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Abstract This study was carried out to evaluate the effect of
PEF process using static treatment chamber on fresh sugar-
cane juice with and without addition of lemon and ginger with
respect to microbial content, chemical properties, nutrient
content and shelf life extention of the product. The fresh sugar
cane juice without addition of lemon and ginger treated at
different field strengths (30 kV ¢cm™" and 50 kV cm ™) and
different pulse numbers (150, 300) was initially investigated
by storage at room temperature (31 °C) and refrigeration tem-
perature (4 °C) for 30 days. The PEF effect on fresh sugar cane
juice at room temperature and refrigerated temperature was
compared with untreated sample (31 °C). At the end of the
storage period samples treated at field strength 30 kV cm ™,
150 pulses were found to be stable compared with untreated
sample. The second experimental study of PEF process was
done on fresh sugarcane juice with the addition of lemon and
ginger for fourteen days at different electric field intensities
(10 kV em™', 20 kV cm ! and 30 kV ecm ') with the same
pulse number (150 pulses) and stored 4 °C. Even better reduc-
tion of microbes was achieved with PEF treatment condition
of field strength 20 kV c¢m ™", 150 pulses in the presence of
lemon and ginger. The sensory attributes of untreated fresh
sugarcane juice were maintained up to only two days, but
for the PEF treated sample, shelf life was extened up to seven
days. Further, addition of lemon and ginger in the PEF treated
sugarcane juice doubled the shelf life up to fourteen days.
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Introduction

The first systematic studies on the non-thermal lethal effect of
homogeneous pulsed electric fields on microbes were con-
ducted by Sale and Hamilton (1967). They observed that elec-
tric field strength and total treatment time were the most
important factors involved in the inactivation of bacteria.
Damage to the cell membrane, causing an irreversible loss
of its function as semi permeable barrier between the cell
and its environment, was proposed as the cause of the cell
death. The fundamental effects and mechanisms of electric
fields on the disruption of biological cells were introduced
by Neumann and Rosenheck (1973) and Zimmermann
(1986). The cell membrane was considered to act as a capac-
itor containing a perfectly elastic dielectric. The electro-
mechanical instability observed due to the influence of an
external electric field on biological cells is still one of the most
accepted theories for microbial inactivation (Hamilton and
Sale 1967; Sale and Hamilton 1967, 1968).

Pulsed electric field (PEF) is an emerging technology that
has been extensively studied for non-thermal food processing,
by a number of researchers across a wide range of liquid and
semi liquid foods. This method of food preservation uses short
burst of electricity for microbial inactivation and causes min-
imal or no detrimental effect on food quality attributes,
retaining their fresh aroma, taste, and appearance (Castro
et al. 1993). The sensory attributes of juices are reported to
be well preserved, and the shelf life is extended. Application
of PEF technology has been successfully demonstrated for the
pasteurization of foods such as juices, milk, yogurt, soups, and
liquid eggs (Qin et al. 1995). When a plant tissue is treated
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with high pulsed electric field, the cell membranes are rup-
tured leading to an increase in permeability of the cell walls
and subsequent increase in juice yield (Eshtiaghi and Knorr
1999). Increased yield of sugarcane juice by PEF treatment
during extraction has been observed (Kuldiloke et al. 2010;
Eshtiaghi and Yoswathana 2012). Our earlier study reported
the preservation of tomato juice using PEF technology
(Kayalvizhi and Antony 2014). Microbial inactivation de-
pends on properties of pulse, food, chamber, energy, repetition
rate etc. The issues with PEF include problems such as the
potential for electric arcs and a temperature increase inside the
chamber, corrosion or a deposit of solids on a high-voltage
electrode indicating some electrolysis of the product and the
possibility of transferring some electrode particles to the treat-
ed food (FDA 2009). The present study documents the pres-
ervation of fresh sugarcane juice (with and without lemon and
ginger) using PEF technology.

