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FUNCTIONAL PROPERTIES OF RAPESEED OIL AND PROTEIN PRODUCTS -
A SURVEY

By Ragnar Ohlson
AB Karlshamns Oljefabriker
Research Laboratory
S-292 00 Karlshamn, Sweden

SUMMARY

The use of rapeseed oil for human consumption in margarine
and other foods for cooking, frying and baking, has a very
long history. Low-erucic acid rapeseed oils have been in-
troduced over the last years and their properties extensi-
vely studied. The oxidative stability is relatively high
but techniques to improve it are discussed. The crystalli-
zation behaviour has been studied particularily for hydro-
genated rapeseed oils. Techniques to improve the use as
e.g. interesterification has been developed.

The surface-active properties of the phospholipids from rape-
seed have been evaluated and it has been found that better
production techniques can improve their uses.

The protein content of rapeseed is high and the amino acid
profile is better balanced than in any other vegetable pro-
tein known. The functional properties of rapeseed protein
concentrates and isolates have been studied in different food
systems as e.g. meat extender and in bread. The flavour is
blend. The water binding capacity of the carbohydrates in
rapeseed is extremely high and interesting applications can
be developed.

All together rapeseed is shown to give attractive products
for both the food industry and the consumer.

RAPESEED OIL

The use of rapeseed oil in margarine and shortening or as
cooking and frying oil has a long tradition in many count-
ries.

What has essentially happened since the 4th International
Rapeseed Conference in Giessen is, that oils from the new
low-erucic acid rapeseed varieties have come into use in
several countries. The principal changes in composition of
rapeseed oils are shown in Figure I.

As the content of erucic acid is drastically reduced, changes
in the crystallization and polymorphic behaviour appear, as
has already been pointed out by Riiner (1). (Figure II).
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As another consequence the relative number of crystal partic-
les during storage is drastically changed as shown in

Figure III. The very restricted distribution of fatty acids
(mainly C18) and triglycerides (C54) is the main reason for
this. The major changes in physical properties occur when the
erucic acid content is reduced below 10% of the fatty acids.
All these changes have technical implications on the use of
the low erucic acid rapeseed oils. (Figure IV).

In a serie of work the properties of medium (18%) and low
(6%) erucic acid rapeseed oils were compared with the stan-
dard oil in gross quality aspects. The physical change in be-
haviour due to reduction of erucic acid appeared as a higher
resistance of liquid o0il to clouding at refrigeration tempe-
rature. The hydrogenated oils showed a continuous change in
polymorphic behaviour visible as a greater tendency towards
-formation. The melting is characterized by changes in the
ilatation curves. These effects however only become signifi-
cant when the erucic acid content is low. In fat blends, e.g.
for margarine, the effects are depressed and they are in
practice insignificant at moderate levels of erucic acid (2).

Hard fat products for use in margarine fat blends have been
prepared by hydrogenating rapeseed oil with an erucic acid
content of 5% to an iodine value between 30-70 and randomly
interesterifying the hydrogenated product with 10-50% coconut
0il. The fat is stable in (3-crystal form. It shows no sub-
stantial consistency changes and has an acceptable taste du-
ring storage when used in margarines (3).

A margarine-type fat emulsion, having a viscosity sufficient-
ly low to permit easy pouring from a package and improved
storage properties, has been developed (4). The hard fat used
is based on a three-component-system of a Brassica oil, in
particular a high-erucic acid rapeseed o0il, which is hydroge-
nated to three different melting points.

It has been proved that this new rapeseed oil is not suitable
for forming the solid phase in liquid phase.

Butterines of good flavour and acceptable physical properties
were made from rapeseed oil and 50% milk fat (5).

Hydrogenated rapeseed oil was found to be suitable for frying
of pommes frites (6).

Frying of pancakes and potato cutlets has been studied by

Ziombski and Luszcz (7). Rapeseed oil was inferior to lard
and groundnut oil but superior to soya bean and sunflower

oils.

Rapeseed 0il is used as a release agent in bread baking in
e.g. Australia.

Mustard seed oil in for instance India has a rather strong
flavour due to the technique of preparation. Experiments have
been made to produce rapeseed oils with an identical flavour

(8).
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RAPESEED LECITHIN

The use of rapeseed lecithin in food has so far been very
limited in comparison with the use of soya bean lecithin.
The main reason for this is the inferior properties as e.g.
flavour and colour. This is mainly due to non-optimal condi-

tions during processing.

