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A s e r i e s  o f  s a m p l e s  r e p r e s e n t i n g  var ious  s t a g e s  o f  can- 
o la  s e e d  p r o c e s s i n g  w e r e  ob ta ined  from two  commer-  
cial  p r o c e s s i n g  p lant s  to  a s s e s s  the  e x t e n t  o f  thermal  
degradat ion  o f i n d o l e  g l u c o s i n o l a t e s  during the  crush- 
ing process .  The indiv idual  g l u c o s i n o l a t e  c o n t e n t  o f  all 
s a m p l e s  w a s  d e t e r m i n e d  a long  wi th  the  c o n t e n t  o f  
indole  g l u c o s i n o l a t e  t h e r m a l  degradat ion  products  
[ indo leace ton i tr i l e s  and th iocyanate  ion (SCN)] .  Only 
minor  d e c o m p o s i t i o n  o f  indole  g l u c o s i n o l a t e s  w a s  
ev ident  prior to  the  d e s o l v e n t i z a t i o n  s tage  o f  s e e d  pro- 
cess ing .  Major d e c o m p o s i t i o n  o f i n d o l e  g l u c o s i n o l a t e s  
occurred  in the  d e s o l v e n t i z a t i o n  o f  s e e d  p r o c e s s i n g  
wi th  l i t t le  or  no  e f f e c t  during m e a l  drying.  Indoleace-  
toni tr i l es  (3 - indo leace ton i tr i l e  and 4-hydroxy-3-in- 
d o l e a c e t o n i t r i l e )  and SCN t o g e t h e r  a c c o u n t e d  for 45- 
60% o f  the  degraded  indo le s  in the  s a m p l e s  s tudied .  

Indole glucosinolates which represent a significant pro- 
portion of the total glucosinolate content of canola (low- 
glucosinolate rapeseed) meal (1) have been shown to be 
susceptible to thermal degradation (2). Thiocyanate ion 
(SCN) has been reported as a major thermal degradation 
product  of indole glucosinolates (1,3) and, recently, indo- 
leacetonitriles (3-indoleacetonitrile and 4-hydroxy-3- 
indoleacetonitrile) were identified as additional thermal 
degradation products  (4). 

Heat t reatment  is applied in commercial rapeseed pro- 
cessing plants to condition the seed for the improvement 
of oil extraction, to inactivate myrosinase enzyme and for 
solvent removal and drying of meal (5). The conditions 
(time, temperature,  moisture, etc.) involved at these var- 
ious stages of the commercial crushing process may be 
sufficient to effect thermal decomposition ofindole gluco- 
sinolate and, in this regard, the nutritive quality of the 
meal produced may be affected. The current  s tudy was 
undertaken to assess the extent of thermal degradation 
of indole glucosinolates in the commercial crushing of 
canola and to quantify the production of SCN and indo- 
leacetonitriles at various stages of the crushing process. 

MATERIALS AND METHODS 

A series of samples representing various stages of canola 
seed processing were obtained from two commercial 
crushing plants (A and B) located in Western Canada. 
The samples obtained included: I, seed; II, flakes; III, 
cooked flakes; IV, expelled cake; V, extracted meal; VI, 
desolventized meal; VII, dried meal. Only samples I, IV and 
VII were obtained from crushing plant  A, whereas all 
samples were collected at crushing plant B. Duplicate 
samples were collected at crushing plant A on two con- 
secutive days, and the sampling was conducted at the 
various stages of processing at a time interval corres- 
ponding to the flow of seed through the crushing plant. In 
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crushing plant B, duplicate samples were collected at all 
stages (I-VII) of processing and the collections were con- 
ducted on the same day with approximately 30 min 
between duplication collections at each stage (i.e., no 
a t tempt  was made to follow seed through the process but 
rather, a homogenous batch of seed being processed was 
assumed). Moisture content  was determined for all sam- 
ples which were then freeze-dried, ground and defatted 
with hexane prior to analysis for glucosinolates, SCN and 
indoleacetonitriles. 

