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PRODUCTION OF VOLATILE COMPOUNDS RELATED TO THE 
FLAVOUR OF FOODS FROM THE STRECKER DEGRADATION 

OF DL-METHIONINE 

By P. E. BALLANCE 

A qualitative investigation of the volatile compounds formed during the Strecker 
degradation of DL-methioninc has been carried out. The volatile products were condensed 
in cold traps and analysed by gas-liquid chroInatography. The condensate was shown t o  
consist chiefly of methyl niercaptan, together with traces of othcr compounds including 
acrolein and dimethyl sulphide. The suggestion that  degradation of methionine first gives 
rise to  methional is supported by the identification of this compound and the demonstration 
o f  its decomposition with ninhydrin t o  methyl mercaptan and acrolein. These findings are 
discussed in relation t o  the importance of methionine as a source of flavour in food. 

Introduction 
The importance of the Strecker degradation' of amino-acids in the development of flavour 

in food has rcccntly been discussed by Keeney & Day.2 These workers reported a ' broth- or 
chcese-like ' smell resulting from the reaction of methionine with ninhydrin (indanetrione 
hydrate). The development of the broth-like odour would be consistent with thc formation 
of methional (3-methylthiopropionaldehyde), the strong odour of which has been recently 
affirmed by several workers.3-5 

The suggestion that methional is formed by the breakdown of methionine is supported 
by the experimental work of Hunter & Potters who obtained 100% y.ields of methional from 
methionine treated with ninhydrin. Bayer7 has claimed, without gi\:ing any experimental 
details, that propionaldehydc is the major volatile product of the hypochlorite breakdown 
of methionine. In view of these conflicting reports a detailed qualitative examination of the 
volatile products of methionine degradation was undertaken. 
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Experimental 
Physical trapping of volatile compounds 

DL-Methionine (40 mg., California Foundation for Biochemical Research, Los Angeles, 
California, U.S.A.) was warmed (80") with ninhydrin (zoo mg.), water (10 ml.), sodium chloride 
(2 g.) and sodium dihydrogen phosphate (I g.), for 2 h. .4 stream of nitrogen was drawn through 
the reactants at  slightly reduced pressure (ZOO mm.) ; the emergent gas stream was led through 
two traps cooled in solid carbon dioxide, into a U-tube (trap A) cooled with liquid nitrogen. 

An alternative method involved the removal of water from the emergent nitrogen stream 
by passing it through warmed (80") calcium chloride, and trapping the volatile compounds 
in a Y-shaped trap (B) cooled in liquid nitrogen. Trap B was constructed of tubing with 
4 mm. i.d. with the short 14-cm. limb entering the long (17-cm.) limb 3 cm. from the base : 
condensed vapour collected in the base of the long limb. 

Chemical trapping of volatile compounds 
To obtain further information concerning the identity of the volatile compounds the 

emergent nitrogen stream was bubbled through particular reagents. A white precipitate is 
formed if dimethyl sulphide or dimethyl disulphide is present in a gas stream bubbled through 
mercuric chloride (3% w/v) solution : a precipitate is also formed if methyl mercaptan is present, 
but this compound can be removed by passage of the gas stream through mercuric cyanide 
solution (4% w/v). The details of these methods of trapping volatile sulphur compounds have 
been described by Challenger & Charlton,8 and Challe~~ger.~ 

w/v solution 
in 2N-HC1) to form 2,4-dinitrophenylhydrazones, which are identified either by determination 
of melting point or by regeneration of the carbonyl compound with levulinic reagent, followed 
by gas-liquid chromatography. 

Regeneration of carbonyl compounds 
The 2,4-dinitrophenyIhydratones (roo mg.) were treated with levulinic reagent (I vol. 

levulinic acid : 9 vol. N-H,SO,) according to the method of Keeney.10 The carbonyl compounds 
evolved were condensed at  liquid-nitrogen temperature in trap B. The condensate was dis- 
solved in I ml. of ether, and 0.025 p l .  samples of the ether solution removed by micropipette for 
analysis by gas-liquid chromatography. 

Following levulinic regeneration the more volatile carbonyl compounds were collected in 
trap A (by the method previously described). The U-tube was warmed to room temperature 
and 0.5-ml. vapour samples removed for gas-liquid chromatographic analysis. 

Gas-liquid chromatography 
The Pye Argon Chromatograph was used for gas-liquid chromatographic analyses, All 

columns (glass) were 4 ft. long and 4-5 mm. i.d., and were packed with Celite (Gas Chromato- 
graphy Ltd., G-cel roo-120 mesh) impregnated with stationary liquid. For high-temperature 
analyses (roo") the stationary liquid was 5 % polypropylene adipate (Briggs & Townsend Ltd.), 
for low-temperature analyses (22") 5% dinonyl phthalate (May & Baker Ltd.) or 10% poly- 
ethylene glycol 400 (L. Light & Co. Ltd.) were used. The stationary liquids were dissolved 
in a volatile solvent, mixed with Celite and the solvent was evaporated while stirring. The 
resulting powder was introduced into the columns and packed down by vigorous tapping. 

