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Modification of a Mini-column Method for Rapid Routine 
Determination of Total Glucosinolate Content of Rapeseed by 
Glucose Release 
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The practicabil i ty o f  a g lucose-re lease  procedure for 
g lucos inolate  determinat ion in rapeseed  has  b e e n  
improved with consequent  economy in operator time. 
Data are presented  to support  the  modi f icat ions  
made.  Currently available alternative procedures  are 
noted.  
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The development  of rapeseed  (Brassica napus  L. and 
Brass ica  campestr is  L.) as a crop in Europe has followed 
the same pa t t e rn  as tha t  in Canada.  Low erucic acid 
varieties (single lows) developed to yield an oil utilizable 
in h u m a n  foods are being superseded by varieties also 
low in toxic glucosinolates (double lows) to p romote  the 
use of rapeseed  meal  as a protein source in animal  
feedstuffs. In the U.S., the recent  gaining of GRAS 
(Generally reviewed as safe) s ta tus  for low erucic acid 
rapeseed (LEAR) oil has already led to considerable 
interest  in rapeseed cultivation by oilseed producers.  

Crucial to the development  and monitoring of low 
glucosinolate varieties is the ability to determine gluco- 
sinolates (Fig. 1) in the seed and this may  be done by any 
one of several methods  with varying levels of practicabil- 
ity, accuracy  and cost. As developmental  activity has  
occurred since the most  recently published review (1), it 
is appropr ia te  to provide a summary.  

Originally, a t tent ion was directed towards  determina-  
tion of the potentially toxic breakdown products  of 
rapeseed  glucosinolates generated by heat, mois ture  and 
endogenous myrosinase enzyme  activity during the oil 
ext rac t ion process (1) and methods  were developed to 
determine isothiocyanates (1,2), 5-vinylthiooxazolidone 
(goitrin) (2,3), nitriles, (4), th iocyanate  (1) and bisulfate 
(5). Analysis for these compounds  is most  relevant  in 
processed meals but  use of added myrosinase also allows 
indirect est imation of intact  glucosinolates. 

Sulfatase enzyme (aryl-sulfatase sulfohydrolase, E.C. 
3.1.6.1) may  be used on intact  glucosinolates to produce  
desulfoglucosinolates (6) which are determined by 
reverse-phase high pe r fo rmance  liquid ch roma tog raphy  
(HPLC) (7-10) or, af ter  silylation, by gas liquid chroma-  
tography  (GLC) using isothermal (11,12) or t empera -  
t u r e -p rog rammed  (7,13) conditions. These methods  
allow the quantification of individual glucosinolates as 
does ion-pair HPLC of intact  glucosinolates (14,15). 
HPLC is the method of choice for determinat ion of 
individual glucosinolates (10), al though problems such 
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as poor  4-hydroxyglucobrassicin recovery may  require 
fur ther  examinat ion.  Sulfate ion, genera ted stoichiomet- 
rically by enzymic desulfation, may  be determined direct- 
ly by ion ch romatography  (16), or BaC12 gravimetry (17), 
or indirectly by assay of excess dissolved Ba using X-ray 
fluoresence (XRF) (18). 

Secondary ins t rumenta l  methods  have been sought for 
their  ease and rapidity, but  have high capital  costs. Total 
glucosinolate content  in rapeseed  may  be de termined 
f rom the sulphur  content  of dried, ground and com- 
pressed seed by XRF (19) or by near- infrared reflectance 
spec t romet ry  (NIR) on dried and ground seed (20,21). 

Extract ion and  clean-up are the ra te  limiting factors  
for glucosinolate determinat ion by any "wet" chemical 
procedure,  the lat ter  required because of the multiplicity 
of potent ial  interfering compounds  in the crude plant  
extract .  However, wet  methods  generally have lower 
costs. Two such methods  are compleximetr ic  reaction 
with te t rachloropal ladate  II (22,23) and reaction with 
thymol-sulphuric  acid (24,25). These methods  are rela- 
tively quick, but  use less- than-optimal  reagents  by reason 
of instability (PdC142-), are difficult to handle  (thymol- 
H2SO4) or are toxic (Pd, thymol). Likewise, results 
obtained by the PdCl42- p rocedure  are relative only to 
the s tandards  used, and the complex molar  absorbance 
varies considerably for individual glucosinolates. The 
thymol-H2SO4 reaction is repor tedly  stoichiometric (22). 

