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Boldface denotes illustration or figure 

N-acetyl-S-allylcysteine (also called 
allyl mercapturic acid) 

in urine following consumption of 
garlic, 81 

addition reactions 
carbophilic, 196, 197, 205, 223 
thiophilic, 205 

ajoene (AllS(O)CH2CH=CHSSAll) 
antibiotic activity, 246, 399–401 

B. subtilis, 399 
E. coli, 399 
H. pylori, 249, 399 
K. pneumoniae, 399 
M. phlei, 400 
M. smegmatis, 400 
P. aeruginosa, 399 
S. aureus, 400 

anticancer activity 
basal cell carcinoma treatment, 258, 

259, 260 
leukemia treatment, 262  
mechanism of, 262 

antifungal activity, 248, 319, 400, 401 
antithrombotic activity, 190, 270, 272 
antiviral activity, 253, 254 
cholesterol lowering and, 269 
discovery of, 190 
formation from allicin, 70, 172, 191, 192 
monomethyl and dimethyl analogs, 193 
name, derivation of, 190 

in oil-macerated garlic supplements, 239 
platelet aggregation effect of, 270, 272 
stability toward heat, 191 
stereochemistry of 

at C=C bond, 190 
at sulfoxide sulfur, 190, 191 

A. keratitis (Acanthamoeba keratitis), garlic 
and, 253 

alembic, 62, 64 
S-alk(en)ylcysteine sulfoxides, 141, 142 

in alliums, amounts and kinds, 396–398 
biosynthesis, 168–171 
in Brassica oleracea, 170 
derivatization of, 144 
γ-glutamyl derivatives of, 165-171 
in Leucocoryne, 172 
in mushrooms, 172 
in Petiveria alliacea, 172 
in Scorodocarpus borneensis (wood 

garlic), 172 
in Tulbaghia violacea (society garlic), 172 

allelopathy, 26, 299, 300 
allicin (AllS(O)SAll) 

ajoene from, 172 
allergy to, 288 
analysis of,  

by DART, 158, 159 
by LC-MS, from garlic and ramp, 

145–147 
by SFC, from garlic, 165 
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antibiotic activity of, 69, 72, 244, 318, 
319, 399–401 

E. coli, 244, 245, 318, 399 
E. faecalis, 399 
H. pylori, 249, 399 
K. pneumoniae, 399 
Leptotrichia buccalis, 399 
M. phlei, 400 
M. smegmatis, 400 
Pseudomonas aeruginosa, 399 
Pophyromonas gingivalis, 399 
P. intermedia, 399 
P. nigrescens, 399 
Proteus mirablis, 400 
S. aureus, 400 
S. pyogenes, 400 
for antibiotic-resistant gastroenteritis, 

246 
for Gram-negative and -positive 

bacteria, 72, 245 
anticancer activity 

in gastric adenocarcinoma, 259  
mechanism of, 263 

antifungal activity of, 247, 318, 319, 400 
polybutylcyanoacrylate 

nanoparticles of, 247 
synergistic activity with 

amphotericin B, 247 
anti-inflammatory activity, 276 
antiparasitic activity of 

A. keratitis (due to Acanthamoeba 
castellanii), 253 

amoebic dysentery (due to Entamoeba 
histolytica), 252, 401 

Giardia lamblia, 401 
leishmanial strains, 401 

antitumor activity, 261 
antiviral activity, 254 
aroma and taste, 172 
common cold, treatment of, 254 
in crushed fresh garlic, 169 
cyanide poisoning, antidote for, 278, 279 
cysteine protease inhibitor, in malaria 

prevention, 253 
decomposition  

during GC analysis, 154 
at room temperature, 154, 172 

thioacrolein from, 155 
3-vinyl-4H-1,2-dithiin and 2-vinyl-

4H-1,3-dithiin from, 155 
formation 

in A. ursinum, 136 
in elephant garlic, 70 
enzymatic from alliin, 69, 70, 71  

rate of, 132, 135, 136 
self-condensation of 2-propene-

sulfenic acid, 106 
targeted, using antibody-attached 

alliinase, 138 
by oxidation of diallyl disulfide 

with P450 enzymes, 79 
by oxidation of diallyl disulfide 

with peracids, 66, 100 
gastrointestinal mucosa, harmful 

effects on, 259 
germination inhibitor, for downy 

mildews, 319 
hydrogen-bonding acceptor, 70 
in situ generation in antitumor 

therapy, 138, 261 
isolation of, 66–70, 100 
lifetime in vivo following injection in 

mice, 261 
lead poisoning antidote, 279 
mass spectral detection 

direct, 70, 72, 158, 159 
SFC with chemical ionization MS, 165 

microtubule-disruption by, 261 
molluscicide, 318 
optical inactivity of, 135 
permeability, skin and membranes, 

