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ABSTRACT
Allium vegetables, including garlic, onion and shallot, contain nonvolatile flavor precursors, i.e. S-alk (en)yl-L-cysteiene sulfoxides in
the intact cells. After the cellls are physically break down, these precursors can be transformed into alk (en)yl thiosulfinates, the
primary flavor compounds of allium vegetables, and contributing the fresh flavor of allium vegetables. On heating of garlic slice or
homogenate, the primary flavor compounds can further transformed into mercaptans, sulfides, disulfides, polysulfides, or thiophenes,
the second flavor compounds. When the garlic cloves were blanched to deactivate flavor enzymes, the alk(en)yl sulfoxides can be
retained in the cells. These sulfoxides can further be transformed into cysteine, allyl alcohol, acetaldehyde, propanal, and the above
sulfur-containing volatile compounds or conducting Maillard reactions with sugars during high temperature thermal processing of
garlic cloves. In this thesis, flavor precursors of garlic (alliin, deoxyalliin), primary flavor compounds of garlic (allicin), and secondary
flavor compounds of garlic (cysteine, allyl alcohol, allyl mercaptan, propanal, and acetaldehyde) were used to react with glucose in
vegetable oil to study the flavor generation of fried garlic and to study the possibility of using these compounds to prepare fried garlic
flavor. This thesis includes five major parts. In the first part of this thesis the volatile compounds of fried peeled garlic, fried unpeeled
garlic, and fried blanched peeled garlic were isolated and studied. In the second part of this thesis, garlic essential oil was used to
react with cysteine and glucose in vegetable oil in a close reactor. The volatile compounds generated were then isolated and
fractionated using an acid/base fractionation method. In the third part of this thesis the volatile compound in fried peeled garlic and
fried blanched peeled garlic were isolated and fractionated using an acid/base fractionation method. In the fourth part of this thesis,
alliin, deoxyalliin, and allicin were synthesized and then react with glucose in vegetable oil in a close reactor. The volatile compounds
generated were then isolated and studied. In the fifth part of this thesis, allyl alcohol, allyl mercaptan, propanal, and acetaldehyde
were used to react with cysteine, proline, and glucose in vegetable oil in a close reactor. The volatile compounds generated were then
isolated and studied. The followings were some major findings in the thesis: 1.Using initial oil temperature 180 C and final
temperature 145 C can prepare more favorite fried garlic slices. 2 Allyl mercaptan was found to have antioxidant properties and
inhibit maillard type reaction. 3.Alliin, deoxyalliin, and allicin were synthesized and confirmed with high purity using FTIR and
TLC in this thesis. 4.Volatile compounds identified in the thermal reaction or degradation solution of alliin, deoxyalliin, or allicin
with or without glucose can be classified into those mainly degraded from the themselves, those mainly degraded from lipid, those
mainly generated from Maillard reactions. 5.Blanching treatment can deactivate flavor enzymes and retained most of the nonvolatile
flavor precursors to generate more volatile compounds in fried blanched garlic slices. 6.1n the flavor study of the model reaction
system of allyl alcohol, glucose, proline, and cysteine, allyl mercatan was found to affect the oil degradation differently. 7.More
furn-type compounds, thiazoles, and thiophenes were found in the model reaction system of allyl mercaptan + cysteine + proline +
glucose + propanal + acetaldehyde. These furan-type compounds were proposed to generate from the condensation of propanal and
acetaldehyde. Thiazoles and thiophenes were proposed to generate from the condensation of aldehydes and mercaptans. 8.Most of
volatile compounds generated from alliin or deoxyalliin model reaction system was mainly acyclic sulfur- containing compounds.
Addition of glucose significantly affect the flavor composition of the model reaction systems.

