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Abstract 

The clarification process of orange juice and pineapple juice was studied by cross flow filtration in hollow 
fiber modules on a laboratory scale. First, a permeate flux analysis of orange juice was performed in 
Microfiltration (0.45 μm) and Ultrafiltration (750 kDa) hollow fiber modules in batch concentration mode. 
The permeate fluxes were shown to be independent of the pore size being the obtained steady-state 
values 30 L.m-2.h-1 and 32 L.m-2.h-1 respectively for Microfiltration and Ultrafiltration at 7.5 psig (52 kPa).  
The effect of cross flow filtration on the quality of orange juice was analyzed according to parameters of 
Brix, pH, viscosity, total solids, suspended solids and UV and visible absorption. The transmembrane 
pressure effect on orange juice permeate flux for Microfiltration and Ultrafiltration was studied in 
recirculation mode. It was verified that for transmembrane pressures above the operational pressure of 
7.5 psig (52 kPa) there was no increase in the permeate flux. The orange juice cross flow filtration 
process was determined to be controlled by the polarization layer resistance being this resistance 
responsible for 71% of the total resistance in Ultrafiltration and 67% in Microfiltration. The performance 
of a centrifugation pre-treatment allowed a 23% increase in orange juice permeate flux without 
significantly affecting the quality of the permeate compared to the permeate obtained without 
pretreatment. The study on the pineapple juice clarification process consisted only of the analysis of pre-
centrifuged pineapple juice permeate flux and filtration effect on juice quality. The obtained pineapple 
juice permeate flux was lower than the orange juice permeate flux by 11%. Finally, a sensory analysis 
was conducted in order to assess the commercial potential of the clarified products resulting from the 
orange and pineapple juices cross flow filtration.  An acceptance of 27% was obtained for the clarified 
orange juice against 53% for the original orange juice. The purchase intention was 43% for the clarified 
juice and 73% for the original juice. The clarified pineapple juice, in turn, obtained 67% acceptance 
compared to 13% for the original juice. The purchase intention for the clarified product was 73% and 
33% for the original juice. Thus it was concluded that despite the lower flux, the commercial potential of 
the clarified pineapple juice justifies the filtration process future study and optimization. 

Keywords: Juice clarification; Concentration polarization; Fouling; Membranes; Sensory analysis. 

Abbreviations: PVDF - Polyvinylidene fluoride; PMMA - Polymethyl methacrylate; UF - Ultrafiltration; MF - 

Microfiltration; VCF - Volumetric Concentration Factor; WF - Water Flux; TSS - Total Soluble Solids. 

1. Introduction 
The fruit juices interest lies in their nutritional and 
antioxidant properties due to the presence of 
ascorbic acid, fibers and amino acids. However, 
during industrial processing some of the 
characteristics that determine the quality of the fresh 
product are modified, reducing the quality of the final 
product (ie, thermal damage and chemical 
oxidation). In this way, the introduction of membrane 
technology in the juice transformation cycle 
represents a technological solution to the problem of 
juice production with high quality, natural flavor and 
free of additives. [1] Membrane separation 
technology is an alternative to conventional fruit 
juice clarification and concentration processes that 
have been widely applied in the beverage industry 
since the discovery of asymmetric membranes by 
Loeb and Sourirajan in the early 1960s.[2][3] 
These processes use lower temperatures (4 to 50 
°C) minimizing product thermal damage, are 

relatively gentle and minimize changes in 
characteristics such as pH or ionic strength. [4] 
Several investigators [5][4] have suggested that the 
use of membrane separation processes to clarify 
and concentrate liquids is less expensive than 
conventional filtration and vacuum evaporation, 
justifying their application in the Food Industry.  
Membrane filtration can be continuous and 
automated reducing labor costs, capital costs 
(reduced tankage) and minimizing startup times. [3] 
The economics of capital investment and the 
expected return on investment will ultimately 
determine the choice of the clarification method. 
Ultrafiltration and Microfiltration are applied in juice 
clarification removing large suspended particles and 
colloids. [6] Commercially, the greatest impact of the 
membrane process has been the clarification of 
apple juice.[7]  
The flux should be as high as possible in order to be 
economical. In this way, several studies of 
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Ultrafiltration and Microfiltration examined the pore 
size effect on the permeate flux in the clarification of 
fruit juices. Canpannelli et al. [8] and Chamchong 
and Noomhorm, [9] results suggest that the flow 
may not necessarily increase with pore size. 
Membranes with a larger pore size tend to be more 
susceptible to fouling, since the proportion of smaller 
particles and colloids in the juice is higher and can 
lead to blockage of the pores and their obstruction.  
In turn, Canpannelli et al. [8] observed similar fluxes 
for membranes of different pore sizes for orange 
juice clarification and demonstrated by scanning 
electron microscopy the existence of a dynamic 
fibrous deposit on the surface of the membranes. 
The deposit acted as the separation medium which 
could explain the fluxes similarity.  One of the critical 
issues which inhibits the wider application of 
membrane technology in the fruit juice industry is 
membrane fouling. [3] The resistance in series 
model (RIS) was proposed by some researchers as 
a form of analysis of the flux decrease observed. 
[10] Pagliero et al. [1] clarified orange juice by cross 
flow Microfiltration with a PVDF/PMMA flat 
membrane synthesized in the laboratory. The 
resistances responsible for the permeate flux under 
the steady-state conditions were evaluated by 
applying the resistance in series model. The results 
indicated that the reversible fouling resistance was 
the dominant resistance (≈ 70% of the total 
membrane resistance) caused mainly by the 
adsorption and deposition of solutes on the surface 
of the membrane.  
The reversible fouling resistance was considered as 
the cake or gel layer formation, particle adsorption 
and concentration polarization. In turn, irreversible 
fouling referred to adsorption, partial and complete 
pore blocking and internal pore blocking. Strategies 
to increase the flux focus in this way in eliminating 
or soften the main causes of its decrease: 
concentration polarization and fouling. [6] There are 
many ways to depolarize a membrane, but the cross 
flow is by far the most widespread. In turn the fouling 
of a particular juice depends on fruit maturation, 
varieties used and on the juice extraction method. 
The structure and interactive behavior of various 
types of components, including pectin, phenolic 
components, proteins and fibers control the filtration 
capacity. [11] Since pectin is implicated as the major 
cause of membrane fouling when processing fruit 
juices one of the pre-treatments applied consists of 
juice treatment with pectic enzymes.[6] Other 
preprocessing steps may also influence the flux of 
membrane filtered juices. For example, 
depectinized apple juice centrifuged at 4000g or 
vacuum filtered before filtration by 20kDa and 50kDa 
ultrafiltration frame and plate membranes allowed to 