73, 81, 138, 232 
as phytoanticipin, 300, 318 
platelet aggregation inhibition by, 273 
pseudo-, see 2-propenyl 2-propenethio-

sulfonate 
reaction 

with cysteine, 72, 74, 272, 273  
with thiamin, 73 
with thiols, 72, 74, 137, 138 

rearrangement to thiosulfoxylate, 156 
skin irritant, 291 
stability, in water, 69, 70, 172 
sulfur-sulfur bond, weakness of, 117, 173 
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supercritical fluid extraction (SFE) of, 
70, 145 

toxicity 
to rabbits, intraveneously 

administered, 384 
to stored-product insect pests, 313 

tubulin polymerization inhibition, 261 
alliin (S-allylcysteine sulfoxide) 

see also S-alk(en)ylcysteine sulfoxides, 
143 

activation by alliinase as aldimine, 133 
allicin precursor, 70, 71, 113 
chirality at sulfur 

absolute configuration, 104 
significance of, 104 

content in fresh garlic, 102, 145 
content in fresh onion, 150 
diastereomers of, 103 
discovery of, 101, 102 
enzymatic breakdown, rate of, 132 

in A. sativum, 136 
in A. ursinum, 136 

in garlic supplements, 239 
glycoside of, 170 
localization in cells, 132 
stereochemistry at sulfur, 102, 103, 104 
synthesis of, 102 
thermal stability of, 98, 99 
thiazoles from, on heating with glucose, 

99 
alliinase, 132–138 

activation by pyridoxal-5′-phosphate, 133 
allergy to, 288 
characterization by X-ray crystal-

lography, 132, 133 
cleavage rates of alliin analogs 

by A. sativum alliinase, 136, 137 
by A. ursinum alliinase, 136, 137 

conjugated to antibody, 138 
deactivation of, 144 
on immobilized support, 137 
in garlic supplements, 239 
localization in plants, 133 
purification of, 104 
stereoselectivity with cysteine sulfoxides, 

104 
temperature, optimum, for activity, 137 

allithiamin, 73 
allitridin, see diallyl trisulfide 
Allium acutangulum, 425 
Allium acutiflorum, 416 
Allium altyncolicum 

flavor precursor content, 396 
Allium ampeloprasum, 414 

see also elephant garlic 
flavor precursor content, 396 
Ulpicum of Romans, 6 

Allium angulosum  
flavor precursor content, 396 

Allium arenarium, 415 
Allium ascalonicum, 416 

see also shallot 
Allium asperum, 408 
Allium atropurpureum, 430 
Allium bisculum, 15, 16 
Allium caeruleum, 15, 16, 17 
Allium canadense, 15 

toxicity to animals, 289 
Allium carinatum, 407 

as weed, 12  
flavor precursor content, 396 

Allium carneum, 429 
Allium cepa, 419 

see also onion 
Allium chamaemoly, 426 
Allium chevsuricum  

flavor precursor content, 396 
Allium chinense (rakkyo) 

as food crop, 3, 24, 26 
methiin content, 141 
thiosulfinates from, cut, 141 

Allium controversum, 413 
Allium cristophii, 15, 17 
Allium descendens, 418 
Allium fistulosum (Japanese bunching 

onion), 420 
as food crop, 3, 26 
non-bulbing, 11 
selenium compounds in, 217, 219 
flavor precursor content, 141, 396 
thiosulfinates from, cut, 141 

Allium flavescens, 424 
Allium flavum, 410 
Allium fuscum, 410 
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Allium giganteum, 5, 15, 17 
pigments from, 212, 213 

