
Purilicotinn Of Twin-Screw E r d r -  Pressed.. . . . . . . . . . . . - . . 

PURIFICATION OF TWIN-SCREW EXTRUDER-PRESSED SUNFLOWER OIL 
USING POLYETHERSULIWNE ULTRAFILTRATION MEMBRANES 

Depammnt of Agroind-l Techdon FATETA-IF3 
c-mil  address hkltk@d-w.m 

ABSTRACT 

This srudv focured on fhe purficarian of c d  st@owr oil wing ultrqflItrarion membraws. 7 k  
mperimeut was conducted with twin-screw extruder-pwsed sunfiowr oil and thee poiyerhersulfone (PLT)  
membranes casette with a molecular e igh t  cut-off (MWCO) of 10, 30 und 50 k Da and a permeation arm 01 
0.09 m2. Several m l s  were c h r d  our to defiw the bur pedormnce @ertne(~/e flux, phospholipidr 
rejecfion, fiee fat@ acid and cofor rducfiom) by sttddying tk influence of opmting coditiom 
fr~nsrnembrane pressure, iempcraure and rangenliaifluw rare. 

Permeare jIux was low for all membranes rested bur r e m i ~ d  stable fur a long period No long-term 
fouling appeared during the membraw processing. Thepenn~~tejlur imreared with MWCO of membrane, 
tempratwe, trommembram pressure and tangehfialflow rate. Tire highest perm~dejltrr of 26 Urn'. k was 
obtained under operating cohditiom of 3.5 bar, S O T  and 0.1 md~ with membrane qf 50 k b .  Fmkrmore, 
ult@Itrcrrion membranes wre found to haw a positiw act on phosphdipidi aTld u h i r a b i e  componerds 
removals, particularly with membruw of10 an630 kDn 

INTRODUCTION 

Industrial oil erdraction from oleaginous 
seeds is commonly realized through mechanical 
pressing with a hydraulic or single expeller press, 
followed by solvent extmction. Today, extensive 
studies on cantinuws oil extraction of oilseeds 
using a twin-saew extruder to generate oil have 
h succefsfully carried out (Guyamard 1994; 
Bouvier and Guyornard, 1997; kcm-Duhure 
et a]., 1999% 1999b; Amalia Kartika et al., 
2003% 2003b, 2004a, 2005, 2006; Arnalia 
Kartika, 2005). Twin-screw extruder is gradually 
more used for production of a wide variety of 
food produrn due to its mt capability to 
conduct diverse functions and processes. 

Despite the quality of  pressed oil is usually 
better fian the quality of oil obtained from 
solvent e h c t i o n ,  a refining process is required 
to remove undesirable components that impct 
on flavour, odour and appearance. The main 
contaminants and impurities are phospholipids, 
pigments, free fatty acids (FFA) and oxidation 
prducts. Conventional edible oil refining is 
commonly realized through many steps including 
degumming, neutralisation, bIeaching and 
deadorisation. These precesses consume large 
amomt of energy, wdter and chemical with much 
loss of neutral oil, nummts and natural 
an?i~xidan!s, and the creation of large amount of 

undesired by products (Snape and Nakajima, 
1 996). 

Owing to its envirmental benefits and 
otha advantages including the simplicity of the 

the gentle nature of the separation, the 
usual low energy requiment, no addition of 
chemids, easy change of scale and low capitch 
and opaating cost (Wankat, 1990), the 
membrane technology has showed a promising 
alternative for oil refining (Iwama, 1987; Lin et 
al., 1997; Subramanim and Nakajima 1997; 
Subramanian et al., 1998a, 1998b. 2001a; Chg et 
al., 1W; Ochaa et a]., 2001; Pagliero et al., 
2001,2004; In-Chul Kim et al., 2002; Alicieo et 
aL, 2002; Kmis and Vatal2002; Miyagi et al., 
2003; Amalia Kartika et a]., 2003~. 2003d, 
2004b; Hafidi et al., 2003, 2004,2005a, 2005b, 
2005~; BhmIe et al., 2005; Plrtz et al., 2005). 'The 
application of this technology can furthermore 
retain nufrients and other desirable components 
in oil. 

