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Abstract - The aim uftﬁfsgdy was to determine the effect of polyethersulfone (PES) polymer concentration and filtration time toward
the membrane performance [flux) and milk nutrient content {water content, fat and protein). Wirafiltration membrane was made using
PES polymer and polyethylene glycol (PEG) as additive. This research used Split Plot in Time design um five repetitions. The main plot
was filtration time and the subplot was level of polymer concentration. The data was analyzed using analysis of variance (ANOVA) and
continued by Duncan Test in 5% level if there was a significant effect. The result showed that there was no interaction effect (P>0,05)
between polymer concentration and time filtration to membrane flux and milk nutrient content. The difference of polymer concen tration
affect membrane flux and the milk water content (P<0,05), while the filtration time only affect the flux (P<0,05). The difference of
polymer concentration and time filtration did not give significant effect (P=0,05) toward fat and protein content. Water content in milk
filtrated by M1 and M3 membrane increased significantly, whereas water content in milk filtrated by M2 membrane decreased
significantly. Fat content in milk filtrated by M1, M2 and M3 membrane were decreased. Milk protein content filtrated by M1 and M2
membrane tend to increase, while milk protein content filtrated by M3 membrane tend to decrease. It could be concluded that M2
membrane that containing of 15% PES and 5% PEG was the best membrane for milk filtration with 5 hours time of filtration.
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[ INTRODUCTION price, but if the milk quality i1s below the standard of
Dairy farm is one of business in farming area which  requirement, the farmers will acquire below standard price.
have a good opportunity to be developed in Indonesia. The  Dairy industries can also reject milk from farmers that has
development and role of dairy industries in Indonesia become  low quality (Martindah and Saptati, 2008). According to
one of the supporting factors of the development of dairy  Zumiyati é al. (201 1), fat and protein are milk nutrient that
farm in Indonesia. Unfortunately, dairy industries” existence  give impact on the milk selling price. Therefore,
become a problem for dairy farmers. Harpini (2008) stated  technological support in animal husbandry i1s needed,
that 80% of milk coming from the farmer is absorbed by  especially in post harvest handling process so, milk produced
dairy industry, but it sometimes set the milk price that is less by the farmers have a good quality with high nutritional
profitable to the farmers. values to achieve optimal milk selling price.
Dairy industries only accept milk from farmers that The ultrafiltration membrane is a technology that is
appropriate standard of quality. If the milk quality is above  widely used for processing livestock products, one of them is
the standard of requirement, they will acquire above standard  milk. Ultrafiltration membrane technology can be used for
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milk nutrients concentrating process. Milk concentrating with
membrane technology is conducted by separating the water
and essential components using membrane (Kurniawan e al.,
2011). Separation using membrane technology can be done
in low temperature so it can prevent the damage of milk
nutrients which are sensitive to heat (Asprivanto, 2002).
Membrane technology have several advantages such as
simple, which it does not need additional chemical
substances and it has very minimum energy necessary
(Kurniawan ef al., 2011).

The problems that often occur in filtration process using
membranes are the fouling phenomenon. Fouling can decline
of permeate flux because of the collection of material around
or inside the membrane that made the membrane pores
blocked or narrowed (Warsa, 2006). According to Susanto
and Ulbricth (2009) one of the way that can be done to
minimalize the risk of fouling is by mixing polymer
membrane with additives in membrane manufacturing.

In this research, polyethersulfone (PES) was used as the
polymer and polyethylene glycol (PEG) as the additive in
ultrafiltration membrane manufacturing. PES is polymer that
applicate widely in food manufacturing industry (Cao & al.,
2010). PES was chosen as polymer in the membrane
manufacturing because it has a good durability toward
chemical substance, has a good strength, tolerant toward
temperature, and has a good stability (Qu & al., 2010). PEG
was used as the additive because based on the research done
by Rosnelly (2012), the addition of PEG in the membrane
manufacturing could increase the membrane flux, so
membrane performance could be better. This study was
investigated the effect of PES polymer concentration and
time of filtration to the membrane performance (flux), water
content, fat content, and protein content in milk.

II.  Experimental

This research was conducted in Department of
Chemical Engineering, Faculty of Engineering, Diponegoro
University, Semarang. The materials used in this research
consist of raw milk, PES from Solvay Advanced Matcrn
PEG 4.000 was supplied from Sigma Aldrich Company, N-
methyl-2-pyrolidone (NMP) was purchased from Merck and
aquades. Raw milk was obtained from morning milking in
Faculty of Animal and Agricultural Sciences, Diponegoro
University, Semarang.

