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Abstract - The effects of independently varying both wall 
shear stress (tw) and transmembrane pressure (TMP) on 
permeate flux and fouling during ultrafiltration of 
reconstituted skimmed milk in total recycle mode have been 
investigated. Milk ultrafiltration is a membrane process, 
which is highly complex in nature. The cost effectiveness of 
the process depends heavily on the flux permeate and the 
total hydraulic resistance of the membrane. In this work, a 
comparative study for the prediction of the performance of 
milk ultrafiltration with ANN and statistical method has been 
carried out. The result reveals that both methods carry out 
the prediction with a high degree of accuracy. However, the 
statistical method, contrary to neural nets, is both costly and 
time consuming and the accuracy of the data are also in 
doubt, as the operating conditions are not consistent 
throughout each of the test runs. The result also reveals that 
there is a good agreement between the predicted fluxes 
permeates and the total resistances of this work with the 
actual values. The findings of this study also shows that the 
artificial neural nets technique can be applied as a powerful 
tool and a cost and time effective wayin predicting and 
assessing the performance of milk ultrafiltration process. 
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1. INTRODUCTION 

An artificial neural network, also called as simulated neural 
network (SNN) or commonly just neural network (NN) is an 
interconnected group of artificial neurons that uses a 
mathematical or computational model for information 
processing based on connectionist approach to computation. 
In most cases an ANN is an adaptive system that changes its 
structure based on external or internal information that 
flows through the network. In more practical terms neural 
networks are non-linear statistical data modeling tools. They 
can be used to model complex relationships between inputs 
and outputs or to find patterns in data. The original 
inspiration of the technique was from the examination of the 
central nervous system and the neurons. In a neural network 
model, simple nodes (called variously “neurons”, “neuroses”, 

“processing elements”, or units) are connected together to 
form a network of nodes- hence the term neural network. 
While a neural network does not have to be adaptive, its 
practical use comes with algorithms designed to alter the 
strengths (weights) of the connections in the network to 
produce a desired signal flow. These networks are also 
similar to the biological neural networks in the sense that 
the functions are performed collectively and in parallel by 
the units, rather than there being a clear delineation of sub-
tasks to which various units are assigned. A precise 
estimation of the membrane area can be accomplished by 
using the equations describing the dependence of permeate 
flux and fouling on the process variables. In fact, there have 
been some theoretical approaches to predict the 
ultrafiltration performance of colloidal solutions (e.g. milk).  

These are based on some models such as mass transfer (film 
theory), gel-polarization model, osmotic pressure model, 
boundary layer-adsorption model, Brownian diffusion 
model, shear-induced diffusion model, inertial lift model and 
surface transport model [4]. In addition to the complexity of 
mathematical equations involved, each of these models has a 
number of limitations: - They demand some experimental 
data for determining the input parameters. Perhaps this is 
always possible in practice, but the equipment required are 
especially sensitive instruments that might not be readily 
available .During ultra filtration of skimmed milk, permeate 
flux can be improved by increasing the cross-flow velocity or 
the transmembrane pressure of the feed. Increasing the 
cross-flow velocity and transmembrane pressure with spiral 
wound membranes leads to increased initial flux and 
changing flux pattern. This suggests that flux and fouling are 
controlled by hydrodynamic factors. However, limited 
information is available regarding the effect of 
hydrodynamic conditions on flux behaviour, fouling and 
retention characteristics during ultrafiltration of milk.  

Previous studies on permeate flux during ultrafiltration of 
milk have generally aimed to predict flux under steady state 
conditions where the membrane may already be fouled, 
while little work has attempted to investigate how fouling 
develops and the role of hydrodynamic factors in this 
development. This study aimed to determine the influence of 
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TMP and tw on flux behaviour, fouling and transmission 
characteristics during ultrafiltration of reconstituted 
skimmed milk and to determine the role of these variables 
on the mechanisms of flux and fouling. In this way it was 
hoped to enable prediction of the operating conditions 
producing the least fouling using a critical flux concept. 