Keywords : simulation ; model reaction
Table of Contents

OO0 QOOOoOoOoDOoooawcoOoOovODOOwviiDOxiDOxiOOOxwOOOxidODO OO 1000000
os00000bo0ooooboooobobooo oooboobooboobooo oo oo oo3xeboooog
gboo3rgbdoooboobo33s0b0obgobg 420000058800 gbobooboooboobooboboo
o oboobobosgboobogeobboboobgelbboboe3stb bobb0erbdn oo
gdiDb0bOobO0o0bOoOobOobbOobOoOobOO0bOo0obOobbOOob Oob ssUUbOob8srobo0booboon
g8l bOoboooetnbubooboY4n o190 ogbooboooboboobDoobooob oo
gooobooboboboboobo b0k bbb obo0obob 100 ogog 13000
O000D0 1410000019000 0000000000000 Glucosel ProlinedOCysteine0O0O0OODOOO
oo odbi19900040b201000 00boobo202000 0000 20400000000 209000 00O 229



U000 2300000 231000 O21.0allin0 OallicinOd O O 50 2.2.S-alk(en)yl-L-cysteine sulfoxided O O 9 O 2.3.alliin0
O000D0O000000D00O0 11024.0allin0 O allyl alcohold acetaldehyde 0 0 O 12 0 2.5.doxyallin0 0D 00000
13 0 2.6. r-glutamy-S-alk(en)yl-L-cysteine sulfoxides 14 (0 2.7. Sulfenicacidd 0 0 15028.00 0000000000000
00 01000000 22029y -glutamyl peptidased y -glutamyl transpeptides O O Oy -glutamyl-S-alk(en)yl-L-cysteine
sulfoxide 000 27021000 0000000000000 0D 0000ODOO0DO 320310000000000 4304.1.
00doobOooooooobooo obodoooo e40db100000000000O0DDOOO0O0ONO 92

[ 6.1.Cysteine (A)U Deoxyallin B) D Alliin(C) D 00000 142062 AllicinD 00000 143000 021000000
OO0000O0O00b0Os8d220000000b0OO000OOoOn17h23.00000HPLCE OO0 DO thiosulfinates
19031 0000000000000 00b00O00 4032000000000 000DO00ODOODDOOOODOO
O046033.0000000000C0000000DO0OOODOO0ODOODOO0ODOOOSTO4000D0O0O0O0ODOO
000000000 e8d42000000000DOOO00O0ODOOOUODODODOOOO(@mOOUOODO)83O52.00
0000000000000 bOO0o0ODoOOUOOoDOoOgesOs200b000UOOOO0UDOODOOUbOOODDDOOO
000000 {@EoooOdOo)ee0s300dopoooooooooooo0ono ooDooOgU 11005400000
00000000000 00DO 00000000000 (boooOoD)124061000000000O000ODODOOO
O 0O0OO000DOC0O0O00 145062000000000000000DOO0OO0O0ODOOOO0O(@ECMOOOOD) 163
O63.0Allicin0 000000000000 OOOO0ODO 171064.0allinddeoxyallindd0O0O0O0O00DOOOOOO
000000000000 183071.000000000 2100720 0000000000000 0 OO Cysteined
ProlineD O GlucoseC 0 OO OO0OO0ODOOO0ODOOD 211073.0000000000000O0000OQO Cysteine
OProlined OGlucoseD 0000 OOOOOOODOOO@OOODONO)225

REFERENCES

0000 10000000 (19920 000000000000000000 0000067600 2.000 (199000000000
00000000000 337-1403. 0000000 (1990000 000000M) 0000000000 O0O0OOe17-400 4.
0000000 (1980000000000 00D00D00NDND0 000000000000 000005500 5. 000 (1993
000 Warmed-over FlavorD O OO 000000 DODO 25@)0pp.37-490 6.000 01991000 0000000000000 O0O0O3
(30 pp.27-320 7.0000000 (1991) 0000000000000 O0OOOOO 8.0000191000000000000 3(3)
Opp.31-390 9. 0000000019880 00 ODDOOO0OO0OOOOODOODOODODO O154)0pp.385-3930 100000000000
0019920 000000000 5@2):1-110 1100000000000 (19880 00O OOO0O0DOOOO0ODODOOO0 0OoOoooOooon
DO00000000D 264)0pp.406-412120 000000 1994000 000000000000O0O0C0O0O0O OO0O 21(4)0 pp.
