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ABSTRACT 

Rapeseed is a major oilseed crop in Canada. Many 
investigators have turned their at tention to use ef 
protein left in the meal after oil extraction.  However, 
the meal contains goitrogenic substances which must 
be removed or inactivated before the meal can be 
used as a potential  protein source for food and feed. 
A water extraction process has been developed which 
removes over 90% of  the glycosinalates and wttich 
resutts in a protein concentrate having an essential 
am~no acid balance that has been shown by nutri- 
tions2 evaluation to be superior to any other  known 
oilseed protein. However, in highly stressed animals 
being fed rapeseed protein as the only protein source, 
a zinc deficiency readily manifests itself, especially 
with pregnant rats. The zinc deficiency syndrome is 
readily overcome by supplementing the diets of 
pregnant  rats with zinc in amounts sufficient to 
complex the phytic acid present in the protein 
concentrate.  This approach appears to be more 
practical for overcoming the adverse effects of 
phytates than at tempting to remove them by proces- 
sing treatments.  This contribution demonstrates the 
extensive studies necessary before a protein from a 
source known to possess toxic and antinutritional 
factors can be accepted as a food ingredient. 

INTRODUCTION 

There has been intense activity in recent years to prepare 
plant proteins in anticipation of  their use in foods as 
alternatives fo~ proteins derived from animal sources, 
especially meat  and milk. 

Rapeseed is the most important  oilseed crop in Canada. 
Product ion statistics indicate that  over 68 million bushels 
are being produced annually in Canada. Development of  
rapeseed varieties suitable for the short growing season and 
the climatic condit ions has helped to make this possible. 
Rapeseed is one of  the leadirlg potential  sources of food 
protein ingredients based on the production capacity of  the 
crop and the nutritional value or" the protein. Interest in 
rapeseed as a protein source materialized in the sixties when 
it became generally appreciated drat the essential amino 
acid composit ion of  rapeseed protein compared favorably 

with that  of soybean and the FAd/WHO reference protein 
(1). However, rapeseed meals have not been used in human 
food applications due largely to their high levels of toxic 
compounds and fiber, 

Toxic Compounds in Rapeseed 

The glucosinolates in the seed are degraded by the 
enzyme thioglycosidase (myrosinase), also present in the 
seed, to yield goitrogenie substances (2). These latter 
substances include: isothioeysnate,  nitrile and sulfur or 
thiocyanate depending on the cond.itions in the environ- 
merit. At lea~t seven glucosinolates have been identified in 
rapeseed (Table 1) wtfich range from ca. 10-12 mg/g rape- 
seed meal. Feeding rapeseed protein meals wNch contain 
glucosinolates causes marked effects on growth and thyroid 
of test animals (Table I[). 

The nondetoxif ied rapeseed meal caused striking inhiN- 
tioa~ of growth and enlarged thyroids.  Partial removal of  
glyeosinolate overcomes these effects and results in grcJwth 
and thyroid effects comparable to those for casein fed 
animals. 

Fiber Content of Rapeseed Meal 

T h e  second factor which is a deterrent  to use of rapeseed 
meal as human food is its high fiber content .  Rapeseed has 
a dark, hard seed coat containing a condensed polyphenol- 
based complex which contributes a substantial amount of 
fiber to commercial rapeseed meal. Typical crude fibre 
contents  of commercial A~gentine and Polish Rapeseed 
meals are unacceptably high (e.g., 13-16%), a~d the dark 
fragments of seed coat in the meal are also objectionable in 
foods. 

Production of Rapeseed Protein Concentrate 

We have been interested i~ preparing a rapeseed protein 
concentrate (RPC) containing acceptable levels of fiber and 
glycosinolates for use in foods. Other investigators, such as 
Ballester et al. (3), have at tempted to remove glucosinolates 
from eomn~ercially processed rapeseed meal. The resulting 
products m'e much improved from a feed standpoint ,  
however they are unattractive for food use because of  
color, flavor and high fiber content.  Recognizing that 
commercial rapeseed meal is unsuitable as substrate for 
preparing edible protein fractions, we developed the FRI-71 

TABLE I 

Glaco*dnolates in Rapeseed 

Trivial name Systematic name R a 

Gluconapin 
Glucobrassicanapin 
Gltacoraphania 
Glucoal~ gsin 
Gluconast urtin 
~eogoitri n 

3-Buten yl-glucosinolale 
~--l'entenyl- 
a-Methylsulphinylbu tyl- 
5-Methyls ulphinylpen lyl- 
2-Phenylethyl- 
2-Hydroxy-3-butenyl- 

2-Hydroxy4 pentenyl- 

CIt2=CH.C]{ ]. Ctl 2- 
CHf=CH.CIt 2,CH 2.CH 2- 
CH3-SO-(CH2)4- 
CH3.SO(CtI2 ) 5 - 
C6H 5.CVI2.CH 2- 
CH2~CH.CH.CH 2- 

Oft 
CH2=OH,CH 2.CH.CH 2- 

OH 

a R - - C  ,.S--Glucose 

"~- N_O_SO20-K + 
Glucosinolate 

716 
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TABLE II 

Rat Response to Detoxified and Nondetoxifled 
Rapeseed Flour (Span) 

Dietary Weight gain Thyroid weight 
protein (10%) (g per 4 wk) PERa (mg/100g b.wt.) 

