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Abstract Ultrafiltration is one of the types of clarification
process that was undertaken in this study together with
examining and comparing the storage period of clarified
juice by other methods (enzymatically treated, centrifuga-
tion, microfiltration). Centrifugation, ultrafiltration and
microfiltration of jamun juice was carried out using a
laboratory scale refrigerated centrifuge and filtration sys-
tem. The juices obtained from various processes were
evaluated on the basis of their physiochemical and micro-
bial aspects over a period of 8 weeks. Enzyme treated and
centrifuged juices were found to be degraded within
15-30 days while other juices had lesser changes in their
properties. However microfiltered juice contained some
yeasts and molds which increased with time. Ultrafiltration
with 50 kDa pore size and 20 psi pressure was found to be
the best method for clarification of jamun juice having a
prolong shelf life with optimum qualities.
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Introduction

Fruit juice is one of the non-alcoholic drink which attracts
people from age group of 8 to 80 for its health benefit and
nutritional properties. Every year, India produces 9 million
tons of fruit, among which total market for fruit juice is 230
million litre, with a growing trend of 12% per annum
(Gahlawat et al. 2014). The Indian fruit juice market is
divided into two category i.e. organised (packaged fruit
juice) and unorganised one (fresh juice). The organised
packaged juices are not having the original nutritional
benefit of the fruit as it is passed through pasteurization
process. Due to the heat treatment denaturation of protein,
polyphenols, antioxidant and loss of vitamins takes place.
Therefore, clarification can be one of the major unit
operations in the juice industry which can be used to retain
the nutritional quality of juice before its packaging. Clar-
ification is the process of separating dense cloudy or hazy
solution from the raw juice to obtain a slightly translucent
juice.

Jamun is one of the seasonal minor fruit with a distinct
flavour and colour (Ghosh et al. 2017). The fruit, juice as
well as the seed is having several medicinal values (Se-
hwag and Das 2015). The raw juice is full of suspended
particles and macromolecules (pectin, tannin, fibre). To
clarify the juice several pre-treatments have been done.
Specific enzyme is added to the juice that breaks pectin
into soluble form, thereby freeing the suspended particles
which settle down and leaves the juice clear (Sin et al.
2006; Pinelo et al. 2010; Sagu et al. 2014a). In specific
pectinase, tannase, cellulose had been used to clarify jamun

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-019-03648-2&amp;domain=pdf
https://doi.org/10.1007/s13197-019-03648-2

J Food Sci Technol

juice for further treatment. The clarification through
enzyme treatment process depends upon type of enzyme
used, time, concentration and temperature (Ghosh et al.
20164, b).

Non-enzymatic clarification can be sub-divided into five
types (clarification through adding chemical agents, heat-
ing, centrifugation, microfiltration and ultrafiltration).
Gelatine, chitosan, bentonite, silica are used often to clarify
juice by breaking the cell wall structure in case of chemical
agents treatment (Yang et al. 2015). But the main disad-
vantage of the process is that it takes a longer period of
time for the completion of the whole process and risk of
contamination. In case of heat treatment colloidal materials
usually gets coagulated due to protein denaturation and
finally a cooked flavour is produced in the juice. Cen-
trifugation is generally used to separate the large particles
present in the raw juice by centrifugal action. The process
depends on the speed and time of the operation. Membrane
filtration is one of the effective process proves its benefit.
Microfiltration as well as ultrafiltration process has been
used for clarifying the juice through a decade. Several
studies have been investigated to compare the better clar-
ifying treatment within centrifugation and microfiltration
(Chhaya et al. 2013; Sagu et al. 2014b). Sagu et al. (2014b)
studied comparison of banana juice clarification through
centrifugation and microfiltration and concluded that
microfiltration method is more suitable for further clarifi-
cation in terms of viscosity, pectin and clarity. But in
another study Chhaya et al. (2013) reported that in terms of
quality parameter centrifugation gives better result than
microfiltration for stevia extract clarification.

In the beverage industry instead of sterilization, micro-
filtration followed by ultrafiltration gives a better quality
product without changing the characteristics flavour,
aroma, colour of the original juice. Ultrafiltration is known
as the most suitable clarifying process separating valuable
compounds from the juices. The processes eliminates the
use of enzymes, chemicals, and heat, thereby decreasing
the chances of contamination and process failure. It is
mainly used for removal of suspended solids which is
responsible for haze formation and turbidity factors. If
ultrafiltered juice can be packaged properly then shelf life
of the juice will be same as commercially available product
with a better quality. So this process is known as cold
sterilization.

