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Study of Reaction Products and Color Changes in Glutamine-Glucose
Model System during Heating

Young-Guen Lee

School of Applied Life Science, Pusan National University, Gyeongnam 627-702, Korea

Abstract

The product formation and changes in color of glucose/glutamine model system were investigated in relation
to heating temperature and time. The mixtures of glucose and glutamine in equal molar ratio were heated
at 125, 150 and 175°C for 10, 20 and 30 minute, respectively. Acetic acid, butanoic acid, 2-butenoic acid, di-(2-
ethylhexyl)phthalate, 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4—-one and 5-hydroxymethylfurfural
were identified as 6 major compounds, and 1,3-dimethylbenzene, 2-ethylhexanol, furfural, 5-methylfurfural,
2-pyrrolidinone, and 2,6-di(t—butyl)-4-hydroxy-4-methyl-2 5-cyclochexadien-1-one as 6 minor compounds
by using GC/MS. The contents of acetic acid, 2—ethylhexanol and 2-pyrrolidinone increased with increased
heating temperature and time, whereas the formation of the other 9 compounds increased up to heating
conditions of 150°C for 10 or 20 min or 175°C for 10 min, and decreased dramatically with heating above those
conditions. Color parameter L* decreased with increasing heating condition, resulting in dark brown color in
final products. Changes of redness parameter a* and yellowness b® showed similar to those of the contents

of 9 compounds mentioned as above.
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Fig. 1. A typical total ion chromatogram of a sample by
GC/MS equipped with FFAP or HP-5MS capillary column.
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Table 1. Mass Spectrometric data of compounds identified from the glutamine-glucose model reaction products

Code Compound m/z (relative intensity)
1 1,3-dimethyl benzene 106(52), 105(28), 91(100), 77(13), 65(6), 62(3), 51(9)
2 acetic acid 60(90), 45(99), 43(100), 42(13), 29(12)
3  furfural 96(100), 95(91), 67(7), 40(14), 39(44), 29(15),
4 2-ethylhexanol 112(4), 98(10), 83(25), 70(26), 57(100), 43(44), 41(48), 29(13)
5  b-methylfurfural 110(100), 109(78), 81(10), 53(32), 50(11), 43(9), 39(7), 29(8)
6  butanoic acid 83(3), 73(44), 71(4), 60(100), 55(8), 45(12), 42(19), 41(18), 29(10)
7  2-butenoic acid 86(100), 71(12), 69(39), 68(36), 45(22), 41(42), 39(43), 37(7), 29(6)
8  2-pyrrolidinone 85(100), 56(12), 44(22), 42(41), 41(40), 40(49), 39(6)
9  26-di (t-butyl)-4-hydroxy-4-methyl-25- 236(6), 221(13), 205(10), 193(10), 180(78), 165(100), 151(11), 137(44), 57(80)

cyclohexadien—1-one

10  di-(2-ethylhexyl)phthalate

11 2,3-dihydro-3,5~-dihydroxy—-6-methyl-4H-
pyran—4-one

12 5-hydroxymethylfurfural

279(21), 167(39), 149(100), 113(10), 83(8), 71(15), 57(23), 43(14)
144(68), 126(2), 115(3), 101(48), 73(28) 55(24), 44(51), 43(100)

126(66), 109(8), 97(100), 69(30), 53(16), 41(44), 39(37)
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Fig. 2. Effect of heating condition on the content of major
compounds identified from model reaction products.
Symbol abbreviation represents compound code as, 2! acetic acid,
6: butanoic acid, 7: 2-butenoic acid, 10: di-(2-ethylhexyl)phthalate,
11: 2,3-dihydro—3,5-dihydroxy-6-methyl-4H-pyran-4-one, 12:
5-hydroxymethylfurfural.
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Fig. 3. Effect of heating condition on the content of minor
compounds identified from model reaction products.
Symbol abbreviation represents compound code as, 1: 1,3-
dimethyl benzene, 3: furfural, 4: 2-ethylhexanol, 5: 5-methylfurfural,
8: 2-pyrrolidinone, 9: 2,6-di(t-butyl)-4-hydroxy-4-methyl-2,5-
cyclohexadien—1-one.
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Fig. 4. Changes in Hunter color value and total color difference
value (4E) of glutamine~glucose model reaction products at
various heating conditions.
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