Casein (control) 160.8 + ~.3 r ~.50 -+ 0.07 6.9 +- 0.56 
Nondetoxified 1.8 -+ 0+ ~-d 0.1 * 0.21 ~ 29.3 -~ 3.18 d 
rapeseed flour 
De~oxified 152,o • 5.7 2.5 -~ o.os 8.07 +- 0.35 
rapeseed flour b 

aprotein Efficiency Ratio. 
bContains myro*in~se and a 95% reduction of glucosinolates. Experiment wa~ faction. 

ally designed where groups of six weanling rats were fed test diets for four weeks. Data 
shows group means compared -adth casein control using Student's t-test. 

CMean -+ S+E.M. 
d p <  0.05. All treatment groups co~pared to ~he C~seir~ Control. 

TABLE III 

Composition and Nutritional Quality nf  Protein Concentrates of  
Different Rapesged Varieties 

Dry m a t t e r  
c o m p o s i t i o n  % E c h o  Span  Br onov,~ski O f o  T a r g e t  T o w e r  

Fa'~ 4 . 9  6,1 3.0 7,4 1,0  0,9 
Protein 63.4 59.7 69.6 61.8 6%2 66.2 
Fibre 6,1 7.7 5 ~2 6.4 6.0 6.6 
Ash 8.8 8.9 8.1 7,3 8.8 10.5 
1NFE 16,8 17,6 14.1 17.1 17,0 lS,8 

Glycosinolates a 
lsothiocyanates 0.62 0.46 0.02 0.33 0.40 <0.02 
Goitrin 0,29 O. 16 0.06 0.69 O.63 <0.06 

Protein Efficiency Ratio 
(Casein 2.5) 2.5 2.5 2,8 2.6 -- 2.6 

aExpressed in rag n-butyl isolhiocyanatr per ~. oil free meal. 

p rocess  i l lu s t r a t ed  in F igure  1 wh i ch  is s imilar  t o  a p rocess  
by O h l s o n  (4).  By ana logy  to  s o y b e a n  t e c h n o l o g y ,  r apeseed  
p ro t e in  c o n c e n t r a t e  m a y  be  def ined  as t h e  p r o d u c t  pre-  
pa red  f r o m  h igh  qua l i ty ,  s o u n d ,  c leaned,  d e h u l l e d  r apeseed  
by r emova l  o f  t h e  oil and  wate r - so lub le  n o n p r o t e i n  c o m p o -  
nen t s .  In the  FRI-71  p roce s s ,  t he  dehu l l ed  seed f r ac t ion  is 
sub j ec t ed  to  a series o f  t r e a t m e n t s :  (a) lzoiling wa t e r  
t r e a t m e n t  to  inac t iva te  e n z y m e s  in the  c o t y l e d o n s  capab le  
o f  h y d r o l y z i n g  g lucos ino t a t e s  to t ox i c  c o m p o u n d s ;  (b)  
wate r - leach ing  to ex t r ac t  wate r - so lub le  c o m p o n e n t s ,  
g lycos ino la tes ;  p r o b l e m  sugars  such  as r a f f m o s e  and  s tach-  
yose ,  and  phenol - l ike  c o m p o u n d s  s u c h  as s inap ine ;  (c) t~e 
e x t r a c t e d  c o t y l e d o n s  are recovered ,  dr ied and  h e x a n e -  
e x t r a c t e d  to  yie ld  a p r o t e i n  c o n c e n t r a t e  wi th  c o m p o s i t i o n s  
given in Table  III. 

R a p e s e e d  p ro t e in  c o n c e n t r a t e s  c o n t a i n i n g  65 -70% 
p ro t e in  are readi ly  o b t a i n e d  w h e n  the  fat  is e f f i c i en t ly  
ex t r ac t ed .  A c c e p t a b l e  f iber levels are  also ach ieved .  Nu t r i -  
t iona l  eva lua t i on  w o r k  in ou r  l a b o r a t o r y ,  u s ing  the  P ro t e in  
Ef f i c i ency  R a t i o  (P E R )  m e t h o d ,  have  c o n s i s t e n t l y  s h o w n  
the  r apeseed  p r o t e i n  c o n c e n t r a t e s  to  be supe r i o r  to  o t h e r  
oi lseeds and_ c o m p a r a b l e  o r  supe r i o r  to case in  (Table  III). 
The  nnta ' i t ional  exce l l ence  is f u r t h e r  s u b s t a n t i a t e d  by t he  
essent ia l  a m i n o  acid c o m p o s i s t i o n  relat ive to  t h a t  p r o p o s e d  
by  the  F A O / W H O  re fe rence  p ro t e i n  (1) .  R e p r e s e n t a t i v e  
values  for  the  essent ia l  a m i n o  ac ids  o f  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 s  p r epa red  by  o u r  p rocess  f r o m  se lec ted  rape-  
seed  var ie t ies  are given in Tab le  IV t o g e t h e r  wi th  t h e  
FAOt%VHO re f e r ence  p ro te in .  

