
1031 

SESAMINOL, ANTIOXIDANT IN SESAME OIL 

REFERENCES 

1. Budowski, P., J. Amer. Oil Chem. Soc. 27.'264 (1950). 
2. Budowski, P., F.G.T. Menezes and F.G. Dollear, J. Amer. Oil 

Chem. Soc. 27.'377 {1950). 
3. Budowski, P., and K.S. Markeley, Chem. Rev. 48:125 (19511. 
4. Budowski, P., J. Amer. Oil Chem. Soc. 41:280 (1964}. 
5. Mathur, L.B., and K.S. Rilara, J. Amer. Oil Chem. Soc.30:447 

(1953). 
6. Fukuda, Y., T. Osawa and M. Namiki, Nippon Shokuhin 

Kogyo Gakkai-Shi 28:461 (1981). 
7. Fukuda, Y., T. Osawa and M. Namiki, Agric. Biol. Chem. 

49:301 (1985). 
8. Pelter, A., R.S. Ward, E. V. Rao and K.V. Sastry, Tetrahedron 

32:2783 {1976}. 
9. Beroza, M., J. Amer. Chem. Soc. 78:5082 {1956}. 

10. Kurechi, T., K. Kikukawa and S. Aoshima, Chem. Pharm. 
Bull. 29:2351 {1981}. 

11. Haslam, E., J. Chem. Soc. {C} 2323 (1970). 
12. Honig, P., Chem. Weekblad~ 22:509 (1925). 
13. Budowski, P., J. Amer. Oil Chem. Soc. 27:305 (1950}. 
14. Fujimura, K., and S. Toyama, Yukagaku 7:31 {1958}. 

[Received October 28, 1985] 

 Comparison of Acidic and Basic Volatile Compounds of Cocoa 
Butters from Roasted and Unroasted Cocoa Beans 
James T. Carlinl, Ken N. Lee2, Oliver A.-L. Hsieh3, Lucy Sun Hwang 4, Chi-Tang Ho and Stephen S. Chang* 
Department of Food Science, Cook College, New Jersey Agricultural Experiment Station, Rutgers, The State University of New Jersey, 
New Brunswick, NJ 08903 

A total of nine acidic and 83 basic compounds was 
identified in the roasted and unroasted cocoa butter 
samples. Forty seven of the compounds identified are 
being reported for the first time in cocoa. The higher 
concentration of short chain fatty acids in the unroasted 
cocoa butter  is respons ib le  for i ts  acidic aroma 
characteristics. The roasted cocoa butter generally 
contained greater numbers and higher concentrations of 
compounds whose formations would be favored by 
thermal processing. These compounds included pyra- 
zines, thiazoles, oxazoles and pyridines. The aromas of 
many of these compounds are characteristic of the 
aroma differences between the two cocoa butters and 
contribute to the cocoa aroma of roasted cocoa butter. 

The price and populari ty of cocoa have made it one of the 
most  studied natural  flavors. More than 400 volatile 
flavor compounds have been identified as const i tuents  
of cocoa. The majori ty of research on cocoa has dealt 
with cocoa beans, cocoa powder, cocoa liquor and 
chocolate as sources of flavor. Only three publications 
exist which investigate cocoa but ter  as a source of 
flavor. 

Van Elzakker and van Zutpben (1) identified 23 
volatile flavor compounds in the neutral  and basic 
fractions of a vacuum steam distillate of cocoa butter.  
Rizzi (2) identified nine alkylpyrazines in the basic 
fraction of a vacuum steam distillate of cocoa butter.  
R o s t a g n o  et al. (3} ident i f ied  30 vola t i le  f lavor  
compounds in a s team distillate of cocoa but ter  and 
developed an analytical method to evaluate the aroma 
intensity of different varieties of cocoa butter. 

*To whom correspondence should be addressed. 
1present address, Thomas J. Lipton, Inc., Englewood Cliffs, NJ. 
2present address, Oscar Meyer, Inc., Madison, WI. 
3present address, Campbell Soup Company, Camden, NJ. 
4present address, Graduate Institute of Food Science & 
Technology, National Taiwan University, Taipei, Taiwan, Republic 
of China. 