For low-temperature separation 0.5-ml. vapour samples were introduced by means of an 
Agla syringe equipped with a fine hypodermic needle. The needle was inserted into the rubber 
tubing conveying argon to the top of the column. Liquid samples for the high-temperature 
column were placed directly into the top of the column by micropipette. For all analyses the 
argon flow rate was 40-45 ml./min. 

Values obtained with 
low-temperature columns are related to isobutyraldehyde ; methyl n-heptanoate (prepared 
by diazomethane treatment of n-heptanoic acid) was selected as internal standard for the 
polypropylene adipate column. Methyl mercaptan was obtained from Eastman Organic 
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Chemicals, Rochester 3, New York, U S A .  : pure methional was prepared by the method of 
Yierson et aZ.I1 

Results 
Degradation of DL-ntetlaionine 

The volatile compounds collected in trap A from a warmed mixture of methionine with 
ninhydrin in the presence of water, sodium chloride and sodium dihydrogen phosphate, were 
analysed by gas-liquid chromatography on the low-temperature columns. On both dinonyl 
phthalate and polyethylene glycol columns one large constituent was found, the relative retention 
volume of which corresponded with that of methyl mcrcaptan (Table I). Trace amounts of 
other volatile compounds, acrolein, isobutyraldehyde, dimethyl sulphide and dimethyl disulphide 
were identified b y  comparison with known compounds. The finding of a compound having the 
same relative retention volume as isobutyraldehyde might well be due to a trace of valine as 
an impurity in the methionine. I t  was possible 
to confirm the identification of methyl mercaptan, a white precipitate being formed when the 
emergent gas stream was led through a mercuric cyanide solution. The precipitate was boiled 
with a quantity of water to remove any combined mercuric cyanide,s, dried in a desiccator : 
it melted with decomposition at 174' (m.p. of pure mercury dimethyl mercaptide, 174-17jG ". 

An unknown compound was also detected. 

Table  I 
Hclative ~eleiition volumes (lL'.l<. Y. s )  of the ztolatile piodzicts of the S l r ~ c k e v  drgvadntioii of metliioniizc 

Internal standard isolmtyraldehytle = I 

Peak Peak So .  of .\lean Suspected So .  of Mean 
position size obscrva- R.R.lr. conipound obserra- R.R.\'. 

J)iiio)iyl phliiulule coliiiiiii 

. .  - Unknown volatile compounds Known compounds _ _  ~ 

tions tions 

I v. large I j 0.17 Methyl mercaptaii 7 0.18 
2 trace 4 0'47 1)imethyl sulpliiclc 8 0.48 
3 trace ' 3  0.58 Acrolcin 5 0.58 
4 trace I 0  1'00 Isobutyraltleh yde I8 1'00 

Dimethyl disulphidc I 7'29 

I v. largc 11 0.29 hlethyl mercaptan 4 0 . 2 8  
2 trace Y 1.40 l\croleiii 2 1 .42  
3 trace 7 I'Oj Isobutyraldchydc '7  

5 small 2 7'53 Dimethyl disulphide I 7.1 5 

Polyethylene glycol column 

1'00 
4 - _ _  small 4 5 4 9  Unknown 

To explain the preponderance of methyl mercaptan it was assumed that the initial step 
in the reaction sequence was the formation of methional, which subsequently gave rise to 
acrolein and methyl mercaptan : the tendency of acrolein to polymerise would account for 
its being found only in trace amounts. In  an attempt to establish the presence of methional 
the degradation of methionine was repeated and the emergent gas stream passed through 
2,4-dinitrophenyIhydrazine solution. A heavy yellow precipitate of a 2,4-dinitrophenyl- 
hydrazone formed, was filtered off, rccrystallised and its melting point (and a mixed melting 
point) found to correspond with the value 123" obtained with crystals of the 2,4-dinitrophenyl- 
hydrazone of pure methional. As a further check the hydrazone was treated with lc\7ulinic 
reagent and the volatile compounds produced were dried (CaCl,) and condensed in trap H. 
The condensate was chromatographed a t  100' on the polypropylene adipate column and a 
component was detected having the same relative retention volume ( 2 ~ 9 )  as a sample of pure 
methional. 

The breakdowiz of inetlaionul 

under certain conditions was investigated. 
As the presence of methional had been established, the possibility that it decomposes 

Methional, prepared from acrolein and methyl 
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mercaptan,ll was twice distilled and its purity determined by gas-liquid chromatography on 
polyethylene glycol. Nitrogen was swept (2 h.) through the methional and the condensate 
obtained by passage of the emergent gas through a U-tube cooled in liquid nitrogen was shown 
to cdnsist of very slight traces (peak heights 3-4 mm.) of acrolein and methyl mercaptan. 
Heating the methional (0.4 ml.) in the presence of water (10 ml.) did not bring about any 
significant decomposition ; acrolein and methyl mercaptan peaks (heights 1.1-1.~ cm.) were 
revealed with the polyethylene glycol column. 

