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Effect of the Presence of Sulfur 
During the Hydrogenation of Canola Oil 

J.M. deMAN,  E, P O G O R Z E L S K A  and L. deMAN,  Department of Food Science, 
University of Guelph, Guelph, Ontario N1G 2W1, Canada 

A B S T R A C T  

Sulfur was added to refined and bleached canola oil before hydro- 
genation in the form of allyl isothiocyanate and the effects on 
hydrogenation rate and fatty acid composition were determined. 
The effect was more pronounced under selective conditions (200 C 
and 7 psi) than under nonselective conditions (160 C and 44 psi). 
Sulfur added at the level of 3 mg/kg under selective conditions 
stopped the hydrogenation at an iodine value (IV) of 81, with 5 
mg/kg at 1V 88. Under nonselective conditions, there was a decrease 
in reaction rate, but even with 10 mg/kg added S, the reaction could 
be made to reach IV 70. The amount of S bound to the commercial 
nickel catalyst was determined and in all cases was less than the 
amount that was bound to Raney nickel. Relatively more sulfur was 
bound at lower temperature (longer time) and higher pressure. 
Addition of 3 mg/kg of S or more resulted in considerably higher 
formation of t r a n s  isomers. 

I N T R O D U C T I O N  

Canola  oil is o b t a i n e d  f r o m  rapeseed low in erucic  acid and  
low in g lucos inola tes .  By def in i t ion ,  cano la  oil has less t h a n  
5% erucic  acid. This  aim has been  ach ieved  in t h a t  cano la  
oil avai lable n o w  has on ly  ca. 1% erucic acid or  less. The  
de f in i t i on  ~ f  g lucos ino la te  c o n t e n t  is expressed  in t e rms  of  
g lucos ino la te  b r e a k d o w n  p r o d u c t s  in oil-free,  mois tu re - f ree  
meal  wh ich  shou ld  be less t han  3 mg/g  expressed  as 3- 

b u t e n y l  i so th iocyana t e .  The  i n t r o d u c t i o n  of  new cul t ivars  
wi th  low g lucos ino la te  c o n t e n t  has  resul ted  in r educed  
levels of  su l fu r - con ta in ing  b r e a k d o w n  p r o d u c t  in t he  oil. 
These  b r e a k d o w n  p r o d u c t s  are ma in ly  i so th iocyna t e s ,  
t h i o c y a n a t e s  and  su l fa tes  (1).  These  may  be f u r t h e r  d e c o m -  
posed  in to  oxazo l id ine -2 - th ione ,  h y d r o g e n  sulf ide  and  
several o t h e r  sulfides.  Many  o f  these  su l fu r - con ta in ing  com-  
p o u n d s  are power fu l  h y d r o g e n a t i o n  ca ta lys t  inh ib i to r s .  
A l t h o u g h  t he  level of  g lucos ino la tes  has n o w  been  r educed  
to such an e x t e n t  t h a t  h y d r o g e n a t i o n  does n o t  p r e sen t  any  
special p r o b l e m s  (2),  t he re  is a need  f u r t h e r  to  r educe  the  
level o f  these  c o m p o u n d s  in cano la  oil. In this  s t u d y  (2),  
it was s h o w n  t h a t  the  r e d u c t i o n  in sul fur  c o n t e n t  of  an 
earl ier  var ie ty ,  Zephy r ,  and  a l a te r  one,  Tower ,  a m o u n t e d  
to ca. 3 mg/kg.  Such m i n u t e  d i f ferences  a p p a r e n t l y  have  
i m p o r t a n t  e f fec ts  on  the  e f fec t iveness  of  h y d r o g e n a t i o n  
catalysts .  One  of  the  p r o b l e m s  e n c o u n t e r e d  in s t u d y i n g  th is  
p h e n o m e n o n  is t h a t  d i f f e ren t  m e t h o d s  of  su l fur  d e t e r m i n a -  
t ion  yield d i f f e r en t  results.  The  h ighes t  a m o u n t s  of  su l fur  
are f o u n d  w h e n  c o m b u s t i o n  m e t h o d s  are used (2). 