The flavor of cocoa but ter  depends on the processing 
conditions to which the cocoa beans are subjected. Cocoa 
but ter  obtained from roasted cocoa beans has a s t rong 
flavor reminiscent of cocoa. Cocoa but ter  obtained from 
unroasted cocoa beans which have been given a s team 
t rea tment  has a considerably milder, yet  distinctive, 
flavor. 

The objective of this s tudy was to isolate, identify and 
semiquanti tate the volatile flavor compounds of cocoa 
but ters  obtained from roasted and unroasted cocoa 
beans. This paper reports the isolation methodology 
employed and the acidic and basic compounds identified. 
The neutral compounds identified will be reported in a 
subsequent paper. 

EXPERIMENTAL SECTION 

S t a r t i n g  materials .  The cocoa but ter  samples were 
suppl ied by  Cadbury-Schweppes ,  Ltd.  They  were 
prepared from Ghanaian/Nigerian Grade 1 cocoa beans. 
The roasted cocoa but ter  was obtained from cocoa beans 
which were roasted at 145 C for 8 min in a continuous 
roaster. Cocoa liquor obtained from the roasted beans 
was hydraulically pressed at 100 C and 7,000 psi to 
obtain the roasted cocoa butter.  The unroasted cocoa 
but ter  was obtained from the expeller pressing of whole 
cocoa beans. The beans were heated with s team to 85 C 
and held for 20 min before being pressed. 

The a romas  of the cocoa b u t t e r  samples  were 
evaluated by two trained flavorists. The roasted sample 
had a strong, well-rounded cocoa aroma with some 
burn t  characteristics. The unroasted sample had a 
milder aroma with acidic, fruity, floral and fat ty-waxy 
characteristics. I t  did not possess the total cocoa aroma. 

Flavor  isolation. The volatile flavor compounds of 
bo th  cocoa bu t t e r  samples  were isolated us ing  a 
semicontinuous, countercurrent,  vacuum steam distilla- 
tion apparatus  (4). The volatile flavor compounds were 
isolated from a total  of 80 lb of the roasted cocoa but ter  
and 70 lb of the unroasted cocoa butter. 
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Wate r  vapor  and volatile flavor compounds  were 
condensed in a series of cold t raps  which were cooled 
with  a dry ice and acetone slurry. The condensate  
collected in the t r aps  was combined, sa tu ra ted  with 
sodium chloride and ext rac ted  with ethyl  ether. The 
ether  ex t rac t s  were dried over anhydrous  Na~SO4 and 
sub jec ted  to a p r e l im ina ry  concen t r a t i on  u s ing  a 
30-plate  Oldershaw dis t i l la t ion column. The e ther  
ex t rac t s  f rom both  cocoa bu t t e r  samples  were concen- 
t ra ted  to final volumes of 15 ml using a spinning band 
distil lation appara tus .  

The reproducibil i ty of the isolation methodology and 
its effectiveness in producing flavor isolates representa-  
t ive of the s ta r t ing  mater ia l  were demons t ra t ed  in 
prel iminary studies described by  Carlin et al. (5). 

Separation of the flavor isolates into acidic, basic and 
neutral fractions. The flavor isolates were separa ted  into 
acidic, basic and neutral  fract ions to facil i tate gas  
chromatographic  analysis.  Separat ion into acidic and 
nonacidic fractions was accomplished by  extract ion with 
10% aqueous Na2CO3. The nonacidic fract ions were 
fur ther  separa ted  into basic and neutral  fract ions by  
ext ract ion with 10% aqueous HC1. All e ther  solutions of 
acidic, basic and neutral  compounds  were dried over  
anhydrous  Na2SO4 and concentrated to 5 ml using a 
spinning band distil lation appara tus .  

Analysis of the acidic fractions. The aromas of the 
ac id ic  f r a c t i o n s  were  e v a l u a t e d  b y  two  t r a i n e d  
flavorists.  The unroas ted  acidic fract ion had a s t rong  
a roma which was character is t ic  of the C~-Cs f a t t y  acids. 
The a roma of the roas ted  acidic fract ion was much less 
acidic and lacked the animal character  associated with 
3-methylbutanoic  and pentanoic acids. 

