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Abstract  Orange juice was clarified by cross-
flow microfiltration by a PVDF/PMMA flat mem-
brane synthesized in our laboratory. The effect of 
transmembrane pressure ( p=0.4-1bar) and feed 
flow rate (v=0.77-1.25 m/s) on permeate flux at 
T=25ºC was studied.  Permeate flux increases with 
increasing feed velocity, while no significant increase 
of permeate flux with pressure is observed (flux con-
trolled by mass transfer). Resistances responsible for 
permeate flux in the steady state conditions were 
evaluated by applying the resistance-in-series model. 
Results indicate that the reversible gel layer resis-
tance of the membrane was the dominant resistance 
(  70% of total membrane resistance) and it was 
mainly caused by the adsorption and deposition of 
solutes on the membrane surface. The PVDF/PMMA 
membrane showed high performance on both per-
meate flux and clarified juice quality. The maximum 
permeate flux at steady-state condition (J = 47 
L/m2h) was achieved at p = 1 bar and v = 1.25 m/s. 
Total solids (TS) are completely removed from per-
meate juice and the content of soluble solids, acidity 
and pH present in the feed and in the clarified per-
meate are practically the same.  
Keywords  microfiltration, orange juice, clarifi-
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I. INTRODUCTION 
Fruit juices are of great interest for their nutritional and 
antioxidant properties due to the presence of ascorbic 
acid, fibers and amino acids. Unfortunately during in-
dustrial transformation some of the characteristics that 
determine the quality of the fresh product are modified 
therefore reducing the quality of the final product (i.e. 
thermal damage and chemical oxidation). Membrane 
processes have been consolidated in various sectors of 
production, being the separation process a non-thermal 
system without phase changes or aggregates of chemical 
agents. The introduction of this technology in the trans-
formation of fruit juices cycle represents a technological 
solution to the problem of the production of juices with 
high quality, natural taste, and free of additives. Clarifi-
cation, stabilization, depectinization and concentration 
of juices are typical stages where membrane processes 
such as microfiltration (MF), ultrafiltration (UF), nano-
filtration (NF) and reverse osmosis (RO) can be used 
(Cassano et al., 2003; Carrin et al., 2001). The MF and 
UF in particular represent a valid alternative to the use 
of traditional coagulant agents (such as gelatin, bento-

nite, and silica) whose effluents cause problems of envi-
ronmental impact. Other advantages of these techniques 
compared to the conventional processes are their simple 
continuous production and low energy consumption. 
The main disadvantage in practical application of mi-
cro/ultrafiltration is the reduction of permeate flux with 
time caused by the adsorption of solutes on outer mem-
brane and inner pore surface, pore blocking by solutes 
retention or cake layer formation on membrane surface. 
A rapid reduction of the permeate flow, a phenomenon 
known as fouling, reduces the competitiveness of the 
process. The fouling phenomenon is caused by various 
mechanisms: adsorption, pore plugging, concentration 
polarization, and cake formation. To analyze the phe-
nomena of flux decline, some researchers have proposed 
the resistance-in-series model (Ko and Pellegrino, 
1992). Jiraratananon and Chanachai (1996) studied the 
variation of some of the resistances as a function of 
temperature at the clarification of passion fruit juice. 
Their results showed that at low temperatures (30 and 
40ºC) resistance due to polarization was the controlling 
one, while at a higher temperature (50ºC) the dominat-
ing resistance was that of fouling. Todisco et al. (2002) 
studied the clarification of black tea using ceramic 
membranes and they found out that the resistance that 
controls the process is solely due to concentration pola-
rization, even at low pressure and high cross flow veloc-
ity. Vladislavjevi et al. (2003) analyzed the variation of 
permeate flux and fouling resistance with time filtration 
and the effect of operating  pressure and feed flow rate 
during ultrafiltration of apple juice using ceramic mem-
brane. Fouling resistance decreased with feed flow rate 
at a transmembrane pressure ( P) below 300 kPa. Youn 
et al. (2004) investigated the clarification of apple juice 
recomposed using MF and UF. They found that the rate 
of resistance of irreversible fouling to total resistance 
was about 41 % for MF and about 24 % for UF. How-
ever, the resistance rate owing to reversible fouling ver-
sus total resistance was about 46 % for MF and about 71 
% for UF. Rai et al. (2006) analyzed the effect of differ-
ent pretreatment methods on permeate flux and quality 
during ultrafiltration of mosambi juice. This study indi-
cated that the contribution of cake resistance was about 
82 % to the total resistance and that the quality of the 
filtrated juice was of high clarity allowing almost com-
plete recovery of the original juice.  Ushikubo et al. 
(2006) evaluated the effect of enzyme treatment, trans-
membrane pressure and crossflow velocity in the per-
meate flux of umbu juice and in the fouling and pola-


