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THE PROCESSING OF RAPESEED AND ITS PRODUCTS

By Johan G. Wiegand
Union Deutsche Lebensmittelwerke GmbH, Unimills,
Hamburg, Federal Republic Germany

1. Introduction

By way of introduction I have been asked to sketch
the progress that has been made in the processing of
rapeseed and its products since the 4th International
Rapeseed Congress at GieBen in 1974. I shall attempt
to do so by outlining the status quo with special
reference to novel data, products and processes,

in so far as this information has been made available
in the literature, and against the background of
know-how in my own company.

A number of aspects will no doubt warrant further
clarification and I trust that the papers and
discussions on the specific topics will contribute

to this.

The production of rapeseed appears to have reached

a fairly constant level. (Fig.1) Most of the major
producing countries in Western Europe have switched
or are switching to low or zero-erucic acid varieties
a whole range of which with improved yield
characteristics and disease resistance have now
become available. Whereas Canadian rapeseed is mostly
of the summer campestris type European growers
traditionally favour the higher yielding winter napus
type.

The separation of low and high erucic acid rapeseed
and rapeseed oil stocks needs some extra technical
equipment and additional analytical control, but
basically it gives no problem for the oilmillers.

In most West-European countries rapeseed o0il may
practically not contain more than 5 % of erucic acid
as an edible commodity. This has meanwhile been backed
by EEC legislation according to which a 5% upper

limit has been specified as from 1979, max. 10 %
erucic acid holding for the interim period. For
populations in which oils and fats constitute a high
proportion of dietary energy the FAO/WHO has generally
recommended a reduction of the erucic acid in brassica
oils.

bouble low, i.e. in respect of erucic acid and
glucosinolates, rapeseed varieties like the Canadian
"Tower" and "Regent" cultivars (44) have practically
not been available up to now in Europe on a commercial
scale. It will take another six or seven years until
corresponding winter-hardy types suitable for European
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climatic conditions come on-stream. Processing
experience to date with double low European varieties
being developed, like "Erglu", has been limited to
small scale trials.

I should now like to discuss in more detail

- the separation of rapeseed into o0il and meal

- the treatment of meal and preparation of protein
isolates and concentrates,

- and o0il refining.

2. Separation of rapeseed into oil and meal

As a general rule, a 7 - 8 % moisture content in the
seed can be regarded as being safe for storage and for
minimising processing difficulties. We have not been
able to relate processing difficulties specifically to
new zero or low erucic acid varieties. It appears that
the origin of the seed has a greater influence on
processing characteristics than its variety. The origin
may in turn relate to the conditions of harvesting,
drying, storage and transport. Quite possibly, the
distribution of water in the seed, for a given moisture
content, as governed by drying and storage conditions
before receipt at the o0il mill, might be an important
factor in the successful selection of further processing
parameters.

Single stage high pressure expelling has normally gone
out of use. To-day the bulk of rapeseed is processed
by prepressing and solvent extraction (Fig.2). The
basic aim is to produce a meal with a minimum residual
0il content at commercially acceptable throughputs
without impairing meal and oil quality.

After pre-conditioning of the cleaned seed, to adjust
the moisture content (6 - 8%) and temperatures

(20 - 40° C), it is rolled to ca. 0.25 - 0.5 mm flake
thickness. During flaking a large part of the cell
structure is broken down; regarding residual oil content
in meal, it is important to prevent seeds escaping
comminution.

Subsequent conditioning or "“cooking" of the comminuted
seed in a stack cooker or in a series of horizontal,
cylindrical conditioners ensures optimal expelling,
normally done in continuous screw presses. During
expelling cell rupture is completed and the o0il content
is reduced to 16-20%. Residence time, temperature and
moisture during cooking have an important influence on
expelling and extraction performance and are crucial
parameters as far as yield and characteristics of meal
and oil are concerned. They require skilful optimisation.