According to the worldwide top ten sugarcane production
surveys of Indian Horticulture Database (2014), India was the
second largest producer of sugar cane. Sugarcane is grown
mainly for producing sweeteners such as sugar, jaggery/gur
(unrefined sugar made from the sap of palm trees or sugar-
cane) and khandasari (finely granulated crystallized sugar).
The preservation of raw sugarcane juice is very difficult be-
cause it turns brown soon after extraction and gets spoiled due
to fermentation within hours.

Khare et al. (2012) reported that fresh sugarcane juice is
popular and commonly used as a delicious drink in both urban
and rural areas of India, especially in the northern states of
Punjab, Haryana, Himachal Pradesh, Rajasthan and Uttar
Pradesh. This drink is also preferred in various countries, es-
pecially where sugarcane is commercially grown such as South
East Asia, Egypt and Latin America. In Egypt, fresh sugarcane
juice is a popular drink served by almost all fruit juice vendors,
who can be found abundantly in most cities. In Indonesia and
Malaysia, sugarcane juice is sold nationwide especially among
street vendors. It is bottled for local distribution in some re-
gions and sold at food courts daily. In Singapore, it is sold in
food courts only (Ponting 2000). India is one of the leading
manufacturers and exporters of automatic sugarcane juice ex-
tractor machines (Solomon 2011).

100 mL of sugarcane juice provides 40 Kcal of energy,
10 mg of iron and 6 pg of beta carotene (Parvathy 1983). It
is rich in enzymes both polyphenoloxidase (PPO) and perox-
idase (POD) and has many medicinal properties providing
water (75-85 %), reducing sugar (0.3-3.0 %), and non-
reducing sugar (10-21 %) (Marques et al. 2013). Sugarcane
juice is a great preventive and healing source for sore throat,
cold and flu. It has a low glycemic index of 30—40 which keeps
the body healthy and can therefore be consumed by diabetics
in moderation (Khare et al. 2012). It hydrates the body quickly
when exposed to prolonged heat and physical activity. It is an
excellent substitute for aerated beverages (containing CO,)
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and cola drinks; it refreshes and energizes the body instantly
as it is rich in carbohydrates (Swaminathan 1995).

Based on a preliminary survey we found that fresh sugar-
cane juice had high microbial load and short shelf life.
Eshtiaghi and Knorr (2002) observed increased yield of
sugarbeet juice by PEF treatment during extraction and sub-
sequent pasteurization change the taste and smell of the juice.

Despite its popularity and wide consumption, the preserva-
tion of juice by processing is limited. Most often the fresh
juice is extracted and supplied to the consumers. Very recently
fresh sugarcane juice in aseptic pack (Tetra Pak) with shelf life
of six months has been commercialized in Pune, India (Sinha
et al. 2014). Scientific documentation on the preservation of
sugarcane juice is also very limited; probably due to its low
shelf life of about 4 h. Chauhan et al. (2007) reported that the
sugarcane juice could be preserved with ascorbic acid and
potassium metabisulphite (150 mg L™"). Sugarcane juice pre-
served with potassium metabisulphite showed minimum
changes in sensory qualities during storage, both at room
and refrigeration temperature for 90 days.

Research attempts in this area will help to improve the shelf
life, preserve its nutrition quality and make the product avail-
able to a wide group of consumers. The effect of minimal and
non-thermal processing methods on sugarcane juice has not
been studied till date and hence was taken up for study.

The primary objective of the study was the application of
high voltage electric pulse with different field strengths and
pulse numbers for a particular time interval to the fresh sug-
arcane juice which was obtained from the street vendors in
order to extend the shelf life.

Materials and methods
Raw material

The fresh sugar cane juice samples (with and without the ad-
dition of lemon and ginger) were purchased from street vendors
in air tight sterile containers near Anna University, Chennai.
They were transported at ambient temperature to the laboratory
and immediately subjected to processing and analysis.