Among the steps of oil rehing, the 
application of oil degumming using membrane 
technology has attracted attentim h m  a few 
resesrchers (Subrammian and Nakajimq 1997; 
Subramanian et al., 1998a, Ong et al., 1999; 
Ochoa et al., 2001; In-Chul Kim et al., 2002; 
Koris md Vatai, 2002: Pagliero et al.. 2001, 
2004). It concerns the elimination of the 
phmpholipids, also called gums, contained in oil. 
Classic oil degumming is  usually realized by 

gumd phmphulipids posipi(atim using a small 
quwtity of water or steam (24%) and separation 
by centrifugation. Most of the studies focused on 
gum removal from lm oil /qanic solvent mixture 
(iwama. 1987; Snap and Nakajima, 1996; 
Kwiatkowski and Ch-n, 2005), but only few 
studies were related to oil dqumming withwt 
organic solvent. The major limitrltion m this 
case comes from low permeate fiux as a 
conquence of high oil vhxmity. 

The permeate flux can k imptoved by 
aptim izing operating parameters (tranmembrane 
pressure, ternpaature, f d  velaity) and by 
applications of tangential ROW and suitable 
membrane module. In p r m  applicafim, 
tangential or crossflow filtration i s  most often 
used due to its ability to create turbulence at &e 
membrane surface and minimize concentration 
polariation and fouling. In addition. his system 
can be well adapted when it i s  applied at 
di t'fera~t membrme mdule designs. 

The most common designs include flat 
shwf spiral wound, tubular, capillary and hollow 
fiber. Flat sheet, tubular and capillary designs 
me preferred for tangential filtration of 
suspensions containing marnomolecules and 
these have intermediate to very low tendency to 
clog, and exhibit high permeation fluxes (Belfort 
et al., 1994). 

The obiective of this work was to evaluate - .  

different ultrafiltration membranes under 
different operating conditims for twin-sc~ew 
extrudergressed sunflower oils purification. The 
performance of ultrafilmtion membrane was 
characterized with the permeate flux. the 
phospholipids rejection but also the color and the 
free fatty acid removal The influence of 
operating conditions (b'ansrnembrme pressure, 
tempmiwe, tangcntia! flow rate) on these 
parameters was investigated with three 
polyethersulfone (PES) rnmbaner assdte with 
a molecular weight cut-off (MWCO) of 10. 30 
and 50 kDa and a permcation area of0.09 m2. 

MATERIALS A N D  METHODS 

Sunflower oils and chemicals 

Crude sunflowa oils were produced by 
pressing oleic sunflower seeds in a CLEXTRAL 
BC 45 co-rotating twin sae\v extruder. The 
characteristic of the uude oils extracted H?LS 

presented in Table 1 .  All solvat and chemicals 
were analytical grades that were obtained kom 
Sigma-Aldrich, Ftuka, Prolabo and ICS. 

Membrane and membrane d u l e  

Experiments were conducted using three 
rncrnbrancs from PALL-FILTRON with a 
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EXTRUDER-PRESSED SUNFLOWER OIL 
ULTRAFILTRATION MEMBRANES 

C m f i w r  oil wkg ultrqt7Itra1ion membrates. 7 k  -pressed sunflowr oil and three p fyetkmdfone ( P a )  
(MWCO) of 10.30 and 50 k& and u permeotion area of 
? !k &st peformance (permeore jlm, phospholipid 
by slwj+ng the influence of operaling conditions 

'flow rate. 
i but remined stable for o long period No lung-term 
L+e hepenmakflza increased with MWCO of membrane, 
?frow mte. 7 h  higkst permeaefrtar of 26 urn2. h war 
7 and 0 1 d s  with membrane of 50 k&. Furlhennore, 
iv e&t on phspholipidr and &irable compneItts 
3a. 

:r oil; PlwsphIipicls; Pur$c~~tion 

undesirai by products (Snape and Nakajima, 
1 996). 

Owing to its environmental benefits and 
Other advantages including the simplicity of the 
pro~esses, the gentle nature of the separation, the 
usual low energy requirement, no addition of 
demicrls easy change of sale and low apital 
and operating cost (Wankat, 1990), the 
membrane tshwlogy has showed a promising 
altanatiw for oil refining (Iwama, 1987; Lin et 
al., 1997; Subramanin and Nakajimq 1997; 
SubramMian et sl.. 1998% 1998b. 2001 3; h g  et 
al., 1999, Ochm d al.. 200 1; Rglimo a 11.. 
200 1 ,204,  h a u l  Kim et al., 2002; Ucieo a 
al., 2002; Kmis and Vatai 2002; Miyagi et al., 
2003; Amalia Kartika et al., 2003c, 2003d, 
Z W b ;  Hafidi d al., 2003, 2004, 2005% 2005b, 
200%; Bhosle d al., 2005; Ark et al., 2005). The 
application of this technology can Mermore 
retain nutrients and &a desirable components 
in oil. 