247-25500 13.000019920 00 000000000000 247)0pp.253-2870 140000000 019200 000000000
O00p28-200 00 D00 0ODDO0ODOOOODOOD 15000 (1988 Allicin0 000000 O0DOO0OOOOO0ODD OO 16000
(199)0 0000000000000 00O00O0D0O OO 00 33:7-130 17.Apitz-Castro, R.; Cabrera, S.; Cruz, M.R.; Ledezma, E. and
Jain, M.K. (1983) Effects of garlic extract and of three pure components isolated from it on human platelet aggregation, archidonate metabolism,
release reaction and platelet ultrastructure. Thromb. Res. 32:155-169. 18.Block, E. and C'Connor, J. (1974) The Chemistry of alkyl thiolsulfinate
esters. Preparation and Spectral Studies. J. Amer. Chem. Soc. 96: 3921-3928. 19.Block, E.; lyer, R.; Grisoni, S.; Saha, C.; Belman, S. and Losing,
F. P. (1988) Lipoxygenase inhibitors from the essential oil of garlic. Markovnikov addition of the allyldithio radical to olefins. J. Amer. Chem. Soc.
110: 7813-7827. 20.Bernhard, 1.; Georg, W. and Bernd, M. (1990) Quantitative determination of allicin and alliin from garlic byHPLC. and Planta
Med 56:320-326. 21.Blania, G. and Spangenberg, B. (1991) Allicin-freisetzung aus getrocknetem knoblauch (Allium sativum): eine
einfachdurchzufiihrende HPLC-Simultanbestimmung von allicin und ajoen fertigarzneimitteln. Planta Med.57: 371-375. 22.Block, E. (1992) The
organosulfur chemistry of the genus allium implications for the organic chemistry of sulfur. Angew. Chem. Int. Eng. 31: 1135-1178. 23.Block, E.;
Naganathan, S.; Putman, D. and Ziao, S. H. (1992a) Allium chemistry: HPLC analysis of thiosulfinates from onion, garlic, wild galic ( ramsoms ) ,
leek , scallion , shallot , elephant ( great headed ) garlic, chive, and chinese chive. uniquely hight allyl to methyl ratios in some garlic samples. J.
Agric. Food Chem. 40: 2418-2430. 24.Block, E.; Putman, D. and Zhao, S. H. (1992b) Allium chemistry : GC-MS analysis of thiosulfinates and
related compounds from onion, leek, scallion, shallot, chive and chinese chive. J. Agric. Food Chem. 40: 2431-2438. 25.Block, E.; Naganathan, S.;
Putman, D. and Zhao, S. H. (1993) Organosulfur chemistry of garlic and onion: recent result. Pure & Appl. Chem. 65(4): 625-632. 26.Block, E. and
White, K. D. (1994) Off-line supercritical fluid extraction of thiosulfinates from garlic and onion. J. Agric. Food Chem.42: 1335-1341. 27.Carson, J.
F. and Wong, F. F. (1961) The volatile components of onions. J. Agric. Food Chem. 9: 140-143. 28.Carson, J. F. (1987) Chemistry and biological
properties of onions and garlic. Food Rev. International 3(1?): 71-103. 29.Fenwick, G. R.; Hanley, A. B. (1985). The genus Allium. Partd] . CRC
Crit. Rev. Food Sci. Nutr. 22:273-340. 30.Heller, S. R. and Milne, G. W. A. (1978) EPA/NIH mass spectral database. Vol. 1., U. S. Government
Printing Office, Washington, D. C., USA. 31.Heller, S. R. and Milne, G. W. A. (1980) EPA/NIH mass spectral database. Supplement. 1. U. S.
