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The effect  o f  a number  o f  phys i ca l  m e t h o d s  for the  
r e m o v a l  o f  sul fur  c o m p o u n d s  from c a n o l a  o i l  w a s  
inves t igated .  The  m e t h o d s  tes ted  inc luded labora-  
t o r y  d e o d o r i z a t i o n  and  u s e  o f  c a t a l y s t  and  o f  
b l each ing  earth.  N i n e  temperature- t ime  combina-  
t i o n s  w e r e  used  for the  deodor iza t ion .  B l e a c h i n g  
earth had l i tt le  effect o n  the  removal  o f  sulfur com- 
pounds  from the  oi l .  Other  methods  removed  part  
o f  the  sulfur. High  temperature ,  l onger  t ime and 
h i g h  vacuum for deodor iza t ion  faci l i tated the  com- 
p le te  r e mova l  o f  vo la t i l e  sulfur compounds .  Treat-  
ment  o f o i l  w i t h  cata lys t  removed  mos t  o f  the  vo la -  
t i le  sulfur and part  o f  the  R a n e y  n icke l  sulfur. 

Sulfur compounds in canola oil have been implicated 
as hydrogenat ion catalyst  poisons. It is believed that  
these are hydrolysis products of glucosinolates pres- 
ent in the canola seed. Damage to the seed or crush- 
ing for extraction purposes brings the enzyme in con- 
tact  with the glucosinolates and results in hydrolysis. 
When the hydrolysis  takes place during crushing, the 
soluble products enter the oil and are difficult to re- 
move completely with conventional methods of refin- 
ing and bleaching, The sulfur originating from gluco- 
sinolates poisons the hydrogenation catalysts  (1), 
produces unpleasant  odors during heating (2), causes 
possible damage to health (3) and adversely affects 
the processing of rapeseed (4). 

The level of sulfur compounds in the new canola va- 
rieties has  been lowered but not completely eliminat- 
ed. Since the content  of sulfur has been found to vary  
significantly among crushing plants, processing tech- 
niques may  be a factor in controlling sulfur levels in 
oils (5). At present the sulfur level in refined oil is ca. 
3-10 mg/kg.  Such low levels apparently have an im- 
portant  effect on the effectiveness of hydrogenation 
catalysts.  The catalyst  inhibition is believed to be due 
mainly to volatile and, to a lesser extent, to thermola- 
bile sulfur compounds. The relative proportion of 
these may  differ from one sample of oil to another. 
Several authors (6-8) have identified a number of the 
sulfur compounds in rapeseed and canola oil. 

For problem-free hydrogenation, sulfur compounds 
in the oil have to be removed. A pre-treatment of the 
oil to remove catalyst  poisons was recommended by 
Ellis (9) and Battes (10). 

Embong and Jelen (11) reported the effect of aque- 
ous extraction on the sulfur content of rapeseed oil. 
Shahit i  et al. (12) recommended an alcohol-ammonia 
treatment to reduce glucosinolates in high glucosino- 
late rapeseed and mustard  seed. They also observed a 
higher rate of hydrogenat ion for such oils. Steam 
stripping at a high temperature and at low vacuum 
can effectively remove these compounds. This takes 
place during deodorization, which is the last major 
processing step in the refining of edible oils. This pro- 
cess removes volatile flavor components and estab- 
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lishes the characteristics most readily recognized by 
the consumer (13). 

The effects of bleaching on sulfur removal have not  
been investigated. The purpose of the present work 
was to investigate the possibility of removing the sul- 
fur compounds from canola oil using different physi- 
cal methods. This work also deals with the sulfur con- 
tent of oils laboratory-deodorized with nine time-tem- 
perature combinations. 

MATERIALS AND METHODS 

Degummed and refined canola oil samples were ob- 
tained from CSP Foods, Nipawin, Saskatchewan.  
Cata lys t  used was the American Oil Chemists '  Socie- 
ty (AOCS) s tandard hydrogenation catalyst. Cata- 
lyst  and AOCS s tandard  bleaching earth were ob- 
tained from the American Oil Chemists '  Society, 
Champaign,  IL. 