Allium globosum, 422  
flavor precursor content, 396 

Allium gramineum, 15, 16 
Allium hymenorrhizum  

flavor precursor content, 396 
Allium intermedium, 411 
Allium jesdianum  

flavor precursor content, 396 
Allium junceum, 11,12 
Allium juncifolium, 12 
Allium karelinii  

flavor precursor content, 396 
Allium kermesinum, 423  

flavor precursor content, 396 
Allium kurrat 

as food crop, 3 
Allium longicuspis, 6 
Allium longifolium, 15, 16 
Allium longispathum, 412 
Allium macleanii 

pigments from, 212, 213 
Allium margaritaceum, 416 
Allium moly, 15, 16, 17, 426  

flavor precursor content, 397 
Allium montanum, 425 
Allium moschatum, 423 
Allium multibulbosum, 431 
Allium neapolitanum, 15, 16, 432  

flavor precursor content, 397 
Allium nigrum, 430 
Allium nutans, 15, 31  
Allium obliquum 

flavor precursor content, 151, 397 
Allium ochroleucum, 423 
Allium oleraceum, 412  

flavor precursor content, 397 
Allium pallens, 409 
Allium paniculatum, 409 

flavor precursor content, 397 
Allium paradoxum 

flavor precursor content, 397 
Allium pedemontanum, 429 
Allium pendulinum, 428 
Allium permixtum, 427 

Allium porrum, 414 
see also leek 

Allium praescissum, 411 
Allium pulchellum, 408 
Allium ramosum, 15, 17 
Allium rosenbachianum, 5, 15, 17 

pigments from, 212, 213 
thiosulfinates from, cut, 141 

Allium rosenorum 
pigments from, 212, 213 

Allium roseum, 429 
flavor precursor content, 397 

Allium rotundum, 417 
Allium sativum, 413 

see also garlic 
Allium saxatile, 422 

flavor precursor content, 397 
Allium schoenoprasum, 421 

see also chives 
flavor precursor content, 141, 397 

Allium schubertii, 15 
Allium scorodoprasum (sand leek), 12, 415 

flavor precursor content, 151 
Allium sellovianum, 12 
Allium senescens 

flavor precursor content, 397 
Allium sibiricum, 421 
Allium siculum (Nectaroscordum 

siculum), 113, 114, 132 
flavor precursor content, 152, 397 

Allium spathaceum, 12 
Allium sphaerocephalum, 417 

flavor precursor content, 397 
Allium stipitatum, 214 

flavor precursor content, 397 
2-pyridyl disulfides from, 213, 214 

Allium strictum, 418 
Allium suaveolens, 424 
Allium subhirsutum, 427 

flavor precursor content, 397 
Allium tricoccum, see ramp 
Allium triquetrum, 15, 428 

as weed, 12 
flavor precursor content, 397 

Allium tuberosum, see Chinese chives 
Allium tuncelianum, 7 



438 Subject Index 

Allium ursinum (ramson; bear’s garlic), 
305, 432 

allelopathic effects of, 304-307 
edible plant, 3, 31, 32 
elevated sulfur emissions from, 306 
flavor precursor content, 152, 398 
growth characteristics, 12, 304-307 
herbal remedies involving, 231 
methyl ajoenes from, 193 
platelet aggregation inhibition by, 273 

Allium victorialis (caucas), 433 
flavor precursor content, 141, 151, 152, 397 
food crop, 3 
thiosulfinates from, cut, 141 

Allium vineale (crow garlic), 415 
flavor precursor content, 398 
toxicity to animals, 289 
weed, 12, 18, 19, 38 

Allium violaceum, 407 
alliums 

antimicrobial activity of, 92 
antiparasitic activity of, 251–253 

Acanthamoeba keratitis (due to Acanth-
amoeba castellanii), 252, 253 

amoebic dysentery (due to Entamoeba 
histolytica), 252 

giardiasis (due to Giardia intestinalis), 
252 

leishmaniasis (due to Leishmania 
species), 252, 253 

loiasis (due to Loa loa), 252 
malaria (due to Plasmodium species), 

252, 253 
sleeping sickness (due to Trypano-

soma brucei), 252, 253 
antitumor activity, 255, 256 
in Bible, 1, 34 
botany of, 4–12 
center(s) of origin of species, 5, 6, 10 
characteristics of genus, 1, 2, 7 
chemotaxonomy of, 2, 152 
consumption and risk of cancer, 256–258 
cultivation  

ancient, 19–26 
modern, 27–32 

defense against predators, 75 
flowers of, 15 

geographic distribution, 11 
geographic origin of, determination of, 78 
herbs and spices, 91–93 
insect pests of, 11 
insect repellent, 26, 323, 324 
invasive weeds, 18–19 
in Koran, 1, 34 
iron absorption reduction following 

consumption of, 284 
metabolism of, 79 
names, derivation of, 1, 3 
non-sulfur-containing compounds in, 223 
odor of, when cut, 1–3, 13, 14, 18, 19, 

