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Abstract This paper investigated the feasibility for pasteur-
izing raw (100 %) pomegranate juice in a commercial scale
pulsed electric field (PEF) processing system. The juice was
processed at 35 and 38 kV/cm for 281 μs at 55 °C with a flow
rate of 100 L/h. Effect of PEF processing on microbial stabil-
ity, color, °Brix, pH, sediment, antioxidant activity, total phe-
nolic content, anthocyanin, and sensory properties after the
treatments and during storage at 4 °C for 12 weeks were
studied and compared to those of thermally processed juice.
PEF treatments significantly (p <0.05) inhibited the growth of
total aerobic bacteria, which remained at <2.5 log colony-
forming units (CFU)/ml during the 12-week storage. No yeast
and mold were detected (<0.69 log CFU/ml) in the PEF-
treated juices during storage up to weeks 10 and 12, which
is similar to the thermally processed juice. There were no
significant differences in pH and °Brix values between the
PEF processed juice and unprocessed juice. PEF processing
did not alter the contents of total phenolics and anthocyanin as
compared to unprocessed juice. PEF processing had signifi-
cantly (p <0.05) less impact on the color of pomegranate juice

than thermal processing. PEF-treated juice had the same con-
sumer satisfaction scores as the unprocessed juice, which were
significantly (p <0.05) higher than thermally processed juice
samples. There was no significant difference between the two
PEF treatments in all results. This study demonstrated that
PEF technology extended microbial shelf-life and preserved
the major quality and nutritional characteristics of pomegran-
ate juice, and hence, is technically feasible for commerciali-
zation in the juice industry.
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Introduction

Pomegranate juice is an important source of anthocyanins, such
as 3-glucosides and 3, 5-diglucosides of delphinidin, cyanidin,
and pelargonidin (Du et al. 1975). Anthocyanins are responsi-
ble for the bright red color of pomegranate juice, and the red
color is one of its major quality parameters of pomegranate
juice that affects consumers sensory acceptance (Alighourchi
and Barzegar 2009; Gil et al. 2000; Hamutal et al. 2009; Patras
et al. 2010). Health-promoting effects of pomegranate juice are
attributable to its remarkably high antioxidant capacity (Aviram
et al. 2000; Hamutal et al. 2009). The antioxidant activity of the
pomegranate juice can be correlated to the phenolic composi-
tion. Anthocyanins and other phenolic compounds of pome-
granate juice have preventive and therapeutic effects on cardio-
vascular disease, inflammation, and different types of cancers
(Aviram et al. 2000; Lansky and Newman 2007; Malik et al.
2005), in particular, it has been demonstrated that the consump-
tion of this juice decreases the susceptibility of low-density
lipoprotein to aggregation and retention.
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Unfortunately, the bioactive compounds are quickly affect-
ed by exogenic factors such as oxygen, light, and especially
pH and temperature. Therefore, there is a real need to mini-
mize the degradation of functional molecules during pasteur-
ization process and storage time of the pomegranate juice, in
order to ensure an optimal sensorial and nutraceutical quality.
The challenge of preserving the sensorial and nutraceutical
properties while extending the microbiological shelf-life sug-
gests the need of non-thermal technologies for pasteurization
of fresh pomegranate juice.

Pulsed electric field (PEF) is a non-thermal processing
method used to maximize quality, enhance shelf stability, and
maintain food safety by inactivating spoilage and pathogenic
microorganisms. PEF has been demonstrated to be effective
against various pathogenic and spoilage microorganisms and
retain fresh quality attributes of food without appreciable loss of
flavor, color, and bioactive compounds (Charles-Rodriguez
et al. 2007; Cserhalmi et al. 2006; Elez-Martı´nez et al. 2006;
Hodgins et al. 2002; Jin and Zhang 1999; Min et al. 2007;
Yeom et al. 2000). Fresh orange juice, tomato juice, and apple-
sauce processed in a commercial scale PEF system achieved
extended shelf-life at 4 °C (Jin et al. 2009; Min et al. 2003a, b).
Cost analyses of a commercial scale PEF system using orange
juice as a model have been reported by Jin and Zhang (2002)
and Sampedro et al. (2013). However, there are no publications
reporting the use of a commercial scale PEF processing system
for pomegranate juice and the effects of PEF on the physico-
chemical properties, bioactive compounds, and shelf-life of
pomegranate juice during storage at refrigerated temperature.
The objectives of this research were (1) to investigate the effects
of commercial scale PEF processing on the microbiological
shelf-life of pomegranate juice, and (2) to compare the quality,
nutritional, and sensory values of PEF processed pomegranate
juice with those of thermally processed juice immediately after
processing and during storage at 4 °C for 12 weeks.

