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The volatile components produced by concurrent radiation-distillation at 5 megarads of 
raw ground beef have been studied in an effort to identify the substances responsible 
for the characteristic unpleasant odor of beef preserved by radiation. It has been proved 
that 3-(methylthi0)-propionaldehyde (methional) is a major component of the mixture of at 
least 12 substances detected, and that it makes a major contribution to the unpleasant 
odor of irradiated beef, The synthesis of methylthioacetaldehyde, ethylthioacetalde- 
hyde, and 2-(methylthio)-propionaldehyde is reported. 

PROBLEM associated with radiation- A sterilization of beef is the production 
of an unpleasant flavor and odor. This 
investigation has been carried out in 
an effort to characterize and identify 
the substances responsible for the char- 
acteristic unpleasant odor of irradiated 
beef. 

Prior to this work Burks (9)  had 
studied the amines produced by irradia- 
tion of beef and found ammonia and a t  
least six other amines, the two major 
components being methylamine and 
ethylamine. He concluded that vola- 
tile bases are partial contributors to the 
odor of irradiated beef. Merritt (27) 
studied the volatile components of ir- 
radiated beef by means of low-tempera- 
ture, high-vacuum distillation techniques, 
gas chromatography, and mass spec- 
trometry. Of the 10 compounds thus 
identified in a “center cut,” methyl disul- 
fide and isobutyl mercaptan alone were 
present in irradiated beef and absent in 
nonirradiated beef. The relation of 
these compounds to the odor of irradi- 
ated beef was not directly determined, 
although it was believed that they proba- 
bly contribute in part. Odorous com- 
pounds were known to be present in the 
“water fraction.” 

Present address, Department of Food 
and Nutrition, Ochanomizu University, 
Tokyo, Japan. 

Batzer and Doty ( 3 )  found unusually 
large amounts of volatile sulfur com- 
pounds in irradiated beef. Sribney, 
Lewis, and Schweigert (28) found car- 
bonyl compounds and peroxides. 

In  the current study, the isolation of 
volatile compounds has been accom- 
plished by means of concurrent radia- 
tion-distillation of raw, ground beef. 
This procedure was originally developed 
for milk (30). Its advantage is that it 
makes possible, in theory, the isolation 
of volatile substances very soon after 
their production by radiation. 

Experimental Procedure and Results 

Production of Volatile Components 
of Irradiated Beef. An aqueous slurry 
of 10 pounds of ground, raw beef was 
circulated in the usual manner (37) 
through an irradiation chamber beneath 
the electron beam of a 1-m.e.v. (Gen- 
eral Electric) resonant transformer, to a 
flash evaporator for the removal of 
volatile components, and back through 
the irradiation chamber. The con- 
densate thus obtained was found (37) 
to possess the typical odor of irradiated 
beef. The conditions of a typical 
concurrent radiation-distillation of a 
ground beef slurry are given in Table I. 

Investigation of Irradiated Beef Dis- 
tillates. Carbonyl Compounds. The  
distillate (approximately 7 liters) was 

Table I. Experimental Conditions of 
a Typical Concurrent Radiation- 
Distillation of a Slurry of Ground 
Beef 

Quanfifier Conditions 

Quantity of ground beef 
Volume of beef slurry 
Dose 5 megarad 

23 mm. Hg Av. pressure at pump 

Evaporation rate 6 l./hr. 
Total distillate collected 6.5 1. 

10 lb. 
8 1. 

Av. temperature 32-36’ C. 

treated with a solution of 2,4-dinitro- 
phenylhydrazine reagent (2 grams per 
liter of 2 N  hydrochloric acid). A small 
portion of the neutral, hexane-soluble 
fraction of the 2,4-dinitrophenylhydra- 
zones obtained was separated by parti- 
tion chromatography on Celite columns 
with nitromethane as the stationary 
phase and hexane the mobile phase. 
Initial examination of the total mixture 
indicated, on the basis of its ultraviolet 
spectrum in chloroform (Amax. 354 mp), 
that dinitrophenylhydrazones of simple 
aliphatic aldehydes were present (77). 
Further examination of the fractions 
showed, by magnesium carbonate fusion, 
that a number contained sulfur, thus indi- 
cating that sulfur-containing aldehydes 
were present. 

