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ABSTRACT: Having demonstrated a partition of a hydropho-
bic medium (butter oil) under crossflow filtration and having
tentatively explained the phenomenon on stereochemical and
saturation basis, the molecular partition was studied by tangen-
tial filtration. Under specific hydrodynamic conditions, a filtra-
tion phenomenon was demonstrated. The solid fat content (SFC)
at 20°C of the fractions obtained was investigated accordingly.
When the molecular partition takes place, an SFC divergency
between the permeate and the retentate is observed. The ampli-
tude of the divergency depends on experimental conditions.
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Among the multiple techniques used in the industry of oils
and fats, energy-consuming cooling and heating processes are
often repeated. In order to circumvent these economic disad-
vantages as well as the degradation of biomaterials, separa-
tive techniques using membranes have been assayed in the
last decade, but no large-scale development has appeared
from these trials. Some recent studies regarding filtration of
fry oils, refining, extraction of solvents, deodorization, and
decoloration have been made. Koseoglu and Engelgau (1)
have made an exhaustive review on the application of mem-
branes in this area and have concluded that such a methodol-
ogy remains expensive and requires unusual cleaning proce-
dures. Moreover, the flow decrease which occurs during the
process requires several membrane changes. Others have
shown that some chemical pretreatments of the membrane re-
sult in a flow increase, with the counterpart of a slight selec-
tivity decrease (2,3).

An overview of the subject leads to the conclusion that fur-
ther studies remain necessary to determine the proper strategy
to be employed in each system where membrane techniques
are envisaged. Such works could be extended to the study of
surface phenomena, which could result in a better knowledge
of membrane fouling and of the proper cleaning procedure.
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To the best of our knowledge, it should be noted that most
of the studies in this area have been done in the presence of a
solvent, to induce a better mobility of the molecules. Some of
the authors have made separation experiments using an
oil/solvent solution, to extract some specific components such
as phospholipids or sterols. For example, after having dis-
solved the oil in an organic nonacid/nonalcoholic solvent
(mainly hexane), Sen Gupta (2) was able to separate phospho-
lipids from neutral lipids through a silicone rubber ultrafiltra-
tion membrane.

Concerning the specific area of vegetable oils, several pa-
pers and patents deal with the problem of refining by mem-
brane separation (1,4-6). According to Koseoglu and Engel-
gau (1), the use of a membrane technique could reduce by the
yield loss 60% due to saponification of neutral lipids during
chemical refining.

By using ultrafiltration to separate polar lipids from neu-
tral lipids, Forsell ef al. (7) demonstrated that the method is
highly selective, but keeps a major disadvantage: the persis-
tence of hexane smell in the final product. Elimination of the
residual solvent is commonly done by evaporation; it is tough
work for which membrane alternative techniques have been
suggested (8). A number of reverse osmosis and ultrafiltra-
tion membranes have been assayed to check their resistance
to refining solvents (ethanol, isopropanol, hexane) and their
oil retention capacity (6). No oil or melted fat partition
through a membrane has been described, and there is no re-
port of hydrophobic interaction phenomenon, except when
surface-active molecules in polar solvents are used (9).

In a previous paper, a selective partition through a hy-
drophobic membrane by crossflow filtration has been shown
(10). The purpose of the present investigation is to confirm
such a molecular partition by tangential filtration in hy-
drophobic media. The same approach was used, but such a
design defines the limits of the phenomenon and some ele-
ments of interpretation. In addition, there exists no fat frac-
tionation on a membrane in view of obtaining well-defined
melting points. Because it is well known that a significant ef-
fect on the solid fat content (SFC) of butter or margarine in-
duces a correlated effect on the stiffness of the final product,
the effect of molecular partition of the collected fractions on
the SFC at 20°C is also reported here. The use of tangential
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filtration was justified because, in this design, monitoring of
influent parameters such as flow rate and pressure is made
easily. Moreover, the study was undertaken with a view to
a future development of the process, since tangential filtra-
tion tends to replace crossflow filtration plants in many fea-
tures.

MATERIALS AND METHODS

Mazterials. Butter oil was obtained by centrifugation of a com-
mercial butter after melting at 60°C (Union Beurriere, Vesoul,
France). A 316-L stainless-steel ultrafiltration unit Minitan
SystemTM (15.2cm x 11.6 cm X 10.8 em), supplied from Mil-
lipore (Millipore SA, Saint-Quentin-en-Yvelines, France), in
line with a variable speed peristaltic pump and a manometer
were used. The membrane was a 15.2 cm X 0.2 cm fritted
316-L stainless-steel rectangle with 0.5 pum pore size
(Maagsa, Courbevoie, France). The active filtration surface
was 60 cm?,

Methods. Experiments were carried out on open loop. The
permeate was continuously extracted, while the retentate was
recirculated to the feed batch. The size of the feed tank was
set at 10 L, in order to keep the feed composition steady. Be-
cause the sampling was done on the fluid outlets, the method
allowed the possibility of discriminating the evolution of the
triglyceride (TG) composition and of relative SFC at 20°C on
both sides of the membrane. All experiments were carried out
at 50°C and lasted up to 9 h.