Materials and Methods

Juice Preparation

Pomegranate juices were from AMC Incorporation, Spain,
including unpasteurized (UP), pasteurized (one Ohmic treat-
ment at 105 °C for 5 s, PT), and double heat processed (first
Ohmic treatment at 105 °C for 5 s and second pasteurization at
88 °C for 30 s, DT). UP and PT juices were bulk-packaged
(20 L/bag), and DT juice was packaged in 750-ml PET bottles.
PT and DT juices were processed in Spain and used for com-
parison studies. All juices (UP, PT, and DT) were frozen before
shipping to the USDA research facility. The frozen juices were
shipped at refrigerated temperature and received within 2 days
then stored at −20 °C. UP and PT juices were thawed at 4 °C for
3 days prior to PEF processing. Half of UP juice was used for

PEF processing. Another half of UP juice, PT juice, and PEF
processed juices (PEF1 and PEF2) were packaged in 750-ml
PET bottles inside a Class II Type 2A biosafety cabinet. All
750-ml PET bottles were provided by AMC, Spain.

Pulsed Electric Field Processing System

A commercial scale pulsed electric field (PEF) continuous pro-
cessing system, operating at a flow rate of 100 L/h, was used for
this pilot scale study. The high-voltage pulse generator (OSU-6
Model, Diversified Technologies, Inc, Bedford, MA), originally
designed for processing up to 2,000 L/h of orange juice, pro-
vides biopolar square waveform pulses with a maximum peak
voltage of±60 kV. The high-voltage pulse generator operates at
a maximum repetition rate of 2,000 pulses per second (pps) and
pulse width of 1∼10 μs. Pulses were monitored with a high-
voltage probe (VD-60; Northstar, Albuquerque, NM, USA),
current monitors (Model 110; Pearson, Palo Alto, CA, USA),
and oscilloscopes (TDS-210; Tektronix, Beaverton, OR, USA).
Figure 1 shows the flow chart of this system.

Pulsed Electric Field Treatment Conditions

The treatment conditions for the pilot scale experiments were
selected based on our preliminary studies on the reduction of
Escherichia coli O 157:H7 and nonpathogenic E. coli ATCC
35218 in inoculated juice as determined using a lab scale PEF
unit and validatedwithE. coli ATCC 35218 in peptonewater in
the commercial scale system. Each PEF treatment chamber,
through which the juice passed during processing, consisted
of two boron carbide electrodes and a ceramic insulator. The
inner diameter of the chambers was 0.807 cm, and the gap
distance between the electrodes was 1.27 cm. Six chambers
were connected in series (electrically in parallel), thus enabling

High voltage pulse generator

Product tank

Pump

waste

Heat exchanger

Back
pressure
control

H
eatexchander

H
ea tex chande r

H
eatexchand er

PEF chamber

Biosafety
Cabinet

PEF chamber PEF chamber

V-1

Fig. 1 Flow chart of OSU-6 commercial-scale PEF processing system
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the products to flow sequentially through all six treatment
zones. Counter flow heat exchangers, controlled by indepen-
dent PID controllers, maintained the outlet temperature of each
chamber at 55 °C. Two field strengths (35 and 38 kV/cm) were
used in this study. The processing conditions are listed in
Table 1, and were monitored and recorded by a USDA-
developed data acquisition system using National Instruments
LabVIEW (Austin, TX) software. All temperature probes were
calibrated as system prior to the start of the study.