Paper chromatographic examination 
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Figure 1. Gas chromatograms 
A. 
E .  
Conditions: Column, Perkin-Elmer 6; temperature, 105' C.; pressure, 20 P A . ;  flow, 190 ml. per min.; 
carrier gas, helium 

Irradiated meat isolate, 5 pl. 
Mixture, 10 pl. of the 7 sulfur-containing reference compounds 

Table II. Relative Retention Times of Volatile Components of Irradiated 
and Nonirradiated Beef 

[Relative to 3-(methylthio)-propionaldehyde] 

Peak 

Ether 
1 
2 
3 
4 

Column 
Perkin-Elmer Ba Silicone-Stearateb 

Non- Non- PluronicrC 
lrrodiafed irradiated lrrodiafed irradiated irradiated 

0.05 0 05 0 06 0 06 
0 07 0 08 
0 10 
0 13 0 14 

5 0 17 0 15 
6 0 21 0 20 0 22 0 21 0 20 

n 11 0 33 7 
8 0.36 
9 0.42 

Irradiation odor 

. . .  . . .  0.38 
0.42 0.46 . . .  

10 1 .oo . .  1 .oo , .  1 .oo 
11 1.48 . .  1.42 . . .  
12 1.79 . . .  , . .  

a Temperature, 105' C.; helium flow rate, 190 ml./min.; sample ( I  hr. old) vol. 2 to 5 

h Temperature, 125" C.; flow rate, 100 ml./min.; sample (24 hr. old) vol. 2 to 3.5 pl. 
c Temperature, 105' C.; flow rate, 350 ml./min.; sample (>24 hr. old) vol. 1 p l .  

Irradiation odor: 13 2.49-2.77 . . .  2.3L2.7  . . .  1 .oo 

d. 

of sulfur-containing fractions and of 
authentic 2,4-dinitrophenylhydrazones of 
3-(methy1thio)-propionaldehyde, and of 
3-(methy1thio)-butyraldehyde, using sol- 
vent systems known (72) to be capable 
of separating a homologous series of 
saturated aliphatic aldehyde-2,4-dinitro- 
phenylhydrazones, showed that these 
sulfur-containing compounds or isomers 
of these compounds might indeed be 
present. 

Attempts to separate further and isolate 
the unknown sulfur-containing dinitro- 
phenylhydrazones on a larger scale by 
partition chromatography on Celite 
columns in the manner mentioned 
above were unsuccessful. It was found 
that the fractions thus obtained decom- 
posed somewhat upon exposure to light 
and air and thus did not accurately 
represent the substances present in the 
beef distillate. Direct evidence that 
this behavior was typical of dinitro- 
phenylhydrazones of S-alkyl aldehydes 
was obtained by observing similar in- 
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stability in the case of the corresponding 
derivatives of 3-(methy1thio)-propional- 
dehyde, 3- (methylthio) -butyraldehyde, 
and 3- (e thy1 thio) -propionaldehyde. 

Since partial decomposition of the 
derivatives was observed, it appeared 
that continued use of column chromatog- 
raphy would be complicated by the 
presence of artifacts. It was decided to 
drop further separation of dinitrophenyl- 
hydrazones until it was determined 
whether gas chromatography could be 
applied more profitably to the study of 
meat volatiles. 

Solvent Extraction and  Gas Chroma- 
tography. Isolation of the volatile com- 
ponents of the beef distillate was carried 
out by means of solvent extraction of the 
sodium chloride saturated distillate fol- 
lowed by separation of the extracted resi- 
due by gas chromatography. I t  was 
recognized that this procedure offered 
possibility for decomposition of the sub- 
stances present, but it offered an ad- 
vantage in that the odor of the isolates 

FOOD C H E M I S T R Y  

obtained could be compared with thy 
typical unpleasant odor of irradiated 
beef. 