obtain an increase in flux of 2-30 L.m-2.h-1 for the 
treated juices.[12] Removal of suspended matter 
from a juice will generally not only improve the flux 
but also allow to obtain higher concentration factors. 
 
2. Materials and Methods 
2.1. Juice Preparation 
The juice samples were prepared by diluting orange 
and pineapple concentrate supplied by SUMOL + 
COMPAL to a Brix of respectively 11.5° and 12.8°. 
The juices were initially diluted in a proportion of 1:6 
for orange juice and 1:5 for pineapple juice adding 
deionized water when necessary until reaching the 
desired Brix. Juice pasteurization when mentioned 
was carried out in a Julabo F18 water bath at 75 °C 
during 15 minutes from the moment of temperature 
stabilization. The juice pre-centrifugation performed 
for some cross flow filtration assays was carried out 
in a Sorvall RC6 centrifuge at 4000g for 10 minutes 
with an SLC-3000 rotor at room temperature. 
 
2.2. UF and MF Experimental Setup 
Cross Flow filtration assays were performed on a 
QuixStand™ benchtop system from GE Healthcare 
in which GE Healthcare Xampler hollow fiber 
cartridges fit (Figure 1). The two GE Healthcare 
Xampler hollow fiber cartridges used were 
respectively an Ultrafiltration cartridge with a 750 
kDa cut-off and a Microfiltration cartridge with a pore 
size of 0.45 μm. 
All assays were performed at room temperature and 
at a cross flow velocity of 1 m/s. The transmembrane 
pressure (ΔP) was controlled by the backpressure 

valve and calculated as 𝛥𝑃 =
(𝑃𝑖𝑛 + 𝑃𝑜𝑢𝑡)

2
. The tests 

were performed in two different modes: batch 
concentration mode and total recirculation mode. In 
the batch concentration mode assays the system 
was operated at a transmembrane pressure of 7.5 
psig until reaching a Volumetric Concentration 
Factor (VCF) of approximately 5 units starting with 
an initial juice volume of 350mL. The experiments in 
batch concentration mode had the objective of 
analyzing Microfiltration and Ultrafiltration permeate 
fluxes and filtration effect on juice brix, pH, viscosity, 
total solids, reducing sugars, suspended solids, UV 
and visible absorption spectrums. The permeate 
and concentrate samples were collected for 
characterization at the end of each batch 
concentration mode assay. Due to the difficulty of 
collecting the concentrate samples the results were 
not considered reliable or representative. In the total 
recirculation mode assays the permeate was 
continuously recirculated to the feed tank to ensure 
a steady state in the volume (950 mL) and feed 
composition. Experimental assays in total 
recirculation mode were devoted to the investigation 
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of the transmembrane pressure effect on the 
performance of the system and the determination of 
the optimal transmembrane pressure conditions for 
the clarification process. For the batch mode tests, 
a peristaltic pump was used while for the 
recirculation tests the pump of the system was 
replaced by a gear pump.  

 

 

Figure 1. System flow diagram used in Ultrafiltration and 
Microfiltration Cross Flow assays  

 
2.3. Hydraulic Permeability Determination 
The membrane hydraulic permeability coefficient 
(𝐿𝑝) was determined by the slope of the straight lines 

obtained plotting the water flux (𝐽𝑣)  values versus 
the applied transmembrane pressures (ΔP). This is 
possible because the difference in osmotic pressure 
between the feed and the permeate is zero for water 
meaning there is a linear relationship between the 
hydrodynamic pressure ΔP and the volumetric water 
flux 𝐽𝑣 (Equation 1). 

