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Oil processing was considered as a slowly
changing "traditional” industry, but the recent
decades’ developments and trends resulted in
a lot of changes initiated by market, industry,
environment protection and consumers needs.

First, the centralization of the industry resulted
in high capacity, one-line production plants,
which needed new developments in equip-
ment and automation.

Secondly, more and more concerns of environ-
ment protection forced the operators to reduce
the environmental impacts (waste water, solid
waste, air pollution). This initiated the develop-
ment and application of mild processes like
physical refining.

Thirdly, the food/feed safety issues became the
most important question after suffering several
crises in Europe. Contaminants removal and
keeping the nutritional value of the oils during
the processing have become crucial.

Last but not least, the research and develop-
ment activity together with the improving ana-
lytical capabilities enabled us to understand
better the details of applied processes, the
effect of the whole procedure from growing/
harvesting/transport/storage/crushing/refining
on the quality of the final product.

The presentation gives an overview on the
results achieved on the following areas:

- the criteria of applicability of physical refin-
ing of seed oils;

- solutions for proper degumming;

- the effect of seed pretreatment and crushing
conditions on the crude oil quality;

1 Chevreul Medaille lecture, presented on 3" Euro-
FedLipid Congress 5-8 September 2004.
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- the importance and role of bleaching and
active carbon treatment;

—the proper practice of deacidification/
deodorization.

Criteria of applicability
of physical refining
of seed oils

Physical refining has several advantages com-
pared to the classical chemical one:

- improved yield;

- lower investment cost;

- less environmental impact (no soap stock to
be treated, less waste water formed);

- mild refining (less chemicals used);

but this process is more sensitive to the crude
oil quality [1].

The flow sheet of chemical and physical refin-
ing process is shown on the figure 1 and figure

Applying physical refining means the increased
importance of the oil pretreatment before dis-
tillative removal of free fatty acids.

One should ensure to eliminate phospholipids
remaining less than 10 mg/kg P content in the
oil after degumming and less than 4 mg/kg P
after bleaching. In the same time to reduce iron
and copper content below 0.1 mg/kg and 0.01
mg/kg respectively. Crude seed oils, which
have reached a certain level of oxidation, are
difficult to refine. There are two more difficul-
ties:

- removal of non-hydratable phospholipids;
— colour removal problems, sometimes when
the auto-oxidation has really gone too far the

so called "fix" colour formed, which is not
removable by bleaching and/or heat bleach-

ing.

Solution
for proper degumming

In the last decades a series of inventions have
been implemented to the industrial practice
(process and equipment as well) in the field of
degumming giving chance to operators
choose the most economic and environment
friendly physical refining in the new installa-
tions.

The efficient removal of phospholipids is a key
point.

Phospholipids are phosphoric acid diesters of
glycerol where the phosphoric acid part is
esterified by an alcohol (choline, etanolamine)
or a polyol (inozitol).

If the phosphoric acid is not linked to any
alcohol it is named phosphatidy! acid.

While the phosphatidy! choline (PC) and phos-
phatidyl inozitol (PI) are completely hydratable
phosphatidyl ethanolamine (PE) is only partly
and phosphatidyl acid (PA) is not hydratable,
when they form salt with divalent cations
(Ca++, Mg++) or when they are in non dissoci-
ated form.

The efficient degumming process should con-
vert the non-hydratable phospholipids (NHP)
into hydratable ones and remove by hydrating
and separation.

The simplified chemistry is the following:
—the phosphatide/metal complexes are
decomposed by acid addition or using com-
plexing agent;
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- hydration of phospholipids by adding water;
- partial neutralization and/or cooling is
applied to avoid migration of phosphatides
back to the oil phase or using emulsifier;
-holding time for agglomerate phospho-
lipids.

Usually citric acid is used not only for decom-
position of metal salt but as a chelating agent
to keep the metals in water-soluble complex.
In industrial applications UF degumming
(Krupp-Cereol) superdegumming, unidegum-
ming (Unilever), TOP degumming (Vander-
moortele) and Enzymax process (Lurgi) and
SOFT degumming (Tirtiaux) patents are used
[2-8]. Each of them ensure sufficient removal of
phospholipids but certainly there are differ-
ences in special equipment need and/or
chemical usage (for detailed description of the
core of the processes see table T).