One wet  chemical  procedure  which gives absolute 
results is tha t  described as "glucose release". Myrosinase 
enzyme catalyzes the stoichiometric release of glucose 
f rom glucosinolate, and the glucose released may  be 
determined using one of several specific enzymatic- 
colorimetric procedures.  An elegant but  t ime-consuming 
procedure  described by Heaney et al. (7,26,27) involves 
clean-up of rapeseed  ex t rac t  on an ion exchange minico- 
lumn, myrosinase being added to the purified glucosino- 
lates on the column, and, af ter  reaction, t h e  glucose 
released is eluted and assayed. This method  was studied 
with the aim of increasing practicabil i ty and reducing 
opera tor  t ime for use in the commercial  labora tory  
situation. Other a t t empts  to produce  a more  rapid  
glucose release test  involving elimination of a clean-up 
step and use of endogenous myrosinase (28; twice 
modified since publication) have proved unreliable in 
practice. 
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FIG. L General structure of glucosinolates (R = functional 
group: alkenyl, aromatic, indolyl). 
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EXPERIMENTAL PROCEDURES 

The following paragraphs  describe the procedure as 
developed. 

Sample preparation. Reduction of a laboratory sam- 
ple, typically 100-1500 g, to an analysis sample of 20-100 
g was by the ISO method (29). When done, removal of 
impurities also was according to the ISO method (30). 
The analysis sample was ground in a mill, e.g., a domestic 
coffee grinder, to a meal of which 80% passed a 1 mm 
sieve. If the moisture content  in the seed much exceeded 
10%, fine grinding was not possible and pre-drying was 
necessary. Moisture content  was determined by the ISO 
method (31) on milled seed (32). The full-fat meal was 
taken directly for testing. Glucosinolate levels in ground 
seed of low moisture content  were stable for several days 
if the meal was properly stored. 

Extraction of glucosinolates. Extraction was done 
using heat provided by a sand bath (not exceeding 150~ 
at the core) or heating block. Full-fat meal was weighed 
into a 25 mL volumetric flask (0.500 g) or a 10 mL 
graduated tube (0.200 g). The container and meal were 
heated for 1-2 min, taking care the meal did not char, 
until moisture heated from the meal could be seen to 
condense on the upper parts  of the container. Almost 
boiling 50% vol/vol aqueous methanol (2-5 mL) was 
added. As the liquid began to boil again, further volumes 
of hot ext rac tant  were added, with washing down of the 
inside of the container. Gentle boiling (approximately 
80~ was continued for 20 min. The container and 
contents were cooled and made to volume with extrac- 
tant. The container was stoppered, shaken and the 
contents transferred to a stoppered, polypropylene cen- 
trifuge tube and centrifuged for 10-15 min at 3000 X g. 
The supernatant  was decanted off and could be stored 
without change at - 180C for several weeks if analysis was 
not continued immediately. 

Minicolumn-enzyme procedure. Disposable Bond 
Elut TM 1 mL DEA columns were equilibrated by passing 
the following solutions successively through them: 1 mL 
0.5 M pyridine-acetate (PA) buffer, 1 mL distilled water, 
1 mL 0.02 M PA buffer, i mL water. (PA buffer, 0.5 M, was 
prepared by mixing 930 mL distilled water  with 30 mL 
glacial acetic acid and 40 mL pyridine.) Positive or 
negative pressure was necessary to generate flow with 
the Bond Elut system. Vacuum, applied to a Vac Elut TM 

