
condensate before separation revealed 
the same series of [MIT and [M-l ] f  
ions that were found after separation. 
(3) Odors of isolated components \vere 
reminiscent of the original mixture 
and of typical roasted peanut aroma. 
(4) Numerous condensates have been 
obtained and analyzed over a period 
of a year. and the occurrence and 
amounts of these components were sur- 
prisingly consistent. 

Acknowledgment 

The authors are indebted to Ralph 
Matlock for furnishing peanuts of knoivn 
grade and genetic background. 

Literature Cited 
(1) Bassler, G. C., Silverstein, R. M., 

Stanford Research Institute: Menlo 

Park, Calif., unpublished data. 
(2) Boyer? E. W., Hamming, M. C., 

Ford, H. T., Anal .  Chem. 35, 1168 
(1963). 

(3) Brame, E. G., Jr., Zbz'd., 37, 1183 
(1965). 

(4) Deck? R .  E., Chang, S. S.. Chem. 
Ind. (London) 1965, 1343. 

(5) Hodge. J. E., J. , ~ G R .  FOOD CHEM. 
1, 928 (1953). 

(6) Jennings, W. G., Sevenants, M. R.. 
J .  FoodSci. 29, 158 (1964). 

(7) Lundin, R .  E.: Elsken, R.  H. .  
Flath, R .  H.. Henderson, N., Mon. 
T. R.. Teranishi, R. ,  Anal. Chem. 38, 
291 (1966). 

(8) Pattee, H. E.: Beasley, E. 0.. 
Singleton, J. A., J .  Food Sci. 30, 388 
(1965). 

(9) Pickett, T .  A, ,  Holley, K. T.? 
Georgia Expt. Sta. Tech. Bull. No. 1, 
(1952). 

(10) Reymond, Dominique, Mueggler- 

VINEGAR COMPOUNDS 

Analysis of Vinegar by Gas-Liquid 
Chromatography 

Chavan, Fransoise, Viani. Rinan- 
tonio, \'uataz> Luc, Egli, R. H.. J .  
Gas Chromatog. 28 (1 966). 

(11) Rodin, J. 0.. Himel, C. M.. 
Silverstein, R .  SI.. Leeper, R .  \V.? 
Gorther, W. '4.: J .  Food Sci. 30, 280 
(1965). 

(12) Sawardeker, J. S.? Sloneker, J .  H. .  
Anal. Chem. 37, 947 (1965). 

(13) Scott, A. I.: "Interpretation of 
Ultraviolet Spectra of Natural Prod- 
ucts," Macmillan, New York, 1964. 

(14) Teranishi, Roy, Flath, R. A. 
Mon, T. R. ,  Stevens. K. L.. J .  Gas 
Chromatog. 206 (1965). 

(15) Young, C. T.? Holley, K. T. ,  
Georgia Expt. Sta. Tech. Bu l l .  NS 41 
(1965). 

Receiaed for review April 7: 1966. Accepted 
June 75, 1966. Hiork supported in part by 
the Corn Products Institute of .I'utritzon and 
the Oklahoma Agricuitural Evperiment Station. 

JOHN H. KAHN, GORDON B. 
NICKOL, and HUBERT A. CONNER 

Research Division, U. S. Industrial 
Chemicals Co., Division of National 
Distillers and Chemical Corp., Cin- 
cinnati, Ohio 

Gas-liquid chromatography has been applied to the analysis of vinegars. By selecting 
the proper liquid phase it was possible in a single run to resolve alcohols, esters, acids, 
and 3-hydroxy-2-butanone. The yeast fermentation of cider yields the components of 
fusel oil, which in turn are partially converted to the corresponding acids. Methyl and 
ethyl acetates are produced during the vinegar fermentation. The vinegar fermentation 
of cider stock produces a large amount of 3-hydroxy-2-butanone, whereas only traces 
are produced by the yeast fermentation of cider. 

HE SENSITIVITY of gas-liquid chro- T matography for detecting traces of 
volatile compounds has led to its extensive 
use for analyzing foodstuffs. A large 
body of information is being accumulated 
showing the identity of the volatile com- 
pounds in many common foods. The 
method is particularly \vel1 suited for the 
characterization of the compounds Lvhich 
occur in vinegar. 

