flow-
through reactors for fresh apple juice and cider. Chem. Eng. 
Commun. 2006;193(6):715-728.

86. Akila A, Nadir A, Nouara OK, Amine B, Kamelia K, Khodir M. 
Ultrasound Treatment Effects on Staphylococcus aureus Cell. J Food 
Microbial Saf Hyg. 2023;8:188.

87. Caminiti IM, Noci F, Muñoz A, Whyte P, Morgan DJ, Cronin DA, 
et al. Impact of selected combinations of non-thermal processing

Amine B, et al.

J Food Microbial Saf Hyg, Vol.8 Iss.2 No:1000198 10

https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2008.00956.x
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2008.00956.x
https://www.sciencedirect.com/science/article/pii/S0362028X22031477?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X22031477?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X22031477?via%3Dihub
https://link.springer.com/article/10.1007/BF01338893
https://link.springer.com/article/10.1007/BF01338893
https://link.springer.com/article/10.1007/s11947-007-0045-7
https://link.springer.com/article/10.1007/s11947-007-0045-7
https://link.springer.com/article/10.1007/s11947-007-0045-7
https://www.sciencedirect.com/science/article/abs/pii/S0260877407000052
https://www.sciencedirect.com/science/article/abs/pii/S0260877407000052
https://www.sciencedirect.com/science/article/abs/pii/S0260877407000052
https://www.sciencedirect.com/science/article/abs/pii/S0308814609000909
https://www.sciencedirect.com/science/article/abs/pii/S0308814609000909
https://www.sciencedirect.com/science/article/abs/pii/S0308814609000909
https://www.sciencedirect.com/science/article/abs/pii/S0260877408002112
https://www.sciencedirect.com/science/article/abs/pii/S0260877408002112
https://www.sciencedirect.com/science/article/abs/pii/S0260877408002112
https://www.sciencedirect.com/science/article/abs/pii/S0963996911003152
https://www.sciencedirect.com/science/article/abs/pii/S0963996911003152
https://www.semanticscholar.org/paper/New-intervention-processes-for-minially-processed-Sizer-Balasubramaniam/032f64838be8bcfe58d3a3a6647ed55a3be05de2
https://www.semanticscholar.org/paper/New-intervention-processes-for-minially-processed-Sizer-Balasubramaniam/032f64838be8bcfe58d3a3a6647ed55a3be05de2
https://www.sciencedirect.com/science/article/abs/pii/S0043135406005148?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0043135406005148?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0043135406005148?via%3Dihub
https://doi.org/10.1016/s0168-1605(03)00158-2
https://doi.org/10.1016/s0168-1605(03)00158-2
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.1968.tb08029.x
https://doi.org/10.1016/s0043-1354(01)00030-6
https://doi.org/10.1016/s0043-1354(01)00030-6
https://doi.org/10.1016/s0043-1354(01)00030-6
https://www.sciencedirect.com/science/article/pii/S0023643810001945
https://www.sciencedirect.com/science/article/pii/S0023643810001945
https://www.sciencedirect.com/science/article/pii/S0023643810001945
https://www.sciencedirect.com/science/article/abs/pii/B9780123814708000086
https://www.sciencedirect.com/science/article/abs/pii/B9780123814708000086
https://www.sciencedirect.com/science/article/pii/S0362028X22073161?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X22073161?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X22073161?via%3Dihub
https://www.taylorfrancis.com/books/mono/10.1201/9781315112862/ultraviolet-light-food-technology-da-wen-sun-carmen-moraru-larry-forney-tatiana-koutchma
https://www.taylorfrancis.com/books/mono/10.1201/9781315112862/ultraviolet-light-food-technology-da-wen-sun-carmen-moraru-larry-forney-tatiana-koutchma
https://agris.fao.org/agris-search/search.do?recordID=MY2021003886
https://agris.fao.org/agris-search/search.do?recordID=MY2021003886
https://agris.fao.org/agris-search/search.do?recordID=MY2021003886
https://doi.org/10.1016/j.ifset.2014.02.005
https://doi.org/10.1016/j.ifset.2014.02.005
https://doi.org/10.1016/j.ifset.2014.02.005
https://doi.org/10.1016/j.aaspro.2014.11.025
https://doi.org/10.1016/j.aaspro.2014.11.025
https://doi.org/10.1016/j.aaspro.2014.11.025
https://doi.org/10.1016/j.foodchem.2011.01.042
https://doi.org/10.1016/j.foodchem.2011.01.042
https://doi.org/10.1016/j.foodchem.2011.01.042
https://doi.org/10.1016/j.ifset.2015.03.005
https://doi.org/10.1016/j.ifset.2015.03.005
https://doi.org/10.1016/j.ifset.2015.03.005
https://www.sciencedirect.com/science/article/abs/pii/S0260877413003774
https://www.sciencedirect.com/science/article/abs/pii/S0260877413003774
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4549.2003.tb00498.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4549.2003.tb00498.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4549.2004.23062.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4549.2004.23062.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2004.tb17862.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2004.tb17862.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2004.tb17862.x
https://www.sciencedirect.com/science/article/abs/pii/S0260877411002822
https://www.sciencedirect.com/science/article/abs/pii/S0260877411002822
https://www.sciencedirect.com/science/article/abs/pii/S0260877411002822
https://doi.org/10.1016/j.ijfoodmicro.2011.07.019
https://doi.org/10.1016/j.ijfoodmicro.2011.07.019
https://doi.org/10.1016/j.ijfoodmicro.2011.07.019
https://doi.org/10.1016/j.ijfoodmicro.2011.07.019
https://www.sciencedirect.com/science/article/abs/pii/S1466856415002623
https://www.sciencedirect.com/science/article/abs/pii/S1466856415002623
https://doi.org/10.1111/1750-3841.12952
https://doi.org/10.1111/1750-3841.12952
https://doi.org/10.1016/j.ijfoodmicro.2013.08.015
https://doi.org/10.1016/j.ijfoodmicro.2013.08.015
https://doi.org/10.1016/j.ijfoodmicro.2013.08.015
https://doi.org/10.1016/j.fm.2010.10.018
https://doi.org/10.1016/j.fm.2010.10.018
https://doi.org/10.1016/j.fm.2010.10.018
https://doi.org/10.1016/j.jfoodeng.2012.02.026
https://doi.org/10.1016/j.jfoodeng.2012.02.026
https://doi.org/10.1016/j.jfca.2011.01.003
https://doi.org/10.1016/j.jfca.2011.01.003
https://doi.org/10.1016/j.ifset.2013.05.005
https://doi.org/10.1016/j.ifset.2013.05.005
https://doi.org/10.1016/j.ifset.2013.05.005
https://www.tandfonline.com/doi/abs/10.1080/00986440500266842
https://www.tandfonline.com/doi/abs/10.1080/00986440500266842
https://www.sciencedirect.com/science/article/pii/S1350417721002856
https://doi.org/10.1016/j.foodchem.2010.07.096