Among the steps of oil refining the 
application of oil degumming using membrane 
technology has attracted attmticm from a few 
restarchas (Subramanian and Nakajima, 1997; 
Subrammian a al., 1998s; Chg et al., 1999; 
Ochoa et al., 2001; In-Chul Kim et al., 2002; 
Koris and Vatai, 2002; Pagliero et al., 2001, 
2004). It concerns the elimination of the 
phospholipids, also called gums, contained in oil. 
Classic oil degurnming is usually realized by 
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gums/ phospholipids precipitation using a small 
quantity of water or steam (24%) and separation 
by centrifugation. Most of the studies focused on 
gum removal from an oil/oqgnic solvent mixture 
(Iwama. 1987; Snape and Nakajima, 1996; 
Kwiatkowski and Cheryan, 2005), but only few 
studies were related to oil degumming without 
organic solvent. The major limitation in this 
case comes from low permeate flux as a 
consequence of high oil viscosity. 

The permeate flux can k improved by 
optimizing operating parameters (wanmembrane 
pressure, temperature, feed velocity) and by 
applications of tangential flow and suitable 
membrane module. In process application, 
tangential or mossflow filtration is most often 
used due to its ability to create turbulence at the 
membrane surface and minimize concentration 
polarization and fouling. In addition, this system 
can be well adapted when it is applied at 
different membrane module designs. 

The most common designs include flat 
sheet, spiral wound, tubular, mpillary and hollow 
fiber. Flat sheet, tubular and aapillary designs 
are preferred for tangential filtration of 
suspensions containing maaomolecules and 
these have intermediate to very low tendency to 
clog and exhibit high penneation fluxes (Eel fort 
19 al., 1994). 

The objective o f  this work was to evaluate 
different ultrafiltration membranes under 
different operating cmditims for twin-screw 
extruder-pressed sun flower oils purification. The 
performance of ultrafiltration membrane was 
characterized with the permeate flux, the 
phosphotipids rejection but also the color and the 
free fatty acid removal. The influence o f  
operating conditions (transmembrane pressure, 
tern perature, tangential flow rate) on these 
parameters was investigated with three 
pol yethasul fone (PES) membranes cassette with 
a molecular weight cut-off (MWCO) of 10, 30 
and 50 kDa and a pameation area of 0.09 m2. 

MATERIALS AND METHODS 

Sunflower oils and chemicals 

Crude sunflower oils were produced by 
pressing oleic sunflower seeds in a CLEXTRAL 
BC 45 #rotating twin m e w  extruder. The 
characteristic of the uude oils extracted was 
presented in Table 1 .  All solvent and chemicals 
were analytical grades that were obtained fiom 
Sigma-Aldrich, Fluka, Prolab and ICS. 

Membrane and membrone rndule 

Experiments were conducted using three 
mcmbrana horn PALL-FILTRON with a 

J. Tek. lnd Pen VoI 16/2), 58-65 

molecular weight cut-off (M WCO) o f  10.30 and 
50 kDa. The membranes were in a cassette 
configuration which is composed of rnultipIe 
layers d polyethersulfone (PES) membranes 
with polyester sqrarata-s (saeens) placed 
ktween them. R e  membranes have a total 
permeation area of 0.09 m2. The initial pure 
water permeability of 10, 30 and 50 kDa 
membranes was respectively 174, 534 and 540 
l/rn2.h.bar. 

Table 1. Chamctaistic of crude twin-- 

1 Phospholipids rrmlent (rndkg) / 486 - 2288 1 

extruder-pr& sunflower oil 

1 Color (CIE) : I I 

Parameters 

b* (blue-yellow color) 1 58 - 77 

Value 

Experimental 

I 

Tangential ultrafiltmtion was conducted with 
a diaphragm pump (QUATRO W: 1270, 
PALLFILTRON) for the PALL membranes 
under continuous recycling pameate (Figure I) .  
The transnembrane pressure (TMP) was 
calculated fim following relaticmship: 

[ ( P f ~  + PrmmtJ/2J - Ppmmm 

I. Feed tank LI 

2. Thermostatially conmlkd 
3.  Pump 
4 Membrane modult 
5 .  Pressure gaugc 
6. Valve 
7. F'crmeatc cnllmor 

Figure 1. Schematic flow diagram of membrane 
fi I tration 

The feed tank was charged with 5 liters ~f 
the crrrde sunflower oil and regulated at the 
desired ttmperdture. influence of MWCD 
membrane and operating parameters including 
Iemperature. transmanbrane pressure and 
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tangential flow rate on u l m f i h i o n  
performance were evaluated by comparing 
permeate flux, phospholipids rejeaion, oolor and 
free fatty acid rduaim.  In this study, the 
membrane retention ms calculated from 
following relationship: 
R ("A) = ( I  - CJCd x I00 where C, and C/ are 
phospholipids conoen tratian in permeate and 
feed, respectively. 