IVhite or distilled vinegar is usual1)- 
manufactured from ethyl alcohol de- 
natured with ethyl acetate. formula 
SDA29. Such vinegars, and also those 
made from undenatured alcohol: contain 
traces of ethyl acetate and residual 

alcohol. \hegars  made from fermented 
fruit juices such as cider and wine also 
contain many other compounds, in- 
cluding higher alcohols \\ hich col- 
lectively are called fusel oil, and oxida- 
tion products of the higher alcohols. 
Most of these compounds, except acetic 
acid and water, occur in only trace 
amounts. The presence of so much acid 
and water makes it difficult to separate 
and identify the other components. 
which may impart character and flavors 
to specific vinegars. Compounds re- 
sponsible for the aroma of apples and 
cider have been identified by various 
workers (2. 4-8, 70-72). but little has 

been done to identif?. the flavor com- 
ponents of vinegars. 

A recent study of the ether-pentane 
extracts of \vine and fruit vinegars by 
Suomalainen and Kangasperko (73) 
has shown the presence of seven or eight 
compounds in addition to the expected 
ethyl acetate: the alcohols found in fusel 
oil, their acetic acid esters, 2-3-butane- 
dione (diacetyl). and 3-hydroxy-2-bu- 
tanone (acetoin). They report that 
spirit vinegars contained only ethyl 
acetate. Maurel and Lafarge ( 9 )  found 
in fermented cider methanol and iso- 
propyl alcohol in addition to the usual 
fermentation alcohols. 
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This paper describes the identification 
of volatile compound:, found in cider 
vinegar and distilled .vinegar prepared 
from both SDX29 and SD,429 plus fusel 
oil. 

By selecting the proper column and 
detector it has been pclssible to show on 
one chromatogram .:he presence of 
esters. alcohols. acetic acid. and acids 
resulting from the oxidation of the 
alcohols in fusel oil. Concentration of 
the flavor components b>- extraction was 
not required. 

The techniques used in this paper can 
be applied by- vinegar manufacturers and 
purchasers to assess the character of both 
alcohol and vinegars. 

Experimental 

produced in the laborato 
described by Allgeier. \ 
Hildebrandt ( 7 1 .  or in a laboratory 
model of an .icetator manufactured by 
Heinrich Fring.;. Jaeg'erstrasse 9. Bonn. 
\Vest German)-. .\I1 ]:he spirit vinegars 
\Yere produced from synthetic alcohol. 
SDA29 alcohol \ \as  piepared by adding 
l.Ooc by voliime of ethyl acetate to 
synthetic ethyl alcohol. .in alcohol of 
special character \vas prepared by adding 
2.7.5 ml. of molasses fiisel oil per liter of 
1 %)-proof SD.A29 eth>-l alcohol (SDA29 
Special). After the alcohol \cas diluted 
to approximately 11 \\eight yc. a nutrient 
composed of dextroie. inorganic salts. 
and calcium pantothm-nate \vas added. 
The generators \\.ere operated on a given 
feed long enough to alloi\r the product 
from the 8th and 9th cycles to be com- 
bined for analysis. 

Commercial cider vinegars. with one 
exception. \cere purchased locally. The 
experimental cider vinegar \\'as produced 
from commercial pasteurized apple cider. 
by a pure culture yeast fermentation, 
follo\ced by inocula tion of the fer- 
mented cider \\.ith an acetobacter cul- 
ture. 'This \car then placed in cotton- 
plugged flasks and shaken for 3 days on 
a reciprocal shaker. Commercial sam- 
ples of cider stock and finished cider 
vinegar \cere used for comparison. 
Table I identifies the vinegars used in 
thiq study. 

Experimental distilkd vinegars were 

W 
v) 

Q 

3 
i 

s a 
a 

b: 

Equipment 
A L'arian Xerograph Model 1520 

gas chromatograph equipped with a 
hydrogen flame detector was used 
throughout this \\-ark. The 1 0-foot 
long column of ,-inch stainless steel \vas 
packed \cith 20yc FE'.-1P (Varian Aero- 
graph) on 70 80 mesh DMCS-treated 
acid-\cashed Chromosorb \V. 

Operating conditions were : carrier 
gas. helium. flo\v 20 ml. per minute. 
Temperature programmed from 56' C. 
a t  2' per minute for 4 minutes then at 
io per minute to 120' C.. then held at  
120' C.  Injector temperature 225' C. 
Detector oven temperature 200' C. 