T h e  m o r e  r ecen t l y  deve l oped  Targe t  and  T o w e r  rapeseed  
variet ies  c o n t a i n  i m p r o v e d  essent ia l  a m i n o  ac id  p a t t e r n s  
c o m p a r e d  wi th  t h e  o lder  E c h o  and  B r o n o w s k i  var ie t ies ,  
pa r t i cu la r ly  in  l eue ine ,  i so l euc i ne ,  su l fu r  a m i n o  acids  a n d  

CLEAN RAPESEFD 

:i 1 
Pg'EATS IIU L[.S 

Er~3;VME I~ACT~VATIO~ 
....... BOILING WATER 

~A'ATE R EXTRACTION 
5."1 WATE R.-'blEATS 

SCf?EEN 8EPARAT IOP~ 

1 
WA T E R EX'I NAG [ ION 

5.,'1 WATER., MEATS 

I SCREEN SEPARATION 
I ,, 

FLUID BED DR'/16JG 

WATFR 

HEXANs 

I 

I 

~ ~ ' A T E R  EX'rRACT 

I . . . . . .  -I SOXFILET EXTRACTION ] = OIL ANO REXANE 
RECOVERY 

GRINDING I ~ PRDTEIN CONCENTRATE 

FIG. 1. Flow Diagram ofFRI-71 Proces& 
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TABLE IV 

Essential Amino Acid Composition of Rapeseed Protein Corteeatrate (RPC} 
and FAO]WHO Reference Protein (g/t6g N) 

FAO/WHO 
Echo a Bronowski a Target a Tower a Reference 

Amino acids B. eampesfr~'s B, napu,~ B. napus B. n~pus (1973) 

lle 3.8 3.5 4,4 4,1 4,0 
Lea 6.7 6.4 7.8 7.3 q,l) 
Lys 5,9 S.9 5.8 5.8 5,S 

2.1 2"0 3 -  1"8 4 ~  [ .2 3.5 Met 1.3} 3.4 t,7} "" 2.2} ,t) 2+0/. Cys 2.2, - 
3.9 3.9 4.5 Phe 2,4t6.  3 2.3}6. 2 3,2}7, 7 4,1 }7,2 6,0 Tyr 3.1 -- 

Thr 4.1 3.s 4.6 4.8 4,0 
Trp -- --  l ~7 --- 1,0 
Val 5.0 a.7 5.2 S.0 5~0 

a Rapeseed variet Les. 

TABLE V 

Glucosinolate Content of Rapeseed Flour 
and Rapeseed Protein Concentratea 

(rag Aglycone/g Floul) 

Rapeseed 
Rapeseed Rapeseed Pl"otein 

variety Aglyr floor Concentrate % R~d nction 

Span ITC b %9 t 6 0 ,z~60 96.5 
VOT e 4,067 0.157 96,2 

Target ITC 4.08 0,400 91 .'2 
VOT 12,77 0,630 95.1 

Ore l i e  3.740 0.330 91.2 
VOT 3.296 0,688 80,0 

Tower ITC 0,087 <0.030 (>65.5) 
VOT o.298 <0.060 (>zo o) 

nrcmow~ki ITC 0.480 <0.030 ('>93.~) 
VOT 0.660 <0.060 (>91.0) 

aDetoxH]cation by water-leaching of  the glucosinotates. 
b I T C -  [sothiocyana~en. 
eVOT = goitfin. 

TABLE V] 

Mass Distribution (Dry Matter) Bronowski Rapeseed 

A.tllOU n t 

Clean whole seed 100 
~Ftullg fkles 29.3 plus 

Dehulle d seed 70~7 

~ Wash solids 16.3 
Deh all ed, wa.~hed 54 r4 
seed (30% protein) 
~So lven t  extroet (oil) 29.9 
"~'Deto~iftecl flour (or protein concentrate) 24.5 

(66% protein) 

t h r e o n i n e .  If t h e  su l fu r  a m i n o  acids and  a roma t i c  a m i n o  ac id  
va lues  are c o m b i n e d ,  t he  essent ia l  a m i n o  acid c o n t e n t s  e f  
the  Targe t  and T o w e r  c o n c e n t r a t e s  are  g rea te r  t han  the  
F A O / W I t O  re fe rence  ( 'Fable IV).  