Ether extraction of distillates obtained 
from concurrent radiation-distillation 
at 5 megarads of an aqueous slurry of 10 
pounds of raw? ground beef yielded, after 
careful removal of the solvent by dis- 
tillation, approximately 50 to 90 mg. of 
a yellow oil which strongly exhibited 
the irradiated beef odor. The oil was 
found by sodium fusion to contain sul- 
fur. 

Extraction of distillates obtained from 
10 pounds of nonirradiated beef in an 
exactly similar manner yielded approxi- 
mately 20 to 50 mg. of an oil which also 
contained sulfur, but which was not at 
all similar in odor to the characteristic 
irradiated beef odor. 

Gas chromatographic separation of 
irradiated and nonirradiated beef iso- 
lates has been carried out by means of 
three columns: Perkin-Elmer B (di-2- 
ethylhexyl sebacate); 1 part of DC 550 
Silicone-stearic acid (75) (9 to 1) to 2 
parts of Chromosorb (30- to 60-mesh), 
weight of the stationary phase was 
20.5 grams; and 1 part of Pluronics 
F-68 (Wyandotte Chemical Corp.) to 
5.7 parts of firebrick (30- to 60-mesh), 
weight of the stationary phase was 
20.0 grams. All columns were 2 meters 
long and 1/4 inch in outside diameter 
stainless steel. Helium was the carrier 
gas. A Perkin-Elmer Model 154-C 
Vapor Fractometer with a thermistor- 
type conductivity cell was used. The 
recorder sensitivity was 2 or 4 mv. full 
scale. 

Relative retention times-relative to 
3 - (methylthio) - propionaldehyde--of 
components of the irradiated and non- 
irradiated beef isolates are shown in 
Table 11. In each case, the isolates 
were separated on the Perkin-Elmer B 
column as soon as solvent removal had 
been accomplished. Separation on the 
silicone-stearate column was carried out 
approximately 24 hours later, while 
separation on the Pluronics column was 
carried out a t  least 30 hours after solvent 
removal. Thus the diminished number 
of components detected with the latter 
two columns was probably as much a 
result of the age of the isolates as of any 
inability of these columns to bring about 
separation. 

As shown in Table 11, a t  least 12 
components are present in irradiated 
beef isolates immediately after isolation. 
The chromatogram of these substances 
is shown in Figure 1, curve A .  Of these 
12 components, five have been found in 
nonirradiated beef (Table 11). Observa- 
tion of the odor of the effluent carrier 
gas in all chromatographic separations 
resulted in the determination that txco 
peaks were generally responsible for the 
characteristic irradiation odor. Neither 
of these peaks nor any irradiation odor 



was found in the separation of nonir- 
radiated beef isolates. 

Direct evidence of the chemical nature 
of the substance represented by peak 10, 
the major component exhibiting irradia- 
tion odor, was obtained by trapping it in 
2,4-dinitrophenylhydrazine reagent. The 
dinitrophenylhydrazone thus obtained 
melted a t  120-121" C. The presence 
of sulfur in component 10 was proved 
by modification of Ckanatelli's (73) 
method for sulfur determination by 
Raney nickel desulfurization. Paper 
chromatography of the derivative (rela- 
tive R, value 0.95) and of the 2,4- 
dinitrophenylhydrazone of 3-(methyl- 
thio)-propionaldehyde (relative R, value 
1) in the solvents of Gaddis and Ellis 
( 72) showed these compounds to be 
very similar. The ultraviolet spectrum 
(A,,,,, 359 mp in ethyl alcohol) of the 
unknown derivative was typical (7, 77) 
of saturated aliphatic: dinitrophenyl- 
hvdrazones and similar to the spectrum 
of 3-(methy1thio)-propionaldehyde 2,4- 
dinitrophenylhydrazone. 