Equipment

The equipment used in this study was designed and assembled
in the High Voltage Engineering Division of the Faculty of
Electrical Engineering, College of Engineering Guindy cam-
pus, Anna University, Chennai (Sathyanathan et al. 2012).
PEF Treatment

PEF treatment of sugarcane juice using static treatment cham-
ber is shown in Fig. 1. The Marx’s generator circuit was used
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to produce impulse voltages of 1.3/45 pusec. Sugarcane juice
with and without lemon and ginger was treated with optimized
test voltages and pulse rate as shown in Table 1. For all PEF
experiments 300 mL of sugar cane juice was added inside the
static treatment chamber under sterile condition. After PEF
treatment the sample was collected in a sterilized, wide-
mouthed, screw-capped glass bottle and immediately stored
at different temperatures - 31 °C (room temperature) and 4 °C
(refrigeration temperature) until analysis. All experiments
were repeated twice.

Analysis of shelf life stability

Chemical and microbial tests on untreated and treated samples
were carried out in the Food Safety Laboratory of National
Agro Foundation, Anna University campus, Taramani to ana-
lyze shelf life of the sugar cane juice with and with out addi-
tion of lemon and ginger. These tests were carried out every
week for 30 days (31 °C and 4 °C) and every alternate day for
14 days (4 °C) in fresh sugar cane juice with out and with the
addition of lemon and ginger respectively. The PEF treatments
were carried out on two separate batches of fresh sugarcane

1. Diodes

2. Connecting rod

3. Capacitance: 100 pF

4. High voltage transformer: 220 V/100 kV

5. Rresistance: 1200 Q

6. Treatment chamber 300 mL (Lx Hx B=15x2.5x 10 cm)
7. High voltage spark gap Adjustable spark gap

8. Capacitance: 1200 pF

9. Guard ring

10. Resistance: 280 MQ

Fig. 1 The complete experimental set up used for static PEF treatment of
sugarcane juice

Table1 Applied field and pulses for sugarcane juice (without and with
lemon and ginger) using static treatment chamber
Sample Field Pulse Duration
Strength number (s)
kv em™
Fresh sugarcane juice 30 150 110
(without the addition 50
of lemon and ginger) 50 300 240
Fresh sugarcane juice 10 150 110
(with the addition of 20
lemon and ginger) 30

juice (with and with out lemon and ginger) on two different
days and all chemical, nutritional and microbial analyses were
done in duplicates. All chemical and reagents used were of
analytical grade.

Chemical and nutritional analysis

The physicochemical characteristics of juices considered in
quality assessment include pH, titratable acidity (TA), total
soluble solids (°Brix) and vitamin C. pH value was measured
using AP-1plus pH meter (Susima Chennai) and the total sol-
uble solids present measured by a handheld refractometer
(Arico India) and expressed as °Brix. The titratable acidity
(% citric acid) was estimated in sugar cane juice filtrate by
titration with 0.1 N sodium hydroxide to pale permanent pink
end point with phenolphthalein. Further, vitamin C content of
the juice was tested by the reduction of the blue dye 2, 6
dichlorophenolindophenol by ascorbic acid (AOAC 2000).

Microbial analysis

Both untreated and treated samples were analyzed for the
presence of microbes like bacteria, yeast and molds by serial
dilution. The total mesophilic aerobic bacterial count of sam-
ples were estimated by the pour plate method using standard
plate count agar (Hi Media Mumbai). Plates were incubated at
37 °C for 48 h. The colony counts were carried out using a
digital colony counter (Lapiz Mumbai). For the sugarcane
juice, two different studies were done. In the first study, we
analysed the bacterial count in PEF treated fresh sugarcane
juice without addition of lemon and ginger which had been
stored for one month and based on that result, we designed the
second study in fresh sugarcane juice with addition of lemon
and ginger. The yeast and mould count was determined by
spread plate method using potato dextrose agar (Hi Media
Mumbai) in PEF treated juice that was stored for fourteen
days. Plates were incubated at 25 °C for 5 days as described
by Harrigan and McCance (1998).
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Table 2 Physico-chemical changes in PEF treated sugarcane juice (without lemon and ginger) stored at 31 °C for 24 h

