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ABSTRACT 

During recent years somewhat different methods 
of producing rapeseed protein concentrates (RPC) 
and isolates (RPI) have been developed. Texturizing 
of RPC has also been studied. Functional  properties 
of RPC such as solubility, water-and fat-binding, 
emulsifying and foaming have been studied together 
with their organoleptic properties. Very bland RPC 
can be produced. How variables obtained in the 
instrumental analysis are related to those obtained 
in the sensory analysis has also been studied. Rape- 
seed flours are comparable to soy flours in water 
absorption and give higher fat absorption. Oil emul- 
sification and whippability values depend on process- 
ing. Rapeseed protein concentrates and isolates show 
excellent water- and fat-holding capacity. The isolate 
is high in oil emulsification and whipping character- 
istics. Rapeseed protein products can therefore be 
used as extenders or binders in meat patties or 
sausages. Their use in bread and other food items also 
has been studied. Due to high contents of lysine, 
methionine and cysteine, rapeseed proteins have a 
higher nutritive value than any other known vegetable 
protein. Their nutritive value is as high as that of 
good animal proteins. This has been shown in growth 
studies on rats and in a nitrogen balance study on 
student volunteers. The safety of RPC has been tested 
through many years. With the exception of a negative 
effect on the zinc balance in rats, which can be com- 
pensated, no negative finding has been recorded. 

INTRODUCTION 

Rapeseed and mustard (Brassica napus, B. campestris 
and B. juneea) rank number  five among the oilseeds. They 
are the only oilseeds grown successfully in all parts of the 
world (Table II) (1). 

The seeds contain 40-45% oil and 25% (Nx6.25) protein 
of a very high nutritive quality, but there are also about 4% 
of glucosinolates in the seeds of normal rapeseed varieties 
(Table II). Extensive breeding programs in Canada and 
Northern Europe have developed rapeseed varieties with 
low contents of glucosinolates. 

During the 1970s somewhat different methods of pro- 
ducing rapeseed protein concentrates (RPC) for human con- 
sumption were developed in Canada, Sweden (Figure 1) 
(2), and Poland. The rapeseeds are first dehulled and the 
meats are then heat treated to inactivate the myrosinase. 
The glucosinolates are removed by water leaching, where- 
upon the material is dried. The oil is recovered by extrac- 
tion. The by-products from the dehulling and water leach- 
ing steps can be used as cattle feed after further oil 
recovery. 

A method to produce mustard seed protein has been 
developed in Mysore in India. Rapeseed protein isolates 
have also been prepared (3). Texturizing PRC has been 
studied in the US and Europe. 

COMPOSITION OF RPC 

Composition of the rapeseed protein concentrate is 
shown in Table Ill. 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 (inositol hexaphosphate), which 
wfli be discussed later. The residual glucosinolate content  in 
RPC is very low, which means that more than 99% of the 
original glucosinolates can be removed. The water insoluble 
parts of the carbohydrates are left in the RPC. They consist 
of cell wall carbohydrates of the dietary fiber type. (4). 

N U T R I T I O N A L  PROPERTIES OF RPC 

The amino acid composition of RPC is shown in Table 
IV. Rapeseed protein has a substantially higher content  of 
sulphur-containing amino acids than soy protein, as well as 
adequate amounts of the other essential amino acids. 

This is well reflected in the nutri t ional value obtained in 
rat feeding trials (Table V). The results show conclusively 
that the nutri t ional  value of RPC is equal to or better than 
that of a good animal protein. The variation in the PER 
values seems mainly to be depending on the laboratory. The 
importance of having a sufficiently high zinc level in the 
diet to obtain a normal PER value has been pointed out 
(5). Gorill et al. (6) supplemented RPC with methionine,  
lysine or isoleucine, but did not  obtain increased PER 

T A B L E  I 

P r o d u c t i o n  o f  R a p e s e e d  
(1,000 tons) 

1 9 7 7 - 7 8  
1 9 7 0 - 7 1  1 9 7 2 - 7 3  1 9 7 5 - 7 6  ( f o r e c a s t )  

Ind ia  1 , 9 4 4  1 , 8 0 0  1 , 9 3 6  1 , 6 0 0  
C a n a d a  1 , 6 1 2  1 , 2 7 9  1 , 7 4 9  1 , 9 0 0  
C h i n a  9 7 5  9 2 5  1 , 3 5 0  1 , 3 5 0  
F r a n c e  5 7 6  7 0 3  5 3 2  4 2 1  
P o l a n d  5 7 3  ( 4 5 0 )  7 2 6  6 7 2  
S w e d e n  189  327  2 8 5  2 3 3  
P a k i s t a n  2 6 5  315  2 6 7  ? 
West  G e r m a n y  182  2 4 5  199  2 8 2  
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T A B L E  II 

C o m p o s i t i o n  o f  R a p e s e e d  

C o m p o n e n t  % d .b .  