Juice Packaging and Storage

Thermally pasteurized (PT), PEF-processed (PEF1, PEF2),
and unpasteurized (UP) pomegranate juices were packaged
into 750-ml PET bottles as described in the previous section.
Double ohmic-processed (DT) juice was kept in the original
750-ml PET bottles. All juice samples were stored at 4 °C.
Three bottles of juice samples from each treatment were
randomly selected for microbial analysis, and another three
bottles were used for quality analysis at each sampling time.

Microbiological Analysis

Total aerobic plate count (TPC) and total yeast and molds
(YMC) were determined on plate count agar (PCA, BBL/
Difco Laboratories, Sparks, MD, USA) and dichlorane rose
bengal chloranphenicol agar (DRBC,Merck, Germany), respec-
tively, using a100-μL surface plating method. PCA plates were
incubated at 37 °C for 24 h, and DRBC plates at 25 °C for
5 days. Results were expressed as colony-forming units (CFU)
per milliliter.

Antioxidant Activity Analysis

Antioxidant activity of pomegranate juice was determined
using the automated oxygen radical absorbance capacity

(ORAC) method according to Ronald et al. (2005) and
Wang et al. (1996). Juice samples were centrifuged at
8,000 rpm for 10 min, and supernatants were used for
ORAC assay. The automated ORAC assay was carried out
on a BioTek Synergy HT Multi-mode Microplate Reader
(Winooski, VT, USA) with a fluorescence attachment.
Fluorescent filters were set to pass light with an excitation
wavelength of 485 nm and an emission wavelength of
528 nm. In a final assay, 150 μl 0.08 μM sodium fluorescein
(fluorescent probe) was used as a target of free radical damage,
25 μl 2,2′-azobis(2-amidino-propane) dihydrochloride
(AAPH; 4×10−3 M) as a peroxyl radical generator, 25-μl
diluted supernatants as sample, and Trolox as a control stan-
dard. The analyzer was programmed to record the fluores-
cence each minute after AAPH addition. Final results were
calculated using the differences of areas under the curves
between a blank [25 μl 75 mM phosphate buffer (pH 7.4)]
and a sample and are expressed as sample, fresh weight basis
(Ronald et al. 2005; Wang et al. 1996). There were four
measurements for each sample from one replicate, and there
were a total of 12 measurements for each treatment.

Total Phenolic Content Analysis

Total phenolic content was measured using the Folin-
Ciocalteu colorimetric method (Fan 2005). Juice sample
(100 μl) used for the antioxidant activity assay was mixed
with 200 μl of Folin-Ciocalteu reagent (Sigma Chemical Co,
St. Louis, MO, USA), and incubated for 5 min at 25 °C. Then,
3 ml of 50 g/kg sodium carbonate was added. Absorbances at
760 nm were recorded for the mixtures after 2-h incubation at
25 °C. Total phenolic content was expressed as gallic acid
equivalents in grams per milliliter of fresh samples. There
were four measurements for each sample from one replicate,
and there were a total of 12 measurements for each treatment.

Anthocyanin Content Analysis

The total anthocyanin content was estimated by the pH-
differential method (Lako et al. 2007) using two buffer systems:
potassium chloride buffer, pH 1.0 (0.025M) and sodium acetate
buffer, pH 4.5 (0.4 M) on a UV–vis spectrophotometer (UV-
2401 PC, Shimadzu corporation, Kyoto, Japan). Samples were
diluted in pH 1.0 and pH 4.5 buffers and then measured at 520
and 700 nm. The absorbance was calculated as A=(A520nm−
A700nm) pH1.0−(A520nm−A700nm) pH4.5.

The monomeric anthocyanin pigment concentration was
calculated as cyanidin-3-glucoside. The monomerix anthocy-
anin pigment (milligrams per liter)=A ×MW×DF×1,000/
(ε ×1), where A =absorbance, MW=molecular weight
(449.2), DF=dilution factor, and ε =molecular absorptivity
(26,900). All measurements were done in triplicate, and aver-
ages were reported.