𝐽𝑣  = 𝐿𝑝∆𝑃 (Eq. 1) 

In this way the determination of the membranes 
permeability was carried out by measuring the water 
flux in fixed conditions of temperature (≈25ºC) and 
cross flow velocity (1 m/s) at different 
transmembrane pressure (ΔP) values. 
 
2.4. Membrane Cleaning 
Membrane cleaning followed the described steps: 
1st step - After each cross flow filtration experiment 
with juice the membrane module was washed with 
deionized water. As recommended by the 
manufacturer, the cross flow rate corresponded to 
1.5 times the process cross flow rate. This step 
allowed the elimination of reversible fouling and of 
the polarization layer. When the permeate pH 
reached a value of approximately 6.5 the membrane 

permeability was determined for the resistances 
analysis. 
2nd step - After washing the membrane a cleaning 
procedure was performed with 0.5 M NaOH solution 
(Fisher Scientific UK) for 30 minutes followed by a 
rinse with deionized water until a pH value of 6.5 
was obtained. 
3rd step- After reaching a pH of approximately 6.5 
the water flux was measured in order to verify the 
cleaning efficiency (Equation 2). When necessary 
the cleaning procedure was repeated until the 
hydrodynamic permeability of the clean membrane 
was similar to that of the original membrane (95% -
100%). 

𝑊𝐹 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 (%) =  (
𝑊𝐹 𝑎𝑓𝑡𝑒𝑟 𝑐𝑙𝑒𝑎𝑛𝑖𝑛𝑔

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝐹
) ×  100 (Eq. 2) 

NaOH wash cycles were conjugated with 0.01M HCl 
wash cycles when greater difficulty in flux recovery 
was observed. 
After the described cleaning procedure the 
membranes were washed with a 10% isopropanol 
stock solution (Propan-2-ol Fisher Scientific UK) for 
30 minutes. 
 
2.5. Analysis of Resistances 
The decrease in the permeate flux was analyzed by 
the resistance-in-series model. The total resistance 
(𝑅𝑡) is composed of four resistances (Equation 3): 

𝑅𝑡 = 𝑅𝑚 + 𝑅𝑐𝑝 + 𝑅𝑓,𝑟𝑒𝑣 + 𝑅𝑓,𝑖𝑟𝑟𝑒𝑣  (Eq. 3) 

where 𝑅𝑚 corresponds to the intrinsic membrane 

resistance, 𝑅𝑐𝑝 to the resistance of the polarization 

layer and 𝑅𝑓 to the fouling resistance. The fouling 

resistance was divided into reversible (𝑅𝑓,𝑟𝑒𝑣) and 

irreversible (𝑅𝑓,𝑖𝑟𝑟𝑒𝑣) fouling resistance. 

Experimentally the resistances defined in equation 3 
can be determined by the permeability values 
determined after the cleaning steps described. 
In particular, the intrinsic membrane resistance 𝑅𝑚 

was calculated as 𝑅𝑚=
1

µ𝑤.𝐿𝑝
0 , by measuring the 

hydraulic permeability of the clean membranes. µ𝑤 

corresponds to the water viscosity and Lp
0 ==

J𝑤
0

∆P 
  to 

the hydraulic permeability of the clean membranes. 
The total resistance 𝑅𝑡 was calculated by the 

equation 𝑅𝑡=
1

µ𝑠.𝐿𝑝
1   where Lp

1 ==
J𝑠
1

∆P 
 corresponds to the 

membrane permeability after the juice treatment and 
µ𝑠 corresponds to the juice viscosity. It was 
considered that the resistances 𝑅𝑐𝑝 and 𝑅𝑓,𝑟𝑒𝑣 were 

removed after the first membrane cleaning step with 
water. In this way, the irreversible fouling resistance 
can be determined by measuring the hydraulic 
permeability after the first cleaning step since 
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equation 3 is reduced to  𝑅𝑚 + 𝑅𝑓,𝑖𝑟𝑟𝑒𝑣 = 
1

µ𝑤.𝐿𝑝
2  where 

Lp
2 ==

J𝑤
2

∆P 
 corresponds to the permeability measured 

after washing the membranes with water. It was 
considered that the polarization layer was formed 
almost instantly. Thus, the flux corresponding to a 
time equal to 0 will correspond to the flow for 

which 𝐽′0 =
∆𝑃

µ𝑤(𝑅𝑚+𝑅𝑐𝑝)
, making it possible to 

determine the concentration polarization resistance 
𝑅𝑐𝑝. By obtaining the flux curve as a function of VCF 

it is possible to estimate the flux value  𝐽′0  as the 
origin intersection. The VCF for each instant is given 
by equation 4. 

𝑉𝐶𝐹𝑁 =
𝑉𝑓,0

𝑉𝑓,0−∑ 𝑉𝑝,𝑖
𝑁
𝑖=1

 (Eq. 4) 

 
Where 𝑉𝑓,0 corresponds to the initial feed volume i.e. 

the initial volume of juice to be filtered. In turn, the 
permeate volume estimate for each instant (𝑉𝑝,𝑖) is 

given by equation 5 with exception for the first 
permeate volume (𝑉𝑝,1) for which was considered 

the volume collected until the measurement of the 
first flux. 

