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a  b  s  t  r  a  c  t

Red raspberry (Rubus idaeus) juice was produced by maceration of raspberry pulp at 50 ◦C for 2 h using 400 mg kg−1

Klerzyme®150 enzymatic pectolitic preparation followed by raw juice clarification with gelatin and bentonite or cross-

flow membrane filtration. A minimal loss of anthocyanins from 630 to 540 mg l−1 was obtained when the juice was

clarified using a ceramic multichannel microfilter (MF) with a pore size of 0.2 �m. A light transmission at 625 nm in MF

permeate was above 85% and the residual pectin (900 mg l−1) was completely removed. During ultrafiltration through

ceramic or polysulfone membranes with a molecular weight cut-off of 30–300 kDa, the content of anthocyanins

was  reduced to 220–370 mg l−1, but a light transmission at 625 nm was as high as 96%. The permeate flux in MF

was  maintained at high values above 170 l m−2 h−1 at 3 bar for more than 2 h by backwashing the membrane with a

compressed air every 6 min for 1 min. The cake compression at high pressures was avoided by short filtration times
between backwashing.

© 2013 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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that require subsequent diatomaceous earth filtration, ultra-
.  Introduction

ed raspberries (Rubus idaeus L.) are produced in 37 countries
orldwide on about 184,000 acres with a global production

stimated at over 400,000 tons per year. Only about 3% of
ed raspberries are sold fresh and the rest are processed
nto juices and other products such as jams, jellies, confec-
ionery products, and yogurts. Red raspberry juice is a rich
ource of phenolic compounds with antioxidant capacity, such
s anthocyanins and elagitannins (Weber et al., 2001; Suh
t al., 2011; Mejia-Meza et al., 2010). Phenolic compounds from
ed raspberries show strong antimicrobial properties and can
electively inhibit the growth of intestinal pathogens, espe-
ially Staphylococcus strains (Puupponen-Pimiä et al., 2005).

onsumption of red raspberry juice has been shown to lead
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to a marked reduction in aortic lipid deposition, which can
help to prevent the development of early atherosclerosis (Suh
et al., 2011; Rouanet et al., 2010). Red raspberry juice may also
have beneficial effects against several types of human cancers,
which is attributed to its ability to reduce damage resulting
from oxidative stress and inflammation (Seeram, 2008; Zafra-
Stone et al., 2007).

Red raspberry juice is usually stored and traded in the form
of a clear juice concentrate to reduce the storage and trans-
portation costs. A cloudy juice can be clarified by flocculation
of suspended solids with fining agents, such as gelatin and
bentonite (Benitez and Lozano, 2007) or using membrane fil-
tration. Compared to traditional processing with fining agents
rough University, Loughborough, Leicestershire LE11 3TU, UK.

ted 2 May 2013

filtration (UF) or microfiltration (MF) entirely eliminates the

neers. Published by Elsevier B.V. All rights reserved.
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Fig. 1 – A scheme of the manufacturing process used in this
work for red raspberry processing in clear juice concentrate
using conventional clarification or membrane filtration (MF
or UF). A light transmittance at 625 nm in samples 4 and
the amount of total anthocyanins in samples 1–5 are given
in Figs. 3 and 4, respectively.
use of diatomaceous earth and fining agents, the consump-
tion of pectolitic enzymes is reduced because enzymes can
be recycled, and the total processing time can be significantly
shortened (Girard and Fukumoto, 2000).

The major problem in the operation of UF and MF in the
fruit juice industry is membrane fouling, which leads to a sig-
nificant reduction in permeate flux with time (Mondor et al.,
2000). In order to control membrane fouling and maximize per-
meate flux during juice clarification, several flux enhancement
methods have been studied including periodic backwash with
air or N2 (Su et al., 1993; Padilla-Zakour and McLellan, 1993),
pressure and flow pulsations superimposed on a steady oper-
ating pressure (Gupta et al., 1992), gas sparging, i.e. injection
of gas bubbles into the feed stream (Laorko et al., 2011), inser-
tion of turbulence promoters in the feed channel (Pal et al.,
2008), application of electric field in constant or pulsed mode
(Sarkar et al., 2008a,b), and implementation of various juice
pretreatment methods, such as fining treatment with gelatin
and bentonite (Rai et al., 2007) and treatment with various
filter aids (Youn et al., 2004).