The neural network model has also been used for obtaining 
an estimation of the permeate flux and resistance during 
reverse osmosis of the ethanol and acetic acid and 
ultrafiltration of the pulp bleach plant effluent. The ANNs 
predictions compared with the finely porous mass transfer 
model. In colloidal systems such as milk, physical and 
chemical properties (i.e., pH and fat milk) have a great effect 
on the behavior and the efficiency of the UF process owing to 
molecular interactions. Furthermore, the hydrodynamic 
factors such as transient membrane pressure (TMP), 
temperature and the pore size of the membrane (MWCO) 
have a substantial effect on the process efficiency. Therefore, 
in this work parameters such as temperature, TMP, fat milk, 
pH, time and MWCO as an inputs and the permeate flux and 
the total hydraulic resistance of the membrane as an outputs 
in predicting and assessing the performance of milk 
ultrafiltration process, using the statistical and ANN 
methods. 

 
2. EXPERIMENTAL SET-UPS AND PROCEDURE 
 
In this research, a membrane pilot plant from Biocon 
Company has been utilized for the data acquisition purposes. 
This apparatus is comprised from a feed tank, centrifugal 
pump, flow meter, membrane module, two pressure 
indicator, tubular heat exchanger, digital thermometer and a 
control valve (Fig. 2) which its specification are highlighted 
in table 1. In order to regulate the operating conditions for 
each test run, some distilled water was first introduced to 
the system for 10 minutes to check some parameters for the 
accuracy of the data. Then to run the experiment, the sample 
milk powder (with a constant milk fat of 8.5%) and hot 
water at 50 oC was mixed and added to the 12 liters feed 
tank at a constant rate of 15 lit/min throughout the 
experiment and letting the operation to be continued for 30 
minutes. At the end, cleaning operation is carried out 
according to the instruction manual (i.e., cleaning-in place or 
CIP). Care must be taken to cease the washing cycle when the 
difference between the exit and inlet water fluxes are less 
than 2-3 percent. Otherwise, the fouling has not been 
removed and the washing process must be repeated. In this 
work, the affect of different parameters such as the transient 
membrane pressure (TMP), operating temperature, fat milk 
and pH on the flux permeate in m/s (Jp) and the total 
resistances in m-1 (Rt) has been analyzed. To obtain this 
objective, a total of sixteen-test run have been carried out 
and during each run the feed flow rate and concentration of 
the sample milk fat are regulated and kept constant using 

pasteurized and homogenized cream (28-30% fat). In order 
to measure the fat milk, a device called Lacto star from 
Funko Gerber Company was used and the measurement was 
repeated for three times at 25 oC. Furthermore, for 
regulating the milk pH an amount of 1% normal lactic acid 
have been used. To measure the sample milk and washing 
solution pH, a pH meter called Jenway (model 3010) was 
also adopted in this work. 
 
2.1 ANALYTICAL METHODS 
 
Total solids and protein contents of milk samples were 
measured using a Dairylab2 (Multispec Ltd, York, UK). 
Protein content of the permeate samples was measured using 
the Bradford Assay Kit (Sigma Diagnostics, London, UK). 
Viscosities of permeate and milk samples were measured 
using an Ostwald U-tube (BS/U) capillary direct flow 
viscometer. 
 

3. NEURAL NETWORKS MODELING 
 
In this research, the effectiveness of UF milk modeling has 
been assessed using a multi-layer perception (MLP) and 
neural nets software (i.e., Mat lab), for learning purposes 
different structures have been adopted, and the results 
achieved are compared together. The structure of neural 
nets is constructed in a way that a weak prediction and the 
time learning process expenditure could substantially be 
reduced by lowering the number of hidden layers. 
Furthermore, neural nets with different structures can also 
reduce the learning procedure and to converge the results in 
the lowest number of iteration and to obtain a better 
prediction for the new data. As a typical example, the results 
obtained from feed forward back propagation neural nets 
(or multilayer perception). 5. In this work, the MLP have 
made with 3 layers that 1 neurons in first layer, 10 neurons 
in second layer and 1 neurons in last layer. The momentum 
coefficient and learning rate are 0.7, 1, respectively. The total 
numbers of data utilized in this work are about 2500. From 
this about 30 percent of the input output data was selected 
in a random manner for training (number of data 860) and 
the rest of the data were used to test (number of data 1360) 
and cross validate (number of data 280) the outcome and 
assess the error resulted from it.  
 