The membranes were conditioned in 
glycerol for 90 minutes and then smked 
overnight in refined sunflower oil to reduce the 
moisture content of membrane before its 
introduction into !he module. To ensure a stable 
permeate flow, the tangential ultrafiltration was 
operated for 60 minutes kfore processing the 
actual samples. Upon achieving steady operation, 
permeate samples were immediately collected 
over certain perid. Permeate flow was measured 
using graduated cylinder. To maintain the 
performance of the membrane, the membrane 
was cleaned using sodium dodecy1 sulfate (SDS) 
detergmt after the test and then rinsed with 
water. 

The tangential flow rate of membrane 
cassette m s  calmlated considering the feed 
channel to be completely open. This is therefore 
a rough approximation since we should have to 
consider the m in the channel. Howwer, lhe 
hydrodynamic daxiptim is not yet elucidated 
and can not be introduced at this time. 

Analysis 

The phosphorus content was rn- using 
the AOCS method Ca 12-55 and h e  total 
phosphoIipids obtained by multiplying 
phosphorus content by 30. The free htty acids 
content was analqzed using the French 
normalized method (NF T60 204). The wlw was 
determined by CLE r n & d  with a 
spectrocolorimeter (Minolta Seri CM-5OOi). The 
color values measured are presented as L*, a* 
and b* corresponding to lightness, the green-red 
and the blueyellow components, respectively. 
Those results are the average of five consecutive 
m msuremen ts. 

RESULTS AND DlSCUSSfON 

Variation wItb time 

l'he ultrafiltration was wnducred with 
membrane of 1 0 kDa unda operating conditions 
of 1.8 - 3.0 bar, 23°C and 0.026 mls. As shown 
in Figure 2, the permeate flux did not decrease 
with filmtim time. No long term fouling was 
observed. However, the permeate flux was low 
compare to water permeability of membrane 
( I  74 l/m2.h. bar). The steady state permeate flux 

is obtained Ims than 60 minutes, as observed by 
Nabi et al. (20001, Pagliero ei al. (2001) and 
Hafidi et al. (2005% 200%). 

Time (min) 

Figure 2. Permeate flux as a function oftime for 
membrane of I 0 kDa 

Factors affectio~ permeate flux 

The results (Figwe 3) indicate that the 
permeate flux increased with the transmembrane 
pressure for all man bran= tested. There w s  no 
compaction of membranes for the 
transmembrane pressure in the range tested in 
this study, hence the penmeate flux inaeased 
rapidly as observed by Lin a al. ( 1  997) and Nabi 
et al. (2000). At a very low pressure, the 
permeate flux is low, so the efftd of 
concentration polarizatim is small and a gel 
layer does not f m  on the membrane surhce. As 
the applied pressure is inueasd, the 
concentration polarization and t4e concenmation 
of  rwined solutes at the membrane s u r k  
increase as tfie flux rises. If tfie pressure is 
i n n 4  M e r ,  concentration polarization 
becomes enough for the retained solutes at the 
membrane surface to reach the gel concentration 
and form the secondary barria layer. This is the 
limiting flux for the membrane (Bake, 2000), 
which was not reached unda the m h g  
conditions tested in his srudy. 

Transmem brane pressure (br) 

Figure 3. Influence of transmembrane pressure 
on permeate flux as function o f  MWCO of 
membranes (50°C and 0.04 mts) 