In the past several decades, UF and MF  have been increas-
ingly investigated for clarification of juices of different fruits
including apple (Vladisavljević  et al., 2003), blackcurrant (Pap
et al., 2012), sour cherry (Wang et al., 2005), pear (Kirk et al.,
1983), melon and watermelon (Vaillant et al., 2005; Rai et al.,
2010), kiwifruit (Cassano et al., 2008), passion fruit (Vaillant
et al., 1999), starfruit (Sulaiman et al., 1998), orange and lemon
(Rai et al., 2007; Espamer et al., 2006), grapefruit (Snir et al.,
1995), mango (Vaillant et al., 2001), banana, pineapple and
blackberry (Vaillant et al., 2008), chokeberry and redcurrant
(Koroknai et al., 2008), grape (Rektor et al., 2004), peach (Brenna
et al., 2000) and plum (Ushikubo et al., 2007).

However, to the best of our knowledge, there has been no
previous research on using MF  and UF to the clarification of
red raspberry juice. The objectives of this study were: (i) to
compare the quality of red raspberry juice clarified using con-
ventional methods and UF or MF;  (ii) to estimate the changes
of color during production of fresh and reconstituted red
raspberry juice; (iii) to investigate the effects of operating
parameters and periodic gas backwash on the permeate flux
during MF  of red raspberry juice using a ceramic membrane.

2.  Materials  and  methods

2.1.  Juice  manufacturing  process

Red raspberry juice was produced from a Villamete variety
using the manufacturing process shown in Fig. 1. Fruit was
first defrosted and crushed to a pulp (sample 1). The pulp was
heated at 90 ◦C for 2 min  to destroy the endogenous polyphe-
nol oxidase. If not inactivated, this enzyme can cause the
oxidation of monophenols and o-diphenols in the fruit to o-
quinones, which then undergo non-enzymatic polymerization
or condensation reactions, leading to decolorizing and brown-
ing (Yoruk and Marshall, 2003). The pulp was then cooled
down to 50 ◦C for a single-stage enzymatic maceration (Aehle,
2007). The maceration was performed at 50 ◦C for 2 h using
400 mg  kg−1 pectinase preparation produced from Aspergillus
niger (Klerzyme®150, DSM, Lill, France). Pectinases were used
to increase juice yield and accelerate juice clarification. After
that, the pulp was pressed in a hydraulic press with a volume

of 5 l under a pressure of 150 bar to extract juice (sample 2). A
cotton bag filter with a pore size of about 20 �m was used to
retain the pulp in the press. A juice yield during pressing was
89.2%, which means that 89.2 kg of a raw juice was extracted
per 100 kg of pulp. The juice was tested for pectin using the
alcohol test and a result was negative. The juice was then
pasteurized at 90 ◦C to denature the proteins, followed by fast
cooling to allow denatured proteins to precipitate.

A pasteurized raw juice (sample 3) was clarified using seven
different methods, namely fining with 36 mg  l−1 gelatin and
1000 mg  l−1 bentonite (sample 4a), fining with 65 mg  l−1 gelatin
and 1000 mg  l−1 bentonite (sample 4b), UF using a 300-kDa Car-
bosep M9 membrane (sample 4c), UF using a 50-kDa Carbosep
M8 membrane (sample 4d), UF using a 30-kDa Carbosep M7
membrane (sample 4e); UF using a 30-kDa polysulfone hol-
low fiber membrane (sample 4f), and MF using a 0.2-�m pore
size Kerasep W5  membrane (sample 4 g). The clarified juice
was evaporated from 9 to 60 ◦Bx at a pressure of 0.1 bar, cor-
responding to the boiling point of 46 ◦C. The concentration of
solids in the juice after evaporation was similar to typical Brix
levels in a commercial red raspberry concentrate of 60–65 ◦Bx′′.
Finally, the juice concentrate produced using different clarifi-
cation methods was diluted with distilled water back to its
original strength of 9.4 ◦Bx (samples 5) in order to compare
the loss of anthocyanins in the fresh and reconstituted juice
samples.



food and bioproducts processing 9 1 ( 2 0 1 3 ) 473–480 475

Fig. 2 – Schematic diagram of microfiltration/ultrafiltration
rig used in this work (PG – pressure gauge, BPR –
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ack-pressure regulator).

