
during baking has been demonstrated 
(6, 73, 79). Rothe (79) reacted 14 
individual amino acids with xylcse, and 
in each case an aliphatic aldehyde and 
furfural were formed. He  also dem- 
onstrated that these reactions take 
place in the crust of rye bread during 
baking. The most reactive amino acids 
were isoleucine, leucine, valine, me- 
thionine, alanine, and phenylalanine 
which formed 2-methylbutyraldehyde, 
isovaleraldehyde, isobutyraldehyde, me- 
thional, acetaldehyde, and phenylacetal- 
dehyde, respectively. Simultaneously, 
furfural was formed from pentoses, and 
H M F  from hexoses. I t  has also been 
reported that the addition of amino acids 
or nonfat dry milk solids increases crust 
browning (3 ,  24). Furthermore, the 
Amadori rearrangement has been shown 
to take place in bakery products (5, 77). 

However, as suggested by Pomeranz 
et al .  (78), the possibility of carameliza- 
tion reactions of various sugars as an 
additional source of brown pigments and 
flavor compounds cannot be overlooked. 
That such reactions may take place at 
temperatures even below those generally 
encountered during baking has been 
reported (7). Also, the extensive forma- 
tion of methylfurfural from rhamnose 
does not appear to be accompanied by a 
corresponding decrease in amino acids, 
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thus suggesting the formation of methyl- 
furfural directly from the sugar. 
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COFFEE AROMA 

NTEREST in the chemical composition I of coffee aroma has been increasing 
greatly in recent years arising mainly 
from the desire to improve the accept- 
ability of soluble coffee products and 
also to afford a means of quality evalua- 
tion and control. 

Early work on coffee aroma was car- 
ried out more than 50 years ago, by 
employing coffee roaster condensates 
as samples. The complexity of these 
condensates and the lack of sensitive 
analytical methods made complete anal- 
ysis extremely difficult, if not impossible. 
In the past decade, several papers have 
appeared reporting further attempts to 
gain more complete information about 
the volatile components which comprise 
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Inc., Baltimore 2, Md. 

Present address: Research Labora- 
tories, General Foods Corp., Tarrytown, 
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a coffee aroma (2, 3. 8, 9, 72-75, 77, 78). 
In reviewing the rather voluminous 
literature which has appeared on this 
subject, a wide divergence is found with 
respect to the nature of the samples 
taken, the methods of analysis used, and 
the results obtained. In one report 
(6 ) ,  as many as 70 compounds are listed 
as identified. Consideration of the 
methods employed, however, raises con- 
siderable doubt as to the reliability of 
some of the identifications. 

The answer to this complex and per- 
plexing problem appears to lie in the 
utilization of more modern instru- 
mental methods of analysis. The results 
reported here are based entirely on mass 
spectrometric analysis. In other current 
research (74, 75, 78) .  gas chromatog- 
raphy and mass spectrometry are also 
being used. 

Chemical changes responsible for 
development of coffee flavor and aroma 
are qrnerally conceded to be effected 

exclusively in the roasting process. 
The majority of previously reported 
studies on coffee aroma have, therefore, 
been made in connection with these 
roasting products, and the sampling 
procedures have employed heat, steam. 
water extraction. or solvent extraction, 
individually or in combination. The 
introduction of solvents and the us? of 
steam or water might also be expected 
to cause chemical alteration of the vola- 
tile components. In  addition. steam. 
water, or solvent extraction methods of 
obtaining a sample all suffer the dis- 
advantage that nonvolatile but extract- 
able materials may bc collected. and the 
problem of subsequent separation of 
these impurities as well as the solvents 
and their associated impurities need- 
lessly complicates the procedure. The 
method of sampling which employs a 
carrier gas to sweep out the coffee sample 
is apparently a satisfactory one but re- 
quires considerable extra time, and very 
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Mass spectrometric analysis has led to the identification of several components of coffee 
aroma. Volatile compounds from ground roasted coffee are collected by distillation 
under high vacuum at room temperature into a receiver at liquid nitrogen temperature. 
Direct fractionation of a center cut on the mass spectrometer and subsequent analysis 
has shown the presence of more than 20 compounds. Among the compounds identified 
are furans, aldehydes, esters, alcohols, nitriles, and sulfur compounds. The methods of 
sampling and fractionation used, together with direct mass spectrometric analysis, offer 
minimum sample handling and avoid the possibility of loss and/or contamination of the 
sample. By using vacuum distillation without heat, a more representative samrl- hnc 

been obtained. 

volatile components may he lost hy 
failure to he condensed in the cold trap. 

