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ABSTRACT
Abstract Onion contains nonvolatile flavor precursors, i.e. S-alk(en)yl-L- cysteiene sulfoxides in the intact cells. After the cellls are
physically broken down, these precursors can be transformed into alk(en)yl thiosulfinates, the primary flavor compounds of onion,
and contributing the fresh flavor of onion. On heating of slice or homogenate of allium vegetables, the primary flavor compounds
can further transformed into sulfides, disulfides, polysulfides, or thiophenes, the second flavor compounds. The flavor precursors of
onion can be transformed into sulfur-containing volatile compounds or conducting Maillard reactions with sugars during high
temperature thermal processing of onion. Most of the pork flavors used in food industry were prepared by reacting the flavor
precursors of pork in close systems. In this study, fresh onion or blanched onion was hydrolyzed using commercial available pectinase
and cellulase. The best conditions for the fresh onion or blanched onion hydrolysates preparation were determined. The fresh onion
or blanched onion hydrolysate with higher hydrolysis degree and less bitterness was then used to react with some meat flavor
precursors, ie. Thiamine.HCI and cysteine.HCI or pork hydrolysate to prepare a meat flavor. The best addition amounts of these
precursors were determined using a response surface methodology and the sensory evaluation method. After reaction using a
formula consisting of the best addition amount of fresh or blanched onion, thiamine.HCI, cysteine.HCI or pork hydrolysate, volatile
compounds was compared after being isolated and analyzed using GC-MS. Two stage enzyme hydrolysate of the fresh onion by
cellulase — pectinase treatment was found to have the highest hydrolysis degree; the blanched onion hydrolysate by the mixture
enzyme of cellulase and pectinase treatment was found to have the highest hydrolysis degree. Volatile compounds found in the fresh
or blanched onion by ( celluclate-pectinex ) C-P a two stage treatment or the mixture enzymes of cellulase and pectinase can be
grouped into acids, aldehydes, esters, furans, hydrocarbons, ketons, cyclic sulfur- containing compounds, and acyclic
sulfur-containing compounds. By using response surface methodology combine with a sensory evaluation methodology analysis, it
was found that the best addition amount of thiamine.HCI, cysteine.HCI was 1.06g, 0.14g individually, when the amount of C-P
treated fresh onion hydrolysate was fixed at 200g; in blanched onion, the best addition amount of thiamine.HCI, cysteine.HCI was
0.52g, 0.59¢. individually, when the amount of the mixture enzyme of cellulase and pectinase treated blanched onion hydrolysate
was fixed at 200g. Volatile compounds in heated solution using the best addition amount mentioned above were found to be acids,
aldehydes, furans, ketons, cyclic sulfur-containing compounds, and acyclic sulfur-containing compounds. The different composition
model reaction mixtures of fresh onion or blanched onion, pork hydrolysate and some meat flavor precursors, ( ie. Thiamine.HCI,
cysteine.HCI and xylose ) combine with a sensory evaluation methodology analysis, the best sensory acceptance reaction mixtures in
fresh or blanched onion systems was analyzed using GC-MS. Volatile compounds in the best sensory acceptance heated solutions
were found to be acids, aldehydes, alcohols, esters, furans, hydrocarbon, ketons, miscellaneous, cyclic sulfur-containing compounds,
and acyclic sulfur-containing compounds.