The Enzymax process uses phospholipase
enzymes for converting non-hydratable phos-
pholipids into lyso phospholipids, which are
more soluble in water phase. Originally phos-
pholipase A, was used, today there are phos-
pholipase A, also available (effect of enzymes is
shown on the figure 3).

Our company committed to meet environ-
mental protection and mild processing has
been applied:

— physical refining for sunflower and rapeseed
oil first in Europe using UF degumming, and in
the case of sunflower oil later the UF degum-
ming has been modified applying predewax-
ing as well;

—first industrial application of enzymatic
degumming;

—industrial application of enzymatic degum-
ming in physical refining of soybean oil: stable,
robust process, better yield.

Going further we carried out investigations on
non-hydratable phospholipid formation dur-
ing crushing in order to improve the process to
produce better crude oil for physical refining.

Effect of seed pretreatment
and crushing condition
on the crude oil quality

As the crushing, mainly the seed pretreatment
process defines the crude oil quality, we carried
out survey of different crushing plants for bet-
ter understanding the effect of conditions.
The aim is to optimize the process in order to
keep the nutritional value, to prevent the for-
mation of non-desirable compounds. There is a
risk of increased enzyme activity provoked by
destruction of seed structure, interaction with
heat, humidity (water) and air (oxygen).
Increased activity of lipases increases the free
fatty acid content (FFA). Increased activity of
Phospholipase D produces phosphatidy! acid,
which can form salt with Ca, Mg or Fe ions



Table 1. Special degumming processes.

Patent owner Process Raw material Core of process Residual phosphor
Unilever 1. Superdegumming Crude or water degumming oil Heating, acid addition cooling, holding 30-50 ppm
2. Unidegumming Superdegummed oil Lye addition, cooling, holding <10 ppm

Vandemoortele TOP degumming Crude or water degummed oil Heating, acid addition, special dynamic <10 ppm
mixing, lye addition, special two-step-
separation, washing, drying

Lurgi Enzymax process Crude or water degummed oil Heating, Ph adjustment (acid and lye <10 ppm
addition), enzyme addition, holding,
recycling, special mixing

Krupp/Cereol UF degumming Crude or water degummed oil Heating, acid addition, lye addition, cooling, <10 ppm
holding separation

Tirtiaux SOFT degumming Crude or water degummed oil Heating, acid, lye, EDTA complexing agent, <10 ppm
emulsifier addition, high shear mixing

CH,— O — CO — PO — X

X: H, ethanolamine, choline, inozitol, serine...

Figure 3. Enzyme action.

increasing the non-hydratable phospholipid
content in the crude oil. Lypoxigenase enzyme
activity produces oxidized triglycerides and
phospholipids with oxidized fatty acid chain,
causing difficulties in P removal and bleaching.
Mirozinase activity increases the S containing
compounds in crude oil.

We have investigated the non-hydratable
phospholipid (NHP) and free fatty acid (FFA)
formation in crushing under industrial circum-
stances.

Results of the survey carried out in two different
crushing plants are shown on the figures 4-5.

The proper heating rate in the pretreatment in
a new crushing plant resulted in only a moder-
ate increase of NHP and FFA, while in the case
of old crushing plant the slow temperature
increase during the pretreatment gave a
chance for the enzymes to act and to form
undesirable compounds resulted in higher
increase NHP and FFA.

The results show the importance of the deacti-
vation of enzymes prior to conditioning to
pressing and extraction.

The critical process zone is the temperature
range between 40-70 °C where the enzymes
are active, so 70 °C should be reached as
quickly as possible.

An attractive solution for enzymes deactivation
in the whole seed before crushing is to apply
Exergy process (GEA) in the seed pretreatment
[9]. This is a very short term, intensive steam

treatment, which results in no enzyme activity
can be provoked after destruction of seed
structure (principle of the process is shown on
figure 6). The Exergy process has been applied
in one of our crushing plant. Survey carried out
after the implementation has shown very good
results (figure 7): extremely low NHP content,
which allows us to use only water degumming
before physical refining.