.2.  Membranes

F was carried out using inorganic Carbosep® M9, M8, and
7 membranes (Tech-Sep, Miribel, France) with a molecu-

ar weight cut-off (MWCO) of 300, 50 and 30 kDa, respectively
nd a polysulfone hollow fiber membrane (Ultraflux® AV 1000
, Fresenius Medical Care, Germany) with a 30-kDa MWCO.
arbosep tubular membranes consisted of a single cylindrical

ube of 10 mm external diameter and 6 mm internal diameter.
he active layer was composed of a thin layer of zirconium
ioxide and titanium dioxide supported by a porous carbon
ubstructure. The membrane was installed inside a cylin-
rical stainless steel module, which provided an effective
embrane length of 225 mm and an effective membrane area

f 42.4 cm2. Ultraflux® AV 1000 S module was a hemofilter
onsisted of 10,258 hollow fibers with an effective length of
54 mm,  an internal diameter of 220 �m and a wall thickness
f 35 �m,  installed inside a polycarbonate shell. An effective
embrane area of the module was 1.8 m2. MF was performed

sing a Kerasep W5  ceramic membrane (Tech-Sep, Mirabel,
rance) with a nominal pore size of 0.2 �m.  Kerasep membrane
onsisted of 19 cylindrical channels of 4 mm inner diameter,
70 cm effective length, and 644 cm2 total membrane area.
he membrane was cleaned by dipping it into a hot solu-

ion consisted of 1% (w/w) NaOH and 1 M NaClO for 30 min.
cid cleaning was not used because no improvement in the
ermeate flux recovery was observed.

.3.  MF/UF  procedure

 diagram of the MF/UF rig used in this work is shown in Fig. 2.
 pasteurized raw juice (sample 3) was fed in the holding tank
nd brought into circulation through the module using a mem-
rane pump. Transmembrane pressure was controlled by two
ack-pressure valves installed in the main retentate line and
ypass line. In all UF runs, the transmembrane pressure and
emperature were kept constant at 1 bar and 22 ◦C, respec-
ively and a flow rate of the retentate stream was 1 l min−1.
he permeate was returned back to the holding tank to keep

 constant volume of the retentate.
In MF  runs, the transmembrane pressure and temperature

◦
ere kept constant at 0.5–3 bar and 22–55 C, respectively. The
uice temperature was adjusted by passing the retentate from
a bypass line through the thermostat bath. Two different oper-
ating modes were used in MF:  (a) Closed-loop recirculation of
the retentate stream with a recycle of the permeate back to the
feed tank to keep the retentate volume constant; (b) closed-
loop recirculation of the retentate with no permeate recycle to
allow haze particles to concentrate. The mass of permeate col-
lected in a reservoir placed on a digital balance was measured
every 1 min  for periods of 120 min  and converted to volume
based on the permeate density. The membrane backwashing
every 6 or 10 min  was done in some MF runs. This was achieved
by forcing air at 0.5 bar gauge pressure to flow through the
membrane in the opposite direction, which helped to lift and
remove rejected solids from the inner surface of the mem-
brane. The duration of the backflow was 60 s during which
time cross flow was discontinued.

2.4.  Juice  analysis

Juice samples were analyzed for pH, soluble solids, titratable
acidity, total sugars, pectin, �-glucan, total anthocyanins, den-
sity and viscosity. Soluble solids were measured by a Krüss
HRN32 hand refractometer with an accuracy of ±0.2% Bx
and pH was determined by a potentiometric method. Total
sugars were determined by Luff-Schoorl method, which is
based on iodometric determination of the unreduced Cu(II)
ions remaining after the reaction with reducing sugars (Egan
et al., 1981). Titratable acidity expressed as anhydrous citric
acid was determined by titrating a sample with 0.1 M NaOH.
The pectin concentration was measured using the carbazole
method (Bitter and Muir, 1962). The presence of �-glucans was
checked by the ethanol precipitation test (DSM, 2011). The
density and viscosity of the juice was measured using a West-
phal balance and Oswald viscometer, respectively. The total
anthocyanins were determined by the spectrophotometric
method of Somers and Evans (1977).