Table 1 Parameters and temperatures of PEF processing

Processing parameter PEF 1 PEF 2

Flow rate (L/h) 100 100

Gap distance (cm) 1.27 1.27

Electrical conductivity of juice (s/m) 0.358 0.358

Maximal outlet temperature (°C) 55 55

PEF Treatment time (μs) 281 281

Electric field strength (kV/cm) 35 38

Pulse repetition rate (pps) 2,000 2,000

Pulse duration rate (μs) 1 1

Number of PEF treatment chambers 6 6

Initial temperature of pomegranate juice (°C) 4 4

pps pulse per second
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pH, Total Soluble Solids, and Sediment Measurements

The pH and total soluble solid (TSS) content of the juice were
measured using a pH meter (Thermo Electron Corp., Beverly,
MA) and a digital refractometer (Reichert, Inc., Depew, NY,
USA), respectively. The refractometer was calibrated using
distilled water, and the measurement was done using the
temperature compensated mode. The soluble solid content
was expressed as ˚Brix. The sediment was determined by
measuring the height of sediment at the bottom of the bottle
bottom. Three samples were used, and all measurements were
made in triplicate and average results reported.

Color

The color of juice samples were measured in International
Commission on Illumination L*, a*, b* three-dimensional
color space using ColorQuest XE spectrophotometer (Hunter
Associates Lab, Reston, VA) where L designates lightness and
measured the relative lightness and darkness of juice with L =0
corresponding to black and L =100 corresponding to white.
The a value measured green to red with positive values indi-
cating more red, and negative values indicating more green.
The b value measured blue to yellow with positive value
signaling more yellow and negative value signaling more blue.
Three measurements were performed, and results were aver-
aged. In addition, total color difference (ΔE) was calculated
using the following equations:

ΔE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

a−ao�ð Þ2 þ b−bo�ð Þ2 þ L−Lo�ð Þ2
q

where L 0*, a 0*, and b 0* are the control values for
unprocessed pomegranate juice at day 0, and L*, a*, and b*
are the values for the treated samples at each storage time.

Sensory Evaluation

The sensory evaluation of four different treatments of the
pomegranate juice was conducted at Auburn University. The
juice samples at day 0 were immediately frozen and kept at
−20 °C before the sensory evaluation. A total of 30 consumers
were recruited. Consumers were asked about their degree of
satisfaction of four pomegranate juice samples based on the
overall appearance, overall flavor, pomegranate flavor, and
acceptability using nine-point scales (1=dislike extremely to
9=like extremely). Approximately 20 ml of each sample was
served. Unsalted crackers and water were provided for palate
cleansing between samples.

Statistical Analysis

Data were analyzed using analysis of variance with SAS ver-
sion 9.1 software (SAS Institute, Cary, NC). Duncan’s multiple

range test was used to determine the significant differences of
mean values. Significance was defined at p <0.05.

Results and Discussion

Effect of PEF Processing on the Survival of TPC and YMC

The effects of PEF treatments on the survival of total aerobic
bacteria (TPC) and yeasts and molds (YMC) are shown in
Fig. 2. Natural bacteria grew well in untreated pomegranate
juice, from ca. 3 log CFU/ml at 0 day to 7 log CFU/ml after
4 weeks at 4 °C. PEF treatments reduced the bacteria to 2.0–
2.3 log CFU/ml and maintained these levels through the 12-
week storage at 4 °C (Fig. 2a). There was no significant
difference in TPC between the two PEF treatments. For com-
parison, thermally pasteurized (PT) and double thermally
pasteurized (DT) juice samples had no TPC detected
(<0.69 log CFU/ml) during the entire storage period. Molds
and yeasts also grew well in untreated juice samples, reaching