The laboratory deodorization of the oil was carried 
out in a four-1 round-bottomed flask connected to a 
liquid nitrogen trap. Two kg of each of the  oil samples 
were placed in the round-bottomed flask. Deaerated 
water  was  evaporated in a small tube heated by a 
heat ing mantle. The superheated steam entered the 
deodorizer flask and vigorously agitated the oil. Nine 
time-temperature combinations were selected for the 
experiment. The volatiles were removed from the oil 
by  means of a mechanical  vacuum pump. The oil was 
cooled in an atmosphere of nitrogen and subsequently 
analyzed for total sulfur by combust ion/ ion chroma- 
tography,  volatile sulfur by GLC and Raney nickel 
sulfur (8,14). 

One kg of oil was mixed with 10 g of catalyst  in an 
atmosphere of nitrogen. The mixture was vigorously 
agi tated at 185 C for one hr. The mixture was cooled 
and filtered and the oil analyzed for sulfur content. 

The AOCS s tandard bleaching earth was mixed 
with the oil at a level of 40 g /kg  oil. The mixture was 
agitated at 165 C for one hr and cooled. The oils were 
filtered and sulfur determination was done. The total 
sulfur in the oil was measured by the method of Abra- 
ham and deMan (14) using an ion chromatograph 
equipped with a conductivity detector. Five replicates 
were done on each sample, and the mean is reported 
as the total sulfur in the oil. A standard curve using 
sodium sulfate was used to calculate the sulfur con- 
tent. Volatile sulfur was determined by a gas chromat- 
ographic procedure using a flame photometric detec- 
tor (8). Raney nickel sulfur in the oil was measured by 
the method of Granatelli  (15) as modified by Daun 
and Hougen (16). Four replicates of each sample were 
analyzed and the mean reported as the Raney  nickel 
sulfur. All values are expressed as mg S /kg  oil. 

RESULTS AND DISCUSSION 

Deodorization of the oils was carried out in a labora- 
tory deodorizer. This process is dependent on the fol- 
lowing factors to assure the efficient removal of unde- 
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sirable components: (i) vapor pressure of the compo- 
nents; (ii) in t imacy of mixing steam with the oil; (iii) 
absolute pressure under which deodorization is car- 
ried out; (iv) temperature and duration of deodoriza- 
tion. For this experiment the temperatures selected 
were 150, 200 and 250 C, and deodorization times 
were 30, 60 and 90 min. The deodorized products were 
analyzed for total sulfur, Raney nickel sulfur and vol- 
atile sulfur. Table 1 shows the effect of different treat- ! 
ments on the sulfur levels in degummed and refined ] 
canola oils. I t  is evident from these results tha t  more 
sulfur was removed from the oils with increasing deo- 
dorization time. Also, more sulfur was removed at the 
higher temperatures, and at these temperatures most 
of the volatile sulfur was removed in a relatively 
short time. Figure 1 shows the chromatograms of vol- 
atile sulfur compounds obtained from degummed, re- 
fined, laboratory bleached and laboratory deodorized 
oils. These indicate that  volatile sulfur compounds 
were removed from the oil during each step in oil pro- 
cessing. The amounts of individual isothiocyanates 
are presented in Table 2. For degummed and refined 
oils, the minimum temperature for effective removal 
of the volatile sulfur compounds was 200 C. There are 
temperature limits to which edible fats may  be raised 
without developing unwanted polymers (17). There- | 
fore, a compromise must  be considered between time 
and temperature. A deodorization temperature of 200 
C and a period of 90 min appear to be optimal for the 
efficient removal of volatile sulfur compounds from 
canola oil. 

Pretreatment of the oil with spent catalyst  in order 
to remove catalyst  poisons is a procedure well known 
in industry. Its application is particularly economical 
in dealing with oils in which the life of the catalyst  is 
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TABLE 1 

Effect  o f  Laboratory  D e o d o r i z a t i o n  on the  Total ,  
R a n e y  N i c k e l  and Vo la t i l e  Sulfur Conten t  
o f  D e g u m m e d  Ref ined  Canola  Oil 