26, 75 
ornamentals, 14–16, 17, 18, 212–214 
phytochemistry of, 12–14 
poisoning from 

anemia from, 289 
in cats and dogs, 289 
diagnosis of, 289 
Heinz-bodies in blood from, 290 
in livestock, 289, 290 
in small animals, 289 

trace metal profiles of, 78 
allixin, in garlic, 90 
allyl alcohol (CH2=CHCH2OH), 63, 64, 98 

anticandidal activity, 247  
antiparasitic activity 

Giardia intestinalis, 252 
formation from allicin, 156, 172, 173 

S-allylcysteine (SAC) 
in aged garlic extract garlic supplements, 

239 
in crushed fresh garlic, 169 
heat stability of, 98 
in human plasma after garlic 

consumption, 81 
S-allylcysteine sulfoxide, see alliin 
allyl group (CH2=CHCH2), derivation of 

name, 64 
allyl isothiocyanate 

(CH2=CHCH2N=C=S), 74 
S-allylmercaptocysteine, 69, 72 
allyl methyl disulfide (AllSSMe or 

CH2=CHCH2SSMe) 
in sweat following garlic consumption, 

83 
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allyl methyl selenide (AllSeMe or 
CH2=CHCH2SeMe) 

in human garlic breath, 81  
allyl methyl sulfide (AllSMe or 

CH2=CHCH2SMe; AMS), 
breath odor following garlic 

consumption, 83 
inability to oxidize due to metabolic 

defect, 83 
metabolic formation of from diallyl 

disulfide, 79, 81 
oxidation by cytochrome P450 enzymes, 

79 
perspiration odor following garlic 

consumption, 83 
allyl methyl thiosulfinates 

(MeS(O)SAll, MeSS(O)All) 
in alliums, by paper chromatography, 141  
in alliums, by LC-MS, 147 
in crushed fresh garlic, 169 
direct mass spectrometric detection with 

DART, 158, 159, 161 
formation from reaction of allicin with 

methanesulfenic acid, 161 
allyl methyl trisulfide (AllS3Me), synthesis 

of, 181 
allyl 1-propenyl thiosulfinates 

(MeCH=CHS(O)SAll, 
MeCH=CHSS(O)All)  

in alliums, by LC-MS, 147 
E/Z isomerization of, 148, 150 
synthesis of, 149 

Alzheimer’s disease, onions and, 267 
aminoacrylic acid, 106, 134, 158 
analytical methods, see capillary electro-

phoresis, chromatography, infrared, 
nuclear magnetic resonance, 
ultraviolet and X-ray absorption 
spectroscopy, circular dichroism 
spectra, atomic force microscopy 

anthocyanins, in garlic and onions, 89, 90 
antioxidants, 193–195, 266 

allicin as, 193 
2,4-dihydroxy-2,5-dimethylthiophene-

3-one (thiacremonone) as, 194 
from garlic, 267 

health benefits of, 266 
metal-coordinating ability and, 194 
organoselenium compounds in alliums 

as, 194 
pro-oxidants and, 194, 195 
2-propenesulfenic acid as peroxyl 

radical trap, 193 
quercetins and other flavonols from 

onion, 94, 194 
reactive oxygen species (ROS) and, 193 
from skins of garlic and onion, 90 

Apitz-Castro, Rafael, 190 
Aristophanes, on alliums, 35, 58, 225 
artifact formation in Allium chemistry, 

154, 175, 176, 201 
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randomized controlled trials, 241 