3.  Results  and  discussion

3.1.  The  effect  of  processing  on  the  clarity  of  red
raspberry  juice

Table 1 shows the chemical composition of defrosted red
raspberry, raw juice after pasteurization and clarified juice
obtained by MF. Virtually all total soluble solids and citric acid
of the raw juice were recovered in the MF  permeate, which
was due to their small molecular size compared to the pore
size. �-Glucans were not present neither in defrosted fruit nor
in juices. �-Glucans are polymers found in the cellular walls
of bacteria, fungi and yeasts and they are present in raspberry
juice if the fruit was infected with Botrytis and Leuconostoc sp.
�-Glucans make the juice highly viscous, causing the difficul-
ties in juice extraction and clarification and thus, if present,
they should be broken down to d-glucose during enzymatic
maceration. The amount of total pectins in the defrosted red
raspberry was 2.98 g l−1, but after maceration it was reduced
to 0.9 g l−1, as a result of enzymatic degradation of pectin. The
residual pectin was completely removed from the juice by MF
(Table 1) and UF (the results are not shown here). As a result
of the removal of macromolecules (cellulose, hemicelluloses,
starch, pectin, etc.) from the juice during MF, the viscosity of
the juice was reduced from 1.52 to 1.24 mPa s, which was asso-
ciated with the reduction of density from 1049 to 1040 kg m−3.
The effect of clarification procedure on the clarity of rasp-
berry juice is shown in Fig. 3. The juice clarity was measured
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Table 1 – Composition and physical properties of defrosted raspberry, raw juice after pasteurization but prior to
clarification, and clarified juice produced by MF.

Crushed fruit
(sample 1)a

Pre-treated raw
juice (sample 3)

Juice clarified by
MF  (sample 4 g)

Soluble solids, ◦Bx 9.5 9.5 9.4
pH 3.2 3.2 3.5
Total sugars, g l−1 86 85 84
Titratable acidity expressed as citric acid, wt% 2.42 2.50 2.40
Pectins expressed as galacturonic acid, g l−1 2.98 0.90 0
�-Glucans No No No
Total anthocyanins, mg l−1 650 630 540
Density at 22 ◦C, kg m−3 – 1049 1040
Viscosity at 22 ◦C, mPa s – 1.52 1.24

a The sample points are shown in Fig. 1.
as light transmittance at a wavelength of 625 nm (T625). Clar-
ification of fruit juice with gelatin and bentonite is a common
industrial practice (Stocké, 1998). Particles causing turbid-
ity are mainly composed of pectins, polyphenols, proteins
and their complexes and they tend to be negatively charged.
Therefore, a positively charged protein, gelatin, is added to
neutralize the charges so the haze particles will then clump
with gelatin and settle out. Bentonite is a negatively charged
clay used to remove any residual gelatin. In this work, 36 or
65 mg  l−1 gelatin was added, followed by 1000 mg  l−1 bentonite,
which resulted in T625 values of 80 and 82%, respectively.
These T625 values are close to 80%, which is the minimum
acceptable level of light transmission in a commercial clear
fruit juice (the dashed line in Fig. 3) (personal communication,
2013).

As shown in Fig. 3, raspberry juice clarified by membrane
filtration was less turbid than that treated with bentonite and
gelatin. A microfiltered juice was more  turbid than ultrafil-
tered juices, presumably because UF can remove smaller haze

particles than MF.  As expected, the highest turbidity in an
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Fig. 3 – A percent light transmittance at 625 nm wavelength
in red raspberry juice clarified using different methods:
4a = treatment with 3.6 g h l−1 gelatin and 100 g h l−1

bentonite; 4b = treatment with 6.5 g h l−1 gelatin and
100 g h l−1 bentonite; 4c = UF using a ceramic membrane
with 300 kDa MWCO; 4d = UF using a ceramic membrane
with 50 kDa MWCO; 4e = UF using a ceramic membrane
with 30 kDa MWCO; 4f = UF using a polysulfone membrane
with 30 kDa MWCO; 4 g = MF  using a ceramic membrane
with 0.2 �m pore size. The minimum acceptable light
transmittance in a clear raspberry juice for market is
shown by the dashed line.
ultrafiltered juice was found in the juice clarified using the
membrane with a MWCO  of 300 kDa. No significant difference
in light transmission was found in the juices clarified using
the membrane with a MWCO of 30 and 50 kDa, which indicates
that virtually all haze particles are rejected by the membrane
with a MWCO of 50 kDa.