technologies on the quality of an apple and cranberry juice blend.
Food Chem. 2011;124(4):1387-1392.

88. Butz P, Tauscher B. Emerging technologies: Chemical aspects. Food 
Res. Int. 2002;35(2-3):279-284.

89. Piyasena P, Mohareb E, McKellar R. Inactivation of microbes using 
ultrasound: A review. Int J Food Microbiol. 2003;87(3):207-216.

90. Alighourchi H, Barzegar M, Sahari MA, Abbasi S. The effects of 
sonication and gamma irradiation on the inactivation of 
Escherichia coli and Saccharomyces cerevisiae in pomegranate juice. 
Iran J Microbiol. 2014;6(1):51.

91. Bevilacqua A, Sinigaglia M, Corbo MR. Ultrasound and 
antimicrobial compounds: a suitable way to control Fusarium 
oxysporum in juices. Food Bioproc Tech. 2013;6:1153-1163.

92. Bevilacqua A, Speranza B, Campaniello D, Sinigaglia M, Corbo 
MR. Inactivation of spoiling yeasts of fruit juices by pulsed 
ultrasound. Food Bioproc Tech. 2014;7:2189-2197.

93. Bevilacqua A, Campaniello D, Sinigaglia M, Corbo MR. 
Combination of ultrasound and antimicrobial compounds towards 
Pichia spp. and Wickerhamomyces anomalus in pineapple juice. LWT -
Food Sci. Technol. 2015;64(2):616-622.

94. Cruz-Cansino ND, Reyes-Hernández I, Delgado-Olivares L, 
Jaramillo-Bustos DP, Ariza-Ortega JA, Ramírez-Moreno E. Effect of 
ultrasound on survival and growth of Escherichia coli in cactus pear 
juice during storage. Braz. J. Microbiol. 2016;47:431-437.