manifold, was used where the eluate was not collected, 
but positive pressure (50 mL disposable Luer-tip syringe 
and Bond Elut adaptor)  was easiest where the eluate 
was collected. The seed extract  (1000 ~L) was applied to 
the column and drawn through. The column was washed 
with 2 • 0.5 mL water, followed by 2 X 0.5 mL 0.02 M PA 
buffer. Effluents were discarded. Myrosinase (thioglu- 
cosidase; E.C. 3:2:3:1) solution (250 ~L; 10 mg mL -1 in 
0.02 M PA buffer; biocatalysts lyophilized enzyme prepa- 
ration 200S; 0.5 unit) was applied to the column. Suffi- 
cient pressure was applied to force the enzyme into, but 
not through, the column. The eluate was collected. The 
column, with collecting tube, was kept at 35~ for 15 min 
in an incubator and was then drained by positive 
pressure. After two washes with distilled water  (2 X 0.5 
mL), the total eluate (1.25 mL) was mixed carefully on a 
vortex mixer and used for glucose analysis. Sorbent 
columns were discarded after a single use. 

Glucose assay. A glucose assay kit (Sigma No. 115-A) 
was used. Eluate, typically 500 #L, was made to a total 
sample volume of 1000 ~L with water. This was reacted 
with the test reagent, 1 mL, and the reaction stopped 
with 5 or 10 mL 0.1M HC1. A calibration series was run 
concurrently on every occasion using dilutions of a 
s tandard  glucose solution (1 mg mLq). Colorimetric 
readings were made at 530 nm. All other conditions for 
glucose assay were as defined in the manufacturer 's  
instructions. 

Quality assurance. Regular checks were made on 
procedures and operators  by testing samples with 
known glucosinolate content. Extracted rapeseed meals, 
with inactivated endogenous myrosinase, were used to 
check the extraction procedure and full-fat rapeseed 
was used to evaluate the inactivation of endogenous 
enzyme by the brief pre-extraction heating stage. 

Development of this procedure was done by an exam- 
ination of each stage of the methodology by suitable 
experimentation, the results of which are described 
below. Other methods used in the s tudy were to deter- 
mine oil (32-34), free fatty acids (FFA) in oil (35-37) and 
fatty acid composition (38,39). Defatted meals were 
prepared by continuous extraction of ground seed with 
light petroleum, b.p. 40-60~ defatted powder 
passed a 250 ~m sieve. Glucotropaeolin was used as 
internal s tandard  for the HPLC determination of gluco- 
sinolates as desuifoglucosinolates (7). Rapeseed and 
mustard seed were commercial samples from various 
origin countries, but were mainly from the U.K. Standard 
glucosinolates used were sinigrin (Sigma $7508) and 
glucotropaeolin (AFRC Norwich Food Research Insti- 
tute, U.K.). 

RESULTS AND DISCUSSION 

Sample preparation. The condition of a rapeseed sam- 
pie dictates the preparat ion necessary. Impurities may 
be present which influence the overall glucosinolate 
content. Rape plant parts  other  than seed, e.g., pod, stalk, 
and most contaminating seeds, tend to have a lower 
glucosinolate content  than rapeseed, as does the free 
dust found in commercial samples. For example, in a 
double low sample with 19.4 ~moles glucosinolates g-1 
seed, the nonseed rape plant material contained 3.6 
~moles g-l, and the fme dust (0.5 mm sieve pass) 10.4 
~moles g-1 glucosinolates. Equally, some seeds present in 
admixture (e.g., mustard)  may increase overall glucosin- 
olate content. 

Pre-drying may be required for wet seed since endo- 
genous myrosinase may decompose glucosinolates in the 
interval between grinding and testing, although this was 
not found to occur when ground seed was stored at - 18~ 
for short periods. Serf-heating due to microbial action or 
moulding of damp seed also leads to glucosinolate 
breakdown. However, most commercial seed samples are 
dried on farm or in store to 5-10% moisture, at which 
level the glucosinolate content  of milled seed was found 
to be stable for up to 10 days if properly stored (Table 1). 