The permeate flux of the 30 and 50 kDa 
mtmbranes was  higher than the 10 kDa 
membrane. The difference in pore size 
distribution, as well as the membrane-solute 
intaaction, caused the variation in pameate flux. 
As MWCO of 30 and 50 kDa membranes wHe 
higher than 10 kDa membrane, in consequence 
the triglykdes release easily through bth hese 
membranes. In addition, the interaction occurring 
between the oil components, particularly the 
phospholipids, and the rnanbranes and the 
structure formed by oil components at membrane 
surfaces or within the pores changed 
physicwhem ical propaties of membrane and 
caused an increase in membrane resistance. 
Higher MWCO of membranes should reduce the 
membrane resistance and thus allows M t p r  

permeate flux. 
Figure 4 shows that an inaease in 

tempcrdture enhanced h c  permeate flux of 30 
and SO kDa membranes while the permeate flux 
of 10 kDa membrane remained relatively stable 
wilh the tmpaature. In the pressure-axitrolled 
region. the influence of temperature an permeate 
flux i s  due to its effect on fluid density and 
viscosity (In-Chul Kim et al., 2002). DiffUsivity 
also increases with temperature, e.g. 
phospholipids di fisivity incrases. Inmasing 
the temperature reduces the feed viscosity wtrich 
increases the convective flow rate and reduces 
polarization concentration at membrane surface, 
thus increasing the permeate flux, as described 
by Pagliera et al. (2001), Subrammian et al. 
(200 1 a) and Amalia Kartika et al. (2003c, 2003d, 
20U4b). According to the Darcy's law, 
decreasing of permeate viscosity contribute also 
to the increased permeate flux. In this work, the 
redudion of the feed viscosity is up to 14% for 
an increase of 5°C. For all these reams, it is 
k s t  to operate the ultrafiltratioa of crude 
sunflower oils at the highest possible temperature 
consistent with the limits of the f e d  solution and 
the membrane, particularly for membrane of 30 
and 50 kDa. 

o z  
20 30 40 50 60 

Temperature ("C) 

Figure 4. Influence of temperature on pameate 
flux as function of MWC'O of membranes (4.5 
bar and 0.04 mls) 
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is  obtained l s r  than 60 minuter, as observd by 
Nabi et al. (2000), Paglino ei r l  (2001) and 
Hafidi et a t  (2005% 2005b). 

Fi-e 2. P m a t e  flux rr a haim of time for 
munbrane of 10 kDa 

Factors affecting permeate flux 

The rtsults (Figure 3 )  indicate that the 
pmtate  flux increased with the tranmernbrane 
pressure for all man bran- tested. ?here was no 
ampaction of membranes for the 
hnsnembrane pressure in the range test4 in 
this study, hence the permeate flux i n a a r e d  
rapidly as observed by Lin et al. (1997) and Nabi 
d al. (2000). At a very low prasvq h e  
permeate flux is low, so the effect of 
mnrrnmion polarization is small and a gel 
layer does na fam on the membrane s u r f a a .  As 
the applied pressure is inaeared, the 
concentration polarization and ~ k e  mncentrarion 
of retained solutes at the membrane surface 
ha- as the flux rises. If Le m u t e  is 
bcrrawd Mer,  cmcentration polarization 
beurns enough for the retain4 roluta at the 
membrane surface to rach  the gel cunmtratian 
and fom the s c m n d q  bmis layer. This is the 
limiting flux for the membrane ( 8 . k ~ .  2000), 
which was not mdd mdrr the operating 
conditions tmed in this study. 

Traomcnl branc pressure (h r )  

Figure 3 lnflumcr of t r ~ s m m b r a n e  pressure 
"1 pmneate flux as function of MWCO of 
membranes (50°C and 0.03 mls) 
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The permeate flux of the 30 and 50 kDa 
membranes was higher than the 10 kDa 
membrane. The difference in pore size 
distribution, as well as the membranesolute 
interaction, a u x d  the variation in permeate flux. 
As MWCO of 30 and SO kDa membranes were 
higha than 10 kDa membrane, in consequence 
the triglycwides relase easily through lmth these 
membranes. In addition, the interaction occurring 
between the oil ccwnponatS particularly the 
phospholipids, and the manbrans xnd the 
structure formed by oil components at membrane 
surfaces or within the pores changed 
ph~icwhem ica1 propertirs of membrane and 
caused an increase in membrane resistance. 
Highher MWCO of membranes should reduce the 
membrane raistance and thus allows Mter 
permeate flux. 

