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Abstract - Room temperature vacuum distillates and extracts of onion, garlic, and other 
genus Allium plants (wild garlic, leek, scallion, shallot, elephant (or great-headed) 
garlic, chive, Chinese chive) were analyzed by HPLC, "cryogenic" GC-MS and 
proton Nh4R spectroscopy, using authentic samples of suspected thiosulfinate compo- 
nents to evaluate the methods. Eight thiosulfinates (RS(0)SR') and related organosul- 
fur compounds (cis- and trans-2,3-dimethy1-5,6-dithiabicyclo[2.1. llhexane 5-oxides; 
(Z,Z)-d,l-2,3-dimethyl-1,4-butanedithid S,S'-dioxide) were separated and identified 
in each plant extract, several for the first time. Garlic grown in cooler climates was 
found to show enhanced ally1 to methyl thiosulfinate levels in extracts. 

INTRODUCTION AND BACKGROUND 

Garlic (Allium sativum) and onion (Allium cepa) were among the earliest of cultivated foods and 
spices, easily identified by primitive food-seekers by their distinctive smell, now known to be 
associated with organosulfur compounds. The popularity of garlic and onions in folk medicine 
through the centuries for treatment of such varied disorders as dog bites, insect stings, earaches, 
burns and wounds, baldness, headaches, chest colds, respiratory ailments, asthma, pneumonia, 
diabetes, cardiovascular disorders, and rheumatism, among others, can be attributed to their pungent 
aroma, strong taste and, in the case of onion, its potent lachrymatory effect. These plants are mem- 
bers of the well known and widely appreciated genus allium, comprising more than 600 different 
species, other common members being leek, chive, shallot, and scallion. Common allium species 
were valued by early civilizations both as important dietary constituents and as medicinals for the 
treatment of many disorders, for example as recorded in the Bible, "...[the Jews who fled Egypt to 
wander the Sinai wilderness for forty years fondly remembered] the fish which we did eat in Egypt 
so freely, and the pumpkins and melons, and the leeks, onions and garlic," and as documented by 
discovery of dried garlic cloves and wooden models of onions among the relics found in the burial 
chambers of the pharoahs, and by references to medicinal uses of these plants in the writings of 
Aristotle, Hippocrates, Aristophanes, and Pliny the Elder (Ref. 1). 

Both the popularity of allium plants as foodstuff as well as the reputation of garlic and onion as 
"cure-alls" stimulated scientific investigations, such as the early work by Pasteur in France (ca. 
1858) into garlic's antibacterial activity and by Wertheim (1844) and later Semmler (1892) in 
Germanyinto the composition of distilled garlic and onion oils (mainly diallyl disulfide, CH2=CH- 
CH2SSCH2CH=CH2,1, in the former case, and propenyl propyl disulfide in the latter case). Only 
with the advent of modem spectroscopic and chromatographic techniques has it become possible to 
determine the molecular basis for the odor, taste and biological activity of the fresh or processed 
plants. Key early discoveries on this subject were made by Cavallito (1944) and Wilkens (1962) in 
the United States, by Stoll and Seebeck in Switzerland (1948) and by Virtanen in Finland (1960) 
(Ref. 2,3). Cavallito discovered an unstable, odoriferous liquid substance in extracts of fresh garlic 
he termed allicin (CH2=CHCH2S(O)SCH2CH=CH2 i AllS(O)SAlI, 2-propene- 1-sulfinothioic acid 
S-Zpropenyl ester; 2) possessing antibacterial properties, while Stoll and Seeback identified the 
immediate precursor of allicin as alliin, (CH2=CHCH2S(O)CH2CH(NH2)COOH, (+)-S-allyl-L- 
cysteine S-oxide; 3). Present evidence indicates that allicin 2 is formed by action of the C-S lyase 
enzyme alliinase (released by cutting or crushing garlic cloves) on the stable precursor alliin 3 by 
way of the intermediate 2-propenesulfenic acid (4, Scheme 1). Alliin 3 occurs abundantly in garlic, 
up to 0.76 f0.40% of fresh weight. From onion preparations Virtanen isolated three homologues of 
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