𝑉𝑝,𝑖 = (
𝐽𝑖+𝐽𝑖−1

2
) ∗ (𝑡𝑖 − 𝑡𝑖−1) ∗ 𝐴 (Eq. 5) 

 
The resistance 𝑅𝑓,𝑟𝑒𝑣was determined by difference 

after determined all the other resistances. 
 
 
2.6. Juice Analysis 
Collected juice samples were stored at a 
temperature of 4°C for further characterization. The 
total soluble solids content (TSS) was determined in 
ºBrix directly with a refractometer Refracto 30 
PX/30GS Mettler Toledo. The pH values were 
measured on a Mettler Toledo pH electrode. 
Viscosity measurements were performed on a 
Brookfield DV-II+ Pro viscometer with a CPE-40 
spindle at a speed of 30 rpm. The samples were 
centrifuged prior to measuring their viscosity for 10 
minutes at 6000g in a Hermle Z233 M-2 
microcentrifuge in order to avoid interference of 
suspended particles in the reading. Total solids were 
measured in dry weight and reducing sugars 
determined by the DNS method. UV and visible juice 
absorption spectrum was obtained on a HITACHI U-
2000 spectrophotometer by scanning over a 
wavelength range of 800nm to 190nm for a sample 
dilution of 1:1000. The suspended solids were 
determined by the sinking pulp method [13] by 
centrifuging 15 mL of the juice sample in a 

graduated conical test tube at 1000g for 10 minutes 
in a centrifuge Eppendorf 5702R. 
 
2.7. Sensory Analysis 
The juice sensory analysis was carried out at 
Instituto Superior Técnico's facilities in two sessions 
between 10 am and 12 am on different days for 
orange juice and pineapple juice. Two samples 
corresponding to the original juice and to the 
respective permeate were provided as well as 
potable water to clean the taste between samples. 
The 30 mL samples were presented in numbered 
transparent plastic cups at the consumption 
temperature of 4ºC. The panel consisted of 15 
people between the ages of 22 and 34 with a college 
education. In the orange juice test the participants 
were divided into 11 women and 4 men and in the 
pineapple juice test 10 women and 5 men 
participated. The untrained panel was questioned 
about the juice sensory characteristics (aroma, color 
and flavor) intensity in a 5 ratings scale between 
"very weak" and "very strong" and about juice 
acceptance in a hedonic scale. The panel was also 
questioned about the purchase intention of each of 
the samples. The results regarding the juice sensory 
characteristics allowed to draw a sensory profile of 
the original juice and the respective permeate. The 
results regarding the purchase intention and the 
product acceptance were analyzed according to the 
percentage of positive responses. The product 
acceptance was determined according to equation 6 
for a 5 ratings scale between "Dislike" and “Like 
Extremely". The purchase intention in turn was 
divided into a 4 ratings scale between “No” and 
“Yes” and determined by equation 7. N corresponds 
to the number of tasters and n to the number of 
tasters that selected the respective parameter. 
 

𝐴𝑐𝑒𝑝𝑝𝑡𝑎𝑛𝑐𝑒(%) =
𝑛 Like Very Much+𝑛 𝐿𝑖𝑘𝑒 𝐸𝑥𝑡𝑟𝑒𝑚𝑒𝑙𝑦

𝑁
 (Eq. 6) 

 

𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑖𝑛𝑡𝑒𝑛𝑡𝑖𝑜𝑛(%) =
𝑛𝑃𝑟𝑜𝑏𝑎𝑏𝑙𝑦𝑌𝑒𝑠+𝑛𝑌𝑒𝑠

𝑁
   (Eq. 7) 

 

The samples presented in the sensory tests were 
pasteurized and stored in sterilized bottles. The 
preparation and filtration of the juices was performed 
within 48 hours prior to the test. The permeate 
samples used in the sensory tests were obtained by 
Microfiltration at 7.5 psig after a pre-centrifugation at 
4000g for 10 minutes. 
 
3. Results and Discussion 
3.1. Batch Mode 
The cross flow filtration results showed that the 
permeate flux gradually decreased with the 
operating time until reaching a pseudo-stationary 
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state by increasing the volumetric concentration 
factor (Figure 2 and Figure 3). The initial permeate 
flux decreased to a value of about 32 L.m-2.h-1 and 
30 L.m-2.h-1 respectively for Ultrafiltration and 
Microfiltration corresponding to a final VCF value of 
approximately 5. The gradual flux decrease 
observed in the first 15-20 minutes is usually 
attributed to fouling due to pore blocking and gel 
layer deposition consisting of cellulose, 
hemicelluloses and high molecular weight 
compounds (polysaccharides, proteins, colloidal 
materials, etc.) present in the juice.  These solutes 
settle in the surface of a secondary dynamic 
membrane as the filtration continues increasing the 
total membrane resistance. At this point, the fouling 
effect is considered to overlap with concentration 
polarization which is often considered to be constant 
over time [1]. 

 

Figure 2. Orange juice microfiltration according to a batch 
concentration mode. Evolution of permeate flux and VCF with 
operating time. Operating conditions: ΔP=7.5 psig (52 kPa); 
vT=1m/s (Q=40 L/h); T=25 ° C. 