Devina t  e t  al. (3) d ivided su l fu r  c o m p o u n d s  in rapeseed  
oil i n to  volat i le ,  t h e r m o l a b i l e  and  nonvo la t i l e  groups.  They  

ind ica ted  t h a t  ca ta lys t  i n h i b i t i o n  is main ly  caused  by  the  
volat i le  and  to a lesser e x t e n t  by  t he rmo lab i l e  c o m p o u n d s .  
They  also r epo r t ed  t ha t  the  relat ive p r o p o r t i o n s  of  these  

�9 groups  may  d i f fe r  f rom one  sample  of  oil to  ano the r .  
To ensure  p rob lem- f r ee  h y d r o g e n a t i o n  of  cano la  oil, it 

is i m p o r t a n t  t h a t  the  e f fec t  of  d i f fe ren t  g roups  o f  su l fur  
c o m p o u n d s  be  ascer ta ined .  This  s t udy  deals wi th  the  e f fec t  

O0 of added  i s o t h i o c y a n a t e  o n  the  h y d r o g e n a t i o n  of  cano la  
oil. 
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FIG. 1. Hydrogenation of canola oil under selective conditions with 70 , , 
addition of 0, 1, 3 or 5 mg/kg sulfur in the form of allyl isothio- 6o 12o leo 240 
cyanate. T I M E MINUTE S 

FIG. 2. Hydrogenation of canola oil under nonselective condit ions 
with addition of 0, 1, 3, 5 or 10 mg/kg sulfur in the form of allyl 

1 Presented at the 73rd AOCS annual meeting, Toronto, 1982. isothiocyanate.  
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TABLE I 

Fatty Acid Composition (wt % as Methyl Esters) 
of  Selectively Hydrogenated Canola oi l  with Sulfur 
Added as Allyl lsothiocyanate (Expressed as mg S/kg oil) 

S (mg/kg) 

FA 0 1 3 5 

16:0 5.0 5.2 4.9 5.4 
18:0 4.8 3.2 4.2 5.5 
18:1 74.2 76.8 70.7 80.0 
18:2 11.2 11.3 15.0 6.7 
18:3 2.8 1.8 2.9 1.1 
20:0 1.1 0.7 1.0 0.6 
20:1 1.4 1.0 1.3 1.1 

IV 88.6 91.2 91.8 89.6 

16:0 5.0 5.0 5.0 
18:0 6.1 4.9 4.4 
18:1 73.8 80.3 78.5 
18:2 10.2 6.3 7.1 
18:3 2.5 2.1 2.8 
20:0 0.8 0.7 1.0 
20:1 0.6 1.0 1.1 

IV 80.7 81.7 81.9 

16:0 4.9 
18:0 15.7 
18:1 69.9 
18:2 6.4 
18:3 0 
20:0 1.0 
20:1 2.1 

IV 71.6 

8 0  

TABLE II 

Fatty Acid Composition (wt % as Methyl Esters) of  
Non Selectively Hydrogenated Canola Oil with 
Sulfur Added as AUyl lsothiocyanate 
(Expressed as mg S/kg oil) 

S (mg/kg) 

FA 0 1 3 5 10 

16:0 5.1 5.5 5.8 5.4 4.9 
18:0 8.6 7.4 9.0 10.2 6.0 
18:1 71.6 73.1 72.6 72.6 69.8 
18:2 11.3 11.6 10.0 8.9 15.8 
18:3 1.7 0.3 - 1.9 2.8 
20:0 1.6 0.9 1.1 0.6 0.9 
20:1 0.7 1.0 1.5 0.5 1.2 

IV 88.7 89.3 89.3 87.1 91.9 

16:0 5.3 5.3 5.7 5.5 5.3 
18:0 10.8 10.3 8.0 9.6 8.8 
18:1 66.7 73.4 72.0 72.4 68.3 
18:2 13.2 9.8 10.6 8.6 13.1 
18:3 1.7 0 0 2.3 2.8 
20:0 1.2 1.0 1.4 1.0 1.0 
20:1 1.0 1.1 2.2 0.6 1.0 