Lipase and lipoxygenase, leading to undésirable
hydrolysis and oxidation of the o0il, and myrosinase,
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which hydrolyses glucosinolates into oil-soluble sulphur
and nitrogen compounds (4) impairing oil quality, are
most active at temperatures between 40 and 70°C.
Destruction of these enzyme systemsbegins at temperatures
of 70 - 80°C (5), provided the moisture content is at
least 8 = 9 % (44). It is hence important to reach a
temperature of at least 80°C in the cooker as quickly

as possible and to maintain it for 20 - 30 min. Heating
to well beyond 90°C can be detrimental to beoth oil and
meal quality by inducing colour reactions and excessive
protein denaturing. Normally, the moisture gradient runs
from ca. 9% in the first to 5 — 6 % in the last part of
the cooker, which facilitates expeller performance.

One difficulty in elucidating the enzymatic and non-
enzymatic decomposition of glucosinolates, particularly
at elevated temperatures (33), is the fact that normally
sulphur is determined as such and not in the form of
the compounds in that it is present.

Extraction of the ground expeller cake with hexane
removes the remainder of the oil down to levels of

2 - 4 % in meal. Conventional rapeseed consists for
about 17 % of hulls, diminishing the protein content

in the meal. Hence there is a principal interest in the
development of new varieties which have a yellow,
thinner seed coat enabling higher protein contents,

and a better appearance of the meal to be reached (44).
Canadian efforts in this area seem to be promising (4).

Dehulling of seed by pneumatic attrition or impact
followed by air classification and screening suffers
from considerable portions of meats adhering to the
hulls and therefore still appears to be confined to
pilot plant scale (26), (34) - (37).

Efforts are obviously being continued to simplify the
processing of rapeseed by eliminating the intermediate
expelling stage. One basic approach (8) is to flake
the seed down to ca. 0.1 mm to complete cell rupture,
and to directly extract these flakes, after having
agglomerated them to facilitate percolation and
filtering. The agglomeration is done by heating with
live steam at ca. 100°C followed by drying and cooling
("crisping") (38) (39) and possibly also reflaking (40).
The economics of this "Filtrex" type process in terms
of residual fat contents in the meal and in terms of
maintenance of flaking rolls have yet to be proved for
larger plants; there is also the question of the
influence on oil characteristics.

In the "Direx" type process (9) the pre-extracted,
hexane-moist material is reflaked or milled (41) before
a second extraction, according to the immersion principle,
is done. Comminution in the presence of hexane is
supposed to facilitate the bursting of o0il cells and
hence complete extraction of oil. Although the economics
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of this process are said to be attractive it still
appears to be confined to small scale plants, probably
in view of the potential safety hazard involved.

Preparation of rapeseed meal, concentrates, and isolates

The toxicity of vinyl oxazolidinethione (VOT) and alkyl
isothiocyanates (ITC), degradatlon products (6) of
glucosinolates which are contained in rapeseed up to 10%,
is reflected in the limits that have been laid down by
the EEC for animal feedstuffs (Fig.3). An additicnal
problem is that the animal organism can contain enzyme
systems which can hydrolyze residual thioglucosides in
the meal in spite of the myrosinase having been de-
activated during processing. The total potential
toxicity is apparently also not entirely characterised
by the sum of VOT, ITC and glucosinolates since under
certain conditions, e.g. in the presence of ferrous
salts, glucosinolates can give rise to thiocamides and
nitriles, the latter being particularly suspect (6) (3).

Breeding of so-called "double zero" rapeseed varieties,
like the Canadian "Tower" and the German "Erglu", only
containing ca. 1/10 th of the glucosinolates present

in conventional varieties, has been an important step
towards solving the toxicity and palatability problem
of rapeseed meal while simultaneously increasing the
protein content by about 3 - 4 %. It will take, however,
a number of years until these types are generally on
stream. Also, first trials with "Erglu" and "Tower"
meal have shown that the residual glucosinolates and
their degradation products (ca. 0.10 - 0.15 % VOT and
ca. 0.03 - 0.05 % ITC) (44), and possibly also other
types of compounds like tannins, sinapine and phytic
acid (44), still impair full flexibility of the use of
rapeseed meal. Suitable post-treatment of rapeseed meal
will therefore continue to play a role. Various
biochemical, chemical and physical processes for
detoxifying rapeseed meal were reported at Giessen in
1974 (Fig.4).

