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Abstract

The effect of pulsed electric field (PEF) treatment on pineapple juice, applied in a batch system, was studied in terms of change in microbial community, bioactive
compounds, and antioxidant capacity. Among the bioactive compounds, total phenolic content (TPC), flavonoid, ascorbic acid, and B-carotene content were evaluated.
The results were monitored over a 10 days of storage at -20 °C and compared with that of untreated juice sample. A PEF device-designed and fabricated in laboratory-was
used for this purpose and the applied electric field strength were 9 kV/cm, 11 kV/cm, and 13 kV/cm at a frequency of 100 Hz. Highest microbial inactivation was observed
at 13 kV/cm field intensity, which was the greatest possible field strength supplied by the PEF system. During storage, microbes grew in PEF treated juice, though at a
slower pace than the untreated one, since the applied field intensity was far short of critical value to inactivate them entirely. All the bioactive compounds experienced a
slight reduction in treated juice. Over time, the TPC and B-carotene of treated juice reduced at a slower rate than the untreated juice, whereas flavonoid and ascorbic acid
content diminished at a similar rate. The treated juice lost its antioxidant capacity at a lower speed than the untreated one, though it did not change immediately after PEF
treatment. Therefore, with higher electric field applied, PEF processing may be an effective preservation technique for pineapple juice in achieving sustainable shelf-life
with uncompromised nutritious and ant-oxidant values over long term storage.

food products which is of superior nutritional and sensory
quality, durable shelf life, and requires minimal processing [3].
To address these issues several treatment methods have been
applied among which thermal pasteurization is frequently
pronounced. Although thermal processing appear to have

Introduction

Being the source of essential minerals, vitamin, and
diversity to diet, the demand for consumption of fruits is ever
increasing. Among them, many fruits are reach in phenolic

compounds, carotenoids, and vitamin C or ascorbic acid, which
have huge antioxidant potential and whose intakes are highly
encouraged due to their role in reducing cancer, cardiovascular,
and neurological diseases [1]. Since the availability of fruits
varies from place to place and season to season, consumption
of their preserved version has been practiced. One of the best
ways to preserve fruit is to store it in juice form. But long
term preservation has been a growing concern since the
nutritious quality and sensory attributes can be impaired by
microorganisms, spoilage enzymes, and undesirable chemical
reactions [2]. Moreover, the increasing consciousness about
diet and health issues goaded consumer into searching for

extended the shelf life of several juices, it has been demonstrated
in several studies that considerable deterioration in sensory,
nutritional, and biochemical compounds occur which are very
heat sensitive [4,5]. In response to this limitation, researchers
have come up with Pulsed Electric Field (PEF) as a non-
thermal treatment process which has been proved to decrease
microbes and spoilage enzymes to an extent, comparable to
that by thermal processes, without sacrificing flavor, color and
bioactive compounds [6].

PEF process involves the application of short burst of electric
field to a sample placed between two electrodes which causes
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permeabilization-may be reversible or irreversible depending
on process parameters-of membrane [7]. The most commonly
accepted theory behind cell permeabilization is that under the
exposure of external electric field, free charges accumulate
on both side of the membrane resulting a transmembrane
potential and when the induced membrane potential exceeds
a critical field strength, membrane disruption or destruction
occurs [8]. The efficiency of this process was found to
be strongly dependent on field intensity, pulse duration,
treatment time, type of microbial stain, and properties of the
sample under investigation [9]. Though Sale and Hamilton first
experimented the lethal effect of PEF on microbes in 1967 [10],
the applicability of PEF in food processing is a recent concept.
Various researchers have been proved successful in applying
PEF process in preserving several food products, such as milk
[11], sugarcane juice [10], strawberry juice [12], orange juice
[13], apple juice [5], grape juice [14] etc.

Pineapple (Ananas comosus) is a popular tropical fruit,
mainly consumed as juice, has a growing demand all over the
world due to its very pleasant aroma and flavor [15]. Several
phytochemicals, such as phenolic compounds, ascorbic
acid, and carotenoid are regarded as beneficial nutrients
in pineapple juice [16]. The world-wide total pineapple
production is estimated between 16 to 19 million tons [17].
In Bangladesh, according to Bangladesh Bureau of Statistics
(BSS), the pineapple production was 218.6 thousand metric
ton during the fiscal year 2010-11. So to make this huge
production marketable without altering bioactive content and
anti-oxidant capacity, a facile processing of pineapple juice is
necessary. Typically, thermal processing has been in practice,
but the aforementioned limitations of this process welcome
PEF as a viable alternative to treat pineapple juice for providing
stable shelf-life. Though PEF has been successfully applied in
treating different juices, surprisingly a few or no study has
been conducted on PEF treatment of pineapple juice.