During storage of the fruit juice, degradation occurs due
to microbial growth, physicochemical changes and colour
changes. Storage study is needed for enumerating the shelf
life of the product (Cortés et al. 2008). For further indus-
trial application the meaningful clarification process will be
which possess a longer shelf life. Several treatments (ultra-
sonication, pasteurization, sterilization, microfiltration,
ultrafiltration, changes in temperature) has been applied to
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fruit juice for enhancing the shelf life and storage study of
those juices has been also reported (Mondal et al. 2016;
Cruz-Cansino et al. 2015; Ain et al. 2014; Vegara et al.
2013; Rai et al. 2008; Campos et al. 2002).

The primary aim of the study was to clarify the jamun
juice by ultrafiltration. The next aim was to determine the
storage period of clarified jamun juice by different methods
(enzymatically treated, centrifugation, microfiltration) and
comparison between them with ultrafiltration process. The
outcome will not only helpful for the storage study and
shelf life prediction but also for any further treatment after
clarification of the juice.

Materials and methods
Raw material

Fresh and ripe jamun (variety: Ram jamun) procured from
local market of Rourkela, Odisha (India) was utilized as the
raw material. As jamun is highly perishable, it was
defrosted at — 20 °C. Prior to the deep freezing process, it
was cleaned with CaCl, solution.

Preparation of jamun juice

Jamun fruits were kept outside the deep freezer and thawed for
4 h until it reached the room temperature. For the preparation
of jamun juice, the required jamun pulp was obtained by
deseeding the fruits manually and storing the pulp in a clean
container. The pulp was grinded in a mixer (Bajaj Mixer,
India) for 5 min atits high speed. The grinded pulp was treated
with Pectinase (Aspergillus aculeatus) Enzyme (Pectinex
Ultra SPL; activity 3800 units/ml, Sigma-Aldrich, India) with
a concentration of 0.05% (w/w) for 80 min at 44 °C (Ghosh
et al. 2016b; Shahnawaz and Sheikh 2011).

Centrifugation

Centrifugation of jamun juice was performed in a labora-
tory scale refrigerated centrifuge (2-16KL, Sigma, Ger-
many). The operation was done on batch mode method
with 50 ml capacity tubes at 25 °C. Based on the previous
scientific results (Rai et al. 2006) and preliminary trials, the
rotational speed (rpm) and time (min) of centrifugation
were maintained at 7000 turns and 40 min, respectively.

Microfiltration and ultrafiltration

Microfiltration (MF) and ultrafiltration (UF) of jamun juice
were carried out using a laboratory scale filtration system
attached with hollow fibre membrane (Explorer 12, Poly-
sulfone material, Effective area 0.005 mz, inner diameter
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0.013 m with a height of 0.312 m) which was supplied by
CleanSep, Mumbai, India. Schematic diagram of mem-
brane filtration system was given in Fig. 1. A certain
amount of juice was used for each trial under batch con-
centration mode where permeate was collected separately
with the recirculation of retentate. The process was done
until recovery was more than 80%. The peristaltic pump
supplied the feed to the micro filter membrane. Inlet (P1)
and outlet (P2) pressure of the membrane was visible
through attached pressure gauge. The Trans membrane
pressure [TMP = (P1 + P2)/2] was calculated on the basis
of the average of both the pressure. After passing through
membrane, filtrate was obtained on one side and retentate
on the other. The retenate was recirculated to the feed tank.
Pressure valve was used to maintain the back pressure
throughout the time of experiment. The amount of filtrate
was collected in a measuring cylinder. Time to collect each
10 ml of juice was noted down and the permeate flux
(J) was calculated. Filtrate as well as retentate was col-
lected for physicochemical analysis.

The juice was passed through Microfiltration with
0.45 pm pore size membrane and a pressure of 20 psi.
Temperature was constant throughout the experiment.
Transmembrane pressure and membrane pore size was
varied through a certain range. The operating parameter for
ultrafiltration was membrane pore size (100, 50 and
10 kDa) and Trans membrane pressure (TMP) was 10, 15
and 20 psi respectively.

PRESSURE VALVE

T

Physicochemical analysis of juice

Enzymatically treated, centrifuged jamun juice, filtrate
collected from microfiltration and ultrafiltration unit were
analysed for different physicochemical analysis. Various
parameters such as pH, TSS, turbidity, colour difference,
protein content, polyphenol content, clarity and microbio-
logical analysis had been experimented and analysed.

pH, TSS and turbidity

The pH (hydrogen ion concentration) was estimated with the
help of a Elico pH meter. Abbe-type digital Refractometer
was used for total soluble sugar (TSS) and results were
expressed in degree Brix (°B). Turbidity [Nephelometric
Turbidity Units (NTU)] was measured by Digital Turbidity-
meter (Model 335, Deluxe Company, India) (Sin et al. 2006).