The experimental design used in this research was split
plot in time with five repetition. The main plot was filtration
time consisting of TO (before filtration), T1 (first hour of
filtration), T2 (second hour of filtration), T3 (third hour of
filtration), T4 (fourth hour of filtration) and TS (fifth hour of
filtration). The subplot was level of PES polymer
concentration consisting of M1, M2 and M3. This research
consisted of three steps, those were the membrane
manufacturing, membrane application for milk filtration, and
evaluation of milk nutrients.

PES Ultrafiltration Membrane Manufacturing

Membrane manufacturing was started by preparation of
casting solution. The casting solution consisted of PES as
polymer, Pa} as additives, and NMP as solvent. The
formulation of casting solution is shown in Table 1.

Table 1. Formulation of Casti ng Solution

Membran PES Concentration PEG Concentration
M 13% 5%
M2 14% 5%
M3 15% 5%

5

The membrane casting was done ging phase inversion
method that was by casting the membrane on a glass plate
using casting knive. Then, membrane immersed into
coagulation bmcomaining aquadest for 1 hour, followed
into different coagulation bath for 24 hours. Subsequently,
membrane dried by aeration then continued with drying by
oven with 106°C temperature for 45 minutes.

The Application of PES Ultrafiltration Membrane for Milk
Filtration

Milk filtration was done using filtration apparatus series
as shown in Figure 1.

Foad
Tark

Figure 1. Unit Filtration Series

Milk was put into the feed tank. The membrane was cut
with diameter of 4.2 ¢cm and placed into membrane holder.
Milk sampling was done before filtration (T0) and continued
by taking sampling of milk from retentate tank every | hour
(T1, T2, T3, T4 and T5). During the filtration process,
membrane flux was fested to determine membrane
performance. Flux testing was also done every | hour (started
from T1, T2, T3, T4 and T5) by measuring permeate volume.
This filtration process was performed for 5 hour. Membrane
flux was counted using the equation:

J —1 (1)
At

I = flux value (L/m2 hour)
WV = permeate volume (L)
A = surface area (m2)

it = time (hour)

Evaluation of Milk Nutrients
Sample of milk before and after the filtration waere
analyzed using lactoscan. The milk nutrients evaluated were
water content, fat content, and protein.
II1. Results and Discussion

The Effect of Polymer Concentration and Time of Filtration
to the Ultrafiltration Membrane Performance

The membrane performance evaluated in this research
was the flux. The PES ultrafiltration membrane flux value is
shown in Table 2.
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Table 2. Flux Value of Ultrafiltration Membrane in Different
Polymer Concentration and Time Filtration

Filtration Membrane Mean
Time M1 M2 M3
-(Hour)-- e s Log L/m houfmeemmmmmememeee
T1 161 1.51 1,46 1,53
T2 140 1,33 1,28 1,34"
T3 1,33 1,19 1,18 1,23
T4 125 1,09 1,06 1,13
T5 1,15 1,00 0,91 1,02°
an 135 1,224 1,18%

The different superscript a, b, ¢, d and e in the same column shows a very
significant difference (P<0,05).

Superscript p, g and 1 in the same row shows o very significant difference
(P=005).

The result of analysis of variance showed there was no
interaction effect (P=0,05) between the level of polymer
concentration and time filtration. The level of polymer
concentration treatment give significant effect (P<0,05) to the
ultrafiltration membrane’s flux value. In Figure 2, it can be
seen that the higher the PES polymer concentration, the value
of flux will get lower. This was because of the higher the
concentration of polymer used in the membrane
manufacturing, the smaller membrane pores formed, so the
flux wvalue will get smaller. In this research did not do
Scanning Electron Microscope (SEM) analysis to determine
membrane pore size, but based on the concentration of
polymer, the M1 membrane was guessed to have the biggest
pores size and M3 membrane was guessed to have the
smallest pores size, whereas the M2 membrane was supposed
to have pore size between pore size of M1 membrane and M3
membrane. This result is in line with Mulder (1996) who
stated that the formation of pores in the membrane is affected
by concentration of polymer in casting solution. The higher
the polymer concentration, the denser the membrane’s
formed. In the study done by Sofiah ef al. (2010) showed that
the higher concentration of polymer, the smaller the
membrane’s flux.

The PES is a hydrophobic membrane polymer with
low permeability, so it will be faster for fouling to happen. In
the manufacture of mambrane from various concentration of
PES and added by PEG as addifive in the same concentration,
the highest flux value is observed in membrane with the
lowest PES concentration (Balamurali and Preetha, 2014).
According Wardani (2013), the addition of PEG 1is
functioned to increase the hydrophilicity of the PES
membrane. In a hydrophilic membrane, water will get into
the membrane’s pore faster than the hydrophobic membrane
so, the flux rate will increase.