 

Figure 3. Orange juice ultrafiltration according to a batch 
concentration mode. Evolution of permeate flux and VCF with 
operating time. Operating conditions: ΔP=7.5 psig (52 kPa); 
vT=1m/s (Q=40 L/h); T=25 ° C. 

The fluxes similarity (Figure 4) obtained for orange 
juice Microfiltration and Ultrafiltration can be 
explained by the formation of a deposit that acts as 

a separation medium supported by the membrane.  
Flux values obtained are in agreement with flux 
values described in literature between 10 and 60 
L.m-2.h-1 for orange juice cross flow filtration with 
polysulfone hollow fibers in velocity intervals of 0.5-
12 m/s and transmembrane pressures of 7.3-58 psig 
(50-400 kPa). [8] 

 

Figure 4. Permeate flux evolution over time for orange juice 
clarification by Ultrafiltration (UF) and Microfiltration (MF).. 
Operating conditions: ΔP=7.5 psig (52 kPa); vT=1m/s (Q=40 L/h); 
T=25 ° C. 

 
 
3.2. Effect of Membrane Filtration on Orange 

Juice Quality 
The resulting permeate obtained from the cross flow 
membrane filtration was a transparent liquid of 
amber appearance. A 13% and 9% reduction of 
soluble solids (TSS) was observed respectively for 
Ultrafiltration and Microfiltration permeates. The 
reduction of total solids corresponded to 17% for 
Ultrafiltration and 10% for Microfiltration. In turn, the 
reduction of reducing sugars obtained was 23% for 
Ultrafiltration and 11% for Microfiltration. Juice pH 
remained unchanged and the suspended solids 
were completely removed by Ultrafiltration and 
Microfiltration (Table 1). The removal of suspended 
solids of lower molecular weight than the molecular 
cut-off of the membranes is possible due to 
concentration polarization effect. The gel layer 
formed can also act as a secondary filtration layer 
thereby reducing the effective size of the membrane 
pores and justifying the removal of all suspended 
solids. [14]  A 24% decrease of apparent viscosity 
verified in the microfiltration process is justified by 
the existence of a direct relationship between the 
pulp content and the apparent viscosity of the juice. 
[14] The reduction in the permeate absorption at 325 
nm, 280 nm and 245 nm wavelengths may indicate 
a possible retention of polyphenols, flavonoids and 
ascorbic acid in the retentate. In turn, the apparent 
reduction in absorption at wavelengths of 456nm, 
443nm and 445nm may indicate a retention of 
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Table 1. Physicochemical properties of orange juice and clarified samples resulting from Ultrafiltration and Microfiltration. The values 
presented correspond to a single filtration assay. The parameters of Brix, pH, reducing sugars and viscosity were analyzed in duplicates 
and the total solid in triplicate.

  
carotenoids. This evidence is in agreement with the 
results obtained by Capanneli et al. [28] which 
showed a retention of 12% for polyphenols, 100% 
for carotenoids and 23% for anthocyanins by cross 
flow orange juice filtration. In turn Johnson et al. 
obtained a retention of 98% for the flavonoids 
limonene and valencene. The retention of these 
compounds may be due to their association with 
pulp and suspended solids. [15]  

 
3.3. Recirculation Mode 
Ultrafiltration and Microfiltration assays performed 
according to the total recirculation mode allowed to 
study the transmembrane pressure (ΔP) effect on 
the permeate flux in a pressure range of 3-9 psig 
(21-62 kPa). 

 

Figure 5. Evolution of permeate flux at different applied ΔP in 
orange juice Microfiltration. Operating conditions: vT =1m/s (Q=40 
L/h); T=25 °C. 

 

Figure 6. Effect of applied ΔP on orange juice Microfiltration 
permeate flux. Operating conditions: vT=1m/s (Q=40 L/h); T=25 
°C. 

 
Figure 5 show the time course of the permeate flux 
with the increase of ΔP for constant temperature and 
cross flow velocity conditions (25 °C and 1 m/s (Q= 
40 L/h)). In Figure 6 the permeate flux values at 
steady state are plotted as a function of the applied  
transmembrane pressure. At low pressures the juice 
flux is proportional to the applied pressure and the 
shear stress is sufficient to minimize particle 
deposition. When the particles begin to settle on the 
membrane surface the flux shows a deviation from 
the linear behavior with an increase in pressure. In 
this way an increase in pressure determines an 
increase in the thickness of the particle layer and the 
flux becomes independent of the pressure. Under 
these conditions a limiting flux is achieved at a ΔP 
value of about 6 psig (41 kPa) for Ultrafiltration and 
Microfiltration and any additional pressure increase 
does not determine a significant increase in the 
permeate flux. The steady state flux values obtained 
at the transmembrane pressure of 7.5 psig (52 kDa) 
were observed to be higher than the values obtained 
for the batch concentration mode assays. This may 
be justified by the gradual increase of pressure 
contrary to the abrupt increase in the batch  
concentration mode  assays. In fact, Domieret al. 
[16] examined a sugar cane solution microfiltration 
with a 1.4 μm ceramic membrane and found that the 
flux was lower with an abrupt onset (<3 min) as 
opposed to a gradual (>15 min) procedure. 
Fukumoto et al. [17] observed a similar effect for 
despectinized apple juice filtration with a 0.2 μm 
ceramic membrane. Thus it is concluded that a 
transmembrane pressure increase above 7.5 psig 
for both the Ultrafiltration and Microfiltration 
processes would not allow an increase in permeate 
flux under the tested experimental conditions. 
 