Fa t  45  
P ro t e in  (N x 5 .5)  22  
C a r b o h y d r a t e s  17 
L ign in  a n d  p h e n o l s  7 
G l u c o s i n o l a t e s  4 
P h y t i c  ac id  2 
O t h e r  ash c o m p o n e n t s  3 

T A B L E  11I 

A n a l y t i c a l  D a t a  for  
R a p e s e e d  P r o t e i n  C o n c e n t r a t e  ( R P C )  

C o m p o u n d  % d .b .  

P ro t e in  (N x 5 .5)  57 
I ' r o t e in  (N x 6 . 2 5 )  65 
["at 3 
C r u d e  f ibe r  8 
O t h e r  c a r b o h y d r a t e s  2 3  
T o t a l  ash 7.5 
Phy t ic  ac id  6 
O t h e r  ash c o m p o n e n t s  2 
O t h e r  N-compounds 1 
M o i s t u r e  7.5 
( ; l u c o s i n o l a t e s  < 0 . 2  

values, which shows that  in practice there is no l imit ing 
amino  acid in RPC. 

A prel iminary s tudy has been made of  the acceptabi l i ty  
o f  RPC in the human diet as a ni t rogen balance s tudy on 
s tudent  volunteers  (Figure 2). The results show that  RPC 
has a less negative ni t rogen balance than will milk prote in  
or wheat  protein.  

In a recent  s tudy we de te rmined  the PER of  different  
combina t ions  of  RPC and soy proteins  in a ground meat  
mix tu re  (7). As can be seen in Table  VI combina t ions  of  
RPC and t ex tu red  soy f lour and soy protein isolate (1SP) 
give a much  higher PER value than do the soy proteins 
alone. ISP decreases and RPC increases the PER of  the 
ground meat  mix ture ,  and the t ex tu red  soy f lour does not  
change it. If RPC is used in combina t i on  with soy proteins  
in the ground mea t  mix ture ,  the PER value will not  be 
lowered ,  as will be the case if  soy prote in  isolate and tex- 
tured soy f lour  are used together .  

In ano ther  s tudy (8) it was shown that  the NPU and also 
the BV are increased if  RPC is added to the ground mea t  
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mixture.  On the o ther  hand,  the NPU and BV are lowered 
by tex tured  soy flour and especially by soy protein isolate. 

TOXICITY STUDIES ON RPC 

Animal  studies have shown that  the low level of  gluco- 
sinolates in RPC seems to be safe. Figure 3 shows a growth 
s tudy with female rats given rapeseed prote in  products  with 
various levels o f  glucosinolates. There  is a growth-depressing 
effect ,  if  the  glucosinolate  con ten t  is 10 t imes higher than 
that  of  RPC. When a nonheat - t rea ted  rapeseed meal with a 

T A B L E  IV 

A m i n o  A c i d  C o n t e n t  o f  R a p e s e e d  P ro t e in  C o n c e n t r a t e  (RPC)  
a n d  S o y b e a n  F l o u r  ( g / 1 6  gN)  

W H O / F A O  s c o r i n g  
A m i n o  ac id  RPC S o y b e a n  f l o u r  p a t t e r n  1 9 7 3  

I so l euc ine  4 .2  4 .2  
L e u c i n e  7 .3  7 .0  
L y s i n e  5 .8  5 .8  
P h e n y l a l a n i n e  4.1 4 .5  
T y r o s i n e  3.1 3.1 
C y s t i n e  2 .6  0 .7  
M e t h i o n i n e  2 .3  1.1 
T r e o n i n e  4 .5  3.8 
Va l ine  5.2 4 .3  
T r y p t o p h a n  1.4 1.3 
H i s t i d ine  2 .7  2 .4  
A r g i n i n e  6 .6  7 .0  
A s p a r t i c  ac id  7.1 10 .2  
G i u t a m i c  ac id  17 .9  16 .5  
Se r ine  4 .7  5 .0  
Pro l ine  6.1 4 .8  
G l y c i n e  5 .3  3 .8  
A l a n i n e  4 .6  3 .9  