In  this study, volatile components are 
considered to he those compounds which 
may be distilled under vacuum at room 
temperature from the dry, ground, 
roasted coffee. Samples collected in 
this way are believed to he more repre- 
sentative of a characteristic sample of 

The methods employed are basically 
those described previously far the anal- 
ysis of volatile components from irradi- 
ated meat (7) 

The apparatus employed to collect the 
sample of total condensate from coffee 
is shown in Figure 1. One pound of 
freshly ground, medium grade coffee 
was placed in a flask attached to a vac- 
uum manifold, cooled to liquid nitrogen 
temperature, and the air pumped from 
the sysiem until a final pressure of about 
1 micron was attained. The stopcock 
to the vacuum pump was then closed 
and the coffee allowed to come to room 
temperature. A dewar of liquid ni- 
trogen was placed around the receiver 
flask, and distillation was allowed to 
proceed for approximately 120 hours. 
Since this investigation was concerned 
mainly with qualitative results, no studies 
were made of the exact collection times, 
and the sample was allowed to distill for a 
relatively long period of time to achieve 
a nearly exhaustive collection of the 
volatile materials. The mass spectral 
data from which ultimately 30 volatile 
components were identified were oh- 
tained from two such 1.pound samples 
al coffee. 

Fractionation of the total condensate 
was accomplished by means of usual 
procedures employing law temperature- 
high vacuum distillation into a water 
fraction, a carbon dioxide fraction, and a 
center cut (7). A schematic diagram 
af the fractions obtained is shown in 
Figure 2. 

The carbon dioxide fraction comorised 
about 95% of the total condensate. 
Only low molecular weight gases of 
relative unimportance are expected to 
he found in this fraction since it contains 

Figure 1. Col lection apparatus for coffee volatiles 

,tile at a are based cntirfly on the analysis < 
n O^” --..*-.. ”..* ... L:^L ....”*-;”” ,l.- .._ only cornpounds that are vol; 

temperature below -145’ ”. 
this reason, no systematic analysis of the 
carbon dioxide cut was made. The 
water fraction was approximately 10 ml. 
in volume and had a pale yellow color 
which turned darker on standing. Since 
techniques for the analysis of water 
fractions have not yet been fully devel- 
oped, no attempts were made to identify 
the compounds present at this time. 
Accordingly, the analyses reported here 

the 
LL1l,LL vvl..~LL LV.ILII.IIO ,..\ ,,mpo- 
nents of intermediate volatility. 

The analysis of the ccnter cut MW 
accomplished by direct fractionation on 
the mass spectrometer using the pro- 
cedure which has been described pre- 
viously ( I ) .  The fractionation was 
accomplished in steps of 5’ C. from 
-145’ C. to room temperature, and a 
mass spectrum was obtained for each 
fraction. Far some of the fractions 
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Table I .  Summary of Mass Spectral Analysis of Coffee Aroma 
Summory of Composition 

Aldehydes 50.770 
Ketones 21.5 
Esters 10.3 
Heterocyclic compounds 7 .0  
Sulfur compounds 4 . 3  
Alcohols 
Nitriles 

Aldehydes 

Acetaldehyde 
Isovaleraldeh yde 
Propanal 
Propenal 
a-Methy1,P-thy1 acrolein 
Dimethyl acroleina 

Esters 

Methyl formate 
Methyl acetate 

Sulfur Compounds 

Carbon disulfide 
Dimethyl sulfide 
Methyl ethyl sulfide 
Dimethyl disulfide 
Methyl ethyl disulfide" 

Alcohols 

Methanol 
Ethanol 

26.470 
13.7 
8 .9  
0 . 8  
0 .9  

50.7% 
. . .  - 

5.3% 

1- 

0 .2% 

5.0 

0 . 7  
0 . 2  
3 .2  

4.3% 

2 .0% 

2.4% 

. . .  

