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ABSTRACT 

In membrane based filtration operations, pressure is 
applied on one side of the solution and it serves as a 
driving force for the separation process. The processes of 
microfiltration, ultrafiltration, nanofiltration and reverse 
osmosis are key technologies using membrane 
separation in food industry and desalination of water. 
The membrane unit operations can be combined to 
make hybrid processes some of which are explained in 
this paper with the help of experimental examples. 
Integrated processes are useful in the sense that they 
have better yield and lower cost apart from other 
technical advantages. This paper discusses about the 
advantages of integrated membrane processes with the 
help of different scenarios namely, orange press liquor 
and desalination of water.There are many RO plants 
around the world for desalination with costs already 
being competitive with thermal processes. Integrated 
membrane operation tend to be one step ahead of these 
exiting processes. 
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I.  INTRODUCTION 
 

In a membrane separation process, the feed 
stream is split into permeate and retentate. 
Permeate is the portion that is allowed to pass 
through the membrane whereas retentate as the 
name suggests is the part which doesn’t pass 
through the membrane pores. The particles and 
dissolved components are retained on the basis of 
size, charge, shape etc. depending on the type of 
membrane. Membranes are classified based on their 
pore size which determines their degree of 
selectivity. There are 4 major types of membranes: 
Microfiltration, Ultrafiltration, Nanofiltration and 
Reverse osmosis. Their permeability is explained in a 
pictorial representation below. 
 

 
 

  
Figure 2: Representation for various membranes [3] 

 
Oranges, just like most citrus fruits are transformed 
into juice. In this step the residues generated 
basically consistof wet peels and whole rejected 
fruits containing more than 80% water [2]. These 
semi-solid wastes can be pressed to obtain a liquid, 
named press liquor. This press liquor is a complex 
mixture containing soluble sugars, fibers, insoluble 
carbohydrates, organic acids, essential oils, 
flavonoids etc. Among these compounds, flavonoids 
have been considered quite importantdue to their 
beneficial effects as antioxidants in the prevention of 
human diseases [4]. Also, these flavonoids have 
been found to exhibit a wide spectrum of 
pharmacological properties, including anti-allergic, 
anti-inflammatory, antidiabetic and antiviral. This 
said, we feel there is an immense scope of both 
scientific and monetary gains in pharmaceutical 
sector with availability of a feasible method to 
extract these flavonoids. 
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II.  Characterisation of a membrane 
 

Analysis of each membrane is required 
before working on it and this is done by 
characterization and retention tests on them which 
are also explained in the paper. 
For all investigated topics the used membranes were 
preliminarily characterized in order to evaluate their 
hydraulic permeability.Membranes significantly 
differ in their structure and their functionality. We 
have to decidewhich membrane to use in a 
particular separation process. Characterisation is 
also done to check if the membrane has got back to 
its original permeability or not after a separation 
process. Typical membrane characterization data is 
reported in the following table. Data are referred to 
the use of a hollow fiber membrane whose 
characteristics are as reported below: 

 Characterization of Membrane FUS 5082 500 
kDa with water 

 Membrane material Polyacrylonitrile (PAN); 
hollow fiber configuration; 

 Surface area= 0.15 m2 
 

TABLE I 
A SAMPLE CHARACTERISATION DATA 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Where, P is pressure 
 TMP is Trans Membrane Pressure 
 Qf is flow rate of water input 
 Dp is the weight of collected permeate 
 
Water was used as feed at the time of 
characterisation and the values were measured with 

changing time. The temperature needs to be 
maintained constant. 
 

 
Figure 1: A typical sketch of Hollow fiber membrane 

 
After every filtration of a test sample membrane 
characterization should be repeated in order to 
evaluate the fouling index and the cleaning 
efficiency of cleaning detergents. Membrane 
cleaning is performed by using acid basic and 
enzymatic detergents. 
 