IV 79.3 77.9 79.7 80.0 81.7 

16:0 5.1 5.3 5.5 5.3 5.1 
18:0 15.6 14.4 10.4 17.3 13.7 
18:1 74.0 71.9 70.6 72.2 70.8 
18:2 3.2 6.4 3.8 3.1 6.2 
18:3 0.1 0 0 0 2.3 
20:0 0.8 0.6 0.5 0.7 0.8 
20:1 1.4 2.1 1.1 1.4 0.9 

IV 69.5 70.6 70.6 68.2 72.1 
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MATERIALS AND METHODS 
Refined and bleached canola oil was obtained from CSP 
Foods Ltd., Nipawin, Saskatchewan. The fatty acid com- 
position of this oil has been reported by Bansal and deMan 
(4). 

Hydrogenation was carried out in a Parr pressure reac- 
tion apparatus series 4500 using a 2 L bomb and a charge of 
1 L oil. The catalyst used was Harshaw H32 (containing 
25% nickel) at a level of 0.2% by weight of the oil. Hydro- 
genation conditions used were: selective, 200 C and hydro- 
gen pressure of 48 kPa (7 psig); and nonselective, 160 C and 
hydrogen pressure 303 kPa (44 psig). 

The sulfur was added to the oil in the reactor in the 
form of a stock solution containing 0.5 mg/g of allyl iso- 
thiocyanate (Eastman Kodak Co.) in canola oil. Hydrogena- 
tions were carried out to iodine values (IV) of 90, 80 and 
70, and the partially hydrogenated oils were analyzed for 
iodine value, trans fatw acids, fa tw acid composition, 
dropping point and solid fat content by using the methods 
described by E1-Shattory et al. (2). 

The sulfur content of the refined and bleached canola 
oil was determined by the Raney nickel method described 
by Franzke et al. (5). The sulfur was liberated from the 
catalyst with acid and the hydrogen sulfide reacted with 
N,N-dimethyl-p-phenylenediamine to form methylene blue 
which was determined colorimetrically at 665 nm. 

To determine the amount of sulfur taken up by the 
catalyst under different conditions of  hydrogenation, the 
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FIG. 3. Formation of trans fatty acids during selective hydrogena- 
tion of canola oil with addit ion of  0, 1, 5 or 5 mg/kg sulfur in the 
form of  allyl isothiocyanate. 
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FIG. 4. Formation of trans fatty acids during nonselective hydro- 
genation of canola oil with addition of 0, 1, 3, 5 or 10 mg/kg sulfur 
in the form of allyl isothiocyanate. 
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FIG. 6. Dropping points of canola oil during nonselective hydrogena- 
tion with addition of 0, 1, 3, 5 or 10 mg/kg sulfur in the form of 
allyl isothiocyanate. 
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FIG. 5. Dropping poinis of canola oil during selective hydrogenation 
with addition of 0, 1, 3 or 5 mg/kg sulfur in the form of allyl iso- 
thiocyanate. 

catalyst was filtered off at the end of each hydrogenation 
period and the amount of catalyst-bound sulfur determined 
by taking an aliquot of the catalyst and releasing the sulfur 
in the form of hydrogen sulfide with acid. The hydrogen 
sulfide was trapped in sodium hydroxide solution and the 
sulfur determined as in the Raney nickel method of 
Franzke et al. (5). The nickel content  of the catalyst was 
measured by EDTA titration. 

R E S U L T S  A N D  DISCUSSION 

Canola oil was hydrogenated under selective conditions 
with 0.2% catalyst and with addition of zero, 1, 3 and 5 
mg/kg sulfur in the form of allyl isothiocyanate. The pro- 
gress of the reactions is presented in Figure 1 as a plot of 
iodine value vs time. E v e n  the lowest addition, 1 mg/kg, 
resulted in a definite poisoning effect, and this was even 
more pronounced at levels of 3 and 5 mg/kg sulfur. Accord- 
ing to Mattil (6), the shape of these curves indicate catalyst 
poisoning or high temperature. 