The composition and emulsification properties of rapeseed
phosphatides have been studied by Larsson et al (9) in Sweden.

The importance of the glycolipids is discussed by Zajac and

Niewiadomski (10).

RAPESEED PROTEIN PRODUCTS

During the 1970's somewhat different methods to produce rape-
seed protein concentrates (RPC) for human consumption have
been developed in e.g. Canada, Sweden and Poland (11).

A corresponding method to produce mustard seed protein has
been developed in Mysore in India. Rapeseed protein isolates
have also been prepared (12). Texturizing of RPC has also
been studied in Europe and North America.

The composition of the rapeseed protein concentrate is shown

in Table I.

TABLE I

ANALYTICAL DATA FOR RAPESEED PROTEIN CONCENTRATE (RPC)

Compound

Protein (N x 5.5) .e.ieenann fereaaas
L I fee e
Crude fibre ........cc.u.. e ree e
Other carbohydrates ........0c0uvun.
Phytic acid .....c.00vevnn veeensnnn
Other ash components .........v0...
Other N-compounds .....cevvoeeeenan

Sum

Content, % of dry matter

Glucosinolates v.iveveseeenens e

..... 7.5%
..... 65% of dry

matter

....... 7.5% of dry

matter
e 0.02%




The crude protein content is 65% of dry matter, but as is
usual with vegetable proteins, the true protein level is

lower (57%).

The RPC contains a relatively high level of

phytic acid. The residual glucosinolate content in RPC is

very low (<0,2 mg/g),
the original glucosinolates can be removed.

which means that more than 99% of
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The water-insoluble part of the carbohydrates are left in the
RPC. It consists mainly of cell wall carbohydrates of the

dietary fibre type (13).

The amino acid composition of RPC is shown in Table II.

TABLE ITI

AMINO ACID CONTENT OF RAPESEED PROTEIN CONCENTRATE (RPC)

AND SOYABEAN FLOUR (g/16 g N).

Amino acid RPC Soyabean flour WHO/FAO Scoring
Pattern 1973

Isoleucine ..... 4.2 4.2 4.0

Leucine ........ 7.3 7.0 7.0

Lysine ......... 5.8 5.8 5.5

Phenylalanine .. 4.1 4.5 6.0

Tyrosine ....... 3.1 3.1 *

Cystine ........ 2.6 0.7 3.5

Methionine ..... 2.3 1.1 )

Treonine ....... 4.5 3.8 4.0

Valine +.v.vue.. 5.2 4.3 5.0

Tryptophan ..... 1.4 1.3 1.0

Histidine ...... 2.7 2.4

Arginine ....... 6.6 7.0

Aspartic acid 7.1 10.2

Glutamic acid 17.9 16.5

SerTine «.veeeses 4.7 5.0

Proline ........ 6.1 4.8

Glycine ........ 5.3 3.8

Alanine ........ 4.6 3.9

Rapeseed protein has a substantially higher content of sulphur
containing amino acids than soya protein, as well as adequate

amounts of the other essential amino acids.

This is well reflected in the nutritional value obtained in

feeding trials (14).

Functional properties of protein preparations can provide in-
formation about the action of the protein when incorporated
in a food. Solubility, water and fat binding, emulsifying and
foaming of RPC have therefore been studied together with
their organoleptic properties. Very bland RPC can be produced.
The relation of variables obtained in the instrumental ana-
lysis to those obtained in the sensory analysis has also been

studied.
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Solubility is normally the first property to be tested when

a new protein product is to be studied. The solubility of the
native protein of dehulled and defatted rapeseed in aqueous
solutions has been determined in various studies.

Radwan and Lu (15) detegmined the solubility at different
temperatures from 25-55°C in the pH range. It was found that
the points of minimum nitrogen solubility occur at pH values
from 4.5 to 7.2.

Gillberg and Tornell (12) studied the dissolution of nitrogen
and phosphorus containing substances from defatted rapeseed
(and the subsequent precipitation of these substances by
acid). The dissolution of the substances was found to vary

in a complicated manner with the pH of extraction (Figure V).
The curves in the figure are from the extraction of a meal
that was defatted without heating.

Rapeseed protein concentrate produced in a technical process
on a pilot-plant scale has a rather limited solubility due
to the heat treatments.

Modifications have been made on rapeseed protein concentrate
of limited solubility. Alkali, acid and enzymes were used in
the solubilization procedures (16). All modified products had
higher values of solubility, emulsifying and foaming indices
and three of the seven modified preparations had a better
swelling ability than the original RPC-sample however the
taste of the products was too strong and the functional pro-
perties were still too poor to be of practical interest.