Government Printing Office, Washington, D. C., USA. 32.Huang, T.C; Huang, L.Z. and Ho, C.T. (1998) Mechanistic studies on thiazolidine
formation in aldehyde/cysteamine model systems. J. Agric. Food Chem.46: 224-227. 33.Hsu, J.P. and Chen, C.C. (1996) Dially disulfide as an



antioxidant in aqueous solution of (E, E)-2,4-decadienal. Food Sci, Taiwan. 22(3) 301-307. 34.Kim, S.M.; Wu, C.M.; Kobayashi, A.; Kubota, K.
and Okumura, J. (1996) Volatile compounds in stir-fried garlic. J. Agric. Food Chem. 43 (11) 2951-2955. 35.Kim, S.M.; Kobayashi, A.; Kubota, K.
(1998) Antioxidative activity of sulfur-containing flavor compounds in garlic. Bioscience, Biotechnology, and Biochemistry. 61(9) 1482-1485.
36.Kubec, R.; Velisek, J.; Dolezal, M. and Kubelka, V. (1997) Sulfur-containing volatiles arising by thermal degredation of alliin and deoxyalliin. J.
Agric. Food Chem. 45 (9) 3580- 3585. 37.Kuwata, K.; Vebori, M.; Yamada, K. and Yamazuki, Y. (1982) Liquid chromatographic determination
of alkyl thios via derivatization with 5,5'-dithiobis (2-nitrobenzoic acid). Anal. Chem. 54:1082-1086. 38.Laakso, I.; Seppanen-Laakso, T.; Hiltunen,
R.; Muller, B.; Jansen, B. and Knobloch, K. (1988) Volatile garlic odor components:Gas phases and adsorbed exhaled air analysed by headspace
gas chromatography-mass spectrometry. Planta Medica 55:257-261. 39.Law, L.D. (1992) Allicin and other thiosulfinates and their precursors and
transformation products from garlic and garlic products. Presented at the 204th ACS Meeting, August 23-28, Washington, D.C. 40.Law, L.D. and
Hughes, B.G. (1992a) Characterization of the formation of allicin and other thiosulfinates from garlic. Planta-Medica; 58:345-350. 41.Law, L.D.;
Wood, S.G. and Hughes, B.G. (1991) HPLC analysis of allicin and other thiosulfinates in garlic clove homogenates. Planta-Medica. 57(3) 263-270.
42.Lu, G; Yu, T.H. and Ho, C.T (1997) Generation of flavor compounds by the reaction of 2-deoxyglucose with selected amino acids. J. Agric.
Food Chem. 45; 233-236. 43.Matsukawa, T.; Yurugi, S. and Mastsuoka, T. (1953) Products of the reaction between thiamine and ingredients of
the plants of Allium genus: Detection of allylthiamine and its homologs. Science Sept. 18: 325-327. 44.Mazza, G.; Ciaravolo, S.; Chiricosta, G. and
Celli, S. (1992) Volatile flavour components from ripening and mature garlic bulbs. Flavour and Fragrance J. 7:111-116. 45.Macku, C. and
Shibamoto, T. (1991) Volatile sulfur- containing compounds generated from the thermal interaction of corn oil and cysteine. J. Agric. Food Chem.
39 (11) 1987- 1989. 46.Penn, R.E.; Block, E. and Revelle, L.K. (1978) Methanesulfenic acid. J. Am. Chem. Soc. 36: 3622-3623 47.Raghavan, B.;
Abraham, K.O. and Shankaranarayana, M.L. (1983) Chemistry of garlic and garlic products. J. Sci. Ind. Res. 42: 401-409. 48.Roman, K.; Jan, V.;
Marek, D. and Vladimir, K. (1997) Suflur- containing volatiles arising by thermal degradation of alliin and deoxyalliin. J. Agric. Food Chem. 45:
3580-3585. 49.Stoll, A. and Seebeck, E. (1948) Allium Compounds. 1. Alliin, the true mother compound of garlic oil. Helv. Chim. Acta. 31:
189-210. 50.Sreenivasamurthy, V.; Sreekantiah, K.R.; Johar, D.S. (1961) Studies on the Stability of allicin & alliin present in garlic .J. Sci. Industr.