Individual glucosinolates were determined by gas liq- 
uid chromatography (GLC) as desulphotrimethylsilyl 
(TMS) derivatives according to the method of Slominski 
and Campbell (1). In the GLC determination, relative 
response factors (RRF) were calculated from the ratios of 
benzyl glucosinolate (internal s tandard)  TMS carbon 
number and the respective glucosinolate TMS carbon 
number. Variations in flame ionization detector response 
caused by the different chemical structures of the various 
glucosinolates were accounted for by the use of correc- 
tion factors of 0.72 for aliphatic glucosinolates, 1.00 for 4- 
hydroxy glucosinolate and 1.48 for indole glucosinolates. 
Pure samples of allyl glucosinolate (Aldrich) and benzyl 
glucosinolate (Canola Council of Canada)  and a sample 
of 4-hydroxy-3-indoylmethyl glucosinolate isolated from 
canola seed according to the method of Slominski and 
Campbell (1) were used in the determination of the cor- 
rection factors. A GLC method developed by Slominski 
and Campbell (6) was used for the determinations of 3- 
indoleacetonitrile and 4-hydroxy-3-indoleacetonitrile. 
The method of Johnson and Jones, as modified by Slo- 
minski and Campbell (1) was used for the determination 
of SCN. Sample variation was assessed according to stan- 
dard statistical procedures (7). 

RESULTS AND DISCUSSION 

The total glucosinolate content  of the canola seed sam- 
ples from crushing plants A and B is shown in Table 1. It 

TABLE 1 

Glucosinolate Content of Canola Seed Processed at Two 
Commercial Crushing Plants (~mol g% Oil Free Meal) 

Crushing plant 

Glucosinolate A B 

Allyl 1.68 n.d. a 
3-Butenyl 6.13 3.32 
4-Pentenyl 3.04 0.45 
2-Hydroxy-3-butenyl 12.40 6.96 
2 -Hydroxy-4 -pentenyl 1.28 0.16 
4-Hydroxy benzyl 1.58 3.35 
3-Indo|ylmethyl 0.51 1.04 
4- Hydroxy-3 -indotylmethyl 8.47 8.56 

Total _+ SD 35.09 • 1.71 23.84 _+ 0.64 

aNot detected. 
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can be suggested from the profile of aliphatic glucosino- 
late present in the two seed samples that  B. napus  seed 
predominated in crushing plant B, while the seed in 
crushing plant A was probably of the B. campestr is  type. 
Both samples revealed a similar level of indole glucosino- 
lates. Admixtures of weed seeds such as commerical mus- 
tard, wild mustard and stinkweed were indicated by the 
contents of allyl and 4-hydroxybenzyl glucosinolates in 
the samples. Although the extent of weed seed contami- 
nation varied between crushing plants, the data  are sim- 
ilar to that  noted for canola meals analyzed previously in 
this laboratory (Slominski and Campbell, unpublished 
results). 

The data  for moisture contents of the canola seed and 
processed seed at various stages of processing indicated 
low values (5.0-7.5%) with no increase in moisture prior to 
the desolventizer stage of processing. These data are con- 
sistent with the general practice followed by crushing 
firms in Western Canada where live steam is not added to 
flakes (preexpeller cooking) during the process, but rela- 
tively mild, dry heat t reatment  is employed at this stage of 
processing to effect the production ofoil with a low sulfur 
content (5). 

The relatively constant  level of aliphatic glucosinolates 
evident in the samples of processed seed for all stages 
prior to the desolventizer stage indicates that  little or no 
autolysis of glucosinolates occurred (Fig. 1). This result 
would be expected due to the relatively low moisture con- 

26 - 
A 

2 4 -  

22 - l~J Aiiphotic 
Glucosinolotes 

20 - �9 Indole 
18 - �9 Glucosinolotes 

16 - ~ Glucosinolbin 

14 - 

12 - 

-5 I 0 -  

~ - [ L T c:~ 2 - 

-o 0 ' ' 
E 
~L 14 - 

B 

12 - 

I II ~I I~ ~ ~I ~II 

Somple 

FIG. 1. Intact glucosinolate content of  canola seed at various 
stages  of  processing in two commercial  crashing plants  (A  and 
B); I, seed; II, flakes; III, cooked flakes; IV, expel led  cake; V, 
extracted meal; VI, desolventized meal; VII, dried meal.  