Hydrodynamic conditions. The flow speed varied from 4
(low speed, LS) to 7 cm/s (high speed, HS), and the entering
pressure from 0.45 10° (low pressure, LP) to 1.45 10° Pa
(high pressure, HP).

Cleaning. All things considered, it can be assumed that
clean stainless steel is neither hydrophilic nor hydrophobic.
Nevertheless, during the very first minutes of the experiment,
one can observe a slight flow rate drop, probably due to a thin
hydrophobic material coating. In such an instance, the mem-
brane surface is supposed to act as hydrophobic.

Under these conditions, the cleaning procedure must be
done thoroughly as follows: (i) draining and circulation of a
0.05% (wt/vol) NaOH aqueous solution (2 L) on open loop;
(i) rinsing with hot distilled water (80°C); (iii) repetition of
steps i and ii; (iv) circulation of a 0.05% (wt/vol) NaOH aque-
ous solution on closed loop for 20 min; (v) rinsing with 4 L
of hot distilled water (80°C) on open loop; (vi) inversion of
membrane position and repetition of steps iv and v; (vii) cir-
culation of a tensio-active (Teepo]® 1% wt/vol) for 15 min at
80°C; (viii) rinsing with hot distilled water; and (ix) drying
the membrane for 14 h at 105°C.

SFC. The SFC of the crude product (I), the permeate (P),
and the retentate (R) was determined with a Perkin-Elmer
DSC4 (Norwalk, CT) according to Deroanne er al. (11).

TG composition. The TG composition was obtained on I,
R, and P by high-performance liquid chromatography
(HPLC) according to Bornaz et al. (12). Each experiment was
done in triplicate with a variation coefficient of less than 5%.
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Filtration performance indexes. Two filtration perfor-
mance indexes expressed in % of P or R over I were calcu-
lated: (i) an absolute filtration performance index (A), accord-
ing to the following equation:

Ap (%) :[1 ~P—’[Rijloo (1}

where [ = TG composition of the crude product and P, R = TG
composition of the permeate or retentate. (ii) a relative filtra-
tion performance index (k’i,j)k, obtained by renormating in
Equation 1 the filtration performance index A, for a TG group
(j), with a given MW or theoretical carbon number (&), ac-
cording to El-Hamdy and Perkins (13):

(A

A=
(i) max(4, ;) (2]

where i = permeate, j = saturated, mono-, di-, and polyunsat-
urated TG, k= MW or TCN.

As gathered in a previous paper (12), the relative filtration
performance index allows comparison between the behaviors
of the different TG groups: S = saturated, M = monounsatu-
rated, D = diunsaturated, and P = polyunsaturated TG, which
correspond, in the same order, to the first, second, third, and
fourth peaks of each quartet on the HPLC chromatogram.
Such a subdivision is far from perfect, because the calcula-
tion of the TG proportion is based on a 1,2,3-random distrib-
ution of the fatty acids on the glycerol molecule. In such an
instance, a representative average MW is calculated for each
TG peak of the HPLC chromatogram.

RESULTS AND DISCUSSION

Permeation flow. Comparative P flow speeds vs. time in each
experimental mode are displayed in Figure 1. The evolution of the
P flow speed follows the general law of fouling. Obviously, a
low speed and a high pressure are the conditions for an increase of
permeation flow. Under these conditions, the filtration is not
impaired by the fouling, which appears after several hours.
Influence of hydrodynamic conditions on the filtration per-

Sformance index. The relative P/I composition profile was

checked at 50, 110, 240, and 540 min. Because the retention
phenomenon remained quite steady after 110 min, samples
were taken at this moment. For example, Figure 2 displays
the filtration performance index (P/I) of group S for two dif-
ferent couples of speed and pressure parameters. As observed
in a previous study on crossflow filtration, the molecular be-
havior through the membrane depends on MW (10). How-
ever, the inversion MW point is clearly located at the same
place whatever the flow speed might be.