Extraction of glucosinolates. Many methods require 
the defatting of ground rapeseed prior to glucosinolate 
extraction. Tests done using ground full-fat or defatted 
material gave equivalent results (Fig. 2), confirming that  
a defatted step is unnecessary. Glucosinolates are water- 
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RAPID DETERMINATION OF GLUCOSINOLATES IN RAPESEED 

TABLE 1 

Decl ine  wi th  Time o f  Total  Glueos inolate  Content  in Ground Full-Fat Rapeseed  a 

Total glucosinolates, pmol g-1 seed b 

Days after 
grinding: 0 3 10 17 24 

7.5 • 0.0 8.6 + 0.4 8.2 • 0.0 6.6 + 0.4 6.8 • 0.0 
21.7 • 2.8 22.8 • 1.8 23.7 • 1.4 19.3 • 0.9 19.6 • 1.2 
64.5 + 1,9 64.0 + 0.0 65.3 • 2.1 59.8 • 1.3 52,6 • 2.4 

105.2 • 2.5 108.7 • 0.0 110.3 • 3.4 107.0 _+ 2.3 98.5 • 2.4 

~Moisture contents in range 6.4-8.2%. Meals kept in sealed plastic jars at ambient temper- 
ature out of direct sunlight. During 24 days of test, FFA in oil increased from 0.3-0.5% to 
0.8-2.9%. 

hResults are mean • standard deviation for duplicate analyses. 
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TABLE 2 

Comparative E x t e n t  o f  Extract ion o f  Glucos ino la tes  wi th  Di f f erent  Strengths  o f  
Aqueous  Methanol  

Total glucosinolates, #mol g-1 seed a 

Methanol/water 
(%vol/vol): 0 25 50 75 

7.5 • 0.4 8.8 • 0.7 9.4 • 0.7 10.2 • 0.4 
20.4 • 0.6 22.8 + 1.1 24.2 • 2.1 24.0 • 1.7 
59.3 • 0.7 64.3 • 2.1 65.7 • 2.2 62.7 • 0.8 

101.7 • 4.2 102.8 --+ 2.5 97.2 • 3.3 94.5 • 1.1 

aResults are mean • standard deviation for quadruplicate analyses. 
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FIG. 2. Comparative resu l t s  for g lueos ino late  analys is  done  on 
ground full-fat or defat ted  rapeseed.  Line represents  equiva- 
l ence  only. 

soluble a n d  the  use of aqueous  m e t h a n o l  ex t r ac t i on  
solut ions,  40-70% vol/vol,  is well es tab l i shed  (40). A 
range  of aqueous  m e t h a n o l  c o n c e n t r a t i o n s  was  tes ted  
a n d  these  were  found  to be more  effective t h a n  w a t e r  
a lone (Table 2 ) - - a q u e o u s  m e t h a n o l  50% vol /vol  was  
a dop t e d  for rou t ine  use. The grea te r  effectiveness of 
m e t h a n o l  so lu t ions  m a y  be a t t r i b u t e d  in p a r t  to lower 
boil ing t e m p e r a t u r e s  al lowing gent ler  ref lux a nd  lessen-  
ing the  l ikelihood of indole  g lucosinola te  b reakdown.  

Heaney  et al. (7,26) descr ibed the  use of two consecu-  
tive w a t e r  ex t r ac t i ons  or  t h ree  consecu t ive  70% vol /vol  
aqueous  m e t h a n o l  ex t r ac t i ons  (27). Using 50% vol /vol  
aqueous  me thano l ,  the  p r o p o r t i o n  of to ta l  g lucosinola tes  
ex t r ac t ed  in the  first  ex t r ac t i on  was  high (89.4-96.7%) 
a n d  relat ively c o n s t a n t  (Table 3). If  a single e x t r a c t i o n  
was  done  a n d  t r ans fe r s  avoided us ing a vo lumet r i c  
c o n t a i n e r  as the  ex t r ac t i on  vessel, a fac tor  of  1.075 was  
inc luded  in the  ca lcu la t ion  wi th  negligible loss of 
accuracy.  