T h e  e f fec t iveness  o f  r e m o v i n g  the  g lueos ino la t e s  is 
s h o w n  in Tab l e  V, These  were  ach ieved  wi th  a 5 : 1 l iquid to 
sol ids  e x t r a c t i o n  ra t io  and w i t h  t w o  leaching  s teps .  Be t t e r  
t h a n  90% reraovat  o f  i s o t h i o c y a n a t e s  ( ITC) and  gol t r in  
( V O T )  were ach ieved .  The  lower  t h e  initial g l ycos ino t a t e  
content  of  t he  seed ,  t h e  lower  is the  res idual  g lucos ino la t e  
in t he  p r o t e i n  c o n c e n t r a t e ,  so tha t  with  T o w e r  and  
B r o n o w s k i  var ie t ies ,  t he  res idua l  g lucos ino la t e  levels a~e less 
t h a n  t h o s e  m e a s u r e d  by  r o u t i n e  analy t ica l  m e t h o d s .  

T h e  mass  ba lance  achieved  in the  FRI-71 p rocess  us ing  
B r o n o w s k i  r apeseed  is ~ o w n  in Tab le  VI. R ecen t  i m p r o v e -  
m e n t s  in t h e  dehu l l i ng  p rocess  achieve  a 20 :80  sepa ra t ion  
b e t w e e n  hu l l s  p lus  f ines  and  dehu l l ed  seed.  T he  y ie ld  o f  
p ro t e in  c o n c e n t r a t e  f r o m  r a p e s e e d  is ca. 25%. 

Dietary Effec~ of Glucosinol~te 

Early in ou r  s tud ies ,  it was i m p o r t a n t  to have  s o m e  d a t a  
on the  residual  g tucos ino la t e  levels t ha t  wou ld  be accept -  
able  in p ro te in  c o n c e n t r a t e s  if zero levels were no t  readi ly  
possible.  Since pure  g lucos ino la t e s  were n o t  available for  
animal  tests,  we chose  water  ex t r ac t s  f r om se lec ted  rape-  
seed p rocessed  by  tile FRI-71 process  as a source  o f  g tur  
s inola tes .  These  ex t r ac t s  were c o n c e n t r a t e d ,  f reeze-dr ied  
and  chosen  on  the  basis  of  hav ing  p rogo i t r in  or g luco s in e -  
lares o the r  t h a n  p rogo i t r in  as the  d o m i n a n t  g l acos ino l a t e  
p resen t .  These  g lneos ino la t e  sou rces  were  added to c o m -  
ple te  casein-based die ts  and  t e s ted  in we,ruling rats. 

Die ta ry  levels o f  260  m g  go• and  221 m g  i so th io -  
e y a n a t e s  per  kg caused  depressed  g r o w t h  and  t h y ro id  
e n l a r g e m e n t  (Table  Vi i ) .  Inc reas ing  the  d ie t a ry  i so th i -  
o e y a n a t e  to 626  ing while  m a i n t a i n i n g  the  goitr in c o n s t a n t  
at 260  m g  did n o t  cause a m a r k e d  change  in g r o w t h  or 
t h y r o i d  en l a rgemen t .  Inc reas ing  d ie ta ry  goi t r in  to 403  nag 
gave decreased  g r o w t h  and f u r t h e r  e n l a r g e m e n t  o f  tile 
t hy ro id .  Give~ this  i n f o r m a t i o n  (5),  we added  a de tox i f i ed  
p ro t e in  c o n c e n t r a t e ,  p r epa red  f r o m  B r o n o w s k i  r apeseed ,  to  
ex t r ac t s  c o n t a i n i n g  a p p r o x i m a t e l y  equal  levels o f  p rogo i t r in  
and  o the r  i s o t h i o c y a n a t e - y i ~ l d m g  g lucos inola tes .  Diets  
c o n t a i n i n g  20% pro te in ,  M1 der ived f r o m  rapeseed  prote~n 
c o n c e n t r a t e ,  and  goi tr i~ levels o f  4 to 263 m g  per kg o f  
diet  were fed for  t h r ee  weeks  to  ma le  weanl ing  ra ts  (Table  
VIII) .  Depressed  g r o w t h  and  food  c o n s u m p t i o n  were 
ev iden t  a t  d ie ta ry  goi t r in  levels o f  263  zng per  ks ;  t h y ro id  
enlargemet~t  occu r r ed  at 134 mg  per kg d ie ta ry  goi tr in and  
poss ib ly  even  at 69 m g  pe r  kg. 

Die ta ry  goi tr in i n t a k e  caused  dep re s sed  food  in take .  This  
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Diet 

T A B L E  VII 

Growth and Thyroid Effects in Male Weanling Ra~s Fed Casein Diets 
Supplemented wi~h Rapeseed Extracts Containing Goitrin and 

Isolbiocyanates. (3 Week Feeding) 

Dietary Weight Food Thyroid 
VeT a ITCb gain consumed ~ei ght 

(mgjk~) (rag/ks) (g) (g) (mg]100g) 

1 0 0 77.8 -+ 3.4 232.6 +_ 6.7 5.43 i 0.23 
2 260 2~1 43+5 • 3.1 152.1 • 6~5 9.71 • 
3 260 6~6 4%3 • 4.t 184.9 -* 8.6 9.55 -+ o.71 
4- 403 9"I2 32.3 + 4.8 151.6 -+ t l .0  13,20 ~ 0.91 

aVOT = goitrin. 
blTC = isnthiocyanales. 