Preliminat->- \cork \cas carried out 
using columns packed with the common 
polar liquid phases. iVo column tested 
\vas capable of separating free acetic 
acid, alcohols. and esters simultaneously. 

N 
128x 

D 
6 4 X  

6 
2 x  

(L,., >I, K 
2 x  

L 
2x 

~~ 

Table 1. Cider and Vinegars Studied 

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

Approx. % Acid 
(as Acetic) 

Unfermented cider, pasteurized Trace 
Fermented cider, pure culture fermentation 

(made from 1) Trace 
4 7  

5 8  

Vinegar from fermented cider (made from 2 )  
Commercial cider stock, unpasteurized 1 5  

Distilled Linegar .A 5 
Distilled vinegar B 4 
Distilled vinegar C 5 
Vinegar made from specially denatured alcohol 

Cider vinegar E 4 

Commercial cider binegar made from 4 

12 
Cider vinegar D J 

Chromofogrom 
Figure No. 

7 

8 
11 

9 
10 

1 

Attention \vas then shifted to the use of 
the FFAP column. which is capable of 
separating alcohols, acids, and esters. 
Ho\t ever, the isopentyl and 2-methyl-1 - 
butvl alcohols. acetates. and correspond- 
ing acids \cere not separated on this 
column. Sample sizes of 2 or 3 P I .  
\vere used throughout this ivork. 

Results and Discussion 

The synthetic alcohol used to prepare 
the SD429 alcohols contains no de- 
tectable trace materials. The analysis of 
specially denatured alcohol (SDA29 
Special) shorted the presence of propyl. 
isobutyl. butyl alcohols (trace). 2-methyl- 
1-butanol. and icopentyl alcohol in 

addition to ethyl alcohol and ethyl 
acetate. 

Comparisons of a fe\c commercial 
distilled vinegars have sho\cn wide dif- 
ferences in their ethyl acetate contents 
and, as expected. the ethyl acetate 
concentration varies directly with the 
residual alcohol concentration (Figures 
1 to 3). With the exceptions noted later. 
these vinegars contained ethyl acetate. 
ethyl alcohol, and acetic acid (and 
water). The chromatograms showed 
traces of other unidentified compounds. 

During the vinegar fermentation of the 
specially denatured alcohol the higher 
alcohols are partially converted to the 
corresponding acids and esters. Thus 

I n 

'N 
/128X 

0 5 Ib 15 20 25 i o  35 40 45 50 55 
MINUTES 

Figure 2. Chromatogram of distilled vinegar B 
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the vinegar contains isobutyl and Cj  
acetates (this peak may represent a 
mixture of isopentyl and 2-methyl-l- 
butyl acetates), as \vel1 as propionic, 
isobutyric. and C j  acids (this peak 
may represent a mixture of isovaleric and 
2-methyl-1-butyric acids) (Figure 4). 

\l'hile it is possible to have esters 
formed from all possible combinations of 
the higher alcohols and their correspond- 
ing acids, these esters would occur in 
extremely low concentrations. They 

b x  

K 
2x M 

4x 

B 
w 4x 
u) z 32X 

8 
tl 

x 2x 

D 

U 
U 

F 

2 G  8 2x w 

\\ere not detected in the present nark. 
A much more complicated chromato- 

gram is obtained \\hen apple cider 
vinegar is analyzed. Many compounds 
occurring naturally in apple juice remain 
in fermented cider. and some in cider 
vinegar. The analyses of these vinegars 
are sho\vn in Figures 5 and 6. These 
chromatograms show the presence of 
fusel oil components and some of their 
oxidation products-namely, propionic. 
isobutyric. and Cj  acids. Table I1 lists 

kX 

P 
Q 
4x 

o 4x 
8X 

I I1 I \  

U 

Figure 3. Chromatogram of distilled vinegar C 

*[LJF\w A - 
Figure 4. Chromatogram of vinegar made from specially denatured alcohol 

the compounds found in cider, fermented 
cider stock. and vinegars. Thus in con- 
trast to distilled vinegars, where one acid, 
one alcohol. and one ester predominate, 
in cider vinegar four alcohols, four acids, 
and three esters were detected. 