3.2.  Recovery  of  total  anthocyanins  during  processing

The impact of different stages of juice processing on the con-
tent of total anthocyanins is shown in Fig. 4. Anthocyanins are
plant pigments localized in the cell vacuole. When raspberries
are crushed to a pulp, the cell membrane breaks causing the
vacuole to release the anthocyanin, but some plant cells stay
intact. Due to additional enzymatic and mechanical degrada-
tion of the cellular wall during maceration and pressing, the
anthocyanin was released from these intact cells causing an
increase in the anthocyanin content from 650 to 670 mg  l−1.
A subsequent drop in the anthocyanin content from 670 to

630 mg l−1 was a consequence of heat degradation during
pasteurization. The content of anthocyanin was reduced by

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
0

100

200

300

400

500

600

700

800

350

5g5f5e5d5c5b4f4e 4g 5a4d4c4b4a

440

310

210

290
250

290

540

370

220

300

400

630
670

650

321

J u i  c e    s a m p l  es

 Classic al  clarificati on

 Ceramic UF m embr anes

 PS UF membrane

 MF membr ane

C
o
n

ce
n

tr
a

ti
o

n
 o

f 
to

ta
l 

a
n

th
o
cy

a
n

in
s 

 /
  

m
g

 l
-1

Fig. 4 – The content of total anthocyanins during juice
processing: 1 = after fruit crushing; 2 = after juice extraction;
3 = after pasteurization; 4a = after fining with 36 mg l−1

gelatin and 1000 mg  l−1 bentonite; 4b = after fining with
65 mg  l−1 gelatin and 1000 mg  l−1 bentonite; 4c = after UF
using a ceramic membrane with 300 kDa MWCO; 4d = after
UF using a ceramic membrane with 50 kDa MWCO;
4e = after UF using a ceramic membrane with 30 kDa
MWCO; 4f = after UF using a polysulfone membrane with
30 kDa MWCO; 4 g = after MF  using a membrane with
0.2 �m pore size; 5a = juice reconstituted from sample 4a;
5b = juice reconstituted from sample 4b, etc.



food and bioproducts processing 9 1 ( 2 0 1 3 ) 473–480 477

0 20 40 60 80 10 0 12 0

0

100

200

300

400

500

u
CF

=70 mm /s

22 
o
C

P
er

m
ea

te
 f

lu
x
, 
J
  
/ 
 l
 m

-2
 h

-1

ΔΔp=0.5 bar

p=1 bar

p=1.5 bar

p=2 bar

p=2.5 bar

p=3 bar

Time, t   /  min

ΔΔ
ΔΔ
ΔΔ
ΔΔ
ΔΔ

Fig. 5 – The variation of permeate flux with time at different
transmembrane pressures for MF  of red raspberry juice at
22 ◦C and cross flow velocity of 70 mm/s. The permeate was
recycled back to the holding tank to keep VCF = 1.

3
a
o
j
a
h
c
g

j
M
w
C
s
U
b
b
a
o

a
a
M
c
c
d
c
f

c
m
s
c
m
M
m

3

F
o
T
t

0 2 4 6 8 10 12 14 16 18
0

50

100

150

200

250

300

350

P
er

m
ea

te
 f

lu
x

, 
J

  
/ 

 l
 m

-2
 h

-1

ΔΔp=0.5  bar,  t=45 
o
C, VC F

2h
=8.6

ΔΔp=2 bar,  t=22 
o
C, VC F

2h
=17.9

ΔΔp=0.5  bar,  t=22 
o
C, VC F

2h
=7.8

 Volumetric  conce ntra tion fac tor,  VC F
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the legend. The initial volume of the juice was 8.5 l.
6–44% during fining with gelatin and bentonite. A higher
mount of anthocyanin was removed when a larger amount
f gelatin was added, indicating that anthocyanins in the

uice were bound to gelatin. The primary reaction between
nthocyanins and gelatin is a complex formation caused by
ydrogen bonding between the hydroxyl groups of antho-
yanidins and the O and N atoms of the keto and amino acid
roups of gelatin (Benitez and Lozano, 2007).

The content of anthocyanin was reduced by 65% when the
uice was ultrafiltered through ceramic membranes with a

WCO  of 30 and 50 kDa. A loss of anthocyanins was smaller
hen the juice was clarified using polysulfone than ceramic
arbosep M7  membrane, although both membranes have the
ame MWCO.  It may indicate that anthocyanins are rejected by
F membrane not only as a result of molecular size exclusion
ut also due to physicochemical interactions with the mem-
rane wall. It may be that anthocyanins have higher binding
ffinity to sintered inorganic oxides particles in the active layer
f Carbosep membrane than to organic polymers.