Colour analysis

In order to get the accurate color and quantify the variation
of color pigments in different samples, Hunter colorimeter
(Colorflex EZ, USA) was used. The instrument was stan-
dardized during each sample measurement with a black and
a white tile and the color values were represented in form
of brightness/darkness (L*), redness/greenness (a*) and
yellowness/blueness (b*). Change in color (AE) with
respect to raw juice was also evaluated using the following
equation (Fernandez-vazquez et al. 2011)

OUTLET
@ PRESSURE

GAUGE
< == _J AU
RETENATE
PERMEATE
IS S DRSS e R e -|=’
'+ MF- HOLLOW FIBRE :
e U " |
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(") PReESSURE
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Fig. 1 Schematic diagram of membrane filtration system. MF membrane filtration system (both microfiltration and ultrafiltration)
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AE = \/ (AL +(Aa* )+ (Ab* )

Protein and phenol content

Spectrophotometric method was used for both protein and
polyphenol concentration. Protein concentration was
determined with Bovine serum albumin (BSA) as standard,
according to the dye binding method and phenol concen-
tration was measured at 650 nm by Folin—Ciocalteu
method with Gallic acid standard (Ghosh et al. 2016a).

Juice clarity

Clarity of the juices were evaluated by transmittance (%T)
at 660 nm utilizing the UV-VIS spectrophotometer
(Model: AU 2701, Systronics India Ltd) as described by
Ghosh et al. (2016a).

Browning index

Browning index was estimated by UV-VIS Double Beam
Spectrophotometer (Systronics India Limited, India). The
absorbance of sample was measured at 430 nm and 520 nm
wavelength and ratio of the results were expressed as
browning index value (Vegara et al. 2013).

Antioxidants activity (DPPH)

Antioxidant activity of the juice sample was determined as
the free radical scavenging activity against DPPH (2,2-
diphenyl-1-picrylhydrazyl) by the method described by
Bermidez-Soto and Tomas-Barberan (2004). The result
was expressed as percentage reduction in the DPPH
radicals.

DPPH free radical scavenging activity (%)
= (Y — X) % 100/Y

where X absorbance of sample and Y absorbance of the
blank sample.

Microbiological analysis

The juice sample was taken from the filtration unit to the
laminar flow chamber directly through a sterilized pipe
without any contact with the outside environment.

In order to determine bacterial count and yeast and
molds count the method described by Cruz-Cansino et al.
(2015) was used. For total aerobic plate count (TAPC), the
samples were incubated 30 °C for 48 h and for yeasts and
molds, it was incubated at 25 °C for 72 h. Finally, the
colonies were enumerated manually and results were

@ Springer

expressed as the logarithm of colony forming units (cfu)
per mL of juice.

Storage study

The main objective behind the study was to see the effect
of storage on various physiochemical properties of clarified
jamun juice so as to produce a long shelf-life product
retaining all its qualities. The clarified juices were stored
under refrigeration temperature (4 °C) for 8 weeks without
any additive or preservative. All the experiments were
conducted in controlled environment without any kind of
contamination. Samples were collected in sterilized bottles.
Before any microbiological analysis, the laminar flow
chamber was cleaned with ethanol and UV lamp was
switched on with door closed.

Sensory evaluation

Sensory evaluation of various clarified jamun juices was
done by a panel of 20 judges and the scoring was done on
9-point Hedonic scale (Ranganna 2005). Various attributes
such as physical appearance, texture, aroma, flavour, color,
and overall acceptability were tested on day 0 and day 60.
The analyses were done in a room equipped with proper
light and mean scores were calculated for each juice. The
samples were served in identical glasses with an exact
amount (50 ml) with proper coding.

Statistical analysis

All results obtained were expressed as mean £ SD of three
independent evaluations and were subjected to statistical
analysis using SPSS Statistics 20 (SPSS, Inc., Chicago).
The means were compared by using Turkeys test and
ANOVA. Significance level was settled as p < 0.05 for all
the differences.

Results and discussions

Optimization of operating conditions
for ultrafiltration

Throughout the ultra-filtration process, temperature
(30 °C) and flow rate (10 L/h) of the jamun juice was
constant. Changes of permeate flux with time at three
different membrane pore was mentioned in Fig. 2. With the
increase in pressure permeate flux decreases and with
increase in the pore size permeate flux increases but at
highest membrane pore size (100 kDa) flux declined
observed. In case of membrane pore size of 50 kDa, per-
meate flux was highest. There is a significant difference
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(p < 0.01) observed in the permeate flux with change in
pressure and pore size. At this pore size uniformity of flux
has been observed at 10 psi. In every case at highest
pressure level sudden change of decrease in permeate flux
observed due to deposition of the macromolecule in the
membrane (Sagu et al. 2014a; Cassano et al. 2010). Steady
state flow rate was observed after 20 min in case of 10 psi
pressure. These trends can be explained due to the solid

particle deposition at the beginning in the membrane
module. The rapid declination of the flux after a certain
time was due to the pore blocking of membranes and
fouling. But according to the processing time 50 kDa pore
size takes less time with a higher permeate flux (105 1/h* m
to 61 1/h? m) rather than the other two. So according to the
operating conditions the best result was obtained at 50 kDa
pore size membrane module.
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Table 1 Changes in physicochemical properties during ultrafiltration