Similar investigation of component 13, 
which also exhibited irradiation odor, 
indicated that no sulfur was present, 
but a very small quantity of a 2,4- 
dinitrophenylhydrazone derivative was 
isolated. Paper chromatography of the 
derivative according to the methods of 
Gaddis and Ellis (72) indicated that it 
contained a carbonyl compound having 
8 or 9 carbon atoms. The ultraviolet 
spectrum of the derivative in chloroform 
had a maximum a t  355 mp, typical of 
saturated aliphatic aldehydes. 

Investigation of component 6, a major 
constituent of nonirradiated as well as 
irradiated beef isolates, by the same 
means indicated that neither sulfur nor a 
carbonyl compound was present. 

Preparation of $-Alkyl Aldehydes as 
Reference Compounds. In order to 
determine the identity of the sulfur- 
containing aldehyde responsible for 
irradiation odor and present in com- 
ponent 10, a number of authentic 
samples of such compounds and of their 
2.4-dinitrophenylhydrazone derivatives 
have been synthesized. Physical proper- 
ties and structural formulas of these 
compounds are given in Table 111. 
Three of these subsrances, ethylthio- 
acetaldehyde, 2- (me thy1 thio) -propion- 
aldehyde, and 3-( methylthio) -propion- 
aldehyde, are isomeric and therefore 
could not necessarily be expected to be 
separated by paper chromatography of 
their dinitrophenylhydrazones. 

The synthesis of 3-(methy1thio)-pro- 
pionaldehyde (2, 24, 26, 3 4 ,  3-(methyl- 
thio)-butyraldehyde (8 ,  32), 3-(ethyl- 
thio)-propionaldehyde (70, 27, 33), and 
3-(ethy1thio)-butyraldehyde (74, 29) had 
been previously reported in the litera- 
ture. The synthesis of methylthio- 
acetaldehyde (78, 29), ethylthioacet- 
aldehyde (6), and 2-(ethy1thio)-pro- 
pionaldehyde (27) had been attempted, 

Table 111. Physical Properties and Structural Formulas of Substances 
Synthesized as Reference Compounds 

Compound 

1. Methylthioacctaldehyde 

2. Ethylthioacetaldehyde 

3. 2-(Methylthio)-propion- 
aldehyde 

4. 3-(Methy1thio)-propion- 
aldehyde 

5. 3-( Methy1thio)-butyralde- 
hyde 

6. 3-(Ethylthio)-propion- 
aldehyde 

Structure 

H 
I 

CHESCH?C=O 
H 
I 

C H ~ C H Z S C H ~ G O  
H 
I 

CH&HC==O 
I 
S 
I 

CH a 
H 

I 
CH3SCHZCHzCkO 

H 
I 

CH&HCHzCFO 
I 

SCHI 
H 
I 

CH &H zSCHnCH pC=O 

H 
i 

7. 3-(Ethy1thio)-butyraldehyde CH&HCH&O 
I 

SCHzCHa 

Refracfive 
Index, 

n"0 

1 ,4780 

1.4732 

1 ,4723 

1.4798 

1 ,4734 

1 .4778 

1.4710 

Melting Point, 
' C. o f  2,4- 

Dinitrophenyf- 
hydrazone 

131 .O-131.5 

125.5-126.0 

151.0-151.5 

119.0-120.5 

81 ,0-82.0 

97.0-97.5 

134.0-1 35. Oa 

a Melting point of semicarbazone derivative; 2,4-dinitrophenylhydrazone was unstable. 

but only ethylthioacetaldehyde had been 
obtained (6) in a form which approached 
purity. 2-(Methy1thio)-propionaldehyde 
has not been reported in the literature. 

Bromoacetaldehyde Dimethylacetal. 
This compound was prepared from vinyl 
acetate and bromine, according to the 
method ofBedoukian (4)  in 70.8% yield, 
boiling point 38.2' C. (8 mm.), n2:" 
1.4425. Calculated for C4H902Br: C, 
28.42; H, 5.37; Br, 47.28. Found: 
C, 28.08; H ,  5.15; Br, 47.09. 