Melanocrommyum, as Allium subgenus, 
17, 18 

2-mercapto-3,4-dimethyl-2,3-dihydro-
thiophene 

elevated, from tearless onions, 208, 209 
precursor of 3,4-dimethylthiophene, 

201 
3-mercapto-2-methylpentan-1-ol, 207 
methane (CH4) 

reduction in ruminant production of, 
by alliums, 19 

methanesulfinic acid (MeSO2H), 119, 120 
acidity of (pKa), 120 

methanesulfenic acid (MeS–O–H), see 
also sulfenic acids 

acidity of (pKa), 120 
formation, 115–120, 191, 192 
deuterium exchange, 119 
lifetime in gas phase, 119 
pyrolysis giving thioformaldehyde, 119 
self-condensation giving methyl 

methanethiosulfinate, 119–121 
structure, 119, 120 
trapping, 116, 117, 192 

methanesulfonic acid (MeSO3H), 119, 120 
acidity of (pKa), 120 

methiin (S-methylcysteine S-oxide) 
see also S-alk(en)ylcysteine sulfoxides 
absolute configuration at sulfur by X-ray 

crystallography, 104, 105 
concentration in leek, 151 
concentration in onions, 150 
concentration in ornamental alliums, 151 
enzymatic breakdown, rate of 

in A. sativum, 136 
in A. ursinum, 136 

synthesis of, 104 
methyl methanethiosulfinate (MeS(O)SMe) 

see also thiosulfinates 
reactions 

disproportionation to MeSSMe and 
MeSO2SMe, 207 

methanesulfenic acid and thioform-
aldehyde from, 115, 116 

2,3,5-trithiahexane 5-oxide from, 191, 192 
formation  

from dimethyl disulfide, 68, 116 
from methiin, 104 

platelet aggregation inhibition by, 273 
properties, 115  

methyl methanethiosulfonate (MeSO2SMe) 
see also thiosulfonates 
in alliums, by paper chromatography, 141 
from disproportionation of MeS(O)SMe, 

115, 116 
synthesis from dimethyl disulfide, 116 

2-methyl-2-pentenal 
hydrogen sulfide adduct of, 207 
propanal (aldol) self-condensation 

product, 112, 306 
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methyl 1-propenyl thiosulfinates 
(MeCH=CHS(O)SMe, 
MeCH=CHSS(O)Me) 

see also thiosulfinates 
in alliums, by LC-MS, 147 
E/Z isomerization of, 148, 150 
synthesis of, 149 

microwave spectroscopy 
description of, 117, 126 
structure of methanesulfenic acid by, 

119, 120 
structure of propanethial S–oxide (LF) 

by, 122, 127 
structure of thioformaldehyde by, 117 
structure of thioformaldehyde S–oxide 

by, 121, 122 
milk 

garlic-fortified, for Brahmins, 229 
tainting of, by wild garlic, 18, 85 

Minchin, William C., 250, 251 
Morimitsu, Yasujiro, 196 
mosquitoes 

repellency of consumed garlic towards, 
315 

toxicity of garlic extracts towards, 312 
 
Nash, Thomas, 51 
nematodes 

avoidance of garlic by, 308, 309 
damage to carrots, 309 
numbers in soil, 308  
toxicity of garlic preparations towards, 

308–310 
toxicity of onion oil towards, 310 
toxicity of thiosulfinates and 

thiosulfonates towards, 310 
National Center for Complementary and 

Alternative Medicine (NCCAM; 
U.S.A.), garlic health benefit 
information, 237, 238 

The Natural History (Pliny the Elder), 
225, 226 

Nectaroscordum siculum, see Allium 
siculum 

nematicides (preferred over ‘nematocides’), 
garlic oil based, 223, 308–311 

Nemerov, Howard (Inside the Onion), 42 

Neszmelyi, Andras, 199 
nitric oxide (NO) synthase 

cardiovascular disease role, 265 
parasite killing role, 253  
stimulation by garlic extracts, 252, 265, 