Total Raney Volatile 
Temperature, T i m e  sulfur nickel sulfur sulfur 

~ (rain) mg/kg mg/kg mg/kg 

Treatment of degurnmed oil 
150 30 9.5 0.86 0.07 
150 60 8.5 0.80 0.07 
150 90 8.4 0.65 0.04 
200 30 9,0 0,78 0.03 
200 60 5.5 0.78 0.03 
200 90 4.5 0.45 0.02 
250 30 9.0 0.68 0.02 
250 60 5.0 0.45 0.02 
250 90 4.5 0.40 0.02 

Treatment of refined oil 
150 30 6.0 0.78 0.03 
150 60 5.4 0.78 0.03 
150 90 5.0 0,64 0.02 
200 30 5.6 0,63 0.02 
200 60 5.4 0.45 0.02 
200 90 4.4 0.45 0.02 
250 30 4.9 0.40 0.02 
250 90 3.9 0,40 0.[)2 
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FIG. 1. Gas  l iquid c h r o m a t o g r a m s  o f  v o l a t i l e  sulfur com-  
pounds  on  the F F A P  co lumn.  F r o m  d e g u m m e d  cano la  o i l  
(A); f rom ref'med cano la  oi l  (B); f rom labora tory  b leached  
c a n o l a  o i l  (C); f rom l a b o r a t o r y  d e o d o r i z e d  cano la  o i l  (D). 

very short unless the poisons are removed. Metallic 
soaps and other impurities in oils, which act as cata- 
lyst poisons during hydrogenation, have been shown 
to be removed by treating the oil with 10% of Fuller's 
earth at 120 C for 20 min. For example, treating hard- 
ened oils in this manner  markedly reduced their con- 
tent of nickel or other mineral matter  (18). Table 3 
shows tbe effect of catalyst  and bleaching earth on 
the sulfur contents of degummed and refined oils. The 
results from this experiment showed that  the catalyst  
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T A B L E  2 

Calculated A m o u n t s  o f  Indiv idual  I s o t h i o c y a n a t e s  ( expressed  as m g  S / k g  oil) 
in D e g u m m e d  and Ref ined  Canola  Oil Be fore  and After  Di f f erent  T r e a t m e n t s  

Individual  i so th iocyanates  (mg/kg  S.) 

1 2 3 4 5 6 7 8 9 

Degummed oil 0.07 0.01 0.06 0.18 0.05 0.02 0.01 0.005 0.02 

Deodorization 
Temp, Time 

~ (min) 
150 30 0.01 - -  0.02 0.02 - -  - -  0.005 0.005 0.005 
150 60 0.01 - -  0.02 0.02 - -  - -  0.005 0.005 0.005 
150 90 - -  - -  0.01 0.01 - -  - -  0.005 0.005 0.005 
200 30 - -  - -  0.01 0.01 - -  - -  0.002 0.002 - -  
200 60 - -  - -  0.01 0.01 - -  - -  0.002 0.002 - -  
200 90 - -  - -  0.01 0.01 - -  - -  - -  0.002 - -  
250 30 - -  - -  0.01 0.01 - -  - -  0.001 0.002 - -  
250 60 - -  - -  0.01 0.01 - -  - -  0.001 0.001 - -  
2 5 0  9 0  - -  - -  0 . 0 1  0 . 0 1  - -  - -  0 . 0 0 1  0 . 0 0 1  - -  

B l e a c h i n g  - -  - -  0 . 0 1  0 . 0 4  - -  - -  0 . 0 0 1  0 . 0 0 1  0 . 0 0 1  

C a t a l y s t  - -  - -  0 . 0 1  0 . 0 2  - -  - -  0 . 0 0 1  0 . 0 0 1  0 . 0 0 1  

t r ea tment  

Refined oil 0.01 0.005 0.04 0.10 0.03 0.005 - -  0.01 .01 

Deodorization 
Temp, Time 

~ (min) 
1 5 0  3 0  0 . 0 0 5  - -  0 . 0 0 5  0 . 0 1  0 . 0 0 5  - -  - -  - -  

150 60 0.005 - -  0.005 0.01 0.005 - -  - -  - -  
150 90 - -  - -  0.005 0.01 0.004 - -  - -  - -  
200 30 0.001 - -  0.004 0.01 0.004 - -  - -  - -  
200 60 - -  - -  0.005 0.01 0.004 - -  - -  - -  
2 0 0  9 0  - -  - -  0 . 0 0 5  0 . 0 1  0 . 0 0 4  - -  - -  - -  