Keywords : onion hydrolysate ; pectinex ; celluclate ; model reaction ; thiamine.- HCI ; cysteine- HCI ; volatile compounds
Table of Contents

000000000 0000D00D00oDooOgibooD vDODOVIIDO xOOxODODOXxiO0OO0O xwdoOOo
gb1gbo0oooooooooboboboobooboooo 4000 b00D0DbOOOODOOOOD 16000 DO
Ub00odb 24000 0000002000 000040000000000000400000O00ODO0ODOOO
oooobooboooboooboboooosoobooobosiboobboooobOossboooogs4googno
0005700000 772000 000000C0O0O0ODOQOCOOCysteine: HCIO Thiamine: HCIOOOODOOOOO OO
30000074000 0000000 7DLOO0OO0ODOO  O0oLOO0OOobOOoO0 s oD 000 0000
OO0000O0O0Thiamine: HCIO Cysteine: HCIDOOODOOOOODODOOOODOOOOO OO 110000 00O 111
oo boooboob114b0b 0bdb1le0b0 bobOo0120000 00 1WBOOOO DOO11I00D0ODO 133
gboob210000b0bo0boo0oboobobobobooboob 220000000000 D0OO0ODLO0ODOO
O0000000000 10023000 0Othiopropanal S-oxideD OO OO 1202400000000000 320250
O000D0O0O00000DO0O000 33026 AmadoriD 00 O00OO00ODODO 33027Amadoril 00 D0OO00OODO 34028
ooooboobOob 49031000000 0pHODOD0OODO0ODODObOODOODO s 03200000000



00000O0000DO0bOoU0bOOobOooosp33ogboobooboobobooooboobooDoobooDOoDo
60034000000000000000O0DO0OOO0OOODOOOODOOeOO3SOODOOODOOPHOCOODOOO
00000O00000O0ob 620360 0000000000DO0OOOODOODOOODODOODOOO 203700000
0000000000000 0D0O0DO00D0O0DO0Db 6303800000000 0DODOODODODOODODO
00000 6303900000 00pHOODODOOODOODODODOODOODOOOGO310000000D00DODOOO
0000000000000 0D00 6031100000000 000000D00DO0O0O0O0ODOOODOODOD0 66
03120000000000000D00000DCOO000DOCOOOO0DO e BOOOOOODHOODOOOOO
OO00O0oO0oO00oboobo0esD340O0IODOOOOODODOOODLODOOUDODOOOODODOOe8O3.50000
OO00O00O0oO000OOoOoO0U0bOOooOUoDoOoOoOOobDoOedseO OO OOO0ODOOOOODOOOODOO
OO0O0O00o0eo03B00O0OU0OODOOUODOUOOODODOOO 7I03190000DOO0UODOUOUbODDbOO
00 710410000000 0thiamine- HCIO cysteine: HCIOOOOOOOOUOOOOOOODOOO 890420000
O O 0O O thiamine: HCIOcysteine- HCIDOOOOOOOOOOOOOOOO 890430000000 O thiamine- HCI
000000000000 DOOOO0ODooOooewnD44000000ODOCthiamine: HCIDOOOODOOOODOOO
OO000O0900450000000O00cysteine- HCIDDOOOOODOOOOOODOOODOOOOODO®CIO4600000
OOODOcysteiner HCIOODOOOOODOOOOOOOOOOOO91047000000 0 dthiamine: HCIO cysteine
- HCIDOOODODDOOOODODOOOOOOOO 9504800000000 thiamine: HCIO cysteine- HCIOO OO O OO
OO00000O0000904900000000Othiamine: HCIOOOODOOOOODOOOOOOODOOOOO 96
04100000000 Othiamine: HCIOOOODOOOOODOODOOOOODOODO 9041100000000 cysteine
- HCIODOOOODOODOUODOODOOUOOODOOoOO 970412000000 0DOcysteine- HCIDODOODOODOODO
O0D00D00000 97000 021000000 0 S-alk(en)yl-L-cyteine sulfoxideD O O O alk(en)yl groupO0 D OO0 OO 14
0220000000000000000 2704100000000000000000 82042000000000D0
00000000 820430000000 0000000O0ODO0O 8044000000000 0DO0OODOODOODO 85
0450 0000000000000 00000 s7046000000000000000DO00ODOO 80470000
0000000000000 0OD0OO0O0OANOVAD 880480 000000000 0ODO0OODOODOODO 930490000
OO000000000O0O00D0O0O0Y04100000000000000000O0O0OO0OOOANOVAD 94041100
OO0000O000DO0O0O00DOoOooOoDobooOooDboYi412000000000000 0 dthiamine: HCI
Ocysteine: HCIDOOOODOOOOODOOO 1050510000000 0000000D0O0O0O 119052000000
0000000000000 1190530 0000000000000 DOO0OU0ODOOO 120054000000000
CO0000000000001210550000000000000A0thiamine- HCI, cysteine: HCIDOOOOOOODO
OO0000O0OO0O00DO 124

REFERENCES