Therefore, this present study was directed to investigate
the effects of PEF processing on inactivation of endogenous
microorganisms in pineapple juice as well as on different
bioactive compounds, such as total phenolic, flavonoid
content, ascorbic acid, p-carotene, and their role in anti-
oxidant capacity of the juice. The change of these experimental
parameters before and after treatment over storage of 10 days
had also been compared. To conduct these studies a laboratory
scale PEF device was built.

Materials and methods
Preparation of juice

Fresh pineapples were purchased from a local retail grocery
store-Agora (Sylhet branch, Bangladesh). The as-received
pineapples were washed with tap water, peeled off and sliced
into small pieces (3-5 mm), and then again washed with
distilled water. After that, these washed pineapple slices went
through a domestic juice extractor (Miyako BL-302) to obtain
fresh juice. The prepared juice was then filtered using a cotton
filter cloth and the filtrate (clear juice) was then centrifuged
(Model-316, Gyrozen, Korea) at 3000 rpm for 15 min to discard
the remaining pulp and any solid particles. The supernatant

was, after that, put in several sterilized (at 121 °C for 30 min)
250 ml polypropylene bottles. These bottles were stored at
-20 °C until treatment when they were left to thaw at ambient
temperature.

Pulsed Electric Field (PEF) treatment

Alaboratory scale PEF device was designed and constructed
in Shahjalal University of Science and Technology (Sylhet,
Bangladesh). The system consisted of four sections, such as
power supply section, pulse generation and computational
control section, high voltage level shifter section, and a reactor
section. A simple cuvette served the purpose of reactor in
which two copper electrodes were at an electrode distance of
2mm and the sample volume was 1 ml. The device was operated
in batch mode and the applied electric field strength were 9 kV/
cm, 11 kV/cm, and 13 kV/cm with square waveform pulse at a
frequency of 1000Hz. 13 kV/cm was the highest achievable field
strength of the fabricated PEF device and the treatment time
was 1 ms.. The PEF processed juice was poured into sterilized
250 ml polypropylene bottles and stored at -20 °C until further
analysis.

Microbial count analysis

Plate Count Method was employed for the examination
of total number of viable microbes present in juice sample
before and after PEF treatment. Juice samples, before and
after treatment, were adequately diluted and 1ml samples were
pipetted out on to petri dish equipped with nutrient media.
The nutrient media was comprised of 0.5% peptone, 0.3% beef
extract, 0.5% NaCl, 1.5% agar with respect to distilled water
and was sterilized in an autoclave (UTKBS-50 V, mrclab, China)
at 121 °C for 30 min. The culture media and diluted sample
were mixed well by a gentle swirling motion. The petri dishes
were then allowed to solidify under incubation at 37 °C for
72 hours. After incubation, Colony Forming Units (CFU) were
counted using a digital colony counter (J-3 colony counter, SCO
Engineering, Germany).

Determination of total phenolic content

Total Phenolic Content (TPC) in the sample extract
was assessed by spectrophotometric method using Folin—
Ciocalteau’s assay [18], with slight alternation. To quantify the
TPC, 20 nL of each juice extract was poured in test tube followed
by the addition of 1.58 mL of distilled water and then 100 pL of
Folin—Ciocalteau reagent and mixed thoroughly. After 8 min,
300 pL of sodium carbonate was added to the mixture and
the samples were vortexed (VM-2000, Digisystem Laboratory
Instruments Inc.,Taiwan) immediately and left for incubation
in the dark for 30 min at 40 C. The absorbance of the samples
were then measured at 765 nm in a UV-Vis spectrophotometer
(UV-1800, Shimadzu Scientific Instruments, Japan). A
calibration curve was prepared using standard solution of gallic
acid, and the results of TPC were expressed as mg of Gallic Acid
Equivalents (GAE) per 100g of sample.