Figure 3 shows the relative filtration performance index
(P/T) under LS-HP conditions, for TG groups S, M, D, and P,
respectively. Obviously, the curve profiles are similar. More-



Flow rate (mL/min)

100

o

FILTRATION IN HYDROPHOBIC MEDIA: 2

1145

5 AA A%é‘aAébh&h A A Py I_S!J[,P
] A A A A | LHSHP
| o HS/LP
A LS/HP
é o ® %
1 @
- &
] @
4 QOOOOMQO
M ° o
e 3
T T T T T T Y T

0 120 240 360 480

Time (min)

FIG. 1. Flow rates vs. time of melted butter oil under four experimental conditions high
speed/low pressure (HS/LP); high speed/high pressure (HS/HP); low speed/low pressure (LS/LP);
low speed/high pressure (LS/HP).

over, the partition phenomenon appears to be related with the
TCN: the crossing of most of the molecules with TCN > 44 is
impaired, whatever their saturation index might be, whereas
the TG with a TCN < 44 cross the membrane more easily.

Comparison between the TG profiles of a P and its corre-
sponding R. Under HS conditions, the composition profiles
of P and its corresponding R do not diverge. Such an obser-
vation indicates that no filtration phenomenon is observed.
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FIG. 2. Absolute filtration performance index (A) of saturated triglycerides under HS/LP and LS/LP. See Figure 1 for

abbreviations.
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FIG. 3. Relative filtration perfarmance index (A", )k vs. thearetical carbon number (TCN) for each group of triglycerides (S = saturated; M = mo-
nounsaturated; D = diunsaturated; P = polyunsaturated) under LS-HP conditions. Arrow indicates TCN apparent inversion point. See Figure 1 for

other abbreviations.

The variation of R/I or P/I composition observed in this case
might be due to a preferential and selective adsorption of cer-
tain molecules onto the membrane. A strong divergency be-
tween P and R appears under conditions LLS-LP and, more ac-
curately, under LS—-HP. For example, Figures 4 and 5 display
the profiles R/I and P/I for TG-groups D and P. The quasi-
symmetry observed clearly indicates that the phenomenon
under consideration is a partition.

Influence of hydrodynamic conditions on the SFC of the
JSractions. In a first set of assays, the influence of pressure on
the SFC of the fractions was investigated. Under LS—LP, the
SFC of R remains quite steady and equal to I all along the fil-
tration, although the SFC of P regularly decreases up to 360
min as shown in Figure 6. At this stage of the experiment, the
discrepancy with R reaches 15% and slowly decreases down
t0 5% after 500 min, in relation with the fouling. Conditions
LS-HP enhance this behavior: the SFC of both R and P
highly diverge (+4% and —19% with respect to I), reaching
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maximum divergency after 50 min of filtration (Fig. 7). Under
all these conditions, the evolution of the SFC is consistent
with the foresaid divergency observed on TG composition.

HS conditions lead to a nonsignificant effect; the SFC of
both the R and the P slightly decrease when compared to I.
This observation outlines a nonfiltration phenomenon and
should be related with the corresponding variation of TG
composition (see above). In terms of SFC modification, the
pressure parameter looks influent: the higher the pressure, the
larger the divergency. Fouling occurs after a given time de-
pending on hydrodynamic conditions, thus reducing both the
flow rate and the separation efficiency.

However, a direct comparison between TG composition
and SFC is not straightforward. Thus, the SFC discrepancy of
the fractions cannot be explained via the slight difference ob-
served on TG composition. The same observation can be
made when comparing summer and winter butter spreadabil-
ity: although the TG composition difference is slight, the SFC
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FIG. 4. Absolute filtration (filt.) performance (perform.) index (A) vs. molecular weight (MW)
for triglyceride group P showing partition between retentate/crude product (R/l) and perme-
ate/crude product (P/l) under LS/LP. See Figures 1 and 3 for abbreviations.
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FIG. 5. Absolute filtration performance index (A) vs. MW for triglyceride group D showing par-
tition between retentate (R/) and permeate (P/1) under LS/HP. See Figures 1 and 4 for abbrevia-

tions.

discrepancy goes larger, with a consequence on the texture of
butter (14). That is not surprising since thermal and morpho-
logical parameters (and not only the composition) interfere
with the solid or liquid state of such complex mixtures.

A partition between R and P through the membrane is con-
firmed by observing TG composition and SFC discrepancies
under experimental conditions LS—-HP which lead to the best
result in terms of partition. Thus, a modification of the per-

meate and retentate TG composition, together with a signifi-
cant SFC variation of the fractions, are clearly put into evi-
dence. The amplitude of the divergency depends on speed and
pressure conditions. Their relative effect should be specified
for a better understanding of the entire phenomenon. This
technique is an economic challenge, in terms of SFC modifi-
cation of butter and vegetable oils (15). With a view to a fu-
ture development, such a work is already set up in our laboratory.
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FIG. 6. Solid fat content (SFC) at 20°C vs. time of P, R, and | under LS/LP.
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FIG. 7, SFC at 20°C vs. time of P, R, and | under LS/HP. See Figures 1,

4, and 6 for abbreviations.
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