When the same experiment was repeated under nonselec- 
tive conditions, the reaction was represented by straight 
lines (Fig. 2). There was virtually no effect of the addition 
of 1 mg/kg sulfur and increased levels of 3, 5 and 10 mg/kg 
sulfur resulted in prolonging the reaction but  the straight 
lines indicate that first-order kinetics are maintained. 

The fatty acid composition of the selectively and non- 
selectively hydrogenated oils are presented in Tables I and 
II respectively. The selectivity effect is most noticeable at 
IV = 90. The nonselective reaction resulted in greater re- 
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TABLE III 

Effect of the Addition of Allyl Isothiocyanate (Expressed as mg S/kg oil) 
on the Solid Fat Content of Selectively Hydrogenated Canola Oil 

Solid fat (%) 
Added S 
(mg/kg) IV 0 C 5 C 10 C 15 C 20 C 25 C 

0 71.6 75.9 73.1 65.5 55.1 45.9 38.0 
0 80.7 42.0 37.7 27.9 17.7 9.7 3.5 
0 88.6 14.9 13.1 6.8 3.2 0.8 0 

1 81.7 38.4 34.1 24.5 14.9 7.4 1.8 
1 91.2 9.1 8.6 3.3 0.6 0.6 0 

3 81.9 64.7 60.9 51.3 38.1 25.0 12.7 
3 91.8 20.0 17.2 9.4 2.9 0.3 0 

5 89.6 50.9 46.5 35.8 21.4 9.6 1.1 
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TABLE IV 

Effect of the Addition of Allyl Isothiocyanate (Expressed as mg S/kg oil) 
on the Solid Fat Content of Nonselectively Hydrogenated Canola oil  

Solid fat (%) 
Added S 
(mg/kg) IV 0 C 5 C 10 C 15 C 20 C 25 C 

0 69.5 56.7 54.9 46.9 37.4 29.8 24.9 
0 79.3 32.8 30.8 23.5 16.0 10.2 6.8 
0 88.7 12.0 11.9 8.3 4.3 1.9 0.9 

1 70.6 47.2 44.3 36.4 28.1 21.6 17.2 
1 77 .9  29 .3  26.5 19.7 13.5 8.5 5.9 
1 89.3 8.0 7.3 4.0 1.9 0.9 0 

3 70.6 57.3 54.7 47.1 38.0 30.9 24.9 
3 79.7 35.7 33.0 25.4 17.7 11.6 8.0 
3 89.3 9.5 8.3 5.8 3.1 1.5 1.0 

5 68.2 64.8 62.0 54.2 44.9 37.6 32.5 
5 80.0 35.6 32.6 25.1 17.2 10.8 7.5 
5 87.1 22 .3  20.0 14.2 8.0 4.5 1.5 

10 72.1 62.2 58.6 50.7 40.7 32.3 26.5 
10 81.7 37.2 33.7 25.8 17.6 11.1 7.3 
10 91.9 12.7 11.9 7.8 4.2 2.0 0.9 

moval of 18:3 and faster production of  18:0. Under selec- 
tive conditions, the addition of 10 mg S/kg resulted in com- 
plete inhibition of the reaction, whereas under nonselective 
conditions, the reaction was only slowed down. 

The amount of  t r a n s  isomers formed under selective 
conditions is shown in Figure 3. There was virtually no 
difference between zero and 1 mg S/kg, but very high t r a n s  

levels were obtained when 3 or 5 mg S/kg oil were added. 
The 5 mg S/kg addition gave a t r a n s  content  of 78.9% at 
iodine value of 89.6 and the 3 mg S/kg addition resulted in 
a t r a n s  level of 80.4% at iodine value of 87.9. The t r a n s  

levels obtained under nonselective conditions were lower as 
indicated in Figure 4. Again, addition of 1 mg S/kg oil had 
virtually no effect on t r a n s  content  but levels of 3, 5 and 
10 mg S/kg raised the t r a n s  levels considerably, although 
not to the same extent as under selective conditions. 