A port ion of both  acidic fractions was quant i ta t ive ly  
conve r t ed  to m e t h y l  e s t e r s  u s ing  a BF3-methanol  
reagent .  The procedure used was essential ly the same as 
tha t  of Metcalfe and Schmitz (6). The esterified acidic 
fract ions were analyzed using a Beckman GC-5 gas 
ch romatograph  equipped with a thermal  conduct ivi ty  
detector.  The injection por t  and detector  t empera tu res  
were held at  220 and 250 C, respectively.  A 10 ft  X 1/8 in. 
o.d. stainless steel column packed with  10% D E G S  on 
80/100 mesh Chromosorb W AW DMCS was used for 
the analysis. The He flow rate  was 30 ml/min. The 
column tempera tu re  p rog ram was 50 C, held for 5 min, 
then 2.5 C/min to a final t empera tu re  of 180 C. 

The compara t ive  gas ch romatograms  of the esterified 
cocoa bu t t e r  fractions are shown in Figure 1. These 
c h r o m a t o g r a m s  represen t  quan t i t a t i ve  compar i sons  
b e t w e e n  the  acidic f r a c t i o n s  of the  r o a s t e d  and  
unroas ted  cocoa but ters .  The peaks  obtained in the gas 
chromatograph ic  separa t ion  of the esterified acidic 
fract ions were accumulat ively collected in "ha i rp in"  
capi l la ry  g lass  t r a p s  accord ing  to the  m e t h o d  of 
Thompson  (7). 

Analysis of the basic fractions. The aromas  of the 
basic  f ract ion also were eva lua ted  by  two t ra ined 
f lavor is ts .  Bo th  basic  f rac t ions  were perceived to 
contain mainly pyrazines.  However,  the green-earthy- 
m u s t y  a roma character is t ic  of some pyrazines  was much 
s t ronger  in the roas ted  basic fraction. The roas ted  basic 
fract ion also contained a pers is tent  dark  cocoa-honey 
aroma. 

The basic fractions were more complex than  the acidic 
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FIG. 1. Comparison of the esterified acidic cocoa butter fractions. 
Top, unroasted esterified acidic fraction; bottom, roasted esterified 
acidic fraction. 

fract ions and were subjected to a sys temat ic  method of 
gas chromatographic  fract ionat ion in order to obtain 
pure compounds.  The gas chromatograph,  injection por t  
and detector  t empera tu res  employed in the analysis  of 
the  bas ic  f r ac t i ons  were  the  s ame  as p r e v i o u s l y  
described. A 10 ft  X 1/8 in. o.d. stainless steel column 
packed with 10% OV-17 on 60/80 mesh Chromosorb W 
AW DMCS was used for the first  gas  chromatographic  
fract ionat ion of the basic fractions. The He flow rate  was 
30 ml/min. The column t empera tu re  p rog ram was 55 C, 
held for 10 min, then 2.5 C/min to a final t empera tu re  of 
215 C. 

The compara t ive  gas ch romatograms  obtained f rom 
the first  fraction of the basic cocoa bu t t e r  fract ions are 
shown in F igure  2. The c h r o m a t o g r a m s  represen t  
quant i t a t ive  comparisons  between the basic fract ions of 
the roas ted  and unroas ted  cocoa but ters .  Each  chro- 
m a t o g r a m  was  divided into f rac t ions  which were 
accumulat ively  collected as previously described. 

Some subfract ions obtained f rom the first  fractiona- 
t ion of the basic fract ions were subjected to a second 
fractionation. The second fract ionat ions were conducted 
using a 10 ft  X 1/8 in. o.d. stainless steel column packed 
with 10% SP-1000 on 60/80 mesh Chromosorb W AW 
DMCS. The column t empera tu re  was p r o g r a m m e d  to 
provide m a x i m u m  resolution for each fract ion analyzed. 
Selected subfract ions obtained f rom the second frac- 
tionation, and which seemed impure and existed in 
sufficient quantit ies,  were subjected to a third fraction- 
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FIG. 2. Comparison of the basic cocoa butter fractions. Top, 
unroasted basic fraction; bottom, roasted basic fraction. 

ation. Third fractionations were conducted using a 10 ft 
X 1/8 in. o.d. stainless steel column packed with 10% 
OV-101 on 60/80 mesh Chromosorb W AW DMCS. 
Again, the column temperature was programmed to 
provide maximum resolution of the fractions analyzed. 