The maximum content of anthocyanins in both a fresh
nd reconstituted clear juice was obtained by MF. A loss of
nthocyanins during evaporation (from 540 to 440 mg  l−1 in
F permeate) was due to thermal decomposition of antho-

yanins, caused by oxidation reactions and/or cleavage of
ovalent bonds in the flavylium ion. The initial step in this
egradation process is hydrolysis of sugar moiety and agly-
one formation or opening of the pyrylium ring and chalcone
ormation (Patras et al., 2010).

Based on the above results, MF  was selected as a method of
hoice for clarification of red raspberry juice, because it allows
aximum recovery of anthocyanins both in a clear and recon-

tituted juice, a better light transmission than in the juices
larified with traditional fining agents, and offer higher per-
eate fluxes, compared to UF. Another advantage of MF  over
F is that it requires lower transmembrane pressures which
ay bring additional economic benefits.

.3.  Microfiltration  of  red  raspberry  juice

ig. 5 shows the variations of the permeate flux with time
btained during MF  at different transmembrane pressures.

he permeate fluxes were calculated by numerical differen-

iation of the permeate mass vs. time data. The flux curve
can be divided into two domains (Lahoussine-Turcaud et al.,
1990). Domain 1 corresponds to the initial rapid flux decline
for t → 0 caused by a build-up of the concentration bound-
ary layer and internal fouling. Domain 2 corresponds to the
remaining flux decline and mainly involves external mem-
brane fouling (Mondor et al., 2000). In Fig. 5, the permeate flux
in the first minute of operation was 25–91% of the initial flux
given by �p/(�pRm), where �p = 1.24 mPa s is the permeate vis-
cosity (Table 1) and Rm = 4.96 × 1011 m−1 is the hydrodynamic
resistance of Kerasep membrane. The most significant flux
decline in the first minute was observed at the highest pres-
sure of 3 bar, due to the highest rate of accumulation of the
rejected solids onto the membrane surface. A steady state was
established after 80 min  when the rate of convective transport
of haze particles toward the membrane surface was balanced
by the rate of particle transport away from the membrane.
The permeate flux at steady state was about 10 l m−2 h−1 and
independent on the transmembrane pressure, as predicted
by the gel-polarization model (Porter, 1972). A maximum per-
meate flux in the unsteady state portion of the graph was
obtained at the pressure of 2 bar, which is a type of behav-
ior observed earlier in UF of apple juice (Vladisavljević  et al.,
2003) and pear juice (Kirk et al., 1983). Haze particles of fruit
juice are voluminous aggregates of polymerized polyphenol
or polyphenol–protein complexes (Beveridge and Tait, 1993).
At sufficiently high pressures, these large aggregates are dis-
rupted into much smaller particles forming a less porous and
more  compact layer on the membrane surface. Another expla-
nation for the existence of maximum flux at 2 bar is a collapse
in hydrogen bond bridges between pectin macromolecules at
the pressures above 2 bar, which leads to the closure of inter-
stitial spaces between the pectin chains in the cake (Kirk et al.,
1983).

Fig. 6 shows the variations of the permeate flux with the
volume concentration factor over 2 h of operation. The perme-
ate was not recycled back to the holding tank so as to allow
the rejected particles to concentrate in the retentate stream.
A volume concentration factor (VCF) was calculated as the
initial juice volume divided by the retentate volume at any
time: VCF = V0/(V0 − Vp), where V0 is the initial juice volume

and Vp is the permeate volume. The graph shown in Fig. 6 can
be divided into three regions: region 1 (VCF = 1–2) extending
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Fig. 7 – A comparison of permeate flux fluctuations with
time during MF  without and with air backwashing for
1 min  every 10 min. The gauge pressure of air during
backwashing was 0.5 bar.
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Fig. 8 – The permeate flux collected per unit membrane
area as a function of time during MF  of red raspberry juice
without backwashing and with air backwash every 10 min
for 1 min. The gauge pressure of air during backwashing
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Fig. 9 – The variation of permeate flux with time at three
different transmembrane pressures during MF  with air
over a period of about 10 min  where the permeate flux rapidly
declines with VCF, region 2 (VCF = 3–7) where the flux contin-
ues to decline but at a significantly reduced rate, and region 3
(VCF > 7) where the flux decline is so slow that a quasi-steady
state operation may be assumed. A maximum VCF2h value of
17.9 was achieved at the pressure of 2 bar for the initial juice
volume of 8.5 l, indicating that more  than 8 l of clear juice were
produced after 2 h. When the temperature increased from 22
to 45 ◦C, only a small increase in VCF2h was observed, because
a positive effect of higher temperature on the permeate flux
in region 3 was neutralized by a negative effect of the more
rapid flux decline in region 1, due to faster accumulation of
solids at the higher temperature. The permeate flux at quasi-
steady state (period 3) at 45 ◦C was higher than that at 25 ◦C
due to higher mass transfer coefficient of rejected solids, as
predicted by the gel polarization model (Porter, 1972).