Die~ 

"FABLE VIII 

I>rogoirrin Adclftinn to Dote• Rapeseed Protein Concentrate (RPC) 
Diets al~d the Effect o n  Grovelh and 1-1hyroid of Male Weanling Rats (3 Weeks Eeeding) 

Dietary Weight l~ood Thyroid 
VOTa ITCb gain consumed weight 

(ms/ks) (mg/kg) (g) (g) (mg/t00g) 

t '~,0 5.0 105.4 d 226. l d 6.54 
2 69.0 74.0 104.4 d 204.9 d 8.82 
3 134.0 I g0.9 103.2 d 202.~ d 12.1~$ 
4 263.0 259.9 89,2 e 162A ,e 19.26 
1 PRe 4.0 S.0 854 e 173.3 e 5.88 

ave-l" -- goitrin. 
bITC = isothioeyanates. 
CpR ~ Pair Fed. 
d,eMeana in the same vertical column bearing different subscripts letter are significantly 

different from each other (P<0,O 5). Unpublished data J.D. Iones. 

TABLE IX 

Sub-Acute Toxicity Evaluation of Echo Rapeseed Protein Concentrate (RPC) 
(Thyroxine Concentratinn in Rat Serum (btg/lO0 ml)) a 

Sampling day 

Treatment group 0 30 60 91 

Casein corttrol 6.6 *- 0.3 5.g -* 0.1 b 6.4 • @.2 5.8 ! 0.3 
20% casein replaced 
with RPC 6.6 -t 0,5 S~9 * 0,2 b 6.6 -+ 0,3 5.1 +- 0.1 
40% Casein replaced 
with RPC 5.5 + 0.4 4.6 -+ 0,2 c S.9 • @,3 4.9 + 0.4 

48 rats in each goup, 24 males end 24 females, Data from reference 6. 
aDala expressed as means • SE (micro grams per 100 ml). 
b,CMeans in the same vortical column bearing different subscripts letter are significantly 

dlfferent from each other (p<o.05). 

can be shown  by restr ict ing dietary food  intake of  the diet 
conta in ing 4 mg  goitrin to flzat of  the diet conta in ing 263 
mg goitrJn using pair  fed animals.  Thus,  a diet conta in ing 
ca, 130 mg goi t r /n  in a kg caused m arked  thyro id  enlarge- 
m e n t  bu t  w i t h o u t  a marked decrease o f  food  consumed ,  A 
goitrin level in a 66% protekn concent ra te  to  give 130 m g  in 
a 20% prote in  diet wou ld  need to be ca. 400 mg goitr in per  
kg of  concentra te .  This is 0,4 mg  goitr in per  gram or 400  
p p m .  Thus ,  our  process ing condi t ions  should be such as to 
yield a p roduc t  conta in ing less t han  0.4 nag goitrin per  gram 
of  p ro te in  eoneerttrate,  

In  1972 we carried out  a sub-acute  evaluat ion (6) on 
~apeseed p ro te in  concent ra te .  This was conduc ted  
aceording to guidelines publ ished by  Health and Welfare 
Canada for  food  additives (7)  and  those  publ i shed  by the 
Prote in  Advisory Group  ofLFAO]WHO[UNICEF for  the 
preelmical  test ing o f  hove1 p ro te in  sources  (8).  Beagle dogs 
and rats were fed 90 days a 20% pro te in  diet, usual ly  
casein, in wliich 20 arid 40% of the p ro te in  was replaced by 
p ro te in  f rom Echo  rapeseed pro te in  concent ra te  con-  
t a inmg 0.29 rng/g goitrin end 0 .90 mg/g  i so th iocyanates ,  

No t rea tment -assoc ia ted  abnormal i t i es  (6) were observed in 
the beagle dogs, bu t  some  indica t ion  of  an t i thyro id  activity 
was observed in the rats fed the h igher  level of  rapeseed 
pro te in  concent ra te ,  mani fes ted  as decreased serum thy-  
rox ine  (Table IX). This test was repea ted  wi th  a T o w e r  
rapeseed prote in  concen t ra t e  conta in ing  0.02 mg/g  goitrin 
and 0.03 mg /g  i so th iocyana tes  -- a lower  level of  residual 
glyeosinolates,  No an t i thyro id  effects or  any o the r  abnor-  
malit ies were observed. Goi t r in  levels, in the  range 0.02 to 
0.29 mg]g  and 0, t  ms /g ,  seem reasonable  to use unti l  o ther  
evidence shows  otherwise .  Levels of  0,02 mg/g  goitr in can 
be readily achieved w h e n  using tow glucosinola te-eonta ining 
rapeseed.  This compares  wi th  up to 0.02 to 0.03 mg/g 
goitrin f o u n d  in fresh cabbage and 0.15 mg/g  goitr in found  
in f resh  ru tabaga  (9) (10).  