Identification of the volatile flavor compounds. 
Subfractions obtained from the gas chromatographic 
fractionation of the acidic and basic fractions were 
analyzed using a coupled gas chromatograph-mass 
spectrometer system. The system consisted of a Du 
Pont Instruments model 21-490 mass spectrometer 
which was interfaced by a jet separator to a Varian 
Moduline 2700 gas chromatograph equipped with flame 
ionization detector. The injection port and detector 
temperatures of the gas chromatograph were held at 220 
and 250 C, respectively. The subfractions were analyzed 
using either a 10 ft X 1/8 in. o.d. stainless steel column 
packed with 10% OV-101 on 60/80 mesh Chromosorb W 
AW DMCS or a 10 ft X 1/8 in. o.d. stainless steel column 
packed with 10% SP-1000 on 60/80 mesh Chromosorb 
W AW DMCS. The He flow rate was 30 ml/min. The 
choice of gas chromatographic column and column 
t e m p e r a t u r e  p rog ram were des igned to provide  
maximum resolution for the fraction analyzed. 

Selected subfractions which existed in sufficient 
quantities also were analyzed using a Beckman Acculab 
4 infrared spectrometer. The infrared spectra were 
obtained in CC14 solution using ultra microcavity NaC1 
cells of 0.1 mm light path. 

Compounds were identified by comparing the infrared 
and mass spectra obtained with those of published spectra. 
In some cases, organic synthesis was undertaken to 
confirm the identity of compounds. 

Relative concentrations of the compounds identified 
were approximated based on the integration of gas 
chromatograms generated from the fractionation of the 
acidic and basic fractions and the GC-MS analyses. The 
integrations were conducted using a Hewelett-Packard 
5840A GC terminal which was coupled to the detectors 
of the Beckman GC-5 and Varian Moduline 2700 gas 
chromatograph. 

RESULTS AND DISCUSSION 

A total of nine acidic compounds was identified in the 
roasted and unroasted cocoa butter samples. Two are 
being reported for the first time in cocoa. Table 1 lists 
the acids, identified as their methyl esters, in the acidic 
fractions and the approximate relative concentrations at 
which they were present.  There were significant 
quantitative differences between the two acidic frac- 
tions. The unroasted cocoa butter contained more than 
three times the concentration of volatile acids than the 
roasted cocoa butter. The most significant difference 
was pentanoic acid, which was present in a concentration 
approximately 18 times higher in the unroasted cocoa 
butter. 

The sensory evaluations of the roasted and unroasted 
cocoa butter themselves, and of their respective acidic 
fractions,  both  indicated tha t  the aroma of the 
unroasted cocoa butter was more acidic than that of the 
roasted cocoa butter .  The most prominent aroma 
characteristic of the unroasted cocoa butter was its 
acidity as determined by trained flavorists. The analysis 
of the acidic cocoa butter fractions supports the results 
of the sensory evaluations. The unroasted cocoa butter 
does contain high concentrations of volatile acids, and 
this difference was detectable by sensory evaluation. 
The lower concentration of volatile acids in the roasted 
cocoa butter is primarily due to the acids being driven 
off by the higher temperatures which are achieved 
during the roasting process. The hydraulic pressing of 
the cocoa liquor at 100 C and 7,000 psi also contributed 
to the decrease in the concentration of volatile acids. The 

TABLE 1 

Acidic Compounds Identified in Cocoa Butters from Roasted and 
Unroasted Cocoa Beans 

Relative Concentrations 

Compound Roasted Unroasted 

isopentanoic acid 1910 7890 
hexanoic acid 330 690 
pentanoic  acid 20 370 
3-methylpentanoic acid a 320 170 
phenylacetic acid 70 290 
octanoic acid 220 200 
heptanoic acid 70 130 
benzoic acid 20 50 
3-hexenoic acid a 10 20 

aReported for first  t ime in cocoa. 
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T A B L E  2 

Basic Compounds Identified in Cocoa Butters from Roasted and Unroasted Cocoa Beans 