Figure 4 shows that an inwease in 
ternperarm enhanced h e  pameate flux of 30 
and 50 kDa membranes while the permeate flu 
o f  10 kDa membrane remained relatively stable 
with h e  t e m v t u r e .  h the prasurmtrolled 
region, the influence of temperature on permeate 
flux is due to its effed on fluid density and 
viscosity (In-Chul Kim et a]., 2002). Diffusivity 
also increases with temperature, e.g. 
phospholipids difisivity increases. Inaming 
the ternpaatwe reducm the feed viscosity which 
increases the convective flow rate and reduces 
polarization concentration at membrane surface, 
thus increasing the permeate flux, as described 
by Pagliero et al. (2001), S u b a n i a n  et al. 
(2001 a) and Amalia Kartika et al. (2003~, 2003d 
2004b). According to the h c y ' s  law, 
dwreasing of permeate viscosity contributes also 
to the increased permeate flux. In this work, the 
reduction of the feed viscosity is up to 14% for 
an i n c r e  of 5°C. Fw all these r m s ,  i t  is 
best to operate the ultrafiltraticm of crude 
sunflower oils at the highest possibIe temperatme 
consistent with h e  limits of the feed solution and 
the membrane, particularly for membrane of 30 
and 50 kDa. 

20 30 4 0  50 hO 

'1-emperature (93) 

Figure 4. Influence o f  temperature on permeate 
flux as function of MWCO of rnerr~branlrs (4.5 
bar and 0.04 m/s) 
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A high permeate flux was obtained when the 
tangential flow Fate inaeased, as observed in 
Figure 5. At high tangential flow rate, agitation 
and mixing of the fluid near the membrane 
surface s w q ~  away the accumulated solutes and 
reduce the thickness of the bwnby layer on the 
membrane surface (In-Chul Kim et al., 2002). 
Tile high tangential flow rate limits therefore the 
deposition and the formation of a cake layer on 
the membrane surface and allow Mu pwmeate 
flux, as observed on uikaf i l~ icm of crude 
sunflower ails conducted with tangential flow 
rate of 0.04 - 0.07 m/s for membrane of 30 and 
50 kDa, and 0.026 - 0.033 mls for membrane of 
10 kDa. However, further increases in tangential 
flow rate did not enhance permeate flux. This 
phmancncm m l d  be attributd to the effect of 
the tangential flaw rate king limited in the close 
vicinity of the membrane and thaefore no longer 
affeding the concentration of solutes or particles 
at h e  oiYmembrane interfaces (Pioch et al., 
1998). In other words, the mcentration 
polariiation layer has already reached a limit 
value (thicknes) at 0.07 m/s for membrane of 30 
and 50 kDa and 0,033 d s  for membrane of 10 
kDa. 

Figure 5 .  Influence of  tangential flow rate on 
permeate flux as function uf MWCO o f  
m e m h e s  (3.5 and 50°C) 

Factors affecting phospholipid rejection 

The selectivity of  ulirafiltrarion mainly 
depends on membrane type, mokcular size of 
solute and rnimenvironmmtal condition as 
temperature and mcentmtim of solutes (Lin et 
al., 1998). The average molecular weight of 
phospholipids (700 Da) is lower than 
miglycerides (900 Da). However, phospholipids 
are surfactant with both hydrophobic and 
hydrophilic groups which cause their preference 
for self assembly with hydroptlilic groups on one 
side and hydrophobic groups on the other side 
into a wide variety of aggregate (micelles, liquid 
crystals nr crystals). They tend also to form 
reverse rn id les  with imbedded ends inside non- 
polar media lrke nexane or neutral 011. ?'he 
micelles firmed can have a molecular weight of 



20000 or more in hexane-il mimlla  (Iwama, 
1987). Hence, phospholipids a n  bc separated 
from triglycaides wing an ultraf ih ion 
membrane of MWCO value 20000 w less. 
Studies (Subramanian and Nakaj ima, 1997; Lin 
et al., 1997, Hafidi et a]., 2005b) repwted that the 
phospholipids micelles were formed h e n  tbe 
phospholipids content of the uil was above 
critical rnicelle concentration (CMC). The CMC 
values of phosphatidylcholine (PC) in bidein 
and phospholipids in aude soybean oil were 
found to be 440 and 1020 mgtkg, repctiveiy, 
while the size of the PC micelles was determined 
to be in the range of 3.56 to 4.70 nm 
(Subramanian et al., 2001b). On the other hand, 
when phospholipids exist as monornm @low 
CMC), the rejection of phospholipids was due to 
low wlubility of phospholipids. Another 
possibility could k due to swollen in the 
presenw of small quantities of water and having 
affinity for some of the otha impurities such as 
color compounds, which are then rejected by size 
exclusion (Subrarnanian et d., 2001b). 
Subramanian et al. (1999) reported that the 
degurnming performance in membrane process 
depends on the total amount of phospholipids. 
The addition of 4% hydratahle phospholipids and 
I% water into crude oil containing phospharus 
-tent lower than 400 ppm mu& the 
phospholipids rejaim up to 98% as result of 
enhancing the encapsulating ability of 
phospholipid% 