3.1 CRITICAL FLUX CONCEPT 
 
The critical flux concept for membrane filtration has been 
proposed by Field et al. . Critical flux can be considered to be 
the flux just below that at which deposition onto the 
membrane to form a cake layer begins. At this point a 
concentration polarization layer is present, but this does not 
become solidified into a cake on the membrane surface and 
in principle is reversible. They claimed that operating 
membrane filtration at a permeate flux lower than or equal 
to the critical flux could reduce or eliminate irreversible 
membrane fouling. Critical flux is determined by 
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hydrodynamic conditions, pore size and composition of the 
feed, and is sometimes equal to limiting flux but in other 
cases operating membrane filtration at the limiting flux 
causes more fouling. The critical flux can be evaluated by 
investigating TMP at controlled permeate flux levels. 
Increasing TMP at a given flux indicates that the balance of 
particle convection and removal has shifted towards 
deposition, and hence the critical flux has been exceeded. At 
fluxes equal to or lower than the critical flux, the relationship 
between TMP and flux should be linear with no hysteresis. 
Two forms of the critical flux have been proposed. The 
“strong” form of critical flux exists if the flux of a suspension 
is identical to the flux of clean water at the same TMP. The 
“weak” form of critical flux exists if the relationship between 
flux and TMP is linear, but the slope of the line differs from 
that for clean water. The latter case only would be relevant 
to the current study. 
 

3.2 MEMBRANE FILTRATION 
 
3.2.1 WHAT IS MEMBRANE FILTRATION? 
 
Membrane filtration is a separation process used to separate 
different molecules based on size (Nielsen, 2000). A 
membrane filtration process can be viewed as a selective 
sieving mechanism, where certain molecules permeate 
through the pores in the membrane (Winston and Sirkar, 
1992; Cuperus and Nijhuis, 1993).  Permeation of certain 
molecules from a solution results in an increase in the 
concentration of the remaining particles in the retained 
solution (Winston and Sirkar, 1992). The concentrated feed 
retained by the membrane is known as the retentive or 
concentrate. The rate of permeation of the molecules 
through the membrane is defined by the driving force 
(Strathmann, 1987).  
 
3.2.2 TYPES OF MEMBRANE FILTRATION 
 
Membrane separation processes can be split into different 
categories based on the driving force used for filtration 
(Nielsen 2000). The pressure driven filtration processes are 
reverse osmosis also known as hyper filtration, nano 
filtration, ultrafiltration and microfiltration (Mistry, 2002; 
Kuriyel, 2000). The concentration driven membrane 
filtration process is known as dialysis and the electrode 
potential difference driven filtration is called the electro 
dialysis process (Niel sen, 2000).  The different pressure 
driven processes can be classified on the basis of the size of 
the components passing thought the membrane, which in 
turn relates to the required differential pressure needed to 
operate the system. The required operating pressure for 
reverse osmosis is higher in comparison to the other 
pressure driven membrane processes. The high pressure is 
required to overcome the osmotic pressure difference to 
separate water from the feed solution (Winston and Sirkar, 
1992).  

The transmembrane pressure achieved during reverse 
osmosis filtration ranges from 10 -100 bar (Mulder, 1991). 
In reverse osmosis, ideally, water is the only material that 
passes through the membrane, all the dissolved molecules 
(solutes) and suspended material is rejected (Nielsen, 2000; 
Wagner, 2001). An application of reverse osmosis in the 
dairy industry is the removal of water from milk and whey 
(Wagner, 2001) . In the food and beverage industry reverse 
osmosis is used to recover substances that are temperature 
or pH sensitive and solids from wastewater to reduce waste 
treatment costs (Meyer et al., 1995).  
 