Parameter Samples Pressure (psi) Membrane pore diameter (kDa)
10 50 100
pH Filtrate 10 3.557 £ 0.006™* 3.600 £ 0.001°* 3.673 £+ 0.012%
15 3.520 £ 0.001% 3.610 & 0.002°* 3.687 £ 0.006%
20 3.590 £ 0.001* 3.663 & 0.011% 3.683 £ 0.006%
Retentate 10 3.587 £ 0.006™ 3.610 & 0.001°* 3.713 £ 0.006™
15 3.553 £ 0.006™ 3.687 £ 0.006% 3.717 £ 0.006*
20 3.563 + 0.015% 3.697 £ 0.006" 3.707 &+ 0.012°
TSS (°B) Filtrate 10 13.203 £ 0.006™ 15.167 + 0.058 14.033 + 0.058%*
15 13.333 £ 0.058" 15.767 £ 0.058% 14.567 £ 0.058%Y
20 14.367 + 0.058" 16.067 £ 0.058" 14.733 + 0.058%
Retentate 10 14.100 £ 0.100** 16.067 £ 0.115™ 15.500 + 0.100%*
15 14.800 £ 0.001% 16.167 £ 0.058™ 15.733 £ 0.058%
20 15.033 £ 0.058* 16.613 + 0.023% 15.167 £ 0.058%
Turbidity (NTU) Filtrate 10 0.060 £ 0.001** 0.107 £ 0.006°* 0.553 £ 0.006%
15 0.417 £ 0.011% 0.037 £ 0.006°* 0.167 £ 0.006%
20 0.120 £ 0.002* 0.030 + 0.001% 0.110 + 0.010*
Retentate 10 6.157 £ 0.006™ 7.557 £ 0.006°% 7.453 £ 0.012%
15 7.120 £ 0.001% 7.433 + 0.006% 8.567 + 0.058%
20 6.857 £ 0.006™ 7.247 + 0.006" 9.857 £ 0.006%
L Filtrate 10 0.147 £ 0.038* 0.100 £ 0.010* 0.150 £ 0.010*
15 0.147 £ 0.011* 0.137 £ 0.006™ 0.123 + 0.006™
20 0.107 £ 0.006™ 0.170 £ 0.040% 0.710 £ 0.026>
Retentate 10 0.220 + 0.060* 0.363 % 0.025° 0.677 £ 0.032%
15 0.197 £ 0.015* 0.470 £ 0.010® 0.703 £ 0.015%*
20 0.183 + 0.006ax 0.127 £ 0.006* 0.810 % 0.088°*
a* Filtrate 10 0.760 £ 0.020™ 0.363 % 0.025% 0.617 £ 0.015%
15 0.643 £ 0.015% 0.457 £ 0.050% 0.563 % 0.025
20 0.507 £ 0.006* 0.470 £ 0.026% 0.653 £ 0.072%
Retentate 10 0.777 £ 0.015* 0.407 £ 0.015° 0.533 + 0.057%*
15 0.800 + 0.040™ 0.347 £ 0.029% 1.430 £ 0.078%
20 0.730 £ 0.056% 0.463 + 0.015* 1.467 + 0.353%
b* Filtrate 10 0317 £ 0.021* 0.183 % 0.021% 0.257 £ 0.015*
15 0.253 £ 0.023% 0.227 £ 0.015* 0.217 £ 0.012*
20 0.187 + 0.006* 0.267 + 0.045Y 0.447 £ 0.046
Retentate 10 0.300 + 0.036™ 0.247 + 0.030™ 0.480 £ 0.035%
15 0.333 £+ 0.021* 0.313 £ 0.061* 0.637 £ 0.021%
20 0.313 + 0.006™ 0.210 £ 0.010 0.663 + 0.058%
Protein (mg/g) Filtrate 10 40.119 + 0.002* 102.853 £ 0.003% 147.879 + 0.002*
15 49.244 + 0.031% 105.130 £ 0.001% 154.457 £ 0.003
20 55.803 + 0.003** 109.430 £ 0.004%* 162.552 + 0.002%*
Retentate 10 249.317 £ 0.004* 247.040 £ 0.002°* 234.898 + 0.002°
15 240.210 + 0.002% 236.673 £ 0.006% 219.974 + 0.006%
20 233.381 + 0.003* 216.179 £ 0.001%* 214.156 + 0.001¢*
Polyphenol (mgGAE/g) Filtrate 10 55.332 + 0.003* 114.574 £ 0.001°* 237.446 + 0.001
15 56.596 + 0.005% 122.553 4 0.003% 248.085 + 0.002
20 66.171 + 0.001** 125.745 + 0.001%* 253.404 + 0.003*
Retentate 10 331.064 + 0.006™* 282.128 + 0.003%* 310.851 £ 0.001¢*
15 325.746 + 0.004% 269.895 + 0.005% 299.149 + 0.006%
20 314.043 + 0.001* 257.659 £ 0.002%* 288.511 + 0.002%*
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Table 1 continued