Phytata Effects 
When the sub-acute  tests were in progress,  Eklund 

(11 ,12)  at Uppsala,  Sweden ,  r epo r t ed  tha t  a rapeseed 
pro te in  concent ra te  caused toxic  ef fec ts  in pregnant  tats  
described aa a loss of  appe t i te ,  wast ing,  apa thy ,  bleeding at 
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TABLE X 

Phytate and Serum Zinc Levels in Pregnant Rats 
Fed Different Dietary Proteins 

Dietary Phytale Serum zinc 
protein % {#g/rot} 

Casein --- 1.5 
Bron Dwsld $ ,3 0.9 
Target 6.7 1.0 
Tower 7,3 0.7 
Yellow mustard 6.r 0,8 
Span 7.2 0.6 

"Karlshamn" 7,5 0.6 

TABLE XI 

Serum Zinc Content of  Pregnant Rats ~g/g ,  mean _+ S,E§ 

Diet Pregnancy 
status Casein RPCa RPC a + Zn 

Initial 13.9 + a,09 0.$8 _4 0.06 1.20 _4 0.03 
1 Week 1.1~ -+ 0.04 0.64 -+ 0.06 1.02 _4 0.04 
2 Weeks 1.09 • 0.07 0.59 -+ 0.03 1.09 • 0.1~3 
Post Partum 1,10 :L 0.10 0.61 -* 0.06 1.13 • 0.06 

aRPC - Rapeseed Protein Concentrate, 

tABLE XlI 

Numbers of  Fetuses, Live-Born and Stilt-Born Pups ill 
Pregnant Rats Fed Rapeseed Protein Concentrate (RPC) a 

Diet  

Casein RPC RPC + Zn 

One week 13.9 + ] .0 11.4 -4 1.4 11.5 • 0.8 
after pregnancy 
Two weeks 12.3 -4 1.4 12.8-+ 0.5 13,4 • 1.2 
after pregnancy 
Live-Sara It.1 -* 1.6 7.6 ~- l.S 10.9 -* t.6 
Still born 0.6 • 0.2 1.2 -+ 0.8 0.3 -+ 0,2 

aExpetimental details from Reference 16, 

the  eye- l ids  and  nose ,  r e d u c e d  l i t ter  size and  an increase  in 
n u m b e r s  o f  s t i l l -born  pups .  E k l u n d  and  Agren  (12)  also 
r epo r t ed  o n  t h e s e  o b s e r v a t i o n s  at the R apeseed  Congress  in 
Giessen ,  G e r m a n y  in 1974.  T h e y  sugges t ed  the  p resence  o f  
a t ox ic  c o m p o n e n t  o t h e r  t i tan g lucos ino la t e s  in rapeseed  
p ro t e in  c o n c e n t r a t e .  In 1974 ,  these  tes t s  were  r epea t ed  at 
the  N u t r i t i o n a l  Labora to r i e s  o f  Hea l th  and  Wel%re Canada  
us ing  p r o t e i n  c o n c e n t r a t e s  p repa red  f rom five sepa ra te  
variet ies  o f  r apeseed  and  f r o m  ye l low m u s t a r d  (13). AI] gave 
s imilar  reaul ts  -- a m a r k e d  loss o f  appe t i t e  s u b s e q u e n t  to 
the  e i g h t e e n t h  day  o f  p r e g n a n c y ,  a c c o m p a n i e d  by  rapid  
we igh t  loss and lead ing  to  fewer  l ive-born p u p s ,  an  increase  
in stiPl-born and l igh te r  weight  pups  relat ive to case in  
con t ro l  animals~ T he  m o r e  severe  s y m p t o t n s  o f  b leed ing  
f r o m  t h e  eyes  and  nose  rep~Jrted by E k l u n d  were no t  
observed .  T h e  c o n c e n t r a t e s  c o n t a i n e d  b e t w e e n  5 and  7.5% 
o f  p h y t a t e ,  and  this  a le r ted  us  to look  for  t race  m e t a l  
deficJencies~ Ana lys i s  o f  poo led  s c r m n  s a m p l e s  f rom the  
rats  a f t e r  p a r t u r i t i o n  revea led  low z inc  values,  b u t  n o r m a l  
levels o f  ca l c ium,  copper ,  m a g n e s i u m  and i ron.  T he  s e rum 
zinc  levels t oge the r  wi t5  the  p h y t a t e  levels o f  the  p ro t e in  
c o n c e n t r a t e  fed are in Table  X. T he  zinc de f i c i ency  ob  
served was s imilar  to t ha t  r e p o r t e d  by  Apgar  ( I n )  (15)  in 
r e p r o d u c t i v e  s tud ies  in ra ts  on  zinc de f ic ien t  d ie ts .  We 
c o n c l u d e d  t h a t  the  r a p e s e e d  and  m u s t a r d  p r o t e i n  c o n c e n -  
t ra tes  c o n t a i n e d  ~:~.,mponents, p r o b a b l y  p h y t a t e ,  w h i c h  
caused  z inc  de f i c i ency ,  