277 
NMR, see nuclear magnetic resonance 

spectroscopy 
nociceptors (pain receptors), 73 
nuclear magnetic resonance (NMR) 

spectroscopy 
of allicin, 199 
of garlic oil, 177, 178, 179, 180, 181 
isoalliin C=C stereochemistry, 109, 110 
low temperature, 202 
nonlinearity of sulfines, 113 
of onion oil, 181 
of onions, LF identification by, 123–125 
of propanal from onions, 125 
of 1-propenyl 1-propenethiosulfinate 

isomers, 202 
of synthetic 1-propenyl thiosulfinates, 

148 
of zwiebelanes, 199 

 
O’Henry (William Sydney Porter), on 

onion, 40 
olfactory sensitivity to sulfur compounds  

low threshold, 207 
as protection against toxins, 75 
role of metal ions in, 75 

onion 
antibiotic and antifungal activity of 

extracts and oils, 246, 247 
anti-inflammatory activity, 279, 280 

mechanism of, 280 
antitumor activity, 255, 256 
bone loss decrease from, 282, 283 
burial relic, 23 
braiding (tying), 22, 23 
burns, treatment for involving onion 

extracts, 229 
cardiovascular benefits of, 264, 265 
cells, sulfur imaging using XAS and 

XFS, 163, 164 
Cipollino (Italian, ‘little onion’) story, 40 
cooking temperature, proper, 93, 94 
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discoloration by carbon steel knives, 

89, 93 
distilled oil of, 66, 153 
dome (in architecture), 47–54, 55 

Church of Saint Mary Magdalene 
(Jerusalem), 50 

Church of the Savior on Spilled 
Blood (St. Petersburg), 50  

lacquer boxes, 54, 55 
porcelain, 54, 55 
Royal Pavilion, Brighton, England, 50 
Saint Basil’s Cathedral (Moscow), 49 
Taj Mahal (Agra), 48, 49 

extracts and homogenates, antiparasitic 
activity 

Leishmania major, 253 
Loa loa filariasis, 253 

flavor precursor content, 141, 169, 396 
fly (Delia antiqua), 299 
food, ancient, 3, 20 
genetic engineering of, 77 
germination inhibitor, 307 
growth in sulfur-deficient soils, 77 
heartburn (gastric reflux) and, 285 
hepatitis A from, 286 
herbal remedies involving, 227–232 
insect repellency 

capuchin monkeys, use by, 320 
toward carrot flies, in intercropping, 

324 
insect stings, anti-inflammatory activity 

toward, 279, 280 
mechanism of action, 280 

lacrymatory factor (LF), see as 
separate index entry 

see also propanethial S-oxide 
largest, 11 
laws on usage, 58, 59 
name, derivation of, 4 
pinking, 209–212 
pungency of, 73, 129 
red onion pigments, 90 
religious bans on usage, 2 
selenium compounds from, 219 
skins, as source of ancient dye, 86 
snake repellent, 307 

storage, 27 
sweet, 27 
tearless, 77, 207–209 
wound-healing, using onion preparations, 

281, 282 
The Onion, 33 
The Onions, 45 
organoselenium compounds, see selenium 

compounds 
oxidase enzymes 

in biosynthesis of cysteine sulfoxides, 170 
oxathiiranes, 113, 123 
 
Pascale, J. V., 113 
Pasteur, Louis, 244 
Penn, Robert, 118, 121, 122 
S-(E)-3-pentenylcysteine sulfoxide, 142, 

151, 152 
Perrin, Mrs. Henry, 2 
perthiol, see 2-propene-1-sulfenothioic acid 
perthiyl radical (RSS•), 195 
phase I and II detoxification, 263 
phytoalexins, 300 
phytoanticipins, 300 
phytochemistry, 12 
plants, defensive strategies, 299 
Plautus, Titus Maccius, 56 
Pliny the Elder (Gaius Plinius Secundus), 

56, 57, 225, 308 
Plutarch, on alliums, 35 
polysulfides (polysulfanes; R2Sn)  

redox chemistry of, 195 
synthesis of, 181, 182 

Pomponius, Titus, 56 
pro-oxidants, 194, 195 
propanal (EtCH=O) 

from onion LF decomposition, 112, 113, 
125 

self-condensation to 2-methyl-2-pentenal, 
112 

propanethial S-oxide (EtCH=S=O) 
decomposition to propanal, 113 
deuterium-labeled, 127 
dimerization, 113, 131 
GC-MS detection of, 128 
isomers of, (Z) and (E), 122–125 
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formation of 
from propanesulfinyl chloride, 113, 