250 30 0.001 - -  0.004 0.01 0.004 - -  - -  - -  
250 60 - -  - -  0.005 0.01 0.004 - -  - -  - -  
250 90 - -  - -  0.005 0.01 0.004 - -  - -  - -  

Bleaching 0.005 0.002 0.009 0.03 0.008 0.00 - -  - -  
Ca ta lys t  0.001 0.001 0.008 0.02 0.007 0.00 - -  - -  

t r ea tment  

Total  
(mg /kg  S) 

0.45 

0.065 
0.065 
0.035 
0.024 
0.024 
0.022 
0.023 
0.022 
0.022 
o.o53 
0.033 

.21 

0.005 0.03 
0.005 0.03 
0.001 0.02 
0.001 0.02 
0.001 0.02 
0.001 0.02 
0.001 0.02 
0.001 0.02 
0.001 0.02 
0.004 0.06 
0.002 0.04 

w a s  v e r y  e f f e c t i v e  i n  r e m o v i n g  v a r i o u s  f o r m s  o f  su l -  
f u r .  P r e t r e a t m e n t  o f  t h e  d e g u m m e d  o i l  w i t h  c a t a l y s t  

T A B L E  3 

Effect  o f  D i f f erent  T r e a t m e n t s  on the  Total ,  
R a n e y  N i c k e l  and Vola t i l e  Sulfur Content  
o f  D e g u m m e d  and Ref ined  Canola  Oils  

Sample  

Total  Raney  Volatile 
sulfur nickel sulfur sulfur 
m g / k g  m g / k g  m g / k g  

Degummed oil 10.5 2.16 0.45 
Degummed oil, 8.0 0.90 0.03 
ca ta lys t  t reated 
Degummed oil, 8.2 3.15 0.06 
bleached 
Refined oil 7.0 1.21 0.21 
Refined oil, 5.0 0.76 0.04 
ca ta lys t  t reated 
Refined oil, 5.5 2.80 0.06 
bleached 

r e m o v e d  24% o f  t o t a l  s u l f u r ,  58% o f  R a n e y  n i c k e l  su l -  
f u r  a n d  a b o u t  90% o f  v o l a t i l e  s u l f u r .  T h e  s a m e  t r e a t -  
m e n t  r e m o v e d  29% o f  t o t a l  s u l f u r ,  37% o f  R a n e y  n i c k e l  
s u l f u r  a n d  79% o f  v o l a t i l e  s u l f u r  f r o m  r e f i n e d  o i l s .  
A b o u t  22% o f  t h e  t o t a l  s u l f u r  w a s  r e m o v e d  f r o m  b o t h  
o i l s  b y  t h e  t r e a t m e n t  w i t h  b l e a c h i n g  e a r t h .  R a n e y  
n i c k e l  s u l f u r  w a s  i n c r e a s e d  i n  b o t h  o i l s  b y  t h i s  m e t h -  
od .  I t  a p p e a r s  t h a t  s o m e  o f  t h e  t o t a l  s u l f u r  w a s  
c h a n g e d  i n t o  a f o r m  t h a t  r e a c t s  w i t h  R a n e y  n i c k e l .  
B e c a u s e  t h e  i d e n t i t y  o f  t h e s e  s u l f u r  c o m p o u n d s  i s  u n -  
k n o w n ,  i t  i s  i m p o s s i b l e  t o  p r o v i d e  a n  e x p l a n a t i o n  f o r  
t h i s  p h e n o m e n o n .  T h e  r e m o v a l  o f  v o l a t i l e  s u l f u r  w a s  
a b o u t  85% e f f e c t i v e  i n  b o t h  c a s e s .  B e c a u s e  t h e  v o l a t i l e  
s u l f u r  c o m p o u n d s  h a v e  b e e n  i m p l i c a t e d  a s  t h e  m a j o r  
c a t a l y s t  p o i s o n s  (19), t h i s  r e m o v a l  r a t e  s h o u l d  r e s u l t  
i n  a c o n s i d e r a b l y  l o w e r  c a t a l y s t  p o i s o n i n g  a c t i v i t y  i n  
t h e  oil .  
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