Nanofiltration is very similar to the reverse osmosis 
filtration process (Winston and Sirkar, 1992). In 
nanofiltration small monovalentions such as sodium and 
chloride pass through the membrane (Mistry, 2002). As the 
osmotic pressure to overcome is not as great as that of 
reverse osmosis, the required transmembrane pressures are 
in the range of 5-35 bar (Nielsen, 2000). Nanofiltration is 
used in the environmental industry to purify and reuse 
caustic cleaning solutions (Nielsen, 2000). In the dairy 
industry nanofiltration can be utilised to remove water and 
small io ns suc h as sodium, potassium and chloride from a 
feed solutions. It is also used to remove salt and water from 
whey to produce desalted whey concentrate (Wagner, 2001). 
As nanofiltration is still new in terms of cheese making, it is 
still in the development stages (Mistry 2002). In 
ultrafiltration, water, minerals, sugars, organic acids and 
vitamins pass through the membrane (Nielsen, 2000), while 
large molecules such as proteins, fat and carbohydrates are 
fully or partially retained depending on the pore size of the  
membrane (Mulder, 1991).  
 
The transmembrane pressures attained in ultrafiltration 
range between 1-10 bar (Wagner, 2001; Nielsen, 2000). 
Microfiltration is utilized to retain larger components of feed 
solutions such as proteins in milk (Mistry 2002). The 
transmembrane pressure of microfiltration is lower than 
that of ultrafiltration, usually less than 2 bar (Wagner, 2001). 
Ultrafiltration and microfiltration are most commonly used 
in the dairy industry. Microfiltration in the dairy industry is 
used to improve the quality of milk for cheese-making and 
extend the shelf life of market milk (Nielsen, 2000). It can 
also be used for protein separation and for the removal of 
fat, bacteria or suspended solids. Applications of 
microfiltration in other industries include clarification and 
biological stabilization in the beverage industry (Winston 
and Sirkar, 1992).  
 

3.3 ULTRAFILTRATION 
 
3.3.1 APPLICATIONS  
 
Ultrafiltration is used in latex concentration, pigment 
recovery and concentration of proteins for 
biopharmaceuticals. It is used in sewage treatment and 
production of sterile water for antibiotics (Kuriyel, 2000). 
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Ultrafiltrat ion is us ed in the food industry for production of 
concentrates and isolates from soya beans, sunflower and 
cotton seeds. Ultrafiltration is utilized to remove glucose 
from egg white and partial concentration before drying. 
Other useful applications in the food industry include 
refining sugar solutions, fractionation and concentration of 
gelatin (Pal, 2003). 
 
In the dairy industry ultrafiltration is used in a number of 
applications including cheese making. Ultrafiltration is 
successfully implemented into the cheese making process for 
cheeses such as feta, quarg, camembert, goat’s milk cheese 
and mozzarella (Cheryan, 1998). Other applications of 
ultrafiltration in the dairy industry are recovery of protein 
from cheese and casein whey that are produced from 
traditional cheese making processes (Kuriyel, 2000). 
Ultrafiltration is also used for protein standardization to 
eliminate seasonal differences in protein content of milk 
(Pal, 2003). High value whey protein concentrates are 
produced from ultrafiltration of whey to remove lactose and 
salt. Ultrafiltration can also be used to produce milk protein 
concentrates (Nielsen, 2000). Ultrafiltration is also used to 
produce superior taste and textured milk based fluids and 
fermented products (Cheryan, 1998). Research has been 
carried out to investigate using ultrafiltration to recover 
lactose from the dairy wastewater (Chollangi and Hossain, 
2007). It decreases the biological oxygen demand and allows 
direct discharge of wastewater into the sewage (Atra et al., 
2004). Other applications of ultrafiltration include electro 
coat paint recovery, textile size recovery and recovery of 
lubricating oil in the chemical industry. For medical 
applications it is used in kidney dialysis operation and in the 
biotechnology industry it is used to recover protein from 
animal blood, gelatin and glue (Yeh, 2002).  
 