Fig. 2 Survival of TPC and YMC in pomegranate juice during storage at
4 °C as affected by PEF and thermal treatments. a TPC, b YMC. UP
unpasteurized, PEF1 35 kV/cm, PEF2 38 kV/cm, PT single thermal
treatment, DT double thermal treatment. Error bars represent the stan-
dard deviation of the mean. Asterisk under detection limit
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7 log CFU/ml after 4 weeks at 4 °C (Fig. 2b). PEF treatments
significantly (p <0.05) reduced YMC from ca. 2.6 log CFU/
ml to undetectable levels (<0.69 log CFU/ml) after the treat-
ments and kept these levels until 10 weeks for PEF treatment 1
(35 kV/cm) and 12 weeks for PEF treatment 2 (38 kV/cm),
where approximately 1.5 and 2.1 log CFU/ml of YMC were
observed, respectively. Similar to TPC, there was no YMC
detected in DT juice samples. However, molds and yeasts
grew over the storage time in PT juice samples, reaching
4.4 log CFU/ml by the end of 12 weeks.

PEF process in laboratory scale PEF systems has been
reported to extend the microbiological shelf-life of fruit juices,
such as orange (Min et al. 2006), tomato (Aguilo-Aguayo
et al. 2008), and apple and cranberry (Jin and Zhang, 1999;
Raso et al. 1998). In this study, PEF processing extended the
microbial shelf-life of pomegranate juice to 12 weeks at 4 °C,
while both TPC and YMCwere under 2.5 log CFU/ml, which
indicates effective inactivation of spoilage microorganisms by
PEF. Using the same commercial scale PEF processing sys-
tem, other studies demonstrated that PEF extended the shelf-
life of tomato juice, orange juice, applesauce, and yogurt (Jin
et al. 2009; Min et al. 2003a, b; Yeom et al. 2004).

PEF processing was more effective against yeasts and
molds than vegetative bacteria, as the two PEF treatments
achieved similar reduction (<0.69 log CFU/ml) of YMC com-
pared to the double thermal treatment (DT) until weeks 10 and
12 (Fig. 2b). Yeasts are more sensitive than vegetative bacteria
to PEF treatment due to their larger cell size (Jeyamkondan
et al. 1999). For cranberry juice, the PEF-treated sample had
less growth of molds and yeasts than that of aerobic bacteria
after 7- and 14-day storage (Jin and Zhang 1999). The YMC
for PEF-processed apple cider throughout the 4-week storage
period at 4 °C were <1 log CFU/ml, while TPC of PEF-
processed cider increased to 2.4 log CFU/ml by the end of
the storage (Azhu Valappil et al. 2009).

Effect of PEF Processing on Total Phenolics, Anthocyanin
and Antioxidant Activity (ORAC)

The effects of PEF processing and thermal processing on the
concentrations of total phenolics, total anthocyanin, and anti-
oxidant in pomegranate juice during storage at 4 °C for
12 weeks are shown in Fig. 3. Two groups of samples were
observed based on total phenolic concentrations: thermally
processed samples (PT and DT) were in one group, and PEF
processed samples were grouped with unprocessed samples
(Fig. 3a), indicating that PEF processing didn’t alter the total
phenolic contents as compared to unprocessed juice. Similar
to total phenolics, the PEF processed and unprocessed juice
samples had similar concentrations of total anthocyanin
(Fig. 3b). Storage time didn’t affect the changes of total
phenolics, but did slightly decrease the total anthocyanin
concentrations for all samples stored at 4 °C for 12 weeks.

The variation in the antioxidant activity of PEF-processed
pomegranate juice during storage is shown in Fig. 3c. The
antioxidant activity of PEF-processed pomegranate juice was
similar to that in unpasteurized juice during the first 4 weeks
of storage. The additional storage time didn’t significantly
(p> 0.05) affect the antioxidant activity of PEF-processed

Fig. 3 Effects of PEF and thermal treatments on the retention of total
phenolics, anthocyanin, and antioxidant activity (ORAC) of pomegranate
juice during storage at 4 °C for 12 weeks. a Total phenolics, b anthocy-
anin, c antioxidant activity. UP unpasteurized, PEF1 35 kV/cm, PEF2
38 kV/cm, PT single thermal treatment, DT double thermal treatment.
Error bars represent the standard deviation of the mean
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pomegranate juices. There was no significant difference in
antioxidant activity between the two PEF-treated pomegranate
juices during the storage at 4 °C for 12 weeks.