20C: 292-295. 51.Senatore, L.; Ciuffarin, E. and Fava, V. (1970) Timing of bond formation and breaking in nucleophilic substitution at
discoordinate sulfur. Effect of the basicity of entering and leaving groups in the reaction of oxygen nucleophiles with para-substituted phenyl
sulfenate ester. J. Amer. Chem. Soc. 92: 3035-3039. 52.Shu, C.K.; Hagedorn, M.L.; Mookherjee, B.D. and Ho, C.T. (1985) pH Effect on the
volatile components in the thermal degradation of cysteine. J. Agric. Food Chem. 33: 442-446. 53.Shu, C.K. (1998) Degradation products formed
from glucosamine in water. J. Agric. Food Chem. 46: 1129-1131. 54.Pino, J.A. (1992) Headspace sampling methods for the volatile components of
garlic (Allium sativum). J. Sci. Food Agric. 59: 131-133. 55.Staito, K.; Horie, M.; Hoshinoy, Y.; Nose, N.; Mochizuki, E.; Nakazawa, H. and Fujita,
M. (1989) Determination of allicin in garlic products by gas chromatography with flame photometric detection. J. AOAC. 72(6) 917-920. 56. TNO
(1988) Compilation of mass spectra of volatile compounds in food, Central Institute for Nutrition and Food Research- TNO. The Netherlands.
57.Tai, C.Y. and Ho, C. T. (1997) Influence of cysteine oxidation on thermal formation of maillard aromas. J. Agric. Food Chem. 45: 3586-3589.
58.Taucher, J.; Hansel, A.; Jordan, A. and Lindinger, W. (1997) Analysis of compound in human breath after ingestion of garlic using
proton-transfer-reaction mass spectrometry. J. Agric. Food Chem. 44 (12) 3778-3782. 59.Vernin, G.; Metzger, J.; Fraisse, D. and Scharff, C. (1986)
GC-MS (El, PCI, NCI) computer analysis of volatile sulfur compounds in garlic essential oils. Application of the mass fragmentometry SIM
technique. Planta Med. 52:96-101. 60.Weinberg, D.S.; Manier, M.L.;Richardson, M.D. and Haibach, F.G. (1993) Identification and quantification
of organosulfur compliace markers in a garlic extract. J. Agric. Food Chem. 41: 37-41. 61.Whitaker J.R. (1976) Development of flavor, odor, and
pungency in onion and garlic. Adv. Food Res. 22,73-133. 62.Wood, S. G and Hughes, B. G. (1991) HPLC analysis of allicin and other
thiosulfinates in garlic clove homogentes. Planta Med. 57(3): 263-270. 63.Wu, J.L.; Chou, C.C.; Chen M.H. and Wu, C. M. (1982) Volatile Flavor
Compounds from Shallots. J. Food Sci. 47: 606-608. 64.Yu, T.H. and Wu, C.M. (1988) Effect of heating on garlic essential oils. Food Sci. 15(4):
385-393. 65.Yu, T. H. and Wu, C. M. (1989a) Stability of allicin in garlic juice. J. Food Sci. 54(4): 977-981. 66.Yu, T. H. and Wu, C. M. (1989b)
Effects of pH on the formation of flavour compounds of disruped garlic. J. Chromatogr. 462: 137-145. 67.Yu, T. H.; Wu, C.M. and Liou, Y.C.
(1989c) Volatile compounds from garlic. J. Agric. Food Chem. 37(3): 730-734. 68.Yu, T. H.; Wu, C.M. and Liou, Y.C. (1989d) Effects of pH
adjustment and subsequent heat treatment on the formation of volatile compounds of garlic.J.Agric. Food Sci. 54(3): 632- 635. 69.Yu, T. H.; Wu,
C.M. and Chen, S.Y. (1989¢) Effects of pH adjustment and heat treatment on the stability and the formation of volatile compounds of garlic. J.