Flux wvalue also can be influenced by component
inside the feed. Based on the study done by Piluharto ef al.
(2013) showed that water water flux was higher than milk
flux in flitration process used the same membrane. This is
because of milk contained solid such as fat, protein, lactose
and ash (Wibowo ef al,, 2013). The more solid inside feed,
the faster fouling happened so, membrane flux become
decrease (Notodarmojo & al., 2004).

The longer the filtration time, the lower flux value of PES
ullraf'lltratimﬂmmbrane. Based on the analysis of variance
result, there was significantly different (P<0.05) in the time
of ﬁllralilmatmem to the value of membrane flux. In
Figure 2, it can be seen that the longer the filtration time, the

flux value 1s getting low. This was caused by the fouling at
the membrane that increase as the filtration time gone by. It
was in accordance with Zulfi & al. (2014) who stated that the
longer the filtration time, the more particles stuck in the
membrane surface which causes the decrease in flux of the
membrane.
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Figure 2. Effect of Polymer Concentration and Filtration
Time to Flux Value

The Effect of PES Polymer Concentration and Time of
Filtration to Milk Water Content. The result of water content
analysis in milk filtrated using PES ultrafiltration membrane
is shown in Table 3. Based on the analysis of variance,
showed that there was no interaction effect (P=0.,05) between
the level of polymer concentration and time filtration to milk
water content. The level of polymer concentration treatment
gave significant effect (P<0,05) toward milk water content,
while in the treatment of filtration time did not show
significantly different (P=0,05).

Generally, in the filtration process used M1 and M3
membranes the water content were increased, while at M2
membrane the water content was decreased. The change of
water content during the filtration process using M1, M2, and
M3 membrane is shown in Table 4. In Table 4, it can be seen
that M3 have a bigger increase in water content than MI,
while M2 have a decrease in water content. If they are
compared to the percentage of the milk water content in
Table 3, the milk filtrated with M1 membrane have the
highest water content. This was because of the milk that was
being feed in the filtration process using M| membrane has
higher water content than milk that was being feed into M2
and M3 membrane, so the water content percentage in milk
filtrated using M1 membrane had the highest value. This is in
accordance to Kurniawan & al. (2011) who stated that the
water content percentage produced from milk with low water
content, in the same pressure will produce lower water
content percentage.

The change in water content percentage happened
through the filtration process could be impressed by
membrane pores size, membrane properties, and also
components inside the feed. PES membrane had a
hydrophobic properties so, it had a low permeability.
According to Radiman & al. (2002), hydrophobic membrane
has a permeability that is not too good. The strength of
hydrophobicity of membrane was influenced by the PES
polymer concentration used in the membrane manufacturing.
Based on the research done by Stefan éf al. (2011), the higher
the PES polymer concentration used in membrane
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manufacturing, the stronger hydrophobicity of membrane.
The effect of PES concentration on Milk water content is
tabulated in Table 3.

Table 3. Percentage of Milk Water Content Filtrated by PES
Ultrafiltration Membrane with Different Polymer
Concentration and Time Filtration

Filtration Membrane Mean
Time M1 M2 M3
-—(Hour)-- s M) mm e -
TO 90,37 89,39 59,66 8981
T1 90,27 89,28 59,81 89.79
T2 90,35 89,41 89,70 8982
T3 90,31 80,41 80,75 8082
T4 90,36 80,46 80,86 8089
T5 90,49 89,32 59,93 8991
an 90,36" 89,38" 89 79°

The different superscript a, b, ¢, and d in the same column shows a very
significant difference (P<10,05).

The percentage of milk water content filtrated using M1
and M3 membrane were increasing. M1 membrane was an
ultrafiltration membrane with the biggest pores and has the
lowest hydrophobicity. In the filtration process using MI
membrane, more water volume came out from the membrane
and it allowed some milk solids with small particles like
protein and lactose still could escape through the membrane

as permeates or entered and retained in the membrane's pores.

This was in accordance to Zulfi & al. (2014) view that the
bigger the membrane’s pores, then more permeates amount
could pass through the membrane. But, as the filtration time
passed, more solids were accumulated in the membrane’s
surface so, the membrane’s pores are getting smaller and
blocked (Kartika & al., 2009). This caused more water got
into the retentate tank so, the water percentage of milk in the
retentate tank became high as presented in Table 4

Table 4. The Change of Milk Water Content During

separated so, the more water percentage got into the retentate
tank. The effect of polymer concentration and time of
filtration is presented in Figure 3.
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Figure 3. Effect of Polj?l.ner Concentration and Filtration
Time to Milk Water Content

The water percentage of the milk filtrated using M2
membrane was decreased. M2 membrane had smaller pores
than M1 membrane so, it could retain more milk solids than
M1 membrane. According to Mulder (1996) membrane with
smaller pore size can give a bigger repulsion compared to
membrane with bigger pore size. The M2 membrane had
lower hydrophobicity than M3 membrane. Membrane with
low hydrophobicity can reduce the occurrence of adsorption
solute or macromolecule (Ko ef a., 1993; Koehler & al.,
1997, Susanto ef al., 2012). This could reduce the fouling
rate in M2 membrane so, the water in the milk could pass
through the membrane and more milk solids could get into
the retentate tank.