Rela t ive  C o n c e n t r a t i o n s  

C o m p o u n d  R o a s t e d  U n r o a s t e d  C o m p o u n d  

Rela t ive  C o n c e n t r a t i o n s  

R o a s t e d  U n r o a s t e d  

Pyrazines 
t e t r a m e t h y l p y r a z i n e  270 3400 
t r i m e t h y l p y r a z i n e  2620 380 
2 ,5 -d imethy l -3-e thy lpyraz ine  750 40 
2 ,5 -d ime thy lpyraz ine  710 60 
2 - i sopropyl -3 -methy lpyraz ine  510 t race  
2 ,6 -d ime thy lpyraz ine  490 - -  
2 -ace ty l -3 -methy lpyr  azine a 390 20 
2-e thy l -3 ,5 ,6- t r imethylpyr  azine 310 20 
2 ,6 -d ie thy l -3-methy lpyraz ine  10 150 
6, 7-dihydro- 5 H-cyclopent apyrazine 110 - -  
m e t h y l p y r a z i n e  90 10 
2-ace ty l -3-e thylpyraz ine  a 90 10 
2 ,5 -d ie thy l -3-methy lpyraz ine  90 - -  
2 -bu ty l -3 ,6 -d imethy lpyr  azine 80 t race  
2-methyl-6,  7-dihydro-5 H-cyclo- 80 t race  

p e n t a p y r a z i n e  
2 -methy l -5 -v iny lpyraz ine  70 - -  
i sop ropeny lpyraz ine  70 - -  
2 -methy l -3 -pen ty lpyraz ine  50 t race  
2 -methy l -6 -v iny lpyr  azine a 40 30 
2 ,3 -d imethy lpyraz ine  t race  30 
2 ,3-d imethyl -5-e thy lpyr  azine - -  30 
2 ,3 -d imethy l -5 -bu ty lpyraz ine  a 30 - -  
2 ,5 -d imethy l -3 - i sobu ty lpyr  azine 30 - -  
5 ,6 ,7 ,8 - te t rahydroquinoxa l ine  a 30 - -  
ace ty lpyraz ine  20 t race  
2 - i sopropyl -5 -methy lpyraz ine  a 20 t race  
2-ethyl-6,7-dihydro-5 H-cyclo- 20 t race  

p e n t a p y r a z i n e  
2 ,5-dimethyl-6,7-dihydro-5 H- 20 - -  

cyc lopen t apy raz ine  
2 ,5 -d imethy l -3- i sopen ty lpyr  azine 20 - -  
2-pentyl-3,5 ,6- t r imethylpyrazine a 20 - -  
2-(1-propenyl)pyr azine a 10 - -  
2 -e thy l -5 -methy lpyr  azine t race  10 
2 -e thy l -6 -methy lpyr  azine - -  10 
qu inoxa l ine  a 10 - -  
2-e thyl -6-propylpyr  azine 10 - -  
2 -bu ty l -3 -me thy lpyraz ine  a 10 10 
2 -me thy lqu inoxa l ine  a 10 - -  
5,8-dimethylo 5,6,7,8-te t r ahydro -  10 - -  

qu inoxa l ine  a 
2 -e thy l -3 -methy lpyraz ine  t race  - -  
i sop ropy lpyraz ine  t race  - -  
2 -methy l -6 -p ropeny lpyr  azine a - -  t race  
5-methyl-6 ,7-dihydro-5H-cyclo-  t race  - -  

p e n t a p y r a z i n e  a 
2 ,3-d ie thy lpyraz ine  a t race  - -  
2-(2-furyl)pyrazine 20 - -  
3 ,5-dimethyl-6 ,7-dihydro-5H- t race  - -  

cyc lopen tapyraz ine  

Pyrazines (cont.) 
5,7-dimethyl-6,  7-dihydro-5 H- 

cyc lopen tapyraz ine  a 
5-ethyl-6,7-dihydro-5H-cyclo-  

p e n t a p y r a z i n e  a 
2 ,5-d imethyl -3-propylpyraz ine  
2-(2-furyl)-3-methylpyrazine a 
5,7-dimethyl-5,6,  7 ,8- te t rahydro-  

qu inoxa l ine  a 
2-ethyl- 5 ,6 ,7 ,8- te t rahydroquin-  

oxal ine a 
2 ,3 ,5- t r imethyl-6 ,7-dihydro-5 H- 

cyc lopen tapyraz ine  a 
2 -methy l -5 -pen ty lpyraz ine  
3 ,5 -d imethy l -2 - i sobu ty lpyraz ine  
2-propyl-3,5,6-tr imethylpyrazine a 
2-isopropyl-3,5,6-tr imethylpyra- 

zine a 
2-butyl-3 ,5-dimethylpyr  azine a 
2-methyl-5-ethyl-6,7-dihydro- 

cyclopentapyraz ine  a 
2-ethyl-5-methyl-6,7-dihydro- 

cyclopentapyraz ine  
2,3-dimethyl-5- isopentylpyrazine a 
2-butyl-3,5 ,6- t r imethylpyrazine a 
2- isobutyl-3,5,6-tr imethylpyra-  

zine a 

Thiazoles 
2-pentyl thiazole a 
2-acetyl-5-methylthiazole 
2-isopropyl-4,5-dimethylthiazole a 
2 -isopropyl-4-met hyl thiazole  a 