Parameter Samples Pressure (psi)

Membrane pore diameter (kDa)

10

50

100

Clarity (%T) Filtrate 10
15
20
Retentate 10
15

20

89.133 + 0.153*
88.300 £ 0.001*
85.367 £+ 0.057*
70.270 £ 0.061**
71.133 £ 0.058"
71.233 £+ 0.058"

84.900 + 0.001
86.833 £ 0.058"
89.333 =+ 0.058"
78.733 £ 0.115
72.767 £ 0.058"
70.233 + 0.058"

89.233 + 0.058™
81.233 & 0.057%
83.667 & 0.058*
69.267 + 0.305%
30.900 =% 0.100%
38.400 & 0.200°*

Values expressed are mean =+ standard deviation

Means in the same column with different letters were significantly different at p < 0.05 (a, b, c for pore size and x, y, z for pressure)

The physicochemical, nutritional properties were anal-
ysed for all the juices (filtrate) as well as retentate obtained
from each treatment (Table 1). From the table it can be
observed that pH of the filtrate as well as retentate varies
within the range of 3.5-3.7. Significant differences
observed with the change in the pore size of the membrane
but no change observed when pressure changes. Optimum
pH was recorded at 50 kDa pore size membrane with
15 psi pressure as the microfiltered juice was having pH of
3.61. In case of TSS and turbidity significant differences
(p < 0.05) observed for changes both membrane pore size
and pressure. Maximum TSS and minimum turbidity is
necessary for the clarified juice. 50 kDa pore size mem-
brane with a pressure of 20 psi gives the maximum TSS of
16.06°B with a minimum turbidity of 0.03NTU. Opposite
results have been enlisted for the retentate section as sugars
and fibrous material (macromolecule particles) has its own
tendency of deposition due to the membrane barrier. For
colour values dark pigments were present in the retentate
and the light particle passes through. There is no significant
change with change of membrane pore size but with the
change in pressure colour changes occurs. Original purple
colour of the juice turns to pink colour after clarification
process. Lightness (L value) and blueness (b* value)
decreased which is responsible for the new colour. In case
of nutritional parameters (protein and polyphenols) sig-
nificant changes observed with change in membrane size
and pressure. The lower the pore size and pressure the
accumulation of protein and polyphenol in filtrate was low.
The highest amount of retention was enlisted in 100 kDa
pore size with 20 psi pressure. Finally overall clarity of the
juice was not having a significant difference with the
applied pressure. The maximum the clarity the acceptance
of the juice was more to the customer. The result shows
that maximum clarity was obtained by 50 kDa pore size

membrane with 20 psi pressure. From the above discussion
it can be concluded that ultrafiltered juice pass through
50 kDa membrane pore size and with a pressure of 20 psi
gives the best result.

Storage study

The clarified juices obtained by different methods were
evaluated for various physical and microbial parameters
and the variation of these parameters with storage period is
listed in Table 2.

Changes in pH and TSS

pH is an important parameter for storage of juice as high
variation in its values can lead to deterioration of the
quality of juice. pH of various juices were found to be in
range of 3.446-3.760. Significant changes observed
(p < 0.05) with different method 0 of clarification but with
the changes in storage period pH changed very slightly. In
case of micro filter (MF) treated jamun juice with increase
in storage time initially the pH increases and then it
decreases. Campos et al. (2002) also found similar varia-
tion for pH of microfiltered cashew apple juice.

Different clarification treatments led to a decrease in the
initial TSS value of the juice with maximum decrease for
ultrafiltration, followed by microfiltration and centrifuga-
tion. Overall there is a decreasing trend observed with the
increase in the storage period. But the rate of change in
TSS value is less in ultrafiltered juice rather than the other
ones which make ultra-filter (UF) treated juice more
stable for a longer period. Storage study of Arenga pinnata
juice also resulted in decreasing trend of TSS value with
storage period (Ain et al. 2014).
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Table 2 Changes in physical and microbial properties of clarified jamun juice with storage time

Days Enzyme treated

Centrifugation (7000 rpm,

Microfiltration (0.45 pm, Ultrafiltration (50 kDa,

20 psi)

20 psi)

