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Aspects of the pyrolysis of l-deoxy-l-glycmo-D-fructose and I-/?-alanmo-l- 
deoxy-D-fructose are reported Thermal analysis and parallel chemical mvestlgatrons 
demonstrate that formatron of these Amadorr compounds provrdes a low-energy 
route to the thermal degradatron of then ammo actd and sugar morettes Furthermore, 
the pathway leads to the productron of increased quantrtres of varrous aroma com- 
pounds as compared wrth controls Pyrolysrs of the I-ammo-1-deoxyketoses also 
produces the toxrc compound protoanemonm, a degradatron pathway leadmg to Its 
formatron IS proposed 

INTRODUCTION 

When an aldose and an ammo acrd are heated, the glycosylamme so formed may 
undergo the A,nadon rearrangement to grve a 1-ammo-1-deoxyketose’ Many m- 
vesttgators corstder that 1-ammo-1-deoxyketoses are Important mtermedrates m 
non-enzymrc brownmg reactrons and have proposed degradatron mechamsms to 
explain how these compounds produce volatrles that contnbute to the organoleptrc 
charactenstrcs of thermally processed foods ‘- ’ In defirntrve work of Hodge et a/ , 
the thermolysrs of I-deoxy-1-prpendmo-D-fructose3 and l-deoxy-1-L-prohno-D- 
fructose6 IS discussed. A recent pubhcatron of Shrgematsu et al ’ reports degrada- 
tron products from three further Amadon compounds 

Sugars undergo caramehsatron reactrons at relatrvely hrgh temperature,?, but 
rt has been suggested that, m the brownmg reactron, the formation of l-ammo-l- 
deoxyketoses leads to the productron of aroma volattles at lower temperatures and 
m lugher yreldsg Desprte the srgnticance of Amadorr compounds, there appears to 
be httle mformahon concemmg this aspect of then thermolysrs The present paper 
drscusses the pyrolysis of l-deoxy-1-gly ChO-D-fmctose and l-/?-alanmo-l-deoxy-D- 

fructose with reference to the questron of a low-energy pathway to formation of 
aroma In addrtron, mveshgations of more-general aspects of the thermolysls of 
these Amadon compounds are reported 
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RESULTS AND DISCUSSION 

Differential scanmng calonmetry (d s c ), thermograwmetnc analysis (t g ), 
and gas chromatography-mass spectrometry were used to study the senes of physlcal 
transformations and chemical reactlons that occurred dunng pyrolysis As it was not 
possible to ensure that the pyrolysis condltlons used m these techmques were Identical, 
the results obtained from the different instruments may not be directly comparable1 O, 
however, certain general trends are apparent 

D s c and t g data for glucose, glycme, and I-deoxy-1-&ycino-D-fructose, are 
shown m Figs 1 and 2, respectively The traces for glucose and glycme are slmdar 
to those reported by other investigators I1 -I4 The sharp transition signalled m the 
rnltlal region of the d s c endotherm for I-deoxy-1-glycmo-D-fructose (145”) corre- 
sponds to the onset of melting of the sample The wide, unsymmetrical appearance 
of the peak, together with the rapid fluctuations m the trace, m&cates that the sample 
melts with decomposltlon The t g results for this compound also show that the 
decomposition of the sample commences m this reDon According to the t g trace, 
the mmal degradation proceeds comparatively rapidly to leave a substantial quantity 
of residue, which then decomposes relatively slowly, thus there are two main stages 
of pyrolysis However, when a lower rate of heatmg 1s used, the first stage of the t g 
curve may be seen to anse from a number of consecutive and concurrent reactions, as 

Temoerature OC 

Fig_ 1. Dtierentlal -scanmng calonmetnc curves for (a) I-deoxy-1-glycmo-D-fructose, 
and (c) glyclne 

(4 glucose, 
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PyroZys.r - The desqp of the pyrolysis m,t was based on that of Slmmonds 
et al 3o and conslsted of a removable, stamless-steel tube that was sleeved by an 
Insulated furnace contammg a mchrome heater A platmum boat contammg the 
sample (10 mg) was placed mslde this tube One end of the pyrolysis unit contained 
a gas mlet and a swagelok port through which a thermometer was Inserted to record 
the temperature above the sample boat The other end had swagelok fittmgs to wluch 
a trap compnsmg a 150 x 3 2 mm o d stamless-steel tube contammg a porous 
polymer (Chromosorb 105, SO-100 mesh, Apphed Science Labs, State College, Pa, 
200 mg) could be attached The trap was adapted for direct msertlon mto a gas 
chromatograph 31 Temperatures were mamtamed at Bven levels for required times 
and the volatdes so formed carried by a stream of mtrogen (flow rate 8 mL/mm) 
mto the trap, which was cooled with Dry Ice Char was defined as the matenal re- 
maining m the sample boat, and tar was that matenal coatmg the steel tube of the 
pyrolysis umt The carbon dloxlde and carbon monoxide passmg through the trap 
were determined as described by Shafizadeh and La?’ 

Gas chromatography-mass spectrometry - Volatlles from the traps were 
separated on a 2 5 m x 3 2 mm outside dlmenaon, stamless-steel column of Tenax- 
G C (Applied Science Labs) m a Hewlett-Packard 7620A gas chromatograph by 
using a temperature program of 3&210” at 2”/mm The chromatograph was fitted 
with thermal-conductlvlty and flame-lomsatlon detectors When combined gas 
chromatography-mass spectroaetry was employed, the column was p!aced m a 
Pye 104 gas chromatograph coupled to an AEI MS-30 double-beam Instrument 
equipped with a &cone elastomer interface 

Amadorz compounds - I-Deoxy-1-glycmo-D-fructose and l-&alanmo-l-deoxy- 
D-fructose were prepared accordmg to pubhshed methods32 For synthesis of the 
radloactlve compounds, [1-14C]glucose, [2-14C]glucose, or C6-14C]glucose (N 50 
&I, Radlochemlcal Center, Amersham) was dissolved with D-glucose (2 g, B D H 
“Analar”) m dIstilled water (5 mL) The solution was lyophlhsed and the residue 
dried at 60” m vacua over phosphorus pentaoxlde for 24 h 

Protoanemonzn - Protoanemonm was synthesised by acid-catafysed lactomsa- 
tlon of acetylacryhc acld26, which was prepared from glyoxyhc acid by the method 
of Scheffold and Dubs33 The mass spectrum and g 1 c retention times for the product 
obtained by synthesis were compared with those of the compound obtained from the 
pyrolysates This check was camed out on two columns, namely Tenax-G C and 
10% w/w E G A on 100-120 mesh Gas Chrom Q (Apphed Science Labs) 

3-Deoxy-D-erythro-hexos&ose - This compound was prepared by the method 
of Kato34 

Radloactlvrty determmatrons - Protoanemomn was collected from the g 1 c 
outlet by bubbhng the effluent gas through &stilled water (2 mL) m a cuvette The 
absorbance of the resulting solution was measured m a Umcam S P. 800 recording 
spectrophotometer and the concentration of protoanemonm determmedz6 The 
entire u v spectrum of protoanemomn was recorded to confirm that converslon into 
anemomn had not occurred Actlvlty of all samples was measured by transfemng 
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an ahquot of an aqueous solutron of known concentratron to a vral contammg toluene 
ommfluor-tnton (2 1, 20 mL) and countmg m an Isocap/300 Llqmd Scmtrllatron 
System (Searle Analytical) Conntmg efficiencies were determined by using a set of 
quenched standards and the counts adJusted accordmgly 
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