tents of the samples since Youngs and Wetter (8) have 
demonstrated that hydrolysis of glucosinolates by myro- 
sinase is minimal unless the moisture content  exceeds 
10%. In this regard, Slominski et al. (9) have demon- 
strated that  during the crushing process myrosinase may 
remain active up to the desolventizer stage. In contrast  to 
the data  for aliphatic glucosinolates, the level of indole 
glucosinolates tended to be lower for cooked flakes and 
expelled cake than for seed (Fig. 1). Since indole glucosin- 
olates are more susceptible then aliphatic glucosinolates 
to heat t reatment  (1) this decrease may be a reflection of 
thermal decomposition of the indole glucosinolates. The 
data  for SCN contents of these fractions (Fig. 2) also is 
indicative of some thermal decomposition of indole 
glucosinolates. 
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FIG. 2. Thiocyanate ion and indoleacetonitri le  contents of 
canola seed at various stages of  processing in two commercial  
crushing plants (A and B). See Figure 1 for detai ls  regarding 
stages.  

In crushing plant B, a relatively high content  of indole 
glucosinolates was present in extracted meal as com- 
pared with expelled cake (Fig. 1). The reason for this 
difference is not clear, but it may be related to variability 
in the sampling procedure since the same batch of seed 
was not followed through the process. Glucosinalbin 
showed greater variability than other glucosinolates, 
which may also reflect the sampling procedure. Glucosi- 
nalbin is present in the samples because of weed seed 
contamination and, consequently, might be expected to 
show high variability from one batch of seed to another. 
An influence of the sampling procedure on glucosinolate 
concentrations is also indicated by the fact that, in 
general, greater variability between duplicate samples 
was apparent  when samples were collected on separate 
days (plant A) as opposed to being collected on the same 
day with only a short time lapse between samplings 
(plant B) (Fig. 1). 

Desolventized meal in crushing plant B showed a 
decrease in glucosinolate content  in comparison to 
extracted meal, and the effect was most marked for 
indole glucosinolates. The decrease was probably due to 
thermal decomposition of the glucosinolates which 
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wou ld  be f avored  by  the  re la t ive ly  high m o i s t u r e  c o n t e n t  
(13%) a n d  high f inal  t e m p e r a t u r e  (105~ t h a t  ex i s t e d  in 
t he  desolvent izer .  In l a b o r a t o r y  t r ia ls ,  S lominski  a n d  
Campbe l l  (1)  d e m o n s t r a t e d  t h a t  l i t t le  o r  no d e c o m p o s i -  
t ion of  g lucos ino la tes  o c c u r r e d  due  to  d r y  h e a t  t r e a t m e n t  
(100~ whi le  s u b s t a n t i a l  b r e a k d o w n  was  c a u s e d  by wet  
h e a t  t r e a t m e n t  (100~ espec ia l ly  for  indo le  g lucosino-  
lates .  In t h e  c u r r e n t  s t u d y  it is unlikely,  de sp i t e  the  mois-  
t u r e  c o n t e n t  of  the  deso lven t i zed  meal ,  t h a t  hydro lys i s  of  
g lucos ino la tes  by  m y r o s i n a s e  c o n t r i b u t e d  to  t he  d e c r e a s e  
in g lucos ino la t e  c o n t e n t  as  t he  re la t ive ly  high t e m p e r a -  
t u r e  of  t he  mea l  in t h e  deso lven t i ze r  w o u l d  have  r e su l t ed  
in t he  c o m p l e t e  i nac t iva t ion  of  myros inase .  Drying of  t he  
mea l  in c r u s h i n g  p l a n t  B d id  no t  resu l t  in a n y  f u r t h e r  
d e c r e a s e  in t he  g lucos ino la t e  c o n t e n t  of  t he  mea l  (Fig. 1). 
In  th is  r ega rd ,  the  m a r k e d  d e c r e a s e  in g lucos ino la t e  con- 
t en t  t h a t  was  ev iden t  for  d r i e d  mea l  f rom c rush ing  p l a n t  
A was  p r o b a b l y  a c o n s e q u e n c e  of  t h e r m a l  d e c o m p o s i t i o n  
in the  deso lven t i ze r  (Fig. 1). The g r e a t e r  d e s t r u c t i o n  of  
g lucos ino la tes  in p l a n t  A as  c o m p a r e d  to  p l a n t  B m a y  
have  been  due  to t he  g r e a t e r  r e s idence  t ime  of  mea l  in the  
deso lven t ize r s  (180 vs 30 min )  as  t he  f inal  t e m p e r a t u r e s  
(105-106~ in the  deso lven t i ze r  were  s imi la r  for  t he  two 
p lants .  