40 min)
pH 0  3.657 +0.015* 3393 + 0.006"*
15 3590 + 0.010°®  3.443 + 0.006"®
30 3.563 + 0.015°C  3.583 + 0.006°°
45 3.680 + 0.017**  3.607 £ 0.006°°
60  3.623 + 0.015"®  3.627 + 0.012°F
TSS (°Brix) 0 20.133 £ 0.058™ 19.767 + 0.058"*
15 18.300 & 0.100°®  18.367 + 0.153*8
30 17.100 + 0.100°  16.733 + 0.115°¢
45 16.767 & 0.058°°  16.067 + 0.058°°
60 16.433 + 0.153*F  15.200 + 0.000°F
Browning index 0 0451 & 0.000**  0.626 & 0.002°*
15 0.640 £ 0.000®  0.589 + 0.000°®
30 0.904 + 0.000°C  1.000 + 0.001°¢
45 1.006 £ 0.002°°  1.042 + 0.002°°
60 1.120 £ 0.002°F  1.103 & 0.002°F
Clarity (%T) 0 77.933 + 0.058** 83.100 %+ 0.000°*
15 27.667 & 0.462°® 43333 4 0.306"®
30 7.033 +0.058°C  4.833 + 0.058"
45 4167 £ 0.058°°  1.600 £ 0.000°°
60  4.000 + 0.000°°  0.983 + 0.006°F
TPC (log CFU/ml) 0 35x10° 21 x 10?
15 46 x 10* 33 x 10°
30 75 x 10* 53 x 10*
45 ND ND
60 ND ND
Y and M (log CFU/ 0 7 x 10° 6 x 10*
ml) 15 4 x10° 8 x 10°
30 ND 15 x 10°
45  ND ND
60 ND ND

3.553 £ 0.015°
3.580 £ 0.010**
3.607 + 0.012°B
3.523 + 0.015°¢
3.557 + 0.015°¢
17.067 + 0.058*
16.533 + 0.208"®
16.233 + 0.153®
16.633 =+ 0.153°C
16.833 + 0.058°¢
0.568 & 0.000°*
0.853 & 0.000°B
0.983 £ 0.000°¢
1.121 + 0.001°°
1.240 + 0.001°E
93.510 + 0.000°*
81.167 + 0.058°®
64.633 + 0.252°C
40.447 + 0.012°P
29.113 + 0.006°F
Nil

Nil

Nil

Nil

Nil

3

10

15

23

29

3.620 £ 0.010%
3.517 + 0.012°B
3.533 + 0.012°B
3.577 £ 0.021°¢
3.760 + 0.020°°
15.833 + 0.058%
15367 + 0.153®
15.067 + 0.058®
14.333 + 0.231°C
14.033 £ 0.058C
0.673 £ 0.000%
0.973 £ 0.000%®
1.125 £ 0.000%¢
1.139 £ 0.0019P
1.199 =+ 0.000%E
96.600 £ 0.000%
86.833 + 0.058%®
78.637 + 0.025¢
66.310 + 0.615%°
50.660 + 0.017°F
Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Values expressed are mean =+ standard deviation

Means in the same column with different letters were significantly different at p < 0.05

Changes in browning index and clarity

It is an indicator of the browning of various sugars present
in the juice sample (Buera et al. 1986). Browning can also
possible due to the oxidation phenomena. All the juices
were found to have low values initially with lowest value
for enzyme treated juice and highest value for ultrafiltered
juice. The values were found to increase with storage time
for all types of juice. Therefore, with increase in storage
time, browning reaction progresses and the browning index
of juice increases. At day 0, the values differed greatly with
the process but at day 60, the values did not differed much.
The rate of browning indicated less stability of all types of
juice. The values were found to be significantly different

@ Springer

(p < 0.05) along the storage period for all types of juice.
Various treatment gave juices with significantly dissimilar
values (p < 0.05) at each day. Browning index of MF-
clarified pineapple stored at 4 °C was also found to
increase with increase in storage period (Laorko et al.
2013).

Initially clarity of enzyme treated juice was found to be
lowest (77.933 £ 0.058%) and that of ultrafiltered juice
was found to be highest (96.600 £ 0.001%). The juices
clarified by microfiltration and ultrafiltration were found to
be almost clear (clarity > 90%) in appearance initially.
Clarity of all the juices was found to decrease greatly with
storage time which can be attributed to various biochemical
reactions occurring in them. At day 60, clarity values were
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found to be low for centrifuged juice (0.983%) and enzyme
treated juice (4.000%); microfiltered juice had moderate
clarity (29.113%) where ultrafiltered juice possess maxi-
mum clarity (50.660%) indicating that the latter juices are
quite stable in comparison to the former juices. Storage
study of ultrafiltered mosambi juice also exhibited
decreasing trend of clarity with storage (Rai et al. 2008).