Determination of total flavonoid content

Total flavonoid content (TFC) of the juice extract was
determined by a modified method described elsewhere [19].
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Quercetin was used as standard. 0.5 mL of the standard
solutions diluted in 80% ethanol or sample juice extract were
mixed with 1.5 mL of 95% ethanol, 0.1 mL of 10 % aluminum-
trichloride solution, 0.1mL of 1 M potassium-acetate, and
2.8mL of deionized water. After that the mixture was left
for incubation at room temperature for 40 min and then the
absorbance of the reaction mixture was measured at 415 nm
against a blank of distilled water, instead of 10% aluminum-
trichloride solution, in a UV-Vis spectrophotometer. Results
were expressed as mg of Quercetin Equivalent (QE) per 100g
of sample.

Determination of ascorbic acid

The amount of ascorbic acid in juice sample was measured
by spectrophotometric method based on the ability of standard
ascorbic acid and ascorbic acid in sample to decolorize
2,6-dichlorophenol-indophenol dye solution as described by
S. Ranganna [20]. Briefly, for sample preparation, 10ml of
each juice sample were transferred to 100ml volumetric flask
and the remaining was filled with 2% metaphosphoric acid.
Dye solution was prepared by dissolving 2,6-dichlorophenol-
indophenol in distilled water along with sodium bicarbonate.
Ascorbic acid was used as standard and the solution was
prepared by dissolving ascorbic acid in 2% metaphosphoric
acid. 10 ml of dye solution was added to 5 ml of standard
ascorbic acid solution of known concentration or sample juice
extract and then they were mixed thoroughly. After that, the
absorbance of these mixtures were measured at 518nm against
a blank consisting of 5 ml 2% metaphosphoric acid and 10ml of
distilled water. Finally the ascorbic acid content in the sample
was calculated by the following equation:

mg of ascorbic acid/100g of sample

Ascorbic acid content x volume made up x100

= (1

ml of solution taken for estimation x 1000 x weight of sample taken

Determination of B-carotene

Biswas and his fellow researchers [21] developed a simple
and reliable UV-Vis spectrophotometric method for the
determination of B-carotene in different food categories and
current study employed the same for determining B-carotene
in pineapple juice. To extract f-carotene from juice sample, 1g
of thawed juice was mixed with 5 ml of chilled acetone in a
test tube and kept in shaking for 15 min. Then it was vortexed
at high speed for 10 min and later it was centrifuged at 4000
rpm (1730R, Gyrozen, Korea) for 10omin. The supernatant
was separated and transferred to a beaker and the remaining
compound was re-extracted adding 5 ml chilled acetone
followed by centrifugation and separation of supernatant
as before. Both supernatant was filtered using a filter paper
and subjected to a UV-Vis spectrophotometer for measuring
absorbance at 449 nm wavelength which was then compared
to a standard curve to calculate the p-carotene content in the
juice (mg/100 mg juice). A standard curve of B-carotene was
made using standard stock solution of B-carotene prepared by
dissolving the standard in acetone.

Determination of antioxidant activity by 2,2-diphenyl-1-
picril-hidrazil (DPPH) assay

The antioxidant activity of pineapple juice was measured

by its inhibition capability of 2,2-diphenyl-1-picril-hidrazil
(DPPH) radicals using a slightly altered method of Brand-
Williams et al. [22]. 100 pL of each sample extracts was added
to 1.4 mL DPPH radical solution (1074 M) in methanol which
were allowed to react for 30 min at dark. Then the absorbance
of reaction mixture were measured at 517 nm against blank
(100 pL methanol instead of sample extract) using a UV-Vis
spectrophotometer. The results were expressed in terms of
radical scavenging activity using the following equation:

. . .. A -A
Radical scavenging activity (%) = % x100 (2)

0
Where, A_ is absorbance of control blank and A, is absorbance

of sample extract.

Result and discussion
Effect of PEF treatment on microbial count

The total microbial count in pineapple juice immediately
after PEF treatment and after a storage time of 5days and 10
days at different electric field strength, ranging from 9kV/
cm to 13kV/cm, was studied and compared with that of the
untreated juice-results of which are shown in Figure 1.
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Figure 1: Total plate count of PEF treated (at 9 kV/cm, 11 kV/cm, and 13 kV/cm)
and untreated juice (UJ) over different storage time (0 day, 5 days, and 10 days).