As far as technical application to meal is concerned,
Unimills have, for instance, adopted a process employing
the addition of slaked lime to meal at the toasting

stage (10). This process guarantees VOT levels ofg0.3%,
corresponding to a detoxification efficiency of 70 - 80%;
this type of meal now features in the German feedstuffs
directive. Henkel (3) has reported pilot plant studies

in which "Erglu"-meal, prepared by direct extraction of
short-time conditioned flakes, was improved by autoclaving
at ca. 120°0cC.

Extraction with various aqueous solvent systems to produce
concentrates is apparently still confined to semi-technical
scale.
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Such techniques are primarily of interest in connection
with the preparation of rapeseed protein products for
human consumption. The Karlshamn-Alfa-Laval (11) process,
i.e. leaching of dehulled rapeseed followed by drying,
flaking and removal of oil, has been reported to give
yields of 23 - 28 % of a concentrate containing 65 %
protein. Glucosinolate content is reduced to £0.6 mg/g
while VOT plus ITC is €0.2 mg/g. An additional advantage
is that the crude o0il has sulphur levels of £ 2 ppm.

El Nockrashy and co-workers (12) have described
laboratory trials in which rapeseed meal was extracted
with aqueous acetone. VOT and ITC levels are thereby
reduced to about 1/10 th of their original values.

Only a small part of the lipids and proteins are said

to be lost in this process. The same authors have
proposed detoxification of rapeseed by autolysis in

the presence of myrosinase; a major disadvantage here
appears to be the enrichment of sulphur compounds in

the oil on subsequent extraction.

Little information has become available in the literature
on the preparation of isolates. (13) (14) (15)

Basically, all processes rely on the solubilisation

of protein with dilute caustic soda followed by acidic
precipitation. By skilful selection of the pH isolates
practically devoid of VOT and ITC can be obtained.

In addition, the sulphur-containing amino acids are
concentrated to a level corresponding to the recommended
FAO standards for protein of food quality.

Refining of oil

The properties of the crude o0il are determined by the
quality of the seed material (fig.5) and by the pro-
cessing methods employed. Adverse climatic conditions,
field and storage damage can lead to enzymatically
induced oxidative and hydrolytical deterioration of the
0il. Oxidative deterioration, catalysed by phaeophytin
or chlorophyll from immature seeds (cf.fig.5), is
normally expressed by such analytical data as ultra-
violet absorption at 232 nm, anisidine and peroxide
value. Hydrolysis manifests itself by an increase in
free fatty acids and often hydratation characteristics
of the phosphatide moieties.

Whereas hydrolytical damage of the crude oil can
normally be overcome by stronger refining, with
corresponding losses in yield, oxidative damage
ultimately carries through to the fully refined product,

Flaking of rapeseed normally has little influence on
0il quality if the temperature does not exceed ca.30°C.
The conditions under which the flakes are cooked before
expelling can in principle affect oil quality.
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There appear to be various effects, not necessarily
relating linearly to temperature and moisture, and
assessment must also include the corresponding extraction
0il., We have indications that at temperatures above
100°C the solubilisation of pigments and sulphur campounds
in the o0il can increase dramatically.

In a series of production trials the content of
chlorophyll and other pigments and sulphur compounds

in the expelled oil only increased slightly on increasing
expelling temperature from 70 to 90°C (fig.6).

The E 232-values for both the expeller and the extraction
0il are possibly indicative of slightly increased
enzymatic oxidation at the lower cooking temperatures.
The phosphatides in the expeller oil are largely of the
non-hydratable type. The oil extracted from the expeller
cake contains the bulk of the phosphatides and sulphur
compounds.

The concentration of phosphatides, free fatty acids, and
of oxidised lipids in the extraction oil increases with
increasing depth of extraction (fig. 7). In Europe,
extraction o0il is normally deslimed before it is mixed
with the expeller oil. (2).