The water absorption (swelling) of rapeseed protein products
is very high. That this property compares favourably with

those of soya bean products has also been shown by Sosulski
(17). Water absorption, and water holding capacity of rape-
seed and soya proteins are shown in Figure VI.When the pro-
tein products are texturized the water absorption decreases.

Rapeseed protein products are also superior to soya bean
flour and rate in fat absorption with rapeseed protein con-
centrate showing the highest value.

Whippability and foam stability and gelation of rapeseed pro-
ducts have also been studied with poor results for RPC and
good for rapeseed protein isolate.

The colour of RPC is light with a tendency to turn darker
during heat treatments especially extrusion cooking. Rapeseed
protein isolates are usually greyish.

Taste and fllavour

The characteristic flavours of textured rapeseed and soya
proteins have been analyzed organoleptically (18). Very bland
rapeseed protein products can however be produced.
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Quist has made an extensive study of unconventional proteins
as aroma precursors (19,20). Over 110 compounds were identi-
fied by GLC-MS from the head space gas of a low temperature
distillate from more or less heated RPC. The odour of rape-
seed protein samples depends on the presence of low molecu-
lar weight, straight and branched chain aldehydes and sulphur
compounds. Several furan derivatives and nitrogen-containing
compounds are probably also important. Mean panel intensities
of three odour qualities for soya (S) and rapeseed (R) prote-
ins heaﬁed in modsl systems for 60 min at temperatures bet-
ween 75°C and 120°C are shown in Figure VII.

RPC in meat products

The functional properties of protein preparations can provide
information about the action of a protein when incorporated
in a food. Capacities for emulsification, water absorption
and fat absorption are examples of such properties. Andersson
tried to find relevant methods of instrumental and sensory
analysis of meat patties containing untextured rapeseed pro-
tein concentrate. The addition of untextured RPC required the
same force at 50% penetration with an Instron testing machine
as the addition of textured soya flours, and it gave far
better results than did additions of soya protein isolate or
casein (21).

The consistency of meat patties with textured vegetable pro-
teins has been studied. The total impression of consistency
can be equalized between patties with soya or rapeseed prote-
ins by other binding ingredients such as bread crumbs and
potato flakes. (Figure VIII).

To determine whether fat was absorbed or lost during deep fat
frying the patties were fried either in rapeseed oil or in
coconut oil. These o0ils were chosen because they have diffe-
rent fatty acid compositions from that of meat. Fatty acid
analysis of the 0il was made before frying and of the patties
before and after frying. The analyses of the fatty acid com-
positions showed that the control batter released a conside-
rable amount of the original fat and at the same time absorbed
a great deal (Figure IX).The net balance was negative, i.e.
more fat was released than absorbed.

Batter with texturized soya flour released about half the
amount released by the control, and absorbed about the same
amount, but less than the control batter. The net balance was
slightly positive i.e. some more fat was absorbed than relea-
sed. Batter with RPC released about the same amount as batter
with textured soya flour but absorbed as much as the control
batter. The net balance was strongly positive i.e. twice as
much fat was absorbed than released.

The frying loss (fat and water loss)} was measured in patties
with RPC, textured soya flour or soya protein concentrate.
Patties with RPC had the lowest frying loss and the control
patties the highest (Figure X).




161

HAUMOd HTIN WIHS =dINS
SEBWMNED  OQV3INB =(KWS

FANLVYIGNIL ONIVIH
HOYVIS QLVIOd =SWd

it 08 oL 0s ot
SINVI4  OLVIOd = 14d 0
rws rWd .
dWS dWS 4
IWg V4d €
14d WS 341038 ININ
3 g -0dWOd oNIONIg 7
| S
£\ ] B 9
R I 3 B 0
1
/ ¢ 3y ¢
€
] 1 .
oY Q3HOWS 'IN¥NgG :
N : s
i 08 ﬁ 0
9€S
{49 |
4
1, x P ¢
v
S
(325 2'NOC3H) END RN ENE PN ER
NOISS3ddW 71CL ‘ 9
ALISNILNI

; U ONV WS( N3IMLIE S3UNLVHIJWIL LV SNIW 09 §04
S3ILLVHIVIN NI ONMILSISNOD 4O NOISS3ddWI THIL5As 13008 NI Q39 NTi0Nd T8 033534V 0NV (31