As can be seen that the total plate count dropped from 150
x103 CFU/ml to 120x103 CFU/ml after PEF treatment at 9 kV/
cm strength and it reached the lowest value of 35x103 CFU/ml
for a treatment intensity of 13 kV/cm which was the highest
achievable field strength obtained by our fabricated PEF device.
Thus an increase in electric field intensity resulted in higher
microbial reduction which may be attributed to greater number
of permeated cells at higher field strength [8,23]. Nevertheless,
a considerable amount of microbes survived within the applied
electric field range which, may be, were below a threshold
value for achieving a critical transmembrane potential value
of 1 V required for membrane breakdown [24]. Moreover,
the orientation of microbial cell and their agglomeration and
interaction with insulating particles may impair the critical
membrane field strength experienced by the cells for a given
field strength and make them immune to applied electric
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field [9]. However, after a storage time of 5 and 10 days, the
total microbial count in treated juice was found to increase
noticeably, though the rate decreased with increasing treatment
intensity from 9 kV/cm to 13 kV/cm and were significantly
lower than that of the untreated one. This is because at these
low intensity, below a critical value, inactivation was partially
due to reversible permeabilization [25], or sub lethal damage of
cell which, with time, may survive and contribute to increase
in total plate count during storage leading to unsatisfactory
shelf-life [23]. For this reason, Toefl and his co-workers [9]
suggested an electric field strength in the range of 20 to 50 kV/
cm for ensuring effective microbial inactivation. Hence, it can
be inferred that an increased treatment intensity beyond the
critical value would guarantee a longer shelf-life; a shelf-life
of more than 67 days for PEF treated apple juice at 34 kV/cm
[26] and 12 weeks for PEF treated pomegranate juice at 38 kV/
cm [7] bear the testimony of this assertion.

Effect on total phenolic content

The presence of phenolic compounds, one of the most
widely occurring groups of phytochemicals, in fruit juice are
of considerable interest due to their antioxidant properties
which may be ascribed to their ability to scavenge free radicals,
donate hydrogen atoms, electrons, or chelate ions [27,28]. In
this present study, the TPC of untreated and PEF treated juice
at different storage time were determined by Folin-Ciocalteu
assay, and the findings are reported in Figure 2.

1.6 —a—13kV — yJ

TPC (mg GAE/100 g)

Figure 2: Total phenolic content (TPC) of PEF treated (13 kV/cm) juice and untreated
juice (UJ) with respect to time.

It can be depicted that the TPC of treated juice slightly
reduced from that of the untreated one. A similar observation
was reported by Zhang and his fellow researchers [29], during
PEF treatment of longan juice at 32 kV/cm. However, with
increasing storage time both PEF treated and untreated juice
were found to decrease in TPC and after 7 days of storage the
loss of TPC of untreated juice was more than the treated one.
The depletion of TPC over storage might be a result of oxidation
of these compounds and polymerization reaction with proteins
[30] and is in accordance with previous studies [12]. It has been
reported that polyphenol oxidase and peroxidase are responsible
for phenolic compound oxidation [31]. PEF treatment may
hindered these enzymes’ activity which resulted in lower TPC
loss than untreated juice during storage.

Effect on flavonoid content

Flavonoids generally account for more than half of the
over eight thousand different phenolic compounds [27]. This
group comprises, but not limited to, anthocyanins, Xavonols,
Xavan-3-ols, Xavonones and Xavononols [32]. The change of
total flavonoid content of fresh and PEF treated pineapple juice
during storage is shown in Figure 3.

30

—a—13kV —— UJ
25 F

20 f

Flavonoid content (mg QE/100 g)

Figure 3: Flavonoid content of PEF treated (13 kV/cm) and untreated juice (UJ) at
different days.

The flavonoid content of fresh and treated juice at day o
were considerably similar. The content of these bioactive
compounds diminished, nearly at the same rate, from 26 to
12 mg QE/100 g within 10 days storage for both treated and
untreated juice. Result of other published studies support this
behavior of flavonoid content over storage [33]. This decrease
in total flavonoid content was may be due to depletion of plg-
3-glu and plg-3-rut content and, in turn, total anthocyanin of
juices, with storage time irrespective of the treatment applied
[12]. A previous study attributed indirect oxidation of phenolic
quinons generated by polyphenol oxidase to degradation of
anthocyanin [34]. In general, no significant difference in
flavonoid content was observed between fresh and treated
juice.

Effect on ascorbic acid

From the point of nutritional point of view, ascorbic acid,
also known as vitamin C, is an essential nutrient for human
body which help to form collagen, cartilage, muscle and blood
vessels, and also facilitate iron adsorption [35]. Pineapple
has been described to contain much less amount of ascorbic
acid compared to that of citrus fruits [16]. The effect of PEF
processing on ascorbic acid in pineapple juice for a storage
duration of 10 days is exhibited in Figure 4.