3.4. Analysis of resistances 
The resistances in series model allowed to obtain 
the total membrane resistances (𝑅𝑡 ) and the ratios 

of the different resistances to the total resistance        

(
𝑹𝒄𝒑 

𝑹𝒕 

 ; 
𝑹𝒎 

𝑹𝒕 

 ; 
𝑹𝒇𝒓𝒆𝒗 

𝑹𝒕 

 ; 
𝑹𝒇𝒊𝒓𝒓𝒆𝒗 

𝑹𝒕 

)  for Ultrafiltration and 

Microfiltration (Table 2). These ratios are considered 
important because they are related to the recovery   
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pH 

Total Solids 
(g/L) 

Suspended 
Solids 
%v/v 

Reducing 
Sugars 
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Viscosity 
(cP) 

Juice 11,5±0,1 3,8±0,0 115,6±2,1 8,3 46,8 ±1,4 1,7±0,2 

UF Permeate 10,0±0,1 3,8±0,0 96,1±1,3 0,0 36,0±0,2 Not determined 

MF Permeate 10,5±0,1 3,8±0,0 104,2±0,8 0,0 41,5±0,3 1,3±0,2 
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Table 2. Total membrane resistance and resistance ratios determined for orange juice Ultrafiltration and Microfiltration. 

 𝑹𝒕 (m
−𝟏) 𝑹𝒎 /𝑹𝒕 (%) 𝑹𝒄𝒑 /𝑹𝒕 (%) 𝑹𝒇 /𝑹𝒕 (%) 𝑹𝒇𝒓𝒆𝒗 /𝑹𝒕 (%) 𝑹𝒇𝒊𝒓𝒓𝒆𝒗 /𝑹𝒕 (%) 

Ultrafiltration 3,60x1012 3,0 71 26 14 12 

Microfiltration 3,38x1012 15 67 18 8 10 

difficulty degree of original permeate flux. The 
controlling resistance for orange juice Microfiltration 
and Ultrafiltration was determined to be the 
polarization layer resistance (67%-71%). The 
fouling resistance consists of 18-26% of the total 
resistance and is divided into irreversible and 
reversible fouling. The irreversible fouling resistance 
represents 10-12% of the total resistance and the 
reversible fouling resistance 8-14%. In turn the 
intrinsic membrane resistance varied between 3-
15% of the total resistance. Therefore, recovery of 
about 80% of the original permeate flux can be 
easily achieved by membrane physical cleaning. 
The obtained values  are in agreement with the 
values obtained by Pagliero et al. [1] for orange juice 
clarification by Microfiltration where the dominant 
resistance was the reversible resistance (64-76%). 
This resistance consisted of the cake or gel layer, 
adsorption and concentration polarization. In turn 
the irreversible fouling resistance represented 22-
36% of the total resistance while the intrinsic 
membrane resistance ranged from 2-7% of the total 
resistance. 
 
3.5. Microfiltration of Pre-Treated Orange Juice  
In order to control and reduce fouling occurrences a 
pre-treatment of centrifugation was carried out 
before Microfiltration. The decrease in the content of 
suspended solids that can be accumulated on the 
surface of the membrane allowed an increase in the 
permeate flux.  It was observed an increase in the 
pseudo steady-state permeate flux from 30 L.m-2.h-

1 to 37 L.m-2.h-1 (Figure 7). The centrifugation 
allowed a 92% reduction in suspended solids being 
the other characteristics maintained practically 
unchanged. The obtained permeate was visually 
equivalent to that obtained without pretreatment. It 
was also observed that the pre-treatment applied did 
not significantly influenced the permeate 
characteristics obtained by Microfiltration (Table 3). 
In this way the permeate obtained by Microfiltration 
of the pre-centrifuged juice was shown to be 
equivalent to the permeate obtained without 
previous centrifugation. There was a reduction in 
orange juice absorption after centrifugation but a 
similar absorption profile to the original one was 
maintained. The reduction of absorption of the 
centrifuged juice relatively to the original juice at the 
wavelengths of 325nm, 280nm and 245nm suggests 

a retention of polyphenols, flavonoids and ascorbic 
acid indicating once again the association of these 
compounds with pulp and suspended solids. [15] 
Cross flow filtration in turn resulted in an absorption 
reduction in the 190-230nm range. A high 
absorbance between 190 and 230 nm was reported 
for organic acids. [18] Thus the observed reduction 
may indicate a retention of organic acids.  
The blend of the permeate and concentrate allowed 
to obtain a homogeneous solution without phase 
separation showing that juice reconstitution is 
possible. 