A s  expected. some of the compounds 
in cider vinegar and their precursors 
ivere derived from the yeast fermentation. 
as shown by the analyses of unfermented 
and fermented cider. Chromatograms 
of the unfermented and fermented cider 
are sholvn in Figures 7 and 8. Figures 
9 and 10 sho\v the results obtained with a 
commercial fermented cider stock and 
the vinegar made from it? ~vhile Figure 11 
is the chromatogram of a sample of cider 
vinegar prepared in the laboratory as 
described earlier. Relatively few of the 
volatile compounds found in cider 
vinegar Ivere found in unfermented 
cider. Additional quantities of ethyl 
alcohol and higher alcohols Ivere pro- 
duced by the yeast fermentation. 

The compounds given in Table I11 
have been identified as components of 
cider or vinegars. More substances re- 
main to be identified and their contribu- 
tion to the aroma of the products 
evaluated. 

During the conversion of ethyl alcohol 
to acetic acid many of the compounds in 
the fermented cider are chemically 
changed, either completely or in part. 
Thus methyl acetate. sec-butyl, propyl: 
and pentyl alcohols (the pentyl alcohol 
peak may represent a mixture of 2- 
methyl and 3-methylbutanols), and 
ethyl lactate disappear almost com- 
pletely as a result of the action of the 
acetobacter. The latter organism pro- 
duces the previously mentioned acids. 
additional amounts of 3-hydroxy-2- 
butanone. and several unidentified com- 
pounds ivhich \vere not detected in the 
fermented or unfermented cider. The 
methyl acetate and methanol found in 
cider are derived from sources other 
than the yeast 'fermentation. 

Apples contain pectin methylesterase 
(PME) xvhich is able to hydrolyze the 
methoxy ester groups in the pectin to 
form free methanol (3) .  Commercial 
cider vinegar, Tvhich usually is produced 
from nonpasteurized cider. will contain 
the enzyme PME and thus \vi11 contain 
some methanol. The commercial cider 
Jvhich \vas subjected to a pure yeast 
fermentation in the laboratory had been 
pasteurized during manufacture and 
hence contained no PME. Therefore 
neither the cider fermented in the 
laboratory nor the vinegar derived from 
it contained methanol. 

Both free methanol and methyl acetate 
occurred in nonpasteurized cider vinegar. 
Presumably the latter arose from the 
esterification of methanol. Methanol 
could also be converted to formic acid, 
\vhich is not detected by flame ionization 
detectors and hence if present was not 
identified in this study. 
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I! l i  ? A M  

I 
0 5 10 15 20 25 30 35 40 45 50 55 

MINUTES 

Figure 6. Chromatogram of cider vinegar E 

0 5 10 15 20 25 30 35 40 45 50 55 
MINUTES 

Figure 7. Chromatogram of unfermented pasteurized cider 

Table II. Compounds Found in Cider, Fermented Cider, and Vinegars 

Unfermenfed 
Compound Cider 

Methanol 

Propyl alcohol 
Isobutyl alcohol 
sec-Butyl alcohol 

Methyl xetate 
Ethyl acetate 
Isobutyl acetate 
Cj acetate 
Ethyl lactate + 
3-Hydroxy-2-butanone 
.'icetic acid + 
Propionic acid 
Isobutyric acid 
Cj acid + 

Ethyl alcohol + 

Cg alcohol + 

Fermenfed 
Cider 

+ a  + + 
+a + 
+ a  

+ + + 
+a + + 

In nonpasteurize'd commercial cider stock. 
b In vinegar made from commercial cider stock. 

Cider 
Vinegar 

+ b  + 
+ b  + 
+ b  + 
+ + + 
+ b  + + 

Vinegor 
from 

Speciolly 
Distilled Denatured 
Vinegar Alcohol 

+ + + 
I 

+ + 
+ + + + 
+ + + + + + 

Table 111. Gas Chromatographic 
Identification of Components 

G C  
Peak 

.2 
B 
C 
D 
E 
F 
G 
H 
J 

K 

L 
M 
N 
0 
P 
Q 

Identify 

Methyl acetate 
Ethyl acetate 
Methanol 
Ethyl alcohol 
Isobutyl acetate 
sec-Butyl alcohol 
Propyl alcohol 
Isobutyl alcohol 
Isopentyl and/or 2-methyl-l- 

butyl acetate 
Pentyl alcohol (2-methyl and/- 

or 3-methyl-butanol) 
3-Hydroxy-2-butanone 
Ethyl lactate 
-4cetic acid 
Propionic acid 
Isobutyric acid 
Isovaleric and/or 2-methyl-1 - 

butyric acid 
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Figure 8. Chromatogram of fermented 
cider (pure culture fermentation) 