A d d i t i o n a l  t e s t s  were  ~andertaken in w h i c h  p r e g n a n t  ra ts  
were  fed casein ,  r apeseed  p ro t e in  c o n c e n t r a t e ,  o r  rapeseed  
p ro t e in  c o n c e n t r a t e  s u p p l e m e n t e d  wi th  z inc  in the  d r ink ing  

water .  T h e  s a m e  s y m p t o m s  appea red  in t h e  an imals  re- 
ceiving rapeseed  p ro t e in  c o n c e n t r a t e ,  b u t  the  e f fec t  was 
ove rcome  by  z inc  s u p p l e m e n t a t i o n  (16) .  The  se rum zinc 
levels o f  t he se  a~timals (Table  XI) are low for  an imals  fed 
r apeseed  p r o t e i n  c o n c e n t r a t e ,  b u t  r e t u rn  to con t ro l  levels 
on  zinc s u p p l e m e n t a t i o n .  A m a r k e d  change  in l ive-born 
p u p s  and  decrease  in still b o r n  p u p s  also o c c u r s  when  the  
r apeseed  p r o t e i n  c o n c e n t r a t e  diet  was s u p p l e m e n t e d  wi th  
z inc  (Table  XID.  

The  p r e g n a n t  ra t  is a heav i ly  s t ressed  an ima[  and  s h o w s  
zinc de f i c i ency  very readi ly  t o w a r d s  the  end  o f  p r e g n a n c y  
when  the  f e tu s  grows rap id ly  and  has  a large r e q u i r e m e n t  
for  zinc. Fenla le  rats car ry  n o  mobi l izaSle  z inc  in the i r  
t issues,  and  the  zinc has  to c o m e  f r o m  the  diet ,  Apgar  (17)  
has  r e cen t l y  s h o w n  tha t  z inc  de f ic iency  in p r e g n a n t  rats  can 
be ove rcome  by  in jec t ing  900 ~g  z inc  at  day 18 of  preg-  
nancy .  Apgar  (18)  also ha s  d e m o n s t r a t e d  tha t  the  z inc 
def ic iency  and  its assoc ia ted  s y m p t o m s  cou ld  be b ro u g h t  
a b o u t  in p r e g n a n t  ra ts  wi th  n o r m a l  z inc s t a tu s  5y  inject ing 
a che la t ing  agen t  ( E D T A )  at day  18 o f  p r e g n a n c y .  

We have ,  in add i t ion ,  fed y o u n g  weanl ing  male  rats  t h e  
same  rapeseed  p ro t e in  c o n c e n t r a t e  p r e p a r a t i o n s  used  in our  
first  e x p e r i m e n t s  with p r e g n a n t  ra ts  (19) .  Z inc  was supple -  
m e n t e d  to one  group of  an imal s  receiving the  p ro t e in  
concen t ra t e~  and  zinc was d e t e r m i n e d  in the  se rum and  
f e m u r s  o f  the  an ima l s  a f t e r  t h r ee  weeks  on the  diets. The  
resul ts  are s h o w n  in Table  XIII .  

All the  an ima l s  fed the  rapeseed  and m u s t a r d  p ro te in  
c o n c e n t r a t e s  s h o w e d  m a r k e d  decreases  in s e r u m  and f e m u r  
z inc  c o n t e n t  c o m p a r e d  to  case in- fed  cont ro l s .  Z inc  supp le  
m e n t a t i o n  o f  t h e  p ro t e in  c o n c e n t r a t e  diets  e leva ted  s e ru m  
and f e m u r  zinc levels to t hose  o f  the  con t ro l s .  No  visible 
abno rma l i t i e s  could  be  seen in the  z inc def ic ien t  an imals ,  
b u t  t hese  an imals  ga ined we igh t  at  a s lower  rate t han  those  
receiving z inc  s u p p l e m e n t a t i o n  or  the c o n t r a l  animals .  In 
th is  case, the  an ima l s  appea r  no t  re be sub j ec t ed  to  severe 
s t resses  as is tt~e case w i th  p r egnan t  an imals  in a z inc 
def ic ient  s t a t u s .  