The Effect of PES Polymer and Time of Filtration toward
Milk Fat Content

The analysis result at the filtrated milk using the PES
ultrafiltration membrane is shown in Table 5.

Table 5. Percentage of Milk Fat Content Filtrated by PES
Ultrafiltration Membrane with Different Polymer
Concentration and Time Filtration

Filtration
A Water Content Change
Filtration
Time {Increase / Decrease)
M1 M2 M3
~AHour)-- e L B R
T1 (0,11) (0,13) 0,16
T2 0,10 015 {0,12)
T3 (0,05) (0,01) 0,06
T4 0,05 0,06 0,12
TS 0,15 (0,16) 0,07
Mean 0,03 (0,02) 0,06

Numbers in parentheses indicate a decrease in water content.

The M3 membrane was the membrane with the smallest
pores and has the biggest hydrophobicity. This caused the
M3 membrane’s permeability became low so, only a small
amount of permeates volume could pass through the
membrane. According to Aryanti e al. (2013), the
hydrophobicity of membrane causes the water flux become
low and tends to cause the fouling. Aprilia and Amin (2011)
stated that the solute adsorption in the membrane surface that
can plug in the membrane pores is a hydrophobic interaction
and hydrophobic membrane was very susceptible toward
fouling. This caused the water became more difficult to be

Filtration Membrane Mean
Time M1 M2 M3
-Allour)— e (B Jmmm e e e
TO 2,84 3,03 2,55 281
Tl 2,66 3,04 2,55 275
T2 2,56 2,91 2,55 267
T3 2,61 2,90 2,53 268
T4 2,65 2,83 2,43 2604
T3 2,59 2,84 2,39 261
Mean 2,65 2,93 2,50

Based on the analysis of variance, showed that there
was no interaction effect (P=0,05) between the level of
polymer concentration and time filtration to milk fat content.
The polymer concentration and {fBhtion time also did not
give significant effect to milk fat (P=0,05). The fat content in
the filtrated milk using the M1, M2, and M3 membrane tend
to decrease, but that decrease was not showing any
significant result. This was because of the most of fat in milk
could be retained by the membrane, so that it could pass as
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retentate. Hariono ef al. (2011) stated that milk fat has 0,92 —
15,75 pm size, while according to Mulder (1996),
ultrafiltration membrane has 0,001 — 0.1 pm pore size. Figure
4 1s shown the effect of polymer concentration on the milk
fat content.

polymer concentration and time filtration toward the milk
protein content. It also showed there was no significantly
different in the treatment of polymer concentration level and
filtration time toward milk protein content (P=0,05). This
was because of the protein contained in the milk filtrated
using M1, M2, and M3 membrane could be retained by the

nembrane. According to Horne (2011) the milk protein has
0,05 — 0,6 pm size, while according to Mulder (1996),
ultrafiltration membrane has 0,001 — 0,1 pm size.

The Table 6 shows that protein content of milk filtrated
by M1, M2, and M3 membrane until the fifth hour are 2,539%
pt M1 membrane, 2,84% at M2 membrane and 2,39% at M3
nembrane. The change of protein yield after filtration was
not too big compared with the result of study done by
Domagala and Kupiec (2003) and Moreno-Montoro et al.
2015). Domagala and Kupiec (2003) found that milk before
ultrafiltration process containing of 3,25% protein and after
filtration was obtained milk which is containing of 5.49%,

400
350 |
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T 300 | We—
z
g 250
3
= 200 |
8 —+—M1 (13% PES + 5% PEG)
150 | —m—M2 (14% PES + 5% PEG)
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Figure 4: Effect of Polymer Concentration and Filtration
Time to Milk Fat Content

The decreasing of milk fat during the filtration process
was affected by the strong interaction between milk fat and
membrane so, the fat adsorption was quickly formed in the
membrane” surface. Xu & al. (2004) stated that fat is the
fastest component in causing fouling in the membrane’s
surface. Richest @ al. (1974) in Jian (1994) stated that in fat
globule membrane there are phospholipoproteins that could
adsorbed the membrane strongly because of the existence of
amphoteric and amphiphilic particles that is strong enough to
cause the irreversible fouling on the membrane. As the longer
filtration time, the fat fouling in the membrane’s surface was
getting thicker so, there are less fat getting into the retentate
tank. According to Rao (2000) in Chollagi (2009} fouling is a
phenomenon that often happen to the ultrafiltration of dairy
product. Fat content in dairy producm't cause fouling on the
hydrophobic membrane (Hausmann & a., 2013).