In the fruit juice industry, VCF values during juice clari-
fication should exceed 20 and thus, most of the time MF is
operated at quasi steady state, where the permeate flux is only
a small fraction of its initial value. In order to avoid operation
of MF in region 3 and yet to achieve acceptable VCFs required in
practical applications, the microfilter was switched from filtra-
tion to backwashing mode every 10 min  (at the end of region 1)
for 1 min. Fig. 7 compares the fluctuations of the permeate flux
with time during MF  with and without backwashing. When the
membrane was backwashed, there were 12 filtration cycles.
After first backwashing, the permeate flux was improved from
92 to 260 l m−2 h−1, but the initial flux of 290 l m−2 h−1 was not
restored. It can be explained by irreversible membrane foul-
ing, i.e. a strong attachment of particles to the membrane
surface that requires chemical reagents to be mitigated (Choi
et al., 2005). After second backwashing, the permeate flux
was improved from 85 to 175 l m−2 h−1, but it was below the
level at the start of the previous filtration cycle (260 l m−2 h−1),
pointing out to further progression of irreversible membrane
fouling. From cycle 3 onwards, the permeate flux after each
backwashing step was approximately equal to or slightly less
than the flux at the start of the previous filtration cycle. It
suggests that the membrane surface has a finite number of
available binding sites to which haze particles can attach irre-
versibly. After first backwashing, the fouling resistance due to

irreversible fouling (Rfi) was 0.13Rm and after last backwashing,
Rfi was equal to Rm.
was 0.5 bar.

In Fig. 8, the permeate volume collected per unit mem-
brane area was plotted against time for MF conducted at 0.5 bar
with and without backwashing. In the absence of backwash-
ing, the fouling resistance continuously increased with time
until a steady state was established. At steady state, the overall
fouling resistance (Rfi + Rfr) was 65Rm, which can be attributed
mainly to reversible fouling, because Rfi ≈ Rm. For a MF  oper-
ated with backwashing, due to removal of reversible fouling
every 10 min, the overall fouling resistance was maintained
below 2.8Rm. As can be seen in Fig. 8, when the membrane
was backwashed, after 2 h more  than 5 times greater amount
of permeate was collected at the same pressure.

Fig. 9 shows the effect of transmembrane pressure on the
permeate flux during MF  with backwashing. The membrane
was backwashed every 6 min  to avoid a negative effect of
cake compaction at �p > 2 bar on the fouling resistance over
prolonged time (Fig. 5). At �p = 3 bar, the permeate flux after
backwashing was not fully restored to the initial value of
385 l m−2 h−1 due to irreversible membrane fouling, but yet
backwashing. The membrane was backwashed with air at
the gauge pressure of 0.5 bar every 6 min  for 1 min.
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00 l m−2 h−1. The permeate flux at 3 bar was greater than that
bserved at 2 bar, suggesting that the cake compression was
revented by a short duration of filtration cycles.

.  Conclusions

larification of red raspberry (R. idaeus)  juice was investigated
or the first time using cross flow membrane filtration (MF or
F). A loss of anthocyanins in fresh and reconstituted clear

uice was much smaller when the juice clarification was done
sing MF  than by flocculation with gelatin and bentonite.
fter MF  through multichannel ceramic membrane with a
ore size of 0.2 �m,  only a minimal loss of anthocyanins was
bserved, the residual pectin was completely removed and a

ight transmission at 625 nm was in excess of 85%. UF can be
sed to obtain a crystal clear juice with a light transmission
t 625 nm exceeding 95%, but it must be paid by a significant
oss of anthocyanins. The permeate flux in MF was main-
ained at high levels above 170 l m−2 h−1 for more  than 2 h by
eriodic gas backwashing and the cake compression at high
ressures was prevented by using sufficiently high backwash-

ng frequency. The results obtained in this work show that
icrofiltration with periodic gas backwashing is a viable strat-

gy for producing fresh and reconstituted clear red raspberry
uice of desirable sensory properties and nutritional value.
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