114, 122 
from 1-propenesulfenic acid, by FVP, 

122 
onion LF, 113, 122 
‘syn effect’ in, 126 

propene (CH3CH=CH2), from garlic, 159, 
172, 173 

1-propenesulfenic acid (CH3CH=CHS–O–H) 
see also sulfenic acids 
as intermediate in onion chemistry, 

71, 111, 115, 127, 138 
deuterium exchange, 127 
rearrangement to propanethial S-oxide  

LFS-promoted, 139, 140 
transition state for, 129, 130 

self-condensation of, 77, 138, 199 
structure of, 111, 115 

2-propenesulfenate (CH2=CHCH2SO–), 
direct detection in garlic by NI-
DART, 159, 160 

2-propenesulfenic acid (CH2=CHCH2S–O–H) 
see also sulfenic acids  
from allicin, 155, 156 
antioxidant, 172 
direct observation of, 120, 159, 160 
as intermediate in garlic chemistry, 

71, 106, 133, 134 
self condensation, 136, 172 
structure of, 106 

2-propene-1-sulfenothioic acid 
(CH2=CHCH2SSH), 174, 195 

2-propenesulfinate (CH2=CHCH2SO2
–), 

direct detection in garlic by NI-DART, 
159, 160 

2-propenesulfinic acid (CH2=CHCH2SO2H) 
in garlic  

direct detection by NI-DART, 159, 160 
instability of, 173, 174 

2-propenethiol (CH2=CHCH2SH) 
allergy to, 288 
antiparasitic activity 

Giardia intestinalis, 252 
metabolic formation of, from diallyl 

disulfide, 79, 81 
role in biosynthesis of S-allylcysteine, 170 

2-propenyl compounds, see corresponding 
allyl compounds  

1-propenyl 1-propenethiosulfinate 
see also thiosulfinates 
characterization of by low-temperature 

NMR, 202 
formation from isoalliin, and subsequent 

reactions of, 77 
[3,3]-sigmatropic rearrangement, 203, 204 
role in greening of garlic and pinking 

of onions, 209–212 
synthesis of individual stereoisomers 

of, 202 
tearless onions, 208 
unknown allicin isomer from 1-propene-

sulfenic acid, 113, 199 
2-propenyl 2-propenethiosulfonate 

(pseudoallicin) 
see also thiosulfonates 
biological activity, 174 
formation from garlic, 173, 174 
synthesis of, 173, 174 

1-propenyl propyl thiosulfinates 
[MeCH=CHS(O)SPr, 
MeCH=CHSS(O)SPr], 148, 149, 159 

see also thiosulfinates 
1-propenyl n-propyl disulfide 

(MeCH=CHSSPr), 66 
elevated levels, from tearless onions, 

208, 209 
propiin (S-1-propylcysteine S-oxide), 143 

see also S-alk(en)ylcysteine sulfoxides 
absolute configuration, 104, 105 
content in leek, 150, 151, 301–303 
content in onions, 150 
enzymatic breakdown, rate of 

in A. sativum, 136 
in A. ursinum, 136 

misassignment for isoalliin in alliums, 144 
synthesis of, 104 

propyl polysulfides (Pr2Sn), 150, 153 
propyl propanethiosulfinate (PrS(O)SPr) 

in alliums, by paper chromatography, 141 
from propiin, 104 
GC analysis from leek, decomposition 

during 154 
synthesis from dipropyl disulfide, 68 
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source, 237 

pyrazines, from heating garlic, 99 
S-(3-pyrrolyl)cysteine sulfoxide, 212, 213 
pyrroles 

conversion to multi-pyrrole compounds, 
209–212 

role in greening of garlic and pinking 
of onions, 209–212 

pyruvate [MeC(O)CO2
–] 

direct detection in onions by (NI-DART), 
159 

enzymatic formation from alliinase 
action, 106, 133, 134 

pungency of onions, measure for, 129 
quercetin, in onions 

antioxidant, 94, 264 
basis for onion dyes, 88, 89 
protection of onion against pathogens, 

88 
in wound-healing preparations, 281 

 
randomized controlled trials (RCT), 241 
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cultivation of, 32 
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selenium compounds in, 219 
thiosulfinates from, 145, 146, 147 

reactive oxygen species (ROS), 193, 195 
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Reichenbach, Ludwig, 12, 405 
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bacterial contamination of, 29 
cultivation of, 29 
storage of, 29 
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secondary metabolites, 13, 299, 300 

storage of, within plants, 300 
Seebeck, Ewald, 101, 102, 104, 106, 110 
Selenium and Vitamin E Cancer 