 

Figure 7. Evolution of the Volumetric Concentration Factor over 
time for orange juice Microfiltration after centrifugation pre-
treatment at 4000g during 10 minutes. Operating conditions: 
ΔP=7.5 psig (52 kPa); vT=1m/s (Q=40 L/h); T=25 °C. 

3.6.  Pineapple Juice Flux Analysis and 
Microfiltration Effect on Juice Quality 

The decrease in permeate flux over time observed 
in pineapple juice cross flow filtration showed a 
similar trend to that observed for orange juice 
(Figure 8). The pseudo-steady state flux obtained 
was 33 L.m-2.h-1. The flux value obtained is in 
agreement with that obtained by Laorko et al. [19] of 
36 L.m-2.h-1 for pineapple juice Microfiltration in a 
polysulfone hollow fiber module. It was observed 
that the pineapple permeate flux is 11% lower than 
the orange juice permeate flux which may be 
explained by the higher total solids content of the 
pineapple juice (Table 4) which will possibly create 
a higher flux resistance. Relatively to the juice 
quality it was verified a 9% reduction of soluble 
solids (TSS) in the juice permeate after 
Microfiltration. The reduction of total solids 
corresponded to 15% and the reduction of reducing 
sugars to 11%. The juice pH remained unchanged 
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and the suspended solids were completely removed 
by Microfiltration. In turn, juice apparent viscosity 
was reduced by 24% after the cross flow filtration 
process. It was observed that unlike the orange juice 
permeate the pineapple juice permeate maintains 
the same absorption spectrum as the centrifuged 
juice and a profile similar to the original juice. The 
constant absorption at 325nm, 280nm and 245nm 
after filtration indicates a lower retention of 
polyphenolic compounds, flavonoids and ascorbic 
acid compared to that observed for orange juice.  

 

Figure 8. Evolution of the Volumetric Concentration Factor for 
orange and pineapple juice Microfiltration in batch mode after the 
pre-treatment of centrifugation at 4000g during 10 minutes. 
Operating conditions: ΔP=7.5 psig (52 kPa); vT=1m/s (Q=40 L/h); 
T=25 °C. 

 
3.7. Sensory analysis 
The sensory analysis allowed to obtain the sensory 
profiles of orange and pineapple juice samples and 
their respective permeates (Figure 9 and Figure 10). 

 

Figure 9. Sensory profile of original orange juice and respective 
permeate obtained by Microfiltration in concentration mode after 
pre-treatment of centrifugation. The zero point of the scale 
corresponds to a "Very Poor" attribute and point four to a "Very 
Strong" attribute. 

The original orange juice sample received notes of 
higher intensity than the permeate for the attributes 
"Orange Aroma", "Bitter Taste", "Sweet Taste", 

"Orange Taste" and "Orange Color" except for the 
attribute "Natural flavor" for which there is a 
similarity between the samples. Contrary to orange 
juice the pineapple juice sensory profiles are 
practically identical except for the attribute "Yellow 
Color". For the orange juice it was verified an 
acceptance of 53% for the original juice and 27% for 
the clarified product. The higher acceptance of the 
original juice can be justified by its more pronounced 
flavor and aroma characteristics verified in the 
sensory profile. The referred reasons were mainly 
the more intense orange and sweet flavor. Its pulp 
texture was also referred as a favorable 
characteristic being preferential to that of the 
permeate. 

 

Figure 10 Sensory profile of original pineapple juice and 
respective permeate obtained by Microfiltration in concentration 
mode after pre-treatment of centrifugation. The zero point of the 
scale corresponds to a "Very Poor" attribute and point four to a 
"Very Strong" attribute. 

On the other hand the permeate acceptance was 
mainly due to the freshness associated to the 
sample. In turn the less intense orange flavor was 
referred to as one of the main unfavorable factors. 
As negative points of both orange juice samples 
were reported the juice bitterness and its somewhat 
artificial taste. There was a 80% preference for the 
original juice justified by a more intense orange 
flavor, a texture with more resemblance to a natural 
juice and a more pleasant orange color. It was 
obtained a purchase intention of 47% for the clarified 
juice compared to 73% for the original orange juice.  
Besides the aroma and flavor already mentioned the 
color has also great importance in the preference 
because it is the quality that more easily gets the 
consumer attention [20]. Thus the weak association 
between the permeate color and an orange juice 
may also justify the reduced commercial potential of  
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Table 3. Physical and chemical properties of the original orange juice before and after the pre-centrifugation treatment and the resulting 
permeates of the orange juice Microfiltration before and after the application of the centrifugation pretreatment. The values presented 
correspond to a single filtration assay. The parameters of Brix, pH, reducing sugars and viscosity were analyzed in duplicates and the 
total solid in triplicate.

  

Table 4. Physical-chemical properties of the original pineapple juice, centrifuged juice and permeate obtained by Microfiltration. The 
values presented correspond to a single filtration assay. The parameters of Brix, pH, reducing sugars and viscosity were analyzed in 
duplicates and the total solid in triplicate. 