III.  Orange Press Liquor 
 

Orange press liquor is a by-product 
generated by the citrus processing industry. It 
contains large amount of natural phenolic 
compounds with recognized antioxidant activity. An 
integrated membrane process for the recovery of 
flavonoids from orange press liquors was studied by 
us. Clarification of orange press liquor, a by-product 
of the orange juice production, was done in order to 
remove suspended solids and turbidity. This step 
was performed by UF and it is considered as a 
preliminary treatment for the recovery of phenolic 
compounds through the use of additional membrane 
operations. The UF membrane used was hollow fibre 
polysulfone membrane.The purpose of the 
integrated process is to optimize the productivity of 
the UF membrane in terms of improvement of 
permeate flux and reduce membrane fouling.During 
the clarification also, the UF membrane undergoes 
fouling which was calculated in the following 
manner.  

Fouling Index = (1 – Lp1/ Lp0)*100 
 

Lp1: hydraulic permeability measured after 
treatment 

 
Lp0: Hydraulic permeability measured before 

treatment 
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The raw press liquor was treated by a UF membrane 
module up to a specific Volume Reduction Factor 
(VRF) which is calculated as: 

 
V.R.F = Vf / (Vf – Vp) 

 
Vf: Feed Volume 

 
Vp: Permeate Volume 

 
The UF permeate is then treated by nanofiltration 
and osmotic distillation processes in order to 
separate and concentrate phenolic compounds.Total 
soluble solids (TSS), total flavonoids and anthocyanin 
contents in samples (feed, permeate and retentate) 
were investigated. The rejection (R) of the UF and NF 
membranes towards the investigated compounds 
was determined as: 
 

R=(1 – Cp/Cf)×100 
 
Where, Cp and Cf are the concentration of a specific 
component in permeate and feed, respectively. 
 

The content of flavanones are measured by 
using a modified colorimetric method. Diluted 
sample wasadded to a test tube to mix with absolute 
ethanol in 1:7 ratio. After mixing, the reaction was 
initiated by adding NaOH. Absorbance was 
measured by using a UV-Vis recording 
spectrophotometer  

 

IV.  Desalination 
 
Integrated membrane process can be used for the 
treatment of brackish water in order to obtain 
purified water associated with high recovery factors. 
In our experiment an initial sample of about 35 liters 
was submitted to a softening process with NaCO3 in 
order to precipitate Ca salts and reduce their 
content. Then the softened solution was treated by 
UF. The UF permeate (about 24 litres) was then 
submitted to a reverse osmosis process which was 
investigated by using two different spiral-wound 
membrane modules. Experimental trials were 
performed in selected operating conditions 
according to a feed-and-bleed configuration up to a 

VRF of 2 (as explained in section III).The time course 
of permeate flux with one of the selected membrane 
is reported in the following Figure. As showed in the 
figure the initial permeate flux is reduced due to 
membrane fouling and increased osmotic pressure 
of the treated solution. 

 
 
After the RO test the selected membranes were 
cleaned and characterized for their water 
permeability. In addition RO membranes were also 
cleaned with different cleaning solutions in order to 
restore their initial water permeability.RO retentates 
were submitted to direct contact membrane 
distillation (DCMD) experiments according to the 
following flow sheet: 
 

 
 
 

V.  CONCLUSION 
 
 The work is particularly addressed to the 
recovery of useful compounds for pharmaceutical, 
nutraceutical or food applications.The amount of 
polyphenols was determined by using the Folin-
Ciocalteau method in which the calibration curve 
was obtained by using gallic acid. The straight line 
with y=mx equation plotted in a graph with 
absorbance vs concentration (ppm) was used to 
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measure the content of polyphenols in terms of ppm 
gallic acid.Analytical measurements of both 
parameters were performed in feed, retentate and 
permeate samples from UF and NF membranes. 
Feed and retentate samples were previously 
centrifuged before analysis. 
 
We identified that integrated membrane 
desalination systems provide improved results. The 
presence oftheNF as pretreatment allows to increase 
the waterrecovery of the RO unit up to 50%. 
Adoption of integrated membranesystems appears 
an interesting possibility forimproving desalination 
operations and meetingthe increasing pure water 
demand.  
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