AGS ¥04 SIUINYNG ¥OCO 33¥H1 4C SITISNIINT T3Nvg NVIW

TTIA 914 TTA “914



162

081N0D ; 0z-

O
iy 04y i .ﬁ §l-
w Lo
\IE
/
. 0
SSOT ONtANS

(431iva 1v3W 600/6) ONiAud 13

d330 ONRING SIILIVd IVIW NI SSOT ONIANS

X “9I4

inoy kos paimxa) = 45|
NDHUAIUOIUIN0 pIIsAdoy = Ddy

WS *hS h S
451 ody 041N ot
m

>

-> 0 -
£
L g -2
g
+9- m
4

ﬁ- - N -

// 0
b-d
MBIBE:
c
2
M 1942
-
g
duoIDq _uzz +9 .M
Buikyy Buinp 1s0) v:ou . —
punoqg 10; jo Junowy g+

¥31ive tvaw 5o01/6

ONIAYS ¥314V 1vd J0 JONVIVE

13N ONV ONIAMS 1vd 4330 ONIgNd 1507 GNY

ONNO8 Ivd 40 INNOWY 1VIOL 3HL NI 39NVR)

XI "9I4




163

The quality of wieners supplemented with rapeseed protein con-
centrates has been studied by e.g. Sosulski (22). Wieners con-
taining an additional 20% of rapeseed protein were lower in
fat content and emulsion stability, but showed less shrinkage
during the smokehouse and cooler treatment.

Experiments have shown that RPC has a good stabilizing effect
on sausage emulsions because of good fat and water binding
properties. The consistency of the sausage is somewhat mushy
because of the lack of gelation ability in RPC.

Very bland rapeseed protein products can be produced. The re-
maining flavour in RPC seems to be better covered in meat
systems than that from soya protein products (Table III).

TABLE III

ORGANOLEPTIC ANALYSIS OF MEAT PATTIES
Laboratory panel

Flavour 5% 5% %

Scale 1-7 TSFL TRPC TRPC
Poor - good ....c.iiieiiinnnn 3.5 4.5 3.5
Meat flavour .......cceeeess 3 4.5 3.5
Off flavour ...ecuiceneceonen 5 4 5

TSFL textured soya flour

TRPC textured rapeseed protein concentrate

This may be due to the fact that we are used to the taste of
glucosinolate split products through our consumption of e.g.
mustard or cabbage. This is one advantage for RPC over soya
protein products.

RPC in bread

The effects of RPC in bread have been studied both in Canada
and Sweden. 5-15% of wheat flour was replaced by RPC. The
quality of the dough was followed by farinograph, by extenso-
graph and by SJA dough testing mashines. The results show that
the water uptake of RPC was ca 230%, of SPC 175% and for
textured soya flour 130% compared to 60% for wheat flour
(Figure XI). Farinograms show some slow development time but
quite good stability. The extensibility (Figure XII) of the
respective doughs with vegetable proteins was not as equally
good as in the control. The volume of the bread baked on the
dough was poor. The reason for this was not poor gas develop-
ment, but poor gas retention. This effect could be more than
compensated for by the use of normal baking aids e.g. with
stearoyllactylate (SSL) (Figure XIII). The colour of the bread
is somewhat darker at high levels.
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FI1G. XIII

BREADVOLUME AS FUNCTION OF FERMENTING PERICD
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CONCLUSIONS

Heat treated rapeseed flours are comparable to soya been
flour in water absorption and gave much higher fat absorp-
tion, 0il emulsification and whippability values. The func-
tional properties of RPC are summarized in the next table.
(Table 1V).

TABLE IV
FUNCTIONAL PROPERTIES OF RPC

Nitrogen solubility in water ........veuveevecnn. 5-10%
Nitrogen solubility in 0.2 M NaCl .....coeuuvuvunn. 15~20%
Water absorption (fre€) ...vcviiciirneerineennennns 500~800%
Water holding capacity (500 rpm) ....cceveevennn. 400%
Fat binding ...... Cesesesesaan Ch e iec e e Excellent
Emulsification properties ..iseeeeveenneeoneneenn Poor
Foaming properties .........cieiieniinernccennnsans Poor
Gelling properties .......iiveeeeeeoneoonnonnesens Poor
COlOUT tiviiietinti et ansansoceeonarecsanananans Light yellow
Flavour ...ttt ittt reotnonenrannnens Bland
5] 5 6.0-6.5

Rapeseed protein concentrate and isolates show excellent
water- and fat-holding capacity. The isolate is also high in
0il emulsification and whipping characteristics.
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