Agric. Food Chem.37 (3): 730-734. 70.Yu, T. H.; Tsai, S. J.;Wu, C.M. and Kuo, A.W. (1991) Volatile compounds of garlic bush and garlic clove.
Food Sci. 18:15-27. 71.Yu, T. H; Wu, C. M. and Ho, C. T. (1993) Volatile compounds of deep-oil fried, microwave-heated, and oven-baked garlic
slices. J. Agric. Food Chem. 41(5). 72.Yu, T. H. (1994) Flavor chemistry of thermally processed garlic. Ph. D. Dissertation, Rutgers University, New
Brunswick, NJ, USA. 73.Yu, T. H. ; Wu, C. M. ; Rosen, R. T. ; Hartman, T. G. and Ho, C. T. (1994a) Volatile compounds generated from
thermal degradation of alliin and deoxyalliin in an aqueous solution. J. Agric. Food Chem.42(1):146-153 74.Yu, T. H.; Shu, C. K,;and Ho, C. T.
(1994b) Thermal decomposition of alliin, the major flavor component of garlic, in an aqueous solution. in “ Food Phytochemicals for Cancer
Prevention I-Fruits and Vegetables” ed. Huang, M. T.; Osawa, T.; and Rosen, R. T., ACS Symposium Series 546, ACS, p. 144-152. 75.Yu, T.
H.; Wu, C. M. and Ho, C. T. (1994c) Volatile compounds generated from thermal interaction of glucose and alliin or deoxyalliin in propylene
glycol. Food Chem. 51: 281-286. 76.Yu, T. H.; Wu, C. M. and Ho, C. T. (1994d) Meat-like flavor generated from thermal interactions of glucose
and alliin or deoxyalliin. J. Agric. Food Chem. 42(4): 1005-1009. 77.Yu, T. H.; Wu, C. M. and Ho, C. T. (1994e) Volatile compounds generated



from thermal interactions of inosine-5'- monophosphate and alliin or deoxyalliin. In “ Sulfur Compounds on Foods” .ed. Mussinan, C. J. and
Keelan, M. E., ACS Symposium Series 564, ACS, USA. 188-198. 78.Yu, T. H.; Wu, C. M. and Ho, C. T. (1994f) VVolatile compounds generated
from thermal interaction of 2,4- decadienal and the flavor precursors of garlic. In “ Lipid in Food Flavors” . Ed. Ho, C. T. and Hartman, T. G,
ACS Symposium Series 558, ACS, USA. 61-76. 79.Yu, T. H.; Lin, L. Y. and Ho, C. T. (1994g) Volatile compounds of blanched fried blanched
and baked blanched garlic slices. J. Agric. Food Chem. 42: 1342-1347. 80.Yu, T. H.; Lin, L. Y. and Ho, C. T. (1995) Volatile compounds
generated from thermal reaction of methionine and methionine sulfoxide with or without glucose. J. Agric. Food Chem. 43:1641-1646. 81.Zhang,
Y.; Chien, M. and Ho, C. T. (1988) Comparison of the volatile compounds obtained from thermal degradation of cysteine and glutathione in
water. J. Agric. Food Chem. 36: 992-996. 82.Zhang, Y. and Ho, C. T. (1989) Volatile components formed from thermal interaction of
2,4-Decadienal with cysteine and glutathione. J. Agric. Food Chem. 37: 1016-1020. 83.Ziegler, S. J. and Sticher, O. (1989) HPLC of S-Alk(en)yl-L-
cysteine Derivatives in Garlic including Quantitative Determination of (+)-S-Allyl-L-cysteine Sulfoxide (Alliin). Planta Medica 55: 372-378.