T h e  effect of o ~ a t i n g  paramem on 
phospholipids rejdion is presented in Figures 6, 
7 and 8. Figure 6 shows that the phosphoiipids 
r e j ~ i o n  of 30 and 50 kDa membranes 
dmeased, respectively, fiom 60 to 35% and 30 
to 15% &en the transmembrane pressure was 
increased from 2.5 to 4.5 bar while h e  
phospholipids rejection of 10 kDa membrane 
remained high (> 87%) with the transrnem brane 
pressure. The fouling as a result of the adsorpion 
of the phospholipids at the pore walls, cake built- 
up at the membrane surface and mechanical pore 
plugging (Baker, 2000; Hafidi et al., 2003) 
increased phospholipids rejection of 10 kDa 
membrane when the transmembrane pressure 
was inaeased. 

The phospholipids rejection decreased for 
the membranes of 30 and 50 kDa but remained 
high (> 85%) for the membrane of 10 kDa when 
the temperature was increased (Figure 7). Under 
high tempmature, the loss of efficiency in 
selectivity might come either from the well 
known tendency of molecules to solubilize 
instead of aggregating when inaeasing the 
temperature or also from a change in the 
interactions between the oil components and the 
membrane (Pioch et at., 1998). 

-- 
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Tranmtmlxant pressure (bar) 

Figure 6 .  Influence of transmembrane pressure 
on phospholipids rejection as function of M WCO 
of membranes (50°C and 0.04 mls) 

Ternperat we (T) 

Figure 7. Influence of temperature on 
phqholipids rejection as function of MWCO of 
membrane (4.5 bar and 0.04 mls) 

T a n s n t d  flaw rate ( rn ls )  

Figwe 8. Influence of  tangential flow rate on 
phospholipids rejection as hct ion of M WCO of 
membranes (3.5 bar and 50°C) 

In addition, seledivity of the membrane 
could be due to a sbvcture fwrned by the micelle 
at membrane surbce. This structure would 
appear under s p i f i c  hydrdynamic conditions 
(trans-membrane pressure, tangential flow rate), 
which occur when the tmpemture i s  high. 

Figure 8 shows that an incsease in tangential 
flow rate enhanced the phospholipids rejeion 
fiom 50 to 95% for the membrane of 30 kDa and 
10 tc 4096 for the membrane of 50 kDa. The 
influenm o f  the tangpltial flow rate for the 
mexome of 1 @  !;PC ..vas low, therefore the 
phospholipids rejection remained high (> 88%) 
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with the tangential flow Tale. 7he high tangmlial r 

flow rate limits the deposition and the formation 1 

of a cake layer on the membrane surface and I 

allows sweeping away the accumulated solutes 
, 

and reducing the thickness of the boundary layer 
on the membrane surface. 

Free Fatty Acid reductiw 

Free fatty acids (FFA) distributims after 
ultmfiltratim are summarized in Table 2. Table 
2 shows that membrane process usually could 
not remove free fatty acids. Similar raults have 
also ban reported ( I w a . ,  1987; Lin et al., 
1997; Subramanian a al., 1998b; Ong et al., 
1999). 

Transmembrane prtxime, te rnpawe and 
tangential flow rate did nd change significantly 
FFA content. For all ~ i a l s ,  the reduction of free 
fatty acids is lower than 100/&. The membrane 
with smaller molecular weight cut off should k 
used for crude sunflower oil dsacidifidon but 
the flu should k very low. 

Table 2. Frw fatty acids characieristic of crude 
and munbraneprocesscd sunflo\ver oils as 
function of operating conditions and MWCO 

M d  Vdw 
(rng KOWg a l )  

Colar 

Sunflower oil color is essentially due to 
carotenoid ~ i p e n t s  (yellow color pigment) and 
a sinall quantity o f  chlorophyll (green color 
pigment) tom unripe d and plant impurities. 
In this study, the coloring agmt in sunflower oil 
before and afta manbane ulbaf i l~t ion consids 
of yellow and green wlor pigments The yellow 
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f Figure 6. lnfluenee of transmanbrane pressure 
I on phospholipids rejection as funaim of M WCO 
, of mem bran= (50°C and 0.04 mis) 
I 

Figure 7. h f l u o l a  of tmperatute on 
phospholipids rejection as fundim of MWCO of 
membrane (4.5 bar and 0.04 m/s) 

0 0.05 
0, I 0,15 

Tmwntd flow rate (mi#)  

F i y e  8. Influma of rangen~ial flow rate on 
phospholipids rejection as function of MWCO of 
rnm bran= (3.5 bar and 50°C) 

In additian, selectivity of the membane 
mi ld  be due to a m u r e  fmd by the micelle 
at membrane surlce. 'his s t n ~ c h ~ e  would 
a p p r  under specific hydrwlynamic conditions 
(-ma h e  p m u q  tangential flow rate), 
which ormr when rhe temperature is high. 