0000100019800 000000000000 000000000000000000O0 p92-940120-1220 2000 (1991)
O000000000D00Db0Db0OD3490 30000199800 00000000O30(1):17-250 4000 (199)00oooOooOoO
O0D0O0023(7:1005.000000001920 0000000000000 0DO0ODODOODOOOO39020:3-180 6.000
gl ooooooobobobobobobobbobobbbdddooooo rvwooog1uoooooooo
Jdddddooooooooooooooobobobobobobob s ooz oo oooooooooon
00000009000 (19920 000000000000 000000O0D0O00D00ODO?24(8):40-4800 10.0000000O (1995) 00
0000000000000 0DO0D0O00D0000 0000 22(2):195-2070 11.00000000000000000DO0 (1993) O
000000000000 DO0DO00@)-00000D0000000000000DO0DbOO0ODbOOo0ODOOOgDe2000 1200000
O001990 STATISTICAODOIODONOOOODOO0OO0O0O 13.0000000199)yIDO000000onoonoonooooooon
O00p.10-330 4000000000000198800000000000000O00O0O0DO0O0ODO0O0O0ODO0O0O0OO0O0O?26040:406 -
4120 15.0001987)0 0 0000000000000 Op.115-1310 16.00 (199500 0000000000000 0O0O0O0O0O0O
000 177-1920 17.000 (19920 0000000CO200000000 OO OO 43):60-640 18.0 00019990 0000000
0000000000000 0DO000000000000000 19.000 (1996) 00000000 O (Allium’ s Sulfurous
Compounds)D 00000 OOODO 4:17-260 20000019970 0000000000000 0O0O0OO0DO?29050:10-170 21. Box, G.
E. P. and Wilson, K. B. (1951). On the experimental attainment optimun conditions. J. Roy. Statist. Soc. B13:1-45. 22. Cavallito, C. J.(I Bailey, J.
H. O Buck, J. S. (1945) The antibacterial principle of Allium sativum. I1. Its precursor and essential oil of garlic. J. Am. Chem. Soc. 67:1032-1033
23. Cavallito, C. J.00 Buck, J. S.00 Suter, C. M. (1944) Allicin, the antibacterial principle of Allium sativum. Il. Determination of the chemical
structure. J. Am. Chem. Soc. 66:1952-1954. 24. Challenger, F.OO Greenwood, D. (1949) Sulfur compounds of the genus Allium. Detection of
propylthiol in the onion. The fission and methylation of diallyl disulfide in cultures of Scopulariopsis brevicavlis. Biochem. J. 44:87-91. 25. Fenwick,
G. R. and Hanley, A. B. (1985) The genus allium-part 2. CRC Criti. Rev. Food Sci. Nutr. 22: 273-340. 26. Freeman, G. G. and Whenham, R. J.



(1975) A survey of volatile components of some allium species in terms of S-Alk(en)yl-L- cysteine sulphoxides present as flavour precursors. J. Sci.
Food Agric. 26: 1869-1886. 27. Freeman, G. G. and Whenham, R. J. (1976) Effect of overwinter storage at three temperatures on the flavor
intensity of dry bulb onions. J. Sci. Food Agric. 27: 37-42. 28. Guntert, M. O Bertram, J.0 Hopp, R.O Silberzahn, W.O Sommer, H.OO Werkhoff,
P. (1992) Thermal generation of flavor compounds from thiamine and various amino acids. in: Recent developments in flavor and fragrance
chemistry. p.215-239. 29. Hanzawa, T. ; Nishimura, H. and Mizutani, J. (1973) UV- Photolysis of S-(cis-1-propenyle)-L-cysteine in oxygen-free
aqueous solution. Agric. Biol. Chem. 37(10): 2393-2398. 30. Himmelblau, D. M. (1970) Process analysis by statistical methods. John Wiley and
sons. Inc., New York. p. 230-292. 31. Kallio, H. O Salorrine, L. (1990) Comparison of onion varieties by head space gas chromatography-mass
spectrometry. J. Agric. Food Chem. 38:1560-1564. 32. Labuza, T.P. (1980). Effect of water activity on the reaction kinetics of food deterioration.