Microbiological study

TPC Total plate count was done in order to check the
spoilage of juice by various kinds of bacteria present in it.
The initial microbial load of enzyme treated and cen-
trifuged juice were found to be 35 x 10 and 21 x 10* log
CFU/ml respectively and the final load (at day 30) were
75 x 10* and 53 x 10* log CFU/ml respectively. The
microfiltered and ultrafiltered juice were found to have
negligible bacterial count from initial day to the final day
of storage. As per the rate of bacterial growth, it can be
noted that centrifuged juice acts as a better substrate than
enzyme treated juice for growth of bacteria.

Yeast and mold count During ultrafiltration process, the
yeast and mold cannot pass through the membrane, so their
count was nil for ultrafiltered juice (till day 60). However,
enzyme treated juice was found to have highest count at all
the times followed by centrifuged juice. The juices were
considered spoiled when the values were of the order of
10° log CFU/ml. So evaluation was not done for enzyme
treated juice and centrifuged juice after day 15 and 30
respectively. The count was very less for microfiltered
juice and it increased from 3 log CFU/ml at day 1 to 29 log
CFU/ml at day 60. The values increased with increase in
storage period for all the juices. Salomao et al. (2014) also
found yeast and mold count of untreated apple juice to be
of the order of 10° log CFU/ml and the value decreased
with enzymatic treatment and ultrafiltration.

Changes in various chemical parameters

Protein Initially, the protein content of enzyme treated
juice was highest followed by microfiltered, ultrafiltered
and centrifuged juice and the result is justified by the fact
that during the clarification process, some of the macro-
molecules are retained in the filter pores (Fig. 3a). The
degradation was fastest in enzyme treated juice (decreasing
to < 10% of the original value in 60 days) indicating its
fast degradation. The centrifuged juice also showed
decreasing trend for protein content and was found to have
minimum values at all the times (44.61-9.16 mg/g). This
indicates that either most of the proteins were removed or
were being denatured during centrifugation process. Ini-
tially, the microfiltered and ultrafiltered juice exhibited an

increasing and then decreasing trend of protein content
with storage period. All the values were found to be sta-
tistically different (p < 0.05) both along storage period as
well as with different processes. Mondal et al. (2016) found
that the initial protein content of ultrafiltered, microfiltered
and enzyme treated bottle gourd juice were in increasing
order and the protein content of ultrafiltered juice increased
with the storage period.

Polyphenols Jamun juice obtained by different processes
gave varying trends of polyphenols with storage time
(Fig. 3b). Generally phenolic compounds are reactive in
nature and are easily converted into procyanadins by the
action of phenol oxidases. Initially enzyme treated juice
was found to have highest polyphenolic content
(302 mg GAE/g of juice) followed by microfiltered,
ultrafiltered and centrifuged juice. The polyphenolic con-
tent of microfiltered and ultrafiltered juice showed a
decreasing trend initially and then became almost constant
after 30 days of storage. This trend was similar to that of
MF-clarified pineapple stored at 4 °C (Laorko et al. 2013).
For centrifuged juice, the value increased initially upto
30 days and then decreased. Cruz-Cansino et al. (2015)
also found increasing trend of total phenolic compounds in
purple cactus pear juice during storage. At each day, the
values were found to be statistically different except at day
30 when all the juices except the enzyme treated juice had
similar values (p < 0.05). Singh et al. (2015) had also
observed initial polphenol content of jamun pulp
421.2 ng GAE/g.

DPPH For all type of juices the amount of antioxidants
decreased as the storage time increased (Fig. 3c). The rate
of degradation of antioxidants was found to be highest in
enzyme treated juice and least in microfiltered juice.
Similar results have been found for variation of antioxidant
capacity of MF-clarified pineapple stored at different
temperatures (Laorko et al. 2013) with storage time. Singh
et al. (2016a) concluded that freeze dried jamun polyphe-
nol extract was rich in antioxidant activities which can be
useful for natural preservative. At day 15 and 60, various
juices were found to have statistically different values
(p < 0.05) whereas at other days, there were similarities in
some of the values.

Changes in colour parameters

Color is a very important parameter for storage study of
juice as it is the first attribute that judges its acceptability
by the consumer. Color attributes of various types of
clarified jamun juices are depicted in Fig. 4. For better
acceptability, color deviation from the fresh juice should be
minimal. At day 0, centrifuged juice was found to have
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Fig. 3 Changes in chemical A
parameters of different clarified
jamun juice with storage period
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minimum L* value indicating that it was of darkest color
among all the juices (Fig. 4a). The values were found to
increase with storage time for all the juices except for
enzyme treated juice for which the value decreased initially
and then started increasing. The increasing lightness of
juice can be due to precipitation of some of the coloured
suspended particles in the juice and the same is reflected in
decreasing TSS values of the juice. Storage study of purple
cactus pear juice also resulted in an increasing L* value of
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control juice with increase in storage period (Cruz-Cansino
et al. 2015). Similar type of result was obtained by Singh
et al. (2016b).