Mini-column enzyme  procedure. P r e p a r a t i o n  of 
DEAE-Sephadex  TM min i - co lumns  is descr ibed in several  
me t hods  (7,26) bu t  the  use of commerc ia l ly  available, 
d isposable  b o n d e d  silica min i -co lumns ,  (e.g., Bond  
E luC ' )  is m u c h  more  conven ien t ,  a l though  more  costly. 
Equi l ib ra t ion  to the  ace ta te  form was  done  wi th  PA 
buffer  (41), which  has  the  a dva n t a ge  of being wholly 
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TABLE 3 

Yield of  Glucosinolates  by Single and Double Extraction with  
50% vol /vol  Aqueous  Methanol 

Total glucosinolates, t~mol g 1 seed 

Factor for multiplication 
First Second of first extraction result 

extraction extraction Total to give total result 

11.8 0.4 12.2 1.034 
14.3 0.8 15.1 1.056 
14.8 0.8 15.6 1.054 
15.6 1.3 16.9 1.083 
16.5 1.7 18.2 1.103 
18.2 2.1 20.3 1.115 
22.8 2.1 24.9 1.092 
23.7 2.1 25.8 1.089 
25.4 3.0 28.4 1.118 
37.6 1.3 38.9 1.035 
36.6 2.5 39.1 1.068 
44.4 3.0 47.4 1.068 

Mean 1.076 • 0.03 

TABLE 4 

Comparative Results  with Different  Bond Elut" Sorbent 
Columns a 

Total glucosinolates, #mol g-1 seed b 

NH2 DEA SAX Mean 

9.0 • 0.4 9.6 _+ 0.4 9.3 • 0.0 9.3 +_ 0.4 
36.3 • 0.4 36.8 • 0.4 37.4 • 0.4 36.8 • 0.6 
47.6 • 1.6 48.7 • 3.3 49.9 • 1.6 48.7 • 2.1 
83.5 • 3.3 89.3 • 4.9 90.5 • 0.0 87.8 • 4.2 

aBond Elut 1 mL, 100 mg sorbent columns with functional groups: 
NH2, aminopropyl; DEA, diethylaminopropyl; and SAX, trimethyl- 
aminopropyl. 

bResults are mean _+ standard deviation for duplicate analyses; 
mean is mean of the six individual analyses. 

volati le if an  e lua te  is subsequen t ly  requ i red  to be dried, 
as for der ivat izat ion.  In  add i t ion  to the  DEA var ian t ,  
o the r  Bond Elut  an ion  exchange  co lumns  gave satisfac- 
to ry  resul t s  (Table 4). Indeed,  the  q u a t e r n a r y  SAX 
v a r i a n t  would  have very  high bond ing  affinity, possibly 
irreversible, for the  su l fona te  moie ty  of the  glucosinola te  
molecule.  

Recovery of sin• 98.0 ~ 4.1%, eight tes t s )  a n d  
g lucot ropaeol in  (105.2 + 3.2%, eight tes t s )  s t a n d a r d s  
from DEA Bond Elut  co lumns  was acceptable,  a n d  the  
capac i ty  of a 1 mL 100 mg DEA c o l u m n  was a t  leas t  2.4 
#moles  glucosinola te  equiva len t  to 1 mL ex t r ac t  of seed 
120 #moles  g-1 to ta l  g lucosinola te  conten t .  Other  checks 
were  made  on the  m i n i - c o l u m n  p rocedu re  descr ibed  
here: loss t h rough  app l ica t ion  to a DEA c o l u m n  was 
negligible (~1  pmoles  g-1 seed equivalent) ;  myros inase-  
gene ra t ed  glucose was fully e lu ted  in 1.25 mL to ta l  
eluate;  r e - t r e a t m e n t  of an  e lu ted  c o l u m n  with myrosi-  
nase  and  re-e lu t ion  gave no add i t iona l  glucose. Re-use of 
co lumns  was  no t  possible as no  sa t i s fac tory  regenera t ive  
p rocedure  was  found.  

The i n c u b a t i o n  per iod requ i red  for o n - c o l u m n  myros-  
inase  t r e a t m e n t  a t  a m b i e n t  t e m p e r a t u r e  was  no ted  as 2 

hr  by Heaney  et al. (7,26,27), bu t  e levat ion of the  
i n c u b a t i o n  t e m p e r a t u r e  to 35~ showed t h a t  the t ime 
per iod  could be co r respond ing ly  r educed  to 15 min  (Fig. 
3). Commercia l ly  available myros inase  is inexpens ive  b u t  
should  be checked for glucose c o n t a m i n a t i o n  before use. 