Oxazoles 
2-acetyloxazole a 
2-isopropyl-4,5-dimethyloxazole a 
2-methyl-4,5-dibutyloxszole a 
4,5-dimethyloxazole 
2-methyl-4-ethyl-5-propyloxa- 

zole a 
2,5-dimethyl-4-butyloxazole a 
2-methyl-4-ethyl-5-butyloxazole a 
2-butyl-4-methyl-5-ethyloxazole a 
4 ,5-dibutyloxazole  a 

Pyridines 
2-hydroxypyr id ine  a 
2-ace ty lpyr id ine  
3 -bu ty lpyr id ine  a 
3 -pheny lpyr id ine  

trace 

t race 
20 

trace 

trace 

t race 

t race 
t race 
t race 
t race 

trace 

t race 

t race 
t race 
t race 

20 
10 
10 

t race 

10 
10 
10 

t race  
t race  

t race  
t race  
t race  
t race  

1060 
30 
10 
10 

trace 

t race 

m 

t race 

i 

t race  

a R e p o r t e d  for the  f i r s t  t i me  in cocoa. 
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s t eam t rea tment ,  which the beans used to produce the 
unroas ted  cocoa bu t te r  were subjected to, represented a 
significantly milder heat  t r ea tmen t  and did not  result  in 
as grea t  a decrease in the concentrat ion of volatile acids. 

A reduction in the concentrat ion of volatile acids 
during the roas t ing  of cocoa beans  has been repor ted  
previously by  Rohan and Stewar t  (8) and Bonar,  Rohan 
and S tewar t  (9). Lopez and Quesnel (10) have s ta ted  tha t  
chocolate samples  prepared  f rom cocoa beans containing 
high concentrat ions of the C3-Cs f a t ty  acids had inferior 
flavors. The reduction in the concentrat ion of volatile 
acids which occurs during the roas t ing  process is con- 
sidered to be an impor tan t  step for the development  of 
good cocoa flavor in the roas ted  cocoa bean. 

A to ta l  of 83 basic compounds was identified in the 
roas t ed  and un roas t ed  cocoa b u t t e r  samples .  The 
compounds  identified included 62 pyrazines,  9 oxazoles, 
4 thiazoles, 4 pyridines and 4 miscellaneous compounds.  
Forty-f ive of the basic compounds are being repor ted  
for the first  t ime in cocoa. Table 2 lists the basic 
compounds  identified and the approx imate  relat ive 
concentrat ions at  which they were present.  All of the 
compounds  listed were identified in the basic cocoa 
bu t t e r  fractions. 

Pyrazines were present  in grea ter  numbers  and at  
higher concentrat ions in the roas ted  cocoa but ter .  Of the 
62 pyrazines identified, 57 were identified in the roas ted  
cocoa bu t t e r  and only 27 in the unroas ted  sample.  The 
roas ted  cocoa bu t t e r  contained approximate ly  a two 
t imes  h igher  concen t r a t ion  of pyraz ines  t h a n  the  
unroas ted  cocoa but ter .  Pyrazines are an ext remely  
i m p o r t a n t  c lass  of food f lavor  compounds .  Thei r  
occurrence in foods and pa thways  of format ion has been 
reviewed by  Maga  and Sizer {11,12). Pyrazines  are 
significant contr ibutors  to the flavor of heat  t rea ted  
foods. However,  they also have been isolated f rom food 
s y s t e m s  t h a t  have  not  undergone  heat  t r ea tmen t ,  
indicating tha t  biological pa thways  of format ion do 
exist. Reineccius et al. (13) and Keeney (14) demon- 
s t ra ted  t ha t  the concentrat ion of pyrazines genera ted 
during the roas t ing  of cocoa beans  increased as a 
function of increasing t empera tu re  and durat ion of 
roast .  The format ion of pyrazines  was clearly favored in 
the product ion of the roas ted  cocoa but ter .  Keeney (14) 
s ta ted  tha t  differences in f lavor among  chocolates can be 
a t t r ibu ted  in par t  to the presence or absence of large 
amounts  of a lkylpyrazines and in qual i ta t ive differences 
between their alkylpyrazine fractions. The quant i t a t ive  
and  qua l i t a t ive  di f ferences  be tween  the  py raz ines  
identified in the cocoa bu t t e r  samples  are probably  the 
mos t  impor tan t  factors  contr ibut ing to their  a roma 
differences and to the cocoa a roma of the roas ted  cocoa 
but ter .  