4 . 0  
7 .0  
5.5 

6 .0  

3.5 

4 .0  
5 .0  
1.0 
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pro~ein/kg BMC 

Prote in  e f f ic iency  ra t io  (P ER)  3.0 - 3.5 a 
Net  p ro te in  ut i l iza t ion (NP U)  87 - 90 
Biological va lue  (BV)  90 - 92 
T rue  digest ibi l i ty  ( T D )  95 - 100 

aWhen ad jus ted  to casein w i th  a PER value o f  2.5.  

normal content  of  glucosinolates was given to the rats there 
was no growth at all. 

Oxazolidinethiones and isothiocyanates from the gluco- 
sinolates cause the thyroid to increase in weight (the goitro- 
genic effect) as is shown in Figure 4. With the lowest level 
of glucosinolates there is no effect. Jones (9) has shown 
that it is the oxazolidinethione that has the strongest effect 

on the thyroid. He has also reported that if the glucosinol- 
ate content  in the diet is 0.45 mg/g or lower, there will be 
no effect on rat growth or thyroid weight. The rats were 
given 20% protein in the diet, which means that the gluco- 
sinolate content  of the RPC should be lower than 1.4 
mg/g. This value is much higher than the normal value of 
< 0.2 mg/g for RPC. A glucosinolate content  of this 
magnitude seems acceptable in RPC for food use. Cabbage, 
for example, can contain higher values (10). 

Nitriles that can also be split products from glucosino- 
lates have a higher toxicity than oxazolidinethiones and a 
different physiological effect. Van Etten et al. (11) have 
reported LD50 values that are 5-10 times lower than for 
vinyloxazolidinethione. The nitriles are, however, not  
formed to any great extent in heat-treated materials. The 
content  of  nitriles in a well prepared RPC is below 1 mg]kg 
and will cause no problems. 

Subacute toxicity studies have also been run for three 
months on rats and dogs with RPC (12). Another  extended 
test for four months on rats with complete examination of 
blood, urine, organs etc., has recently been concluded. No 
detrimental effects on the animals has been found (13). 

Another major problem with RPC has been the effect 
it can have on pregnant rats. Typically it causes anorexia 
(lack of appetite) and a weight loss during the last days of 

the pregnancy (14,15). In more severe cases, other toxic 
symptoms and a high fetal mortali ty was observed (16). 
Rat studies carried out during recent years connect this 
problem with the phytic acid in RPC and its effects on zinc 
absorption. 

As stated earlier, the phytic acid content  in RPC pre- 
pared in the usual way is rather high, about 5-6% (90 mg/g 

protein). In vitro experiments have shown that phytic acid 
forms very slightly soluble salts with zinc, especially in the 

Period 
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T A B L E  V 

Nut r i t i ona l  Values  fo r  RPC 

FIG.  2. H u m a n  n i t rogen  b a l an ce  s tudy .  

presence of calcium (17). In rat studies a marked reduction 
in the zinc level in serum and femur can be seen in the 
animals given RPC (9,18,19). If, however, extra zinc is 
added to a RPC diet, no such reduction is observed. 

Studies have been made on growth and diet consump- 
tion of  pregnant rats with different protein sources in the 
diet (Table VII) (20). If the phytic acid content  in the rape- 
seed material was reduced either by acid leaching, by using 
rapeseed with low phosphorus content  or by preparing a 
rapeseed isolate, no effects were found. The anorexia can 
also be overcome by an extra addition of  zinc (80 mg/kg) 
or iron (270 mg/kg) to the diet. If the calcium content  of 
the diet is strongly reduced, the effect on the pregnant rats 
will also disappear. For comparison, cottonseed protein and 
soybean flour were included in the test. The cottonseed 
protein , with a high phytic acid content,  also caused 
anorexia, but no effect could be observed after the inclus- 
ion of  soybean flour with a low phytic acid content.  

These and other results show that it is the phytic acid in 
RPC that strongly binds zinc and makes it unavailable for 
the pregnant rat, which has an increased demand of dietary 
zinc during the last days of pregnancy. The results also 
clearly show that there are ways to solve this problem by 
adding extra zinc or by lowering the phytic acid content.  