95. Silva FV. High pressure processing pretreatment enhanced the 
thermosonication inactivation of Alicyclobacillus acidoterrestris spores in 
orange juice. Food Control. 2016;62:365-372.

96. Ferrario M, Alzamora SM, Guerrero S. Study of the inactivation of 
spoilage microorganisms in apple juice by pulsed light and ultrasound. 
Food Microbiol. 2015;46:635-642.

97. Ferrario M, Guerrero S. Effect of a continuous flow-through pulsed 
light system combined with ultrasound on microbial survivability, 
color and sensory shelf life of apple juice. Innov Food Sci Emerg 
Technol. 2016;34:214-224.

98. Guzel BH, Arroyo C, Condón S, Pagán R, Bayindirli A, Alpas H. 
Inactivation of Listeria monocytogenes and Escherichia coli by 
ultrasonic waves under pressure at nonlethal (manosonication) 
and lethal temperatures (manothermosonication) in acidic fruit 
juices. Food Bioproc Tech. 2014;7:1701-1712.

99. Kiang WS, Bhat R, Rosma A, Cheng LH. Effects of 
thermosonication on the fate of Escherichia coli O157: H7 and 
Salmonella Enteritidis in mango juice. Lett Appl Microbiol. 
2013;56(4):251-257.

100.Lee H, Kim H, Cadwallader KR, Feng H, Martin SE. Sonication in 
combination with heat and low pressure as an alternative 
pasteurization treatment-Effect on Escherichia coli K12 inactivation and 
quality of apple cider. Ultrason. Sonochem. 2013;20(4):1131-1138.

101.Pala ÇU, Zorba NN, Özcan G. Microbial inactivation and 
physicochemical properties of ultrasound processed pomegranate 
juice. J Food Prot. 2015;78(3):531-539.

102.Bastianello E, Montemurro F, Fasolato L, Balzan S, Marchesini G, 
Contiero B, et al. Volatile compounds and microbial development in 
sonicated cloudy apple juices: Preliminary results. CYTA J Food . 
2016;14(1):65-73.

Amine B, et al.

J Food Microbial Saf Hyg, Vol.8 Iss.2 No:1000198 11

https://doi.org/10.1016/j.foodchem.2010.07.096
https://doi.org/10.1016/S0963-9969(01)00197-1
https://doi.org/10.1016/s0168-1605(03)00075-8
https://doi.org/10.1016/s0168-1605(03)00075-8
https://doi.org/10.1016/j.lwt.2015.06.038
https://doi.org/10.1016/j.lwt.2015.06.038
https://www.sciencedirect.com/science/article/pii/S1517838216000629?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1517838216000629?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1517838216000629?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0956713515302802
https://www.sciencedirect.com/science/article/abs/pii/S0956713515302802
https://www.sciencedirect.com/science/article/abs/pii/S0956713515302802
https://www.sciencedirect.com/science/article/abs/pii/S0740002014001543?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0740002014001543?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1466856416300194
https://www.sciencedirect.com/science/article/abs/pii/S1466856416300194
https://www.sciencedirect.com/science/article/abs/pii/S1466856416300194
https://academic.oup.com/lambio/article-abstract/56/4/251/6699475?redirectedFrom=fulltext&login=false
https://academic.oup.com/lambio/article-abstract/56/4/251/6699475?redirectedFrom=fulltext&login=false
https://academic.oup.com/lambio/article-abstract/56/4/251/6699475?redirectedFrom=fulltext&login=false
https://www.sciencedirect.com/science/article/abs/pii/S1350417713000308?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1350417713000308?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1350417713000308?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1350417713000308?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X23051086?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X23051086?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0362028X23051086?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/19476337.2015.1045432
https://www.tandfonline.com/doi/full/10.1080/19476337.2015.1045432

	Contents
	Impact of Thermal and Non-Thermal Pasteurization on the Microbial Inactivation of Fruit Juice: Review
	ABSTRACT
	INTRODUCTION
	LITERATURE REVIEW
	Pasteurisation technique in fruit juice preservation

	DISCUSSION
	CONCLUSION
	REFERENCES

	JFMSH-23-23074.pdf
	Contents
	Impact of Thermal and Non-Thermal Pasteurization on the Microbial Inactivation of Fruit Juice: Review
	ABSTRACT
	INTRODUCTION
	DISCUSSION
	CONCLUSION
	REFERENCES