The mos t  abundan t  pyrazine identified was tetra-  
methylpyrazine,  which existed at  an ext remely  high 
concentrat ion in the unroas ted  cocoa bu t t e r  and only a 
modera te  level in the roas ted  cocoa but ter .  Tetra-  
methylpyraz ine  accounted for over 90% of the pyrazine 
conten t  of the  u n r o a s t e d  cocoa bu t t e r .  This  is in 
agreement  with Reineccius et al. {13), who found tha t  
t e t ramethy lpyraz ine  accounted for a lmost  all of the 
pyrazine content  of cocoa beans roas ted  for 30 min at  70 
C. T e t r a m e t h y l p y r a z i n e  has  been identified in fer- 
mented,  unroas ted  cocoa beans {13,15). Besides thermal  

generation, t e t ramethy lpyraz ine  could be formed in 
cocoa beans  th rough  biosynthet ic  reactions. Kosuge and 
K a m i y a  (16) iden t i f i ed  t e t r a m e t h y l p y r a z i n e  as a 
metabol ic  product  of a s t ra in  of B a c i l l u s  sub t i l i s .  Several 
species of this organism were identified in a ferment ing  
mass  of cocoa beans  by  Os tovar  {17). 

The oxazoles and thiazoles identified were present  in 
only the roas ted  cocoa but ter .  The presence of several  of 
these  compounds was confirmed th rough  synthesis  (18). 
Oxazoles and thiazoles possess  in teres t ing  sensory  
character is t ics  and are high impac t  f lavor compounds.  
Oxazoles could possibly be formed th rough  the Strecker  
degradat ion  of aminoketones which result  f rom the 
condensat ion of a-dicarbonyl compounds  with amino 
acids {19). They might  also form th rough  react ions 
between amino acids {20). Maga  (21) has reviewed the 
occurrence of thiazoles in foods and possible pa th w ay s  
of formation.  Thiazoles have been identified in several  
heat  t rea ted  foods and could possibly form through  the 
i n t e r a c t i o n  of s u l f u r - c o n t a i n i n g  amino  acids  and  
carbonyl-containing compounds.  Thiazole der ivat ives  
have been identified as volatile components  of thermal ly  
degraded  th iamine  (22). B iosyn the t i c  p a t h w a y s  of 
thiazole format ion  could also exist  {23}. 2-Pentylthiazole 
was found to have a s t rong  fat ty ,  green and sweet 
aroma, which could contr ibute  to cocoa bu t te r  flavor 
(18). 
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�9 %Heterogeneous Catalytic Hydrogenation of Canola Oil Using 
Palladium 
N. Hsu, L.L. Diosady*, W.F. Graydon and L.J. Rubin 
Department of Chemical Engineering, University of Toronto, Toronto, Ontario, Canada M5S 1A4 

The hydrogenat ion  of canola oil was  studied using 
palladium black as a potential  cata lyst  for producing 
part ia l ly  h y d r o g e n a t e d  fa t s  with low t rans- isomer 
content.  Pressure  (150-750 psig) appeared to have the 
largest  effect  on trans-isomer formation.  At 750 psig, 90 
C and 560 ppm metal  concentration,  a maximum of 
18.7% t rans  i somers  was  obtained at IV 53. A nickel 
cata lyst  produces about  50% t rans  i somers  at the same 
IV. For palladium black, the l inolenate and l inoleate 
selectivit ies  were 1.2 and 2.7, respectively. The max- 
imum level of t rans  i somers  observed ranged from 18.7 % 
to 42.8% (150 psig). Tempera ture  (30-90 C) and cata lys t  
concentrat ion (80-560 ppm) affected the reaction rate 
with  l i t t le  e f f ec t  on t rans - i somer  f o r m a t i o n  and 
s e l e c t i v i t i e s .  At  250 ps ig  and  50 C, s u p p o r t e d  
palladium (5% Pd/C) appeared to be twice as act ive as 
pal ladium black. At  560 ppm Pd, 5% Pd/C produced 30.2% 
t rans  (IV 67.5), versus 19.0% t rans  for pal ladium black 
(IV 68.9). Respective l inoleate selectivit ies  were 15 and 
6.6, while linolenate selectivities were approximately  
unity.  Analys i s  of the oil samples by neutron act ivat ion 
showed approximately a 1 ppm, Pd residue after filtration. 