Treatments Storage pH Acidity Total soluble Vitamin C Colour
(hours) (% Citric acid) solids (°Brix) (% Ascorbic acid)
L a b
Untreated 0 5.10*+ 030 0.2%+0.10 17.5° + 0.00 87.50° + 0.14 314%+022  942°+ 031  42.14* + 023
30 kV em™, 150 pulses 0 439° +032 03°+0.10 17.0° £ 0.00 84.10° + 0.15 21.02° £ 020 4.88°+032 31.62°+022
50 kV cm ', 150 pulses 0 4.07°+031 0.5°+0.20 17.0° + 0.00 82.82° + 0.11 14.97°+ 021 1321°+ 033 25.03°+ 021
50 kV cm™', 300 pulses 0 3989+ 033 0.5°+0.10 17.0° £ 0.00 81.54%+0.15 13.95% £ 022 1429°+ 031 23.50+0.22

Means within a column followed by different superscripts are significantly different (p < 0.05)

All values are averages of three replicate samples

Results and Discussion

Chemical analysis of sugarcane juice (without addition

of lemon and ginger stored at 31 °C)

Table 2 shows the physico-chemical changes in PEF treated
sugar cane juice (without addition of lemon and ginger) such
as pH, acidity, total soluble solids (TSS), vitamin C and color

Fig. 2 Colour changes in
untreated and treated fresh
sugarcane juice (without lemon
and ginger) at 31 °C a) Untreated
sugarcane juice b) Treated
sugarcane juice c¢) Storage, 7th
day and 14th day at 4 °C
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values of both untreated and treated samples stored at room
temperature (31 °C) for 24 h, for the application of different

field strengths (30 kV em ' and 50 kV cm™') and different

pulse numbers (150, 300). There was a significant (p < 0.05)
decrease in pH (from 5.10 £ 0.30 to 3.98 + 0.33), vitamin C

(from 87.5 = 0.14 to 81.54 = 0.15 mg %) and a significant
(p <0.05) increase in acidity from 0.2 + 0.10 to 0.5 + 0.10 %;
while, TSS showed no significant (p < 0.05) change (from

1. 30 kV cm™,150 pulse numbers
2.50kV em™,150 pulse numbers
3.50 kV cm™,150 pulse numbers

14tk Day

1. 30 kV cm™,150 pulse numbers
2.50 kV em™,150 pulse numbers
3.50 kV cm™,150 pulse numbers
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Table 3  Physico-chemical parameters of PEF treated sugarcane juice (without lemon and ginger) stored at 4 °C for 7 days and 14 days
Treatment Storage pH Acidity Total Soluble  Vitamin C Colour
(Days) (% Citric acid) Solids (°Brix) (% Ascorbic acid)
L a b
Untreated Seven  5.10°+033 02%+0.10 17.5* + 0.00  87.5* + 0.20 3344 +£0.10 9.52°+023  46.14* + 0.20
Fourteen 5.10* 035 0.2%+0.10 175+ 0.00 85.5*+0.10 3144 £0.10 942°+021 42.14* £ 0.10
30kVem ', 150 pulses Seven  4.96* +0.34 0.3+ 0.10 175+ 0.00 87.5°+0.10 25.9°+0.10 14.8°+0.18 38.75° +0.13
Fourteen 5.04% +0.31 2.0°+0.10 19.0° +0.00 83.5°+0.10 22.9°+£0.10 13.80°+0.19 36.75° + 0.12
50kVem ', 150 pulses Seven  5.00* +0.31 0.5+ 0.10 17.8°+0.00  62.5°+0.10 32.4°+0.10 4.52°+0.15 44.46%+0.15
Fourteen 4.70% +0.38 5.7¢+0.10 18.0°+0.00  60.5°+ 0.10 30.4°+0.10 4.02°+0.17 41.46° +0.11
50kVem ', 300 pulses Seven  4.95%+0.30 0.7°+0.10 18.0°+0.00  75.04+0.20 243°+£0.10 13.1°+0.14 37.27°+0.17
Fourteen 4.71* + 030 5.59+0.10 17.0 + 0.00  70.0° + 0.20 223%+0.10 12.11°+0.15 3527°+0.12

Means within a column followed by different superscripts are significantly different (p < 0.05)