Methylthioacetaldehyde Dimethylace- 
tal. Bromoacetaldehyde dimethylacetal 
(21.5 grams, 0.13 mole) was added 
dropwise to a solution (chilled in a 
dry ice bath) of sodium mercaptide 
which had been prepared from 5.5 
grams of sodium in 60 ml. of anhydrous 
ethyl alcohol and 12.6 grams (0.26 
mole) of methyl mercaptan. The result- 
ing reaction mixture was allowed to come 
to room temperature, was warmed a t  
50" to 60" C. for 1 hour, and allowed to 
stand overnight a t  room temperature. 
Sodium bromide was removed by filtra- 
tion and the filtrate diluted with water to 
approximately twice its volume. This 
solution was extracted with ethyl ether 
and the ether extract was dried over 
anhydrous sodium sulfate. After re- 
moval of the ether by distillation a t  
atmospheric pressure, the residue was 
purified by vacuum distillation in a 
semimicro column. The product was 

obtained in 60.8% yield (10.8 grams), 
boiling point 55" C. (IO mm.), n2:" 

1.4508. Calculated for C ~ H I ~ O & ~ :  C, 
44.09; H, 8.88; S, 23.54. Found: 
C, 43.58; H, 8.91; S, 23.49. 

Ethylthioacetaldehyde Dimethylac- 
etal. This compound was prepared 
in the same manner as the acetal of 
methylthioacetaldehyde, from 25 grams 
(0.15 mole) of bromoacetaldehyde di- 
methylacetal and sodium ethyl mer- 
captide which had been made from 7 
grams of sodium in 100 ml. of anhydrous 
ethyl alcohol and 19 grams (0.31 mole) 
of ethyl mercaptan. I t  was obtained in 
62.0% yield (13.9 grams), boiling point 
63-64" C. (11 mm.), n25" 1.4504. 
Calculated for C~H1402S: C, 47.97; 
H, 9.39; S, 21.34. Found: C, 48.11; 
H, 9.54; S, 21.35. 

Methylthioacetaldehyde. Compound 
1, Table 111, was prepared from 4.0 
grams (0.029 mole) of the dimethyl- 
acetal by hydrolysis in the presence of 
8.2 ml. of a 1% solution of aqueous 
hydrochloric acid. The reaction mix- 
ture was heated under reflux for one- 
half hour, allowed to cool to room tem- 
perature, and extracted with ether. 
The ether extract was dried over an- 
hydrous sodium sulfate and the product 
was purified by vacuum distillation. 
Compound 1 was obtained in 21.4% 
yield (0.56 gram), boiling point 35" C. 
(10 mm.), n2:" 1.4780. Calculated for 

V O L .  9, NO. 4, J U L Y - A U G .  1 9 6 1  291 



Table IV. Relative Retention Times of Authentic Reference Compounds 
[Relative to 3-(methy1thio)-propionaldehyde] 

Column 
Perkin- Elmer Silicone- 

Compound B sfeorate Pluronics 

1. Methylthioacetaldehyde 0 . 3 4  0.41 0.36 
2. 2-(Ethy1thio)-acetaldehyde 0.59 0.66 0.54 
3. 2-(Methv1thio)-propionaldehyde 0.44 0.54 0 .34  

6 .  3-(Ethylthio)-propionaldehyde 1.69 1.50 1.42 
7. 3-(Ethy1thio)-butyraldehyde 2.02  1.79 1.28 
Column efficiency= for 3-(methyl- 

4. 3-(Methv1thio)-propionaldehyde 1 .oo 1 .oo  1 .oo 
5. 3-(Meth$lthio)-butyraldehyde 1.33 1.22 1 .oo 

thio)-propionaldehyde 797 432 637 

0 Given in number of theoretical plates for 1-PI. sample calculated by the formula, n = 
16D2/W2 where D = distance from air peak to peak maximum and M' = width of peak at 
the base measured between tangents to the peak inflection points (76). 