F U N C T I O N A L  PROPERTIES 

Functional properties of  protein preparations can pro- 

T A B L E  VI  

PER Values  for  Prote in  Mix tures  

% Veg. p ro t e in  
Prote in  source  in cor resp ,  m e a t  PER 
or m i x t u r e s  p a t t y  a ( ad jus t ed )  

6.8 
8.1 
4.7 

3 . 7 + 3 . 7  
4 . 6 + 1 . 5  
5 . 2 + 1 . 7  
5 + 5 + 2  

RPC 
T e x t u r e d  soy f lour  ( T S F )  
Soy p ro te in  isolate (ISP) 
G r o u n d  m e a t  m i x t u r e  (GMM)b  
RPC + T S F  (55+45  o f  p ro t e in )  
RPC + TS F  + ISP ( 4 2 + 4 2 + 1 7  o f  p ro te in )  
RPC + GMM 
TS F  + GMM 
ISP + GMM 
RPC + T S F  + GMM 
RPC + ISP + GMM 
TS F  + ISP + GMM 
RPC + T S F  + ISP + GMM 

3.5 
2.2 
1.9 
3.0 
3.3 
3.1 
3.3 
3.0 
2.7 
3.1 
3.1 
2.6 
3.1 

a33% of  the  p ro t e in  f r o m  soy or rapeseed .  
b M i x t u r e  of  b e e f  and  p o r k  t r i m m i n g s ,  s k i m m i l k  p o w d e r ,  p o t a t o  f lakes and b r ead  c rumbs .  
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Weight g 

i Glucosinolates in 
the flours, mg/g 

0,3 RPC 

200 4,2 
19,4 

0 Casein 

150 

100 

25 rapeseed meal 
(no heat 

5 0 ~ ' ~ ' )  

2 4 6 8 10 12 
FIG. 3. The effect of  glucosinolates on growth of  female rats 

given rapeseed flours. 

vide information about the action of the protein when 
incorporated into 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  analysis to those obtained 
in the sensory analysis has also been studied. 

Solubility is normally the first property to be tested 
when a new protein product is to be studied. Radwan and 
Lu (21) determined the solubility at different temperatures 
from 25-55 C in the whole pH range. It was found that the 
points of minimum nitrogen solubility occur at pH values 
from 4.5 to 7.2. 

Gillberg and T6rnell (3) studied the dissolution of 
nitrogen and phosphorus-containing substances from de- 
fatted 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 5). 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 of rapeseed pro- 
tein concentrate of limited solubility have been made. 
Alkali, acid, and enzymes were used in the solubilization 
procedures (22). 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 

mg/100g 
body weight 

15 

10 

Glucosinolates in 
the flours mg/g 

t 
25 19.4 

Af te r  12 weeks 

nnh 
4.2 0.3 0 

Rapeseed meal RPC Casein 

FIG. 4. The effect of  glucosinolates on thyroid weight of  female 
rats given rapeseed protein products. 

the products was too strong, and the functional properties 
were still too poor to be of practical interest. 

The water absorption (swelling) of rapeseed protein 
products is very high. That this property compares favor- 
ably with those of soybean products has "also been shown 
by Sosulski (23). Water absorption and water-holding 
capacity of rapeseed and soy proteins are shown in Figure 
6. When the protein products are texturized, the water 
absorption decreases. 

Rapeseed protein products are also superior to soybean 
flour and concentrate in fat absorption, with rapeseed 
protein concentrate showing the highest value. 

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

The color of RPC is light with a tendency to turn darker 
during heat treatments, especially extrusion cooking. Rape- 
seed protein isolates are usually greyish. 

TASTE AND FLAVOR 

Characteristic flavors of textured rapeseed and soy pro- 
teins have been analyzed organoleptically (24). Very bland 
rapeseed protein products can be produced. Quist has made 
an extensive study of unconventional  proteins as aroma pre- 
cursors (25,26). Over 110 compounds were identified by 
GLC-MS from the head space gas of a low temperature 
distillate from more or less heated RPC. The odor of 
rapeseed protein samples depends on the presence of low 

TABLE VII 

Growth Study of Pregnant Rats Given 
Different Protein Sources in the Diet 

Growth Diet consumption 
Diet day 19-21, ga on day 21, ga 

Casein 23.3 15 
RPC (Standard) -3.8 4 
RPC (Phytic acid reduced) 35.6 18 
RPC (Low-P-seeds) 30.7 19 
RPI 31.0 15 
RPC + extra Zn 22.8 14 
RPC + extra Fe 18.8 14 
RPC Iox Ca diet 22.1 16 
Cottonseed protein (LCP) 10.8 11 
Soybean flour 20.8 18 

aparturition on day 22. 
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FIG. 5. Solubility in relation to pH. 
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FIG. 6, Water absorption of RPC and soy protein. 
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FIG. 7. Mean panel intensities of three odor qualities for soy(S) 
and rapeseed (R) protein heated in model systems for 60 rain at 
temperatures between 75 and 120. 