The Effect of PES Polymer and Time of Filtmtion toward
Milk Protein Content

The analysis result in the filtrated milk using PES
ultrafiltration membrane is shown in Table 6.

Table 6: Percentage of Milk Protein Content Filtrated by PES
Ultrafiltration Membrane with Different Polymer
Concentration and Time Filtration

Filtration Membrane

Time Ml M2 M3 Mean
—(Hour)-- —mmrmmr (W e e e

TO 2,75 2,77 2,85 2,79

Tl 2,83 2,81 2,80 281

T 282 2,81 2,83 282

T3 282 2,81 2,82 2,82

T4 2,83 2,82 2,82 2,82

TS 2,80 2,87 281 2.83
Mean 281 2.82 2,82

The result of analysis of variance, showed that there
was no interaction effect (P=0,05) between the level of

5.34% and 5,22% protein. Whereas, Moreno-Montoro & al.
(2015) found that milk before ultrafiltration process
containing of 4,10% protein and after filtration there were
increasing of protein. Milk after ultrafiltration process
containing of 5,73% protein. Kukutka dan Kukuéka (2013)
stated that there are many factors affecting filtration using
membrane such as type membrane, temperature of
operation, feed, pressure and molecular weight cut off
(MWCO). Effect of polymer concentration on the milk
protein content is presented in Figure 5.
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Figure 5: Effect of Polymer Concentration and Filtration
Time to Milk Protein Content

The percentage of protein content could be influenced
by the increase in milk water content. The higher the water
content in the milk, the lower the solids composition in the
milk (Kurniawan e al., 2011). Besides, the hydrophobicity of
membrane can affect the percentage of milk protein content.
The hydrophobicity in membrane caused the adsorption of
the protein in the membrane so, more protein accumulated
and coated the membrane’s surface. This caused the protein
that pass to the retentate tank decreasing. In its structure,
protein has both hydrophobic and hydrophilic clusters (Mc
Clements, 1999; Pahlevi ef al., 2008). The protein adsorption
mechanism to the membrane’s surface happen because of the
pulling force from the hydrophobic protein part to the
hydrophobic membrane’s polymer surface (Piluharto ef al.,
2013). It was strengthened by Liu & al. (2012) who stated
that hidrophobic interaction and electrostatic between protein
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and PES ultrafiltration membrane can cause adsorption of p-
lactoglobulin on membrane surface.

IV. Conclusion

13

gsed on the results of study, it could be concluded that
there was no interaction effect between the level of polymer
concentration and time filtration toward the membrane flux
and milk nutrient (water, fat and protein content). The
difference of PES polymer concentration significantly
influenced membrane flux and the milk water content, while
the filiration time only give significant effect to membrane
flux. The difference of PES polymer concentration and the
time filtration did not give a significant effect toward fat and
protein in the milk. The best PES ultrafiltration membrane
for milk filtration was the M2 membrane that containing 15%
PES polymer and 5% PEG with 5 hours filtration time
because it had potential to reduce milk water content and

increase milk prmeiliomem_
&
ACKNOWLEDGMENT

The author would like to say thank you to the
managemeifhoard and staffs Laboratory of Waste Treatment
Chemical Engineering, Diponegoro University, for the
supports dunng the research.

REFERENCES

Aprilia, 5. and A Amin. 2001 Membrane synthesize and characterization
for ulimfiliration process. Journal OF Chemical Engineering and
Environment, 8 {2) : 8488

Aryanti, P T, P, Khoiruddin and L G, Wenten, 2013, Influence of additives
on polysulfone-based ultrafiliration membrane performance during
peat water filtration. Journal of Water Sustainability, 3 (2) : 85-96.

Asprivanto. 2002, The application of membrane technology in food field.
Proceeding  of Seminar on Chemical Research Challenges  in
Globalization and Super Information Era. Widya Grha Building —
LIPL Jakarta, 17 September 2006. page. 224248

Balamurali, T. and B. Preetha. 2011, Effect of organic additive (PEG 600)
on ultrafiltration performance of pes membrane. International Journal
of Advanced Research in Engineering and Technology, 5 (1): 26-36.