Y o u n g  wean l ing  rats  are used  in the  P ro t e in  Ef f ic iency  
Rat io  Tes t  ( P E R i  to eva lua te  pro te ins .  No  provis ion  is 
m a d e  in the  Zest to ensu re  tha t  for  t es t ing  p ro t e in s  derived 
f r o m  rapeseed  no  zinc de f i c i ency  exists .  When e x t r a  zinc is 
suppl ied  in P E R  tes ts  m a d e  w i th  r apeseed  p ro t e in  concen-  
t rates ,  i m p r o v e d  values  are o b t a i n e d  (20).  Add i t i ons  o f  0,  6 
and  I 0 0  #g  o f  z inc  pe r  g r am o f  tes~ diet  s h o w s  t he  increases  
in PER s h o w n  in TabJe XIV.  Similar  increases  are also 
f o u n d  in o the r  p a r a m e t e r s  u sed  to measu re  the  nu t r i t i o n a l  
value as ~s s h o w n  for  relat ive n i t rogen  u t i l i za t ion  ( R N U )  
and  relat ive I~rotein value  (RPV) .  T h u s ,  r apeseed  p ro t e in  
concen t r a t e  s h o w s  very good  values  for PER and even 
be t t e r  values  w h e n  zinc a d d i t i o n s  are m a d e  to an o therwise  
z inc  def ic ien t  s t a tu s .  

Recen t l y ,  L ieden  and  H a m b r e u s  (21)  sugges ted  t h a t  the  
s y n d r o m e  obse rved  in t h e  p r egnan t  rat when  fed rapeseed 
p ro t e in  c o n c e n t r a t e  was c a u s e d  by  s o m e  low molecu la r  
weight  f ac to r  in the  c o n c e n t r a t e .  T h e y  did n o t  indica te  i f  
t he rc  ex i s t ed  a zinc de f i c i ency  or w h e t h e r  t h e r e  was any  
r e sponse  to  z inc  s u p p l e m e n t a t i o n .  In  ou r  expe r i ence  t h e  
p r e g n a n t  ra t  s y n d r o m e  does  n o t  appear  if  t he  p ro t e in  
c o n c e n t r a t e  is s u p p l e m e n t e d  wi th  zinc.  

T h e  ques t i on  rcmains :  is z inc  ~ u p p l e m e n t a t i o n  accept-  
able as a m e a n s  for o v e r c o m i n g  zinc def ic iency  in the  diet;  
or poss ib ly  ph ra sed  d i f f e r en t ly ,  is z inc s u p p l e m e n t a t i o n  
accep tab le  as a m e a n s  for  o v e r c o m i n g  high tevels o f  p h y -  
ta te  in foods  to  avoid z inc  def ic iency .  A n i m a l  tests  are 
c o n t i n u i n g  to  d e t e r m i n e  th is .  P h y t a t e  is a c o m m o n  c o m p o -  
n e n t  o f  cereals  and  oi lseeds.  I t  is p r e sen t  in wtaeat an d  ~s 
k n o w n  to cause  zinc de f ic iency  in mart  in reg ions  o f  the  
world  w h e r e  u n l e a v e n e d  bread  m a k e s  up  a large p ropo r t i o n  
o f  the  diet (22) .  P h y t a t e  appea r s  to se lect ively  bi~d zinc in 
f oods  eve~ w h e n  o t h e r  ca t ions  are p resen t .  



AUGUST,  1979 JONES:  RAPESEED P R O T E I N  C O N C E N T R A T E  721 

' f A B L E  Ki l l  

Effec t  o f  Zinc SuO!01ementation on G r o w t h  a n d  Zinc in Serum and  Femurs o f  
Y o u n g  Rats Ired Rapeseed  Protein C o n c e n t r a t e  

Die la ry  Weight gain (g) 
pro te in  Per 100 g feed Serum zinc F e m u r  zinc 
source  c o n s u m e d  (/xg/ml) (#g/mt)  

Zn a + gnU + Zn a + 

Casein 

Prote in  
concen t r a t e :  

47  47 1.8 1.8 125 129 

Bronowaki  41 4 8  0 .6  1,8 36 ] 37 
Target  41 47 0 .8  1-5 41 l 1 ? 
Tower  38 45 0.5 1 .S 34 112 
Yellow mtmtard  41 4 3  0 .7  1.4 43 123 
Span 37 4 4  0.6 1.5 35 123 
Kar l shamn 41 4 7  0.8 1.6 38 126 

a+  70 ~*g Zn/ml  in dr ink ing  wa te r  eqtf ivalent  to  ca. 105 /*g/g die t ;  - < 5  /uS Zn[L ill 
dr ink ing  wa te r .  

T h e  e v a l u a t i o n  t e s t s  d e s c r i b e d  i l l u s t r a t e  t h e  e x t e n s i v e  
s t u d i e s  n e c e s s a r y  b e f o r e  a p r o t e i n  f ~ o m  a s o u r c e  k n o w n  t o  
p o s s e s s  u n d e s i r a b l e  c h a r a c t e r i s t i c s  c a n  b e  a c c e p Z e d  as  a f o o d  
i n g r e d i e n t .  I f  t h e  s a f e t y  o f  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  c a n  
b e  d e m o n s t r a t e d ,  t h e r e  is  n o  r e a s o n  w h y  t h i s  e x c e l l e n t  
p r o t e i n  s h o u l d  n o t  b e  u s e d  in  t h e  f o o d  c h a i n .  
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