Methional (0.4 ml.) was heated (2 h.) with 1.124 g. of dry ninhydrin, a nitrogen stream was 
swept through the apparatus and volatile matter collected in trap A. Gas-liquid chromato- 
graphy on both polyethylene glycol and dinonyl phthalate columns (Table 11) showed the 
presence of methyl mercaptan, dimethyl sulphide and acrolein (the peak heights were greater 
than 10 cm.). These volatile reaction products were also identified chemically ; the emergent 
gas stream, when passed through a train of three pairs of reagent solutions, produced a white 
precipitate (methyl mercaptan) in mercuric cyanide solution, an orange precipitate (acrolein) 
in ~,4dnitrophenylhydrazine reagent, and a white precipitate due to dimethyl sulphide in 
mercuric chloride solution. The latter precipitate was warmed with 5s-NaOH and the volatile 
material bubbled through a solution of mercuric cyanide, in which no precipitate formed, and 
then through mercuric chloride solution where the presence of dimethyl sulphide was revealed 
by the formation of a white precipitate (Challenger & Charlton8). Treatment of the orange 
z,4-dinitrophenylhydrazone with levulinic reagent and chromatography of the volatile material 
on polyethylene glycol established the identity of acrolein (relative retention volume 1.41). 

Table I1 
Ideittifircrtioii of the volatile pvodrirts fvom the reaction of metliioizal aitd dry tritihydriit 

Relative retention volumcs (R.R.V.s) based on isobutyraldehyde = I 
Column Peak R.R.V. Suspected R.R.V. of 

position compound suspectcd 
compound 

Polyethylene glycol 400, 10% I o.2G Methyl mcrcaptan 0.26 

3 1.40 Acrolein 1.40 
L 0’47 Dimethyl sulphidc 0.48 

llinonyl phthalatc, 59; I 0.16 Methyl incrcaptan 0.18 
2 0’47 Dimethyl sulphidc 0.48 
3 0.61 Acrolein 0.61 

The similarity of the volatile products of methional breakdown (Table 11) and the coni- 
pounds produced by ninhydrin treatment of methionine (Table I) leaves little doubt that  
methional is the first recognisable product of the Strecker degradation of methionine, in agree- 
ment with the work of Hunter & Potter.g 

Although Bayer’ reported the evolution of propionaldehyde following hypochlorite break- 
down of methionine, at  no time under the conditions used in the present work was propionalde- 
hyde found in any of the volatile mixtures. Even heating methionine with sodium hypochlorite 
solution, according to the method of I,angheld,l* gave rise to no identifiable quantities of volatile 
materials. Using the same conditions, however, copious amounts of acetaldehyde were produced 
from alanine. 

The finding that the Strecker degradation of methionine gave rise to methyl mercaptan as 
the major volatile product is consistent with reports that methyl mercaptan is produced during 
breakdown of methionine by micro-organisms.l3 

Discussion 
The present investigation has emphasised the importance of methionine as a source of 

volatile sulphur compounds, all of which have been associated with the flavours of foodstuffs. 
Methional, the first volatile product of methionine degradation, has been associated with the 
‘ sunlight ’ flavour of milk.14 Although Day et aL4 have examined the rble of methional as 
a flavour compound it appears capable of further breakdown to the more strongly odorous15 
methyl mercaptan. By the use of gas-liquid chromatography and mass spectrometry this 

J. Sci. Food Agric, 12, July, 1961 



536 BALLANCE -FLAVOUR VOLATILE.$ FROM MEZ’HIONINE 

mercaptan has been identified as a constituent of meat flavour by Stahl16 and Merritt et a1.” 
The latter workers also detected dimethyl sulphide in meat odour, whereas previously it had 
been found only in the volatile compounds from irradiated milk18 and meat.l6 Dimethyl 
disulphide, formed by the oxidation of traces of methyl mercaptan, has been shown to be a 
constituent of cooked cabbage flavour ;Ie in the cabbage, however, the presence of dimethyl 
disulphide has been attributed to the decomposition of S-methyl-L-cysteine sulphoxide, which 
would almost certainly yield methyl mercaptan as a primary p r o d u ~ t . ~ ~  2o 

Although the experimental conditions employed in the present work differed considerably 
from those discussed by Challengere when considering the origin of dimethyl sulphide from a 
thetin-like structure, no other explanation can be suggested to account for the production of 
dimethyl sulphide. 

I t  is clear that the Strecker degradation of methionine might well, to some extent, be 
responsible for the volatile sulphur compounds found in the odours from non-irradiated foods. 
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