It is obvious that PEF treatment reduced ascorbic acid in
pineapple juice slightly, by nearly 1.5 mg/100 g, a behavior
also shown by other researchers in treating different fruits
[29,36,37]. The concentration of ascorbic acid in PEF processed
and untreated juice dwindled gradually, at the same pace, with
storage time. Vitamin C is vulnerable to enzyme-catalyzed
oxidation, such as ascorbate oxidase and peroxidase [38],
which may cause the reduction of ascorbic acid during storage.
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Odriozola-Serrano and co-workers [12], studied the influence
of PEF on vitamin C of strawberry juice during storage and
the result encouragingly showed clear concordance with the
finding of this study.

Effect on B carotene

Carotenoids are among the most abundant phytonutrients
found in fruits and vegetables, and on average about 60% of the
vitamin A is estimated to stem from carotenoids [39]. p carotene
is one of the carotenoids which have vitamin A activity [40].
Hence, the impact of PEF treatment and subsequent storage
on B carotene content in pineapple juice was investigated and
the outcomes are portrayed in Figure 5. The concentration of B
carotene was lower in PEF treated juice than in untreated juice
at day o and then for both sample it decreased with storage
time. Compared to PEF treated juice, the rate of B carotene
depletion was higher in the juice left untreated. The same
relationship between carotenoids with vitamin A activity and
storage time was observed during PEF treatment of orange
juice [41]. B carotene are highly unsaturated molecule due
to presence of polyene in their chain structure which make
them prone to oxidation or isomerization responsible for their
degradation with storage time [42]. May be PEF treatment
inhibited the activity of some enzymes which are responsible
for catalyzing oxidation or isomerization of § carotene.

Effect on DPPH radical scavenging capacity

Antioxidant capacity of pineapple juice measured through

- 13kV ——

Ascorbic acid (mg/100 g)
=

Figure 4: Ascorbic acid content of PEF treated (13 kV/cm) and untreated juice (UJ)

during storage.
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Figure 5: B-carotene content of PEF treated (13 kV/cm) and untreated juice (UJ) at
different days.

DPPH method is presented in Figure 6. The DPPH radical
scavenging capacity of PEF treated juice was similar to that in
untreated juice immediately after treatment. But, interestingly,
it decreased at a greater pace in untreated juice than in PEF
treated juice, at a later time.

88

86 —B—13kV — UJ
84
82
80
78
76
74

Radical Scavenging Activity (%)

72

Figure 6: Radical scavenging activity of PEF treated (13 kV/cm) and untreated juice
(UJ) during storage.

It is believed that most of the antioxidant capacity of fruits
and vegetables come from the natural combination of different
phytochemicals [43]. Some authors [12] tethered the decrease
in antioxidant capacity of strawberry juice, over storage, to
depletion in vitamin C and anthocyanin, whereas some others
[44], showed a strict relationship between antioxidant capacity
and ascorbic acid in blood orange juices. However, in their
work, Gardner and his colleagues [16], suggested that less
than 5% of the antioxidant activity of pineapple juice could
be attributed to vitamin C as it does not belong to citrus fruit
genre. Moreover, they implicitly indicated phenolic content
to be responsible for antioxidant capacity of pineapple juice
and our data of total phenolic content is in good agreement
with their suggestion. As described in earlier section, TPC of
untreated juice diminished at a faster rate than the PEF treated
one which may well describe the quicker losing of radical
savaging capacity of untreated pineapple. Likewise, B carotene
can also be held partially responsible for higher antioxidant
capacity of PEF treated pineapple juice as it decreased at a
slower pace than in untreated juice with time.

Conclusion

Present study showed that highest inactivation of microbe
in PEF treated pineapple juice was observed at 13 kV/cm field
strength. Since this applied field intensity failed to reach
critical transmembrane potential, a moderate amount of
bacteria survived or reversibly pored which helped them to
grow in number after treatment. The phytochemicals studied
in this experiment slightly altered during PEF treatment and
degraded at the same pace of untreated juice over time except
for total phenolics and B carotene. TPC and (B carotene in
untreated juice diminished at a higher rate than the treated
juice, so was the antioxidant capacity. Hence, phenolics and
B carotene appeared to be a contributory factor to antioxidant
capacity of pineapple juice. However, there was no perceptible
change in temperature during PEF treatment. To conclude,
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PEF treatment could be a promising technology for preserving
quality attributes of pineapple juice for an extended period of
time, provided a field intensity above a certain critical value is
applied.
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