Using Exergy in the seed pretreatment results
in different phospholipid composition in the
crude oil, consequently in the lecithin as well
(figure 8).

With Exergy the PA content very low, PC con-
tent high, so the hydratability of the phospho-
lipids has been increased and the nutritional
value of the lecithin is improved.
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Figure 4. Survey 1, new crushing.
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Importance
and role of bleaching

Bleaching as a part of the “traditional” chemi-
cal refining was originally employed to
improve the colour [10]. Today with the wider
application of physical refining and the more
and more strict food safety regulation it should
be considered as a tool to remove or convert
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undesirable compounds and contaminants as
well.

The goal is maximum removal of undesirable
compounds with minimum changes in major
and valuable minor constituent of the oils.
According to their origin, the compounds to be
removed can be divided into 3 groups:

- natural compounds (e.g. plant pigments,
phospholipids);

—environmental contaminants (e.g. metals,
pesticides,  polyaromatic ~ hydrocarbons
(PAH's)...

- by-products formed during storage, pro-
cessing, together with chemicals used in refin-
ing process and their derivates (trace metals,
soap, oxidation by products).

Bleaching is a relatively simple process using
the following adsorbents:

- natural clay

. for removal pigments
- activated clay

- silica for soap and

phospholipids removal
- activated for PAH's removal
carbon

As bleaching earth accelerates oxidation due
to its high specific surface and catalytic
activity, the Good Manufacture Practice is
crucial to protect the oil from oxidation.

Do not forget that there are two sides to
bleaching: inadequate operation conditions or
overdosing the activated clay may have
adverse effect.

The selection of appropriate bleaching material
and to define the optimum dosage are not only
economical issues (bleaching is the most costly
refining step) but oil quality issue as well. The
principal information we need to design the
bleaching is the adsorption capacity of a
certain bleaching material for the given plant
colouring or contaminants  (Freundlich
isotherm).

In practice we have to remove a series of
contaminants in one operation. It would be
useful to have literature data for all the
individual adsorption isotherm - but only a few
available.

Chlorophyll related pigment
removal

Operators are frequently faced with the prob-
lem: having the same level of plant colourings
(Chlorophyll related pigments) in the rape oil
to be bleached - different specific dosage
needed for different oil lots.

Why? To better understand the process details
and to improve the performance and the
economy of the bleaching we investigated the
changes in Chlorophyll related pigments dur-
ing processing (HPLC analysis of their content
and composition as well) and their adsorptive
removal (isotherms, adsorption capacity of dif-
ferent bleaching materials).

Results show that Chlorophyll "a" and "b",
which are characteristic to the seed are trans-
formed mainly to pheophytin "a” and "b" dur-
ing crushing.

Higher the applied temperature during the
pretreatment step higher the portion of pyro-
and "b" compounds.
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Figure 8. Crushing process and lecithin PL composition.

(Degradation of Chlorophyll into pheophytins
is shown on figure 9.)

Laboratory scale bleaching test with different
raw materials showed that bleaching earth has
higher activity towards "a" compounds (figure
10) Defining a series of isotherms we con-
cluded that the ration of "a"/"b" compounds
has a definitive effect on the isotherms. So the
optional bleaching earth addition is deter-
mined not only by the total concentration but
also the composition of Chlorophyll related
pigments.

To improve the bleaching performance we
proposed to use "a"/"b" ration as a quality
indicator.

Oxidized oils
- Bleaching difficulties

The so-called “hard to bleach” oils generate
many problems in the practice. It is often diffi-
cult or even impossible to reach the desired
colour specification.