All the samples were found to have positive a* value
throughout the storage life implying that they were red in
color (Fig. 4b). At day 0, enzyme treated juice had maxi-
mum redness followed by ultrafiltered juice while other
juices had similar values (p < 0.05). Centrifuged juice was
found to have an increasing trend in a* value throughout
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Fig. 4 Changes in colors of
different clarified jamun juice
with storage period

the study while for other juices the value increased initially
and then decreased. For microfiltered juice, the value did
not increased significantly (p < 0.05) from 0 to 30 days
while after that it increased rapidly. There was an overall
increase in a* value for all the juices and similar results
have been found by Cruz-Cansino et al. (2015).

All the juices were found to have positive b* value
(Fig. 4c) at all days of storage except enzyme treated juice
at day O for which the value was negative. Clarification of
juice reduced its blue components greatly resulting in
positive b* values. All the juices (except ultrafiltered one)
were had an overall decrease trend. Various processes gave
juices with significant values at day 0, 30 and 60
(p < 0.05). However Laorko et al. (2013) also found an
overall increase in b* values during storage of clarified
pineapple juice at 4 °C.

Change in color can be attributed to various physico-
chemical reactions, enzymatic and non-enzymatic brown-
ing, microbial deterioration and several other factors. The
variation was highest in case of enzyme treated and cen-
trifuged juice (Fig. 4d) and is justified by the deterioration
by microbes which were present in these juices. However,
the variation was least in ultrafiltered juice in which
microbial load was negligible and the change in color is a
result of physico-chemical reactions only. Cruz-Cansino
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et al. (2015) also found similar trend for storage of pas-
teurised purple cactus pear juice.

Changes in sensory properties

From initial sensory evaluation of various clarified jamun
juices, it was clear that centrifuged juice was of worst
quality among all juices. Initially, the overall acceptability
was higher for enzyme treated juice as its fresh in quality
but the purchase intention was better for ultrafiltered juice
because of its appearance and texture. At day 60, it was
found that the values for various sensory properties were
very less for enzyme treated juice whereas ultrafiltered
juice maintains its quality (Table 3). However ultrafiltered
juice still possessed the highest scores and can be consid-
ered best among all the juices.

Conclusion

Ultrafiltration was used for juice clarification process and
comparison of storage study has been observed. Opti-
mization of the process parameters and physicochemical
properties for ultrafiltration method had been analysed.
50 kDa membrane pore size with a pressure of 20 psi gives
the best result for clarification. Storage study of various
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Table 3 Sensory evaluation of various types of jamun juices

Type of juice Appearance  Texture Aroma Flavor Color Overall acceptability ~ Purchase intention

Day 0  Enzyme treated 8.1 £0.05 62 +0.05 73+005 8.1+0.04 83+007 81=£0.05 6.8 £04
Centrifugation 5.8 £0.04 51 +£0.04 65+005 64+£0.05 56+007 6.6+£0.06 7.0 £ 0.09
Microfiltration 7.7 £0.01 7.4 £0.02 72+0.07 75+£0.09 6.7+005 7.5=£0.001 7.3 £0.07
Ultrafiltration 83£004 81+004 74£009 7.7£008 79x0.04 79%001 8.1 £ 0.05

Day 60 Enzyme treated 4.3 £0.05 3.1 +£002 41+£001 24+005 4.0%0.02 3.0+0.02 29 +£0.03
Centrifugation 54 +£0.07 35+0.02 3.6+001 34+£0.01 354002 32+00l1 2.6 £0.04
Microfiltration 6.4 £ 0.06 6.0 £0.01 6.1 £0.01 6.0+0.04 594001 6.1+0.02 5.8 £0.02
Ultrafiltration 81+007 764004 68+£002 66+003 74+001 7.1+0.03 7.5 £0.03

clarified jamun juices was done to find the variation in their
properties with storage period. The enzyme treated juice
and centrifuged juice degraded within a month period due
to the presence of microbial loads. Ultrafiltered juice has
least change in colour (AE value) and had maximum clarity
even at day 60 of experimentation. The stability of the juice
was due to proper filtration and no microbial growth. The
rate of degradation of various nutritional parameters (pro-
tein, polyphenols and antioxidants) was found to be quite
less in microfiltered and ultrafiltered juice and their total
aerobic plate count were found to be zero. However,
microfiltered juice was found to have small amount of
yeasts and moulds which can degrade its quality. Therefore
it can be concluded that the ultrafiltration can be consid-
ered as the best method for clarification jamun juice having
a prolong shelf life with optimum qualities. So further
research could be done on packaging and storage of the
ultrafiltered jamun juice with the help of different type of
packaging material and environment. Value addition of the
concentrated jamun juice can also be aimed for further
study.
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