According to our - as yet limited - experience there
appears to be no basic correlation between glucosinolate
content of the seed and sulphur content in the oil and
lecithin. It has been reported (44), however, that
degummed "Tower" oil analysed at less than 1 ppm of
sulphur, the hydrogenation behaviour of the neutralised
and bleached oil equalling that of soyabean oil; specific
processing conditions during expelling and extraction
may, however, have contributed to this result.

It is thus a question of striking a proper balance
between yield on the o0il milling side and effort required
on the refining side to reach required raffinate
specifications. For a typical 3 bowl-centrifuge refining
line for deslimed rapeseed oil the data shown in figure 8
appear to be fairly representative. Phosphoric or citric
acid conditioning of the o0il prior to caustic soda
addition is essential for adequate removal of phosphatides
(2). The US-practice of starting from non-deslimed oils
is not typical for Europe since a considerable portion

of phosphatides and their degradation products finish

up in the soap-splitting effluent which is not compatible
with European environmental legislation. Neutralisation
reduces sulphur and phaeophytin content somewhat (fig.9).
Bleaching with up to 1 % of activated earth removes
residual traces of soap, hydratable phosphatides,
phaeophytin, and oxidised glycerides. Natural earths

are less effective. Deodorisation is normally done at
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temperatures between 220 - 240°C; besides removal of
volatile flavour components and stabilisation of the

0il deodorisation significantly reduces the concentration
of sulphur compounds.

The criteria applicable in Germany for a refined rapeseed
conforming to "Sinola" quality, specifications set up
last year by the Central Marketing Institute for Agri-
cultural Products (CMA), are included in figqure 10.

An alternative, continuous method of refining is the
Zenith process (2). After treatment with phosphoric
acid, followed by sludge removal if necessary, the oil
is neutralised as droplets rising by gravity through

a column of weak lye; water washing is claimed not to
be required. The key to the success of this type of
process is adequate removal of phosphatides in the
first stage.

It has been claimed to be feasible to obtain satisfactory
raffinates by adsorptive pre-treatment of crude, deslimed
rapeseed oil followed by filtration and combined stripping/
deodorisation. Provided the lecithin content in the
deslimed o0il is sufficiently low and provided sufficient
activated earth is used it is apparently possible to
obtain oils of satisfactory appearance (44) although

one would expect severe fluctuations in organoleptical
and oxidative stability, dependent on crude o0il quality.

An adequately refined, zero-erucic acid rapeseed oil is
comparable in its nutritional (1) (6) (44) and consumer
properties to soyabean oil. The levels of linolenic acid
in both 0ils are of the same order and basically determine
oxidative and organoleptical properties. Rapeseed
mutants with as little as 3.5 % linolenic acid have been
reported (7). If such varieties with a significantly
reduced linoleic acid and an increased linoleic acid
content can be successfully stabilised for various
climatic conditions and propagated on an economical basis,
the corresponding rapeseed o0il would have a decided
advantage over soyabean oil. It is occasionally being
said that the taste stability and frying behaviour of
zero—erucic acid rapeseed o0il is inferior to that of
high-erucic acid rapeseed 0il. We have found nc evidence
for a direct correlation between erucic acid content and
raffinate gquality but the linolenic acid content is
slightly higher in the new varieties. There appears to
be a general trend for oil from summer varieties to be
less stable than that from winter varieties (42);

this might be connected with the linolenic acid content
being somewhat higher in o0il from summer varieties (43).
Although there appears to be no strict relationship
between sulphur content and taste, there are indications
that elevated sulphur contents can impair frying odour.
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Sulphur contents in neutralised and bleached oils do, of
course, increase catalyst consumption during hydrogenation.

Although the composition of the major components of rape-
seed lecithin closely resembles that of soyalecithin rape-
seed licithin is inferior in colour, flavour and general
appearance. One reason for this is presumably to be sought
in its high content of sulphur compounds (42) which appears
to be independent of the glucosinolate content of the

seed material. There has been a proposal to improve the
colour of rapeseed lecithin by treating miscella with
activated earth (43) but large scale application of

this method has not been reported.
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