0.4 

2.4 
1 . 7  
97.9% 

Ketones 

Acetone 0 .5% 
Methyl ethyl ketone 12.7 
Methvl vinvl ketone 0 .4  

I ,  

Biacetyl 
Acetylacetone 

Heterocyclic Compounds 

Pyrrole 
Furan 
2-Methyl furan 

7 .8  
0 . 1  

21.57,  

0 .5% 
2 .3  
4 .0  

2,5-Dimethyl furan 0 . 2  
Propyl furana . . .  
Butvl furanQ . . .  
Dimethyl pyrrole" . . .  
N-Methyl pyrrolea . . .  

7.0% 

Nitriles 

Propene nitrile 0 .6% 
3-Butene nitrile 1 . 1  

1.77, 
a Tentatively identified due to lack of calibration spectra. 

G R O U N D  
ROASTED 
COFFEE 

I V A C U U M  D I S T I L L A T I O N  

T O T A L  
CONDENSATE 

( n o n v o l a t i l e  a t -190"  C.) 

n o n v o l a t i l e  at-78" C n o n v o l a t i l e  a t - 1 9 6 "  C 
v o l a t i l e  a t - 1 4 5 "  C 

n o n v o l a t i l e  a t -145"  C 
v o l a t i l e  at-78" C 

TO F R A C T ~ O N A T I O N  O N  
M A S S  SPECTROMETER 

Figure 2. Diagram of the fractionation of a sample of coffee aroma 

which contained as many as eight or 10 Table I .  The occurrence of 12 com- 
compounds, the interpretation of the pounds previously reported (Table 11) 
spectrum was simplified by employing is confirmed, and 18 additional com- 
the low ionization voltage technique (7 ) .  pounds have been identified, six of these 

tentatively. (The criterion for positive 
identification is that the mass spectrum 
of the sample component matches ex- 
actly the mass spectrum of a pure ref- 
erence compound. Identification is con- 

coffee center cuts are summarized in sidered tentative if no reference spectrum 

Resulfs and Discussion 

Results of mass spectral analysis of the 

is available, but the structure can be 
ascertained by interpretation of the 
mass spectrum obtained.) 

The figures given at  the right of the 
compounds listed in Table I are quan- 
titative estimates of the relative amounts 
of the compounds in a center cut. The 
values are given as mole percentage 
based on an average value taken from 
the two coffee center cuts analyzed. 
More accurate quantitative data cannot 
be given because all the necessary ref- 
erence spectra, for which calibrations 
have been obtained, are not at present 
available. However, the relative abund- 
ance of the various compounds identi- 
fied can be estimated. 

Furan and 2-methyl furan are be- 
lieved to be among the more significant 
compounds in the complex which makes 
up typical coffee aroma. 

Among the sulfur compounds only 
dimethyl disulfide is present in ap- 
preciable quantity. The other com- 
pounds occur to a lesser extent. The 
absence of mercaptans is particularly 
significant. By mass spectrometric anal- 
ysis, it is relatively easy to distinguish 
between a sulfide and a mercaptan, and 
furthermore, mercaptans can be readily 
identified as a class in the presence of 
many other functional group type com- 
pounds. I t  is, therefore, reasonably 
certain that no mercaptans of inter- 
mediate molecular weight are present 
in the samples of coffee aroma isolated 
from dry ground coffee. The possibility 
exists that some higher molecular weight 
mercaptans may be present in the water 
fraction, but this has not yet been ob- 
tained. Although mercaptans have been 
previously reported by other workers 
(77, 78), in all cases the samples of 
volatiles have been obtained from brews 
or percolates. I t  may be reasonably 
assumed that the mercaptans found 
were formed from the disulfides during 
preparation of the beverage. 