C ~ H G O S :  C, 39.97; H,  6.71; S, 35.57. 
Found: C, 40.06; H, 6.77; S, 35.62. 

The 2,4-dinitrophenylhydrazone de- 
rivative was prepared from the dimethyl- 
acetal according to the method of 
Bedoukian ( 5 ) .  The derivative, after 
recrystallization from 95% ethyl alcohol, 
melted a t  131.0-131.5' C. Calculated 
for C9H10X4SOd: C, 40.00; H, 3.73; 
N, 20.73: S, 11.86. Found: C, 40.12: 
H,  3.71; N, 20.71; S, 11.78. 

The semicarbazone of methylthio- 
acetaldehyde was prepared from the free 
aldehyde, melting point 133.5-134" C. 
Calculated for CdH,S;SO: C, 32.64; 
H, 6.16; N, 28.55; S, 21.78. Found: 
C, 32.81; H,6.18; N,28.69; S,21.66. 

Ethylthioacetaldehyde. Compound 2, 
Table 111, was prepared from 4.8 grams 
(0.032 mole) of the corresponding di- 
methylacetal in the manner described 
above. The prrduct was obtained in 
46.9% yield (1.57 grams), boiling point 
46.5' C. (10 mm.), n?,' 1.4732. Cal- 
culated for C4H80S: C, 46.12; H, 
7.74; S, 30.78. Found: C. 46.12; 
H, 7.80; S, 30.88. 

The 2,4-dinLtrophenylhydrazone de- 
rivative was prepared from the dimethyl- 
acetal. The derivative after recrystal- 
lization from 95% ethyl alcohol melted 
at  125.5-126' C. Arens et al. ( 7 )  give a 
melting point of 124-125' C. Calculated 
for C I O H ~ & ~ S O ~ :  C, 42.25; H, 4.25; 
N, 19.71; S, 11.28. Found: C, 42.01; 
H, 4.24; N, 19.86; S, 11.42. 

The semicarbazone of ethylthioacet- 
aldehyde was prepared from the free 
aldehyde, melting point 93-93.5' C. 
Calculated for CjHI1NSSO: C, 37.25; 
H, 6.88; N, 26.06; S, 19.89. Found: 
C, 37.28; H, 6.79; N, 26.16; S, 19.98. 

2-Bromopropionaldehyde Diethylace- 
tal. I t  was prepared from 101.8 grams 
(1.75 mole) of propionaldehyde (re- 
distilled) and 80 ml. of bromine accord- 
ing to the method of Kuhn and Grund- 
mann (79). The crude product was 
purified by distillation in a packed 
column and was obtained in 64.0y0 
yield (235.8 grams), boiling point 69' C. 

(10 mm.), n2:" 1.4368, Marvel1 and 
Joncich (20) give n2io 1.4371. Cal- 
culated for C,HljOZBr: C, 39.83; H, 
7.16; Br, 37.85. Found: C, 39.99; 
H, 7.19; Br, 18.02. 
2-(Methy1thio)-propionaldehyde Di- 

ethylacetal. Bromopropionaldehyde di- 
ethylacetal (10 grams, 0.047 mole) was 
added dropwise to a solution, a t  0' C., 
of sodium methyl mercaptide which had 
been prepared from 5.5 grams of sodium 
in 100 ml. of anhydrous ethyl alcohol 
and 12.5 grams (0.26 mole) of methyl 
mercaptan. The resulting reaction mix- 
ture was brought to room temperature, 
heated under reflux on a steam bath for 
7 hours, and allowed to stand over- 
night a t  room temperature. Sodium 
bromide was removed by filtration, 
The filtrate was treated with 20 ml. of 
alcoholic sodium methyl mercaptide, 
heated under reflux for 8 hours, and 
left overnight a t  room temperature. 
Sodium bromide was again removed by 
filtration. The filtrate was diluted with 
water to twice its volume and was ex- 
tracted with ether. The ether extract 
was dried over anhydrous sodium sulfate 
and the crude product was purified by 
distillation. The product was obtained 
in 31.9% yield (2.75 grams), boiling 
point, 76' C. (10 mm.), n2:" 1.4448. 
Calculated for C8H18S02: C, 53.89; 
H, 10.18; S, 17.98. Found: C, 53.01; 
H, 9.97; S, 16.45. Gaschromatography 
of the product on a Perkin-Elmer B 
column under the conditions given in 
Table 11, showed it to be almost pure. 
The impurity was 2-bromopropion- 
aldehyde diethylacetal. 