A c o m p a r i s o n  of  F igures  1 and  2 ind ica t e s  t h a t  the  
c o n t e n t s  of  i ndo leace ton i t r i l e s  in t he  va r ious  s a m p l e s  for  
bo th  c rush ing  p l a n t s  A a n d  B fol lowed the  e x t e n t  of  
d e c o m p o s i t i o n  o f  indole  g lucos inola tes .  In genera l ,  this  
was  a lso  t he  s i t ua t i on  for  SCN. Glucosinalbin ,  however ,  is 
also a p o t e n t i a l  sou rce  of  SCN, and,  consequen t ly ,  va r i a -  
b i l i ty  in g lucos ina lb in  c o n t e n t  a m o n g  s a m p l e s  m a y  have  
m a s k e d  a n y  r e l a t i o n s h i p  be tween  indole  g lucos ino la t e s  
a n d  SCN. l n d o l e  g lucos ino la t e  a p p e a r e d  to  be t he  m a j o r  
sou rce  of  SCN in t he  s a m p l e s  f rom c rush ing  p l a n t  B, bu t  
due  to t h e  g r e a t e r  degree  of  d e c o m p o s i t i o n  of  g lucos ino-  
la tes  in c rush ing  p l a n t  A this  s a m e  re la t ionsh ip ,  while  
possible,  was  no t  en t i r e ly  evident .  

The d a t a  p r e s e n t e d  in Table 2 show a c o m p a r i s o n  of  the  
a m o u n t s  of  d e c o m p o s e d  indole  g lucos ino la tes  in r e l a t ion  
to i ndo l eace ton i t r i l e  p r o d u c t i o n  a n d  re lease  o f  SCN. Of 
t he  t o t a l  for  indole  g lucos ino la t e  d e c o m p o s i t i o n  (8.7 and  
5.3 #mol  g-i in c ru sh ing  p l a n t s  A a n d  B, r espec t ive ly )  
a p p r o x i m a t e l y  45-60% was  a c c o u n t e d  for  in t he  mea l  as  a 
c o m b i n a t i o n  of  i ndo l eace ton i t r i l e s  a n d  SCN. These  d a t a  
a re  in a g r e e m e n t  wi th  p rev ious  resu l t s  (6)  and ,  conse-  
quent ly ,  t h e  p r o d u c t i o n  of  as  ye t  un iden t i f i ed  b r e a k d o w n  
p r o d u c t s  of  indole  g lucons ino la t e s  is i n d i c a t e d  d u r i n g  the  
deso lvent iz ing  s tage  of  p rocess ing  in c o m m e r c i a l  c rush -  
ing p lan ts .  The p r e s e n c e  in mea l  of  some  such  p r o d u c t ( s )  
which  re l eases  SCN u p o n  hydro lys i s  in t he  GI t r a c t  of  
p o u l t r y  has  been  d e m o n s t r a t e d  (10). 

TABLE 2 

Comparison o f  the Decompos i t ion  o f  Indole Glueos ino lates  with 
Indoaeetonitr i le  and Thioeyanate  Ion Product ion During the 
Process ing  of  Canola Seed (pmol  g-l)  

Crushing plant a 

A B 

Indole glucosinolate decomposed b 
3-lndolylmethyl 0.4 0.3 
4-Hydroxy 3 indolylmethyl 8.3 5.0 

Total 8.7 5.3 

Indoleacetonitrile and SCN production; 
34ndoleacetonitrile 0.2 0.2 
4-Hydroxy-3-indoleacetonitrile 1.0 0.9 
Thiocyanate ion (SCN) 2.7 2.1 

Total 3.9 3.2 

~Samples were obtained from two commercial crushing plants 
(A + B). 

bDifference between seed (stage I) and dried meal (stage VII) values. 
<Dried meal (stage VII) values. 
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