4. CONCLUSIONS 
 
In colloidal systems such as milk, the physical and chemical 
properties such as pH and fat percentage have an immense 
influence on the system due to molecular interactions and 
consequently on the efficiency of the UF process. In addition, 
parameters such as temperature, transient membrane 
pressure and the extent of the pore sizes of the membrane 
has a huge affect on the hydrodynamics of the membrane 
and the effectiveness of the process. In this research, two 
methods that are a proper substitute for the physical and 
phenomenological modeling of the process and in addition a 
statistical method have been chosen to predict the efficiency 
of the UF process. Current studies aim to discover the effect 
of wall shear stress, concentration, the physico-chemical 
properties of the milk as well as the influence of membrane 
characteristics on the critical flux. This should help to ensure 
more efficient ultrafiltration of milk. 
 

REFERENCES 
 
[1] Glover, F. A., Skudder, P. J. and Stothart, P. H., Reviews of 

the Progress of Dairy Science, Reverse Osmosis and 
Ultrafiltration in Dairying, Journal of Dairy Research, 45, 
p. 291 (1978). 

[2] Krstic, D.M., Tekic, M.N., Caric, M.D. and Milanoric, S.D., 
The Effect of Turbulence Promoter on Cross-Flow 
Microfiltration of Skim Milk, Journal of Membrane 
Science, 208, p. 303 (2002). 

[3] Gardson, G.D., “Neural Networks”, SAGE Publications 
Ltd., London, (1998). 

[4] Niemi, H., Bulsari, A. and Palosaari, S., Simulation of 
Membrane Separation by Neural Networks, Journal of 
Membrane Science, 102, p. 185 (1995). 

[5] A.S.Syed Navaz, C.Prabhadevi & V.Sangeetha”Data Grid 
Concepts for Data Security in Distributed Computing” 
January 2013, International Journal of Computer 
Applications, Vol 61 – No 13, pp 6-11. 

[6] A.S.Syed Navaz, V.Sangeetha & C.Prabhadevi, “Entropy 
Based Anomaly Detection System to Prevent DDoS 
Attacks in Cloud” January 2013, International Journal of 
Computer Applications, Vol 62 – No 15, pp 42-47. 

[7] A.S.Syed Navaz, A.S.Syed Fiaz, C.Prabhadevi, V.Sangeetha 
& S.Gopalakrishnan “Human Resource Management 
System” Jan – Feb 2013, International Organization of 
Scientific Research Journal of Computer Engineering, Vol 
8, Issue 4, pp. 62-71. 

[8] A.S.Syed Navaz, S.Gopalakrishnan & R.Meena “Anomaly 
Detections in Internet Using Empirical Measures” 
February 2013, International Journal of Innovative 
Technology and Exploring Engineering, Vol 2 – Issue 3.  
pp. 58-61. 

[9] A.S.Syed Navaz, M.Ravi & T.Prabhu, “Preventing 
Disclosure of Sensitive Knowledge by Hiding Inference” 
February 2013, International Journal of Computer 
Applications, Vol 63 – No 1.  pp. 32-38. 

[10] A.S.Syed Navaz , T.Dhevisri & Pratap Mazumder “Face 
Recognition Using Principal Component Analysis and 
Neural Networks“  March -2013, International Journal of 
Computer Networking, Wireless and Mobile 
Communications. Vol No – 3, Issue No - 1, pp. 245-256. 

[11] A.S.Syed Navaz, H.Iyyappa Narayanan & R.Vinoth.” 
Security Protocol Review Method Analyzer (SPRMAN)”, 
August – 2013, International Journal of Advanced 
Studies in Computers, Science and Engineering, Vol No – 
2, Issue No – 4, pp. 53-58.  