All values are averages of three replicate samples

17.5 £ 0.00 to 17.0 + 0.00 °Brix) between the untreated and
treated sugar cane juice stored at room temperature (31 °C) for
24 h. After 24 h, the chemical property of PEF treated fresh
sugarcane juice (without the addition of lemon and ginger)
changed and spoilage was noted; suggesting that storage at
room temperature was not effective in preserving the PEF
treated sugarcane juice. Without PEF treatment the juice

Fig. 3 Colour changes of PEF
treated fresh sugarcane juice (with
lemon and ginger) on 1st day, 7th
and 14th day of storage at 4 °C a)
Untreated b) Treated on 1st day c¢)
Treated on 7th day d) Treated on
14th day

1. 30 kV cm™,150 pulse numbers
2.50 kV em™,150 pulse numbers
3.50 kV em™,150 pulse numbeyg

underwent spoilage after 4 h. Table 2 and Fig. 2 show the
color changes of both untreated and treated fresh sugarcane
juice (without the addition of lemon and ginger) before and
after 24 h at room temperature (31 °C). Significant darkening
of the color was evident from the decrease in the L values and
the color change to yellow seen from the decrease in a* and
increase in b* values.

1.30 kV cm™,150 pulse numbers
2. 50 kV em™,150 pulse numbers
3.50 kV cm™,150 pulse numbers

1.30 kV cm™,150 pulse numbers
2.50kV em™,150 pulse numbers
3.50kV em™,150 pulse numbers
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Fig. 4 Changes in pH and

Acidity (% citric acid) of PEF

treated sugarcane juice (with

lemon and ginger) stored at 4 °C 51
for 14 days 48 -
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Chemical analysis of sugarcane juice (without addition
of lemon and ginger at 4 °C)

Table 3 shows that the PEF treated juice stored at 4 °C was
better preserved compared to storage at 31 °C. At the end of
one week, there was a little change in pH (from 5.10 + 0.30 to
4.95 £ 0.30) and TSS (from 17 £ 0.00 to 19.0 + 0.00 °Brix)
while acidity increased from 0.2 £ 0.10 to 5.7 + 0.10 %. The
vitamin C content was retained (87.5 £ 0.14 mg %) up to
7 days when low intensity of PEF at 30 kV cm ', 150 pulses
was used. Higher field intensities and pulse numbers caused
significant (p < 0.05) reduction in the ascorbic acid (from
87.5+0.14t0 60.50 £ 0.10 mg %). It was also seen that longer
storage up to 14 days led to loss of vitamin C in all cases.
Although the color values L, a*, b* showed variations during
storage (Table 3), perceptible changes were seen only at end of
the second week (Fig 2 c).

Thus from the one month storage study it was observed that
30 kV cm',150 pulse condition was better in retaining the
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5 7 9 11 13

Time in Days >

chemical properties and color of the juice compared to higher
field strengths and pulse numbers when stored at refrigeration
temperature (4 °C) for seven days. Therefore in the subse-
quent study on sugarcane juice with added lemon and ginger,
lower field strength and pulse was used for PEF treatment
(10 kV e¢m™'/150 pulse, 20 kV c¢m™'/150 pulse and
30 kV ecm /150 pulse) and the treated juice was stored at
refrigerated temperature (4 °C). The reason behind the addi-
tion of lemon and ginger was that this was the preferred form
of consumption by the consumers for its enhanced flavor.
Further, it is likely to prevent oxidation of the juice thereby
minimizing the color change and the increased acidity may
also inhibit microbial growth.

Chemical analysis of sugarcane juice (with addition
of lemon and ginger stored at 4 °C)

The color changes of PEF treated fresh sugarcane juice (with
lemon and ginger) on 1st day, 7th and 14th day of storage at