All the compounds identified account 
for 98% of the material in the center cut. 
The remaining 2% of the sample is 
distributed among those compounds 
which have been tentatively identified 
and some other compounds as yet un- 
determined because of the small amount 
present. The six tentatively identified 
compounds account for the bulk of this 
2% remainder. From an indication of 
perhaps two or three other compounds 
which may be present, the amount un- 
identified can be estimated to be prob- 
ably less than a tenth of a per cent of the 
total. 
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Diethyl ketone 

Methyl ethyl ketone 

Acetone 

Table II. Table of Commonly Identified Constituents of Coffee Aroma 
Acetaldehyde 2,4-Dinitrophenylhydrazine Clements and Deatherage (2) 

2,4-Dinitrophenylhydrazine Johnson and Frey ( 5 )  
Gas chromatography and infrared spectrum Rhoades (74, 75) 
Gas chromatography and mass spectrum Zlatkis and Sivetz (78) 
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Ni dimethylglyoxime precipitate Schmalfuss and Barthmeyer ( 76) 
Gas chromatography and infrared spectrum Rhoades (74, 75) 
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2,4-Dinitrophenylhydrazine Prescott et al. (70, 7 7) 
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2,4-Dinitrophenylhydrazine Clements and Deatherage (2) 
Salicaldehyde reaction Hughes and Smith (4) 
Gas chromatography and infrared spectrum Rhoades (74, 75) 
Gas chromatography and mass spectrum Zlatkis and Sivetz (78) 

Gas chromatography and infrared spectrum Rhoades (74, 75) 
Gas chromatography and mass spectrum Zlatkis and Sivetz (78) 
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Gas chromatography and mass spectrum Zlatkis and Sivetz ( 7 8 )  
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Furan 
with concd. HC1 

(4) Hughes. E. B., Smith, R. F.? J .  SOC. 
Chem. Ind.  London 613, 322 (1949). 

(5) Johnson, it’. FL., Frey? C. S.? 
J .  A m .  Chem. Soc. 60, 1624 (1938). 

(6) Lockhart. E. E,. j  “Chemistry of 
Coffee,” p. 10. T.he Coffee Breiving 
Institute. Inc.. S e w  York, 1957. 

(7) Merritt. C., Jr.., Bresnick, S. R., 
Bazinet, M. L.. Walsh, J. T., Angelini, 

(8) Moncrieff. R. W.. Food 19, 124 

(9) Ibid.. p. 176. 

P.. J. AGR. FOOD CHEM. 7, 784 (1959). 

(1 950). 

(10) Prescott, S. C.. Emerson, R. L., 
Peakes. L. V., Jr.. Food Res. 2, 1 
( 1 937). 

(11) Prescott. S. C.. Emerson, R. L., 
LVoodward. R. B., Heggie, R., Ibid., 
2 ,  165 (1937). 

112) Reichstein, T.. Staudineer. H.. 
~ Perfumer) Essent. Oil Recordv 46, 86 

11955). 
(13) Re’ichstein, T.. Staudinger. H., 

(14) Rhoades. J. W., Food Res. 23, 
Coffee Tea Ind.  6, 91 (1955). 

254 (1958). 

(15) Rhoades, J .  W., J. AGR. FOOD 

(16) Schmalfuss, H., Barthmeyer, H.? 

(17) Segall, S.. Proctor, B. E., Food 

(18) Zlatkis, .4.> Sivetz, AI.> Food Res. 

CHEM. 8, 136 (1960). 

Biochem. 2. 216, 330 (1929). 

Technol. 13, 679 (1959). 

25, 395 (1960). 

Received for review March 5, 7962. Accepted 
June 75, 7962. Division of Agricultural 
and Food Chemistry, 735th ‘Weeting, ACS, 
Boston, April 7959. 

V O L .  1 I ,  NO. 2, MAR. -APR.  1 9 6 3  155 