molecular  weight, straight and branched-chain aldehydes 
and sulphur compounds.  Several furan derivatives and 
nitrogen-containing compounds  are probably  also import -  
ant. Mean panel intensities of three odor  qualities for soy 
(S) and rapeseed (R) proteins heated in model  systems for 
60 min at temperatures  between 75 C and 120 C are shown 
in Figure 7. 

RPC IN MEAT PRODUCTS 

Funct ional  propert ies of  protein preparat ions can pro- 
vide informat ion about  the act ion of  a protein  when in- 
corporated into a food.  Capacities for emulsification, water  
absorption,  and fat absorpt ion are examples of  such pro- 
perties. Andersson tried to find relevant methods  of  in- 
s trumental  and sensory analysis of  meat pat t ies  contain- 
ing untextured rapeseed prote in  concentrates.  Addi t ion  of  
untextured RPC required the same force at 50% penetra-  
t ion with an Instron testing machine as the  addi t ion of  
textured soy flours, and i t  gave far be t te r  results than did 
addit ions of  soy protein  isolate or casein. (27). Consist- 

J. AM. OIL CHEMISTS' SOC. March 1979 (VOL. 56) 435 



g / f0O  g meat batter +I 
* 6  

~t 

"6 
r 

- 2  

0 -  4 

- 8  

-10  Control  

n A m o u n t  of fat absorbed 
or lost dur ing frying 

Net balance 

II LI 

RPC 5% TSF 5% 

RPC = Rapeseed prote in  concentrate 
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FIG. 8. Change in the total amount of fat bound and lost during 
deep fat frying and net balance fat after frying. 

TABLE VIII 

Organoleptic Analysis of Meat Patties 

Laboratory panel 

Flavor 5% 5% 8% 
Sca le  1-7 TSFL a TRPC b TRPC 

Poor - good 3.5 4.5 3.5 
Meat flavor 3 4.5 3.5 
Off-flavor 5 4 5 

aTSFL = textured soy flour. 
bTRPC = textured rapeseed protein concentrate. 

ency  o f  m e a t  pa t t i e s  wi th  t e x t u r e d  vege tab le  p ro t e in s  has  
been  s tud ied .  The  t o t a l  i m p r e s s i o n  o f  cons i s t ency  can  be  
equa l i zed  b e t w e e n  pa t t i e s  w i th  soy  or  r apeseed  p r o t e i n s  b y  
o t h e r  b i n d i n g  ing red i en t s  such  as b r e a d  c r u m b s  and  p o t a t o  
flakes.  

To d e t e r m i n e  w h e t h e r  fat  was a b s o r b e d  or  los t  du r ing  
deep  fa t  f ry ing,  t h e  pa t t i e s  were f r ied e i t he r  in  rapeseed  oil 
or  in  c o c o n u t  oil. These  oils were  c h o s e n  because  t h e y  have  
d i f f e r en t  f a t t y  acid c o m p o s i t i o n s  f r o m  t h o s e  o f  m e a t .  F a t t y  
acid analys is  o f  t he  oil was m a d e  b e f o r e  f ry ing  and  of  t he  
pa t t i e s  b e f o r e  and  a f t e r  f rying.  Ana lyses  o f  t he  f a t t y  acid 
c o m p o s i t i o n s  s h o w e d  t h a t  t he  c o n t r o l  b a t t e r  re leased a con-  
s iderable  a m o u n t  o f  the  or ig inal  fa t  a n d  at  the  same t ime  
a b s o r b e d  a g rea t  deal  (F igure  8). T h e  ne t  ba l ance  was nega-  
t ive,  i.e., m o r e  fa t  was re leased  t h a n  a b s o r b e d .  

B a t t e r  w i th  t e x t u r i z e d  soy f lour  los t  a b o u t  ha l f  t he  
a m o u n t  re leased  by  t he  c o n t r o l ,  and  a b s o r b e d  a b o u t  t he  
same a m o u n t ,  b u t  less t h a n  the  c o n t r o l  ba t t e r .  The  ne t  
ba l ance  was s l ight ly  posi t ive ,  i.e., some  m o r e  fa t  was 
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l:lG. 9. Bread volume as function of fermenting period. 