Cao, X., M. Tang, F. Lin, Y. Nie and C. Zhao. 2000, Immobilization of
silver nanoparticles onto sulfonated polvethersulfone membranes as
antibacterial materials. Colloids and Surfaces B @ Biointerfices, 81 :
555-507.

Domagala, J.oand B, E. Kupiee. 2003, Changes in the texture of yoghurt
from ultrafilirated poat’s milk as influenced by different membrane
types. Electronic Joumal of Polish Apricoliuml Universities @ Series
Food Science and Technology, 6(1).

Chollangi, A, 2008, Companson of Two Ultrafiliration Membrane Sysiem
for Whole Milk Feta Cheese Production. Thesis. Master of
Technology in Food Technology Massey University, New Zealand.

Hariono, B., Sutrisno, K. B. Seminar and R. R A Maheswari. 20011
Physical and chemical properties test of milk and goat’s milk exposed
w0 ulraviolet circulation system. Procesding of National Seminar
Perteta on Study of Posti-Havest Engineering and  Process of
Agricultural Product. Jember, 21 - 22 July 2011, page. 173 - 1B6.

Harpini, B. 2008. Effort 1o accelerate milk processing and marketing
industry on dairy caitle farming Directomate general of processing and
marketing of agricultural products. National Seminar and Workshop
of Dairy Cattle Industry Prospect Toward Free Trade-2020. Jakarta,
21 April 2008, page. 23-32.

Hausmann, A P. Sanciolo, T. Vasilijevie, M. Weeks, K. Schroén, 5. Gray
and M. Duke. 20013, Fouling of dairy components on hwdrophobic
polvieta fluoroethylene (PTFE) membranes for membrane distillation.
Journal of Membrane Science, 422 : 149 — 159,

Horne, D 5. 2001, Casein, Micellar Structure. Encvelopedia of Dairy

Science 2* Ed. Formerly Hannah Research Institute, United Kingdom.

Jian, S 1994 Functional of Milk Proteins from Skim Milk Using
Microfiltration. Thesis. Master of Technology in Food Technology
Massey University, Mew Zealand.

Kartika, L A, 5 Yuliani and D. Dyvahjatmayvanti. 2010, Deacidification and
decoloration (Jatropa Curcas L) using membrane microfiltration.
Journal of Agriculture Industrial Engineening, 19(2) . 78-83.

Ko, M. K., 1. L Pellegring, R, Nassimbene, 1993, Characteristic of
adsorptionfouling laver using globular proteins on ultmfltration
membranes, Journal of Membrane Science, 76 101

Koehler, J. A, M. Ulbricht and G. Belfort, 1997, htermolecular forces
between proteins and polymer films with relevance 1o filtration.
Langmuir, 13 : 4162,

Kukucka, M. Poand N M. Kukucka, 2003, Investigation of whey protein
concentration by ultmiltmtion elements designed for water treatment.
Hem. Ind. 67 (5) . B35-842.

Kumiawan, R.. 5. Fairus, Novri and Tifani. 2001 The application of
separation  process using  microfiliration  membrane and  reverse
osmosis 1o produce low fal, high protein, and low water content milk.
Proceedings  of National Seminar  on Chemical Enginesring
"Kejuangan”, Development of Chemical Technology for Processing
of Indonesia Matural Resources. Yogyakara, 22 February 2001, page.
BOZ-1-BO02-7.

Liu, 5. X, M. Singh and 1. T. Kim. 2012, Adsorption behavior of p-
lactoglobulin onto  polvethersulphone  membrane  surface.  Asian
Journal of Food and Agro-Industry, 5(5) : 395 — 406,

Martindah, E. and B. A, Saptati. 2008. The role and effort of dairy faming
couperation to increase milk quality in west java, Bogor Research and
Development of Animal Husbandry Centre. National Seminar and
Waorkshop of Dairy Cattle Industry Prospect Toward Free Trade-2020.
Jakarta, 21 April 2008. page. 476-483

MeClements, Do J0 1999, Food Emulsions: Principles, Practice and
Technique. CRC Press, USA

Moreno-Montoro, M., M. Olalla, B, Giménez-Martinez, T. Bergillos-Meca,
M. D Ruiz-Lipez, C. Cabrera-Vique, R. Artacho and M. MNavarro-
Alarcon, 2015 Ultrafiltration of skimmed goat milk increases ils
nutritional value by concentrating nonfat solids such as protein, Ca, P,
Mg and Zn. Journal of Dairy Science. 98 : 76287634,

Mulder, M. 1996, Basic Principle of Membrane Technology, 2nd edition.
Kluwer Academic Publisher, Netherlands,

Motodarmadjo, S, D0 Mayvasanthy and T, Zulkarnain, 2004, Oil emulsion
liquid  waste  waler Weatment using  two-stage  cross-flow of
ultrafiltration membrane process. PROC, Itb Sci and Tech, 36 (1) :
4562,

Pahlevi, Y. W., T. Estiasth and E. Saparianti. 2008, Microencapsulation of
caroleng extracts from neurospora sp. Spores with protein based
encapsulant using spray  drving method, Joumal of Agricultural
Technology, 9(1) @ 31-39.