 
TSS 

(°Brix) 
pH 

Total solids 
(g/L) 

Suspended 
Solids 
%v/v 

Reducing 
Sugars (g/L) 

Viscosity 
(cP) 

Juice 12,8±0,1 3,8±0,0 144,2±0,8 22,7 54,1±1,4 2,1±0,0 

Pre treated 
Juice 

12,8±0,3 3,8±0,1 139,5±2,9 0,50 56,2±2,0 2,1±0,0 

Permeate 11,6±0,2 3,8±0,0 122,7±2,0 0 48,3±0,7 1,6±0,0 

this sample compared to the original juice. The 
acceptance for the pineapple juice in the hedonic 
scale was higher for the permeate than for the 
original juice. An acceptance of 67% was obtained 
for the clarified juice compared to 13% for the 
original pineapple juice.  The permeate acceptance 
was justified for its freshness and pineapple flavor. 
In turn, the original pineapple juice acceptance was 
justified by its texture and color closer to a natural 
juice. Excessive sweetness was reported as a 
negative point for both the permeate and original 
juice. A 67% preference was obtained for the 
pineapple permeate. Despite the similarity of the 
sensorial profiles with respect to flavor and aroma  
characteristics there was a tendency to choose the 
permeate over the original pineapple juice. In this 
way the preference was not considered to be 
influenced by sensorial characteristics loss. The 
easy association between the permeate color and a 
pineapple juice may justify this trend increasing the 
acceptance of the clarified product compared to that 
observed for the orange juice permeate. It was 
verified a purchase intention of 73% for the clarified 
pineapple juice compared to 33% for the original 
juice. Considering the purchase intentions obtained 
it was verified the existence of a strong commercial 
potential for the clarified pineapple juice. 
 
 

4. Conclusions and Future Work 
The main objective of studying the process of 
obtaining clarified juices by membrane 
microfiltration and ultrafiltration was fulfilled. Clear 
and free of suspended solids permeates from 
orange and pineapple juices were obtained in a 
single cross flow membrane filtration step. Given the 
importance of the polarization layer resistance in the 
juice cross flow filtration accounting for 67-71% of 
the total resistance it was found advantageous to 
conjugate the filtration process with a centrifugation 
pretreatment. In this way it was possible to achieve 
a 23% increase in the permeate flux. The pineapple 
juice permeate flux was found to be lower than the 
orange juice permeate flux by 11%. However the 
sensory analysis allowed to conclude that it makes 
sense to invest in the pineapple juice clarification 
process given the 67% of acceptance obtained. In 
turn the investment in the orange juice clarification 
process is not recommended. Preponderant factors 
include the weak association between the permeate 
color and an orange juice, the orange flavor and 
aroma loss and consumer preference for orange 
juices with a texture closer to fresh orange juices.  
Given the evident reduction in juice sugar content 
during the filtration process two alternatives can be 
considered to avoid it. The first would consist of 
filtrating a juice with a higher Brix. Alternatively could 
be done a blend of the permeate with part of the 

 TSS (°Brix) pH 
Total Solids 

(g/L) 

Suspended 
Solids 
%v/v 

Reducing 
Sugars 

(g/L) 

Viscosity 
(cP) 

Juice 11,5±0,1 3,8±0,0 115,6±2,1 8,3 46,8 ±1,4 1,7±0,2 

Pre treated Juice 11,5±0,2 3,8±0,0 112,1±1,9 0,7 47,7±6,7 1,8±0,0 

Permeate (without 
pre treatment) 

10,5±0,1 3,8±0,0 104,2±0,8 0,0 41,5 ±0,3 1,3±0,2 

Permeate (with 
pre treatment) 

10,3±0,1 3,8±0,0 107,4±1,1 0,0 42,6 ±1,8 1,4±0,1 
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concentrate if an intermediate texture was desired. 
In the latter case it would be necessary to 
characterize the juice blend in order to evaluate if 
the blend characteristics were in accordance with 
the commercial parameters. It would also be 
advisable to do a sensory analysis to access 
consumer preference for texture.  
In the future, the ultimate goal would be to move 
from a laboratory scale to a pilot scale. Small-scale 
evidence do not necessarily translate into similar 
results on a large scale but is the first step in 
developing processes on a larger scale. It is 
recommended to use tubular ceramic membranes in 
order to obtain better results in the clarification 
process. Tubular configurations allow to obtain high 
filtration yields for feed streams with high solids 
content [2]. On the other hand since ceramic 
membranes are less susceptible to fouling the 
easier it would be to clean them and to use more 
efficient cleaning protocols possibly minimizing 
water costs. The filtration process could also be 
carried out at higher temperatures since ceramic 
membranes are more resistant. This could also be 
important for an increase in flux. Therefore a study 
on flux variation with filtration temperature as well as 
the evaluation of its impact on juice quality would be 
important to optimize the process. Relatively to the 
pore size choice a similar study to the one carried 
out for orange juice should be done since a 
considerable flux variation with membrane type was 
described in literature for pineapple juice. 
The determination of limit transmembrane 
pressures would also be important in order to 
minimize fouling and maximize the flux obtained. 
Finally, since one of the industrial objectives is to 
minimize downtime in order to make the process 
more profitable the mode of operation to be 
implemented would be a feed and bleed mode. This 
would allow the process to be continuous and 
maintain a Volumetric Concentration Factor below 
or approximated to the recommended VFC of 5. 
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