J Food Sci Technol (March 2016) 53(3):1371-1379

1377

Fig. 5 Changes in total soluble

solids (°Brix) and vitamin C (%

ascorbic acid) of PEF treated

sugarcane juice (with lemon and

ginger) stored at 4 °C for 14 days 20 -

18.5 1

—
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17.5 A

Total soluble solids (°Brix)——
3

16.5 1

16

=4 Control
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4 °C is shown in Fig. 3. Color was well retained in the treated
juice for seven days, while color change was noticeable in the
entire treated sample at the end of second week. Figure 4
shows changes in pH and acidity (% citric acid). All the treat-
ed samples maintained their pH till the 9th day and after the
9th day there were slight variations in the pH, but in the un-
treated sample there was decrease in the pH from the 5th day
onwards. The percentage of acidity in the treated sample was
retained between 0.2 % - 0.3 % for seven days, while in the
untreated sample, it increased markedly after the 3rd day. As
seen from Fig. 5, TSS (°Brix) value which indicates the sugar
content increased (30 %) after the 7th day and peaked on the
9th day. The vitamin C content also increased (30 %) after the
5th day and peaked on the 7th day. Although similar changes
were seen in the untreated, the levels of both parameters were
comparatively low (Fig. 5). These increases may be attributed
to the rate of microbial growth during storage. The higher
growth rate in the untreated samples would account for the
decrease in TSS, while cell lysis and secretion of metabolies
could contribute to the increase (Fig. 7). Yeast present in the

3 5 7 9 11 13

Time in Days

untreated and treated samples, which are known to produce
ascorbic acid may have contributed (Sankhla et al. 2012).

" 31°C,24h

4°C, 7 days

g
n N
L )

(S
!

-
1

Reduction of total aerobic mesophilic
count (log CFU mL™)
< -
n n

30kV/cm,150 50kV/cm,150 50kV/cm,300
pulses pulses pulses

Treatments

Fig. 6 Effect of PEF treatment on reduction of total aerobic mesophilic
count of sugarcane juice (without lemon and ginger) stored at 31 °C, 24 h
and 4 °C, 7 days
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~#= Control

~#=10 kVem™, 150 pulses
20 kVem™, 150 pulses

=30 kVem'™, 150 pulses

(log CFU mL™")
N el
wn e wn L=

Yeast and mold count
2

k)
n

1 3 5 7 9 11 13
Time in Days

Fig. 7 Yeast and Mold changes in PEF treated sugarcane juice (with
lemon and ginger) stored at 4 °C for 14 days

Microbial analysis

PEF treatments in sugarcane juice without lemon and ginger
with storage at refegeration temperature (4 °C) caused signif-
icant (p < 0.05) reduction (2.71 log cfu mL ") in total aerobic
mesophilic counts compared to room temperature (31 °C) as
seen from Fig. 6. The field strength of 30 kV cm™ !, 150
pulses/110 s pulse treatment had higher bacterial reduction,
when compared to the 50 kV cm™', 150 pulses and
50 kV ecm™', 300 pulses, indicating that lower pulse treatment
resulted in effective microbial reduction (Fig. 6).

From the second set of exeperiments on fresh sugarcane
juice with the addition of lemon and ginger, PEF treatment
with 10 kV e¢m™', 150 pulses and 20 kV cm',150 pulses
treatment maintained low yeast counts for 7 days and after
the 7th day started to increase (Fig. 7). Molds were not detect-
ed in the juice. In contrast, in the untreated sample the yeast
growth was numerous from the 3rd day (about 1log increase).
In both the set of exeperiments higer microbial counts with
higer intensites of treatments may be explained by the elevat-
ed temperature of the sample corresponding to the higer field
intensites and pulses (Ayman El-hag et al. 2008). Microbial
contaminants of the fruit juice were below 10° cfu mL ™" and
thus within acceptable limit for human consumption (ICMSF,
1986).

Conclusion

PEF processing significantly increased microbiological safety
and stability of sugarcane juice, while reducing unfavorable
changes in nutritional and sensory properties of the beverage.
Encouraging results have been obtained with PEF treatment
with lower intensity at the laboratory level. PEF treated juice
without added lemon and ginger could be stored at room tem-
perature (31 °C) only for 24 h. Storage of the same juice at
refrigerated temperature (4 °C) extended shelf life to seven
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days. With the addition of lemon and ginger, sugarcane juice
could be preserved with even lower PEF treatment
(20 kV cm™', 150pulses) and the product quality was main-
tained for seven days with lower microbial counts. Further
experiments are needed to optimize the process and enhance
the shelf life.
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