2 - (Methylthio) - propionaldehyde. 
Compound 3, Table 111, was prepared, 
in the usual manner, from 30.0 grams 
(0.17 mole) of the slightly impure 
corresponding diethylacetal by hydrol- 
ysis in the presence of 30 ml. of 1% 
aqueous hydrochloric acid. The 
product obtained was purified by dis- 
tillation. The distillate thus obtained 
(3.94 grams, 22.4% yield) was redis- 
tilled and the center fraction was found 

to be pure, 0.2418 grams, boiling point 
40' to 42' C. (27 mm.), n 2 "  1.4723. 
Calculated for C ~ H B O S :  C, 4h.12; 
H, 7.74; S, 30.78. Found: C, 46.10; 
H, 7.76; S, 30.75. 

The 2,4-dinitrophenylhydrazone de- 
rivative was prepared in 53% yield from 
the diethylacetal. After recrystallization 
from 95% ethyl alcohol it melted at  
151.0-151.8' C. Calculated for CloH1:- 

S, 11.28. Found: C, 42.37; H, 4.27; 
N, 19.58; S, 11.00. 

The semicarbazone of 2-(methy1thio)- 
propionaldehyde was prepared from the 
free aldehyde, melting point, 118-1 18.5' 
C. Calculated for CJIl1N3SO: C, 
37.25; H, 6.88; N, 26.06; S, 19.89. 
Found: C, 37.16; H, 6.91; K. 26.04; 
S, 19.91. 

3 - (Methylthio) - propionaldeh>de. 
Compound 4, Table 111, has been 
prepared (32) in 50.0% yield from 
acrolein and methyl mercaptan in the 
presence of cupric acetate, boiling point, 
64' C. (17 mm.), n2jo 1.4789. Bedou- 
kian (5) gives nzio 1.4790. Its 2,4- 
dinitrophenylhydrazone was prepared, 
melting point, 121-122' C. Bedoukian 
( 4 )  gives a meltingpointof 120.5" C. 

3- (Methyl thio) -butyraldehyde. Com- 
pound 5, Table 111, has been prepared 
in 76.2% yield from crotonaldehyde and 
methyl mercaptan in the presence of 
triethylamine according to the method 
of Brown, Jones, and Pinder (a), boiling 
point 65' C. (12 mm.). Brown, Jones. 
and Pinder (8) give a boiling point of 
40' C. (2.5 mm.), n2io 1.4734. The 
2,4-dinitrophenylhydrazone was pre- 
pared, melting point 81.0-82.0' C., 
Brown et a/.  (8) give a melting point of 

3- (E thylthio) -propionaldehyde. Com- 
pound 6, Table 111, was prepared (8) 
from acrolein and ethyl mercaptan in 
the presence of triethylamine. The 
yield obtained after purification by 
vacuum distillation was 17.0%, boiling 
point 73-74' C. (15 mm.). Parham, 
Heberling, and Wynberg (23) give a 
boiling point of 58' to 63' C. (11 mm.), 
n i 0  1.4778. The 2,4-dinitrophenyl- 
hydrazone was prepared, melting point 
97.0-97.5" C. Yamada (33) gives a 
melting point of 105-106° C. 