Figure 9. Chromatogram of commer- 
cial unpasteurized cider stock 

MINUTES 

Figure 10. Chromatogram of commer- 
cial cider vinegar made from unpasteur- 
ized cider stock 

Figure 1 1 .  Chromatogram of vinegar 
made from a pure culture fermented 
cider 

W 
u) 

g' 

i! 

v) 
W a 
a 
n a 

a 

W 

K 

0 5 10 1'5 2b 25 30 35 40 45 50 55 
MINUTES 

a -  
W 

0 5 10 15 20 25 30 35 40 45 &I 55 
MINUTES 
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I I R R A D I A T I O N  C O M P O U N D S  

Identification of Some Volatile 
Components of Gamma-Irradiated 
Milk Fat 

E. A. DAY‘ 

Department of Food Science and 
Technology, Oregon State Univer- 
sity, Corvallis, Ore. 

Milk fat, sealed in cans under vacuum, was irradiated at 4.5 Mrad with cobalt-60. The 
small amount of oxygen present in the headspace of the cans was consumed, while H,, 
CO, COe, and CH, were produced. The irradiated fat was analyzed for monocar- 
bonyls by forming their 2,4-dinitrophenylhydrazone derivatives. The volatiles of the 
irradiated milk fat were obtained by vacuum-steam distillation, and the components in 
the distillate were extracted with ethyl ether and separated by gas-liquid chromatography 
(GLC). GLC in conjunction with rapid-scan mass spectrometry was used for identifica- 
tion. n-,Alkanes and 1-alkenes from C5 to C1,, some alkadienes, n-alkanals, short chain 
fatty acids, and certain y- and &-lactones were among the compounds identified. Possible 
mechanisms involved in the formation of these compounds are presented. 

A R i o u s  changes take place \\.hen V milk fat is irradiated. In  the 
presence of air or oxygen. hydroperoxides 
and secondary products of autoxidation 
are formed. The mechanism for the 
formation of these ;products is similar to 
that of autoxidation (23: 30). In the 
absence of air, hydroperoxides are not 
formed, but off-favors are still produced 
along icith carbon!:l formation and the 
dewuction of carotenoids (7: 77). 
Day and Papaioannou (7) reported 
that the flavor of irradiated milk fat \cas 

Present address, International Flavors 
and Fragrances, Iiic., 521 \Vest 57th St., 
S e w  York, N. Y .  

due to hvdrol) tic rancidity, oxiddtive 
rancidity, and the presence of components 
uirh a candle-like odor. I t  \\as sug- 
gested that carbonyls \vith medium to 
long carbon chains liere responsible for 
the candle-like odor. Since gab-liquid 
chromatography (GLC) of volatiles from 
irradiated milk fat sho\\ed manv com- 
ponents other than carbonyls, i t  \ \as  of 
interest to characterize these compounds 
to understand the effect of irradiation 
better. 

Experimental Methods 
Preparation and Irradiation of Milk 

Fat. The milk fat was obtained from 

raw sweet cream prepared from mixed 
herd milk in the Orrgon State University 
creamery. The milk fat \cas washed free 
of phospholipid and clarified by centrifug- 
ing at 30,000 X G for 20 minutes. The 
clear milk fat was then sealed in C-enam- 
eled 307 X 409 ( S o .  2) cans under 29 
inches of vacuum. The can4 \cere irradi- 
ated with gamma rays from a 3600-curie 
cobalt-60 source at 0.4 Mrad per hour 
to a total dose of 4.5 Mrad. Although 
irradiation \vas carried out a t  room 
temperature, the temperature of the fat 
rose to approximately 40’ C. during the 
irradiation period. The irradiated fat 
\vas stored at  - 18’ C. until analyzed. 

Analysis of Headspace Gases. The 
cans containing irradiated milk fat and 
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