TABLE IX 

Functional Properties of RPC 

Nitrogen solubility in water 5-10% 
Nitrogen solubility in 0.2 M NaC1 15-20% 
Water absorption (free) 500-800% 
Water-holding capacity (500 rpm) 400% 
Fat-binding Excellent 
Emulsification properties Poor 
Foaming properties Poor 
Gelling properties Poor 
Color Light yellow 
Flavor Bland 
pH 6.0-6.5 

a b s o r b e d  t h a n  released.  B a t t e r  wi th  RPC released a b o u t  the  
same a m o u n t  as b a t t e r  wi th  t e x t u r e d  soy  f lour ,  bu t  
a b s o r b e d  as m u c h  as the  c o n t r o l  ba t te r .  The  ne t  ba lance  
was s t rong ly  pos i t ive ;  i.e., twice  as m u c h  fa t  was abso rbed  
as re leased.  

The  f ry ing  loss ( fa t  and  wa te r  loss) was measu red  in 
m e a t  pat t ies .  T h o s e  wi th  RPC had  t he  l owes t  f ry ing  loss 
(14%) and  t h e  c o n t r o l  w i th  pa t t i e s  t he  soy p r o t e i n  concen-  
t r a t e  the  h ighes t  (18%),  w i t h  pa t t i e s  c o n t a i n i n g  t ex tu red  
soy p r o t e i n  a b o u t  15%. 

T h e  qua l i ty  o f  wieners  s u p p l e m e n t e d  w i th  rapeseed  
p r o t e i n  c o n c e n t r a t e s  has  b e e n  s tud ied  by,  for  example ,  
Sosulski  (28) .  Wieners  c o n t a i n i n g  an add i t i ona l  20% of  
rapeseed  p r o t e i n  were l o w e r  in  fat  c o n t e n t  and  emuls ion  
s tab i l i ty ,  bu t  s h o w e d  less sh r inkage  dur ing  t h e  s m o k e h o u s e  
and  coo le r  t r e a t m e n t .  

E x p e r i m e n t s  have  s h o w n  the  RPC has  a good  stabi l iz-  
ing ef fec t  o n  sausage emul s ions  because  of  good  fat  and  
wa te r -b ind ing  p roper t i e s .  The  cons i s t ency  o f  t he  sausage 
is s o m e w h a t  m u s h y  because  o f  t he  lack o f  ge la t ion  abi l i ty  
in  RPC. 

Ve ry  b l a n d  rapeseed  p r o t e i n  p r o d u c t s  c an  be  p roduced .  
The  r e m a i n i n g  f lavor  in  RPC seems to  be b e t t e r  covered  in 
m e a t  sys tems  t h a n  t h a t  f r om soy  p r o t e i n  p r o d u c t s  (Tab le  
VIII) .  This  m a y  be  due  to  t he  fac t  t h a t  we are used  to  the  
tas te  o f  g tucos ino la te  split  p r o d u c t s  t h r o u g h  ou r  c o n s u m p -  
t i on  of ,  for  example ,  m u s t a r d  o r  cabbage ,  This  m a y  be  one  
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advantage for RPC over soy protein products. 

RPC IN BREAD 

The effects of RPC in bread have been studied both in 
Canada and Sweden. Five to fifteen per cent of wheat flour 
was replaced by RPC. The quality of the dough was follow- 
ed by farinograph, extensorgraph, and by SJA dough test- 
ing machines. Results show that the water uptake of RPC 
was about 230%, of SPC was 175% and of textured soy 
flour was 130% compared to 60% for wheat f lour  Farino- 
grams show some slow development time but  quite good 
stability. Extensibility of the respective doughs with vege- 
table proteins was not  as good as in the control. The 
volume of the bread baked on the dough was poor. The 
reason for this was not  poor gas development, but  poor gas 
retention. This effect could be more than compensated for 
by the use of normal baking aids, e.g., with stearoyllacty- 
late (SSL) (Figure 9). The co/or of the bread is somewhat 
darker at high levels. 

Heat-treated rapeseed flours are comparable to s oybe a n  
flour in water absorption and gave much higher fat absorp- 
tion, oil emulsification and whippability values. The func- 
tional properties of RPC are summarized in Table IX. 
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