The chromophores were found and identified
by DM Chapman [11] as conjugated polyun-
saturated fatty acids; these absorb visible light
causing high Lovibond red readings. Oils with
high polyunsaturated fatty acid are sensitive to
auto-oxidation. Improper storage or process-
ing conditions results in primary and secondary
oxidation products (conjugated dienes,
trienes, tetraenes and pentaenes) - these are

responsible for “fixed colour” and can not be
removed by adsorptive methods. We recom-
mended to use as quality indicator the UV-VIS
spectra (figure 11). The bleaching earth dosage
increase is not recommended, it does not
improve the colour but the overdosed bleach-
ing earth can act as pro-oxidant material. It can
lead to less stable oil and high risk of
taste/flavour reversion in fully refined oil during
storage.

The only solution is to pay more attention to
protecting the oil during storage and process-

ing.

Polyaromatic
hydrocarbons removal
by Active Carbon treatment

Polyaromatic hydrocarbons (PAH’s) are car-
cinogen contaminants, originated from the
environmental pollution or in proper practice
of drying seeds (direct fuel gas drying, which is
already forbidden in Europe).

The use of active carbon in the bleaching is the
only solution for removing heavy PAH’s. To
define the optimal Active Carbon usage Freun-
dlich isotherms were determined for two differ-
ent active carbon products (figure 12). We used
Benzo-a pyren content determination as a
marker for PAH's, the target is max. 1 mg/kg
BaP content in the refined oil.

Proper practice
of deacidification/
deodorization

The high temperature steam (or nitrogen) dis-
tillation under very low pressure (1-3 mbar) is
the core process in physical refining. From the
well pretreated oil the free fatty acids are
removed by distillation and in the same opera-
tion we have to remove the volatile flavour,
smell compounds, oxidative by-products as
well as contaminants (light PAH's, pesticide,
PCB's) meanwhile keeping the nutritional
value. In the last decades more and more atten-
tion is paid to the risk of trans isomer fatty acid
formation during desodoration.

Nutritional studies have reported that trans
isomer fatty acids in the diet increase the risk of
cardiovascular diseases.

The good manufacture practicein deodorization/
deacidification is very important to fulfill all the
targets: removal FFA, removal contaminants,
long shelf life, taste stability, heat bleaching and
the meantime to keep the trans isomer fatty acid
level and the tocopherol loss at the minimum.
This should be reached only by compromising
the working conditions.

The kinetic of geometrical isomerization of
fatty acid has been studied under deodoriza-
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tion conditions. The trans isomer formation has
been proved to follow first order kinetics,
depending on the temperature and the time.
The linolenic acid has 13-14 times more sensi-
tivity for trans isomer formation than the
linoleic acid. In the case of linolenic acid the
degradation also should be taken into account
[12,13].

Based on the laboratory and pilot scale kinetic
study a kinetic model has been established.
Using this kinetic model the trans isomer for-
mation can be predicted for each deodorizer
conditions.

Figure 13 shows the calculated theoretical val-
ues. It is clear from this calculation that mild
condition, e.g. keeping temperature below
240 °C is necessary to meet the low trans
requirements. Total trans below 1% in the case
of sunflower oil, below 1.5% in the case of soya
and rape oil is the usual limit in the trade, butin
this calculation we used more strict demand:
which is more specific for fatty acid composi-
tion. We defined the degree of isomerization
(DI) and it should be max. 5% of the total
linolenic acid and max. 0.7% of the total
linoleic acid. Further to keep the temperature
and the time in the optimum condition the
design of the deodorizer is also important. Any
hold up and/or local overheating can cause
higher isomerization than predicted from the
model.

The constructors of deodorizers follow the
trend and propose new generation equip-
ments with special, more flexible design like
packed column or using pre strippers, adopt-
able resident time...).

Conclusions

Integrated crushers/refiners have all the tools
to run effectively and safely high capacity one
line physical refineries.

There are improved processes and equipment
to use mild process and to improve economy.

There are some new techniques in the innova-
tion pipeline for future applications: like mem-
brane degumming, membrane refining, use of
biocatalysts, new seed pretreatment, extrac-
tion processes, new analytical techniques,
on-line control possibilities.

Crushers/refiners and equipment suppliers
should continue to work together to meet fur-
ther challenges.
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