The dropping points of the hydrogenated oils are shown 
in Figures 5 and 6. For similar iodine values, higher drop- 
ping points were obtained when the amount  of added sulfur 
increased, reflecting the effect of the higher t r a n s  levels. 
The solid fat content  of  the hydrogenated oils are listed in 

Tables III and IV for selective and nonselective conditions, 
respectively. The selectively hydrogenated oils had higher 
solid fat levels with increasing levels of  sulfur addition as a 
result of the higher t r a n s  contents. 

These results indicate that added sulfur in the form of 
allyl isothiocyanate has an important effect on canola oil 
hydrogenation and that this effect is greatly influenced by 
reaction temperature and hydrogen pressure. The canola oil 
used in these experiments contained 4.3 mg S/kg as deter- 
mined by the Raney nickel method. The amount of sulfur 
absorbed by the catalyst under different hydrogenation 
conditions was measured. The spent catalyst was filtered 
off  and analyzed for nickel and sulfur content.  Since the 
amounts of catalyst and oil were known, it was possible to 
calculate the amount of sulfur retained by the catalyst, 
assuming that the sulfur content  of the oil as determined 
by the Raney nickel method represents 100%. Hydrogena- 
tions were carried out at 140, 160 and 2 0 0 C  and hydrogen 
pressures of 48 and 303 kPa. The results of these experi- 
ments are listed in Table V. The percentage of  sulfur re- 
tained by the catalyst was greatly influenced by hydrogena- 

JAOCS, vol. 60, no. 3 (March 1N3) 



562 

J.M. DEMAN, E. POGORZELSKA AND L. DEMAN 

TABLE V 

Effect of Hydrogenation Conditions on Sulfur Absorption by Catalyst 
(Assuming 100% = Sulfur Content in the Canola Oil of 4.3 mg S/kg) 

Temp Press Time % S in 
(C) (kPa) (min) IV AIV/min catalyst 

200 40 15 95.0 1.60 24.1 
200 48 30 81.0 1.27 38.5 
200 48 45 70.0 1.09 42.9 
200 48 60 60.0 0.98 44.9 
200 303 15 69.5 3.30 52.8 
160 303 15 97.5 1.43 70.2 
160 303 30 78.0 1.37 73.9 
160 303 45 69.0 1.11 77.1 
160 303 60 64.0 0.92 80.2 
140 303 60 90.0 0.48 58.6 
140 303 90 70.1 0.54 83.2 

t ion  cond i t ions .  It  appears  t h a t  the  pe rcen t age  of  sul fur  
abso rbed  by  the  ca ta lys t  increases  wi th  decreas ing t empera -  
ture  and  increas ing  pressure.  This  m e a n s  t h a t  less su l fur  is 
t aken  up  f rom the  oil u n d e r  select ive c o n d i t i o n s  t han  u n d e r  
nonse lec t ive  cond i t ions .  This  is in acco rdance  wi th  earl ier  
e x p e r i m e n t s  (2),  of  measur ing  sul fur  in oil by  us ing  n o r m a l  
nickel  h y d r o g e n a t i o n  ca ta lys t  ins tead  of  R a n e y  nickel .  
Nonse lec t ive  cond i t i ons  a lways resul t  in h igher  su l fur  levels. 
These  resul ts  were u n e x p e c t e d  since added  sul fur  had  a 
grea te r  ca ta lys t  po i son ing  e f fec t  u n d e r  select ive cond i t ions .  
It  is genera l ly  assumed t h a t  su l fur  exer t s  its po i son ing  e f fec t  
by  i r revers ibly  a t t a c h i n g  i tself  to  the  act ive sites of  the  
ca ta lys t  (6). If this  were the  case, the  h ighes t  su l fur  u p t a k e  
by  the  ca ta lys t  shou ld  occur  u n d e r  select ive cond i t ions .  The  
oppos i t e  ef fec t  was observed  in this  s tudy .  F u r t h e r  research 
is in progress  to clarify this  a p p a r e n t  c o n t r a d i c t i o n .  
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