Evaluat ion  o f  overaU method and results. Repeatabi l -  
ity of the  m e t h o d  p r e se n t e d  was  good (Table 5) a n d  
resul ts  ob ta ined  were comparab l e  with those  by the  
m e t h o d  of Heaney  et al. (Table 6). For  commerc ia l  usage, 
the  typical  coefficient of va r i a t ion  at 5-10% implies a 
to lerable  accuracy  of _+ 1-2 un i t  at  20 ttmoles to ta l  

15  ~ 
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FIG. 3. Time course of  glucose release  reaction on sorbent 
column at three incubation temperatures  (15, 25, and 35~ 
Four bars ( lef t  to right) for each of  five samples  ( A - E )  represent  
results,  pmoles g-] seed,  found at 15, 30, 60 and 120 min. 
Myrosinase,  --~ 0.5 unit, was  added to 1 mL extract on column. 
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TABLE 5 

Repeatabi l i ty  of  the Modi f ied  Glucose  Re lease  Method 

Total glucosinolates, pmol g ~ seed a 

Range Mean • standard deviation 

8.2 - 10.6 9.5 • 0.8 
21.2 - 27.2 23.7 • 1.7 
62.7 - 69.2 64.3 • 2.0 
94.1 - 105.9 100.6 • 3.9 

(~Results are for 12 replicate analyses of each sample. 

TABLE 6 

Comparison o f  Determinat ions  Done  by the Method o f  Heaney  et  
al. (1986)  and this  Modif icat ion 

Total glucosinolates, ~mol gd seed a 

Modification Heaney et al. (1986) b 

g lucos ino la te  g-1 seed, ce r t a in ly  wi th in  the  sampl ing  
e r ro r  for bulk r a p e s e e d  parcels .  

The  modi f ica t ions  m a d e  he re  to t he  Heaney  et al. 
p r o c e d u r e s  (7,26,27) have  r e d u c e d  the  lead-in t ime to 
first  resu l t  f rom 3.5 h r  to 1.25 hr, the  t ime  r e q u i r e m e n t  
pe r  tes t  to abou t  10 min, and  one  e x p e r i e n c e d  o p e r a t o r  
can  comfor t ab ly  cope  wi th  30-40  samples  pe r  work ing  
day. The  m e t h o d  is also sui table  for use on an occas ion  
basis, p rov ided  p r o p e r  con t ro l s  a re  done.  The  e q u i p m e n t  
r equ i r ed  is no t  specia l ized and  the  m e t h o d  provides  a 
cheap ,  useful  a l t e rna t ive  to t he  expens ive  XRF. 

C o m p a r i s o n  wi th  an HPLC p r o c e d u r e  (7) showed  
c loser  a g r e e m e n t  at  lower  g lucos ino la te  levels (Fig. 4)  - -  
b e t t e r  i n t e r - m e t h o d  a g r e e m e n t  is usual ly  found  at  lower  
levels. For  example ,  a r e c e n t  BCR ( E u r o p e a n  C o m m u n i t y  
B u r e a u  of  Refe rence )  exerc i se  set  a s t a n d a r d  r e f e r ence  
r a p e s e e d  ma te r i a l  a t  24.5 ___ 0.9 pmoles  g-1 seed  (26.6 • 
2.3, 5 repl ica tes ,  by the  p r o c e d u r e  desc r ibed  here )  (42), 
w h e r e a s  resul t s  w e r e  m u c h  m o r e  wide ly  s p r e a d  at  h igher  
g lucos inola te  levels. This suggests  t h a t  i n s t r u m e n t  cali- 
b ra t ions  should  possibly by we igh ted  t o w a r d s  rel iable 
ca l ib ran t s  a t  lower,  and  c u r r e n t l y  m o r e  re levant ,  gluco- 
s inola te  levels. 

7.8 -+ 0.4 9.3 • 0.3 
12.2 • 1.1 11.4 • 0.8 
18.3 • 0.7 16.7 • 0.4 
22.0 • 0.6 24.4 • 1.3 
38.7 • 0.4 36.3 • 1.1 
43.1 • 2.1 43.9 • 1.8 
49.2 • 1.5 48.6 • 3.0 
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