In this study, PEF processing didn’t significantly (p> 0.05)
impact the nutritional values of pomegranate juice as the PEF-
processed juice samples had similar total phenolic, anthocya-
nin, and antioxidant compounds to those in unpasteurized
juice samples (Fig. 3). Although anthocyanin compounds in
all samples decreased during the storage, the smallest decrease
of the compound was observed in PEF juices.

With respect to the influence of thermal processing on total
phenolic compounds, significant increases were observed in the
thermally treated samples (Fig. 3a), which is not correlated to
anthocyanin (Fig. 3b). Augments in the phenolic content of
juices after thermal processing have been widely reported and
connected to the breakdown of polymeric phenolics (Yildiz
et al. 2009; Hager et al. 2010). It may be due to increase of
ellagitannins after the thermal treatments. Ellagitannins have
been regarded as the main non-colored phenolics of pomegran-
ate juices. Among them, punicalagin isomers accounted for the
high antioxidant capacity of some pomegranate juices (Gil et al.
2000). Punicalagins were present in low concentrations at fresh
juices before pasteurization; however, they significantly
(p <0.05) increased for all juices after thermal treatment.

Effect of PEF Processing on Color

Changes were observed when the color characteristics were
analyzed by colorimetric meter after processing and during the
storage period (Fig. 4). PEF-treated juice samples become less
bright (lower L* values), and more red (higher a* values), and
had similar yellowness (b* value) as compared to unpasteurized
juice samples. In contrast, the thermally processed juice samples
had significantly (p<0.05) lower L* and b* values than those
for PEF-treated and unpasteurized juice samples.

Fresh-like color is an important quality parameter for con-
sumer acceptance of juice. A decrease in L* and b* values for
thermally pasteurized juices indicated that the juice color be-
came darker and less yellow than unpasteurized and PEF-
processed juices. Interestingly, noticeable decreases in a*
values for double thermally treated samples (DT) were ob-
served, indicating a loss in redness, while thermally pasteurized
samples (PT) had similar a* values as unpasteurized and PEF-
processed samples. The a* values for treated samples were
highly correlated with the anthocyanin pigment contents in
Fig. 3b, as the Pearson correlation coefficients for PEF1,
PEF2, PT, and DTwere 0.81, 0.75, 0.85, and 0.78, respectively.

When the color (L*, a* and b*) of unpasteurized juice
sample at 0 day was used as a base point, total color difference

Fig. 4 Effects of PEF and thermal treatments on the stability of color
of pomegranate juice during storage at 4 °C for 12 weeks. a L* value,
b a* value, c b* value, and d ΔE value. UP unpasteurized, PEF1

35 kV/cm, PEF2 38 kV/cm, PT single thermal treatment, DT double
thermal treatment. Error bars represent the standard deviation of the
mean
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(ΔE) between unpasteurized and PEF or thermally treated juice
samples clearly showed that PEF processing had significantly
(p <0.05) less impact on the color of pomegranate juice than
thermal processing (PTand DT; Fig. 4), while thermally treated
samples had significantly (p <0.05) higherΔE (P< 0.05) com-
pared to both PEF samples at week 0 and throughout the
12 weeks. PEF-processed juice showed maximum color stabil-
ity during 12 weeks of storage. The less color changes caused
by PEF were further proved by visual observation (Fig. 5).
Figure 5 shows photos of the juice samples stored at 4 °C for
1 and 12 weeks. Thermal treatments are known to have pro-
nounced effects on the color of juice due to degradation of color
pigments, while better color preservation in PEF-treated juice
compared to heat-pasteurized juice has been documented (Jin
and Zhang 1999; Lee and Coates 1999; Min et al. 2003a, b;
Azhu Valappil et al. 2009; Yeom et al. 2000). The current study
demonstrates that PEF processing had the least impact on the
color changes compared to thermally processed juices immedi-
ately after processing and during storage at 4 °C for 12 weeks.