Piluharto, B., A, Sjaifullah, L Rahmawati and Marvanio, 20013, Polysulfone
membrane with uv-photografting technique and it application at soya
milk filtration processing. Journal of Basic Science, 14 (1) : 3944,

Qu, P, H Tang, Y. Gao, L. Zang and 5. Wang. 20010, Polyethersulfone
composite membrane blended with cellulose fibrils, Bio Resources, 5
(4): 23232336,

Radiman, C. L., Yuliany and V. Suendo, 2002, The effect of immerse media
o the permeability of polysulfone membrane. Journal OF Math And
Science, 7(2): 77- B3

Rao, H. G. R. 2002, Mechanisms of flux decline during ultmfilivation of
dairy products and influence of ph on flux mies of whey and
butiermilk. Desalination, 144 : 319324,

Richest, 5. H., C. V. Morr and C. M. Cooney. 1974, Effect of heat and other
factors upon foaming properties of whey prolein concentration.
Journal of Food Science. 39 @ 42,

Rosnelly, C.M. 2002, The effect of polyethylene glycol additive ratio 1o
cellulose acetate in manmufacturing of cellulose acetate membrane by
phase inversion method. Journal of Chemical Engineenng and
Environmental, 9 (1) : 25-29.

Safitri, H. L, F. Ryanitha and N. Aryanii. 2003, Ulirafiliration technology for
produced water processing Journal of Chemical and Indusirial
Technology, 2 (4) : 205-211.

Sofiah, H., Nom aini and M. A Marinah, 2000 The influence of polymer
concentration on  performance  and  momphology of  asymmetric
ultrafiliration membrane for lsozyme separation. Journal of Applied
Science, 10(24) : 3325-3330.

Stefan, B, B. Marius and B. Lidia. 2001, Influence of polymer concentration
on the permeation properties of nanofiliration membranes. Tehnomus
Journal, 18 (1) :227-232.

Susante, H. and M. Ulbricht. 2009 Characteristics, perdormance and
stability of polyethersulfone ultrafiliration membranes prepared by

o




Interrat. J. Sci. Eng, Vol 12(2)2017:1-7 July 2017, Rachma et ai,

phase separation method vsing different macromolecular additives.
Journal of Membrane Science, 327 0 125- 135,

Susanto, H.. AL AL Susanto and I N, Widiasa, 2002, The charactenstics of
membrane-foulant and foulant-foulant interaction as the basis of
fouling control. Reactor, 14 (1) : 17-24,

Wardani, A K. 20013, The Effect of Additives in Polysulfone-Based
Ultrafiltration Membrane Manufacturing for Peat Water Purifiation.
Research Report. Chemical Engineering Program Faculty of Industrial
Technology Bandung Institute of Technology, Bandung.

Warsa, LW, 2006, Study of influence of fouling in sugar cane juice mefining,
Journal of Chemical Engineering, 1 (1) :22-25,

Wibowo, P A, T Y. Astuti and P. Soediatto. 2013, Study of wotal solid (TS)
and solid non fat (SNF) of ettawa cioss poat milk in one Lactation
petiod. Scientific Journal of Livestock, 1 (1) : 214221

Xu, ) B, 5. Lange, J. P. Bartley and R. A, Johnson, 2004, Alginate<oated
micoporous PTFE membranes for use in the osmotic distillation of
oil feeds. Journal of Membrane Science, 240 : B1-89,

Zulfi, F., K. Dahlan and P, Sugita, 2014, Membrane’s flux characteristics in
metal-coating industry wastewater fltration. Journal of Biophysics, 10
(1): 1929,

Zurrivat, Y, R, R, MNoor and R R, Maheswari. 20011, The analvsis of
kappa<casein (k-casein) genotype molecule and the composition of goat’s

milk of etawah breed, sanen breed and their crossbreed. JITY, 16 (1) 61-700




The Evaluation of Milk Nutrient Content Filtrated by
Polyethersulfone Ultrafiltration Membrane with Different Polymer
Concentration and Time Filtration