The search is still on for an active, heterogeneous 
cata lys t  for hydrogenat ion of edible oils with production 
of a low level of trans isomers. The need for such a cata lys t  
arose following a Canadian s tudy which reviewed the 
health effects of these isomers (1). This subject was 
reviewed thoroughly by Applewhite (2). In his review it 
was shown tha t  the studies of the health effects of trans 
isomers were inconclusive. The FDA recently commis- 
s ioned the  F e d e r a t i o n  of Amer i can  Socie t ies  for  
Exper imenta l  Biology to under take a s tudy of trans 
f a t ty  acids (3) in the hope of sett l ing this controversial  
issue. Thus, we feel it would be prudent  to develop 
alternative cata lysts  which would minimize the forma- 
tion of trans fa t ty  acids. Such a development would, in 
any case, offer the processor an alternative, should one 
be needed, for this or any other reason. 

In an earlier review of cata lysts  (4), it was reported 
tha t  heterogeneous palladium catalysts  were unsuitable 
for the hydrogenat ion of triglycerides because they were 
nonselective and produced large quanti t ies  of trans 
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acids. More recent work indicates that ,  in general, 
palladium forms more trans isomers than nickel (5}, 
especially under conditions normally employed with the 
lat ter  (6). Thus, we initially invest igated the homoge- 
neous catalytic hydrogenat ion of canola oil using a 
palladium complex. I t  had been reported by I ta tani  and 
Bailar (7) tha t  the mixture  of dichlorobistriphenylphos- 
phine palladium ( I I) and stannous (I I) chloride dihydrate  
was a ve ry  act ive  homogeneous  ca t a ly s t  for the  
hydrogenat ion of soybean oil methyl  esters. Further-  
more, at 575 psi and 60 C, a total  trans content  of less 
than 20% was observed. We used this cata lys t  mixture  
to hydrogenate canola oil at 500 psig and 110 C. After 5 hr 
of reaction time the IV dropped 12 units. A black precipitate, 
most likely palladium, was present in the partially hydro- 
genated oil. I ta tani  and Bailar (7) reported tha t  some of 
their runs produced aprecipitate.  In another report  (8), the 
same authors  observed a black precipitate following the 
hydrogenat ion of soybean oil methyl  ester  using the 
p l a t i n u m  ana log  of the  pa l l ad ium complex .  The  
precipitate, assumed to be plat inum black, was then 
used in a run, but  it proved to be relatively inactive. We 
observed that  our precipitate, when used alone in the 
hydrogenat ion of canola oil, was very  active at 750 psig 
and 70 C. The  h o m o g e n e o u s  pa l l ad ium c a t a l y s t  
subsequently was abandoned, and palladium black was 
made the cata lys t  of choice. The objective of our s tudy 
was, therefore, to evaluate the performance of palladium 
with respect to pressure, temperature,  concentrat ion 
and cata lys t  support  during the hydrogenat ion of canola 
oil. 

The earliest published work on the hydrogenat ion of 
any edible oil in which palladium was used was in 1953; 
in it, the promoter  effect of plat inum and palladium on 
nickel was examined (9). I t  was found tha t  the addition 
of plat inum increased the bonding s t rength  of hydrogen 
to the catalyst  surface, whereas addition of palladium 
decreased the bonding strength.  Zajcew (10) hydro- 
genated castor oil to castor wax using 5% and 1% 
palladium on carbon. Although palladium on carbon was 
used by Zajcew in subsequent  reports  (11,12), it  was for 
the hydrogenat ion of soybean and cot tonseed oil. In 
almost all cases, hydrogenat ion was accompanied by 
20-50% t r a n s - i s o m e r  format ion .  The lowest  t rans  
content  reported was 15.0% at  IV 67.1 (11). The catalyst  
used was palladium (200 ppm) in the form of 1% 
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