Effect of PEF Processing on °Brix, pH, and Sediment

Effects of thermal processing and PEF processing on the
change of TSS and pH of pomegranate juice during storage at
4 °C for 12 weeks are shown in Fig. 6. The °Brix values of all
juice samples except DT samples stayed at 16.5 during storage

at 4 °C for 12 weeks (Fig. 6a). The DTsamples showed slightly
lower °Brix values. All juice samples had similar pH value
around 3.85 and did not significantly (p> 0.05) change during
the whole storage period (Fig. 6a).

Figure 6b shows juice sediments as affected by processes
and storage time. After a 3-week storage, all samples had

Fig. 5 Pomegranate juices stored at 4 °C for 1 week (a) and 12weeks (b)
after PEF treatments. UP unpasteurized, PEF1 35 kV/cm, PEF2 38 kV/
cm, PT single thermal treatment, DT double thermal treatment

Fig. 6 Effects of PEF treatments on the stability of Brix, pH, and
sediment of pomegranate juice during storage at 4 °C for 12 weeks. a
Total soluble solid content (solid line) and pH (dashed line). b Sediment.
UP unpasteurized, PEF1 35 kV/cm, PEF2 38 kV/cm, PT single thermal
treatment, DT double thermal treatment. Error bars represent the stan-
dard deviation of the mean

Table 2 Consumer satisfaction scores of four pomegranate juices

Sensory attributes UP PEF PT DT

Appearance 6.9±1.61a 6.7±1.41a 5.4±1.65b 4.7±2.10b

Pomegranate flavor 6.3±1.14a 6.2±1.44a 4.6±1.33b 5.0±1.65b

Overall flavor 6.0±1.61a 6.3±1.53a 4.3±1.53b 4.9±1.49b

Overall acceptability 6.2±1.42a 6.4±1.56a 4.6±1.69b 4.8±1.62b

Values are means of 30 consumers. Means followed by the same lower-
case letter in the same row are not statistically different according to
nonparametric tests (Mann–Whitney U tests)

UP unpasteurized, PEF 38 kV/cm, PT single thermal treatment, DT
double thermal treatment
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stabilized with regard to the sediments. Based on the amounts
of sediment, the juice samples could be divided into three
groups, unpasteurized (UP), PEF processed (PEF1 and
PEF2), and thermally processed (PT and DT). Unpasteurized
juice samples had the most sediment and thermally processed
juice samples had the least sediments. The difference in juice
sediments between each sample can also be observed in Fig. 5.
PEF processing had less impact on the sediments of the juices
than the thermal processing.

Effect of PEF Processing on Consumer Acceptance

The overall satisfaction scores of consumer tests are presented in
Table 2. Consumers preferred unpasteurized (UP) and PEF-
processed (PEF) juice samples to those thermally processed
(DTand PT) (p<0.05). Although there were no statistical differ-
ences in all scores between PEF and UP juices, UP juice had the
highest score of appearance (6.9 vs. 6.7), while PEF juice got the
highest scores of overall flavor and overall acceptability (6.3 and
6.4, respectively). In contrast, both thermally treated juice sam-
ples had the lowest scores of pomegranate flavor, appearance,
overall flavor, and overall acceptability, which is significantly
(p<0.05) different from UP and PEF juices. Similar results were
also observed in other PEF-processed foods (Azhu Valappil et al.
2009; Evrendilek et al. 2004; Jin et al. 2009; Yeom et al. 2004).

Conclusion

This study demonstrated that PEF-processed pomegranate juice
in a commercial scale system had a similar microbiological
shelf-life as thermally processed juices while having similar
quality, nutritional, and sensory values as the unpasteurized
juices, which further confirmed that PEF was effective against
spoilage microorganisms and to retain fresh quality attributes of
food without appreciable loss of flavor, color, and bioactive
compounds as investigated by other researchers. Therefore, we
conclude that PEF processing technology is technically feasible
for commercial application for juice products.
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