3-(Ethy1thio)-butyraldehyde. Com- 
pound 7, Table 111. has been prepared 
(74, 29) in 70.0'% yield from croton- 
aldehyde and ethyl mercaptan in the 
presence of triethylamine, boiling point 
81 ' C. (17 mm.), n2 io  1.4710. Hall and 
Howe ( 7 4 )  give a boiling point of 92-93 
C. (24 mm.) and 9;' as 1.4720. The 
semicarbazone derivative melted at  134- 
135' C. Hall and Howe (74) give a 
melting point of 137.5' C. The 2,4- 
dinitrophenylhydrazone could not be 
prepared because of its instability. 

Gas Chromatographic Separation of 
&Alkyl Aldehyde Reference Com- 
pounds. Relative retention times- 

NjOqS: C, 42.25; H, 4.25; N, 19.71; 

85-86" C. 
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relative to 3-(methylthio)-propional- 
dehyde-were determined for each of the 
seven synthetic reference compounds on 
the three columns previously described. 
These retention times are given in Table 
IV. The separation obtained by analy- 
sis of a mixture of the seven reference 
compounds on the Perkin-Elmer B 
column is shown in Figure 1 ,  curve B. 
It is clear on the basis of this chromato- 
gram and the data given in Tables I11 
and I\' that 3-(methylthio)-propional- 
dehyde is the only compound which is 
similar in behavior to the substance 
which produced the typical irradiation 
odor in component 10. 

Identification of Component 10 as 
3-(Methy1thio)-propionaldehyde. Pre- 
sumptive evidence that component 10 
was 3-(methylthio)-propionaldehyde was 
provided by its retention time on three 
gas chromatographic columns, by the 
presence of sulfur in it, by the ultra- 
violet spectrum and melting point of its 
2,4-dinitrophenyIhydrazone, and by its 
R! value during paper chromatography. 

Evidence that component 10 was in- 
deed 3-(methylthio)-propionaldehyde 
was the similarity of its infrared spectrum 
with that published by Patton and 
Barnes (26) ,  and the fact that a mixed 
melting point of the 2,4-dinitrophenyl- 
hydrazone of component 10 (me1 ting 
point 120-121.0" C.) and of an authentic 
sample of the 2,4-dinitrophenylhydra- 
zone of 3-(methylthio)-propionaldehyde 
(melting point 120-120.5" C.) was not 
depressed (melting point 120-1 21 O C.), 

Discussion 

On the basis of the evidence presented 
above, it is believed that 3-(methy1thio)- 
propionaldehyde (methional) has been 
proved to be present in the volatile com- 
ponents of irradiated beef, and to make 
a major contribution to the charac- 
teristic unpleasant odor of irradiated 
beef. This had been postulated pre- 
viously by Witting and Batzer (32) 
who suggested that this compound, as 
well as 3-(methylthio)-butyraldehyde. 
might be present in irradiated beef. 
No evidence for the presence of the latter 
compound has been found in the current 
work. The proposal of Witting and 
Batzer (32) that 3-(methy1thio)-propion- 
aldehyde is an odorless compound is not 
supported by this work. The observa- 
tions of Zlatkis (22) on the odor of 

methional purified by gas chromatog- 
raphy are supported. 

3 - (Methylthio) - propionaldehyde 
(methional) has been identified in the 
volatile carbonyl compounds from 
cheddar cheese ( 7 7 ) .  I t  has been 
suggested by Patton (24 )  to be an odorous 
component of processed foods which 
results from Strecker degradation of 
methionine. It has been said to be the 
cause of the sunlight flavor in milk 
(25) .  Although neither of these products 
resembles irradiated beef in odor, it is 
reasonable to believe that the strong 
unpleasant odor of pure methional has 
been dampened by other volatile com- 
ponents present. 

The current investigation has been 
confined to the aqueous distillate ob- 
tained by concurrent radiation-distilla- 
tion of slurries of raw, ground beef. 
This limitation was imposed because 
the distillates exhibited the typical 
irradiated beef odor. It is probable 
that investigation of components too 
volatile to remain in the distillate would 
have resulted in identification of the 
substances identified by Merritt (27). 
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