[12] A.S.Syed Navaz & K.Girija “Hacking and Defending in 
Wireless Networks” Journal of Nano Science and Nano 
Technology, February 2014, Volume- 2, Issue – 3, pp - 
353-356. 

[13] A.S.Syed Navaz & R.Barathiraja “Security Aspects of 
Mobile IP” Journal of Nano Science and Nano Technology 



          International Research Journal of Engineering and Technology (IRJET)      e-ISSN: 2395 -0056 

               Volume: 03 Issue: 11 | Nov -2016                       www.irjet.net                                                               p-ISSN: 2395-0072 

 

© 2016, IRJET       |       Impact Factor value: 4.45        |       ISO 9001:2008 Certified Journal       |        Page 1131 
 

(International), February 2014, Volume- 2, Issue – 3, pp 
- 237-240. 

[14] A.S.Syed Navaz, G.M. Kadhar Nawaz & B.Karthick.” 
Probabilistic Approach to Locate a Mobile Node in 
Wireless Domain”, April – 2014, International Journal of 
Computer Engineering and Applications, Vol No – 6, 
Issue No – 1, pp.41-49. 

[15] A.S.Syed Navaz & G.M. Kadhar Nawaz, “Ultra Wideband 
on High Speed Wireless Personal Area Networks” 
August – 2014, International Journal of Science and 
Research, Vol No – 3, Issue No – 8, pp.1952-1955.  

[16] A.S.Syed Navaz & Dr.G.M. Kadhar Nawaz & A.S.Syed Fiaz 
“Slot Assignment Using FSA and DSA Algorithm in 
Wireless Sensor Network” October – 2014, Australian 
Journal of Basic and Applied Sciences, Vol No –8, Issue 
No –16, pp.11-17.  

[17] Bowen W.R., Jones M.J., Yousef H.N.S., Prediction of the 
Rate of Crossflow Membrane Ultrafiltration of Colloids: 
A Neural Network Approach, Chemical Engineering 
Science, 53, p. 3793 (1998). 

[18] Neuro Dimensions, NeuroSolutions, 2001. www. nd. 
com. 

[19] Zupan, J., Gasteiger, J., “Neural Networks in Chemistry 
and Drug Design”, Wiley-VCH, Weinheim, (1999). 

[20] Demuth, H., Beale, M., “Neural Network Toolbox User’s 
Guide”, The Mathworks, Natick, (2000). 

[21] Kasabov, N.K., Foundations of Neural Networks, Fuzzy 
Systems and Knowledge Engineering, MIT Press, 
Cambridge, (1998). 

[22] Hagan, T. M., Demuth, H. B., Beale, M., “Neural Network 
Design”, PWS Publishing Company, USA, (1996). 

[23] Norgaard, M., Ravn, O., Poulsen, N.K., Hansen, L.K., 
“Neural Networks for Modeling and Control of Dynamic 
Systems”, Springer, Heidelberg, (1999). 

[24] Hornik, K., Stinchcombe, M., White, H., Multilayer Feed 
Forward Networks are Universal Approximators, Neural 
Network, 2, p. 359 (1989). 

[25] S.Jensy Mary, A.S Syed Navaz & J.Antony Daniel Rex, “QA 
Generation Using Multimedia Based Harvesting Web 
Information” November – 2015, International Journal of 
Innovative Research in Computer and Communication 
Engineering, Vol No - 3, Issue No - 11, pp.10381-10386. 

[26] A.S Syed Navaz & A.S.Syed Fiaz “Network Intelligent 
Agent for Collision Detection with Bandwidth 
Calculation” December – 2015, MCAS Journal of 
Research, Vol No – 2, pp.88-95, ISSN: 2454-115X.  

[27] A.S Syed Navaz & K.Durairaj “Signature Authentication 
Using Biometric Methods” January – 2016, International 
Journal of Science and Research, Vol No - 5, Issue No - 1, 
pp.1581-1584. 