Figure 8 shows that an increase in tangential 
ROW rate enhanced the phospholipids rejwim 
f m  50 to 95% for the mmbrane of 30 kDa and 
10 to 40?6 for the membrane of 50 kDa. The 
inffuencc of the tangential flow rate for the 
Ir;en:nm:le of 10 !:Ez wzs low, thwefore the 
phospholipids rejettian remained high (> 88%) 
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with the tangential flow rate. The high tangential 
flow rate limits the deposition and the formation 
of a mke layer on the membrane s h c e  and 
allows sweeping away the acarmulated soluta 
and reducing the th idmess of the bounday layer 
on the membrane s d i m  

Free Fatty Acid reduction 

Free fatty acids (FFA) distributions after 
ultra filtration are summarized in Table 2. Table 
2 shows that manbrane p r m  w a l l y  m l d  
not remove free fatty acids. Similar results have 
also k n  reported (Iwama, 1987; Lin d al., 
1997; Subramanian et al., 1998b; Ong et al., 
1999). 

Transmembrane pr-, t a n m e  and 
tangatial flow rate did not change significantly 
FFA content. For all bials, the reduction of fiee 
fatty acids is lower than 10%. The membrane 
with smaller molecular weight cut off should be 
used for mde smflowx oil deacidificatim but 
the flux should h v a y  low. 

Table 2. Free fatty acids characteristic of crude 
and rnenbrane-prod sunflowvm oils as 
function of operating conditims and MWCO 
of membranes 

h p l e  

Cndt oil 

Perrnatr 

(mg K O W g  ul)  

10 30 10 
kDa lrDn kDa 

1.55 2 5 3  2 4 7  
1.55 1 / 
I .  I I 
5 I I 
1-55 1 I 
1 . 5  I I 
1 5 5  I I 
5 I I 
I I / 
5 I I 
5 I / 
1 5 5  1 I 
115 / I 

I 2.42 7.47 
I 1 2.47 
1 2.49 2.45 
1 2.39 2.45 
1 2.39 2.44 
1 2.42 2.44 
1 2.30 1 
1 2.27 1 
I 2.47 217 
1 2.50 242 
I . 2.42 2.47 

Color 

Sunflower oil color is essentially due to 
carotenoid pigments (yellow color pigment) and 
a small quantity of chlorophyll (grm color 
pigment) from unripe seed and plant impurities. 
In thi; study, the coloring agent in sunflower oil 
kfore  and after membrane ultrafiltratim cunsists 
of  yellow and green color pigments 'Ihe yellow 

J. Tek. Ind Per-. l'ol 16(2), 58-63 

and green color pigments are indicated by 
pwitive valus of b and by negative values of a, 
r w i v e l y .  For aH trials, the values of yellow 
cola pigment in- in permeate, mainly for 
membrane of 10 and 50 kDa. The w of CIE 
L*u*b* method fw the measurement of w l w  
demonstrated excellent repeatability and a 
significant correlation with the motenoid 
content, as reported by Rossi et al. (2001). In 
addition, this method is simple and rapid and 
thus can be used as an alternative a the classid 
Lovibond matching method. 

During membrane processing, the values of 
cofar charahst ic  in sunflower oil inaease. The 
oil tmnsnissim, which is indicated by positive 
values of L, i n a w  to 94% thus inweasing oil 
quality. These fore, membrane prms ing  may 
also k used in decolorizing. 

CONCLUSION 

This sndy showecl that the ultrafilbation 
r n e m h e s  were effedive in removing 
phospholipids and increasing cdor quality of 
twin-= extrudw-pressed sunflower oil, 
thmfore membrane pro~essing muld k used in 
degumrning and decoloration. The best result 
w s  given by the 50 kDa membwne with 
permwe flux of 26 um2.h under operating 
cmditicms of 3.5 bar, 50°C and tangential flow 
rate of 0. l mls. However, phospholipids rejection 
was only 40%. The 30 kDa membrane had 95% 
phmpholipids rejection but pameate flux was 
only 12 h 2 . h .  
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