Food Technol. 34(2):36. 33. Labuza, T.P.00 Schmidl. M.K. (1986). Advances in the control of browing reactions in foods. In “ Role of Chemistry
in the Quiality of Processed Food” . ed. Fennema, O.00 Chang, W. [0 Lii. C.-Y. Nutrition Press Westport. Connecticut, USA. P 80. 34. Leahy,
M.M. (1985) The effects of pH, types of sugar and amino acid and water activity on the kinetics of the formation of alkyl pyrazines. Ph.D. Thesis,
Feb., University of Minnesota, Department of Food Science and Nutrition, St. Paul, Minnesota. 35. Linda J. F.and Ronald L. S. P.(1991)
Compounds contributing to meat flavour. Food Chem. 40:201-205. 36. Manley, C.H.(O Ahmedi, S. (1995) The development of process flavors.
Tends of Food Science O Technol., 6(2),46-51. 37. Mazelis, M and Crews, L (1968) Purification of alliin lyase of garlic. Allium sativum L.
Biochem. J. 108: 725-730. 38. Nakagawa, S.00 Kasuga, S.[0 Matsuura, H. (1989) Prevention of liver damage by aged garlic extract and its
componentsin mice. Phytotherapy Research. 3(2):50-53. 39. Oaks, D. M.O Hartmann, H.OO Dimick, K. P. (1964) Analysis of sulfur compounds
with electron capture hydrogen flame dual channel chromatography. Anal. Chem. 36:1560-1565. 40. Semmler, F. W. (1982) The essential oil of
garlic. Arch. Pharm. 230:40. 41. Spare, C. G.O Virtanen, A. 1. (1963) On the lachrymatory factor in onion (Allium cepa) vapors and its precurser.
Acta Chem. Scand. 17:641-650. 42. stoll, A.O Seebeck, E. (1948b) Allium compounds I. Alliin, the true mother compound of garlic oil. Helv Chim
Acta.31:189-210. 43. Virtanen, A. I. and Matikkala, E. J. (1959) The isolation of S-methylcysteine sulfoxide and S-n-propylcysteine sulfoxide from
onion and the antibiotic activity of crushed onion. Acta. Chem. Scand. 13: 1898-1900. 44. Virtanen, A. . and Matikkala, E. J. (1961) Proofs of the
presence of y -glutamyl-S-(1-propenyl)-sulphoxide and cycloalliin as original compounds in onion (Allium cepa). Suom. Kemistil. B34: 114. 45.
Virtanen, A. I. and Spare, C. G. (1961) Isolation of the precursor of the lachrymatory factorin onion (Allium cepa). Suom. Kemistil. 34: p72. 46.
Wasserman. A. E. (1979) Chemical basis for meat flavor : a review J. Food . 44. 6. 47. Werthem, T. (1845) On the relationship between mustard
and garlic oils. Justus Liebigs Ann. Chem. 55 : 297 — 364. 48. Whitaker, J. R. (1976) Development of flavor, odor, and pungency in onion and
garlic. Adv. Food Res. 22: 73-133. 49. Yu, T. H. (1994) Flavor chemistry of thermally processed garlic. Ph. D. Dissertation, Rutgers University ,
New Brunswick , NJ, USA. 50. Yu, T. H. ; Wu, C. M. ; Rosen, R. T. ; Hartman, T. G. and Ho, C. T. (1994b) Volatile compounds generated from
thermal degradation of alliin and deoxyalliin in an aqueous solution. J. Agric. Food Chem. 42(1): 146-153. 51. 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): 800-805. 52. Yu, T.
H.; Wu, C. M. and Ho, C. T. (1994c) Meat-like flavor generated from thermal interactions of glucose and alliin or deoxyalliin. J. Agric. Food
Chem. 42(4): 1005-1009. 53. Yu, T. H. ; Wu, C. M. and Ho, C. T. (1994d) Volatile compounds generated from thermal interaction of glucose and
alliin or deoxyalliin in propylene glycol. Food Chem. 51: 281-286. 54. Yu, T. H. and Wu, C. M. (1989) Effects of pH on the formation of flavour
compounds of disruped garlic. J. Chromatogr. 462: 137-145.