[28] A.S.Syed Fiaz, N.Asha, D.Sumathi & A.S.Syed Navaz “Data 
Visualization: Enhancing Big Data More Adaptable and 
Valuable” February – 2016, International Journal of 

Applied Engineering Research, Vol No - 11, Issue No - 4, 
pp.–2801-2804.  

[29] A.S.Syed Navaz & Dr.G.M. Kadhar Nawaz “Flow Based 
Layer Selection Algorithm for Data Collection in Tree 
Structure Wireless Sensor Networks” March – 2016, 
International Journal of Applied Engineering Research, 
Vol No - 11, Issue No - 5, pp.–3359-3363. 

[30] A.S.Syed Navaz & Dr.G.M. Kadhar Nawaz “Layer Orient 
Time Domain Density Estimation Technique Based 
Channel Assignment in Tree Structure Wireless Sensor 
Networks for Fast Data Collection” June - 2016, 
International Journal of Engineering and Technology, 
Vol No - 8, Issue No - 3, pp.–1506-1512. 

[31] A.S.Syed Fiaz, I.Alsheba & R.Meena “Using Neural 
Networks to Create an Adaptive Character Recognition 
System”, Sep 2015, Discovery - The International Daily 
journal, Vol.37 (168), pp.53-58. 

[32] A.S.Syed Fiaz, M. Usha and J. Akilandeswari “A Brokerage 
Service Model for QoS support in Inter-Cloud 
Environment“,March 2013,  International Journal of 
Information and Computation Technology, Vol.3, No.3, 
pp 257-260,  

[33] A.S.Syed Fiaz, R.Pushpapriya, S.Kirubashini & M.Sathya 
“Generation and allocation of subscriber numbers for 
telecommunication“,March2013, InternationalJournal of 
Computer Science Engineering and Information 
Technology Research, Vol No: 3; Issue No: 1, pp. 257-
266.  

[34] Menhaj M. B., “Fundamentals of Neural Networks”, 
Professor Hesabi publications, Tehran, (1998). 

[35] Fane, A. G., “Ultrafiltration, Factors Influencing Flux”, 
Progress in Filtration and Separation, 101-179, (1986). 

[36] Fenton, M.R.I., Concentration and Fractionation of Skim 
Milk by Reverse Osmosis and Ultrafiltration, Journal of 
Dairy Science, 55 (11), p. 1561 (1972). 

[37] Pompei, C., Skim Milk Protein Recovery and Purification 
by Ultrafiltration, Influence of Temperature on 
Permeation Rate and Retention, Journal of Food Science, 
38 (5), p. 867 (1973). 

[38] Dornier, M., Decloux, M., Trystram, G. and Lebert, A., 
Dynamic Modeling of Cross Flow Microfiltration Using 
Neural Networks, Journal of Membrane Science, 98, p. 
263 (1995). 

[39] A.S.Syed Navaz, S.Ravishankar & M.Sudarson, “Tracking 
Objects Using Multiple Acoustic Video Systems 
DISCOVERY The International Daily journal, September 
2015, Volume – 37, Issue - 168, pp - 59-64. 

[40] A.S.Syed Navaz & A.S.Syed Fiaz, “Load Balancing in P2P 
Networks using Random Walk Algorithm” March – 2015, 
International Journal of Science and Research, Vol No – 
4, Issue No – 3, pp.2062-2066. 

[41] A.S.Syed Navaz, J.Antony Daniel Rex, S.Jensy Mary. 
“Cluster Based Secure Data Transmission in WSN” July – 



          International Research Journal of Engineering and Technology (IRJET)      e-ISSN: 2395 -0056 

               Volume: 03 Issue: 11 | Nov -2016                       www.irjet.net                                                               p-ISSN: 2395-0072 

 

© 2016, IRJET       |       Impact Factor value: 4.45        |       ISO 9001:2008 Certified Journal       |        Page 1132 
 

2015, International Journal of Scientific & Engineering 
Research, Vol No - 6, Issue No - 7, pp. 1776 – 1781. 