ORIGINALI

TY REPORT

o

SIMILAR

3% 5% %

ITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

eprints.undip.ac.id

Internet Source

1o

2

Okamoto, Y.. "Effects of chitin and chitosan on

blood coagulation”, Carbohydrate Polymers,
20030815

Publication

1o

Istiana Norita Rahma, Raja Haris Pratama,
Alfiyanti, Deo Reynaldo Alwi, Woro Indriani
Setyo Tri Astuti, Dyah Hesti Wardhani. "
Swelling power and solubility of modified
breadfruit flour using ", Journal of Physics:
Conference Series, 2017

Publication

1o

A Roihatin, H Susanto. "Preparation of Low
fouling Polyethersulfone Membranes by
Simultaneously Phase Separation and Redox
Polymerization”, IOP Conference Series:
Materials Science and Engineering, 2017

Publication

<1%




Tutuk Djoko Kusworo, Annizah Rahmatya
Gerhana, Noor Hanifah Angga Putra.
"Enhancement Performance of Hybrid
Membrane Zeolite/PES for Produced Water
Treatment With Membrane Modification Using
Combination of Ulta Violet Irradiation,
Composition of Zeolite and Thermal Annealing",
MATEC Web of Conferences, 2018

Publication

<1%

Ting Wang, Yan-Qiang Wang, Yan-Lei Su,
Zhong-Yi Jiang. "Antifouling ultrafiltration
membrane composed of polyethersulfone and
sulfobetaine copolymer", Journal of Membrane
Science, 2006

Publication

<1%

Mathew K. Bolade. "Textural and sensory
quality enhancement of sorghum tuwo",
International Journal of Food Science and
Technology, 12/2006

Publication

<1%

Hyun, J.. "Restriction of biofouling in membrane
filtration using a brush-like polymer containing
oligoethylene glycol side chains", Journal of
Membrane Science, 20061005

Publication

<1%

ejournal.undip.ac.id

Internet Source

<1%




Chi Yang, Xue-Mei Li, Jack Gilron, Ding-feng 1
Kong, Yong Yin, Yoram Oren, Charles Linder, <1%
Tao He. "CF4 plasma-modified
superhydrophobic PVDF membranes for direct
contact membrane distillation", Journal of
Membrane Science, 2014
Publication
www.tandfonline.com
Internet Source <1 %
ojs.unm.ac.id
Infernet Source <1 %
www.mdpi.com
Internet Sourc:ep <1 %
Bradley Ladewig, Muayad Nadhim Zemam Al- <1 o
Shaeli. "Chapter 5 Membrane Characterization °
Techniques", Springer Science and Business
Media LLC, 2017
Publication
Tadashi Uragami. "Membrane Structure", Wiley, <1 o
2017 °
Publication
biosains.mipa.uns.ac.id
Internet Source p <1 %
Ahmad, A.L., A.A. Abdulkarim, B.S. Ooi, and S. 1
<I1%

Ismail. "Recent development in additives
modifications of polyethersulfone membrane for



flux enhancement”, Chemical Engineering
Journal, 2013.

Publication

Desrina, , J.A.J. Verreth, S.B. Prayitno,
J.H.W.M. Rombout, J.M. Vlak, and M.C.J.
Verdegem. "Replication of white spot syndrome
virus (WSSV) in the polychaete Dendronereis
spp.", Journal of Invertebrate Pathology, 2013.

Publication

<1%

Jia Qiang Ngo, Shin Tien Lee, Zeinab Abbas
Jawad, Abdul Latif Ahmad, Ren Jie Lee, Swee
Pin Yeap, Jing Yao Sum. " The influence of
cellulose acetate butyrate membrane structure
on the improvement of CO /N separation ",
Chemical Engineering Communications, 2019

Publication

<1%

Tutuk Djoko Kusworo, Danny Soetrisnanto,
Cynthia Santoso, Tyas Dwi Payanti, Dani Puiji
Utomo. "Hydrophylicity Enhancement of
Modified Cellulose Acetate Membrane to
Improve the Membrane Performance in
Produced Water Treatment", MATEC Web of
Conferences, 2018

Publication

<1%

Susanto, Heru, Dwi Putri Julyanti, and Anis
Roihatin. "Synthesis of Low Fouling Porous
Polymeric Membranes", Advanced Materials

<1%



Research, 2014.

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



	The Evaluation of Milk Nutrient Content Filtrated by Polyethersulfone Ultrafiltration Membrane with Different Polymer Concentration and Time Filtration
	by D.w. Harjanti

	The Evaluation of Milk Nutrient Content Filtrated by Polyethersulfone Ultrafiltration Membrane with Different Polymer Concentration and Time Filtration
	ORIGINALITY REPORT
	PRIMARY SOURCES