Prevention Trial (SELECT), 264 

selenium (Se) compounds  
accumulation of Se in tissues and 

liver, structural dependence of, 
221, 263 

in alliums, 214–222 
anticancer activity of, 221, 263 
atomic emission detection head space 

GC analysis (HS-GC-AED), 217, 
218 

concentrations relative to sulfur 
compounds, 217 

enriched through fertilization with 
Se compounds, 218 

γ-glutamyl-Se-methylselenocysteine 
from, 219 

inductively coupled plasma mass 
spectrometry HPLC analysis 
(HPLC-ICP-MS), 219 

prostate cancer and, 264 
Se-methylselenocysteine from, 219 
Se-methylselenocysteine Se-oxide 

from, 220 
μ-XANES studies of, 220, 221 
X-ray absorption spectroscopy 

(XAS) of, 220 
anticancer activity, 215, 216, 221 
antioxidant activity, 221 
biosynthesis of natural organoselenium 

compounds, 216 
‘garlic breath’ from, 216 
metabolism of, 221 
risk of diabetes and, 216 
role as micronutrient, 214, 215 
selenoamino acids, derivatization of, 219 
selenate (SeO4

-2), 216 
selenite (SeO3

-2), 216 
75Se selenite, 216 

selenium-enriched garlic, 219, 221 
selenium-enriched onion, 219 
selenium-enriched yeast, 215 
selenocysteine, 215 
selenomethionine, 215, 218, 221 
selenoproteins, 215, 216 
synthesis of standard selenoamino 

acids, 219 
toxicity of, 216 
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cooking of, 29 
storage of, 29 

[3,3]-sigmatropic rearrangements 
of bis(1-propenyl) disulfide, 201, 202, 
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of bis(1-propenyl) disulfoxide, 206 
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of 1-propenyl 1-propenethiosulfinate, 206 
of bis-pyrrole thiosulfinate, 213 
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Stoker, Bram, on garlic and vampires, 39, 40 
Stoll, Arthur, 100, 101, 102, 137 
sugars in alliums, 94, 98 
sulfate (SO4

-2) 
reduction to sulfite by APS reductase 

in plants, 170 
source of sulfur for alliums from soil, 

168–170 
sulfate transporter proteins in sulfur 

fixation, 169 
sulfur-35, for biosynthetic studies, 168, 

169  
sulfenic acids (RS–O–H), 111, 115, 119, 144 

see also specific compounds 
stable, 120 

sulfines (RR′C=S=O), 113, 121–126, 131 
bis-, 159 

sulfinyl chlorides (RS(O)Cl), 113, 114 
sulfinyl radical (RSO•), delocalization in, 

194 
sulfite (SO3

-2) 
from reduction of sulfate by APS 

reductase in plants, 170 
reduction to sulfide in plants by 

sulfute reductase, 170 
sulfur dioxide (SO2) 

from allicin decomposition, 154, 172, 173 
direct detection from onion using NI-
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sulfur (S8), elemental, from heating garlic 
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145, 153 
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tellurium (Te) compounds in alliums, 222 
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thioacrolein (CH2=CHCH=S) 

Diels-Alder addition to allylic double 
bonds, 186, 189 

dimerization of, 155, 156 
formation 

from allicin, 155 
from diallyl disulfide, 186 
from diallyl sulfide, 155, 156 

possible role in greening of garlic and 
pinking of onions, 209–212 

thioformaldehyde (CH2=S) 
formation  

from 1,3-dithietane 1-oxide, 121 
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115, 116 
lifetime in gas phase, 119 
microwave structure, 117 
trimerization to 1,3,5-trithiane, 116, 117 

thioformaldehyde S-oxide (CH2=S=O; 
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formation, 121, 122 
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see also individual compounds 
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chiral, 135 
from cytochrome P450 oxidation of 

disulfides, 79 
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pigments from greening of garlic and 
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with DART, 158 
discovery of, 198–200 
name 

detailed chemical, 200 
derivation of, 199 

isomers, 199, 200 
from onions, by GC-MS, 128 
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