[42] A.S.Syed Navaz, J.Antony Daniel Rex, P.Anjala Mary. “An 
Efficient Intrusion Detection Scheme for Mitigating 
Nodes Using Data Aggregation in Delay Tolerant 
Network” September – 2015, International Journal of 
Scientific & Engineering Research, Vol No - 6, Issue No - 
9, pp. 421 – 428. 

[43] A.S.Syed Navaz, P.Jayalakshmi, N.Asha. “Optimization of 
Real-Time Video Over 3G Wireless Networks” 
September – 2015, International Journal of Applied 
Engineering Research, Vol No - 10, Issue No - 18, pp. 
39724 – 39730. 

[44] Gerhart E.M., Gross R.J., Hocutein J.I., Steady 
incompressible flow in pipes and ducts, in: Fundamental 
of Fluid mechanics, 2nd ed., Addison- Wesley Publishing 
Company, USA, 1993,pp. 462–582. 

[45] Gesan G., Boyaval E., Daufin G., Critical operating 
conditions during cross flow microfiltration of skim 
milk, in: Fouling and Cleaning in Food Processing, 
Conference Proceedings, Jesus College, Cambridge, UK, 
1998. 

[46] Kim K.J., Fane A.G., Fell C.J.D., Joy D.C., Fouling 
mechanisms of membranes during protein 
ultrafiltration, J. Membrane Sci. 68 (1992) 79–91. 

[47] Le Berre O., Daufin G., Skimmilk crossflow 
microfiltration performance versus permeate flux to 
wall shear stress ratio, J. Membrane Sci. 117 (1996) 
261–270. 

[48] M.Ravi & A.S.Syed Navaz. “Development of Mail Tracking 
System” October – 2015, International Journal of 
Innovative Research in Computer and Communication 
Engineering, Vol No - 3, Issue No - 10, pp.9757-9762. 

[49] A.S.Syed Fiaz, N.Devi, S.Aarthi "Bug Tracking and 
Reporting System", March 2013, International Journal of 
Soft Computing and Engineering, Vol No: 3; Issue No: 1, 
pp. 257-266.  

[50] M. Usha, J. Akilandeswari and A.S.Syed Fiaz “An efficient 
QoS framework for Cloud Brokerage Services”, Dec. 
2012, International Symposium on Cloud and Service 
Computing, pp: 76-79, 17-18, IEEE Xplore. 

[51] Marshall A.D., Munro P.A., Tragardh G., The effect of 
protein fouling in microfiltration and ultrafiltration on 
permeate flux, protein retention and selectivity: A 
literature review, Desalination 91 (1993) 65–108. 

[52] Marshall A.D., Munro. P.A., Tragardh G., Influence of flux 
on fouling during the microfiltration of b-lactoglobulin 
solution under cross flow conditions, J. Membrane Sci. 
130 (1997) 23–30. 
 

 

 

 

 

AUTHOR'S BIOGRAPHY 
 
Dr. A.Jaganathan received the B.Sc 
in HCM at Madras University, M.Sc 
HM at Annamalai University, M.A TM 
in Madurai Kamaraj University and 
his Ph.D in Periyar University. He has 
completed NET 2 times in Tourism 
Administration and Management & 
Home Science. He is having more 

than 20 years experience. Currently he is working as 
Principal / Secretary in Food Craft Institute, Hoshiarpur, 
Punjab, India. His Areas of interest are Food Science & hotel 
management.  
 

S. Kuppuraj received B.Sc in Hotel 
Management & Catering Science and 
MBA in HR & Marketing. Currently 
he is working as an Assistant 
Professor at Muthayammal College 
of Arts & Science, Rasipuram, 
Namakkal. India. His Areas of 
interest are Food Science & Hotel 
Management. 

                   

 


